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#1

Can CCS and CCUS lead us to achieve net zero emission by 2050?

CCS (carbon capture and sequestration) and CCUS (Carbon capture, utilization,
and storage) technologies are essentially “after thought” to fix the CO2 emission
by 2050. It also indirectly encourages continuity of fossil fuel usage for a
foreseeable future to help those industries who have invested billions of dollars
in creating their infrastructures including “fracking”. Fracking generates
hundreds of cubic meters of toxic effluent whose salinity is more than ten times
that of the salinity of seawater. It is an environmental nightmare. Are these
technologies practicable? Will they pay $100 or more for a ton of CO2 to
capture and then transport hundreds of km distance to find a suitable site; and
even if they pay what will be the cost implications? Certainly, their cost of
production will sharply increase, which will be necessarily passed on to the
consumers whether it is a power industry or oil and gas industry. Why some of
the CCS projects are dormant in many parts of the world? They claim injecting
CO2 into existing oil field will increase oil production. Only US companies and
US governments support such schemes by way of carbon credit at the rate of $
35/Mt to please local companies and local population. There is hardly any
evidence to substantiate their “Carbon negative” claims. How many such oil
fields exist in Australia, for example? The same question should be raised for all
the countries around the world especially those oil importing countries like
India. IEA should lead the world in energy matters by publishing necessary data
to back up claims that CCS and CCUS will lead to zero emission by 2050
instead of simply following American companies claims. In the absence of such
data and hard evidence and the cost and economic analysis these projections will
lead us nowhere. Without imposing Carbon tax as a financial incentive (not as a
penalty) will these industries embark upon such a venture? The Carbon tax
cannot be less than $250/Mt (because Carbon capture from air, for example, cost
more than $150 to 200/Mt depending upon the maturity of technology). Now
they want to utilize capture Carbon to produce synthetic fuel with green



Hydrogen. Green hydrogen is awfully expensive, renewable energy is costly and
storing them is prohibitively costly and converting them to Hydrogen by
electrolysis is even more expensive. Despite all these expensive measures can
zero emission be achieved by 2050? The cost of green fuel will be at least 10
times more than fossil fuels currently used. Will consumers afford to pay for
such high fuel cost? Many questions remain unanswered. The word “Carbon
capture” implies continuity of fossil fuel. It is like tobacco industry. At least in
cigarette packs there is a warning ” smoking is injuries to health” but there is no
such warnings in CCS or CCUS because the “captured CO2 will be released
back into atmosphere slowly at the point of usage in the near future , for
example, Urea made out of captured CO2 will slowly release CO2 back into
atmosphere by soil enzymes. Conversion to “concrete” or “Nano Carbon” are
claimed to be potential products but only future can tell. We are talking about
“billions of tons of CO2”. Only carbon recycling and circular economy will be
the answer and not CCS or CCUS.

#CCS #CCUS # Carbon emission and Carbon capture # Net Zero emission.
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#2

Renewable synthetic methane gas (RSMG) and Ramana Power
Cycle (RPC) for Zero emission base load power.

RSMG is an abbreviation
for ‘Renewable synthetic
methane gas’ and it is a new
form of a Carbon negative
synthetic fuel to substitute
natural gas. It is synthesized
using  CO2 extracted from the
sea or from power plant using
Oxy combustion CO2 power
cycle at the site such as CES,
Graz cycle or Allam cycle
(using supercritical CO2 as
working fluid)  and
Renewable Hydrogen (RH) by
the following reactions using a
renewable energy source.

1. CO2=> CO + ½ O2
(electrochemical reduction)

2. CO + 3 H2=> CH4 + H2O (catalytic conversion)

There are other methods too can be applied but our patented process uses a
unique method to synthesize RSMG from CO2 and renewable Hydrogen
with a heating value (LHV) around 52 Mj/kg.

By using only, the sun and sea water, RSMG is continuously synthesized
using continuous renewable energy such as OTE (ocean thermal energy) or

https://ahilanraman.com/2020/04/20/renewable-synthetic-methane-gas-rsmg-and-ramana-power-cycle-rpc-for-zero-emission-base-load-power/road-map-to-zero-emission-power/


geothermal energy or Hydro power on 24 x 7 basis by adjusting the pH of
the feed water to acidic and extracting CO2 mechanically or electrically.
Such a unit can be incorporated with seawater desalination plants (SWRO).

HCO3 + H+ ⇄ H2CO3 ⇄ H2O + CO2 (g).
Ocean is the largest reservoir for clean drinking water, Carbon dioxide,

Hydrogen and thermal energy and it is imperative that the absorbed CO2 is
extracted along with  stored thermal energy in order to restore the warming
ocean to pre-industrial state to mitigate climate change. The success of the
system depends on the availability of the lowest cost of renewable energy
on 24 x 7 basis such as Hydro or OTEC. Alternatively, the cost of
renewable energy should be less than $0.025/kwh.

What is RSMG?
RSMG is like natural gas with higher heating value consisting of pure

methane and Hydrogen with no other impurities such as sulfur compounds
or CO2. It is synthesized using a proprietary technology using CO2
extracted from seawater and renewable hydrogen (RH) using a renewable
energy sources such as OTEC or Solar/wind etc. It can be compressed like
CNG or liquified like LNG and can be transported or shipped to various
destinations. RSMG is a Carbon negative fuel because it uses already
absorbed CO2 from the sea and not from burning fossil fuel and it is also
renewable because the O2 from CO2 emission is substituted with renewable
Hydrogen (RH) constituting synthetic CH4. The purpose of this technology
is to recycle Carbon indefinitely at the site of usage and that is why
transportation in the form of CNG or LNG is discouraged.

Ramana Power Cycle (RPC)
RPC is a new patent (pending) technology to generate a base load power

24 x7 using a renewable synthetic methane gas (RSMG) with Zero
emission. By constantly recycling CO2 in the form of RSMG during Oxy
combustion CO2 power cycle we can eliminate usage of fossil fuel
completely. Moreover, there will be no need to extract further CO2 from



seawater for a specific power plant because Carbon is being recycled
constantly. Only further RH will be required to run the base load power
plant.

How RPC works?
RPC uses an Oxy combustion power cycle such as CES, Graz cycle or

Allam cycle (using super critical CO2 as a working fluid) to generate a base
load 24 x7 power. It uses 80% of CO2 generated internally leaving 20%
high purity pipeline grade CO2 which is used to synthesize RSMG at site
for recycling. That is why RSMG is renewable. Thus, RPC continues to
generate a base load power with Zero emission. The electric efficiency of
RPC is nearly 70 % and the cost of power is competitive to any other power
source. By continuously generating RSMG and recycling CO2 it achieves
Zero emission without any requirement of fossil fuel such as natural gas.
Thus, the process can decarbonize the fossil fuel industry completely at
the fastest time frame. Using 100% renewable hydrogen (RH) in gas
turbine is still a long way off to achieve a commercial reality. Currently
only up to 30% RH has been tested along natural gas (30:70) and there
are several technical problems to be solved with combustor. Moreover,
the maximum efficiency in Hydrogen based gas turbine will not exceed
35% at the maximum.

How RPC is different from Allam cycle, for example?
Allam cycle has been selected by IEA (International energy agency) as

the most efficient (electric efficiency at 55.4%) Oxy combustion power
cycle to generate a base load power using natural gas. It generates 20%
pipeline grade CO2 as by-product suitable for CCS applications. It requires
natural gas as a fuel. It generates pure Oxygen from air using ASU (air
separation unit) by cryogenic process. Air separation is an energy intensive
process consuming as much as 15% generated power internally thereby
reducing overall electric efficiency of the system. Moreover 20% CO2



discharged from the plant requires long distance piping and sequestration
both are expensive thus increasing the cost of power.

RPC uses pure Oxygen generated as by-product of renewable hydrogen
(RH) by electrolysis for Oxy combustion of RSMG and to continue to
generate a base load power at highest electrical efficiency at competitive
rate. Synthesis of RSMG is highly exothermic chemical reaction which
generates superheated steam as a by-product which generates additional
power using steam turbine thus enhancing the overall electric efficiency of
RPC.

RPC is suitable only for large power generation such as 100 Mw and
above. The process requires the cheapest and continuous renewable energy
source such as OTEC, offshore wind turbines supplemented by PV solar.
The main advantage of the system is it does not require large scale energy
storage and the base load power can be exported directly to the grid using a
substation as it has been done over several decades.

RPC has the potential to decarbonize the fossil economy at the fastest
rate than any other methods currently used.

Any power generation technology should be able to meet the following
seven criteria in order to be successful.

1.Power availability.
2.Power dispatchability.
3.Zero emissions.
4.Lowest levelized cost of power
5.Potential to decarbonize the fossil economy at the shortest time frame.
6.Potential to Completely eliminate fossil fuel
7.Sustainable and has a potential to achieve circular economy.
RPC can meet all the above seven criteria.

Permalink: https://ahilanraman.com/2020/04/20/renewable-synthetic-
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#3

Ramana Power Cycle (RPC)

RPC is a newly developed patent (pending) technology from Australia to
generate a base load power (24 x 7) using Renewable Hydrogen and CO2
with Zero emission,

The process discloses a method and system to generate CO2 from
seawater along with Hydrogen using any renewable energy source to
produce synthetic methane gas known as renewable synthetic methane  gas
(RSMG) to generate a base load power. The CO2 can be from various
sources apart from sea such as power plants using fossil fuel, steel, cement,
coke oven gas, or any syngas generated from various known methods from
various sources such as steam methane reformer etc. The process can use
any Oxy-combustion CO2 power cycle such as CES, Graz cycle, Allam
cycle (using super critical CO2 as a working fluid) or a conventional
combined cycle power plant using air combustion to generate a base load
power 24 x 7 with ZERO EMISSIONS. The cost of power is estimated to
be competitive even in the absence of Carbon pricing or Carbon tax.
Needless to mention the unit cost of power can be further reduced by using
Carbon pricing or Carbon tax. It is up to individual governments to
introduce such a mechanism in order to deploy RPC on a larger scale.

The advantage with the system is it can generate electric power from
RSMG with the highest electrical efficiency up to 70% while achieving
Zero emissions. It effectively solves the global warming and climate
changes problems using existing technologies and infrastructure without a
need to develop a new power technology from scratch.

It can be retrofitted with any existing and operating fossil fuel-based
power plant OR any large-scale renewable energy plant. It does not require
storage batteries or any energy storing devices. The minimum viable



capacity starts with 100 Mw and can be scaled up to 500 Mw and beyond
and power can be exported to the grid directly through a substation.
Optionally the process requires only sun and sea (ocean is the largest
reservoir of Carbon, Hydrogen and heat to generate a base load power along
with potable water with Zero Carbon emission and achieves circular
economy).

-37.983267 145.222358
Dandenong VIC 3175, Australia
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#4

Can Hydrogen substitute Carbon and avoid catastrophic climate
change

The answer is most likely NO for the following reasons.
It has been established that man-made GHG emissions mainly by CO2 is

causing the globe to warm by a phenomenon known as “Greenhouse gas
effect” triggering change in climate. Therefore, many are suggesting
Hydrogen as an alternative clean fuel to reduce or eliminate CO2 emission.
But replacing Carbon with Hydrogen we will only substitute Oxides of
Carbon (CO2) with Oxides of Hydrogen (H2O). But water vapor too is a
potent greenhouse gas GHG and it may enhance the warming of the globe
by a phenomenon known as Feedback effect as explained by NASA and
American chemical society (ACS) by the following references:

1. https://www.acs.org/content/acs/en/climatescience/climatesciencenarrati
ves/its-water-vapor-not-the-co2.html

2. https://phys.org/news/2014-03-effect-vapor-climate.html
3.  http://theconversation.com/climate-explained-why-carbon-dioxide-has-

such-outsized-influence-on-earths-climate-123064

Moreover, Renewable Hydrogen is still very expensive compared to
Hydrogen derived from fossil fuel such as coal and gas even though cost of
renewable energy has reduced substantially in recent past. By injecting
valuable renewable Hydrogen into existing pipeline carrying natural gas
one will generate additional issues because of varying physical and
chemical properties of Hydrogen and its flammability and explosive nature
compared to natural gas. Only a mixture of Hydrogen 30% and natural gas
70% has been tested using gas turbines. The combustor is a critical
component of the turbine and still problems like flame back firing,

https://www.acs.org/content/acs/en/climatescience/climatesciencenarratives/its-water-vapor-not-the-co2.html
https://phys.org/news/2014-03-effect-vapor-climate.html
http://theconversation.com/climate-explained-why-carbon-dioxide-has-such-outsized-influence-on-earths-climate-123064


Hydrogen embrittlement and suitable materials of construction for 100%
Hydrogen are still a long way off. The heat of combustion of Hydrogen and
natural gas using pure Oxygen can be shown as below;

2H2 (g) + 2 O2 (g) > 2H2O  – 286 kj/mole
CH4 (g) + 2 O2 (g) > CO2 + 2H2O – 889 kj/mole
Clearly the heat of oxy combustion of natural gas is high even though

the heating value of Hydrogen is high compared to natural gas. Even with
100% Hydrogen, gas turbine will emit water vapour along with Oxides of
Nitrogen which is still need to be addressed. I cannot imagine using pure
Oxygen for Hydrogen combustion. Combustion of Hydrogen or combustion
of  a mixture of hydrogen and Natural gas will emit water vapour or a
mixture of water vapour, CO2 and oxides of Nitrogen and they will not help
mitigate the climate change. Imagine thousands of cars running on
Hydrogen emitting water vapour! It will certainly change the climate in the
shortest period because the atmosphere will be saturated with water vapour
increasing the ambient temperature. The feed back effect of water vapor
will enhance the global warming in presence of CO2 as shown above.

Hydrogen is an unstable atom and readily forms a bond with Oxygen and
Carbon and that is why Nature does not produce free Hydrogen. It requires
a Carbon backbone. Only an emission free power generation technology
can solve the problem of global warming. It is only possible by recycling
Carbon (Carbon recycling technology) with the help of renewable
Hydrogen and to achieve a circular economy. There is no shortcut.
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#5

New realities of decarbonizing fossil economy and the science of
climate change

Global warming and climate change are the topics of the day and doomsday
predictions are abounding. In a divided world of differing ideologies and
dogmas, emotions play a major role and all conclusions are drawn out of
such emotions. Emotional intelligence is the key and in-depth analysis will
clear the clouds of doubts and disbeliefs and not just raw emotions.

When quantum science emerged as a mainstream science substituting
classical science the world changed dramatically often leading to
spirituality or eastern philosophy of ancient India. When Albert Einstein
said, “I hope the moon is still there when I am not looking at it”, it had huge
implications and a few decades later quantum science confirmed that
Einstein was wrong. In other words, it is the conscience that creates the
reality. With  this is the reality of science  one may wonder whether
“reality” has anything to do with “science” at all. Albert Einstein in his own
words said, “As far as the laws of mathematics refer to reality, they are not
certain; as far as they are certain they do not refer to reality”.

Let us examine about the science of global warming due to man-made
GHG emissions resulting in climate change. Electricity was a new form of
energy discovered in eighteenth century and it became part of human
civilization ever since. But it was already existed in nature in the form of
lightning, but we were unable to recognize it or reproduce it in the scale that
can be useful to us. Then the question is whether electricity was discovered
by human beings at all and if so, can we reproduce “lightning?” and use this
electricity without emitting any carbon emission at all. The answer is no, at
least for now due lack of technology to predict lightning, tapping it
economically and storing it for distribution. Theoretically lightning alone



can supply all the electricity world needs but practically it is almost
impossible to utilize it for the above reasons. When electromagnetism and
electricity were discovered they did not relate it to “lightning” but claimed
as a separate discovery between the relationship between magnetic and
electric charges which resulted in generating electricity. Then later we were
able to explain “lightning” due to positive and negative charges between the
cold clouds and rising hot air with water.

Science is nothing but explaining nature with theoretical concepts and
physical demonstrations. That is why yoga sutra describes the world as a
phenomenal world and it is an irreducible experimental substance. That is
the peculiarity of science because it is the human conscience that creates
this scientific reality. I too conclude that “as far as law of science of climate
change refers to reality, they are not certain; as far as they are certain they
do not refer to reality.” Similarly, science has nothing to do with economics
and but we human beings made economics as a measure of one’s life and
his or her success. This is the fundamental flaw in human thinking. One can
conclude that all man-made theories and practices are fundamentally flawed
which is evident from the world of turmoil we are witnessing and living in.
We failed to ask emotionally intelligent questions by endless pursuit of
happiness through money and materials in the name of science.

As I mentioned in my previous article we developed generating
electricity from thermal source and we ended up digging fossil fuels at
enormous cost and added further value by combustion with air generating
huge amount of CO2.But we never estimated the cost of CO2 at that time
and we never realized the future impact of such a CO2 emissions from
fossil fuels till now. Even now we do not want to put a price for CO2
emissions and continue to emit by simply denying the fact that such
unabated emissions will have consequences. We conveniently use science
and economics when it suits us, otherwise we reject them outright when it



does not suit us. All climate change denials come from the fear of economic
collapse unconsciously.

Therefore, the first step in achieving zero carbon emission is to eliminate
fossil fuels completely or impose penalty to discourage emissions if we
accept global warming and climate change as the reality. Without taking
this first step we cannot move forward.

Now there is a new awakening that Hydrogen will substitute fossil fuels
with zero emissions. This is again a mistake. Imaging all cars and power
plants using hydrogen and fuel cell and emit (only) water vapour into the
atmosphere. I am sure that will drastically change our climate in a very
short span of time. The atmospheric moisture will dramatically increase
trapping enormous amount of heat and precipitation. The consequences will
be dire. Every kg of Hydrogen will require 9 kgs of water. Renewable
Hydrogen is a precious commodity and it can be used only to decarbonize
the fossil economy and cannot be used a fuel directly. Such an attempt
will be a failure.

Alternatively, we can continue to use fossil fuel as usual but eliminate
CO2 emission by simply recycling in the form of RNG (renewable natural
gas) using renewable hydrogen. This may look as an expensive proposal at
the first instance, but it will become a norm in the long run and we human
beings have a capacity to adopt to this new reality.  It is now possible to
capture CO2 economically and substantially while generating power using
direct Carbon fuel cell with highest electrical efficiency. It can be easily
recycled in the form of RNG. Why Governments don’t act?

In the absence of above alternative, we may have to face the
consequences of climate change due to man-made emissions and simply be
content with an American slogan, “In God we trust”.

References:

1. http://dx.doi.org/10.1016/j.jpowsour.2013.11.122
2. ,DCFC by Fuelcell Energy and Exxon.

http://dx.doi.org/10.1016/j.jpowsour.2013.11.122
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#6

Carbon Recycling Technology (CRT) is a potential solution for
Zero Carbon Emission.

What is CRT?
CRT is a process technology that captures CO2 from existing and

operating base load (24 x 7) power plants using fossil fuels and substituting
the Oxygen in CO2 with renewable Hydrogen thereby converting CO2 into
RNG (renewable natural gas). Then RNG becomes the renewable fuel for
the above power plant. It is a perfect example of a circular economy with
Zero Carbon emissions.

CRT becomes a link between fossil power industry and renewable
industry, and it can achieve zero Carbon emission in the shortest possible
time frame averting a catastrophic climate change.

Why CRT?
The climate change is a global issue and it requires a global solution and

eliminating CO2 emission by few countries will not address the problem
and it will require a collective solution. CRT can provide such a solution.

The world is now divided than ever before into two segments. One
segment believes Carbon emission is causing global warming and climate
change and therefore CO2 should be curtailed or eliminated completely, and
all future energy should come only from renewable energy sources such as
solar wind etc to avert climate change.

The other segment believes the science of climate change is not well
established and dismisses the theory that CO2 causes global warming and
climate change. They believe such a change is a natural phenomenon and it
has nothing to do with CO2 emissions.  They fear by simply eliminating
fossil fuel usage in the absence of a clear substitute the energy industry will
be seriously disrupted causing economic collapse and the security of a



nation. For example US has become the largest exporter of oil and gas in
the world due to their aggressive policy of exploiting oil and gas reserves
using techniques such as fracking. However these resources are finite and
their CO2 emissions will become a stumbling block in the near future.

It is a useless exercise to engage in argument without a clear path
forward. But I am sure they will certainly agree and support a substitute
fuel such as renewable natural gas (RNG) that can generate a base load
power with zero carbon emission.

CRT will be able to convince both the above segment of people because
it will meet the requirements of both the parties.

The bottom line is we need a system that can guarantee to generate an
uninterrupted power 24 x7 with zero Carbon emission irrespective of a
method we use if it is sustainable and environmentally friendly.

How do crew in space shuttle get rid of their CO2 emission from their
cabin is shown below by NASA.

Carbon recycling technology is like the above process except CO2 is
generated by combustion of natural gas as a by-product of base load power
generation which is being removed and recycled in the form of RNG
(renewable natural gas) using renewable

Hydrogen. 
 
(Utility scale battery storage)
(Methanation plant for CO2 to SNG)
Renewable energy is a low efficient and intermittent source of energy

and it may not meet the world’s energy requirement at the current rate. It
will require massive energy storage technologies to be deployed in the
shortest possible time frame. According to NREL report a 100 Mw PV
solar with 240 Mwh storage battery will cost approx. USD 188 mil. To meet
a base load power of 2400 Mwh/day the cost of the system will be USD
1.88 billion. The life of storage battery is assumed only at 12 years and will



require replacement at
least twice in 24 years
of its life cycle. The
same capacity 100 Mw
combined cycle power
plant using natural gas
will cost only USD 105
mil with a life of at
least 25 years.
Therefore, renewable
energy alone cannot
solve the problem of
climate change in its
current form. It will be
prudent to use
renewable energy to
generate renewable

Hydrogen (RH) from water (even seawater) and use it to decarbonize the
fossil economy. In fact, this is the solution  world needs right now.

Large(utility) scale battery will require massive amount of exotic
material such as Lithium, Nickel, Cobalt etc which are not renewable and
will have a large carbon footprint and disposal of depleted batteries will
create massive environmental problems in the future. They are simply not
sustainable.

Combined cycle power generation using natural gas is a proven
technology that has been used for decades and all the infrastructure required
are already in place.

What is involved in CRT?
CRT will involve the following three sections:



1. Renewabl
e energy
facility
such as
PV solar,
Concentra
ted solar
or wind,
geotherma
l, OTEC
and hydro
etc.

2. Renewabl
e
Hydrogen
facility to
generate
and store
Hydrogen
using the
above
renewable
energy
sources.

3. Combined
cycle base

load power plant with CO2 capture and storage using either pre or post
combustion technologies.

4. Conversion of captured CO2 into renewable natural gas RNG which can
substitute natural gas in the above base load power plant with zero



Carbon emission.

There are number of renewable
energy industries established all
over the world in the past decade
and they are currently operational.
The lowest power tariff quoted by
renewable energy industry in India
is as low as $ 0.035/kwh making it
an attractive clean energy source.
There are issues in exporting it to

the grid due to peak hour supply and demand gap. This renewable energy
can be used to generate renewable Hydrogen (RH) by electrolysis of water.
Hydrogen can be used as a storage medium to generate power during peak
hours using fuel cells. It can also be used to fuel Hydrogen (Fuel cell) cars.
Hydrogen cars have many advantages over battery cars based on life cycle
assessment. Renewable Hydrogen (RH) is going to help accelerating the
decarbonization process of the world soon.

Currently bulk of the power is generated using fossil fuel such as coal,
oil and gas. The CO2 emissions can be reduced by 25% by simply
switching over from coal to gas. Exiting coal fired power plants can be
modified to gas fired plants by replacing their existing boilers. By using
RNG the power plant can achieve zero carbon emission while generating
base load power.

CRT is a simple and straight forward process technology that can avert
global warming and climate change without disrupting existing fossil fuel
infrastructure and its power generation while achieving ZERO CARBON
EMISSION in the shorted possible time frame. It will promote renewable
energy industries in a big way and help decarbonize our economy on a
global scale. The cost of renewable energy should further come down so
that renewable hydrogen (RH) as well as renewable natural gas (RNG) will



become cheaper. Removal of fossil subsidies, taxing carbon emission and
subsidizing renewable energy can facilitate such a transition and quicken
the process of decarbonization and avert the climate change. A detailed
financial model will reveal how quickly and effectively CRT can help
countries reduce their emissions.

High CO2 emitting countries such as China, US, India, Australia, Japan,
EU and others should adopt this technology .This technology is compatible
with transportation technologies such as electric vehicles and Hydrogen
(Fuel cell) vehicles because it can generate base load power (24 x 7) with
Zero Carbon emission which are essential for the success of the above
transport applications. WithoutCRT the transport applications will collapse
even if they are “the state of art” technologies. CRT will be an ideal
technology for energy intensive industries such as Caustic soda,
Aluminium, Steel as well as Carbon intensive industries such as cement.
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#7

The real solution for Carbon problem:

When mother nature buried Carbon under the ground by way of fossil, we
human beings mined them at enormous cost and added further value by
combustion with air converting it into CO2 (carbon dioxide). In fact, we
human beings added enormous value to carbon that remained buried (with
zero value) for millennia. We were interested in the heat of combustion but
forgotten about the CO2 emission. This is the fundamental flaw in the
commercialization of thermal power using fossil fuels. Now there is a price
to pay. There are only 2 options to overcome this problem.

We can completely ignore and ban fossil fuel all together at enormous
cost (we have already invested in trillions in mining, processing,
transporting and storing) and seek completely a new solution without
any Carbon at all. This is unlikely to happen.
We can continue to use fossil fuel and generate base load power as we
have been doing for decades but capture CO2 and convert it back into
fuel so that it can be recycled with Zero CO2 emission. This is certainly
feasible.

Many “so called innovators” are suggesting alternatives to fossil power
generation using renewable source of energy. These sources were available
with us from the beginning of the world as we know it, but they are
intermittent. We are used to 24 x7 base load power using fossil fuels.

The real solution lies in using intermittent renewable energy to
generate base load power with zero Carbon emission. Renewable
Hydrogen (RH) can achieve this goal. In doing so battery can also play a
small role but not a major role. Couple of things should happen to achieve
this goal.



1. Capturing CO2 at the lowest cost. It can be best achieved using Oxy
combustion of fossil fuel such as LNG (because it is a purified form of
natural gas) using Brayton cycle with 100 % CO2 capture.

2. Generate renewable Hydrogen (RH) using electrolysis using renewable
energy source such as solar and wind etc. Technology is well proven
and commercially available.

3. Convert captured CO2 into CH4 using methanation reaction (which is
already commercially practised) and recycling CH4 as a fuel to continue
the base load power generation as usual. The newly generated CH4
becomes a renewable natural gas (RNG) substituting fossil Hydrogen
with renewable Hydrogen(RH). The above described technology is
known as Carbon Recycling Technology (CRT) dveloped by CEWT,
Australia. The process uses LNG only for a start up and then continue to
generate its own RNG to continue the power generation using RH.

The above process is the only economical, commercial and environmental
solution to the problem of global warming and climate change. All other
methods will be expensive, time consuming with no guaranteed results and
are unlikely to happen in the shortest time we have. By scraping fossil
subsidies and taxing Carbon @ $100/Mt of CO2 (at least) and offering
liberal subsidies to renewable energy the cost of renewable Hydrogen (RH)
will be reduced. The cost of renewables is coming down and it can generate
RH to the lowest so that CRT can be deployed everywhere. This technology
will help achive Zero carbon emission while  a base load (24 x7) power is
generated while keeping the Carbon below the earth as nature has done for
a long time.

We at CEWT (Clean Energy and Water Technologies, Australia) have
the solution (not just theoretical but practically and commercially
implementable immediately) and we seek like-minded partners and
investors to team up with us so that we can show case the technology and
implement them worldwide. ( https://www.clean-energy-water-tech.com)

https://www.clean-energy-water-tech.com/
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#8

Renewable Hydrogen, an emerging alternative to fossil fuel

Fossil fuels such as coal, oil and gas have helped transformed our power
and transport industries for decades till now. But recent geo-political
situations, depleting fossil sources and Carbon pollution, global warming
and climate change have raised serious questions about the future of fossil
fuels. However, countries who have massively invested in fossil fuel
infrastructure and who have been heavily relying on supply of fossil fuels
have started realizing an inescapable truth that they are running out of time
to find an alternative to fossil fuels. Recently Hydrogen has been suggested
as an alternative source of energy and many countries are gearing up to
promote Hydrogen on a massive scale. The countries who have been
traditionally using fossil fuels are now focussing on generating hydrogen
from fossil fuels as an easier option. But the basic problem with this
approach is they still depend on fossil fuels which means they still
contribute to Carbon emission and climate change. They can conveniently
dispute or deny the fact that man-made Carbon emissions cause global
warming in order to score political points among the ‘gullible public’.
Democracy is all about numbers and as along as these number stack up the
political parties will take advantage of the system and try to push their
agenda. But all these efforts are only short term and they still cannot escape
the truth that man made Carbon emission is transforming our world for the
worst and the future looks bleak.

However, there is a silver lining in the dark clouds of global warming
and climate change in the form of renewable Hydrogen. It is now possible
to generate Hydrogen using renewable energy sources such as Hydro, solar,
wind, geothermal and OTEC (ocean thermal energy conversion systems)
that can used not only decarbonize our present economy and also has the



capacity to transform future energy and to a cleaner and more sustainable
environment. It is now possible to achieve a circular economy in energy
sector which means the CO2 emission from existing and operating power
plants using fossil fuels can be reversed using renewable Hydrogen so that
one can continue to generate power but with Zero Carbon emission. This
is a huge transformation.

However, the usage of fossil fuels will continue in other industries such
as petrochemicals, polymers and additives, and other synthetic materials.
But one can take advantage of using renewable Hydrogen even in such
industries using Green Chemistry initiatives so that they can become more
sustainable.

However Renewable Hydrogen is a currently very expensive though it is
generated from abundantly available natural resources such as sun, wind
and water because PV solar panels are made from high purity silicon
material again made from simple sand. We cannot afford to take natural
resources lightly because they are precious commodities. With limited
usage of renewable energy at current levels the cost of PV solar panels is
still very expensive but likely to come down as we deploy more and more
solar panels in the future. We should also be careful how we use renewable
Hydrogen. Our first and foremost usage of renewable Hydrogen should be
to decarbonize the fossil economy and achieve a circular economy. It means
we must convert CO2 emissions into renewable natural gas (RNG) suing
renewable Hydrogen so that the Carbon can be recycled indefinitely with
Zero Carbon emission while power plants using fossil fuels can continue to
generate a base load power. By this way we will be able to address two
issue namely meeting the rising energy demand at a cheaper price while
eliminating global warming and climate change. All other use of renewable
hydrogen such as Hydrogen vehicles for transportation using fuel cell etc
will be secondary because they are not our priority. If we can generate a
base load power (24 x7) using renewable Hydrogen with zero Carbon



emission, then that should be our focus whether we believe it climate
science or not. This will also help us conserve fossil fuels that may be rarely
used to meet certain critical needs while substantially reducing the carbon
emission.

Renewable hydrogen will require massive deployment of renewable
energy projects all over the world. One can generate renewable energy and
use it directly for domestic or commercial use. But they are intermittent and
require large scale energy storage. Moreover, all HT transmission lines are
old and designed for transmitting base load power. Such an approach will
not help decarbonizing fossil economy currently widely used. That is why
renewable Hydrogen will have to play a key role in the future energy mix.
Renewable hydrogen can be used as a fuel for transport industries using
fuel cell and Japan is leading the way in this field. But such an application
has along way to go and it requires massive investment and creation of
infrastructure by way of filling stations. Countries like Japan do not have
vast land area for solar industries, and they are likely to use cheap nuclear
power and sea water to generate large scale hydrogen infrastructure. By this
way they can supply power to both hydrogen as well as electric (battery)
vehicles. Alternatively, they are looking to import liquified hydrogen (LH2)
from countries like Australia who are ready to use cheap brown coal to
generate Hydrogen by gasification despite CO2 emissions. Currently
Australian government is not very keen about cutting CO2 emissions, but
they are keen to encourage LH2 from cheap coal. They have already
approved a pilot plant in the state of Victoria and only future can tell
whether such a decision is prudent or not. Japanese companies may prefer
to invest in Australia to generate and export clean liquid hydrogen leaving
behind all emissions including CO2 in Australia. They may generate LH2
from natural gas and export it to Japan, but it may not be acceptable by
Japanese companies because it has a potential to poison the Platinum
catalyst used in their Fuel cell cars. In fact, Australia has an enormous



potential to generate renewable hydrogen and then use it locally as well as
to export. This will be more sustainable in the long run.
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#9

It is time UN acted on climate change

Carbon
emission
caused by
human
beings has
become a
major
issue for
our
environm
ent and
future
economy

due to changing climate. But there are still few countries who are skeptical
about the science of climate change and reluctant to act and refuse to be a
part of United Nation’s action on climate change. These countries are either
fossil fuel producers such as coal, oil and gas or large economies who have
been traditionally depending on usage of fossil fuel for their economy and
security. The transition from Carbon economy to non-Carbon economy may
not be easier for them is the absence of an alternative technology that can
guarantee not only complete elimination of CO2 emission but also
efficiency and sustainability. There is a strong political motivation too
behind such dithering and they create a fear of slowing economy and large-
scale unemployment among the people in the absence of a viable alternative
energy source. Therefore, United Nation has an important role to play at
this critical juncture of transition to non-carbon economy and save the



planet earth from imminent danger of environmental and economic
collapse. UN can also stop mass extinction of species and migration of
refugees for a better life.

UN was successfully able to bring together 174 countries to the
negotiating table during Paris climate change conference. However, they
failed to reach a unanimous Agreement and announce a concrete action plan
to act. They failed to articulate the ways and means of reducing or
eliminating man made CO2 emissions in a stipulated time frame. They also
failed to bring powerful nations such as USA to the table which made the
task even harder. But this situation can be changed if UN is able to
articulate a concrete Action plan which is agreeable to all the parties
involved. This is possible only if UN can address all the issues involved
such as the alternative technology, funding, implementing in a stipulated
time frame, measuring and monitoring the progress and achieving the final
goal. UN should first be able to create the same level playing field where all
Countries can take part equally without any discrimination. It depends
completely on focusing the type of technologies to be deployed to achieve
the above goals and It should be able set a specific date to implement such a
plan. Currently renewable energy is considered as one of the alternatives
along with renewable Hydrogen which can act both as an energy storage
and as well as energy carrier. But renewable Energy is intermittent and
energy storage has become part of the system. With our limited experience
in renewable energy deployment over a decade renewable energy alone
Cannot be the solution to address the issue of CO2 emissions. One must
estimate the life cycle CO2 emissions of hardware used in renewable
energy systems such as PV solar panels, Solar concentrators, wind turbines,
storage batteries. Renewable Hydrogen generators, Fuel cells etc. Each of
them has their own Carbon footprint that must be incorporated in life cycle
assessment.



Similarly, even fossil fuel-based power generators such as boilers, steam
or gas turbines, pumps and compressors etc too have Carbon footprint that
should be assessed. Carbon footprint should be assessed as fixed carbon
footprint and variable carbon footprint and then these data should be used to
arrive at the Carbon footprint to generate power (tons of CO2/Mwh) Once a
life cycle assessment of their Carbon footprint is estimated then it will be
easier to rate each technology based on their “Carbon Rating” which will be
a measure of their Carbon footprint. The Carbon rating is measured and
allocated “number of stars” based on Carbon footprints. Lowest emitting
technology will be rated with highest number of stars while highest emitting
technologies will get the lowest number of stars.

Carbon rating will be a good measure to assess the technology that can
be used worldwide. Countries who are reluctant to reduce CO2 emissions
will be discouraged to participate in government and private tenders
worldwide and exports. Such countries will be treated as “Pariahs” and
rejected by consumers due to their low Carbon rating. Technologically
advanced countries or companies who can use fossil fuel but with lowest or
Zero CO2 emissions will also be able to compete with renewable energy
technologies. Carbon Rating will offer everybody the same level playing
field. Carbon is the fundamental building block of organic life on earth
which is essential for human survival but unabated CO2 emission by human
activities is the culprit. I strongly believe Zero Carbon emission can be
achieved even while using fossil fuels by constantly recycling CO2 in the
form of regenerated synthetic natural gas. It will not only eliminate CO2
emission but also generate synthetic fuel using renewable Hydrogen
without any necessity to exploit fresh fossil fuels. Using renewable
Hydrogen as a storage medium or as energy carrier may be expensive due
to inherent nature of Hydrogen atom. UN can introduce Carbon Rating as a
single tool to measure the Carbon footprint of a specific technology with
the lowest or Zero CO2 emission worldwide to start with. They should be



more proactive in promoting technologies with highest Carbon rating and
encourage countries to adopt such measures.
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Can renewable technologies mitigate climate change?

Energy generation and usage is considered not only as a mark of progress of
a nation but also security of a nation. That is why countries go to
extraordinary distance to achieve such a security and everything else
becomes secondary in the path of their goal. That is why countries with
high oil and gas reserves enjoy good relationship and privileges with
powerful nations of the world. Countries who do not have their own oil and
gas reserves and who completely rely on import of oil and gas have no
choice but maintain a good relationship with oil rich countries despite their
difference in ideologies and policies. But with warming globe and changing
climate the dependence on fossil fuels is fast becoming unsustainable and
countries look for alternatives. It is good news for the whole world
especially for nations who depend completely on import of oil and gas
because they can develop their own renewable energy sources to lower their
emissions. But there is one major difference. Countries who depend on
import of oil and gas required to develop only an infrastructure to store and
distribute oil and gas, But with renewable energy they have to develop an
infrastructure to produce the hardware necessary to use alternative energy
sources such as solar, wind, geothermal  but also energy storage such as
batteries. The warming globe and changing climate have become a grave
threat to the plant earth and a threat to lives of entire future generations. It is
the greatest challenge of the industrialized world. One can view this as
threat or as an opportunity. But it is time to act irrespective of our views and
we must act now.

It is an opportunity for scientists and engineers to view energy sources
and their applications in a new perspective. It is an opportunity to
understand how human activities affect our environment and how not to



damage them but preserve them for our future generations while developing
new alternatives. Humanity is just a part of a larger environment and any
damage to planet earth is at our own peril. It is an ancient wisdom, but we
neglected them. When an aboriginal of Australia said “we belong to earth
and earth does not belong to us” we failed to listen to them. We(people)
became bigger than They (environment).

In pursuit of a new energy source one must be extremely careful in
examining Nature and how she operates so that we do not make the same
mistakes of the past. As we develop renewable energy as a potential energy
source of the future, we should be aware of the life cycle of such a system
and their impact on environment. Renewable energy requires hardware that
uses exotic metals, catalysts, polymers, new Carbon sources and glasses. As
we switch to Carbon free economy, we should make sure that there are no
emissions in developing renewable energy sources and if necessary impose
Carbon tax on such emissions and, to develop recycling technologies to
recycle that hardware safely and environmentally friendly manner. It is
critically important issue as we move forward. According to an article
published in Chemical engineering News

“The potential quantities of waste are enormous. By 2025, waste
batteries removed from electric vehicles will total 95 Giga watt hours,
according to an estimate by Bloomberg New Energy Finance. That pile will
weigh roughly 600,000 metric tons.

A similar amount of old solar panels will have accumulated by then,
according to projections by the International Renewable Energy Agency.
IRENA anticipates solar panel waste could reach 78 million metric tons by
2050. And Europe could see 300,000 metric tons per year of
decommissioned wind turbine blades in the next two decades, says the trade
association Wind Europe.

Each year, approximately 300,000 metric tons of lithium-ion battery
waste is generated around the world, says Sheetanshu Upadhyay, an analyst



with India’s Esticast Research & Consulting. Most of those batteries come
from mobile devices, but that waste will soon be overshadowed by old
electric car batteries. Sales of plug-in electric vehicles are expected to
surpass 2.6 million in 2020, according to Navigation Research.”

The above data shows the amount of CO2 emission associated with
implementation of renewable energy sources soon. There is a potential for
large scale recycling industries on renewables, but it will come with a price
and environmental issues. Right now, the main problem is the CO2
emission and the only way to tackle this problem is impose Carbon tax on
emissions while encouraging industries with low emission technologies. It
should be possible for UN to pass a unanimous resolution among the
nations to address climate change by imposing Carbon tax uniformly across
the nation. By such resolution UN can bring all those countries to the table
who are currently reluctant to be a party to the Paris accord. Countries can
use “Carbon rating” similar to “energy ratings” currently used for
measuring energy efficiencies in appliances such as Heaters and air-
conditioners. The lowest emitting technologies will get the highest Carbon
rating while high emission technologies will get the lowest Carbon ratings.
By using such a method country who are reluctant to act on climate change
will be disadvantaged; they will not be able to compete in international
market or export their goods to low emitting countries based on Carbon
ratings.
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Why Carbon is inevitable to achieve Zero Carbon emissions?

Generating electricity using fossil fuel is a well-established technology, that
has been practiced over several decades all over the world, despite its low
efficiency. But this technology inherited certain disadvantages even before
it was commercialized such as post combustion emissions, large amount of
waste heat, and water intensity. Millions of people died of Carbon pollution
over decades. Large scale usage of water both inland and on shore power
stations created shortage of drinking water in many parts of the world
resulting in desalination technologies creating its own environmental issues.
Large scale mining of coal and unsustainable exploitation of oil and gas
both on shore and off shore caused enormous environmental pollution.
However, such emissions were completely ignored while the world
celebrated the discovery of electro-magnetism, steam engine and
petrochemicals. Millions of people were employed, and industries grew
worldwide. Energy became synonymous with security of a nation.
Population grew exponentially. However, we have reached a point in the
history of mankind and all great discoveries once acclaimed as human
achievements have started a new painful chapter of warming globe and
changing climate for new generations to deal with. It is a great challenge of
our time, but new generation can take this challenge and convert them into
opportunities. The past lessons can show them a new clean and sustainable
pathway while dealing with ever increasing population growth.

The challenge for the new generation is to curtail and eliminate Carbon
pollution completely while meeting the energy demand in a time bound
manner because we are running out of time. Currently renewable energy
generation is too low to meet these challenges within the time frame to
avert disastrous consequences scientists predict. Renewable Hydrogen is a



potential substitute for fossil fuel to eliminate Carbon pollution but that will
not solve our current problem soon because renewable energy generation is
too small and too slow while our energy demand is huge. Battery
technology is only a storage technology and without a base load power
generation all other forms of technologies will not meet our current
challenges. I am not discounting the potential of renewable energy and its
critical role in the future energy mix but that alone will not solve the current
crisis. Hydrogen is a weak and unstable atom and it requires a backbone
such as Carbon. That is why Hydrogen do not exist in a free state in Nature,
but it exists in the form of water or natural gas. Therefore, it is only logical
to convert renewable hydrogen into renewable natural gas so that it can be
used as a fuel as we have been using for decades. It does not require to
create a special type of infrastructure such as required for Hydrogen or any
storage technologies.

Our focus should be to achieve Zero Carbon emission in the shortest
time scale possible while generating a base load power of 24 x7 using a
renewable energy source. It looks like a daunting task but, it is not too big a
challenge to overcome. In fact, the technologies are already available, and
we are almost there to achieve the above, but governments should
understand the challenge and its gravity and extend all the support it
requires. Government around the world should implement the following
with great urgency to achieve the above objectives.

1.Tax Carbon with immediate effect and minimum tax should be $500/
Mt of CO2 emitted. It should be centrally monitored by government
agencies with appropriate technology implementations.

2. Encourage Oxy combustion technologies for coal, oil and gas-based
power plants with incentives to eliminate emissions pollution and
reduce the cost of Carbon capture.

3. Encourage large scale deployment of super critical Carbon dioxide
power generation technologies with liberal grants and low interest loans



for research and development of super critical CO2 technologies using
Brayton cycle using fossil fuels with Zero Carbon emission.

4.Encourage large scale deployment of SNG plants using CO2 and
renewable Hydrogen.

By using the above steps all fossil fuel-based power plants existing and
operating can be converted and continue to generate base load power 24 x7
with Zero Carbon Emission within a time frame. Simultaneously it will
generate large scale renewable hydrogen and renewable synthetic natural
gas which can generate base load power with Zero Carbon emission. Such
Zero emission power plants can then power all electric and fuel cell cars
and eliminate Carbon pollution completely from our roads. The above
implementation will create millions of jobs worldwide!

The greatest advantage of these technologies is to recycle Carbon
indefinitely while generating power using renewable natural gas with Zero
Carbon emission and fresh fossil fuel usage will be gradually eliminated
from our planet earth.
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It is time to tax Carbon emissions

There is a growing concern among the nations in the world about the
changing climate due to greenhouse gas emissions (GHG) and the natural
disasters associated with them such as loss of human lives and billions of
dollars’ worth of damages in assets. Yet there is no political will or
consensus among the largest emitters of CO2 on Carbon emissions at the
peril of their own economy and the rest of the world. Paris agreement
remains on paper, but largest emitters are either moving away from such an
agreement or they continue to emit CO2 without any regard to their
agreement. Unfortunately, such a situation has risen due to a scepticism
among the public and politicians about the relationship between greenhouse
gas emissions and climate change. They believe science has failed to
establish a clear evidence between GHG emissions and climate change.
Secondly there is a fear among the public and politicians that complete
elimination of CO2 will be a prohibitively expensive exercise and such
expenses will be eventually passed on to the consumer and such a move
will make the governments in power unpopular and it is a risk and they may
lose their future elections as a government. Some countries such as US,
Australia and many EU countries believe elimination of CO2 completely
will lead to job losses and lead to closure of industries such as automobiles,
coal mines, steel plants, cement plants and make the government unpopular.
All these notions are based on an erroneous belief that it is impossible to
eliminate man made CO2 emissions from earth without compromising an
economic growth or risking high energy bills.

CO2 emissions can be eliminated by simply converting them back into a
fuel using renewable Hydrogen. For example, CO2 emissions by using
natural gas such as combined cycle or cogeneration/ trigeneration plants can



be recovered and converted back into SNG using renewable Hydrogen so
that natural gas can be substituted with SNG. Such substitution will spur the
growth of renewable energy industries such as solar, wind, geothermal and
biogas in a big time while fossil fuel industries can continue their
operations with Zero Carbon emissions.

But this will be practically possible only if renewable hydrogen industry
is suitably rewarded while penalties are levied against CO2 emitters. The
market will take care of the rest of the issues and government can stay away
from the politics of Carbon and allow industries to address GHG emission
problems. Currently the cost of recovering CO2 from polluting plants is
about US$ 75/Mt and therefore Government should tax polluters at least at
the rate of US$ 100/Mt and pass it on to renewable Hydrogen generators @
US$ 100 /Mt of CO2 eliminated as an incentive.

It will lead to a healthy and robust industrial growth, large scale
employment and guaranteed sustainability. It will completely eliminate the
necessity to store energy. At the same time, it can also help create
alternative energy technologies such as batteries and Fuel cell etc and
eliminate CO2 emissions from transportation.  Renewable Hydrogen can
supply energy sustainably and there will be no need for mining coal or
exploring oil and gas to manufacture Nitrogenous fertilizers. Petrochemical
industries too can continue their operations without CO2 emissions. The
only requirement will be to design a plant for a pre or post combustion CO2
recovery and Oxy-combustion technology for fossil fuels.

#tax Carbon emissions
# renewable Hydrogen
# Zero Carbon emission
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Carbon Recycling Technology

CRT Carbon Recycling Technology known as “Ramana Cycle” is a new
patented concept and system that addresses current problems faced by
energy industries with a single solution.

Current problems:
1.Renewable energy is only a fraction of total energy generated world-

wide. Fossil fuel especially natural gas in the cleanest and most widely
accepted fuel for base load power generation. However, it emits CO2 a
greenhouse gas causing climate change.

2. Electric and Fuel cell cars can eliminate Carbon emission from our
roads, but it will dramatically increase the electricity requirement which
cannot be met by renewable energy sources alone. Eventually the
electricity demand will have to be met by fossil fuels which will sharply
increase CO2 emissions in a short span of time thus exacerbating global
warming.

3.Grid connected renewable energy has many problems due to intermittent
nature of renewable energy such as synchronicity, electronic interface with
HT lines, metering etc. There is at least 22% loss while transmitting
renewable energy into the grid creating dispatchability issues. Power is
transmitted 24 x 7 on HT lines.

Solution:
CRT addresses all the above issue with a single solution as described

below.
CRT synthesizes a synthetic fuel CH4, a Hydrocarbon known as SNG

(synthetic natural gas) using Carbon from CO2 emissions of gas based
power plants and renewable Hydrogen generated using renewable energy



sources such as Hydro/solar/wind /biomass/geothermal etc. Once SNG is
generated then it can substitute natural gas currently used in power
generation. It means one can generate their own SNG and need not
depend on oil and gas industries and use conventional gas turbine and
generate base load power and transmit using existing transmission lines.
This power can be used by electric as well by Fuel cell cars. There will be a
net Zero Carbon emission. Additionally the system can supply Hydrogen
to Fuel cell cars as an option.

CRT can be implemented using existing systems supplied by
internationally known companies with proven technologies and systems.
There are absolutely no commercial risks whatsoever. These systems can be
deployed immediately, and they are commercial ready.

Each plant is designed specifically based on the capacity, location and
purpose. This technology is the first of its kind in the world and it can end
the Carbon emission from power plants as well as from automobile industry

for good. 
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Turn your Carbon emission into fuel

It is now
possible
to convert
your CO2
emissions
from gas
fired
power
plants into
synthetic
fuel
thanks to

cheap solar energy! Once you convert into synthetic fuel then you can
recycle it so that your industries can power for good. It is a great way of
storing your solar energy into a readily deployable fuel source. By
generating heat and power from the synthetic fuel the industries can reap
enormous economic benefits while achieving Zero Carbon emission. It is a
win situation for people, environment and the governments around the
world.

CEWT can demonstrate such a system to potential customers who are
currently generating power using natural gas. If you are running a Caustic
soda plant where you get Hydrogen as a by-product we can use that
Hydrogen and generate additional Hydrogen by installing PV solar panels
so that the CO2 emissions from your power plant can be converted back
into synthetic fuel. That mean you can generate your own fuel and power at
fraction of a cost while achieving Zero Carbon emission. You can even run



your fuel cell car from the above Hydrogen. You may be eligible even for
Carbon credit for curtailing the Carbon emission from your power plant.

When we started blogging about this technology 7 years back the same
idea was not entertained by financial institutions and governments. Thanks
to the awareness of climate change and Carbon pollution created by 190
countries who signed the Paris agreement. Though many countries agreed
to cut their Carbon emission they could not fulfil their obligations under the
treaty for various reasons. The emissions have gone up in 2016.

CEWT can undertake this CRT Carbon recycling technology (patent
pending) in countries like India and China where Carbon pollution is
rampant and energy demand is increasing at the fastest rate in the world.
The cost of solar energy in India has come down substantially thanks to the
aggressive promotion of solar industry by Government of India.

CRT is an ideal technology for caustic soda plants to reduce their power
consumption and to convert their Carbon emission into a synthetic fuel. It is
much easier for them to use their Hydrogen one of the by-products of the
industry and they can easily supplement with Hydrogen generated from
solar power. By using CRT caustic soda plants can reduce their cost of
production by energy efficiency, obtain Carbon credit for Carbon reduction
and achieve and price stability for their products.

We can demonstrate the technology by installing a model plant in your
country and show case many possibilities. It is the beginning for a Carbon
free energy of the future and great potential for Hydrogen cars and to
eliminate Carbon pollution that is chocking New Delhi and Beijing.

www.clean-energy-water-tech.com
courtesy : Hydrogenics

http://www.clean-energy-water-tech.com/
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Battery versus Hydrogen

The technology towards zero Carbon emissions from transportation has
gained importance due to increasing air pollution from automobiles. It is
not just the Carbon emission but oxides of Nitrogen and Sulphur, but also
water vapour (more potent Greenhouse gas) to gather with particulate
matters that compounds the emission problems.

Current automobiles based on Internal combustion is not only energy
inefficient but generates noise and air pollution. Therefore, battery cars and
Hydrogen cars are increasing in popularity and competing with each other.
We can examine the merits and demerits of these two technology for a
better understanding.

Transportation uses mechanical energy derived from thermal energy
generated by combustion of fossil fuels but battery cars as well as hydrogen
cars convert an electrochemical energy into mechanical energy. As we
know energy can neither be created not destroyed but can be converted
from one form to another form. The word “energy storage” is a misnomer
because electrical energy is generated at the point of usage from stored
chemicals by way of redox reactions. In both cases, we generate electrical
energy from batteries or from Hydrogen through Fuel cell and then convert
it into mechanical energy. Both battery as well as Fuel cell convert chemical
energy into electrical energy by electrochemical reaction namely redox
reactions. For a redox reaction, we need both reduction (reductant) and
oxidation (oxidant) reactions to take place simultaneously to effect flow of
electrons from corresponding ions which we call electricity. It is clear from
the above we need two reactants namely reductant and oxidant. In batteries
both the reactant and oxidant are stored in solid form or in a liquid form in
‘flow batteries’. The chemistry of the redox reaction will determine the



speed, size and the life of the battery. This creates a constraint on the size,
weight and life of the battery to achieve a specific mileage. It means battery
has a limitation when comes to size, life and mileage to be achieved. Tesla
is currently leading the way in batteries both for stationery as well as
transport applications. For stationery applications the space, weight and life
may not be a big constraint but the life is a constraint and therefore the cost.

But in transport applications all the above three parameters are critical
and therefore battery may not be a long-term solution. In Hydrogen Cars
Hydrogen gas is stored in a compressed form at high pressure in a cylinder.
There is no Oxygen storage but only air is used as the Oxidant. Fuel cell
uses both Hydrogen and Oxygen to generate electrical energy at the point of
usage to run the motor. Electricity is not stored. The main difference
between battery and fuel cell is, battery carries both Oxidant as well as
reductant on board in solid form which weighs and occupies space; Fuel
cell carries only Hydrogen as the reductant in gaseous form and not
Oxidant. Hydrogen is a light weight and only the storage tank in the form of
composite material is the actual weight. Moreover, there is more room to
store Hydrogen like a Hydrogen bus which carries cylinders at the roof top.
If we use renewable energy source such as solar and wind then Hydrogen
generation and dispensing will not be a serious constraint for Hydrogen
generation and distribution in the future. The biggest disadvantage with
Fuel cell is the cost due to expensive catalyst such as Platinum.

Each technology has its own advantages and disadvantages but the
fundamental facts of these technologies will give us a glimpse of the future
potential. In battery technology storing the reactants in solid form is an
issue. Air metal battery has a good potential yet a long way to go. Similarly,
if Hydrogen can be generated at the point of usage without storing
Hydrogen on board that will open a greater potential. There may a hybrid
solution in the future that can integrates both battery and Hydrogen- Fuel
cell technologies will be the way forward. Research is being carried out to



design a rechargeable Fuel cell battery with enhanced performance and
cyclability. Such technologies will also guarantee a clean renewable energy
storage technologies for stationery applications in the future. Hydrogen can
be derived from many abundant natural sources such as seawater as I have
explained in my previous article “CAPZ desalination technology uses only
sun, sea and wind”.

Many
people
argue that
Hydrogen
is not an
energy
source but
an energy
carrier.
Hydrogen
is
certainly
an energy
source by
itself but
is to be
derived
from
other

primary sources such as water or natural gas because Hydrogen is not
available in a free form. Generation of Hydrogen from its sources require an
additional energy but when such an energy is provided by renewable
sources such as sun, wind and sea then the cost becomes secondary in the
long run. Therefore, battery may not be able to compete with hydrogen in



the long run though it provides a temporary solution to pressing power
problems in short term. Moreover, batteries rely on materials like Lithium
whose availability is limited even though they are recyclable.
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CAPZ desalination technology uses only Sun, Sea and Wind!

CAPZ (Clean water at affordable price with
zero discharge) is a new desalination concept
that separates seawater into fresh drinking water
and industrial salt both simultaneously using
only sun and wind power. Seawater is nothing
but fresh water in abundance with valuable
mineral salts dissolved in it. These minerals
include Sodium, Potassium, Lithium and
Magnesium and a host of other minerals in
traces. It requires a holistic approach to separate
them in their pure form along with fresh water
for potable and industrial applications. CAPZ
technology precisely attempts to do that so that
the seawater intake can be put into huge
economic usage while reducing or eliminating
completely the discharge of highly saline
effluent contaminated with chemicals back into
the sea. With increasing demand for fresh water
and depleting sources of fresh water due to
natural and man-made causes , sea water has
become an important source for fresh drinking
water. Sea water is not only a source of fresh
water but also a new source of clean Hydrogen
an energy of the future. It requires only sun ,sea
and wind to achieve this!
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Super critical CO2 power cycle with zero Carbon emission – a
possibility.

There is likely to be a dramatic change in energy landscape with
introduction of super critical CO2 power cycle. It not only increases the
power efficiency, reduces the foot print considerably, utilizes part of CO2
emission internally in the form of super critical fluid and open a new path to
eliminate Carbon emission completely (zero Carbon emission). It also
reduces the water consumption in power generation unlike current
conventional Rankine cycle power plants. We will soon be able to continue
to generate base load power using fossil fuels with zero carbon emission.
Unlike Carbon capture and sequestration already tried unsuccessfully in
many parts of the world, Carbon capture and recycle will open a new
chapter in the history of power generation. By capturing carbon in a solid
form with potential industrial applications such a possibility is now within
our reach. It means utilization of existing fossil fuel based power generation
infrastructure without any Carbon emission and continue to generate
continuous power to meet the increasing demand at a reasonable cost. The
current focus on renewable energy will continue but until a practical and
viable energy and mature storage technology is developed the renewable
energy will have uncertainties. Whatever may be the case the overall cost of
energy is likely to go up.

Introduction of Oxy combustion in natural gas turbine has eliminated the
oxides of Nitrogen from flue gas thus facilitating separation of CO2 from
water and recycling water vapour into combustion process. The condensate
from gas turbine is a by-product. Despite the usage of CO2 in the form of
super critical fluid there is still an excess CO2 to be disposed of.



A conceptual design to capture CO2 and convert them into SNG while
generating additional power using the superheated steam obtained as a by-
product of methanation has created a new opportunity to achieve zero
carbon emission.

It is an exciting development and our company is now in an advanced
stage of developing and commercializing such a technology.

Our new reformation process of natural gas using the captured CO2 and
steam allows to precipitate Carbon in a solid form. The chemistry of the
process can be explained by the following final methanation process using a
proprietary catalyst involving few steps.

3CH4
+CO2
+H2O
——–>
2CH4 + 3
H2O + 2
C which
will take a
final form
as
follows:

CH4 +
CO2 ——

> 2H2O + 2C
The superheated steam generated in the process can be exported to

generate additional power while the condensate water can be exported and
recycled. By using an excess of natural gas the captured CO2 is converted
into SNG (synthetic natural gas) which can be recycled into the gas turbine
thus achieving a zero-carbon emission while continuing to generate base
load power. Such a technology can easily be integrated with other sources



of energy
such as
solar,
biomass,
waste heat
and
nuclear.
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Carbon is to return to Carbon

Carbon emission is a matter of great concern to all the countries around the
world due to the global warming and climate change. After the Paris talks
many countries are genuinely trying to reduce their emissions either by
switching over to renewable energy or cutting down their emissions by
reducing their Carbon footprint. In their desperate measure to reduce
Carbon emissions some countries like Canada are trying to accelerate
carbon emission reduction by promoting innovation technologies with
millions of dollars of grant money. Recent fires in the state of Alberta, rich
in oil sand deposits have opened the eyes of the world to witness how a
disaster can unfold so quickly and   thousands of people to be evacuated in
a short notice. Many fled their homes leaving behind their valuables and
memories. It was one of the worst fire disasters in recent memory. Canada
especially the state of Alberta is now all the more determined to avert such
incidents in the future but also equally determined to reduce their Carbon
emissions. The fire is due to dry conditions due to global warming and
accelerated by oil sands. It is a perfect recipe for a disaster.

Many countries have switched over from coal to natural gas as a cleaner
fuel to reduce their Carbon emission. Natural gas emits less CO2 compared
to coal. But does it help combat global warming? One has to compare the
two different fuels and their combustion by the following reactions:

C + O2 —->  CO2
CH4 + 2O2 ——>  CO2 + 2H2O
Combustion of coal requires less Oxygen (air) when compared to

combustion of natural gas which requires twice the volume of Oxygen (air).
Coal combustion emits oxides of Nitrogen and Sulphur apart from CO2 and
a minor quantity of water vapour and particulate matters. Combustion of



natural gas releases twice the volume of water vapour apart from oxides of
Nitrogen and sulphur.

Recent findings by NASA confirms that water vapour is the major
greenhouse gas apart from CO2 that is responsible for warming globe and
the climate change. Therefore, natural gas does not help combating global
warming and climate change.

The following excerpts from NASA highlights this fact
Water Vapour Confirmed as Major Player in Climate Change
Credit: NASA
The distribution of atmospheric water vapour, a significant greenhouse

gas, varies across the globe. During the summer and fall of 2005, this
visualization shows that most vapour collects at tropical latitudes,
particularly over south Asia, where monsoon thunderstorms swept the gas
some 2 miles above the land.

Water vapour is known to be Earth’s most abundant greenhouse gas, but
the extent of its contribution to global warming has been debated. Using
recent NASA satellite data, researchers have estimated more precisely than
ever the heat-trapping effect of water in the air, validating the role of the gas
as a critical component of climate change. Andrew Dressler and colleagues
from Texas A&M University in College Station confirmed that the heat-
amplifying effect of water vapour is potent enough to double the climate
warming caused by increased levels of carbon dioxide in the atmosphere.

With new observations, the scientists confirmed experimentally what
existing climate models had anticipated theoretically. The research team
used novel data from the Atmospheric Infrared Sounder (AIRS) on NASA’s
Aqua satellite to measure precisely the humidity throughout the lowest 10
miles of the atmosphere. That information was combined with global
observations of shifts in temperature, allowing researchers to build a
comprehensive picture of the interplay between water vapour, carbon
dioxide, and other atmosphere-warming gases. The NASA-funded research



was published recently in the American Geophysical Union’s Geophysical
Research Letters.

AIRS is the first instrument to distinguish differences in the amount of
water vapour at all altitudes within the troposphere. Using data from AIRS,
the team observed how atmospheric water vapour reacted to shifts in
surface temperatures between 2003 and 2008. By determining how
humidity changed with surface temperature, the team could compute the
average global strength of the water vapour feedback.

“This new data set shows that as surface temperature increases, so does
atmospheric humidity,” Dressler said. “Dumping greenhouse gases into the
atmosphere makes the atmosphere more humid. And since water vapour is
itself a greenhouse gas, the increase in humidity amplifies the warming
from carbon dioxide.” Specifically, the team found that if Earth warms 1.8
degrees Fahrenheit, the associated increase in water vapour will trap an
extra 2 Watts of energy per square meter (about 11square feet)

“That number may not sound like much, but add up all of that energy
over the entire Earth surface and you find that water vapour is trapping a lot
of energy,” Dressler said. “We now think the water vapour feedback is
extraordinarily strong, capable of doubling the warming due to carbon
dioxide alone.”

Because the new precise observations agree with existing assessments of
water vapour’s impact, researchers are more confident than ever in model
predictions that Earth’s leading greenhouse gas will contribute to a
temperature rise of a few degrees by the end of the century.

The amount water vapour released by burning natural gas is twice the
volume of natural gas burnt. A plant using 10,000 m3/day natural gas can
release 20,000m3/day water vapour that can be recovered. In fact, if the
Gulf countries can recover water from exhaust of their gas fired power
plants they may not require any water by desalination of seawater at all.
Current consumption of natural gas world-wide exceeds 3.5 trillion cubic



meters which roughly translates to 7 trillion cubic meters of water vapour
into the atmosphere. Such a large volume has a potential to change our
climate system.What goes up as water vapor has to condense into water and
has to come down ! It will causes flash flooding in many parts of the world
which we are now witnessing.The economic loss by such natural disasters
will run into several hundreds of billions of dollars in the future.

It is interesting to examine how the state of Alberta is trying to reduce
their carbon emissions by promoting innovative technologies. Majority of
the proposals are supposed to convert CO2 emissions into “a useful
product” so that the emission can be curtailed or reduced. A quick glance
on the list of the proposals they have funded so far indicates they will
convert CO2 into an industrial chemical such as Methanol or a Fertilizer
such as Urea or alkaline chemicals such as bicarbonates and calcium
carbonates etc. Can they really solve the problem of carbon emissions by
turning them into useful products? The answer is most likely no. It will help
capture CO2 at Alberta but it will be released somewhere else where the
end products are used.

 It will simply shift the problems of Carbon emission from Alberta into
some other region of the world. For example, Urea synthesised from
captured CO2 will again be released into the atmosphere when Urea is used
by farmers. An enzyme in the soil will release the CO2 from Urea into the
atmosphere.

The only real solution is to convert captured CO2 back into a fuel such
as SNG (synthetic natural gas) so that it can be recycled into the power
plant. By this way the CO2 emission will be converted into solid Carbon.

One need not bury CO2 under the ground or emit it into the atmosphere
but constantly recycle into SNG so that power plant can generate power
continuously without emitting any greenhouse emissions. To do this we
need Hydrogen. At present Hydrogen is produced commercially from
natural gas but with carbon emission. Other methods of producing



Hydrogen
without
carbon
emissions
are
expensive.
But
Hydrogen
can be
generated

from natural gas without Carbon emission
and it can be used to convert captured
CO2 from power plants into SNG. In other
words, two greenhouse gases namely CO2
and methane (CH4) will be reacted to

generate commercially valuable Carbon nanotube as a main product as
shown below. This high temperature reaction can generate superheated
steam that can generate power while a valuable solid Carbon is regenerated.
Such a process is still in a developmental stage but has a potential to
become a commercial reality in the near future.

CH4 + CO2 —>  2C + 2 H2O
In fact, the carbon emission is converted back into a solid Carbon. The

Carbon is to return to Carbon to avoid GHG emission (CO2, N2O, NO2 and
H2O) that is changing our climate.
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Parched land and thirsty farmers surrounded by ocean of water

The climate is changing and the impact of such a change is felt almost in
every sphere of life around the world especially in countries like India.

” Erratic monsoon rain patterns have left crops parched, jeopardizing
India’s nearly $370 billion agricultural sector and hundreds of millions of
jobs.  Drought conditions are crippling vast swaths of India’s farmland as
the country faces its driest monsoon since 2009. With more than 60 percent
of India’s agriculture reliant on monsoon rains, farmers are highly
vulnerable to changes in rainfall patterns and rising global temperatures, the
Indian Council for Research on International Economic Relations found in
a report” according to the International Business Times.

The situation in Australia is no different from India, both surrounded by
ocean of water yet no water to irrigate or even to drink. Many scientific
studies have clearly highlighted the close relationship between warming
earth, increasing salinity of seawater and the climate change. But new coal-
fired power plants and seawater desalination plants are set up almost every
year in these countries. Both greenhouse gas and the increasing salinity of
seawater will only contribute to intensify further warming of the earth.
There is some awareness about the global warming by GHG (greenhouse
gas emission)but there is no awareness about the increasing salinity of
seawater. One of the largest desalination plant set up in the state of Victoria
in Australia is idle for so many years yet unable to supply water to
struggling farmers in the country Victoria. In a way it is a blessing in
disguise because it would have otherwise discharged billions of cubic
meters of RO concentrate with toxic chemicals into bass strait.

California law requires that any “new or expanded coastal … industrial
installation using seawater” must utilize “the best available site, design,



technology and mitigation measures feasible … to minimize the intake and
mortality of all forms of marine life.” (California Water Code section
13142.5(b)

The following excerpts from NASA highlights the close relationship
between

Ocean salinity and changing climate and rainfall.

“Salinity, Ocean Circulation & Climate

 Surface winds drive currents in the upper ocean. Deep below the
surface, however, ocean circulation is primarily driven by changes

in seawater density, which is determined by salinity and
temperature. In some regions such as the North Atlantic near

Greenland, cooled high-salinity surface waters can become dense
enough to sink to great depths. The ‘Global Conveyor Belt’

visualization (below) shows a simplified model of how this type of
circulation would work as an interconnected system.

The ocean stores more heat in the uppermost three (3) meters than the entire
atmosphere. Thus density-controlled circulation is key to transporting heat
in the ocean and maintaining Earth’s climate. Excess heat associated with
the increase in global temperature during the last century is being absorbed
and moved by the ocean. In addition, studies suggest that seawater is
becoming fresher in high latitudes and tropical areas dominated by rain,
while in sub-tropical high evaporation regions, waters are getting saltier.
Such changes in the water cycle could significantly impact not only ocean
circulation but also the climate in which we live.

‘The Global Conveyer Belt’ 
(http://science1.nasa.gov/media/medialibrary/2013/05/20/thermohaline_ass
embled.) represents in a simple way how currents move beneath the wind-

http://science1.nasa.gov/media/medialibrary/2013/05/20/thermohaline_assembled.640x360.mp4
http://science1.nasa.gov/media/medialibrary/2013/05/20/thermohaline_assembled


driven upper ocean. This movie begins by focusing on the North Atlantic
east of Greenland, where cold surface waters get saltier due to evaporation
and/or sea ice formation. In this region, surface waters can become dense
enough to sink to the ocean depths. This pumping of surface water into the
deep ocean forces the deep water to move horizontally until it can find areas
where it can rise back to the surface. This very large, slow current —
estimated to be on the order of 1000 years to complete a full circuit — is
called the thermohaline circulation because it is caused by temperature
(thermo) and salinity (haline) variations. Credit: NASA/GSFC

Launched June 10, 2011, aboard the Argentine spacecraft
Aquarius/Satélite de Aplicaciones Científicas (SAC)-D, Aquarius is
NASA’s first satellite instrument specifically built to study the salt content
of ocean surface waters.

Salinity variations, one of the main drivers of ocean circulation, are
closely connected with the cycling of freshwater around the planet and
provide scientists with valuable information on how the changing global
climate is altering global rainfall patterns.

The salinity sensor detects the microwave emissivity of the top 1 to 2
centimetres (about an inch) of ocean water – a physical property that varies
depending on temperature and saltiness. The instrument collects data in 386
kilometre-wide (240-mile) swaths in an orbit designed to obtain a complete
survey of global salinity of ice-free oceans every seven days.”

According to a new report on desalination in California
Desalination is the removal of salts from saline water (brackish or

seawater) using distillation or membrane separation technologies in most
cases. Current desalination technologies produce a toxic concentrated brine
discharge that contains all the salts and dissolved solids along with process
chemicals.

Putting the brine “cocktail” back into the ocean damages the marine
environment and runs counter to the environmental goals of the state. The



brine creates extensive damage in the ocean in areas sometimes called dead
zones. The damage affects the environment, the economy, and the quality of
life of the neighbouring areas on land and off shore.

Desalination is receiving increased attention as a means for addressing
the water supply challenges of California. The state’s growing population,
much of which is located in semi-arid regions, periodic droughts, and other
water demands create pressure on existing water supplies and strong
incentives to find new ones. (California Desalination Planning Handbook,
Dept. of Water Resources, 2008, p.1) With the state’s 3,427 miles of Pacific
coastline, (CA Water Plan, 2009, Volume 2, Strategic Resource
Management, Chapter 26, Water‐Dependent Recreation. 26‐5) desalination
of sea water is a reasonable response to the need for a reliable supply of
more potable water—if it can be done without environmental damage.

New desalination technologies exist that produce no brine (and no
concentrated brine cocktails). They should be chosen as best available
technology (BAT) in the future.

The California report says:
“Consequences of all aspects combined
The brine cocktail damages many life forms – plant and animal; adults,

larvae, and eggs. It kills some outright. It prevents reproduction for some. It
impedes growth and thriving for some. And the damage can happen at only
slightly elevated levels of concentration.

The hypoxic brine and chemical mixture is like plastic wrap suffocating
the organisms living on the sea floor. Fish can swim away to better water
conditions. Plants, eggs, larvae, and stationery or slow-moving animals like
coral, clams, and crabs cannot.

In a comprehensive review of published studies about the impacts of
desalination plant discharges, David A Roberts and team reviewed 8 field
studies and 10 laboratory experiments that examined a range of salinities
and a variety of organisms from waters in the US and Spain. They



concluded that experiments in the field and laboratory clearly demonstrate
the potential for acute and chronic toxicity, and small-scale alterations to
community structure following exposures to environmentally realistic
concentrations of desalination brines.

The observed effects of the tests in the study mentioned above included
fertilization, germination, growth and development, and mortality on seven
organisms. The study was focused on the effects of several brine
concentrations and used brine prepared in the laboratory or taken from an
RO plant discharge.

It did not look at the effects of the chemical additives or exposure over
long terms. Even so, it found effects over limited time periods on several
species at some state of development and varying concentrations. For many
marine invertebrates the larvae are especially susceptible to brine
concentrations.”

Both energy and water are increasing in demand as the population grows
and it is critical to choose the right type of technology to sustain such a
growth. Wrong choices made due to popularity or quick fixes will lead to
long-term consequences.   Desalination with zero liquid discharge should be
a mandatory so that large multinational companies will at least spend some
funds on R&D towards achieving such a goal. Otherwise it will continue to
be a “business as usual”.
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Which car Hydrogen,Fuel cell or Electric that will win the race?

Automobile industry has come a long way since the time of Henry Ford.
The internal combustion engine that drives the modern car is slowly but
steadily evolving into an emission free engine. The carbon pollution has
caused globe to warm and changed the climate and also caused respiratory
illness for millions of people around the world for decades. The Carbon
pollution was completely ignored in the past while other design features of
the car have undergone massive changes. However, when the smog and
deteriorating air quality of Delhi and Beijing was beamed around the world
in our TV sets, people realized how vulnerable they are to carbon pollution.

But how to eliminate the Carbon emission from our automobiles?
1.The simple answer is to substitute the fossil fuels we use every day

such as Petrol and Diesel with Carbon free fuel such as Hydrogen.
 Hydrogen being a light gas it has to be compressed and liquefied so that it
can occupy less space. However, it requires a special ‘cryogenic tank’ to
store liquid Hydrogen at – 253 C. BMW has already produced a
commercial vehicle and it is in the market. However, the Hydrogen
dispensing stations are limited in numbers. It uses existing internal
combustion engine suitably modified for Hydrogen fuel so that they can use
existing infrastructure that produces their petrol engines. There is no carbon
emission except for water vapour. However, Hydrogen should be generated
using renewable energy sources such as solar or wind. Hydrogen generated
by reformation of natural gas will still have a Carbon foot print. It can be
classified as a Carbon free car depending upon how Hydrogen is generated.
However, producing liquid hydrogen or filling in a cryogenic tank is not
commercially feasible for individual household. Hydrogen supply will have
to be a centralized filling station. BMW has recently focussing their



attention towards Fuel cell car. While those early vehicles were fun to drive,
they suffered from the inefficiencies of super-cooling the liquefied
hydrogen, and the hydrogen vaporizing in storage. Around the turn of the
century, BMW began to research the hydrogen-powered, fuel-cell electric
vehicle as an alternative to the hydrogen-powered combustion engine.

2.The other alternative is to substitute fossil fuel with compressed
Hydrogen that generates an electric power using Fuel cell that drives the
motor and the car. Here both fossil fuel and internal combustion engine are
substituted with Hydrogen fuel and Fuel cell. This is a marked deviation
from a conventional car. Honda of Japan was the first to introduce a
commercial car using a Fuel cell. It uses compressed Hydrogen at 70 Mpa
pressure that supplies Hydrogen to PEM (proton exchange membrane) Fuel
cell that generates power that drives the motor and the car. There is no
emission except for water vapour. The car runs smoothly and silently
because there is no mechanical engine or moving part. It is truly a Carbon
free car if the Hydrogen is generated from a renewable energy source such
as solar or wind. It is ideal for houses with roof top solar panels. However,
one has to install a water purifier, an electrolyser, a compressor and a
compressed tank for Hydrogen storage. If the Hydrogen is generated by
steam reforming of Natural gas, then it will have a Carbon footprint and
cannot be classified as carbon free car. Generation of Hydrogen using roof
top solar panel, electrolysis and compression is possible by individual
households but it involves still some risk due to the explosive nature of
Hydrogen. A centralized Hydrogen dispensing is still a safer method.
 Toyota Mirai Fuel cell car is a new model introduced by Toyota motor Co
of Japan. It too has certain additional features such as a power generator for
a remote households or camp.

2.The third alternative is to eliminate fuel as well as the engine
completely; instead supply power to the motor from a storage battery. Here
there is no emission or noise because there is no engine or moving parts



similar to Fuel cell car. However, the battery is heavy and occupies a large
space and it requires frequent charging from an external power source. The
power often comes from the main power grid which carries the power
generated from a power station which invariably uses fossil fuel. Though
there is no Carbon emission from the electric car it still has Carbon
footprint. However, if the power is generated from a renewable energy
source such as solar and wind then it can be classified as Carbon free car. It
is ideal for houses with roof top solar panels. However, it should be
connected to the power grid in parallel. Alternatively, it can be connected to
a storage battery if there is no grid.

The Lithium ion battery pack in Tesla Roadster weighs 990 pounds,
stores 56 kWh of electric energy, and delivers up to 215 kW of electric
power. Tesla battery packs have the highest energy density in the industry.
To achieve this energy density, Tesla starts with thousands of best-in-class
Lithium-ion cells and assembles them into a liquid-cooled battery pack,
wrapped in a strong metal enclosure. The battery is optimized for
performance, safety, longevity, and cost. The cells used in a Roadster
employ an ideal chemistry for electric vehicles

Nickel Metal Hydride (NiMH) batteries are commonly used in hybrid
cars. However, a 56 kWh NiMH battery pack would weigh over twice as
much as the Roadster battery. Instead, Tesla uses Li-ion battery cells which
dramatically decrease the weight of the Roadster pack and improve
acceleration, handling, and range.

With Lithium-ion chemistry, there is no need to drain the battery before
recharging – there is no “memory effect”. Roadster owners simply “top-off”
each night

Each of the above cars have their own advantages and disadvantages.
However, Fuel cell cars have certain advantages over Electric cars in spite
of the advancement in battery technology primarily due to the weight of the
battery and frequency and time required to charge the battery. Fuel cell car



has a capacity to store Hydrogen fuel as well as to generate power onsite
and this advantage will go a long way to make fuel cell cars truly carbon
free not only for transportation but also for stationery power generation in
remote locations.

A large scale deployment of renewable energy generation such as solar
and wind around the world can deliver a Car that is truly carbon free.
However fossil fuel power generation will continue for years to come as the
new technologies are developed to generate power using fossil fuel without
emitting Carbon emission such as Carbon recycling. The real winner of the
car race will depend upon how a Carbon emission free power generation
technology will emerge in the future. Whatever may the power technology
Fuel cell be here to stay and if a cheap alternative catalyst is developed for
Fuel cell then the race will be well and truly on.(Ref : BMW,Honda,Toyota
and Tesla Roadster websites)
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Decarbonizing Planet Earth with Carbon

“The method adopted in Vedanta to impart the knowledge of Brahman is
known as the method of superimposition (adhyaaropa) and subsequent
negation (apavaada). In the Bhashya, Bhagavatpada says, “The
transmigrating self is indeed Brahman. He who knows the self as Brahman
which is beyond fear becomes Brahman. This is the purport of the whole
Upanishad put in a nutshell. It is to bring out this purport that the ideas of
creation, maintenance and dissolution of the universe, as well as the ideas
of action, its factors and results were superimposed on the Self. Then, by
the negation of the superimposed attributes the true nature of Brahman as
free from all attributes has been brought out. This is the method
of adhyaaropa and apavaada, superimposition and negation, which is
adopted by Vedanta.”  (Ref: What are Upanishads? : An over view by S.N.
Sastri on Luthur.com)

The analogy that is often used to describe the process of superimposition
and negation is that of ‘using a thorn to remove a thorn’. Finally, when the
last thorn is removed, the thorn used to remove it is thrown away as well.
Similarly, Carbon can be used to reduce carbon emission while power is
generated!

Let us consider the issues of Carbon emission and global warming
resulting in climate change in the above context. Recent conference in
Climate change held in Paris is acclaimed to be a success to the planet earth
collectively adopted by 195 countries both developed and developing. In a
nutshell they all have agreed to reduce their carbon emissions to limit the
global warming to less than 2C or even 1.5 between 2030 and 2050. Is it
really practical to achieve the above target given the nature of reduction and



the complexity of imposing such a reduction within the time frame? It is a
big question mark.

The only practical method to reduce CO2 is by using Hydrogen CO2 +
H2-à CO + H2O and then convert CO into a useful product such as Urea
NH2CONH2 a fertilizer. Production of Urea requires additional Hydrogen
which is again obtained by combustion of fossil fuel resulting in CO2
emission. Moreover, CO2 will eventually be released at the point of usage
of urea later. While trying to reduce Carbon emission one will end up with
more Carbon emission in the atmosphere.

The carbon emission from power plants can be substituted with
renewable energy sources such as wind and solar at a very high cost but
how the emissions from chemical plants such as urea or from automobile
emissions, steel plants and cement plants be contained? We should also
remember that silicon wafer to produce solar panels consume large amount
of power which now comes invariably from fossil fuels. There is a long list
of such plants emitting Carbon every day from all over the world.

But there is a possibility to reduce emissions substantially by converting
CO2 emissions from power plants into a synthetic fuel which can then
substitute fossil fuel to continue power generation. The CO2 resulting from
combustion of synthetic fuel will be recycled in the same manner
mentioned above thus completing a cycle. To convert CO2 into a synthetic
fuel we will require Hydrogen either by renewable sources or non-
renewable sources. The non-renewable sources for Hydrogen cannot be a
long term solution but renewable Hydrogen is very expensive at this stage.
Therefore, Hydrogen is the only source which will not only help reduce
Carbon emissions but also help eliminate Carbon completely from planet
earth. Renewable Hydrogen is the key to decarbonize the planet earth.
However, it may be possible to decarbonize the planet temporarily by using
Hydrogen derived from fossil fuel without emitting CO2! It is not just a
theory but practical because the technology has already been tested! In this



process the Carbon will remain in the loop where it will neither be buried
nor emitted into the atmosphere but constantly recycled.
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Production of Caustic soda by desalination of sea water.

There is a great deal of misconception about desalination of seawater and
the word ‘desalination’ is taken literally as a method of separating  fresh
water from seawater but not the separation of salt from seawater. The main
focus here is only about recovery of fresh water from seawater or from any
saline water sources but not salt. In fact separation of salt from seawater is
also known as desalination or desalting. The reason for this misconception
is because fresh drinking water is in demand and people are concerned only
with fresh water and not the salt. There is a huge demand for fresh drinking
water all over the world. Increasing population, large scale usage of fresh
water by industries, pollution of fresh water by domestic and industrial
effluents, failure of monsoon or seasonal rains due to climate change are
some of the factors that contributes to water shortage. There is also a
demand for water by agriculture industry both in terms of quality and
quantity. Bulk of the ground water is used as a main source of fresh water
by agriculture industries in many countries.

But sea water also contains number of minerals or salts which have
greater economic and commercial value. In terms of quantity their presence
is small, only 3.5% and the rest 96.5% is fresh water. For example
Chemical industries such as Caustic soda and Soda ash plants use salt as
their raw material. But they also use de-ionized water to dissolve salt to
produce brine which is their feed stock.

Therefore Chemical plants are the largest users of seawater in terms of
salt as well as fresh water. Power plants mainly located on seashore also use
large quantity of de-ionized or desalinated water for boilers and for cooling
towers.



Sea is now becoming a great source of fresh water as the inland water
supply is becoming scarcer due to dwindling water table by drought or
flooding by too much rains, pollution by industries etc. In earlier days
seawater was the only source of common salt known as Sodium chloride
produced by solar evaporation. Bulk of the salt is till used by this method.
Therefore it is logical to locate a chemical plant and a power plant side by
side so that seawater can be utilized efficiently.

CEWT (Australian company) has developed a new desalination
technology called ‘CAPZ desalination technology’ that can generate fresh
water as well as Sodium chloride brine simultaneously which is suitable for
Caustic soda/Soda ash production. They can integrate such a facility with a
skid mounted Chlorine plant of smaller capacities. This plant can generate
large volume of drinking water (WHO standard) as a by-product that can be
supplied to municipalities and agriculture industries.

Locating large scale solar salt pans near such a facility will be a problem
because it requires a huge area of arid land with good wind velocity and it
takes nearly a year to harvest the salt.

Using CAPZ desalination technology one can generate saturated Sodium
chloride brine of 315 gpl concentration as well as fresh drinking water
directly from seawater. The brine is purified to meet the specifications
required by membrane Electrolysis for the production of Caustic Soda. The
same brine can also be used for the production of Soda ash using Solvay
process.

It is no longer necessary to produce brine from solar salt. Solar salt
requires vast area of arid land with good wind velocity and least rain fall
and large manual labour force to work under harsh conditions; it is a very
slow process and takes almost a year to harvest the salt, which is full of
impurities and requires elaborate purification process during the production
of Caustic Soda. Such purification process generates huge volume of solid
waste for disposal. Chlor-alkali industry is one of the most polluting



industries in the world. In fact these impurities can be converted into more
value added products such as recovery of Magnesium metal or recovery of
Potassium salts. CAPZ technology is developing a ZLD (zero liquid
discharge) desalination process where the effluent containing the above
impurities such as Calcium, Magnesium and Sulphates are converted into
value added products. By recovering more such salts from seawater one can
recover additional fresh water. Therefore desalination of sea water is now
emerging as an integral part of Chlor-alkali industry. By such integration
Chlor-alkali can become a major player is meeting fresh drinking water of a
nation.

By careful
integration and co-
location of a
desalination plant,
Caustic soda plant,
Food and
pharmaceutical

grade salt plant
and a power plant
 on a sea shore
will be a win
situation for
everybody
involved.

Let us take a
specific case study of setting up a Caustic soda plant, a captive power plant
and a desalination facility.

A typical skid mounted Chlorine plant will have the following
configuration:

Capacity of Caustic Soda: 50.7 Mt/day (100% basis)

https://ahilan007.files.wordpress.com/2015/08/skid-mounted-chlorine-plant.png
https://ahilan007.files.wordpress.com/2015/08/skid-mounted-cl2-plan.png
https://ahilan007.files.wordpress.com/2015/08/electrolysis-plant-by-thyssen-krup.png


Capacity of Chlorine        : 45.00 Mt/day (100% basis)
Hydrogen production        : 14,800m3/day (100% basis)
A typical usage of Vacuum salt for such skid mounted Chlorine plant

will be about 76.50 Mt/day with a power consumption of 2.29 Mwhr/Mt of
NaOH (100%).

A captive power plant of capacity 200Mw will be able to supply
necessary power for both Desalination facility as well as Caustic soda plant.

The CAPZ desalination facility can supply a saturated sodium chloride
brine (315gpl concentration) 245 Mt/day and 9122 m3/day of fresh drinking
water from the desalination plant. This water can be used for boiler feed in
the power plant. Surplus water can be supplied as drinking water meeting
WHO specifications.

The Hydrogen gas the by-product from caustic soda plant with capacity
of 14,800 m3/day can be used to generate clean power using a Fuel cell.
The power generated from Fuel cell will be about 20 Mwhr/day that can be
supplemented for the Caustic soda production thereby reducing the power
consumption from 2.29Mwhr to 1.46 Mwhr/Mt of NaOH (100%)

By careful integration of a large (ZLD) desalination facility with caustic
soda plant and power plant it will be possible in future to generate a clean
energy using Hydrogen, a by-product of Caustic soda plant and solar
thermal plant to produce chemicals in a clean and environmentally
sustainable manner.

For further information on CAPZ technology, please contact
ahilan@clean-energy-water-tech.com.
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Why climate change is irreversible and Science is helpless?

“The intuitive mind is a sacred gift and the rational mind is a faithful
servant.We have created a society  that honors the servant and has forgotten
the gift” – Albert Einstein.

United Nation’s panel on climate change (IPCC) recently confirmed that
climate change is real, it is man-made and it is irreversible and if nations do
not act now then they will have to face catastrophic climate events in the
future. They were categorical and unequivocal in their statements this time.
They have come to this conclusion because science has not demonstrated
how to   capture carbon emission and sequester them under the earth using
current technologies. Scientists neglected carbon emissions while
generating power using fossil fuels for decades because they had no idea
what would be the consequences of such emissions in the future. It is a clear
example how a human mind has a limited capacity to conceive an idea
“holistically” but has a capacity to satisfy human needs temporarily without
knowing the unforeseeable consequences. When human beings interfere
with Nature in the name of Science there are consequences to face and a
price to pay because Nature is nothing but the manifestation of the highest
intelligence. A real science can be no further than asserting this truth.
Ignorance when combined with greed can be a deadly combination and the
consequences will be costly and to be paid dearly by generations to come.
Carbon emission and climate change is one such issue. Science has
improved human life on earth in so many ways but at the same time they
also have created many side effects which can be identified only after
decades of their use. When they are identified it is often too late and causes
irreversible damage to system or nature. Any irreversible change human
beings cause in Nature will have its own consequences. Science has shown



Carbon is the backbone of all organic matter on planet earth whether it is
DNA of a human being or a glittering diamond from deep under the earth.
The same Carbon reveals the age of a skeleton of a Dinosaur  buried
millions of years ago. Science is a powerful tool but it also has two sides,
benign and malign. The power to discriminate between the good and bad is
the fundamental pre-requisite of science. Carbon plays an indispensible role
in the natural world due to its unique atomic structure and ease with which
it can build molecules especially with hydrogen. That is why hydrocarbon
is playing such an important role in human civilization and it is not easy to
substitute it with another candidate without a long term research and
development work. But we have a very short time to discover a substitute
for hydrocarbon which can serve our current purposes. Few nuclear power
plants around the world can satisfy the growing demand for the electricity
without any carbon emission but their long term consequences are
unknown. The result of a thermo-nuclear explosion over Hiroshima and
Nagasaki are the grim reminder of such consequences. When earth converts
organic matter into a fossil over a period of millions of years deep under the
earth, it gives us a clue why Nature has buried them and not left them on the
surface of the earth. But that did not deter human beings from digging them
out and burning them to generate heat to meet their temporary energy needs
without realizing the long term consequences of such actions. Many
technologies have become obsolete over a period of time for various
reasons but some of them lingered long enough to create long lasting
consequences and there are many evidences in history to emphasize this
truth. Power generation using fossil fuel is one such clear example of a
technological bungle. It only confirms the inadequacy of human knowledge.
 It also reveals the temporary nature of such inventions stemming from
temporary nature of human life. Science also has changed dramatically in
the last few decades and it no longer serves the original purpose of
unraveling and understanding the mysteries of Nature but caters and serves



to the greed and dominance of selected rich and powerful people and the
nations in the world. Science has become a tool to create material wealth
and power rather than to understand nature and apply them into our lives in
a compatible way and to enrich human life. These experiences have taught
one important lesson. Any scientific discovery when applied in real life
must be “holistic” and be compatible with Nature and should follow Natural
laws. When science becomes a wealth creating tool then any knowledge
born out of such science can only serve to create wealth often at the cost of
Nature. That is why rich and powerful corporate and nations spend billions
of dollars in such wealth creating discoveries rather than on discoveries that
address human problems of the world that may not return their investment
in time. The anomaly is more they invest on wealth creating science more
damage they cause to earth and human life. Such discoveries serve only one
purpose namely “the wealth creation “. Wealth and power has overtaken
science and knowledge. Climate change has become a serious issue and it is
absolutely clear that CO2 in the atmosphere has increased to the current
level for the first time in millions of years and human beings have
contributed greatly to this increase. Yet, nations around the world are unable
to come to-gather and agree on how to reduce such emissions. The only
way to solve this issue is to use Science as a tool which created this
problem in the first place. When steam engine was invented it was
considered as the dawn of industrial revolution: when electricity generation
using electro-magnetism was invented it was hailed as a land mark in
scientific development. When power was generated using fossil fuel to
accelerate the industrial growth very little attention was paid to the carbon
emission. When huge quantities of sea water was used to cool the cooling
towers in fossil fuel powered or nuclear power plants very little attention
was paid to the discharge of effluent in to the sea. When large desalination
plants were set up to quench the thirst of oil rich countries very little
attention was paid to the toxic discharge of effluent in to the sea. What was



missing in all the above developments was the negligence of Nature by
discharge of emissions or effluents into the Natural world. We have taken
Nature for granted and treated her with great indignity and contempt. Few
decades ago Scientists were able to make remarkable discoveries using only
their mind as a tool and theorizing certain concepts. They were abstract in
nature but were validated whenever applied in practice. There were no big
investments by Governments or companies on scientific discoveries, no
Intellectual property portfolios, no personal ownership, no disputes on
infringement as to who owns and what. Today scientific inventions and
intellectual properties are the biggest assets and monopolies of few
corporate and nations.  Several hundred billions are spent on patents,
trademarks and copy rights to stamp their authorities and ownerships. But
where such knowledge came from? Who pays for the consequences of ill -
conceived scientific discoveries that prove disastrous in the long run? Who
can sue them when such technologies are passed on to several generations
without knowing their long term consequences? Science is now suggesting
methods to address carbon emission using various renewable energy
sources such as solar, wind, biomass etc. But these methods often use
capital intensive equipments to use such energy even though Nature
provides them free of cost. Such equipments also require large energy input
to produce which again comes from fossil fuel maintaining the level of CO2
in the atmosphere. The investment on renewable energy has come down by
nearly 70% according to latest news and many countries are gearing up to
step up their fossil fuel production in the name of “energy security” simply
because they have become “addicted “to old ways of living. In fact there is
too much at stake for these countries and they are stubbornly sticking to old
ideas. Science has become useless in addressing climate change because it
is no longer about science but about nation’s security and maintaining
material wealth of the citizens of a particular nation and the popularity of
politicians among the ignorant masses and  winning their elections and



holding to their power. Sun is the only source of energy on the planet earth
and all other forms of energy such as wind and biomass etc are only by-
products of sun.  Current power generating technologies heavily depends of
conversion of thermal energy into electrical energy and the source of
thermal energy is by fossil fuel or nuclear. Recently light energy from sun is
converted directly into electrical energy using photovoltaics. They also use
thermal energy of the sun using solar concentrators to generate power in
conventional way using turbines. But high initial cost, lack of energy
storage technologies and intermittent nature of renewable sources increases
the cost of energy compared to conventional coal fired power and
alternative energy has created an uncertainty in the power industry. Energy
industry is now at the cross road and it has divided people into two
categories; one group accepts science of global warming and climate
change and advocate substituting fossil fuel with carbon free energy sources
and another group express skepticism over climate science and support
fossil fuel energy sources in order to continue and maintain the industrial
growth and employment. If countries like US and Australia who have rich
deposits of high grade coal and depend heavily on coal based power plants
and industries then they have an option to increase the efficiency of coal
utilization by way of emission reduction. For example they can reduce
carbon emission substantially using gasification technologies. In fact, under
certain special conditions it is possible to generate syngas from coal with
highest Hydrogen content (even up to CO: H2 ratio of 20:80).This will
increase not only the calorific value of syngas but also reduce carbon
emission. Companies like GE, USA are developing special gas turbines for
syngas with high hydrogen content. Alternatively conversion of coal into
synthetic natural gas (SNG) can reduce the carbon emission without
dispensing with coal completely. Renewable hydrogen is a potential long
term substitute for fossil fuel both for power industry and transportation.
But it requires special handling due to its high explosive nature and it is



often easier to handle it with a mix of hydrocarbon such as Methane or
Carbon monoxide. Fuel cell is an emerging technology that can use
hydrogen for power generation as well as for transportation. However it
requires expensive catalysts and they are currently confined to smaller
applications in power industry. Fuel cell opens up a new way to generate
electricity by simply stripping electrons from a hydrogen atom with
Platinum and allowing the resulting proton exchange by special membranes
in a cell converting chemical energy into an electrical energy. It is certainly
a breakthrough in power generation but there is a long way to go before
commercializing them on larger scale. It seems Carbon will continue to play
an important role for years to come due to its unique nature in the natural
world. But high carbon intensity fuel such as coal and current methods of
direct combustion will have to be abandoned and substituted with SNG or
Syn gas with high hydrogen content by gasifying coal. By this way
hydrogen can be introduced into the current energy mix without substantial
deviation from using coal while maintaining the carbon emission well
within the limit. However a long term strategy will require complete
substitution of fossil fuel with renewable hydrogen or with completely a
new method of electricity generation such as Fuel cell without using a
thermal energy.  Electricity is nothing but a flow of electrons and
techniques that are currently used in Fuel cell such as proton exchange
membrane should be developed using low cost catalyst and materials on a
much larger scale to substitute fossil fuel completely. It is clear that power
generation technology should be delinked with using carbon source or
combustion for that matter. Combustion of hydrogen electrochemically is
an elegant solution but lot of research and development is required. But the
stark reality is climate is already changing and the climate change is
irreversible and we have to use science to adopt our lives to the changing
climate in the future. We cannot capture the carbon and bury them under the
earth as Nature does because Nature has not taught us how to do it in a



short span of time. The impact of climate change can be minimized or
averted depending upon how fast carbon emission is reduced using new
technologies. Climate change is an important lesson from which the
scientific community should learn how not to interfere with Nature without
a complete understanding of it. Sun shine and clean air are not just for rich
and powerful but to the entire humanity on the planet. Any scientific
discovery should be “holistic” and compatible with Nature and easily
accessible to all human beings. Solar and biomass are emerging as
alternative technologies to tackle climate change but these simple and
holistic solutions were in fact practiced for decades in rural India. Farmers
in India feed their cattle with cellulosic fibers (polysaccharides) as a feed
and use their waste in the form of “solar” dried cakes (cow dung cakes) as a
fuel that has a calorific value of 2100kj (Wikipedia). They also use the
waste to generate Methane by anaerobic digestion. These technologies are
not new but the challenge is they should to be built on large commercial
scales to meet the demand of the growing population in a holistic way.
Industrialized countries are now trying to convert the same cellulose
(polysaccharides) into industrial alcohol instead of converting corn starch.
When plants grow by photosynthesis using sun, it generates starch, lignin,
cellulose as well as fatty acids in oil seeds.  It is important to understand
that Nature provides them as food for human beings and animals and not as
a raw material to generate fuel or energy and that is why “holistic
solutions” are the key for the survival of science and technology as well as
humanity in the future.
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How sustainable is our sustainability?

Sustainability can be defined as the ability to meet present needs without
disturbing Nature’s equilibrium by a holistic approach while not
compromising the ability of the future generation to continue to meet their
needs. Holistic is “Characterized by the belief that the parts of something
are intimately interconnected and explicable only by reference to the
whole” (Wikipedia). Mathematically and scientifically any exponential
growth or consumption will not be sustainable and such growth will
eventually be curtailed by forces of Nature. Unfortunately current models of
sustainability do not take a holistic approach but focus only on a continuous
growth or expansion to meet the demands of the growing human population
thus disturbing the Nature’s equilibrium. The holistic approach is essential
because our world is interconnected and any isolated growth or
development in one part of the world will affect the other part of the world.
Such a growth is counter-productive to human civilization as a whole. At
the same time Nature’s equilibrium is critical for the survival of humanity
and science should take into account this critical issue while developing
solutions to problems. Otherwise such a solution will not be sustainable in
the long run.

Nature maintains a perfect equilibrium (dynamic equilibrium) while
maintaining reversibility. Both are intricately linked. If the equilibrium is
not maintained then it becomes an irreversible process and the entropy of
such a system will only increase according to the second law of
thermodynamics. The order will become disorder or lead to chaos.
Moreover any human interference to nature’s irreversibility and equilibrium
by human beings will need energy. Any energy generation process within
the system will not be holistic and therefore will not be sustainable.



For example, reverse osmosis (RO) is a major industrial process now
used to desalinate sea water/brackish water to potable water. This process is
reversing the Nature’s osmotic process by applying a counter pressure over
and above the osmotic pressure of the saline water using high pressure
pump. This requires energy in the form of electrical energy or thermal
energy in the case of distillation. When such energy is generated by burning
fossil fuel then the entropy increases because combustion of fossil fuel is an
irreversible process. It is clearly not sustainable.

Energy is directly connected with economic growth of the world, but
Governments and industries failed to adopt a holistic approach while
generating energy by simply focusing only on economic growth. The fossil
fuel power generation has resulted in the accumulation of GHG in the
atmosphere and in the ocean changing the climate. Power generation by
nuclear plant (Fukushima) has spilled radiation into the ocean and has
crossed the Pacific Ocean to shores of North America. These are
irreversible changes. The human and economic costs from such pollution
will easily dwarf the ‘the economic growth’ of the world. It is not holistic
because the emissions caused by one country affects the whole world; then
it becomes the right of an individual to object to such pollution and it is the
obligation of the Governments, United Nations and the industries to protect
people from such pollution. Right now all these agencies are helplessly
watching the deteriorating situation because they do not have the solution or
means to reverse the situation whether it is an advanced country or a poor
country; we always measure growth only by income and not by the quality
of air we breathe in or water we drink or the environment we live in.

The demand for energy and water are constantly increasing all over the
world; and we are trying to meet these demands by expanding existing
power plants or by setting up new plants. When we generate power using
fossil fuel the heat energy is converted into electrical energy and the
products of combustion are let out into the atmosphere in the form of CO2



and Oxides of Nitrogen. It is an irreversible process and we cannot recover
back the fossil fuel already burnt. Similarly the electricity generated once
used to do some useful work such as lighting or running a motor etc cannot
be recovered back.  The process of electricity generation as well as usage of
electricity is irreversible. Similarly when it rains the water percolates into
the ground dissolving all the minerals, sometimes excessively in some
places making it unsuitable to drink or irrigate. This process can be reversed
but it again requires energy.

Both the above processes are irreversible and thermodynamically they
will increase the entropy of the system. Any energy generation process will
have cost implications and therefore irreversibility and entropy are directly
linked with economics. Fortunately renewable energy sources offer hope to
humanity. Even though the entropy is increased due to its irreversible nature
there is no depletion of energy (sun shines everyday). Only Nature can
come to human rescue to our sustainability. Science and powerful
economies cannot guarantee sustainability irrespective of the size of the
budget. There is a myth that billions of dollars can reverse the irreversibility
with no consequences.

It raises question on the very basis of science because science depends
on “observation and reproducibility” as we know. The biggest question is:
“Who is the Observer and what is observed”? When sages of the East such
as Ramana Maharishi raises this question, the Science has clearly no answer
and the world is blindly and inevitably following the West to the point of no
return.

 
.
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The science and politics of carbon and climate change

President
Obama
seized his
‘moment
of truth’
when he
announce
d his
decision
to cut

carbon emission by 30% by 2030 in
USA. His decision may not be popular
in USA and in many parts of the world
but it is the right decision. He was able
to address to some extent ‘ the
inconvenient  truth’ that has nagged
him during his second term in office.

He  introduced his decision through
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EPA (Environmental protection
authority) effectively bypassing
congress. In fact the purpose of
creating EPA was to address the
environmental issues but it
failed in many ways and rest of
the world followed such failures
time and again. This has resulted

in an accumulated carbon both in the
atmosphere and in the sea in an
unprecedented scale causing disease
and environmental degradation world-
wide.

Air pollution is costing the world’s
most advanced economies plus India

and China $3.5 trillion per year in
lives lost and ill-health, with a
significant amount of the burden
stemming from vehicle tailpipes,
according to a report by the
Organisation for Economic Co-
operation and Development
(OECD).

In the 34 OECD member
states, the monetary impact of

death and illness due to outdoor air pollution was $1.7 trillion in 2010.
Research suggests that motorized on-road transport accounts for about 50
percent of that cost. In China, the total cost of outdoor air pollution was an
estimated $1.4 trillion in 2010. In India, the OECD calculated the toll at
$500 billion.
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The costs were
calculated based on
survey data of how
much people are
willing to pay in order
to avoid premature
death due to ailments
caused by air pollution.
The method assigns a
cost to the risks of
emissions that decision

makers can use in weighing public
policy decisions.

In addition to the health cost the
environmental degradation due to
carbon pollution includes global
warming resulting in mass
extinction of species, causing  mega
bush fires that are wiping out
forests including rain forests,
creating new bugs that are resistant
to antibiotics, increasing sea level 
that erodes coastal cities and
submerge remote islands in pacific
displacing millions of people as
refugees, acidified oceans with
massive extinction of species

including fish stock. Such degradation is nothing but suicidal.
When a food or drug is introduced in the market it is subject to scrutiny

by FDA (Food and drugs authority), but when it comes to environmental
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clearance to set up a coal-fired power plant or to set up a seawater
desalination plant it is relatively easier to get such clearance from EPA.
When  power plants emitted gaseous emissions initially EPA was able to
limit the emissions of oxides of nitrogen, sulfur, phosphorous, soot and
particulate matter , other organics including mercury and arsenic except
carbon dioxide. Carbon dioxide has been accepted as part of the air we
breathe in; otherwise no power plant could have been approved because
bulk of the emissions are only carbon dioxide. Had EPA acted timely in
sixties or even in seventies to curb CO2 emissions an alternative  energy 
would have emerged by this time.

Industries and economics were high in the political agenda and the
environment was overlooked.  Many drugs were introduced during this
period to cure diseases that were actually caused by environmental
pollution such as carbon dioxide. Both power industries and drug industries
grew side by side without realizing that environment is degraded slowly
which causes chronic diseases.

Australia is the largest consumers of power in terms of per capita
consumption in the world and yet the new Government in Australia is
pushing a bill in the parliament to repel Carbon tax introduced by previous
Government. They are also planning to raise revenue up to $ 26 billion for
medical research over a time. On one hand politicians want to freely allow
unabated carbon emissions into the atmosphere and on the other hand they
want to introduce new drugs that can cure diseases  actually caused by  such
pollution. It is an anomalous situation created by politics of climate change.
Unfortunately carbon pollution has turned into an energy related issue and
attracted political attention world-wide. The high cost of cleaning carbon
pollution has turned many politicians into skeptics of science on carbon
pollution and climate change.

“More than 170 nations have agreed on the need to limit fossil fuel
emissions to avoid dangerous human-made climate change, as formalized in



the 1992 Framework Convention on Climate Change .However, the stark
reality is that global emissions have accelerated (Fig. 1) and new efforts are
underway to massively expand fossil fuel extraction by drilling to
increasing ocean depths and into the Arctic, squeezing oil from tar sands
and tar shale, hydro-fracking to expand extraction of natural gas,
developing exploitation of methane hydrates, and mining of coal via
mountaintop removal and mechanized long wall mining. The growth rate of
fossil fuel emissions increased from 1.5%/year during 1980–2000 to
3%/year in 2000–2012, mainly because of increased coal use.” (Ref : 1)

The coal usage continues to grow especially in Asia due to expanding
population and industrial growth and demand for low-cost energy.  USA is
expected to achieve energy independence by 2015 which means more fossil
fuels are in the pipeline. India and China are planning more coal-fired
power plants in the coming decade. Australia is planning for massive
expansion of coal and LNG and Coal seam methane gas for exports.
Fracturing and hydrocracking of shale deposits are adding to the fuel.

Countries are more concerned with economic growth than the
consequences of climate change. Despite recent warning from NASA that
the depleting arctic glaciers have reached a ‘point of no return’ and the
predicted sea level rise up to 10 feet is irreversible, there is a little reaction
from countries across the globe.

There is a clear evidence that shows Green House Gas  emission will
continue to increase in the future in spite of growing renewable energy
projects because renewable solar panels, wind turbines and batteries will
need more power from fossil fuels.  It is critically important to reduce
carbon emission with great urgency by substituting fossil energy with
renewable energy. For example, concentrated solar power (CSP) can be
used instead of large-scale PV solar to reduce carbon footprint.

Solar energy is the origin of all other energy sources on the planet earth
and solar energy will be the solution for a clean energy of the future. But



how fast solar energy can be deployed commercially in a short span of time
is a big issue. The increasing growth of fossil fuel production dwarfs the
growth of renewable energy exposing the planet to catastrophic climate
change. The GHG emission can be contained only by an aggressive
reduction of CO2 emission into the atmosphere as well as by drastic
reduction of fossil fuel production. This is possible only by using renewable
Hydrogen. The cost of renewable hydrogen is high  but this is the price one
has to pay to clean up the carbon pollution before the climate is  changed
irreversibly. The obvious method to reduce carbon emissions is to tax
carbon in such a way that it will no longer be economically viable to emit
carbon to generate power or to transport. Paying carbon tax will be cheaper
than paying for diseases and environmental degradation and natural
disasters. Clean environment is the key for the survival of our planet and
life on earth and one cannot put a price on such a life.

Ref 1: Citation: Hansen J, Kharecha P, Sato M, Masson-Delmotte V,
Ackerman F,et al (2013) Assessing ‘‘Dangerous Climate Change’’:
Required Reduction of Carbon Emissions to Protect Young People, Future
Generations and Nature. PLoS ONE 8(12): e81648.
doi:10.1371/journal.pone.0081648
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‘Petrol from seawater’, a Carbon neutral fuel to mitigate climate
change !

Recent news from USA
has got the attention of
many people around the
world. “Scientists with
the United States Navy
say they have
successfully developed a
way to convert seawater
into jet fuel, calling it a
potentially revolutionary
advancement.
Researchers at the Naval
Research Laboratory
(NRL) developed
technology to extract

carbon dioxide from seawater while simultaneously producing hydrogen,
and then converted the gasses into hydrocarbon liquid fuel. The system
could potentially shave hours off the at-sea refueling process and eliminate
time spent away from missions.” They estimate the cost of the jet fuel will
be anywhere between $3 and $6 per gallon.  It may not be able to compete
with traditional petroleum sources due to high energy requirement.
However, the main attraction of this process is to extract Carbon dioxide
absorbed by the ocean to avoid acidification and to mitigate climate change
while making petrol as a Carbon neutral fuel. Ocean has become a rich
source of Carbon (Carbon sink) absorbing excess atmospheric Carbon
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dioxide
caused by
human
beings.
Generatin
g Carbon
neutral
fuel such
as SNG
(synthetic
natural
gas),
diesel and
petrol
from air
and sea
water will
be the
fastest
way to
reduce
Carbon
from the
atmospher

e. Probably Governments, business and industries will embarrass this
concept much quicker than any other mitigating methods simply because it
is a revenue generating proposition with a potential to earn carbon credit.

Carbon-neutral fuel is a synthetic
fuel (including methane, gasoline, diesel fuel, jet fuel or ammonia) that is
produced using  carbon dioxide recycled from power plant flue exhaust
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gas or derived from carbonic acid in seawater  and renewable
Hydrogen. Such fuels are potentially carbon-neutral because they do not
result in a net increase in atmospheric greenhouse gases.  It is a Carbon
capture and recycling (CCR) process.

“To the extent that carbon-neutral fuels displace fossil fuels, or if they
are produced from waste carbon or seawater carbonic acid, and their
combustion is subject to carbon capture at the flue or exhaust pipe, they
result in negative carbon dioxide emission and net carbon dioxide
removal from the atmosphere, and thus constitute a form of greenhouse gas
remediation. Such power to gas carbon-neutral and carbon-negative
fuels can be produced by the electrolysis of water to make hydrogen used in
the Sabatier reaction to produce methane which may then be stored to be
burned later in power plants as synthetic natural gas, transported by
pipeline, truck, or tanker ship, or be used in gas to liquids processes such as
the Fischer–Tropsch  (FT) process to make traditional fuels for
transportation or heating.

Carbon-neutral fuels are used in Germany and Iceland for distributed
storage of renewable energy, minimizing problems of wind and solar
intermittency, and enabling transmission of wind, water, and solar power
through existing natural gas pipelines. Such renewable fuels could alleviate
the costs and dependency issues of imported fossil fuels without requiring
either electrification of the vehicle fleet or conversion to hydrogen or other
fuels, enabling continued compatible and affordable vehicles.A 250
kilowatt synthetic methane plant has been built in Germany and it is being
scaled up to 10 megawatts.” (Wikipedia).

We have been writing about renewable hydrogen (RH) for the past
couple of years and often use the phrase, “Water and energy are two sides of
the same coin” because we can mitigate climate change using renewable
hydrogen (RH) even while the fossil fuel economy can carry on as usual.
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By generating Carbon neutral fuels using excess Carbon from air and sea
and hydrogen from water (even seawater) using renewable energy sources,
the problem of global warming and climate change can be solved because
we will not be adding any further Carbon into the atmosphere than what it
is today!

Instead of generating solar and wind power and storing them in batteries
it will be prudent to generate Carbon neutral fuel from CO2 already
available in the system and use them as usual. Meanwhile Hydrogen based
power generation and transportation   can be developed as a long term
solution.

Fossil-fired power plants produce CO2 (Carbon dioxide) which could be
captured and converted to CO (Carbon monoxide) for production of
synthetic fuels. CO2 can be converted to CO by the Reverse Water Gas
Shift Reaction, CO2 + H2–> CO + H2O. CO could then be used in the F-T
reaction with additional hydrogen from water-splitting to produce synthetic
fuel such as diesel and petrol as carbon neutral fuels.

 Synthetic fuel by CO2 Capture + H2 from Water-splitting:
Reverse Water Gas Shift                          CO2 + H2 —->  CO + H2O
F-T reaction                                             CO + 2H2 —-> CH2 + H2O
 
Water-splitting                              3H2O + Energy –> 3H2 + 3/2O2
Net reaction                         CO2 + H2O + Energy —>CH2 + 3/2O2
 
In this case, no coal is needed at all, and CO2 is consumed rather than

produced. The excess O2 would be used in the fossil power plant that
provides the CO2, simplifying CO2 capture. There is currently considerable
effort underway on developing CO2 capture systems for new and extant
power plants. The increasing concern with Global Climate Change suggests
that there is a reasonable likelihood of such plants operating in the
timeframe associated with synthetic fuel from carbon dioxide. Such a



synergistic system has the potential to significantly reduce our current
emissions of CO2 since the carbon in the coal is used once for power
production and then again for liquid hydrocarbon fuel synthesis.

Synthetic fuel plant with capacities as low as 1000 barrels/day are
commercially feasible using specially designed micro-reactors as shown in
the attached photograph (ref: Velocys). Utilizing carbon dioxide from sea
and air is the smartest way to mitigate climate change while maintaining
fossil fuel based power plants and automobiles without any change or
modifications. The same technique can also be applied for biomass
gasification plants.
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It is time to switch over from Carbon to Hydrocarbon

When Carbon emission is high and the globe is warming due to such
emissions then the simple and immediate solution to address this issue is to
convert Carbon into Hydrocarbon, and the simplest Hydrocarbon is
Methane (CH4).By simply introducing Hydrogen atom into Carbon atom
the entire fuel property changes. For example the heating value of coal is
only 5000-6500 kcal/kg at the maximum while the heating value of
Methane (natural gas) increases to 9500 kcal/m3 by the above conversion.
It means the same power generated by coal can be generated by using
almost half the quantity of natural gas. Converting Carbon into substituted
natural gas (SNG) is one way of addressing climate change in a short span
of time. By switching over the SNG from coal will cut the CO2 emission
almost by 50%.

Global warming due to GHG emission has become a serious
environmental issue in recent times and more and more investments are
made on renewable energy projects such as solar and wind etc. In spite of
the major thrust on renewable energy projects the main source of power is
still generated around the world  using fossil fuel especially Coal  due to its
abundance and low-cost. Moreover the investment already made on fossil
fuel infrastructures are too big to be ignored and investment required to
substitute coal-fired power plants by renewable energy are too large and
gestation periods are too long to maintain the current electricity demand and
to meet the future demands. The cost of renewable energy also is high and
there is great resistance by consumers to switch over to renewable energy.
Many Governments are reluctant to subsidize renewable energy due to their
financial constraints. That is why countries like China which is growing at
the rate of more than 8% pa are trying to decrease the ‘Carbon intensity’



rather than closing down the coal–fired power plants by setting up SNG
(synthetic natural gas) plants by gasification of  coal . This will cut their
Carbon emissions almost by 50% surpassing all other countries around the
world in short span of time, thus meeting their emission targets agreed in
“Kyoto protocol”. They can also meet the increasing electricity demand by
using “syngas” generated by coal gasification plants, while reducing the
Carbon pollution. They will also be able to produce Diesel and Gasoline
from coal similar to the “SESOL” plant in South Africa which is already
operating successfully for the past 50 years.

“Leveraging Natural Gas to Reduce Greenhouse Gas Emissions” – a
summary report by Center for Energy and Climate Solutions (C2ES) have
highlighted the following in their report.

“Recent technological advances have unleashed a boom in U.S. natural
gas production, with expanded supplies and substantially lower prices
projected well into the future. Because combusting natural gas yields fewer
greenhouse gas emissions than coal or petroleum, the expanded use of
natural gas offers significant opportunities to help address global climate
change.

The substitution of gas for coal in the power sector, for example, has
contributed to a recent decline in U.S. greenhouse gas emissions. Natural
gas, however, is not carbon-free. Apart from the emissions released by its
combustion, natural gas is composed primarily of methane (CH4), a potent
greenhouse gas, and the direct release of methane during production,
transmission, and distribution may offset some of the potential climate
benefits of its expanded use across the economy.

This report explores the opportunities and challenges in leveraging the
natural gas boom to achieve further reductions in U.S. greenhouse gas
emissions. Examining the implications of expanded use in key sectors of
the economy, it recommends policies and actions needed to maximize
climate benefits of natural gas use in power generation, buildings,



manufacturing, and transportation. More broadly, the report draws the
following conclusions:

•The expanded use of natural gas—as a replacement for coal and
petroleum—can help our  efforts to cut greenhouse gas emissions in the
near to mid-term, even as the economy grows. In 2013, energy sector
emissions are at the lowest levels since 1994, in part because of the
substitution of natural gas for other fossil fuels, particularly coal. Total U.S.
emissions are not expected to reach 2005 levels again until sometime after
2040.

• Substitution of natural gas for other fossil fuels cannot be the sole basis
for long-term U.S. efforts to address climate change because natural gas is a
fossil fuel and its combustion emits greenhouse gases. To avoid dangerous
climate change, greater reductions will be necessary than natural gas alone
can provide. Ensuring that low-carbon investment dramatically expands
must be a priority. Zero-emission sources of energy, such as wind, nuclear
and solar, are critical, as are the use of carbon capture-and-storage
technologies at fossil fuel plants and continued improvements in energy
efficiency.

• Along with substituting natural gas for other fossil fuels, direct releases
of methane into the atmosphere must be minimized. It is important to better
understand and more accurately measure the greenhouse gas emissions
from natural gas production and use in order to achieve emissions
reductions along the entire natural gas value chain.”

Countries like India should emulate the Chinese model and become self-
sufficient in meeting their growing energy demand without relying
completely on imported Petroleum products. Import of petroleum products
is the single largest foreign exchange drain for India, restricting their
economic growth to less than 5%. Countries that rely completely on coal-
fired power plants can set up coal hydro-gasification and gasification plants



to cut their Carbon emissions in the immediate future while setting up
renewable energy projects as a long-term solution.

Transiting Carbon economy into Hydrogen economy is a bumpy road
and it will not be  easy to achieve in a short span of time. The logical path
for such transition will be to switch coal based power generation into gas
based power generation for the following reasons.

The largest Carbon emissions are from power generation and
transportation. Transportation industry is already going through a transition
from fossil fuel to Hydrogen. More future cars will be based either on Fuel
cell or Electric and in both cases the fuel is the critical issue. Battery
technology also will be an issue for Electric cars. It is more practical to
generate Hydrogen from natural gas and to set up Hydrogen fuel stations
than generating Hydrogen from solar-powered water electrolysis. With
improvement on Fuel cell technology it is more likely that PEM Fuel cell
may be able to operate on Hydrogen derived from natural gas that is
completely free from any Sulphur compounds. Even for Electric cars,
natural gas will play an important role as a fuel for power generation and
distribution in the near future as we transit from Carbon economy to  full-
fledged Hydrogen economy.

Countries like India with highest economic growth will have to be
pragmatic by setting up more SNG plants with indigenous coal than
depending on imported LNG. India has only two LNG terminals now in
operation but do not have gas transmission infrastructure. With increasing
demand for natural gas from all over the world and lack of LNG receiving
terminals, India will have to face a serious fuel and power shortage in the
future. By installing more coal gasification and SNG plants with down-
stream products like Diesel and petrol, India can overcome the fuel and
power shortage. In fact India set up the first coal gasification and Ammonia
and Urea plant in Neyveli (Neyveli Lignite Corporation) way back in Fifties
after her independence and it is time to visit the past.



Renewable energy is certainly the long-term solution for energy demand
but we have to consider the amount of GHG emission associated with
production PV solar panels, wind turbines and batteries. There is no easy
fix to cut GHG emission in short span of time but switching Carbon to
hydrocarbon will certainly reduce the emissions scientists are advocating
and water (steam) is the key to introduce such Hydrogen atom into the
Carbon atom. That is why we always believe “Water and Energy are two
sides of the same coin” and renewable Hydrogen will be the key to our
future energy.

For more information on the above topic please refer to the following
link:

Source: Harvard University
Link: Coal to Natural gas Fuel switching and Carbon dioxide (CO2)

emission reduction.
Date: Apr 2011.
Author: Jackson Salovaara.
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Desalination plants contribute to climate change

There is a growing evidence that
shows increasing salinity of seawater
affects the “water cycle” resulting in
climate change. Apart from the
natural cycle, the highly saline brine
discharged from man-made
“desalination” plants around the
world also contributes to the
increasing salinity of seawater. There
are only few desalination plants
suppliers world-wide who build such
large-scale desalination plants and
they use only decades old

desalinati
on
technologi
es. They
recover
35% of
fresh
water and
discharge
65%
highly
concentrat
ed, toxic
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effluent
back into
the sea.
Their
main
focus of
innovatio
n is to cut
the energy
consumpti
on
because it
is an
energy
intensive
process.
Such
energy
comes
mainly
from
fossil
fuels. The
result is
unabated
Carbon
emission,
toxic
brine

discharge into the ocean, warm saline water discharge into the ocean from
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“once
through
cooling
towers”
from co-
located
power and
desalinati
on plants.
Currently
about
5000
million
cubic
meters of
fresh
water is
generated
 yearly
from
seawater
desalinati
on plants
around
the world;
this
capacity
is

expected to increase to 9000 million cubic meter per year by 2030.The
brine outfall from desalination plants will amount to a staggering 30 billion
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cubic
meters/yr.
Such a
huge
volume of
saline
water
with
salinity
ranging
70,000
ppm up to
95,000
ppm will
certainly
alter the
water
chemistry
of the
ocean.
Desalinati
on plant
suppliers  
are not
interested
in
“innovatio
n” that
can
recover
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fresh water without “polluting” the sea. They rather justify using
“environmental impact study” which invariably concludes there is
absolutely no impact on environment and any toxic discharge into the sea is
“harmless”. This practice is going on for decades without any check.
Dwindling fish population world–wide is a direct impact of such discharge.
Financial institutions such as world bank, Asian development bank etc are
willingly finance such projects without questioning such technologies and
their impact on marine environment. Their focus is only “return on
investment”–the only criteria that is required for funding and not the “cost
and benefit analysis”. A detailed analysis will reveal  “handful of rich and
powerful” Governments and individuals  can influence the world’s climate
 intentionally or unintentionally. The same “rich and powerful” can shun
any innovations “that might threaten their business model” and “ nip such
innovations or inventions at their bud” because they simply do not believe
in Research and Development or unwilling to direct their “cash flow” into
R&D because they do not want any  threat for their existing technologies.
There are very few financial professionals who can think “outside the box”
or predict their financial impact due to innovative technologies of the
future. Their financial decisions reflect the sentiments of the financial
institutions, namely “the return on investment”.

“When you read about human-induced climate change it’s often about
melting glaciers and sea ice, increasing frequency of heat waves and
powerful storms. Occasionally you’ll hear about the acidification of the
oceans too.  What you don’t often hear about is the saltiness of the seas. But
according to a new piece of research just published in Geophysical
Research Letters that is changing too. The saltiness, or salinity, of the
oceans is controlled by how much water is entering the oceans from rivers
and rain versus how much is evaporating, known as ‘The Water Cycle’. 
The more sunshine and heat there is, the more water can evaporate, leaving
the salts behind in higher concentrations in some places. Over time, those

http://www.agu.org/pubs/crossref/2012/2012GL053389.shtml


changes spread out as water moves, changing the salinity profiles of the
oceans.  Oceanographers from Scripps Institution of Oceanography and
Lawrence Livermore National Laboratory fingerprinted salinity changes
from 1955 to 2004 from 60 degrees south latitude to 60 degrees north
latitude and down to the depth of 700 meters in the Atlantic, Pacific and
Indian oceans.

They found salinity changes that matched what they expected from such
natural changes as El Niño or volcanic eruptions (the latter can lower
evaporation by shading and cooling the atmosphere).

Next the ocean data was compared to 11,000 years of ocean data
generated by simulations from 20 of the latest global climate models.  When
they did that they found that the changes seen in the oceans matched those
that would be expected from human forcing of the climate. When they
combined temperature changes with the salinity, the human imprint is even
clearer, they reported. “These results add to the evidence that human
forcing of the climate is already taking place, and already changing the
climate in ways that will have a profound impact on people throughout the
world in coming decades,” the oceanographers conclude.”

(Ref: Larry O’Hanlon, Discovery News)
Salinity
 
Although everyone knows that seawater is salty, few know that even

small variations in ocean surface salinity (i.e., concentration of dissolved
salts) can have dramatic effects on the water cycle and ocean circulation.
Throughout Earth’s history, certain processes have served to make the
ocean salty. The weathering of rocks delivers minerals, including salt, into
the ocean. Evaporation of ocean water and formation of sea ice both
increase the salinity of the ocean. However these “salinity raising” factors
are continually counterbalanced by processes that decrease salinity such as

http://dsc.discovery.com/news/news.html


the continuous input of fresh water from rivers, precipitation of rain and
snow, and melting of ice.

 

Salinity & The Water Cycle  

Understanding why the sea is salty begins with knowing how water cycles
among the ocean’s physical states: liquid, vapor, and ice. As a liquid, water
dissolves rocks and sediments and reacts with emissions from volcanoes
and hydrothermal vents. This creates a complex solution of mineral salts in
our ocean basins. Conversely, in other states such as vapor and ice, water
and salt are incompatible: water vapor and ice are essentially salt free.

Since 86% of global evaporation and 78% of global precipitation occur
over the ocean, ocean surface salinity is the key variable for understanding
how fresh water input and output affects ocean dynamics. By tracking
ocean surface salinity we can directly monitor variations in the water cycle:
land runoff, sea ice freezing and melting, and evaporation and precipitation
over the oceans.  

Salinity, Ocean Circulation & Climate

Surface winds drive currents in the upper ocean. Deep below the surface,
however, ocean circulation is primarily driven by changes in seawater
density, which is determined by salinity and temperature. In some regions
such as the North Atlantic near Greenland, cooled high-salinity surface
waters can become dense enough to sink to great depths. The ‘Global
Conveyor Belt’ visualization (below) shows a simplified model of how this
type of circulation would work as an interconnected system. The ocean
stores more heat in the uppermost three (3) meters than the entire
atmosphere. Thus density-controlled circulation is key to transporting heat
in the ocean and maintaining Earth’s climate. Excess heat associated with



the increase in global temperature during the last century is being absorbed
and moved by the ocean. In addition, studies suggest that seawater is
becoming fresher in high latitudes and tropical areas dominated by rain,
while in sub-tropical high evaporation regions, waters are getting saltier.
Such changes in the water cycle could significantly impact not only ocean
circulation but also the climate in which we live.

(Ref: NASA earth science)
The four main forces that control the earth’s climate are “Sea, Sun,

Moon and earth’s rotation”  and  interference by human beings will alter the
equilibrium of the system. In order to keep up its equilibrium, Nature is
forced to change the climate unpredictably with devastating effects. We
cannot underestimate the pollution caused by human beings because they
are capable of altering the Nature’s equilibrium over a period no matter how
“miniscule” (parts per millions or billions) the pollution may be. Any future
investment on large-scale infrastructures should take into account the
“human induced climate change” in their model and projections, failing
which “climate change” will prove them wrong and the consequences will
be dire.

Reference :  Environmental Impacts of Seawater Desalination: Arabian
Gulf Case Study

Mohamed A. Dawoud1 and Mohamed M. Al Mulla
1 Water Resources Department, Environment Agency, Abu Dhabi,

United Arab
Emirates
2Ministry of Environment and Water, Dubai, United Arab Emirates

Permalink: https://ahilanraman.com/2014/02/13/desalination-plants-
contribute-to-climate-change/
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Coal may be the Problem and the Solution too!

Can renewable energy really stop GHG emissions and global warming?
Renewable energy is slowly but steadily becoming a choice of energy of

the people due to its potential to cut GHG emissions and global warming.
The  changing weather pattern  around the world in recent times  are
testimony for a warming globe. Can renewable energy really cut the GHG
emissions and cut the global warming predicted by scientists? Thousands of
large coal- fired power plants are already under implementation or planning
stages. According to World’s resources institute, their key findings are :

1. According to IEA estimates, global coal consumption reached 7,238
million tonnes in 2010. China accounted for 46 percent of consumption,
followed by the United States (13 percent), and India (9 percent).

2. According to WRI’s estimates, 1,199 new coal-fired plants, with a
total installed capacity of 1,401,278 megawatts (MW), are being proposed
globally. These projects are spread across 59 countries. China and India
together account for 76 percent of the proposed new coal power capacities.

3. New coal-fired plants have been proposed in 10 developing countries:
Cambodia, Dominican Republic, Guatemala, Laos, Morocco, Namibia,
Oman, Senegal, Sri Lanka, and Uzbekistan. Currently, there is limited or no
capacity for domestic coal production in any of these countries.

4. Our analysis found that 483 power companies have proposed new
coal-fired plants. With 66 proposed projects, Huaneng (Chinese) has
proposed the most, followed by Guodian (Chinese), and NTPC (Indian).

5. The “Big Five” Chinese power companies (Datang, Huaneng,
Guodian, Huadian, and China Power Investment) are the world’s biggest
coal-fired power producers, and are among the top developers of proposed
new coal-fired plants.



6.  State-owned power companies play a dominant role in proposing new
coal-fired plant projects in China, Turkey, Indonesia, Vietnam, South
Africa, Czech Republic and many other countries.

7. Chinese, German, and Indian power companies are notably
increasingly active in transnational coal-fired project development.

8. According to IEA estimates, the global coal trade rose by 13.4 percent
in 2010, reaching 1,083 million tonnes.

9. The demands of the global coal trade have shifted from the Atlantic
market (driven by Germany, the United Kingdom, France and the United
States) to the Pacific market (driven by Japan, China, South Korea, India
and Taiwan). In response to this trend, many new infrastructure
development projects have been proposed.

10. Motivated by the growing Pacific market, Australia is proposing to
increase new mine and new port capacity up to 900 million tonnes per
annum (Mtpa) — three times its current coal export capacity.

The above statistics is a clear sign that GHG emissions by these new
coal-fired power plants will increase substantially. A rough estimation
indicates that these new plants will emit Carbon dioxide at the rate of 1.37
mil tons of CO2/hr or 9.90 billion tons of CO2 /yr in addition to the existing
36.31 Gigatons/yr (36.31 billion tons/yr) in 2009. (According to
CO2now.org). If this is true, the total CO2 emissions will double in less
than 4 years. If the capacity of new PV solar plants are also increased
substantially then the CO2 emissions from PV solar plants will also
contribute additionally to the above. There is no way the CO2 reduction to
the 2002 level  can be achieved and the world will be clearly heading for
disastrous consequences due to climate change.The best option to cut GHG
emissions while meeting the increasing power demand around the world
will be to recycle the Carbon emissions in the form of a Hydrocarbon with
the help of Hydrogen. The cheapest source of Hydrogen is coal. The world
has no better option than gasifying the coal instead of combusting the coal.



Capturing carbon and recycling it as a fuel.
Solar power, wind power and other renewable energies generated 6.5%

[1] of the world’s power in 2012.  This is part of a rising trend[2], but there
is a very long way to go before renewable sources generate as much energy
as coal and other fossil fuels.  Solar panel of 1m2 size requires 2.4kg of
high-grade silica and Coke and it consumes 1050 Kwh of electricity, mostly
generated by fossil fuel based power plants. But 1m2 solar panel can
generate only 150kwh/yr and it will need at least 7 years to generate the
power used to produce 1m2 solar panel in the first place. More solar panels
mean more electricity consumption and more GREEN HOUSE GAS
EMISSIONS. With increasing number of coal-fired power plants under
implementation or planning and growing popularity of  Solar power plants
around the world the GHG emissions are  likely to increase in the future to
the detrimental of the climate.

It could take at least 30 years (probably a lot longer) before renewable
energy is as strong in the marketplace as non-renewable sources.  In
consequence, there is a need to use fossil fuels more effectively and less
detrimentally until the renewables can play a major role in global energy
production.

One approach tried for more than a decade has been carbon capture,
which stops polluting materials getting into the atmosphere; however
subsequent storage of the collected materials can make this process
expensive.  Now an Australian based company has gone one step further
and designed a process that not only collects CO2 emissions, but also turns
it into a fuel by using the same coal!

Clean Energy and Water Technologies has developed an innovative
solution to avoid carbon emissions from power plants. The novel approach
uses coal to capture carbon dioxide emissions (CO2 ) from coal-fired power
plants and convert them into synthetic natural gas (SNG).  Synthetic natural
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gas would then replace coal as a fuel for further power generation and the
cycle would continue. No coal is required for further power generation.

Through this method, the captured Carbon could be recycled again and
again in the form of a Hydrocarbon fuel (SNG) with no harmful gas
emissions. Carbon is an asset and not a liability. If Carbon is simply burnt
away just to generate heat and power then it is a bad science, because the
same Carbon can be used to generate several products by simply recycling
it instead of venting out into the atmosphere. Carbon is the backbone of all
valuable products we use every day from plastics to life saving drugs!

As well as seeking a patent for this breakthrough innovation, Clean
Energy and Water Technologies is seeking investment for a demonstration
plant. The concept has already been proven and a reasonable scale of
demonstration will convince the governments and companies around the
world to look at this alternative solution to the GHG (Greenhouse gas)
emission and possibly meet a meaningful target on Carbon emissions within
reasonable time frame.

Once demonstrated, it would then be possible to retrofit current coal-
fired power stations with the new technology, increasing their economic
sustainability and reducing their impact on the environment.

1. The Economic Pressures

Power is an integral part of human civilization. With the steady increase in
human population and industrialization the demands for energy and clean
water has reached unprecedented levels. The gap between the demand and
supply is steadily pushing the cost of power and water higher, whilst the
supply of coal, oil and gas is dwindling. The prospect of climate change has
compounded problems.

Many countries around the world have started to use renewable energy
such as solar, wind, hydro and geo-thermal power; but emerging economies
such as India and China are unable to meet their demands without using



fossil fuels.  At present, it is far cheaper to use the existing infrastructures
associated with non-renewable energy, such as coal-fired power stations.

Renewable energy sources are intermittent and need large storage and
large initial investment, with advanced technologies pushing the cost of
investment higher.  Governments could use environmental tariffs on power
use to help make renewable energy more competitive, but politicians know
that the public tend to not like such an approach.

1. Demonstration Plant:

The estimated investment required for a demonstration plant is likely to be
$10 million; however the potential for a  good return on investment is high,
as shown by the following estimated calculation for a 100MW plant.

A 100MW coal-fired power plant will emit 98 Mt/hr CO2

Coal consumption will be about 54Mt/hr
To convert 98Mt/hr CO2 into SNG, the plant needs to generate
390,000m3/hr syngas by coal gasification.
The gasification plant will require 336 Mt/hr coal and 371 m3/hr water.
The net water requirement will be : 95.70m3/hr
The SNG generated by the above plant will be : 95,700m3/hr and steam
as by-product : 115Mt/hr.
Potentially SNG can generate a gross power of 500 MWS by a Gas
turbine with combined cycle operation.
The plant can generate 500MW (five times more than the coal-fired
plant) from CO2 emissions.
Existing 100MW coal-fired power plant can use SNG in place of coal
and sell the surplus SNG to consumers.
Surplus SNG will be about 75,000 m3/hr.( 2400 mm Btu/hr) with sale
value of $36,000/hr. @ $15/mmBtu.
Annual sales revenue from sale of surplus SNG will be : $ 300 mil/yr.



The entire cost of coal  gasification and SNG  plant can be recovered
back in less than 5 years.

1. Carbon Capture and Storage

Carbon capture and storage is the process of capturing waste carbon
dioxide (CO2 ) from large point sources, such as fossil fuel power plants,
transporting it to a storage site, and depositing it where it will not enter the
atmosphere, normally an underground geological formation. The aim is to
prevent the release of large quantities of CO2  into the atmosphere. It is a
potential means of mitigating the contribution of fossil fuel emissions
to global warming and ocean acidification.  The long-term storage of CO2
is a relatively new concept. The first commercial example was Weyburn in
2000.

Carbon capture and storage applied to a modern conventional power
plant could reduce CO2 emissions to the atmosphere by about 80–90%, but
may increase the fuel needs of a coal-fired plant by 25–40%. These and
other system costs are estimated to increase the cost of the energy produced
by 21–91% for purpose-built plants. Applying the technology to existing
plants could be even more expensive.

1. Global Warming

Global warming is the rise in the average temperature of Earth’s atmosphere
and oceans since the late 19th century and its projected continuation. Since
the early 20th century, Earth’s mean surface temperature has increased by
about 0.8 °C (1.4 °F), with about two-thirds of the increase occurring since
1980. Scientists are more than 90% certain that it is primarily caused by
increasing concentrations of greenhouse gases produced by human
activities such as the burning of fossil fuels by coal-fired power plants.

1. Greenhouse Gases
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Without the earth’s atmosphere the
temperature across almost the
entire surface of the earth would be
below freezing.  The major
greenhouse gases are water vapour,
which causes about 36–70% of the
greenhouse effect; carbon
dioxide (CO2 ), which causes 9–
26%; methane (CH4), which
causes 4–9%; and ozone (O3),
which causes 3–7%. According to
work published in 2007,
the concentrations of CO2  and
methane have increased by 36%
and 148% respectively since 1750.
These levels are much higher than
at any time during the last 800,000
years, the period for which reliable
data has been extracted from ice

cores.

1. The Future of Global Warming?

Climate model projections were summarized in the 2007 Fourth
Assessment Report by the Intergovernmental Panel on Climate
Change (IPCC). They indicated that during the 21st century the global
surface temperature is likely to rise a further 1.1 to 2.9 °C (2 to 5.2 °F) for
their lowest emissions scenario and 2.4 to 6.4 °C (4.3 to 11.5 °F) for their
highest.

1. The Impact of Global Warming?
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Future climate change and associated impacts will vary from region to
region around the globe. The effects of an increase in global temperature
include a rise in sea levels and a change in the amount and pattern
of precipitation, as well a probable expansion of subtropical deserts.
Warming is expected to be strongest in the Arctic and would be associated
with the continuing retreat of glaciers, permafrost and sea ice. Other likely
effects of the warming include a more frequent occurrence of extreme
weather events including heat waves, droughts and heavy rainfall, ocean
acidification and species extinctions due to shifting temperature regimes.

There is a divided opinion among scientists on climate science.  Major
power consuming countries like the US, Europe, Japan and Australia are
reluctant to sign the Kyoto Protocol and agree to a legally binding
agreement. This has resulted in non-cooperation among the nations and the
world is divided on this issue.  Such disagreement has hampered
development of non-renewable energy

Ahilan Raman is the inventor of the innovative process mentioned in the
article.  If you have any further questions or interested in becoming a part of
this innovative technology, please feel free to contact him directly by
writing to this blog.

Web: http://www.clean-energy-water-tech.com
_______________

[1] Bloomberg New Energy Finance (Excludes large hydro projects).
[2] Up from 5.7% in 2011, and 2.4 percentage points up on the 2008

figure.
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2013 in review

The WordPress.com stats helper monkeys prepared a 2013 annual report for
this blog.

Here’s an excerpt:

A New York City subway train holds 1,200
people. This blog was viewed about 3,900 times
in 2013. If it were a NYC subway train, it
would take about 3 trips to carry that many
people.

Click here to see the complete report.
Permalink: https://ahilanraman.com/2014/01/01/2013-in-review/
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Clean power and water for remote island communities

Most
of the
renewable
energy
projects
that are
now set
up around
the world
are grid
connected
with feed-
in power
tariff
arrangeme
nt. People
can
generate
their own
electricity
by
solar/wind
to meet
their
demand

and supply the surplus power to the grid at an agreed power rates. They can
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also draw
power
from the
grid if
there is
any short
fall in
their
productio
n of
renewable
energy. It
is two-
way
traffic.
There is
an
opportunit
y for
people to
generate
revenue
by sale of
surplus
power. It

is an incentive for people to invest on renewable energy and that is why the
investment on renewable energy has steadily increased over a time. But this
is not the case with many developing and under developed countries. The
situation is still worse in many islands where there is no centralized power
generation at all or power distribution through grids. They depend on diesel
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generators
. Even to
transport
diesel
from
mainland
they have
to use
diesel
operated
boats.
They have
no
drinking
water
even
though
they are
surrounde
d by sea. I
happened
to visit a
remote
island in

PNG few years ago and saw the plight of those people first hand. They live
in absolute poverty and nobody cares to offer them a solution. Their voices
are never heard and permanently drowned in the deafening roar of the sea.

The problems of supplying clean power and water to these remote
islands are not only political but also technical and commercial in nature.
One has to use only commercially available systems and components which
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are meant for a single or three-phase grid connected power supplies. Even
though renewable energy sources basically generate only direct current
(DC), one has to convert them into alternate current (AC) for easy
distribution and to use appliances which are designed for AC operations.
Isolated communities like islands can use direct current and also use DC
operated appliances because they are commercially available and they are
more efficient. Anyhow most of the house appliances need DC supply and
AC/DC converters are commonly used for this purpose thus sacrificing
efficiency in the process. They also need better storage solutions because
they are not connected to the grid and they have to necessarily store power
for several days. Some of these islands are connected with inefficient wind
turbines backed by diesel generators. It is an absolute necessity to
incorporate a long-term storage capabilities in the system if one has to offer
a continuous power and clean water. If the wind velocity is not enough
(during off seasons) or if there is no sun (cloudy) for days together and if
there is not enough storage capacity, then all the investment made on the
project will be of no use. Any half-baked solutions will not serve the real
purpose.

There are also commercial problems because a well designed system will
cost more, which will eventually increase the power tariff. Unless the
Government subsidizes the power   sufficiently, people cannot afford to pay
for their electricity or water. It requires a careful planning and community
consultations to set up a ‘stand alone renewable energy projects in islands’.
Governments in the pacific islands should act with great urgency because
there is also a risk of inundation by sea level rising due to global warming.

We are in the process of designing a solution to provide such islands
with clean power, clean drinking water and even wireless connectivity for
schools so that children can get education. It may sound ambitious but it is
the first step one has to take into long journey of sustainability and self-
reliance by these isolated communities. There is a good possibility that such
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island may one day become completely independent and self-sufficient with
clean power and water.

The same solution can be implemented in other countries too. Many
countries have necessary infrastructure to generate and distribute power yet
they suffer regular power cuts and black outs due to inefficiencies in their
system.

Our proposed solution can provide uninterrupted clean power and water
because the system will have long duration centralized energy storage. We
have made a detailed analysis of various alternatives available for the above
purpose using Homer hybrid solution software. The solution proposes a PV
solar with storage solutions using battery bank as well as Fuel cell back up.
The solution also proposes a long duration of storage ranging from few
hours up to a fortnight .It is a standalone system with complete energy
management and suitable for remote operations. The solution can also
incorporate wind turbine in addition to PV solar depending upon the site
and wind velocity profile.

The model is to supply clean power and drinking water for 600 families
with an average 3 people in a family. The system will supply power at the
rate of 1.50kwhrs/day/person (1800 x1.5 = 2700kwhrs/day) and drinking
water at the rate of 200 lits/day/person (1800 x 200 lit/person= 360,000
lits/day).The power for a desalination plant will be 1980 kwhrs/day. The
system is designed for a total power generation capacity of
4680Khwhrs/day.

The model is based on battery storage as well as based on Hydrogen
storage with varying durations. Comparative analysis is shown in the
figures.

The first window is based on PV solar with  2 months Hydrogen
autonomy.

The third window is based on PV solar with battery storage 5 days and
Hydrogen 17hrs autonomy.
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The fourth and fifth window is based on PV solar with battery 12hrs and
Hydrogen 17hrs storage autonomy with varying panel costs

The sixth window is based on PV solar with 172 hrs (one week) battery
autonomy.

The resulting analysis indicates that a centralized Hydrogen storage with
Fuel cell back up offers the most economical solution even though the
power tariff is higher than a system with battery storage. The investment for
long duration battery storage is almost double that of Hydrogen based
solution. The cost can further be reduced if and when the Electrolyzers as
well as Fuel cells are manufactured on mass scale. The added advantage
with this system is it can also provide Hydrogen fuel for Fuel cell cars and
boats substituting diesel. One day it may become a reality that these isolated
islands can become completely self sufficient in terms of water, fuel and
power with no greenhouse gas emissions. This solution can be replicated to
all the islands all over the world.

Note:
The above system can also be installed in many developing countries in

Africa which is an emerging market. An Africa-Australia Infrastructure
Conference  will be held in Melbourne, Australia on 2-3 September  2013
and it will offer a platform for Australian companies to invest in Africa on
infrastructural projects.
Permalink: https://ahilanraman.com/2013/08/20/clean-power-and-water-for-
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How to control Carbon emissions in coal-fired power plants?

“Over two-thirds of today’s proven reserves of fossil fuels need to still be in
the ground in 2050 in order to prevent catastrophic levels of climate
change” – a warning by scientists.

There is a great deal of debate on climate change due to man-made
Carbon emissions and how to control it without any further escalation. The
first obvious option will be to completely stop the usage of fossil fuel with
immediate effect. But it is practically not feasible unless there is an
alternative Non-Carbon fuel readily available to substitute fossil fuels. The
second option will be to capture carbon emission and bury them under
ground by CCS (Carbon capture and sequestration) method. But this
concept is still not proven commercially and there are still many
uncertainties with this technology, the cost involved and environmental
implications etc.The third option will be not to use fresh fossil fuel  for
combustion or capture and bury the Carbon emissions but convert the
 Carbon emissions into a synthetic hydrocarbon fuel such as synthetic
natural gas (SNG) and recycle them. By this way the level of existing
Carbon emission can be maintained at current levels without any further
escalation. At least the Carbon emission levels can be reduced substantially
and maintained at lower levels to mitigate climate changes. It is technically
feasible to implement the third option but it has to be implemented with
great urgency.

One way of converting Carbon emission is to capture and purify them
using conventional methods and then react with Hydrogen to produce
synthetic natural gas (SNG)

CO2 + 4 H2 ———> CH4 + 2 H2O

http://en.wikipedia.org/wiki/Carbon-based_fuel
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The same process will be used by NASA to eliminate carbon built-up in
the flights by crew members during their long voyage into the space and
also to survive in places like Mars where the atmosphere is predominantly
carbon dioxide. But we need Hydrogen  which is renewable so that the
above process can be sustained in the future .Currently the cost of
Hydrogen production using renewal energy sources are expensive due to
high initial investment and the large energy consumption.

We have now developed a new process to generate syngas using simple
coal, which is predominantly Hydrogen to be used as a Carbon sink to
convert Carbon emissions into synthetic natural gas (SNG). The same
Hydrogen rich syngas can be directly used to generate power using gas
turbine in a simple or combined cycle mode. The Carbon emission from the
gas turbine can be converted into SNG (synthetic natural gas) using surplus
Hydrogen-rich  syngas. The SNG thus produced can be distributed for CHP
(combined heat and power) applications so that the Carbon emission can be
controlled or distributed. By implementing the above process one should be
able to maintain Carbon at specific level in the atmosphere. Existing coal-
fired power plants can retrofit this technology so that they will be able to
cut their Carbon emissions substantially; they can also produce SNG as a
by-product using their Carbon emissions and achieve zero Carbon emission
at their site while generating revenue by sale of SNG.

Coal is the cheapest and widely used fossil fuel for power generation all
over the world. Therefore it will be a win situation for everyone to use coal
and also to cut Carbon emissions that can address the problems of climate
change. Meanwhile research is going on to generate renewable Hydrogen
cheaply directly from water using various technologies. But we believe we
are still far away from achieving this goal and we require immediate
solution to address our climate change problems.

Recently BASF made a press release : http://www.basf.com/group/press
release/P-13-351  claiming a break-through technology to generate
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Hydrogen from natural gas without any CO2 emissions.
Permalink: https://ahilanraman.com/2013/07/12/how-to-control-carbon-
emissions-in-coal-fired-power-plants/
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Australian Carbon tax shows the world a way to a cleaner future

Taxing Carbon pollution
is already paying the
dividends according to the
National Energy Market
of Australia. Such a tax
will encourage fossil fuel
fired power plants to
review   the way they
generate power and emit
the Carbon into the
atmosphere. For example,
black and brown coal

power plants can switch
over to gasification
technology from their
existing combustion
technology  which can
cut their Carbon
emissions. Coal fired
power plants can switch
over to gas-fired power
plants and cut their
emissions by almost
50%. By employing
CHP (combined heat

and power) the gas-fired power plants can cut their Carbon emission as
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much as
75%.
Taxing
Carbon
will
encourage
efficiency
and
reduce

pollution. Australian Carbon tax is a good example which has clearly
shown the way to cut Carbon pollution and to encourage renewable energy.
The following is an excerpt from Climate Institute of Australia:

“Emissions from electricity are falling:
Annual carbon emissions from the National Electricity Market fell by

over 12 million tonnes (CO2-e) between June 2012 and May 2013. They
fell by only around 1.5 million tonnes over the previous twelve-month
period. Carbon pollution per megawatt-hour has also fallen: from 0.86 to
0.81 tonnes per unit of output, or a little over 5 per cent.

According to the National Energy Market (NEM) data released in June
this year, Australia’s electricity supply is becoming cleaner: electricity from
renewable sources has risen by nearly 23 per cent and natural gas power by
more than 5 per cent since the previous twelve months to May 2012. At the
same time, the use of brown coal has fallen by about 12 per cent and black
coal by more than 4 per cent. Generation by Australia’s seven biggest coal-
fired power stations has fallen by over 13 per cent. Structural changes
driven by the high Australian dollar, rising electricity prices, introduction of
energy efficiency measures, increased home installations of solar
photovoltaic (PV), and the Renewable Energy Target are key drivers of this
change. However, early indications are that the carbon price is playing a
supporting role by make renewable energy even more competitive

https://ahilan007.wordpress.com/2013/07/02/australian-carbon-tax-shows-the-world-a-way-to-a-cleaner-future/chp-plant-co2-reduction/
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compared to fossil-fuel generation. As the price becomes more embedded in
longer-term investment decisions the role of the carbon price will increase.

Electricity price-rises—perception and reality:
For businesses and consumers alike, electricity prices have risen sharply

for several years—more than 40 per cent in the last few years. On average,
more than half of this rise is the result of network upgrades, including the
replacement of aging infrastructure. Despite the recent increases, however,
when adjusted for inflation, electricity prices are about the same as they
were a generation ago.

Yet, according to the Australian Industry Group, there is still a false
perception amongst many in business that the carbon price is the biggest
contributor to rising prices.

The biggest of [the] …pressures [on prices] is the rising cost of
electricity networks, the poles and wires that deliver power. The high-
profile of the carbon tax appears to have led to some over-estimation by
businesses of the specific impact of the carbon tax on energy prices…

For residential retail customers, the carbon price accounted for around 9
per cent of power bills in 2012–13, or between about $2 and $4 extra per
week, depending upon the state or territory. It should be noted that the
carbon price is unlikely to materially increase bills any further in the next
few years, although prices will continue to rise for reasons that have
nothing to do with the price on pollution.

An upshot of recent price rises—and scare-campaigning by some in
politics and industry—may be the spread of a more energy-efficient ethos:
in 2012, approximately 90 per cent of Australians did something to
minimize their power bills, according to the Australian Bureau of Statistics.
Such changes in consumer and business behavior are likely to help cushion
the impact of any future price-rises.

The cost of living has not skyrocketed:



 Before 1 July, 2013, the Australian Treasury predicted that the carbon
laws would add 0.7 per cent to the Consumer Price Index, while CSIRO and
global consulting firm AECOM conservatively predicted inflation at 0.6 per
cent, given 100 per cent cost pass-through. This was part of a study for The
Climate Institute, Choice, and the Australian Council of Social Service
(ACOSS). The impact of the carbon price on particular prices is barely
discernible. Indeed, the ABS has said it is unable to discern any impact
against normal variability in consumer prices. One estimate, by Westpac
Economics, suggests the reality is that the carbon price has added just 0.4
per cent to the Consumer Price Index.

For the vast majority of Australian households, the increase their cost of
living has been very small and this will be covered by the assistance
package associated with the scheme. According to independent analysis, for
a low-income family of four, for instance, assistance is, on average, around
$31 per week; for a single pensioner, it’s a little over $19 and for a middle-
income family of four, it’s about $13. Federal assistance was projected to
leave the large majority of households better off.

  Looking forward
The hyperbole that characterized the twelve months to 1 July 2013 has

largely given way to reality. The carbon laws have not undermined
Australia’s economic performance nor have they raised the cost of living
substantially.

What is more, the package of carbon laws is contributing to emissions
from electricity falling, the energy mix shifting in favor of renewable and
cleaner fuels, and energy use is becoming more efficient. Low-carbon
investment is flowing—the carbon price at work using money raised by the
price on pollution, over six years, $946 million is committed to maintain
stocks of carbon in bush land, and to enhance the resilience of natural
systems to climate change. In the first round of the Biodiversity Fund,
around $270 million has been allocated to more than 300 landscape
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rehabilitation and restoration projects around the country.  Hundreds of
firms are investing in energy efficiency, cleaner manufacturing, and
innovative renewable energy projects, such as geothermal and solar-
thermal. Many have received grants drawn from monies raised by the
carbon price. Federal clean technology funding programs total $1,200
million over the next few years. Already, companies with household names
like Arnott’s, Bundaberg Sugar, Bega Cheese, CSR, and Coca-Cola,
together with many others, have received public grants leveraging
considerably more private investment.

Meanwhile, the Carbon Farming Initiative is seeing the big end of town
investing new money in regional and rural communities. Between them, BP
Australia, CS Energy, CSR, and Energy Australia have purchased more than
322,000 Australian carbon Credit Units, representing more than $7 million
in low-carbon projects, such as sustainable forestry, cleaner livestock
production, better landfill operations, and savannah management. Overall,
Australian Carbon Units and ACCUs purchased by fossil-fuel power
stations were worth $39 million in June 2013.”

President Obama has recently outlined his policy on climate change and
Carbon pollution reduction measures.US and the rest of the world can learn
lessons from Australian experience on how low Carbon economy can be
achieved without compromising an economic and industrial growth. In fact
low Carbon economy can create millions of jobs and a sustainable future.
The same polluting Carbon can become a source of cheap Hydrogen by
innovative gasification technology. Innovation is the key to achieve a
sustainable energy mix between renewable and fossil fuels.

 
Permalink: https://ahilanraman.com/2013/07/02/australian-carbon-tax-
shows-the-world-a-way-to-a-cleaner-future/
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Runaway Climate Change in the Arctic is Just The Beginning

An astute reader has directed me to a couple of brilliant, just-released
videos done by David Wasdell (produced by Envisionation) which bring
into focus the rapid changes that are occurring in the Arctic and what the
horrific implications are for the rest of the planet. I have watched both
videos and posted an abbreviated version of them below. The original
transcript of the two videos is here. We can see that even the worse case
scenarios plotted by mainstream climate models have grossly
underestimated what is happening in the Arctic. As Mr. Wasdell states,
“The Arctic… is the fastest moving response to global warming and climate
change anywhere on the planet.”

One of the reasons for the Arctic’s rapid temperature increase is that it is
not being shielded by industrial pollutants that once came from the
Northern Hemisphere. The aerosol effect is now coming primarily from the
burning of poor…
Permalink: https://ahilanraman.com/2013/05/23/runaway-climate-change-
in-the-arctic-is-just-the-beginning/
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Flawed Carbon pricing and the cost of global warming

The climate is changing with increasing global warming caused by man-
made Carbon emission. The economic impact of global warming can no
longer be ignored by Governments around the world because it is impacting
their budget bottom lines. Weather is becoming unpredictable. Even if
Meteorological department predicts a disaster 24 hrs in advance, there is
nothing Governments can do to prevent human and economic losses within
a short span of time but evacuate people to safety leaving behind all their
properties. Governments are forced to allocate funds for disaster
management every year caused by severe draughts, unprecedented snow
falls, and coastal erosion by rising sea levels, flash flooding, inundation and
power black outs. We often hear people saying,” we were completely taken
by surprise by this event and we have never seen anything like this in the
last 50 years” after every naturals disasters explaining the nature and scale
of disasters. Nature is forcing Governments to allocate more funds for
disaster managements and such allocations have reached unprecedented
levels. The cost of natural disasters around the world in 2011 was estimated
at $ 400 billion and in 2012 it was estimated at $160 billion. The only way
to fund these disasters is to tax Carbon pollution which causes global
warming. Countries should take long-term decisions that will save their
current and future generations to come.  They should understand how
Carbon is emitted and what the best way to curb such emissions is. It is a
global issue and its requires a collective solution.  There is no use of pricing
Carbon when economic recession can jeopardize the pricing mechanism?
Global warming is a moral and social issue and not just an economic issue.

Developed countries have emitted bulk of the Carbon since industrial
revolution while developing countries such as India and China were



emitting less carbon in spite of their vast population due to their lowest per
capita consumption. But that trend has now changed with rapid
industrialization and economic growth of India and China and other
developing economies. Australia is still a leading emitter of Carbon in the
world in spite of their low population because of their high energy
consumption, availability of cheap and high quality Coal and increasing
mining, industrial and agricultural activities. That is why Australia is one of
the first few countries who introduced Carbon tax while rest of the
countries is still debating about it. Now it is clear that Carbon emission is
directly proportional to industrial, economic and population growth of a
country and it can be easily quantified based on the growth rate of each
country. It is time countries agree to cut their Carbon emissions to
sustainable levels with a realistic Carbon pricing mechanism and sign a
world-wide treaty through UN.

“THE EUROPEAN UNION carbon emissions trading scheme—the
biggest in the world and the heart of Europe’s climate- change program—is
in dire straits. The scheme’s carbon price has collapsed. The primary
reason: The economic recession has suppressed manufacturing, thereby
reducing emissions and creating a huge over- supply of carbon emissions
allowances. Carbon trading is a market approach to reducing greenhouse
gas emissions in which each facility involved is given an emissions cap for
the year, and each year that cap is reduced. A firm must record and report
its facilities’ emissions and must obtain allowances for its total emissions.
An allowance permits a facility to emit 1 metric ton of carbon dioxide or its
carbon equal; some allowances are given for free by the government, others
can be bought at auction or from other firms. If a facility exceeds its cap,
the company operating it has options: It can cut emissions, buy allowances
from other companies, or get allowance offsets by reducing emissions at
another pollution source. The cost of an allowance is referred to as the car-
bon price and is driven by market conditions such as supply and demand. If



the low-carbon price continues, the region’s ability to meet long-term
reduction targets for greenhouse gas emissions will be severely hampered
because the trading scheme will fail to provide money for clean-tech
programs and incentive for manfacturers to adopt cleaner technologies. The
trading scheme is a key component of the EU’s climate-change strategy
because about 40% of all greenhouse gases emit-ted in the region fall under
EU’s control. The mandatory scheme applies to 11,000 industrial
installations, including power plants and major chemical facilities, across
all 27 member states, as well as in Croatia, Iceland, Liechtenstein, and
Norway. The aviation sector has been included in the scheme, but its active
participation has been deferred to allow for an international agreement on
aviation emissions, which is expected to be concluded in the fall. The goal
of the European Commission, the EU’s administrative body and the
architect of the emissions trading scheme, is to reduce all greenhouse gas
emissions by 20% from 1990 levels by 2020. To contribute toward this
goal, the trading scheme has targeted a 21% cut in the emissions of
participating sectors by 2020 from a 2005 baseline. In recent weeks,
however, the EU carbon price dropped to a new low of $5.20 for each
metric ton allowance of CO2, down from a high of $23 in 2011. This is
despite an annual reduction of the EU emissions cap of 1.74% through 2020
and the introduction on Jan. 1 of a new phase of the scheme requiring
companies to purchase allowances. AT ITS CURRENT carbon price, the
EU emission scheme’s role in encouraging chemical firms to ditch fossil
fuels and adopt greener technologies “is meaningless,” says André
Veneman, director of sustainability at AkzoNobel. Many of the industry’s
investments in low-carbon technologies that are marginally financially
viable also will likely be delayed, he says. Without a strong carbon price,
the underlying push to clean-tech in the EU will come only from the price
of oil, Veneman adds. Veneman and other experts say that a carbon price of
between $68 and $135 is required if industry as a whole is to be forced to



shift onto a new low-carbon footing. Yvo de Boer, special global adviser for
climate change and sustainability for KPMG—an audit, tax, and advisory
firm—and form EUROPEAN SCHEME IS IN FREE FALL Record-low
CARBON PRICE threatens to derail transition away from fossil fuels and
ability to meet climate-change targets.” Source: EUROPEAN SCHEME
IS IN FREE FALL Record-low CARBON PRICE threatens to derail
transition away from fossil fuels and ability to meet climate-change targets
ALEX SCOTT, C&EN LONDO

The burden of Carbon tax should be borne by both power generators as
well as consumers. Even if the Carbon tax is imposed on emitters it will
eventually be passed on to consumers. Either way the cost of energy will
increase steeply or there is no way to avoid such escalation if we want to
keep up our power consumption levels or our current life style. In other
words people will have to pay penalty for polluting the air either by
generating or consuming power that causes Carbon pollution. All developed
countries that have polluted the atmosphere with Carbon emission should
be taxed retrospectively from the time of industrial revolution so that
emerging countries need not bear the full cost of global warming. Such a
fund should be used for developing renewable and clean energy
technologies or to purchase Carbon allowances. Current mechanism of
Carbon pricing does not penalize countries who caused the global warming
in the first place for hundreds of years but penalizes only countries who
now accelerate the rate of Carbon emission. Such an approach is a gross
injustice on the emerging economies and not at all pragmatic. Most of the
developed countries are currently facing economic recession resulting in
plummeted Carbon price. This will only encourage existing Carbon emitters
to emit Carbon cheaply and penalize Renewable energy and clean energy
technologies with higher tariffs and drive them to extinction. In spite of
Carbon level in the atmosphere exceeding 400 ppm according to the latest
report, the world is helpless to cut the Carbon emission anytime sooner



making our planet vulnerable to catastrophic natural disasters. Countries
that are reluctant to pay Carbon tax will pay for Natural disasters which
may be many times costlier than Carbon tax. Countries like US, European
Union, Japan, Australia the largest power consumers and countries like
Saudi Arabia, Russia, Venezuela, Iran, Iraq, Libya the largest oil producers
should bear the cost of Carbon pollution that caused the globe to warm sine
industrial revolution. Such a fund should be used in developing innovative
Renewable energy and clean energy technologies of the future. More than
anything else the rich and powerful countries should declare global
warming as a moral issue of the twenty-first century and take some bold
and hard economic decisions to save the planet earth..
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Water and Energy are two sides of the same coin

Water
and
energy are
two
critical
issues that
will
decide the
future of
humanity
on the
planet
earth.
They
determine

the security of a nation and that is why there is an increasing competition
among nations to achieve self-sufficiency in fresh water and clean energy.
But these issues are global issues and we need collective global solutions.
In a globalised world the carbon emission of one nation or the effluent
discharged into the sea from a desalination plant changes the climate of the
planet and affects the entire humanity. It is not just a problem of one nation
but a problem of the world. The rich and powerful nations should not
pollute the earth, air and sea indiscriminately, hoping to achieve self-
sufficiency for themselves at the cost of other nations.  It is very short-
sighted policy. Such policies are doomed to fail over a time. Next
generation will pay the price for such policies. Industrialised countries and
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oil rich
countries
should
spend their
resources
on research
and
developmen
t than on
weapons
and invent
new and

creative
solutions
to address
some of
the global
problems
such as
energy
and water.
With
increasing
populatio

n and industrialisation the demand for energy and water is increasing
exponentially. But the resources are finite. It is essential that we conserve
them, use them efficiently and recycle them wherever possible so that
humanity can survive with dignity and in peace. It is possible only by
innovation that follows ‘Nature’s path.
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The
earth’s
climate is
changing
rapidly
with
unpredicta
ble
consequen
ces .Many
of us are
witnessin
g  for the
first time
in our
lives
unusual
weather
patterns
such as
 draughts,
flash
flooding, 
unprecede
nted  
snow
falls, bush
fires,
disease
and
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deaths. Although we consider them as natural phenomena there is an
increasing intensity and frequency that tells us a different story. They are
human induced and we human beings cause these unprecedented events.
When scientists point out human beings cause the globe to warm there were
scepticism. We never believed we were capable of changing the entire
weather system of the globe.

We underestimate our actions. By simply discharging effluent from our
desalination plants into the sea, can we change the salinity of the ocean or
by burning coal can we change the climate of the world? The answer is
“Yes” according to science. Small and incremental pollution we cause to
our air and water in everyday life have dramatic effects because we disturb
the equilibrium of the Nature. In order to restore the equilibrium, Nature is
forced to act by changing the climate whether we like it or not.

Nature always maintains“equilibrium” that maintains perfect balance
and harmony in the world. If any slight changes are made in the equilibrium
by human beings then Nature will make sure such changes are countered by
a corresponding change that will restore the equilibrium. This is a natural
phenomenon. The changes we cause may be small or incremental but the
cumulative effect of such changes spanning hundreds of years will affect
the equilibrium dramatically.

We depend on fossil fuels for our energy needs. These fossils were
buried by Nature millions of years ago. But we dig deep into the earth,
bring them to surface and use them to generate power, run our cars and heat
our homes. Our appetite for fossil fuels increased exponentially as our
population grew. We emitted Carbon into the atmosphere from burning
fossil fuels for hundreds of years without many consequences. But the
emissions have reached a limit that causes a shift in Nature’s equilibrium
and Nature will certainly act to counter this shift and the consequences are
changes in our weather system that we are now witnessing. The only way to
curtail further Carbon emission into the atmosphere is to capture the current
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Carbon emissions and convert them into a fuel so that we can recycle them
for further power generations without adding fresh fossil fuel into the
system while meeting our energy demands.

We can convert Carbon emissions into a synthetic natural gas (SNG) by
using Hydrogen derived from water. That is why I always believe ‘Water
and energy are two sides of the same coin’. But cost of Hydrogen
generation from water will be high and that is the price we will have to pay
to compensate the changing climate. Sooner we do better will be the
outcome for the world.

In other word the cost of energy will certainly go up whether we price
the Carbon by way of trading or impose Carbon tax or pay incentives for
renewable energy or spend several billions of dollars for an innovative
technology. There is no short cut. This is the reality of the situation. It will
be very difficult for politicians to sell this concept to the public especially
during election times but they will have no choice.

Similarly serious shortage for fresh water in many parts of the world will
force nations to desalinate seawater to meet their growing demand. Saudi
Arabia one of the largest producers of desalinated water in the world is still
planning for the highest capacity of 600,000m3/day. This plant will
discharge almost 600,000 m3/day of effluent back into the sea with more
than double the salinity of seawater. Over a time the salinity of seawater in
the Gulf region has increased to almost 40% higher than it was a decade
ago. What it means is their recovery of fresh water by desalination will
decrease or their energy requirement will further increase. Any increase in
salinity will further increase the fossil fuel consumption (which they have in
plenty) will increase the Carbon emission. It is a vicious cycle and the
entire world will have to pay the price for such consequences. Small island
nations in pacific will bear the brunt of such consequences by inundation of
seawater or they will simply disappear into the vast ocean. Recent study by
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NASA has clearly demonstrated the relationship between the increasing
salinity of seawater and the climate change.

According to Amber Jenkins Global Climate Change Jet Propulsion
Laboratory:

“We know that average sea levels have risen over the past century, and
that global warming is to blame. But what is climate change doing to the
saltness, or salinity, of our oceans? This is an important question because
big shifts in salinity could be a warning that more severe droughts and
floods are on their way, or even that global warming is speeding up...

Now, new research coming out of the United Kingdom (U.K.) suggests
that the amount of salt in seawater is varying in direct response to man-
made climate change.  Working with colleagues to sift through data
collected over the past 50 years, Peter Stott, head of climate monitoring and
attribution at the Met Office in Exeter, England, studied whether or not
human-induced climate change could be responsible for rises in salinity that
have been recorded in the subtropical regions of the Atlantic Ocean, areas at
latitudes immediately north and south of Earth’s tropics. By comparing the
data to climate models that correct for naturally occurring salinity variations
in the ocean, Stott has found that man-made global warming — over and
above any possible natural sources of global warming, such as carbon
dioxide given off by volcanoes or increases in the heat output of the sun —
may be responsible for making parts of the North Atlantic Ocean more
salty.

Salinity levels are important for two reasons. First, along with
temperature, they directly affect seawater density (salty water is denser than
freshwater) and therefore the circulation of ocean currents from the tropics
to the poles. These currents control how heat is carried within the oceans
and ultimately regulate the world’s climate. Second, sea surface salinity is
intimately linked to Earth’s overall water cycle and to how much freshwater
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leaves and enters the oceans through evaporation and precipitation.
Measuring salinity is one way to probe the water cycle in greater detail.”

It is absolutely clear that the way we generate power from fossil fuels
and the water we generate from desalination of seawater  cannot be
continued as business as usual but requires an innovation. New technologies
to generate power without emitting Carbon into the atmosphere and
generating fresh water from seawater without dumping the highly saline
effluent back into the sea will decide the future of our planet. Discharge of
concentrated brine into sea will wipe out the entire fish population in the
region. The consequences are dire. Oil rich countries should spend their
riches on Research and Developments to find innovative ways of
desalinating seawater instead of investing massively on decades old
technologies and changing the chemistry of the ocean and the climate
forever.
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How to put “Carbon genie” back into the bottle?

The Carbon emission in the atmosphere is steadily increasing.  The latest
statistics indicates that it has reached a staggering 35.6 billion tons/yr, a
2.6% increase over the previous year, thanks to the growth of China. It is
becoming clear that there is a relationship between the Carbon emission,
global warming and erratic weather patterns around the world. According to
‘The Guardian’,

“The chances of the world holding temperature rise to 2C – the level of
global warming considered “safe” by scientists – appear to be fading fast
with US scientists reporting the second-greatest annual rise in
CO2emissions in 2012. Carbon dioxide levels measured at Mauna Loa
observatory in Hawaii jumped by 2.67 parts per million (ppm) in 2012 to
395ppm, said Pieter Tans, who leads the greenhouse gas measurement team
for the US National Oceanic and Atmospheric Administration (NOAA).
The record was an increase of 2.93ppm in 1998.

The jump comes as a study published in Science on Thursday looking at
global surface temperatures for the past 1,500 years warned that “recent
warming is unprecedented”, prompting UN climate chief, Christiana
Figures, to say that “staggering global temps show urgent need to act.
Rapid climate change must be countered with accelerated action.” Tans told
the Associated Press the major factor was an increase in fossil fuel use. “It’s
just a testament to human influence being dominant”, he said. “The
prospects of keeping climate change below that [two-degree goal] are
fading away.

Preliminary data for February 2013 show CO2 levels last month standing
at their highest ever recorded at Manua Loa, a remote volcano in the
Pacific. Last month they reached a record 396.80ppm with a jump of
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3.26ppm parts per million between February 2012 and 2013. Carbon
dioxide levels fluctuate seasonally, with the highest levels usually observed
in April. Last year the highest level at Mauna Loa was measured at
396.18ppm. What is disturbing scientists is the acceleration of
CO2concentrations in the atmosphere, which are occurring in spite of
attempts by governments to restrain fossil fuel emissions. According to the
observatory, the average annual rate of increase for the past 10 years has
been 2.07ppm – more than double the increase in the 1960s. The average
increase in CO2 levels between 1959 to the present was 1.49ppm per year.

The Mauna Loa measurements coincide with a new peer-reviewed study
of the pledges made by countries to reduce CO2 emissions. The Dutch
government’s scientific advisers show that rich countries will have to
reduce emissions by 50% percent below 1990 levels by 2020 if there is to
be even a medium chance of limiting warming to 2C, thus preventing some
of climate  change‘s worst impacts.”The challenge we already knew was
great is even more difficult”, said Kelly Levin, a researcher with the World
Resources Institute in Washington. “But even with an increased level of
reductions necessary, it shows that a 2° goal is still attainable – if we act
ambitiously and immediately.” Extreme weather, which is predicted by
climate scientists to occur more frequently as the atmosphere warms and
CO2 levels rise, has already been seen widely in 2013. China and India
have experienced their coldest winter in decades and Australia has seen a
four-month long heat wave with 123 weather records broken during what
scientists are calling it ‘angry summer’. “We are in [getting] into new
climatic territory. And when you get records being broken at that scale, you
can start to see a shifting from one climate system to another. So the climate
has in one sense actually changed and we are now entering a new series of
climatic conditions that we just haven’t seen before”, said Tim Flannery,
head of the Australian government’s climate change commission, this week.
Earlier this week the Met Office warned that the “extreme” patterns of flood
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and drought experienced by Britain in 2012 were likely to become more
frequent. One in every five days in 2012 saw flooding but one in four days
were in drought”.

The biggest question now is how to put this Carbon genie back into the
bottle? renewable energy may be an answer to curtail future Carbon
emissions but what about the existing coal-fired power plants that
constitutes 60% of the existing power generation in the world? There is no
easy solution. But the “Law of conservation of mass” gives us a clue.The
Carbon we dig from the earth in the form of coal, combusted into the
atmosphere as Carbon dioxide may be captured and recycled back into the
system in the form of a fuel.By this way, we may not need fresh coal to be
mined.To achive this feat,we need Hydrogen from a renewable source.The
renewable Hydrogen can be combined with Carbon dioxide captured from
the coal-fired power plants to generate synthetic natural gas (SNG).The
SNG generated by this method can be used for future power generation,
substituting Coal and future carbon emission can be recycled in the form of
SNG. This approach will open up a range of possibilities and potentially cut
the carbon emission to zero.

Many companies round the world including DOE (Department of
energy,Govt of USA) are trying to develop an economically viable method
to generate Hydrogen with an estimated cost of poduction at  $ 2.50 /kg of
Hydrogen. One potential method is to generate Hydrogen by splitting water
using a thermo-chemical process using concentrated solar therml energy
developed by European Union called “Hydrosol cycle”. The method by
which Hydrogen is generated should be free from any Carbon emision. To
clean up  1 Kg Carbon dioxide one will require at least 0.2kg Hydrogen.
For example, a 100Mw coal fired power plant emitting about 2256 Mt
CO2/day will require about 451 Mt of Hydrogen/day, costing about
$1,127,500 per day.It will cost roughly $500/Mt of C02 to  put the ‘ Carbon
genie’  back into the bottle! One can imagein the cost of cleaning up  35.6



billion tons
of Carbon
dioxide 
from the
atmosphere.
Only a
Carbon free
Hydrogen
derived
from water
can save
the world
from a
potential

catastroph
e.
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Solar thermal- a cool solution for a warming planet

It is a fact
that solar
energy is
emerging
as a key
source of
future
energy as
the
climate
change
debate is
raging all
over the
world.
The solar

radiation can meet world’s energy need
completely in a benign way and offer a
clear alternative to fossil fuels. However
the solar technology is still in a growing
state with new technologies and solutions
emerging. Though PV solar is a proven
technology the levelised cost from such
plants is still much higher than fossil fuel

powered plants. This is because the initial investment of a PV solar plant is
much higher compared to fossil fuel based power plants. For example the
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cost of a
gas based
power
plant can
be set up
at less
than
$1000/Kw
while the
cost of PV
solar is
still
around $
7000 and
above.
However
solar
thermal is
emerging
as an
alternative
to PV
solar. The
basic
difference
between
these two

technologies is  PV solar converts light energy of the sun directly into
electricity and stores in a battery for future usage; solar thermal plants use 
reflectors (collectors)  to focus the solar light to heat a thermic fluid or
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molten salt to a high temperature. The high temperature thermic fluid or
molten salt is used to generate steam to run a steam turbine using Rankine
cycle or heat a compressed air to run a gas turbine using Brayton cycle to
generate electricity. Solar towers using heliostat and mirrors are predicted to
offer  the lowest cost of solar energy in the near future as the cost of
Heliostats are reduced and molten salts with highest eutectic points are
developed. The high eutectic point molten salts are likely to transform a
range of industries for high temperature applications. When solar thermal
plants with molten salt storage can approach temperature of 800C, many
fossil fuel applications can be substituted with solar energy. For example, it
is expected by using solar thermal energy 24×7 in Sulfur-Iodine cycle,
Hydrogen can be generated on a large commercial-scale at a cost
@2.90/Kg.Research and developments are focused to achieve the above
and it may soon become a commercial reality in the near future.

“The innovative aspect of CSP (concentrated solar power) is that it
captures and concentrates the sun’s energy to provide the heat required to
generate electricity, and not using fossil fuels or nuclear reactions. Another
attribute of CSP plants is that they can be equipped with a heat storage
system to generate electricity even when the sky is cloudy or after sunset.
This significantly increases the CSP capacity factor compared with solar
photovoltaics and, more importantly, enables the production of dispatchable
electricity, which can facilitate both grid integration and economic
competitiveness. CSP technologies therefore benefit from advances in solar
concentrator and thermal storage technologies, while other components of
the CSP plants are based on rather mature technologies and cannot expect
to see rapid cost reductions. CSP technologies are not currently widely
deployed. A total of 354 MW of capacity was installed between 1985 and
1991 in California and has been operating commercially since then. After a
hiatus in interest between 1990 and 2000, interest in CSP has been growing
over the past ten years. A number of new plants have been brought on line
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since 2006 (Muller- Steinhagen, 2011) as a result of declining investment
costs and LCOE, as well as new support policies. Spain is now the largest
producer of CSP electricity and there are several very large CSP plants
planned or under construction in the United States and North Africa. CSP
plants can be broken down into two groups, based on whether the solar
collectors concentrate the sun rays along a focal line or on a single focal
point (with much higher concentration factors). Line-focusing systems
include parabolic trough and linear Fresnel plants and have single-axis
tracking systems. Point-focusing systems include solar dish systems and
solar tower plants and include two-axis tracking systems to concentrate the
power of the sun.

Parabolic trough collector technology:
The parabolic trough collectors (PTC) consist of solar collectors

(mirrors), heat receivers and support structures. The parabolic-shaped
mirrors are constructed by forming a sheet of reflective material into a
parabolic shape that concentrates incoming sunlight onto a central receiver
tube at the focal line of the collector. The arrays of mirrors can be 100
meters (m) long or more, with the curved aperture of 5 m to 6 m. A single-
axis tracking mechanism is used to orient both solar collectors and heat
receivers toward the sun (A.T. Kearney and ESTELA, 2010). PTC are
usually aligned North-South and track the sun as it moves from East to
West to maximize the collection of energy. The receiver comprises the
absorber tube (usually metal) inside an evacuated glass envelope. The
absorber tube is generally a coated stainless steel tube, with a spectrally
selective coating that absorbs the solar (short wave) irradiation well, but
emits very little infrared (long wave) radiation. This helps to reduce heat
loss. Evacuated glass tubes are used because they help to reduce heat losses.

A heat transfer fluid (HTF) is circulated through the absorber tubes to
collect the solar energy and transfer it to the steam generator or to the heat
storage system, if any. Most existing parabolic troughs use synthetic oils as
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the heat transfer fluid, which are stable up to 400°C. New plants under
demonstration use molten salt at 540°C either for heat transfer and/or as the
thermal storage medium. High temperature molten salt may considerably
improve the thermal storage performance. At the end of 2010, around 1 220
MW of installed CSP capacity used the parabolic trough technology and
accounted for virtually all of today’s installed

CSP capacity. As a result, parabolic troughs are the CSP technology with
the most commercial operating experience (Turchi, et al., 2010).

Linear Fresnel collector technology:
 Linear Fresnel collectors (LFCs) are similar to parabolic trough

collectors, but use a series of long flat, or slightly curved, mirrors placed at
different angles to concentrate the sunlight on either side of a fixed receiver
(located several meters above the primary mirror field). Each line of mirrors
is equipped with a single-axis tracking system and is optimized individually
to ensure that sunlight is always concentrated on the fixed receiver. The
receiver consists of a long, selectively coated absorber tube.

Unlike parabolic trough collectors, the focal line of Fresnel collectors is
distorted by astigmatism. This requires a mirror above the tube (a secondary
reflector) to refocus the rays missing the tube, or several parallel tubes
forming a multi-tube receiver that is wide enough to capture most of the
focused sunlight without a secondary reflector. The main advantages of
linear Fresnel CSP systems compared to parabolic trough systems are that:

LFCs can use cheaper flat glass mirrors, which are a standard mass-
produced commodity;LFCs require less steel and concrete, as the metal
support structure is lighter. This also makes the assembly process easier.

»»The wind loads on LFCs are smaller, resulting in better structural
stability, reduced optical losses and less mirror-glass breakage; and.

»»The mirror surface per receiver is higher in LFCs than in PTCs, which
is important, given that the receiver is the most expensive component in
both PTC and in LFCs.



These advantages need to be balanced against the fact that the optical
efficiency of LFC solar fields (referring to direct solar irradiation on the
cumulated mirror aperture) is lower than that of PTC solar fields due to the
geometric properties of LFCs. The problem is that the receiver is fixed and
in the morning and afternoon cosine losses are high compared to PTC.
Despite these drawbacks, the relative simplicity of the LFC system means
that it may be cheaper to manufacture and install than PTC CSP plants.
However, it remains to be seen if costs per kWh are lower. Additionally,
given that LFCs are generally proposed to use direct steam generation,
adding thermal energy storage is likely to be more expensive.

Solar to Electricity technology:
Solar tower technologies use a ground-based field of mirrors to focus

direct solar irradiation onto a receiver mounted high on a central tower
where the light is captured and converted into heat. The heat drives a
thermodynamic cycle, in most cases a water-steam cycle, to generate
electric power. The solar field consists of many of computer-controlled
mirrors, called heliostats that track the sun individually in two axes. These
mirrors reflect the sunlight onto the central receiver where a fluid is heated
up. Solar towers can achieve higher temperatures than parabolic trough and
linear Fresnel systems; because more sunlight can be concentrated on a
single receiver and the heat losses at that point can be minimized. Current
solar towers use water/steam, air or molten salt to transport the heat to the
heat-exchanger/steam turbine system. Depending on the receiver design and
the working fluid, the upper working temperatures can range from 250°C to
perhaps as high 1 000°C for future plants, although temperatures of around
600°C will be the norm with current molten salt designs. The typical size of
today’s solar power plants ranges from 10 MW to 50 MW (Emerging
Energy Research, 2010). The solar field size required increases with annual
electricity generation desired, which leads to a greater distance between the
receiver and the outer mirrors of the solar field. This results in increasing



optical losses due to atmospheric absorption, unavoidable angular mirror
deviation due to imperfections in the mirrors and slight errors in mirror
tracking.

Solar towers can use synthetic oils or molten salt as the heat transfer
fluid and the storage medium for the thermal energy storage. Synthetic oils
limit the operating temperature to around 390°C, limiting the efficiency of
the steam cycle. Molten salt raises the potential operating temperature to
between 550 and 650°C, enough to allow higher efficiency supercritical
steam cycles although the higher investment costs for these steam turbines
may be a constraint. An alternative is direct steam generation (DSG), which
eliminates the need and cost of heat transfer fluids, but this is at an early
stage of development and storage concepts for use with DSG still need to be
demonstrated and perfected.

Solar towers have a number of potential advantages, which mean that
they could soon become the preferred CSP technology. The main
advantages are that:

»»The higher temperatures can potentially allow greater efficiency of the
steam cycle and reduce water consumption for cooling the condenser;

»»The higher temperature also makes the use of thermal energy storage
more attractive in order to achieve schedulable power generation; and

»»Higher temperatures will also allow greater temperature differentials
in the storage system, reducing costs or allowing greater storage for the
same cost.

The key advantage is the opportunity to use thermal energy storage to
raise capacity factors and allow a flexible generation strategy to maximize
the value of the electricity generated, as well as to achieve higher efficiency
levels. Given this advantage and others, if costs can be reduced and
operating experience gained, solar towers could potentially achieve
significant market share in the future, despite PTC systems having
dominated the market to date. Solar tower technology is still under



demonstration, with 50 MW scale plant in operation, but could in the long-
run provide cheaper electricity than trough and dish systems (CSP Today,
2008). However, the lack of commercial experience means that this is by no
means certain and deploying solar towers today includes significant
technical and financial risks.

Sterling dish technology:
The Stirling dish system consists of a parabolic dish shaped concentrator

(like a satellite dish) that reflects direct solar irradiation onto a receiver at
the focal point of the dish. The receiver may be a Stirling engine (dish/
engine systems) or a micro-turbine. Stirling dish systems require the sun to
be tracked in two axes, but the high energy concentration onto a single point
can yield very high temperatures. Stirling dish systems are yet to be
deployed at any scale. Most research is now focused on using a Stirling
engine in combination with a generator unit, located at the focal point of the
dish, to transform the thermal power to electricity. There are currently two
types of Stirling engines: Kinematic and free piston. Kinematic engines
work with hydrogen as a working fluid and have higher efficiencies than
free piston engines. Free piston engines work with helium and do not
produce friction during operation, which enables a reduction in required
maintenance. The main advantages of Stirling dish CSP technologies are
that:

»»The location of the generator – typically, in the receiver of each dish –
helps reduce heat losses and means that the individual dish-generating
capacity is small, extremely modular (typical sizes range from 5 to 50 kW)
and are suitable for distributed generation;

»»Stirling dish technologies are capable of achieving the highest
efficiency of all type of CSP systems

»»Stirling dishes use dry cooling and do not need large cooling systems
or cooling towers, allowing CSP to provide electricity in water-constrained
regions; and



»»Stirling dishes, given their small foot print and the fact they are self-
contained, can be placed on slopes or uneven terrain, unlike PTC, LFC and
solar towers. These advantages mean that Stirling dish technologies could
meet an economically valuable niche in many regions, even though the
levelised cost of electricity is likely to be higher than other CSP
technologies. Apart from costs, another challenge is that dish systems
cannot easily use storage. Stirling dish systems are still at the demonstration
stage and the cost of mass-produced systems remains unclear. With their
high degree of scalability and small size, stirling dish systems will be an
alternative to solar photovoltaics in arid regions.”

(Source : IRENA 2012)
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Heating and cooling buildings with solar heat

Air
conditioni
ng makes
up bulk of
the power
usage,
especially
in tropical
countries

where the sun is shining almost throughout the year and the humidity levels
are high. It makes a perfect sense to use solar heat to cool homes, business
and factories. Many air-conditioning systems are commercially available
using simple roof top PV solar panels to generate electric power to run an
electric window air-conditioners. This system uses commercially available
solar panels and window air-conditioners and uses solar power to generate
electricity to run the compressor and the blower in the air-con unit. This
system requires large storage battery to store adequate electricity to run
your air-conditioners for specified period. Otherwise it requires a large area
of solar panels to meet the demand. The efficiency of such systems can be
improved using DC operated compressors and fans. However, renewable
energy such as solar is still expensive to run air-conditioners because of
high initial investment cost, though it may be economical in the long run as
the cost of solar panels and accessories slowly come down over a time.
Moreover such systems are limited to small air condition capacities.

For large air-conditioning requirements such as business and factories,
we need a system that uses solar heat directly to air-condition the premises
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with
higher
efficiency
and
thermal
storage
capabilitie
s.
Designing
such a
system is
not very
difficult
because
most of
the
componen
ts
necessary
to install
such
systems
are
readily
available.
One can

install an air-conditioning system based on 100% solar thermal heat with
molten salt thermal storage. Alternatively, a hybrid system can be installed
based on solar heat without a thermal storage but using   city gas supply.
Many countries use gas for heating during winter seasons but do not use gas
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during summer. These countries can use a hybrid (solar-gas) system to air-
condition their premises and avoid peak electric usage during summer
seasons thereby avoiding electrical black-outs. The advantage with such
system is they can also be used for heating the premises during winter
season. With changing climate due to global warming many warm countries
like India also experiences cold temperatures during winter season. For
example New Delhi in India has experienced a sharp drop in temperature up
to 15-20c during winter from earlier winters.

Solar cooling systems to date have used waste heat gas absorption chiller
heaters, which utilize the waste heat from cogeneration systems (CGS) for
the cold water. However, these chiller heaters with their established
technologies are devices designed for the effective use stable CGS high-
temperature waste heat, so they cannot accommodate the preferential use of
solar heat when solar hot water temperatures suddenly change from large
variations in the heat collector temperatures due to changes in the weather.
The new solar absorption chiller heaters are now specially designed for the
effective use of low-temperature solar heat to address this problem and
improve the energy conservation effect from solar cooling system. Hot
water at less than 90C can be used for such systems and typical chillers
with their rated specification are shown in the figures.

The efficiency of the system can be
vastly improved by using parabolic solar
concentrators, up to 27 times higher than
ordinary flat plate solar collectors
resulting in conversion efficiency up to
85% in heating and cooling. By selecting
a natural refrigerant such as R717 we can
save the environment from ozone

depletion. Such systems offer flexibility to use exhaust heat, natural gas
along with solar thermal storage up to 220C (phase transition
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temperature).The system offers an attractive return on investment,
electricity savings and Carbon pollution reduction. The system can be
designed from 5TR up to 200TR refrigeration capacity for 100% solar and
up to 1000TR for a solar-gas hybrid systems. The solar thermal system with
molten salt storage is versatile in its application because the same system
can be designed for heating or cooling or on-site power generation for
continuous applications.
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Plastic recycling

Plastics have become an integral part of our lives. Plastic  constitutes about
12% of Municipal solid wastes generated in USA,a sharp increase from just
1% in 1960 to the current level. Increasing usage of plastics have created 
environmental issues such as increased energy and water usage, emission of
greenhouse gases and finally waste disposal and health issues. Many
countries are now trying to cut the waste disposal problems by reducing
usage, recovering  fuels from plastics and recycling.However  a large
quantity of plastics are still returned to landfills  creating long-term health
problems.

“According to EPA :

31 million tons of plastic waste were generated in 2010, representing
12.4 percent of total MSW.
In 2010, the United States generated almost 14 million tons of plastics
as containers and packaging, almost 11 million tons as durable goods,
such as appliances, and almost 7 million tons as non-durable goods,
such as plates and cups.
Only 8 percent of the total plastic waste generated in 2010 was
recovered for recycling.
In 2010, the category of plastics which includes bags, sacks, and wraps
was recycled at almost 12 percent.
Plastics also are found in automobiles, but recycling of these materials
is counted separately from the MSW recycling rate.

How Plastics Are Made
Plastics can be divided in to two major categories: thermosets and

thermoplastics. A thermoset solidifies or “sets” irreversibly when heated.
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They are useful for their durability and strength, and are used primarily in
automobiles and construction applications. Other uses are adhesives, inks,
and coatings.

A thermoplastic softens when exposed to heat and returns to original
condition at room temperature. Thermoplastics can easily be shaped and
molded into products such as milk jugs, floor coverings, credit cards, and
carpet fibers.

According to the American Chemistry Council, about 1,800 US
businesses handle or reclaim post-consumer plastics. Plastics from MSW
are usually collected from curbside recycling bins or drop-off sites. Then,
they go to a material recovery facility, where the materials are sorted into
broad categories (plastics, paper, glass, etc.). The resulting mixed plastics
are sorted by plastic type, baled, and sent to a reclaiming facility. At the
facility, any trash or dirt is sorted out, then the plastic is washed and ground
into small flakes. A flotation tank then further separates contaminants,
based on their different densities. Flakes are then dried, melted, filtered, and
formed into pellets. The pellets are shipped to product manufacturing
plants, where they are made into new plastic products.

Resin Identification Code
The resin identification coding system for plastic, represented by the

numbers on the bottom of plastic containers, was introduced by SPI, the
plastics industry trade association, in 1988. Municipal recycling programs
traditionally target packaging containers, and the SPI coding system offered
a way to identify the resin content of bottles and containers commonly
found in the residential waste stream. Plastic household containers are
usually marked with a number that indicates the type of plastic. Consumers
can then use this information to determine whether certain plastic types are
collected for recycling in their area. Contrary to common belief, just
because a plastic product has the resin number in a triangle, which looks

http://www.americanchemistry.com/
http://en.wikipedia.org/wiki/Materials_recovery_facility
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very similar to the recycling symbol, it does not mean it is collected for
recycling.

SPI Resin
Identification

Code
1 2 3 4 5 6 7

Type of Resin
Content PET HDPE Vinyl LDPE PP PS OTHER

Markets for Recovered Plastics
Markets for some recycled plastic resins, such as PET and HDPE, are

stable and even expanding in the United States. Currently, the US has the
capacity to be recycling plastics at a greater rate. The capacity to process
post-consumer plastics and the market demand for recovered plastic resin
exceeds the amount of post-consumer plastics recovered from the waste
stream. The primary market for recycled PET bottles continues to be fiber
for carpet and textiles, while the primary market for recycled HDPE is
bottles, according to the American Chemistry Council.

Looking forward, new end uses for recycled PET bottles might include
coating for corrugated paper and other natural fibers to make waterproof
products like shipping containers. PET can even be recycled into clothing,
such as fleece jackets. Recovered HDPE can be manufactured into
recycled-content landscape and garden products, such as lawn chairs and
garden edging.

Source Reduction
Source reduction is the process of reducing the amount of waste that is

generated. The plastics industry has successfully been able to reduce the
amount of material needed to make packaging for consumer products.
Plastic packaging is generally more lightweight than its alternatives, such as
glass, paper, or metal. Lighter weight materials require less fuel to transport
and result in less material in the waste stream.”

http://en.wikipedia.org/wiki/Plastic_recycling
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Source : EPA.
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Enhance Landfill Gas to Bio-LNG

A new concept known as
“hydraulic fracturing “ to
enhance the recovery of land
fill gas from new and existing
land fill sites have been tested
jointly by a Dutch and 
Canadian companies. They
claim it is now possible to
recover such gas economically
and liquefy them into Bio-

LNG to
be used as
a fuel for
vehicles
and to
generate
power.

Most
biofuels
around
the world
are now
made
from
energy

crops like wheat, maize, palm oil, rapeseed oil etc and only  a minor part is
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 made
from
waste. But
such a
practice in
not
sustainabl
e in the
long run
considerin
g the
anticipate
d food
shortage
due to

climate changes.   The EU wants to ban biofuels that use too much
agricultural land and encourage production of biofuels that do not use food
material but waste materials. Therefore there is a need to collect methane
gas that is emitted by land fill sites more efficiently and economically and
to compete with fossil fuels.

There are about 150,000 landfills in Europe with about 3–5 trillion cubic
meters of waste (Haskoning 2011). All landfills emit landfill gas; the
contribution of methane emissions from landfills is estimated to be between
30 and 70 million tons each year. Landfills contributed an estimated 450 to
650 billion cubic feet of methane per year (in 2000) in the USA. One can
either flare landfill gas or make electricity with landfill gas. But it is
prudent to produce the cleanest and cheapest liquid biofuel namely “Bio-
LNG”.

Landfill gas generation: how do these bugs do their work?
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Resear
chers had
a hard
time
figuring
out why
landfills
do not
start out
as a
friendly
environm
ent for the
organisms
that
produce
methane.
Now new
research

from North Carolina State University points to one species of microbe that
is paving the way for other methane producers. The starting bug has been
found. That opens the door to engineer better landfills with better
production management. One can imagine a landfill with real economic
prospects other than getting the trash out of sight. The NCSU researchers
found that an anaerobic bacterium called Methanosarcina barkeri appears
to be the key microbe. The following steps are involved in the formation of
landfill gas is shown in the diagram

Phase 1: oxygen disappears, and nitrogen
Phase 2: hydrogen is produced and CO2 production increases rapidly.
Phase 3: methane production rises and CO2 production decreases.
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Phase 4: methane
production can rise till
60%.

Phases 1-3
typically last for 5-7
years.

Phase 4 can
continue for decades,
rate of decline
depending on content.

Installation of
landfill gas collection
system

A quantity of wells
is drilled; the wells
are (inter) connected
with a pipeline

system.
Gas is
guided
from the
wells to a
facility,
where it is
flared or
burnt to
generate
electricity.

A biogas engine exhibits 30-40% efficiency. Landfills often lack access to
the grid and there is usually no use for the heat.
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The alternative:
make bio-LNG
instead and transport
the bio-LNG for use
in heavy-duty vehicles
and ships or
applications where
you can use all
electricity and heat.

Bio-LNG: what is
it?

Bio-LNG is liquid
bio-methane (also:
LBM). It is made
from biogas. Biogas is
produced by
anaerobic digestion.
All organic waste can

rot and
can
produce
biogas,
the
bacteria
does the
work.
Therefore
biogas is
the
cheapest
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and cleanest
biofuel  that can
be generated
without
competing  with
food or land use.
For the first time
there is a biofuel,
bio-LNG, a better
quality fuel than
fossil fuel.

The bio-LNG
production
process

Landfill gas is
produced by
anaerobic
fermentation in
the landfill. The
aim is to produce

a constant flow of biogas with high methane content. The biogas must be
upgraded, i.e. removal of H2S, CO2 and trace elements;

In landfills also siloxanes, nitrogen and Cl/F gases. The bio-methane
must be purified (maximum 25/50ppm CO2, no water) to prepare for
liquefaction. The cold box liquefies pure biomethane to bio-LNG

Small scale bio-LNG production using smarter methods.
•Use upgrading modules that do not cost much energy.
•Membranes which can upgrade to 98-99.5 % methane are suitable.
•Use a method for advanced upgrading that is low on energy demand.
•Use a fluid / solid that is allowed to be dumped at the site.

https://ahilan007.wordpress.com/2012/12/17/enhance-landfill-gas-to-bio-lng/bio-lng-09/


•Use cold boxes that are
easy to install and low on
power demand.

•Use LNG tank trucks as
storage and distribution units.

•See if co-produced CO2
can be sold and used in
greenhouses or elsewhere.

•Look carefully at the
history and present status of the
landfill.

What was holding back
more projects?

Most flows of landfill gas
are small (hundreds of
Nm3/hour), so economy of

scale is generally not favorable.
Technology in upgrading and
liquefaction has evolved, but the
investments for small flows during
decades cannot be paid back.

Now there is a solution:
enhanced gas recovery by
hydraulic fracturing. Holland
Innovation Team and Fracrite
Environmental Ltd. (Canada) has
developed a method to increase
gas extraction from landfill 3-5

times.
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Hydraulic fracturing increases landfill gas yield and therefore
economy of scale for bio-LNG production

The method consists of a set of drilling from which at certain dept the
landfill is hydraulically broken. This means a set of circular horizontal
fractures are created from the well at preferred depths. Sand or other
materials are injected into the fractures. Gas gathers from below in the
created interlayer and flows into the drilled well. In this way a “guiding”
circuit for landfill gas is created. With a 3-5 fold quantity of gas, economy
of scale for bio-LNG production will be reached rapidly. Considering the
multitude of landfills worldwide this hydraulic fracturing method in
combination with containerized upgrading and liquefaction units offers
huge potential. The method is cost effective, especially at virgin landfills,
but also at landfill with decreasing amounts of landfill gas.

Landfill gas fracturing pilot (2009).
• Landfill operational from 1961-2005
• 3 gas turbines, only 1 or 2 in operation at any time due to low gas

extraction rates
• Only 12 of 60 landfill gas extraction wells still producing methane
• Objective of pilot was to assess whether fracturing would enhance

methane extraction rates
Field program and preliminary result
Two new wells drilled into municipal wastes and fractured (FW60,

FW61). Sand Fractures at 6, 8, 10, 12 m depth in wastes with a fracture
radius of 6 m. Balance gases believed to be due to oxygenation effects
during leachate and

Groundwater pumping.
Note: this is entirely different from deep fracking in case of shale gas!
Conceptual Bioreactor Design
 The conceptual design is shown in the figures.There are anaerobic

conditions below the groundwater table, but permeability decreases because



of compaction of the waste. Permeability increases after fracking and so
does the quantity of landfill gas and leachate.

Using the leachate by injecting this above the groundwater table will
introduce anaerobic conditions in an area where up till then oxygen
prevailed and so prevented landfill gas formation

It can also be done in such a systematic way, that all leachate which is
extracted, will be disposed off in the shallow surrounding wells above the
groundwater table.

One well below the groundwater table is fracked, the leachate is injected
at the corners of a square around the deeper well. Sewage sludge and
bacteria can be added to increase yield further

Improving the business case further
A 3-5 fold increased biogas flow will improve the business case due to

increasing
Economy of scale. The method will also improve landfill quality and

prepare the landfill for other uses.
When the landfill gas stream dries up after 5 years or so, the next landfill

can be served by relocating the containerized modules (cold boxes and
upgrading modules). The company is upgrading with a new method
developed in-house, and improving landfill gas yield by fracking with smart
materials. EC recommendations to count land fill gas quadrupled for
renewable fuels target and the superior footprint of bio-LNG production
from landfills are beneficial for immediate start-ups

Conclusions and recommendations
Landfills emit landfill gas. Landfill gas is a good source for production

of bio-LNG. Upgrading and liquefaction techniques are developing fast and
decreasing in price. Hydraulic fracturing can improve landfill gas yield such
that economy of scale is reached sooner. Hydraulic fracturing can also
introduce anaerobic conditions by injecting leachate, sewage sludge and
bacteria above the groundwater table. The concept is optimized to extract



most of the landfill gas in a period of five years and upgrade and liquefy
this to bio-LNG in containerized modules.

Holland Innovation Team and Fracrite aim at a production price of less
than €0.40 per kilo (€400/ton) of bio-LNG, which is now equivalent to
LNG fossil prices in Europe and considerably lower than LNG prices in
Asia, with a payback time of only a few years.

(Source:Holland Innovation Team)
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Innovative desalination technology

Seawater desalination is a technology that provides drinking water for
millions of people around the world. With increasing industrialization and
water usage and lack of recycling or reuse, the demand for fresh water is
increasing at the fastest rate. Industries such as power plants use bulk of
water for cooling purpose and chemical industries use water for their
processing. Agriculture is also a major user of water and   countries like
India exploit ground water for this purpose. To supplement fresh water,
Governments and industries in many parts of the world are now turning to
desalinated seawater as a potential source of fresh water. However,
desalination of seawater to generate fresh water is an expensive option, due
to its large energy usage. However, due to frequent failure of monsoon rains
and uncertainties and changing weather pattern due to global warming,
seawater desalination is becoming a potential source of fresh water, despite
its cost and environmental issues.

Seawater desalination technology has not undergone any major changes
during the past three decades. Reverse osmosis is currently the most sought
after technology for desalination due to increasing efficiencies of the
membranes and energy-saving devices. In spite of all these improvements
the biggest problem with desalination technologies is still the rate of
recovery of fresh water. The best recovery in SWRO plants is about 50% of
the input water. Higher recoveries create other problems such as scaling,
higher energy requirements and O&M issues and many suppliers would like
to restrict the recoveries to 35%, especially when they have to guarantee the
life of membranes and the plant.

Seawater is nothing but fresh water with large quantities of dissolved
salts. The concentration of total dissolved salts in seawater is about
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35,000mgs/lit. Chemical industries such as Caustic soda and Soda ash
plants use salt as the basic raw material. Salt is the backbone of chemical
industries and number of downstream chemicals are manufactured from
salt. Seawater is the major source of salt and most of these chemical
industries make their own salt using solar evaporation of seawater using
traditional methods with salt pans. Large area of land is required for this
purpose and solar evaporation is a slow process and it takes months
together to convert seawater into salt. It is also labor intensive under harsh
conditions.

The author of this article has developed an innovative technology to
generate fresh water as well as salt brine suitable for Caustic soda and Soda
ash production. By using this novel process, one is able to recover almost
70% fresh water against only 40% fresh water recovered using conventional
SWRO process, and also recover about 7- 9% saturated brine
simultaneously. Chemical industries currently producing salt using solar
evaporation are unable to meet their demand or expand their production due
to lack of salt. The price of salt is steadily increasing due to supply demand
gap and also due to uncertainties in weather pattern due to global warming.
This result in increased cost of production and many small and medium
producers of these chemicals are unable to compete with large industries.
Moreover, countries like Australia who have vast arid land can produce
large quantities of salt   with mechanized process  competitively; Australia
is currently exporting salt to countries like Japan, while countries like India
and China are unable to compete in the international market with their age-
old salt pans using  manual labor. In solar evaporation the water is simply
evaporated.

Currently these chemical industries use the solar salt which has a number
of impurities, and it requires an elaborate purification process. Moreover
the salt can be used as a raw material only in the form of saturated brine
without any impurities. Any impurity is detrimental to the Electrolytic
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process where the salt brine is converted into Caustic soda and Soda ash.
Chemical industries use deionized water to dissolve solar salt to make
saturated brine and then purify them using number of chemicals before it
can be used as a raw material for the production of Caustic soda or Soda
ash. The cost of such purified brine is many times costlier than the raw salt.
This in turn increase the cost of chemicals produced.

In this new process, seawater is pumped into the system where it is
separated into 70% fresh water meeting WHO specifications for drinking
purpose, and 7-10% saturated pure brine suitable for production of caustic
soda and Soda ash. These chemical industries also use large quantities of
process water for various purposes and they can use the above 70% water in
their process. Only 15-20% of unutilized seawater is discharged back into
the sea in this process, compared to 65% toxic discharge from convention
desalination plants. This new technology is efficient and environmentally
friendly and generates value added brine as a by-product. It is a win
situation for the industries and the environment. The technology has been
recently patented and is available for licensing on a non-exclusive or
exclusive basis. The advantage of this technology is any Caustic soda or
Soda ash plant located near the seashore can produce their salt brine
directly from seawater without stock piling solar salt for months together or
transporting over a long distance or importing from overseas.

Government and industries can join together to set up such plants where
Governments can buy water for distribution and industries can use salt brine
as raw material for their chemical production. Setting up a desalination
plants only for supplying drinking water to the public is not a smart way to
cut the cost of drinking water. For example, the Victorian Government in
Australia has set up a large desalination plant to supply drinking water. This
plant was set up by a foreign company on BOOT (build, own and operate
basis) and water is sold to the Government on ‘take or pay’ basis. Currently
the water storage level at catchment area is nearly 80% of its capacity and
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the Government is unlikely to use desalinated water for some years to
come. However, the Government is legally bound by a contract to buy
water or pay the contracted value, even if Government does not need water.
Such contracts can be avoided in the future by Governments by joining with
industries who require salt brine 24×7  throughout the year, thus mitigating
the risk involved by  expensive legal contracts.
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Which is the best storage technology for Renewable energy?

The
share of
renewable
energy is
steadily
increasing
around
the world.
But
storing
such
intermitte
nt energy
source
and
utilizing it
when
needed
has been a
challenge.
In fact
energy
storage
makes up
a
significant
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part of the
cost in
any
renewable
energy
technolog
y. Many
storage
technologi
es are

now available in the commercial market, but choosing a right type of
technology has always been a difficult choice. In this article we will
consider four types of storage technologies. The California Energy
Commission conducted economic and environmental analyses of four
energy storage options for a wind energy project: (1) lead acid batteries, (2)
zinc bromine (flow) batteries, (3) a hydrogen electrolyzer and fuel cell
storage system, and (4) a Hydrogen storage option where the hydrogen was
used for fueling hydrogen powered vehicle. Their conclusions were:

”Analysis with NREL’s (National Renewable Energy laboratory)
 HOMER model showed that, in most cases, energy storage systems were
not well used until higher levels of wind penetration were modeled (i.e.,
18% penetration in Southern California in 2020). In our scenarios,
hydrogen storage became more cost-effective than battery storage at higher
levels of wind power production, and using the hydrogen to refuel vehicles
was more economically attractive than converting the hydrogen to
electricity. The overall value proposition for energy storage used in
conjunction with intermittent renewable power sources depends on multiple
factors. Our initial qualitative assessment found the various energy storage
systems to be environmentally benign, except for emissions from the
manufacture of some battery materials.
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However, energy storage entails varying economic costs and
environmental impacts depending on the specific location and type of
generation involved, the energy storage technology used, and the other
potential benefits that energy storage systems can provide (e.g., helping to
optimize

Transmission and distribution systems, local power quality support,
potential provision of spinning reserves and grid frequency regulation,
etc.)”.

Key Assumptions
 
Key assumptions guiding this analysis include the following:
• Wind power will expand in California under the statewide RPS

program to a level of
approximately 10% of total energy provided in 2010 and 20% by 2020,

with most of
this expansion in Southern California.
• Costs of flow battery systems are assumed to decline somewhat

through 2020 and
costs of hydrogen technologies (electrolyzers, fuel cell systems, and

storage systems)
are assumed to decline significantly through 2020.
• In the case where hydrogen is produced, stored, and then reconverted

to electricity
using fuel cell systems, we assume that the hydrogen can be safely

stored in
modified wind turbine towers at relatively low pressure at lower costs

than more
conventional and higher-pressure storage.
• In the case where hydrogen is produced and sold into transportation

markets, we

http://www.wikinvest.com/industry/Wind_Energy
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assume that there is demand for hydrogen for vehicles in 2010 and 2020,
and that the

Hydrogen is produced at the refueling station using the electricity
produced from

wind farms (in other words, we assume that transmission capacity is
available for

this when needed)?
Key Project Findings
 
Key findings from the HOMER model projections and analysis include

the following:
• Energy storage systems deployed in the context of greater wind power

development
were not particularly well utilized (based on the availability of “excess”

off-peak
electricity from wind power), especially in the 2010 time frame (which

assumed 10%
wind penetration statewide), but were better utilized–up to 1,600 hours

of operation per
year in some cases–with the greater (20%) wind penetration levels

assumed for 2020.
• The levelized costs of electricity from these energy storage systems

ranged from a low of
$0.41 per kWh—or near the marginal cost of generation during peak

demand times—to
many dollars per kWh (in cases where the storage was not well utilized).

This suggests
that in order for these systems to be economically attractive, it may be

necessary to
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optimize their output to coincide with peak demand periods, and to
identify additional

value streams from their use (e.g., transmission and distribution system
optimization,

provision of power quality and grid ancillary services, etc.)
• At low levels of wind penetration (1%–2%), the electrolyzer/fuel cell

system was either
inoperable or uneconomical (i.e., either no electricity was supplied by

the energy storage
system or the electricity provided carried a high cost per MWh).
• In the 2010 scenarios, the flow battery system delivered the lowest cost

per energy
stored and delivered.
• At higher levels of wind penetration, the hydrogen storage systems

became more
economical such that with the wind penetration levels in 2020 (18%

from Southern
California), the hydrogen systems delivered the least costly energy

storage.
• Projected decreases in capital costs and maintenance requirements

along with a more
durable fuel cell allowed the electrolyzer/fuel cell to gain a significant

cost advantage
over the battery systems in 2020.
• Sizing the electrolyzer/fuel cell system to match the flow battery

system’s relatively
high instantaneous power output was found to increase the

competitiveness of this
system in low energy storage scenarios (2010 and Northern California in

2020), but in

http://en.wikipedia.org/wiki/Kilowatt_hour


scenarios with higher levels of energy storage (Southern California in
2020), the

Electrolyzer/fuel cell system sized to match the flow battery output
became less

competitive.
• In our scenarios, the hydrogen production case was more economical

than the
Electrolyzer/fuel cell case with the same amount of electricity consumed

(i.e., hydrogen
production delivered greater revenue from hydrogen sales than the

electrolyzer/fuel
cell avoided the cost of electricity, once the process efficiencies are

considered).
• Furthermore, the hydrogen production system with a higher-capacity

power converter
and electrolyzer (sized to match the flow battery converter) was more

cost-effective than
the lower-capacity system that was sized to match the output of the

solid-state battery.
This is due to economies of scale found to produce lower-cost hydrogen

in all cases.
• In general, the energy storage systems themselves are fairly benign

from an
environmental perspective, with the exception of emissions from the

manufacture of
certain components (such as nickel, lead, cadmium, and vanadium for

batteries). This is
particularly true outside of the U.S., where battery plant emissions are

less tightly



controlled and potential contamination from improper disposal of these
and other

materials are more likely. The overall value proposition for energy
storage systems used in conjunction with intermittent renewable energy
systems depends on diverse factors.

• The interaction of generation and storage system characteristics and
grid and energy

resource conditions at a particular location.
• The potential use of energy storage for multiple purposes in addition to

improving the
dependability of intermittent renewable (e.g., peak/off-peak power price

arbitrage,
helping to optimize the transmission and distribution infrastructure, load-

leveling the
grid in general, helping to mitigate power quality issues, etc.)
• The degree of future progress in improving forecasting techniques and

reducing
prediction errors for intermittent renewable energy systems
• Electricity market design and rules for compensating renewable energy

systems for their
output
Conclusions
 
“This study was intended to compare the characteristics of several

technologies for providing
Energy storage for utility grids—in a general sense and also specifically

for battery and
Hydrogen storage systems—in the context of greater wind power

development in California.



While more detailed site-specific studies will be required to draw firm
conclusions, we believe

those energy storage systems have relatively limited application potential
at present but may

become of greater interest over the next several years, particularly for
California and other areas

that is experiencing significant growth in wind power and other
intermittent renewable.

Based on this study and others in the technical literature, we see a larger
potential need for

energy storage system services in the 2015–2020 time frames, when
growth in renewable produced electricity is expected to reach levels of
20%–30% of electrical energy supplied.

Depending on the success in improved wind forecasting techniques and
electricity market

designs, the role for energy storage in the modern electricity grids of the
future may be

significant. We suggest further and more comprehensive assessments of
multiple energy

storage technologies for comparison purposes, and additional site- and
technology-specific

project assessments to gain a better sense of the actual value propositions
for these technologies

in the California energy system.
 
This project has helped to meet program objectives and to benefit

California in the
Following ways:
• Providing environmentally sound electricity. Energy storage systems

have the



Potential to make environmentally attractive renewable energy systems
more

competitive by improving their performance and mitigating some of the
technical issues

associated with renewable energy/utility grid integration. This project
has identified the

potential costs associated with the use of various energy storage
technologies as a step

toward understanding the overall value proposition for energy storage as
a means to

help enable further development of wind power (and potentially other
intermittent

renewable resources as well).
• Providing reliable electricity. The integration of energy storage with

renewable energy
sources can help to maintain grid stability and adequate reserve margins,

thereby
contributing to the overall reliability of the electricity grid. This study

identified the
potential costs of integrating various types of energy storage with wind

power, against
which the value of greater reliability can be assessed along with other

potential benefits.
• Providing affordable electricity. Upward pressure on natural gas

prices, partly as a
function of increased demand, has significantly contributed to higher

electricity prices in
California and other states. Diversification of electricity supplies with

relatively low-cost



sources, such as wind power, can provide a hedge against further natural
gas price

increases. Higher penetration of these other (non-natural-gas-based)
electricity sources,

Potentially enabled by the use of energy storage, can reduce the risks of
future electricity.”

(Source: California Energy Commission prepared by University of
Berkeley).
Permalink: https://ahilanraman.com/2012/12/03/which-is-the-best-storage-
technology-for-renewable-energy/
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Shrinking Arctic and disappearing sea

The
arctic ice
cover is
steadily
shrinking
over a
period
opening
new polar
shipping
routes.
Recently
a
Norwegia
n ship was

carrying a LNG Carrierto Japan through Russia, marking the beginning of
new polar shipping route. There was a short documentary film on
disappearance of an entire Aral Sea from the map, due to evaporation,
caused by construction of dams by Russian authorities restricting the flow
of rivers into Aral Sea. These dramatic events are happening right in front
of our eyes. Yet, there are many Governments and people around the world
are still questioning whether Global warming is real and is it man-made?
Well, people do not accept science when it come to global warming because
it causes them much inconvenience and embarrassment for Governments.
They do not want to face the reality but prefer to postpone it for another
day. This is what happening with super powers and industrialized countries
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in the
world.
But how
long can
they
sustain
such
skepticis
m and
postpone
urgent
actions
that are
necessary
to save

the future generation of mankind?
• Arctic sea ice is projected to decline dramatically over the 21st century,

with little late summer sea ice remaining by the year 2100.
• The simulated 21st century Arctic sea ice decline is not smooth, but has

periods of large and small changes.
• The Arctic region responds sensitively to past and future global climate

forcing, such as changes in atmospheric greenhouse gas levels. Its surface
air temperature is projected to warm at a rate about twice as fast as the
global average.

Attached  Sea ice concentrations simulated by GFDL’s CM2.1 global
coupled climate model averaged over August, September and October (the
months when Arctic sea ice concentrations generally are at a minimum).
Three years (1885, 1985 & 2085) are shown to illustrate the model-
simulated trend. A dramatic reduction of summertime sea ice is projected,
with the rate of decrease being greatest during the 21st century part. The

http://en.wikipedia.org/wiki/Arctic
http://en.wikipedia.org/wiki/GNU_Free_Documentation_License


colors range from dark blue (ice-free) to white
(100% sea ice covered).

“Satellite observations show that Arctic sea
ice extent has declined over the past three
decades [e.g., NOAA magazine, 2006]. Global
climate model experiments, such as those
conducted at NOAA’s Geophysical Fluid
Dynamics Laboratory (GFDL), project this
downward trend to continue and perhaps
accelerate during the 21st century.

The Arctic is a region that is projected to
warm at about twice the rate of the global
average [Winton, 2006a] – a phenomenon
sometimes called “Arctic amplification”. As
Arctic temperatures rise, sea ice melts—a
change that in turn affects other aspects of
global climate.

While beyond the scope of GFDL’s climate
model simulations, other research suggests that
Arctic sea ice changes can impact a broad
range of factors — from altering key elements
of the Arctic biosphere (plants and animals,

marine and terrestrial, including polar bears and fish), to opening polar
shipping routes, to shifting commercial fishing patterns, etc.

An Ice-Free Arctic in Summer
The three panel’s attachments are snapshots of how late summer

Northern Hemisphere sea ice concentrations vary in time in a GFDL CM2.1
climate model simulation. The figures depict

Sea ice concentration – a measure of how much of the ocean area is
covered by sea ice, and the climate model variable that is most similar to

http://en.wikipedia.org/wiki/Geophysical_Fluid_Dynamics_Laboratory
http://en.wikipedia.org/wiki/Sea_ice_concentration


what a satellite observes.
By the late 21st century, the GFDL computer model experiments project

that the Arctic becomes almost ice-free during the late summer. But during
the long Arctic winters (not shown) the sea ice grows back, though thinner
than is simulated for the 20th century. The rate at which the modeled 21st
century Arctic warming and sea ice melting occurs is rapid compared to
that seen in historical observations. Abrupt Arctic changes are of particular
concern for human and ecosystem adaptations and are a subject of much
current research (Winton 2006B).

The modeled summertime Arctic sea ice extent (the size of the area
covered by sea ice) does not very smoothly in time, as a good deal of year-
to-year variability superimposed on the downward trend. This can be seen
in the graph to the right and also in animations found at
www.gfdl.noaa.gov/research/climate/highlights.

By the end of the 21st century, the modeled summer sea ice extent
usually is less than 20% of the simulated for 1981 to 2000. The Arctic sea
ice results shown here are not unique to the GFDL climate model.
Generally similar results are produced by computer models developed at
several other international climate modeling centers. Though some
uncertainties in model projections of future climate remain, results such as
these, taken together with observations that document late 20th century
Arctic sea ice shrinkage, make the Arctic a region that will continue to be
studied and watched closely, as atmospheric greenhouse gas levels increase.

Climate implications of shrinking summer sea ice Melting sea ice can
influence the climate through a process known as the ice-albedo feedback.
Much of the sunlight reflected by sea ice returns to space and is unavailable
to heat the climate system. As the sea ice melts, the surface darkens and
absorbs more of this energy. This, in turn, can lead to greater melting. This
is referred to as a “positive feedback loop” because an initial change (sea

http://www.gfdl.noaa.gov/research/climate/highlights


ice melting) triggers other responses in the system that eventually acts to
enhance the original change (inducing more sea ice melting).

At GFDL, research has focused on the role of the ice-albedo feedback in
the enhancing simulated Arctic warming and on the potential for this
positive feedback loop to lead to abrupt changes [Winton, 2006a]. A
somewhat complex picture has emerged that shows the ice-albedo feedback
as a contributor, but not necessarily the dominant factor in determining why
modeled Arctic surface air temperatures warm roughly twice as fast as the
global average. It also has been found that, for the range of temperature
increases likely to occur in the 21st century, the Arctic ice-albedo feedback
adjusts smoothly as the model’s ice declines, by reducing the ice cover at
progressively earlier times in the sunlit season. This smooth adjustment
maintains a fairly constant amplification of Arctic temperature change on
global average warming.

The details of how Arctic feedback processes act in climate models at
various modeling centers differ, and so analysis and computer model
development work continues to better understand and to cut uncertainties in
Arctic climate change simulations.”

While many scientists are alarmed by the widening expanse of open
water in the Arctic, blaming it on global warming, shippers see a new
international route. The MV Nordic Barents is lugging 40,000 tonnes of
iron ore from Norway to China on a shortcut through melting ice – and is
making a little history in the process. It is the first non-Russian commercial
vessel to attempt a non-stop crossing of a route that skirts the receding
Arctic ice cap.

Business Times, Singapore report (6 September 2010):
The MV Nordic Barents is lugging 40,000 tonnes of iron ore from

Norway to China on an Arctic Ocean shortcut through melting ice – and is
making a little history in the process.

http://en.wikipedia.org/wiki/Polar_ice_packs
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Steaming east along Russia’s desolate northern coast, the ship departed
on Saturday as the first non-Russian commercial vessel to attempt a non-
stop crossing of a route that skirts the receding Arctic ice cap.

‘We’re pretty much going over the top,’ said John Sanderson, the
Australian CEO of the Norwegian mine where the iron ore comes from.

By using the northern route from Europe to Asia, the Nordic Barents
could save eight days and 5,000 nautical miles of travel thought to be worth
hundreds of thousands of dollars to the owners of its cargo.

While many scientists are alarmed by the widening expanse of open
water that the ship will traverse, blaming it on global warming, shippers see
a new international route.

Sanderson’s ASX-listed Northern Iron Ltd has sent 15 ships to China
since it began mining in the northern Norwegian town of Kirkenes last
October. All steamed south, then east through the Suez Canal or around the
Cape of Good Hope.

To reach Chinese steel mills hungry for ore, they had to brave pirates in
the Indian Ocean.

The Arctic route is no picnic either. On Saturday the polar ice sheet
remained almost as big as the US mainland. But over the summer it has
shrunk about as far from the Russian coast as it did during the biggest
Arctic melt on record, in 2007, according to the Nansen Environmental and
Remote Sensing Center.

And the Russians are waking up to the business potential of a route that
was mostly reserved for domestic commercial vessels in the past.

‘Suddenly there is an opening that gives this part of the world an
advantage,’ said Felix H Tschudi, whose shipping company is Northern
Iron’s largest shareholder.

Willy Oestreng, chairman of research group Ocean Futures, called the
trip of the Nordic Barents ‘historic’.



‘The western world is starting to show an interest and a capability to use
that route,’ he said.

Two days after Russia and Norway agreed last April to settle a 40-year-
old dispute over economic zones in the Barents Sea, government and
business leaders of the two countries met in Kirkenes to sweep away
hurdles to international shipping.

Russian law still requires icebreaker escort even where ice danger is
small, due to a lack of onshore mechanical or medical support. But fees and
rules are starting to loosen.

‘Russian companies and Russian authorities are now ready to assist,’
said Mikhail Belkin, assistant general manager of the state-owned
Rosatomflot ice breaking fleet.

Lots of Russian vessels have plied the passage, and two German ships
traversed it last year with small cargos delivered to Russian ports. But the
Nordic Barents, an ice-class Danish bulk carrier chartered by Tschudi, is the
first non-Russian ship with permission to pass without stopping.

Rosatomflot has assigned two 75,000-horsepower icebreakers to the
vessel for about 10 days of the three-week voyage.

Tschudi won’t say how much Rosatomflot is charging but praised it as
‘cooperative, service-minded and pragmatic.’

‘Today the route is basically competitive with the Suez Canal, and we
can subtract the piracy risk,’ he said.

Excluding icebreaking fees, a bulk ship that takes the Arctic route from
Hamburg to Yokohama can save more than US$200,000 in fuel and canal
expenses, Mr. Oestreng said. — Reuter.

Disappearance of Aral Sea from he map.
“In the 1960s, the Soviet Union undertook a major water diversion

project on the arid plains of Kazakhstan, Uzbekistan, and Turkmenistan.
The region’s two major rivers, fed by snowmelt and precipitation in
faraway mountains, were used to transform the desert into farms for cotton



and other crops. Before the project, the Syr Darya and the Amu Darya
rivers flowed down from the mountains, cut northwest through the
Kyzylkum Desert, and finally pooled together in the lowest part of the
basin. The lake they made, the Aral Sea, was once the fourth largest in the
world.

Although irrigation made the desert bloom, it devastated the Aral Sea.
This series of images from the Moderate Resolution Imaging
Spectroradiometer (MODIS) on NASA’s Terra satellite documents the
changes. At the start of the series in 2000, the lake was already a fraction of
its 1960 extent (black line). The Northern Aral Sea (sometimes called the
Small Aral Sea) had separated from the Southern (Large) Aral Sea. The
Southern Aral Sea had split into eastern and western lobes that remained
tenuously connected at both ends.

By 2001, the southern connection had been severed, and the shallower
eastern part retreated rapidly over the next several years. Especially large
retreats in the eastern lobe of the Southern Sea appear to have occurred
between 2005 and 2009, when drought limited and then cut off the flow of
the Amu Darya. Water levels then fluctuated annually between 2009 and
2012 in alternately dry and wet years.

As the lake dried up, fisheries and the communities that depended on
them collapsed. The increasingly salty water became polluted with fertilizer
and pesticides. The blowing dust from the exposed lakebed, contaminated
with agricultural chemicals, became a public health hazard. The salty dust
blew off the lakebed and settled onto fields, degrading the soil. Croplands
had to be flushed with larger and larger volumes of river water. The loss of
the moderating influence of such a large body of water made winters colder
and summers hotter and drier.

In a last-ditch effort to save some of the lake, Kazakhstan built a
dam between the northern and southern parts of the Aral Sea. Completed in
2005, the dam was basically a death sentence for the southern Aral Sea,

http://earthobservatory.nasa.gov/IOTD/view.php?id=77193
http://modis.gsfc.nasa.gov/
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which was judged to be beyond saving. All of the water flowing into the
desert basin from the Syr Darya now stays in the Northern Aral Sea.
Between 2005 and 2006, the water levels in that part of the lake rebounded
significantly and very small increases are visible throughout the rest of the
time period. The differences in water color are due to changes in sediment.”
Permalink: https://ahilanraman.com/2012/11/30/shrinking-arctic-and-
disappearing-ocean/

https://ahilanraman.com/2012/11/30/shrinking-arctic-and-disappearing-ocean/


#45

Energy independent America

The recent debate between the presidential nominees in US election has
revealed their respective positions on their policies for an energy
independent America. Each of them have articulated how they will increase
the oil and gas production to make America energy independent, which will
 also incidentally create number of jobs in an ailing economy. Each one of
them will be spending a billion dollar first, in driving their messages to the
voting public. Once elected, they will explore oil and gas aggressively that
will make America energy independent. They will also explore solar and
wind energy potentials simultaneously to bridge any shortfall. Their policies
  seem to be unconcerned with global warming and its impact due to
emission of GHG but, rather aggressive in making America an energy
independent by generating an unabated emission of GHG in the future.
Does it mean an ‘energy independent America’ will spell a doom to the
world including US?

The best option for America to become energy independent will be to
focus  on energy efficiency of existing technologies and systems,
combining renewable fossil fuel energy mix, base load renewable  power
and storage technologies, substituting Gasoline with Hydrogen using
renewable energy sources. The future investment should be based on
sustainable renewable energy sources than fossil fuel. But current financial
and unemployment situation in US will force the new president to increase
the conventional and unconventional oil and gas production than renewable
energy production, which will be initially expensive with long pay pack
periods but will eventually meet the energy need in a sustainable way. The
net result of their current policies will be an enhanced emission of GHG and
acceleration of global warming. But the energy projections in the U.S.
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Energy Information Administration’s (EIA’s) Annual Energy Outlook 2012
(AEO2012) projects a reduced GHG emission.

According to Annual Energy Outlook 2012 report:
“The projections in the U.S. Energy Information Administration’s

(EIA’s) Annual Energy Outlook 2012 (AEO2012) focus on the factors that
shape the U.S. energy system over the long-term. Under the assumption that
current laws and regulations remain unchanged throughout the projections,
the AEO2012 Reference case provides the basis for examination and
discussion of energy production, consumption, technology, and market
trends and the direction they may take in the future. It also serves as a
starting point for analysis of potential changes in energy policies. But
AEO2012 is not limited to the Reference case. It also includes 29 alternative
cases, which explore important areas of uncertainty for markets,
technologies, and policies in the U.S. energy economy. Many of the
implications of the alternative cases are discussed in the “Issues in focus”
section of this report.

Key results highlighted in AEO2012 include continued modest growth in
demand for energy over the next 25 years and increased domestic crude oil
and natural gas production, largely driven by rising production from tight
oil and shale resources. As a result, U.S. reliance on imported oil is
reduced; domestic production of natural gas exceeds consumption, allowing
for net exports; a growing share of U.S. electric power generation is met
with natural gas and renewable; and energy-related carbon dioxide
emissions stay below their 2005 level from 2010 to 2035, even in the
absence of new Federal policies designed to mitigate greenhouse gas
(GHG) emissions.

The rate of growth in energy use slows over the projection period,
reflecting moderate population growth, an extended economic recovery,
and increasing energy efficiency in end-use applications.

 

http://www.eia.gov/
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Overall U.S. energy consumption grows at an average annual rate of 0.3
percent from 2010 through 2035 in the AEO2012 Reference case. The U.S.
does not return to the levels of energy demand growth experienced in the 20
years before the 2008- 2009 recession, because of more moderate projected
economic growth and population growth, coupled with increasing levels of
energy efficiency. For some end uses, current Federal and State energy
requirements and incentives play a continuing role in requiring more
efficient technologies. Projected energy demand for transportation grows at
an annual rate of 0.1 percent from 2010 through 2035 in the Reference case,
and electricity demand grows by 0.7 percent per year, primarily as a result
of rising energy consumption in the buildings sector. Energy consumption
per capita declines by an average of 0.6 percent per year from 2010 to 2035
(Figure 1). The energy intensity of the U.S. economy, measured as primary
energy use in British thermal units (Btu) per dollar of gross domestic
product (GDP) in 2005 dollars, declines by an average of 2.1 percent per
year from 2010 to 2035. New Federal and State policies could lead to
further reductions in energy consumption. The potential impact of
technology change and the proposed vehicle fuel efficiency standards on
energy consumption are discussed in “Issues in focus.”

Domestic crude oil production increases
Domestic crude oil production has increased over the past few years,

reversing a decline that began in 1986. U.S. crude oil production increased
from 5.0 million barrels per day in 2008 to 5.5 million barrels per day in
2010. Over the next 10 years, continued development of tight oil, in
combination with the ongoing development of offshore resources in the
Gulf of Mexico, pushes domestic crude oil production higher. Because the
technology advances that have provided for recent increases in supply are
still in the early stages of development, future U.S. crude oil production
could vary significantly, depending on the outcomes of key uncertainties
related to well placement and recovery rates. Those uncertainties are

http://en.wikipedia.org/wiki/British_thermal_unit
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highlighted in this Annual Energy Outlook’s “Issues in focus” section,
which includes an article examining impacts of uncertainty about current
estimates of the crude oil and natural gas resources. The AEO2012
projections considering variations in these variables show total U.S. crude
oil production in 2035 ranging from 5.5 million barrels per day to 7.8
million barrels per day, and projections for U.S. tight oil production from
eight selected plays in 2035 ranging from 0.7 million barrels per day to 2.8
million barrels per day (Figure 2).

With modest economic growth, increased efficiency, growing
domestic production, and continued adoption of nonpetroleum liquids,
net imports of petroleum and other liquids make up a smaller share of
total U.S. energy consumption

U.S. dependence on imported petroleum and other liquids declines in the
AEO2012 Reference case, primarily as a result of rising energy prices;
growth in domestic crude oil production to more than 1 million barrels per
day above 2010 levels in 2020; an increase of 1.2 million barrels per day
crude oil equivalent from 2010 to 2035 in the use of biofuels, much of
which is produced domestically; and slower growth of energy consumption
in the transportation sector as a result of existing corporate average fuel
economy standards. Proposed fuel economy standards covering vehicle
model years (MY) 2017 through 2025 that are not included in the Reference
case would further cut projected need for liquid imports.

Although U.S. consumption of petroleum and other liquid fuels
continues to grow through 2035 in the Reference case, the reliance on
imports of petroleum and other liquids as a share of total consumption
decline. Total U.S. consumption of petroleum and other liquids, including
both fossil fuels and biofuels, rises from 19.2 million barrels per day in
2010 to 19.9 million barrels per day in 2035 in the Reference case. The net
import share of domestic consumption, which reached 60 percent in 2005
and 2006 before falling to 49 percent in 2010, continues falling in the



Reference case to 36 percent in 2035 (Figure 3). Proposed light-duty
vehicles (LDV) fuel economy standards covering vehicle MY 2017 through
2025, which are not included in the Reference case, could further reduce
demand for petroleum and other liquids and the need for imports, and
increased supplies from U.S. tight oil deposits could also significantly
decrease the need for imports, as discussed in more detail in “Issues in
focus.”

Natural gas production increases throughout the projection period,
allowing the United States to transition from a net importer to a net
exporter of natural gas

Much of the growth in natural gas production in the AEO2012 Reference
case results from the application of recent technological advances and
continued drilling in shale plays with high concentrations of natural gas
liquids and crude oil, which have a higher value than dry natural gas in
energy equivalent terms. Shale gas production increases in the Reference
case from 5.0 trillion cubic feet per year in 2010 (23 percent of total U.S.
dry gas production) to 13.6 trillion cubic feet per year in 2035 (49 percent
of total U.S. dry gas production). As with tight oil, when looking forward to
2035, there are unresolved uncertainties surrounding the technological
advances that have made shale gas production a reality. The potential
impact of those uncertainties results in a range of outcomes for U.S. shale
gas production from 9.7 to 20.5 trillion cubic feet per year when looking
forward to 2035.

As a result of the projected growth in production, U.S. natural gas
production exceeds consumption early in the next decade in the Reference
case (Figure 4). The outlook reflects increased use of liquefied natural gas
in markets outside North America, strong growth in domestic natural gas
production, reduced pipeline imports and increased pipeline exports, and
relatively low natural gas prices in the United States.



Power generation from renewable and natural gas continues to
increase

In the Reference case, the natural gas share of electric power generation
increases from 24 percent in 2010 to 28 percent in 2035, while the
renewable share grows from 10 percent to 15 percent. In contrast, the share
of generation from coal-fired power plants declines. The historical reliance
on coal-fired power plants in the U.S. electric power sector has begun to
wane in recent years.

Over the next 25 years, the share of electricity generation from coal falls
to 38 percent, well below the 48-percent share seen as recently as 2008, due
to slow growth in electricity demand, increased competition from natural
gas and renewable generation, and the need to comply with new
environmental regulations. Although the current trend toward increased use
of natural gas and renewable appears fairly robust, there is uncertainty
about the factors influencing the fuel mix for electricity generation.
AEO2012 includes several cases examining the impacts on coal-fired plant
generation and retirements resulting from different paths for electricity
demand growth, coal and natural gas prices, and compliance with upcoming
environmental rules.

While the Reference case projects 49 gigawatts of coal-fired generation
retirements over the 2011 to 2035 period, nearly all of which occurs over
the next 10 years, the range for cumulative retirements of coal-fired power
plants over the projection period varies considerably across the alternative
cases (Figure 5), from a low of 34 gigawatts (11 percent of the coal-fired
generator fleet) to a high of 70 gigawatts (22 percent of the fleet). The high-
end of the range is based on much lower natural gas prices than those
assumed in the Reference case; the lower end of the range is based on
stronger economic growth, leading to stronger growth in electricity demand
and higher natural gas prices. Other alternative cases, with varying
assumptions about coal prices and the length of the period over which



environmental compliance costs will be recovered, but no assumption of
new policies to limit GHG emissions from existing plants, also yield
cumulative retirements within a range of 34 to 70 gigawatts. Retirements of
coal-fired capacity exceed the high-end of the range (70 gigawatts) when a
significant GHG policy is assumed (for further description of the cases and
results, see “Issues in focus”).

Total energy-related emissions of carbon dioxide in the United States
stay below their 2005 level through 2035

Energy-related carbon dioxide (CO2) emissions grow slowly in the
AEO2012 Reference case, due to a combination of modest economic
growth, growing use of renewable technologies and fuels, efficiency
improvements, slow growth in electricity demand, and increased use of
natural gas, which is less carbon-intensive than other fossil fuels. In the
Reference case, which assumes no explicit Federal regulations to limit
GHG emissions beyond vehicle GHG standards (although State programs
and renewable portfolio standards are included), energy-related CO2
emissions grow by just over 2 percent from 2010 to 2035, to a total of 5,758
million metric tons in 2035 (Figure 6). CO2 emissions in 2020 in the
Reference case are more than 9 percent below the 2005 level of 5,996
million metric tons, and they still are below the 2005 level at the end of the
projection period. Emissions per capita fall by an average of 1.0 percent per
year from 2005 to 2035.

Projections for CO2 emissions are sensitive to such economic and
regulatory factors due to the pervasiveness of fossil fuel use in the
economy. These linkages result in a range of potential GHG emissions
scenarios. In the AEO2012 Low and High Economic Growth cases,
projections for total primary energy consumption in 2035 are, respectively,
100.0 quadrillion Btu (6.4 percent below the Reference case) and 114.4
quadrillion Btu (7.0 percent above the Reference case), and projections for
energy-related CO2 emissions in 2035 are 5,356 million metric tons (7.0



percent below the Reference case) and 6,117 million metric tons (6.2
percent above the Reference case)”.  (Ref:U.S. Energy Information

Administ
ration).
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Indian black out and aftermath

 
The largest power outage that

affected 650 million people in
India recently was major news
around the world. Power outage
is common in many countries
including industrialized countries

durin
g the
times
of
natur
al
disast
ers
such
as
cyclo
nes,
typho
ons

and flooding. But the power outage that happened in India was purely man-made. It was not just an
accident but a culmination of series of failures as the result of many years of negligence, incompetency
and wrong policies. Supplying an uninterrupted power for a democratic country like India with 1.2 billion
people with 5-8% annual economic growth, mostly run by Governments of various political parties in
various states is by no means an easy task. While one can understand the complexities of the problems
involved in power generation and distribution, there are certain fundamental rules that can be followed to
avoid such recurrence.

The supply and demand gap for power in India is increasing at an accelerated rate due to economic
growth but the power generation and distribution capacity do not match this growth. Most of the power
infrastructures in India are owned by Governments who control the power generation, distribution,
operation and maintenance, financing power projects, supplying power generation equipment, supplying
consumables, supplying fuel, transportation of fuel and revenue collection. The entire system is based on
the policy of ‘socialistic democracy’, after the independence from the British, though economic
liberalization and globalization is relatively a new phenomenon in India. Since every department of
power infrastructure is controlled by Government, there is a lack of accountability and competition. Many
private companies and foreign companies do not take part in tendering process because it is a futile
exercise. Some smart multinational companies set up their manufacturing facilities in India, often in
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collaboration with Governments to get an entry into one of the largest market in the world. Indigenous
Coal is the dominant fuel widely used for power generation though the quality of coal is very low, with
ash content as high as 30%.The calorific value of such coal hardly exceeds 3000 kcal/kg, which means
more quantity of coal  is required than any other fuel to generate same amount of power. Such coal
generates not only low power but also generates a huge amount of ‘fly ash’ (the ash content is the coal
comes out as fly ash) causing pollution and waste disposal problems. Large piles of fly ash and age-old
cooling towers with a large pool of stagnant water are common sights in many power plants in India.
Such low-cost coal does not make any economic sense when considering the amount of fly ash disposal
cost and environmental damages. Thanks to research institutions that have developed methods to utilize
fly ash in production of Portland cement. The indigenous low-grade coal is the fuel of choice by Indian
power industries, though many plants have started importing coal recently from Indonesia and South
Africa. Indigenous low-grade coal and cooling water from rivers and underground sources are two major
pollutants in India. Water is allocated for power plants at the cost of agriculture. There is a shortage of
drinking water in many cities as well as irrigation water for agriculture.

Since most of the power infrastructures are owned by Governments there is a tendency to adopt
populace policies  such as power subsidies, free water and power for farmers, low power tariffs etc,
making such projects economically unviable in the long run. Most of the State Electricity boards in India
are running at a loss and such accumulated losses amounts to staggering figures. The Central electricity
authority regulates the power tariff. They calculate the cost of power generation based on specific fuel
and fix the power tariff that companies can charge their consumers even before the plant is set up. Most
of such tariffs are based on their experience using indigenous low-grade coal and transport cost which are
often impractical. Such low power tariffs are not remunerative for private companies and many foreign
companies do not invest in large capital-intensive power projects in India for the same reason.

The best option for the Governments to solve energy problems in India is to open to foreign
investments and allow latest technologies in power generation and distribution. It is up to the investing
companies to decide the right type of fuel, right of equipment, source and procurement, power technology
to be adopted and finally the tariff.  India has come a long way since independence and Governments
should focus on Governing rather than managing and controlling infrastructure projects. The latest scam
widely debated in Indian media is “Coal scam’. It is time India moves away from fossil fuel and allow
foreign investments and technologies in renewable energy projects freely without any interference. India
needs large investments in building power and water infrastructures and it possible to attract foreign
investment only by infusing confidence in investing companies. It is not just the size of the market that is
to be attractive for investors but  they also need a conducive, fair and friendly   environment for such
investment.
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Colloidal Coal Water Fuel by Nanotechnology for power
generation

Coal is still the dominant fuel used for power generation due to its low-cost
and abundant availability despite its emission problems and global warming
issues. Companies around the world are trying to improve the efficiency of
coal-fired power plants and cut emissions by various methods. The idea is
to prepare an ultra clean coal with very low ash content in the form of coal-
water slurry that can be directly injected into a diesel engine. Direct firing
of coal requires micronising to less than 20-30 microns for diesel engine
and less than 10 microns for turbines and producing a coal water slurry with
at least 50% w/w coal content. The thermal and combustion efficiency of
coal water fuel seems to be matching to that diesel engine at up to 1900rpm
according to literatures. Still more research is required on engine
modification and engine nozzle to handle coal water slurry because of its
abrasive nature. If coal can be converted into a fluid like a diesel or Fuel oil
then it can substitute diesel at reduced cost. However the Carbon problem
needs to be addressed by ongoing research on sequestration.

Nanotechnology is an emerging field that offers hope to produce
Colloidal coal water fuel that resembles fuel oil that may be suitable for
direct injection into diesel engine with little modifications. The colloidal
suspensions of coal in water (CCW) are produced using a proprietary wet-
combination device. These suspensions are a new material with new
properties.

“First, the colloidal fraction plus water is a pseudo fluid good for
transport, handling and suspension of large particles. Second, the surface
area per unit volume of coal available for chemical reaction and burning is
greatly increased and finally, CCW may be milled with a third fluid,
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seeding the mixture with submicron coal. The colloidal nature of the
majority of particles provides for very good features such as outstanding
long-term stability, in contrast to regular coal water slurries (CWS) which
rapidly sediment under storage. Moreover, the very small particles create an
increased reactivity to combustion because small particles with large
surface area react faster than large particles with the same volume.”

A company based in Panama has conducted experiments using colloidal
coal water fuel and published the following information.

CCW suspension preparation and properties Characterization
“The colloidal dispersion are prepared in two stages: first by a bench

mill and then by our wet- comminuting device. The bench mill was
manufactured by IKA®- Group. After grinding,   samples were sieved
using mesh size sieves 40 (400 μm), 70 (212 μm) or 140- (106 μm) and the
passing particles were retained and used to prepare coal suspensions with
various water contents (30 to 50 %), surfactants and other type of additives.
These mesh sizes are not foreign to coal-fired power plants.  It is
noteworthy that a preliminary formulation study is first necessary to decide
the type and concentration of additives that are best suited to improve coal
particle wetting and reduce viscosity. The additives were mostly surfactants
and viscosity controlling agents and every type of coal tested usually
required a specific formulation. In general, it was found that nonionic
surfactants were good wetting agents, in concentrations varying from 0.1 to
0.6 w/w %. Some of the additives used to reduce viscosity by decreasing
particle interactions, before or after the wet comminuting process, were
amines. The suspension formulation previous to the wet-comminuting
instance was very simple since what was basically required was a good
wetting agent or a combination of two wetting agents. The idea was to have
a uniform mixture with as low viscosity as possible.

Particle size of coal samples was determined by direct observation in an
optical microscope, or by sieving using five or six different sieves ranging
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from 20 to 400 μm, or using a laser diffraction apparatus made by Microtrac
Corporation, Nanotrac model, having a measurement range from 8 nm to
6.5 μm. Neither of these methods was sufficient to obtain a complete
characterization of the particle size distributions, but a combination of the
three allowed for a good assessment of what really was in the suspension,
before and after the wet-comminuting process.

In our study, the percentage of mass passing the 635 mesh size sieve (<
20 μm) was used as an indicator of wet-comminuting process efficiency
(generation of colloidal particles), given that microscopic observations
generally showed that particles between 8 to 20 μm were very scarce. The
preparation of the colloidal suspension of coal was centered in a technology
that is totally based on fluid mechanics principles. As mentioned above, a
preliminary suspension was prepared in a tank with low agitation and the
appropriate water and surfactants contents. This suspension is then fed into
a device that spins a film of the fluid to the walls of a cylindrical vessel at
very high-speed and under cavitation free conditions. The resulting flow
field induces a “particle trap” region where coal particles are locally
concentrated above their nominal value and under very high shear. Particles
are then milled to very small sizes by a wet-comminuting mechanism.
Friction heating is controlled by a chilled water jacket around the vessel.

A schematic view of the set up is shown in the attached figure.
The energy consumed

by the wet-comminuting
device was evaluated by
monitoring the power
(voltage and amperage)
during the process. The
latter has two components,
the power required to drive

the motor shaft and mechanical seal, and the net power consumed by the
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fluid
during
comminut
ing. It was
found that
the net
power
divided
by the
mass flow
rate, in
terms of
kWH/ton
depended
on coal

content and viscosity of the
preliminary slurry, exhibiting
values of 30 to 80 kWh/ton. The
energy consumed by the motor
shaft and seal would account for
50 to 80 % of the total power
consumed. Using the method
described above, 100 gallons of
CCW were prepared, using an
Eastern bituminous coal that was

previously grinded to 200 mesh. Several properties of this sample were
characterized.”

Colloidal coal water fuel has certain distinct advantages over
conventional coal water slurry for power generation using conventional
diesel engine and turbines. Further research and development work is
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needed before it can be expanded for
large-scale production. But it offers a
hope to improve the efficiency of
existing coal-fired power plants and
reduces emissions.
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Irreversibility leads to unsustainability

People in the
chemical field
will understand
the concept of
‘irreversibility’.
Certain chemical
reactions can go
only in one
direction and but
not in the reverse

direc
tion.
But
some
react
ions
can
go
on
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either direction and we can manipulate such reactions to our advantages.
This concept has been successfully used in designing many chemical
reactions in the past and many innovative industrial and consumer products
emerged out of it. But such irreversible reactions also have irreversible
consequences because it can irreversibly damage the environment we live
in. There is no way such damage can be reversed. That is why a new branch
of science called ‘Green Chemistry’ is now emerging to address some of the
damages caused by irreversible chemical reactions. It also helps to
substitute many synthetic products with natural products. In the past many
food colors were made out of coal-tar known as coal-tar dyes. These dyes
are used even now in many commercial products. Most of such applications
were merely based on commercial attractiveness rather than health issues.
Many such products have deleterious health effects and few of them are
carcinogenic. We learnt from past mistakes and moved on to new products
with less health hazards. But the commercial world has grown into a power
lobby who can even decide the fate of a country by influencing political
leaders. Today our commercial and financial world has grown so powerful
that they can even decides who can be the next president of a country rather
than people and policies. They can even manipulate people’s opinion with
powerful advertisements and propaganda tactics by flexing their financial
muscles.

Combustion of fossil fuel is one such example of ‘irreversibility’
because once we combust coal, oil or  gas,  it will be decomposed into
oxides of Carbon, oxide of  Nitrogen and also oxides of Sulfur and
Phosphorous depending upon the source of fossil fuel  and purification
methods used. These greenhouse gases once emitted into the atmosphere we
cannot recover them back. Coal once combusted it is no longer a coal. This
critical fact is going to decide our future world for generations to come. Can
we bring back billions of tons of Carbon we already emitted into the
atmosphere from the time of our industrial revolution? Politicians will
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pretend not to answer these question and financial and industries lobby will
evade these question by highlighting the ‘advancement made by industrial
revolutions’. People need electricity and they have neither time nor
resources to find an alternative on their own. It is open and free for all.
People can be skeptical about these issues because it is ‘inconvenient for
them’ to change But can we sustain such a situation?

Irreversibility does not confine only to chemical reactions but also for
the environment and sustainability because all are intricately
interconnected.Minig industries have scared the earth, power plants
polluted the air with greenhouse emission and chemical industries polluted
water and these damages are irreversible. When minerals become metals,
buried coal becomes power and water becomes toxic effluent then we leave
behind an earth that will be uninhabitable for our future generations and all
the living species in the world. Is it sustainable and can we call it progress
and prosperity? Once we lose pristine Nature by our irreversible actions
then that is a perfect recipe for a disaster and no science or technology can
save human species from extinction. One need not be scientist to
understand these simple facts of life. Each traditional land owners such as
Aborigines of Australia or Indians of America and shamans of Indonesia
have traditionally known and passed on their knowledge for generations.
They too are slowly becoming extinct species in our scientific world
because of our irreversible actions. Renewability is the key to sustainability
because renewability does not cause irreversible damage to Nature.
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Base load power generation with Solar thermal

 
All existing power generation technologies including nuclear power

plants uses heat generation as a starting point. The heat is used to generate
steam which acts as a motive force to run an alternator to produces
electricity. We combust fossil fuels such as coal oil and gas to generate
above heat which also emits greenhouse gases such as oxides of Carbon and
Nitrogen. As I have disused in my earlier article, we did not develop a
technology to generate heat without combusting a fossil fuel earlier. This
was due to cheap and easy availability of fossil fuel. The potential danger of
emitting greenhouse gases into the atmosphere was not realized until
recently when scientists pointed out the consequences of carbon build up in
the atmosphere. The growth of population and industries around the world
pushed the demand for fossil fuels over a period which enhanced the
Carbon build up in the atmosphere.

But now Concentrated Solar Power (CSP) systems have been developed
to capture the heat of the sun more efficiently and the potential temperature
of solar thermal can reach up to 550. This dramatic improvement is the
efficiency of solar thermal has opened up new avenues of power generation
as well as other applications. “CSP is being widely commercialized and the
CSP market has seen about 740 MW of generating capacity added between
2007 and the end of 2010. More than half of this (about 478 MW) was
installed during 2010, bringing the global total to 1095 MW. Spain added
400 MW in 2010, taking the global lead with a total of 632 MW, while the
US ended the year with 509 MW after adding 78 MW, including two fossil–
CSP hybrid plants”. (Ref: Wikipedia)
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“CSP growth is expected to continue at a fast pace. As of April 2011,
another 946 MW of capacity was under construction in Spain with total
new capacity of 1,789 MW expected to be in operation by the end of 2013.
A further 1.5 GW of parabolic-trough and power-tower plants were under
construction in the US, and contracts signed for at least another 6.2 GW.
Interest is also notable in North Africa and the Middle East, as well as India
and China. The global market has been dominated by parabolic-trough
plants, which account for 90 percent of CSP plants.As of 9 September 2009,
the cost of building a CSP station was typically about US$2.50 to $4 per
 watt, the fuel (the sun’s radiation) is free. Thus a 250 MW CSP station
would have cost $600–1000 million to build. That works out to $0.12 to
$0.18/kwt. New CSP stations may be economically competitive with fossil
fuels. Nathaniel Bullard,” a solar analyst at Bloomberg

“New Energy Finance, has calculated that the cost of electricity at
the Ivanpah Solar Power Facility, a project under construction in Southern
California, will be lower than that from  photovoltaic power and about the
same as that from natural gas  However, in November 2011, Google
announced that they would not invest further in CSP projects due to the
rapid price decline of photovoltaics. Google spent $168 million on Bright
Source IRENA has published on June 2012 a series of studies titled:
“Renewable Energy Cost Analysis”. The CSP study shows the cost of both
building and operation of CSP plants. Costs are expected to decrease, but
there are insufficient installations to clearly establish the learning curve. As
of March 2012, there was 1.9 GW of CSP installed, with 1.8 GW of that
being parabolic trough” Ref: Wikipedia.

One Canadian company has demonstrated to generate Hydrogen from
water using a catalytic thermolysis using sun’s high temepertaure.The same
company has also demonstrated generating base load power using
conventional steam turbine by  CSP using parabolic troughs. They store
sun’s thermal energy using a proprietary thermic fluid and use them during
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night times to generate continuous power. The company offers to set up
CSP plants of various capacities from 15Mw up to 500Mw.
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Solar Hydrogen for homes and cars.

Renewable Hydrogen offers the most potential energy source of the future
for the following reasons. Hydrogen has the highest heat value compared to
rest of the fossil fuels such as Diesel, petrol or butane. It does not emit any
greenhouse gases on combustion. It can readily be generated from water
using your roof mounted solar panels. The electrical efficiency of fuel cell
using Hydrogen as a fuel is more than 55% compared to 35% with diesel or
petrol engine. It is an ideal fuel that can be used for CHP applications. By
properly designing a system for a home, one can generate power as well as
use the waste heat to heat or air-condition your home. It offers complete
independence from the grid and offers complete insulation from fluctuating
oil and gas prices. By installing a renewable Hydrogen facility at your
home, you can not only generate Electricity for your home but also fuel
your Hydrogen car. The system can be easily automated so that it can take
care of your complete power need as well as your fuel requirement for your
Hydrogen car. Unlike Electric cars, you can fill two cylinders of a
Hydrogen car which will give a mileage of 200miles.You can also charge
your electric car with Fuel cell DC power.

Renewable Hydrogen can address all the problems we are currently
facing with fossil fuel using centralized power generation and distribution.
It will not generate any noise or create any pollution to the environment. It
does not need large amount of water. With increasing efficiency of solar
panels coming into the market the cost of renewable Hydrogen power will
become competitive to grid power. Unlike photovoltaic power, the excess
solar power is stored in the form of Hydrogen and there is no need for deep
cycle batteries and its maintenance and disposal. It is a one step solution for
all the energy problems each one of us is facing. The only drawback with
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any renewable energy source is its intermittent nature and it can be easily
addressed by building enough storage capacity for Hydrogen. Storing large
amount of energy is easy compared to battery storage.

The attached ‘You Tube’ video footage show how Solar Hydrogen can
be used to power your home and fuel your Hydrogen car. Individual homes
and business can be specifically designed based on their power and fuel
requirements.
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Global warming and man-made greenhouse gas.

There is a raging debate going on around the world especially in US about
the global warming and its causes, among scientists and the public alike.
When IPCC released its findings on the connection between greenhouse gas
emission and the global warming and its disastrous consequences, there was
an overwhelming disbelief and skepticism in many people. In fact many
scientists are skeptical even now   about these findings and many of them
published their own theories and models to prove their skepticism with
elaborate ‘scientific explanations’.   I am not going into details whether
greenhouse gas emission induced by human beings causes the globe to
warm or not, but certainly we have emitted billions of  tons of Carbon in the
form of Carbon dioxide into the atmosphere since industrial revolution.
Bulk of these emissions is from power plants fueled by Coal, oil and gas.
Why power plants emit so much Carbon into the atmosphere and why
Governments around the world allow it in the first place?  When the
emission of Oxide of Nitrogen and Sulfur are restricted by EPA why they
did not restrict Oxides of carbon? The reason is very simple. They did not
have a technology to generate heat without combustion and they did not
have a technology to generate power without heat. It was the dawn of
industrial revolution and steam engines were introduced using coal as a
fuel. The discovery of steam engines was so great and nobody was
disturbed by the black smoke it emitted. They knew very well that the
efficiency of a steam engine was low as shown by Carnot cycle, yet steam
engine was a new discovery and Governments were willing to condone
Carbon emission. Governments were happy with steam engine because it
could transport millions of people and goods in bulk across the country and
Carbon emission was not at all an issue. Moreover carbon emission did not
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cause any problem like emission of oxides of Sulfur because it was
odorless, colorless and it was emitted above the ground level away from
human beings. However the effect of Carbon is insidious. Similarly, power
generation technology was developed by converting thermal energy into
electrical energy with a maximum efficiency of 33%.This means only 33%
of the thermal energy released by combustion of coal is converted into
electricity. When the resulting electricity is transmitted across thousands of
kilometers by high tension grids, further 5-10% power is lost in the
transmission. When the high tension power is stepped down through sub
stations to lower voltage such as 100/200/400V further 5% power is lost.
The net power received by a consumer is only 28% of the heat value of the
fuel in the form of electricity. The balance 67% of heat along with
Greenhouse gases from the combustion of coal is simply vented out into the
atmosphere. It is the most inefficient method to generate power. Any
environmental pollution is the direct result of inefficiency of the
technology. Governments and EPA around the world ignore this fact
.Thank to President Obama who finally introduced the pollution control bill
for power plants after 212 years of industrial revolution.  Still this bill did
not go far enough to control Carbon emission in its current form. Instead of
arguing whether globe is warming due to emission of Carbon by human
beings or not, Scientists should focus on improving the science and
technology of power generation. For example, the electrical efficiency of a
Fuel cell is more than 55% compared to conventional power generation and
emits reduced or no carbon. Recent research by MIT shows that such
conversion of heat into electricity can be achieved up to 90% compared to
current levels of 35%.Had we developed such a technology earlier,
probably we will not be discussing about GHG and global warming now.
MIT research group is now focusing on developing new type of PV and
according to their press release: “Thermal to electric energy conversion
with thermophotovoltaics relies on radiation emitted by a hot body, which
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limits the power per unit area to that of a blackbody. Micro gap
thermophotovoltaics take advantage of evanescent waves to obtain higher
throughput, with the power per unit area limited by the internal blackbody,
which is n2 higher. We propose that even higher power per unit area can be
achieved by taking advantage of thermal fluctuations in the near-surface
electric fields. For this, we require a converter that couples to dipoles on the
hot side, transferring excitation to promote carriers on the cold side which
can be used to drive an electrical load. We analyze the simplest
implementation of the scheme, in which excitation transfer occurs between
matched quantum dots. Next, we examine thermal to electric conversion
with a glossy dielectric (aluminum oxide) hot-side surface layer. We show
that the throughput power per unit active area can exceed the n2 blackbody
limit with this kind of converter. With the use of small quantum dots, the
scheme becomes very efficient theoretically, but will require advances in
technology to fabricate.”
Ref:J.Appl.Phys. 106,094315c(2009); http://dx.doi.org/10.1063/1.3257402 
“Quantum-coupled single-electron thermal to electric conversion scheme”.
Power generation and distribution using renewable energy sources and
using Hydrogen as an alternative fuel is now emerging. Distributed energy
systems may replace centralized power plants in the future due to frequent
grid failures as we have seen recently in India. Most of the ‘black outs’ are
caused  by grid failures due to cyclones, tornadoes and other weather
related issues, and localized distribution system with combined heat and
power offers a better alternative. For those who are skeptical about global
warming caused by man-made greenhouse gases the question still remains,
“What happened to billions of tons of Caron dioxide emitted into  the
atmosphere by power plants and transportation  since industrial
revolution?”.          
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Can alternative energy combat global warming?

The world is debating on how to cut carbon emission and avert the
disastrous consequences of global warming. But the emissions from fossil
fuels continue unabated while the impact of global warming is being felt all
over the world by changing weathers such as flood and draught. It is very
clear that the current rate of carbon emission cannot be contained by merely
promoting renewable energy at the current rate. Solar, wind, geothermal,
ocean wave and OTEC (ocean thermal energy conversion) offer clean
alternative energy but now their total combined percentage of energy
generation   is only less than 20% of the total power generation. The rate of
Carbon reduction by  renewable energy  do not match  the rate of Carbon
emission increase by existing and newly built  fossil power generation and
transportation, to keep up the current level of Carbon in the atmosphere.
The crux of the problem is the rate of speed with which we can cut the
Carbon emission in the stipulated time frame. It is unlikely to happen
without active participation of industrialized countries such as US, China,
India, Japan, EU and Australia by signing a legally binding agreement in
reducing their Carbon emissions to an accepted level. However, they can
cut their emissions by increasing the efficiency of their existing power
generation and consumption by innovative means.

One potential method of carbon reduction is by substituting fossil fuels
with biomass in power generation and transportation. By using this method
the energy efficiency is increased from current level of 33% to 50-60% in
power generation by using gasification technologies and using Hydrogen
for transportation. The Fixed carbon in coal is about 70% while the Carbon
content in a biomass is only 0.475 X B (B-mass of oven-dry biomass). For
example, the moisture content of a dry wood is about 19%,which means the
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Carbon mass is only 38% in the biomass. To substitute fossil fuels, the
world will need massive amounts of biomass. The current consumption of
coal worldwide is 6.647 billion tons/yr  (Source:charts bin.com)and the
world will need at least 13 billion tons/yr of biomass to substitute coal .The
total biomass available in the world in the form of forest is 420 billion tons
which means about 3% of the forest in the world will be required to
substitute current level of coal consumption. This is based on the
assumption that all bioenergy is based on gasification of wood mass. But in
reality there are several other methods of bioenergy such as biogas, biofuels
such as alcohol and bio-diesel from vegetable oils etc, which will
complement biogasification to cut Carbon emission.

Another potential method is to capture and recover Carbon from existing
fossil fuel power plants. The recovered Carbon dioxide has wider industrial
applications such as industrial refrigeration and in chemical process
industries such as Urea plant. Absorption of Carbon dioxide from flue gas
using solvents such as MEA (mono ethanolamine) is a well established
technology. The solvent MEA will dissolve Carbon dioxide from the flue
gas and the absorbed carbon dioxide will be stripped in a distillation
column to separate absorbed carbon dioxide and the solvent. The recovered
solvent will be reused.

The carbon emission can be reduced by employing various combinations
of methods such as anaerobic digestion of organic matters, generation of
syngas by gasification of biomass, production of biofuels, along with other
forms of renewable energy sources mentioned above. As I have discussed in
my previous articles, Hydrogen is the main source of energy in all forms of
Carbon based fuels and generating Hydrogen from water using renewable
energy source is one of the most potential and expeditious option to reduce
Carbon emission.
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Liquid biomethane- an emerging fuel for rural economy.

Biogas is fast becoming a fuel of the
choice for rural economy in many
parts of the world because large
number of agriculture and farming

communities lives in rural area. Most of these countries depend on
imported   Diesel, LPG and Gasoline for their industries, agriculture,
transportation and cooking. Countries like India with large population
spends a huge amount of foreign currency towards import of petroleum
products, making it more vulnerable to the fluctuating oil and gas prices in
the international market. However, there is an increasing awareness in India
recently about the importance of generating biogas as an alternative energy
source to fossil fuel because 70% of the Indian population lives in rural
areas. With an estimated cattle population of 280 million (National Dairy
development Board 2010) there is a potential to generate biogas at 19,500
Mw.

The following calculation is based on the costing details provided by
successful case studies of community based Biogas plants in India. One
community based biogas plant has 121 families consisting of 5 members
per family as stake holders. They supply cow dung at the rate of 4.50
Mt/day for 365days in a year and generate biogas by an anaerobic digester,
designed and constructed locally. Biogas is supplied to all the stakeholders
every day for 2 hrs in the morning and for about 2 hrs in the evening for
cooking. This is equal to burning 3025 kgs of wood/day (121 families x
5members/family x 5kg wood per member= 3025 x 4000 kcal/kg= 12.10
mil Kcal/day= 48.40 mmBtu/day).The piped natural gas in India is supplied
now at the rate of $16/mm Btu, which means the plant is able to generate
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revenue worth $774.40 per day. But each family of 5 members are charged
only Rs.150 per month or 121 families are charged 121 x Rs.150= Rs.18,
150/month ($363/month). The family members also supply milk to co-
operative dairy farm which has also contributed to set up the biogas plant.
Total cost of the project is $43,000 of which Government subsidy is
$20,000, Dairy farm contribution $ 16,000 and the stake holders $7000.The
economic and social benefit of this project is enormous. The economic
benefit by way of fuel savings, revenue from the sale of vermin compose
and by way of Carbon credit amounts to Rs.48,94,326 ($97,926/yr).
(source:SUMUL).

The above case study clearly shows how successfully India can adopt
bioenergy as an alternative to fossil fuel in rural areas. We have already
seen how biogas can be enriched to increase its methane content and to
remove other impurities by way of water scrubbing as shown in the figure.
The purified and dried biogas with Methane content 97% and above can be
liquefied using cryogenic process by chilling to -162C.The liquefaction of
biogas is energy intensive but it is worth doing  in countries like India
especially when there is no natural gas pipeline network.BLG (liquefied
biogas)  is an ideal fuel for industries with CHP (combined heat and power)
applications with energy efficiency exceeding 80% compared to
conventional diesel engine efficiency at 30%.By installing LBG service
station and catering to transport industry, India can cut their import of crude
oil while reducing the greenhouse gas emissions.

Producing LBG also leads to a renewable fuel available for heavier
vehicles. The fuel can be stored as LBG on the vehicle, which increase the
driving distance per tank. The need is that the vehicle is running frequently,
otherwise LBG will vaporize and CH4 will be vented to the atmosphere.
LBG is in liquid form only when the gas is stored on the vehicle. When it
gets to the engine it is in its gas phase. When LBG is delivered to remote
fuel stations or storages it is transported in vacuum insulated pressure
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vessels. One such manufacture of these semi-trailers is Cryo AB and the
dimensions of a standard equipped semi-trailer, suitable for Nordic logistic
conditions, is shown in Figure 13.

This trailer is optimized for the transportation of LNG/LBG and has a
tank capacity of 56,000 liters (~33,000 Nm3 LBG). It is vacuum insulated
and the heat in-leakage is less than 0.9 % of maximum payload LBG per 24
hour. The maximum payload is 83.7 % filling rate at 0 bar (g) (=19,730 kg).
The source of heat is the surrounding air and the heat in-leakage raises the
pressure of the LBG. The maximum working pressure is 7.0 bar (g). If this
pressure is exceeded gas is vented to the atmosphere through a safety valve.
(Cryo AB, 2008)

Fuel station technology:
There are three different types of fuel station available, using LBG as a

feed stock:
– LBG refueling station
– LCBG refueling station
– Multi-purpose refueling station
LBG stations fuel LBG to vehicles equipped with a cryogenic tank while

LCBG stations refuel CBG. LCBG stands for liquid to compressed biogas
and LBG is transformed to CBG at the refueling station. Multi-purpose
refueling stations are able to fuel both LBG and CBG, and consist of one
LBG part and one LCBG part. (Vanzetti Engineering, 2008a) There are a
number of companies in the LNG business working with the development
of fuel stations using LBG as a feedstock. The presented data in this text is
based on information from three different companies; Cryostat, Nexgen
fuels and Vanzetti Engineering.

This article will focus on the multi-purpose station and since the three
companies’ designs are very similar, only a general description will be
presented.
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The reason why the multi-purpose station is chosen is because LBG
could be a good alternative for heavier vehicles. Here it is assumed that
these vehicles already are available and in use on a large extent. The
refueling station assumes to be situated in conjunction with one of the
frequent roads in India, not in vicinity with the gas network. The following
requirements lie as a background for the design:

– Possibility to fuel both LBG and CBG
– One double dispenser for CBG; one nozzle for vehicles (NGV-1) and

one nozzle for busses (NGV-2)
– One single nozzle for LBG
– Expected volume of sale: 3000 Nm3/day
– Pressure on CBG: up to 230 bar (200 bars at 15°C)
The standard equipment on the multi-purpose station consists of a

storage tank for LBG, cryogenic pumps, ambient vaporizer, odorant
injection system and dispensers. (Cryostat, 2008a)

There are three types of cryogenic pumps:
– Reciprocating
– Centrifugal
– Submerged
Reciprocating pumps are able to function at very high pressures and are

used for the filling of buffer tanks and gas cylinders. Centrifugal pumps are
able to produce high flow rates and are used for the transfer of cryogenic
liquids between reservoir tanks or road tankers. (Cryostat, 2008b) A
submerged pump is a centrifugal pump installed inside a vacuum insulated
cryogenic tank. This tank is totally submerged in the cryogenic liquid,
which makes it stay in permanently cold conditions. (Vanzetti Engineering,
2008b)

A sketch over a multi-purpose station can be seen in Figure 14. LBG is
stored in a vacuum insulated cryogenic vessel and LBG is delivered with
semi-trailers. The volume of the storage tank is usually designed to match
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refilling on a weekly basis. The transfer from trailer is either done by
gravity or by transfer pumps, the latter significantly reducing transfer time.
(Vanzetti Engineering, 2008a) From the LBG storage tank the station is
divided into two; the LBG part and the LCBG part.

The LCBG part consists of a reciprocating pump, an ambient vaporizer
and buffer storage. The reciprocating pump sucks LBG from the storage
tank and raises the pressure to around 300 bars, before sending it to the
ambient high pressure vaporizer. CBG is then odorized before going to the
CBG storage and the dispenser. The buffer unit is gas vessel storage, with a
maximum working pressure of 300 bar, enabling fast filling of vehicles.
(Nexgen Fueling, 2008)

The LBG part only consists of a centrifugal pump that transfers LBG
from the storage tank, through vacuum insulated lines, to the LBG
dispenser that dispense LBG at a pressure of 5-8 bar. (Nexgen Fueling,
2008) Some LBG dispensers are supplied with a system for the recovery of
the vehicle boil of gas. (Cryostar, 2008a) To reduce methane losses all
venting lines are collected and sent back to the higher parts of the storage
tank, to be reliquaries by the cold LBG. (Heisch, 2008) (Ref: Nina
Johanssan, Lunds Universitet)

Economics of LBG: The LNG trucks averages about 2.8 miles per gallon
of LNG, equating to about 4.7 miles per DEG. Table 5 compares the energy
content, fuel economy and DEG fuel economy. The greenhouse emission is
completely eliminated by using LBG.
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Can Bio-gasification transform our world?

Carbon neutral biomass is becoming a potential alternative energy source
for fossil fuels in our Carbon constrained economy. More and more waste –
to-energy projects is implemented all over the world due to the availability
of biomass on a larger scale; thanks to the increasing population and
farming activities. New technological developments are taking place side
by side to enhance the quality of Biogas for power generation. Distributed
power generation using biogas is an ideal method for rural electrification
especially, where grid power is unreliable or unavailable. Countries like
India which is predominantly an agricultural country, requires steady power
for irrigation as well as domestic power and fuel for her villages. Large
quantity of biomass in the form of agriculture waste, animal wastes and
domestic effluent from sewage treatment plants are readily available for
generation of biogas. However, generation of biogas of specified quality is a
critical factor in utilizing such large quantities of biomass. In fact, large
quantity of biomass can be sensibly used for both power generations as well
as for the production of value added chemicals, which are otherwise
produced from fossil fuels, by simply integrating suitable technologies and
methods depending upon the quantity and quality of biomass available at a
specific location. Necessary technology is available to integrate biomass
gasification plants with existing coal or oil based power plants as well as
with chemical plants such as Methanol and Urea. By such integration, one
can gradually change from fossil fuel economy to biofuel economy without
incurring very large capital investments and infrastructural changes. For
example, a coal or oil-fired power plant can be easily integrated with a
large-scale biomass plant so that our dependency on coal or oil can be
gradually eliminated.
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Generation of biogas using anaerobic digestion is a common method.
But this method generates biogas with 60% Methane content only, and it
has to be enriched to more than 95% Methane content and free from Sulfur
compounds, so that it can substitute piped natural gas with high calorific
value or LPG (liquefied petroleum gas). Several methods of biogas
purification are available but chemical-free methods such as pressurized
water absorption or cryogenic separation or hollow fiber membrane
separation are preferred choices.

The resulting purified biogas can be stored under pressure in tanks and
supplied to each house through underground pipelines for heating and
cooking. Small business and commercial establishments can generate their
own power from this gas using spark-ignited reciprocating gas engines
(lean burnt gas engines) or micro turbines or PAFCs (phosphoric acid fuel
cells) and use the waste heat to air-condition their premises using
absorption chillers. In tropical countries like India, such method of
distributed power generation is absolutely necessary to eliminate blackouts
and grid failures. By using this method, the rural population need not
depend upon the state-owned grid supplies but generate their own power
and generate their own gas, and need not depend on the supply of rationed
LPG cylinders for cooking. If the volume of Bio-methane gas is large
enough, then it can also be liquefied into a liquified bio-methane gas (LBG)
similar to LNG and LPG. The volume of biomethane gas will be reduced by
600 times, on liquefaction. It can be distributed in small cryogenic cylinders
and tanks just like a diesel fuel. The rural population can use this liquid bio-
methane gas as a fuel for transportation like cars, trucks, buses, and farm
equipment like tractors and even scooters and auto-rickshaws.

Alternatively, large-scale biomass can be converted into syngas by
gasification methods so that resulting biomass can be used as a fuel as well
as raw materials to manufacture various chemicals. By gasification
methods, the biomass can be converted into a syngas (a mixture of
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Hydrogen and Carbon monoxide) and free from sulfur and other
contaminants. Syngas can be directly used for power generation using
engines and gas turbines.

Hydrogen rich syngas is a more value added product and serves not only
as a fuel for power generation, but also for cooking, heating and cooling. A
schematic flow diagram Fig 3,  Fig4 and Fig 6 (Ref: Mitsubishi Heavy
Industries Review) shows how gasification of biomass to syngas can 
compete with existing fossil fuels for various applications such as for power
generation, as a raw material for various chemical synthesis and as a fuel
for cooking, heating and cooling and finally as a liquid fuel for
transportation. Bio-gasification has a potential to transform our fossil fuel
dependant world into Carbon-free world and to help us to mitigate the
global warming.
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Hydrogen from seawater for Fuelcell

We have used Hydrocarbon as the source of fuel for our power generation
and transportation since industrial revolution. It has resulted in increasing
level of man-made Carbon into the atmosphere; and according to the
scientists, the level of carbon has reached an unsustainable level and any
further emission into the atmosphere will bring catastrophic consequences
by way of climate change. We have already saw many natural disasters in a
short of span of time. Though there is no direct link established between
carbon level in the atmosphere and the global warming, there is certainly
enough evidence towards increase in the frequency of natural disasters and
increase in the global and ocean temeperatures.We have also seen that
Hydrogen is a potential candidate as a source of future energy that can
effectively substitute hydrocarbons such as Naphtha or Gasoline. However,
hydrogen generation from water using electrolysis is energy intensive and
the source of such energy can come only from a renewable source such as
solar and wind. Another issue with electrolysis of water for Hydrogen
generation is the quality of water used. The quality of water used for
electrolysis is high, meeting ASTM Type I Deionized Water preferred, < 0.1
micro Siemen/cm (> 10 megOhm-cm).

A unique desalination technology has been developed by an Australian
company to generate on site Hydrogen directly from seawater. In
conventional seawater desalination technology using reverse osmosis
process only 30-40% of fresh water is recovered as potable water with TDS
less than 500 ppm as per WHO standard. The balance highly saline
concentrate with TDS above 65,000 ppm is discharged back into the sea
which is detrimental to the ocean’s marine life. More and more sweater
desalination plants are set up all over the world to mitigate drinking water
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shortage. This conventional desalination is not only highly inefficient but
also causes enormous damage to the marine environment.

The technology developed by the above company will be able to recover
almost 75% of fresh water from seawater and also able to convert the
concentrate into Caustic soda lye with Hydrogen and Chlorine as by-
products by electrolysis. The discharge into the sea is drastically reduced to
less than 20% with no toxic chemicals. This technology has a potential to
revolutionize the salt and caustic soda industries in the future. Caustic soda
is a key raw material for a number of chemical industries including
PVC.Conventionally, Caustic soda plants all over the world depends on
solar salt for their production of Caustic soda.Hydrogne and Chlorine are
by-products.Chlrine is used for the production of PVC (poly vinyl chloride)
and Hydrogen is used as a fuel.

In the newly developed technology, the seawater is not only purified
from other contaminants such as Calcium, Magnesium and Sulfate ions
present in the seawater but also concentrate the seawater almost to a
saturation point so that it can be readily used to generate Hydrogen on site.
The process is very efficient and commercially attractive because it can
recover four valuable products namely, drinking water, Caustic soda lye,
Chlorine and Hydrogen. The generated Hydrogen can be used directly in a
Fuel cell to generate power to run the electrolysis. This process is very ideal
for Caustic soda plants that are now located on seashore. This process can
solve drinking water problems around the world because potable water
becomes an industrial product. The concentrated seawater can also be
converted in a salt by crystallization for food and pharmaceutical
applications. There is a growing gap between supply and demand of salt
production and most of the chemical industries are depending upon the salt
from solar pans.

Another potential advantage with this technology is to use wind power to
desalinate the water. Both wind power and Hydrogen will form a clean
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energy mix. It is a win situation for both water industry and the
environment as well as for the salt and chemical industries. In conventional
salt production, thousands of hectares of land are used to produce few
hundred tons of low quality salt with a year-long production schedule.
There is a mis match between the demand for salt by large Caustic soda
plants and supply from primitive methods of solar production by solar
evaporation contaminating cultivable lands.

The above case is an example of how clean energy technologies can
change water, salt and chemical industries and also generate clean power
economically, competing with centralized power plants fuelled with
hydrocarbons. Innovative technologies can solve problems of water
shortage, greenhouse gases, global warming, and environmental pollution
not only economically but also environmental friendly way. Industries
involved in seawater desalination, salt production, chemical industries such
as Caustic soda, Soda ash and PVC interested to learn more on this new
technology can write directly to this blog address for further information.
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Fuelcell power using Biogas

Fuel cell technology is emerging as a base-load power generation
technology as well as back-up power for intermittent renewable energy such
as solar and wind, substituting conventional storage batteries. However,
Fuelcell requires a Fuel in the form of Hydrogen of high purity. The
advantage of Fuel cell is, its high electrical efficiency compared to
conventional fossil fuel power generation technology, using Carnot cycle.
Fuel cell is an electro-chemical device like a battery and generates power
using electro-chemical redox reaction silently with no gaseous emission,
unlike engines and turbines with combustion, rotary movements and
gaseous emissions. The fuel Hydrogen can be generated using a renewable
energy sources such as solar and wind as described in my previous articles,
“Solar Hydrogen for cleaner future” dated 4 July 2012, and “Renewable
Hydrogen for remote power supply “dated 28 June 2012.

Alternatively, Hydrogen can also be generated using biomass through
Biogas. Biogas is an important source of renewable energy in the carbon
constrained economy of today’s world. The biogas can be generated from
waste water and agro-waste by anaerobic digestion using enzymes. Biomass
such as wood waste can also be gasified to get syngas, a mixture of
Hydrogen and Carbon dioxide. In anaerobic digestion, the main product
will be methane gas accompanied by carbon dioxide and nitrogen while the
main product in gasification will be Hydrogen, carbon monoxide and
carbon dioxide and oxides of Nitrogen. Whatever may be the composition
of the resulting gas mixture, our focus will be to separate methane or
Hydrogen from the above mixture. In anaerobic digestion, the resulting
Methane gas has to be steam reformed to get Hydrogen gas suitable for Fuel
cell application. In gasification, the resulting Syngas has to be separated
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into pure Hydrogen and Carbon dioxide so that pure Hydrogen can be used
as a fuel in Fuel cell applications. As I have outlined in many of my
previous articles, Hydrogen was the only fuel we have used all these years
and we are still using it  in the form of Hydrocarbons and it will continue to
be the fuel in the future also. The only difference is future Hydrogen will be
free from carbon.

We have to discuss two issues to mitigate Carbon emission, and it can be
done by 1.Elimination of Carbon from the fuel source. 2. Generation of
Renewable and Carbon free clean energy directly from solar and wind. One
option  to cut Carbon from the fuel source is to use Biomass as the raw
material to generate Hydrogen so that fresh Carbon will not be added  into
the atmosphere by emissions .The second option is to generate pure
Hydrogen from water by electrolysis using renewable energy such as wind
and solar. Environmentally friendly waste-to-energy projects are becoming
popular all over the world. But now most of these waste-to-energy projects
generate either Biogas (Methane) by anaerobic digestion or Syngas
(Hydrogen and Carbon dioxide) by gasification. Both these gases need
further purification before they can be used as a fuel for power generation.
The Methane content in the Biogas (about 60% methane and 40% Carbon
dioxide with other impurities) needs to be enriched to 90% Methane and
free from other impurities. The composition of a typical Biogas is shown in
table1.

The resulting purified methane gas will be reformed using steam
reformation in presence of a catalyst to get syngas; finally Hydrogen should
be separated from resulting syngas so that it can be used directly into the
Fuelcell.The common Fuel cell used for this application is invariably
Phosphoric acid fuel cell.

PAFC uses 100% Phosphoric acid in Silicon carbide matrix as an
electrolyte. PAFC is a self-contained unit completely enclosed in a cabin
consisting of a gas reformer, Fuellcell power generator, Power conditioning
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unit and other auxiliaries. The PAFC is of modular construction with
capacities ranging from 100Kw up to 500Kw as a single unit. It can be
installed outdoor in the open and it can be readily connected to a piped
Biogas. It can also be connected to existing piped natural gas or LPG bullet
as a stand-by fuel. Any waste-to energy project can be integrated with Fuel
cell power generation with CHP application to get greatest economic and
environmental benefits. Hydrogen derived from biomass will be an
important source of fuel in the future of clean energy; and Fuel cell will
become an alternative power generation technology for both stationary
power generation and transportation such as Fuel cell car or Hybrid cars.

PAFC is a compact, self-contained power generation unit that is used
even for base load power. The electrical efficiency of PAFC  is about 42%
.It is suitable for CHP applications so that the total energy efficiency can
reach up to 85%.It is ideal for supplying continuous power 24×7 and also to
use waste heat for space heating or space air-conditioning with an
absorption chiller in CHP applications. The ideal candidates for PAFC
power generation using CHP will be hospitals, super markets, Data centers,
Universities or any continuous process industry.PAFC is now used as a
backup power for large-scale renewable energy project with an access to
piped natural gas. A schematic flow diagram of a fuel cell power generation
is shown in Fig 3 using biogas at Yamagata sewage treatment plant in
Japan. Biomass  based  Fuecell  power generation has a great potential all
over the world irrespective of location and size of the country.
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Fuelcell or battery for Renewable energy back-up?

Batteries have become indispensable for energy storage in renewable
energy systems such as solar and wind. In fact the cost of battery bank,
replacements, operation and maintenance will exceed the cost of PV solar
panels for off grid applications during the life cycle of 20 years. However,
batteries are continued to be used by electric power utilities for the benefits
of peak shaving and load leveling. Battery energy storage facilities give the
dynamic benefits such as voltage and frequency regulation, load following,
spinning reserve and power factor correction along with the ability to give
peak power.

Fuel cell power generation is another attractive option for providing
power for electric utilities and commercial buildings due to its high-
efficiency and environmentally friendly nature. This type of power
production is especially economical, where potential users are faced with
high cost in electric power generation from coal or oil, or where
environmental constraints are stringent, or where load constraints of
transmission and distribution systems are so tight that their new
installations are not possible. Both batteries and fuel cells have their own
unique advantages to electric power systems. They also contain a great
potential to back up severe PV power fluctuations under varying weather
conditions.

Photovoltaic power outputs vary depending mainly upon solar insolation
and cell temperature.  PV power generator may sometimes experience sharp
fluctuations owing to intermittent weather conditions, which causes control
problems such as load frequency control, generator voltage control and
even system stability.  Therefore there is a need for backup power facilities
in the PV power generation.   Fuel cells and batteries are able to respond



very fast to load changes because their electricity is generated by chemical
reactions. A 14.4kW lead acid battery running at 600A has greatest load
gradient of 300 A/sec, a phosphoric-acid fuel cell system can match a
demand that varies by more than half its rated output within 0.1 second. The
dynamic response time of a 20kW solid-oxide fuel cell power plant is less
than 4 second when a load increases from 1 to 100%, and it is less than 2
msec when a load decreases from 100 to 1%.  Factory assembled units
provides fuel cell and battery power plants with short lead-time from
planning to installation. This modular production enables them to be added
in varying increments of capacity, to match the power plant capacity to
expected load growth. In contrast, the installation of a single large
conventional power plant may produce excess capacity for several years,
especially if the load growth rate is low.  Due to their multiple parallel
modular units and absence of combustion and electromechanical rotary
devices, fuel cell and battery power plants are more reliable than any other
forms of power generation. Fuel cells are expected to obtain performance
reliability near 85%. Consequently, a utility that installs a number of fuel
cell or battery power plants is able to cut its reserve margin capacity while
maintaining a constant level of the system reliability. The electrochemical
conversion processes of fuel cells and batteries are silent because they do
not have any major rotating devices or combustion.  Water requirement for
their operation is very little while conventional power plants require a
massive amount of water for system cooling.

Therefore, they can eliminate water quality problems created by the
conventional plants’ thermal discharges. Air pollutant emission levels of
fuel cells and batteries are none or very little. Emissions of SO2 and NOx in
the fuel cell power plant are 0.003 lb/MWh and 0.0004 lb/MWh
respectively. Those values are projected to be about 1,000 times smaller
than those of fossil-fuel power plants since fuel cells do not rely on
combustion process. These environmentally friendly characteristics make it



possible for those power plants to be located close to load centers in urban
and suburban area. It can also cut energy losses and costs associated with
transmission and distribution equipment. Their site near load centers may
also cut the likelihood of power outage.

Electricity is produced in a storage battery by electro-chemical reactions.
Similar chemical reactions take place in a fuel cell, but there is a difference
between them with respect to fuel storage. In storage batteries chemical
energy is stored in the positive/negative electrodes of the batteries. In fuel
cells, however, the fuels are stored externally and need to be fed into the
electrodes continuously when the fuel cells are operated to generate
electricity.

Power generation in fuel cells is not limited by the Carnot Cycle in the
view that they directly convert available chemical free energy to electrical
energy than going through combustion processes.  Therefore fuel cell is a
more efficient power conversion technology than the conventional steam-
applying power generations. Fuel cell is a one-step process to generate
electricity, the conventional power generator has several steps for electricity
generation and each step incurs a certain amount of energy loss. Fuel cell
power systems have around 40-60% efficiencies depending on the type of
electrolytes. For example, the efficiencies of phosphoric-acid fuel cells and
molten-carbonate fuel cells are 40-45% and 50-60%, respectively.
Furthermore, the fuel cell efficiency is usually independent of size; small
power plants run as efficiently as large ones. Battery power systems
themselves have high energy efficiencies of nearly 80%, but their overall
system efficiencies from fuel through the batteries to converted ac power
are reduced to below 30%. This is due to energy losses taking place when
one energy form is converted to another

A battery with a rated capacity of 200Ah battery will give less than 200
Ah. At less than 20A of discharge rates, the battery will give more that 200
Ah. The capacity of a battery is specified by their time rate of discharge. As



the battery discharges, its terminal voltage, the product of the load current
and the battery internal resistance gradually decreases. There is also a
reduction in battery capacity with increasing rate of discharge. At 1-hr
discharge rate, the available capacity is only 55% of that obtained at 20-hr
rate. This is because there is insufficient time for the stronger acid to
replace the weak acid inside the battery as the discharge proceeds.   For fuel
cell power systems, they have equally high-efficiency at both partial and
full loads. The customer’s demand for electrical energy is not always
constant. So for a power utility to keep adjustment to this changing demand,
either large base-load power plants must sometimes run at part load, or
smaller peaking units must be used during periods of high demand. Either
way, efficiency suffers or pollution increases. Fuel cell systems have a
greater efficiency at full load and this high-efficiency is retained as load
diminishes, so inefficient peaking generators may not be needed.

Fuel cells have an advantage over storage batteries in the respect of
operational flexibility. Batteries need several hours for recharging after they
are fully discharged. During discharge the batteries’ electrode materials are
lost to the electrolyte, and the electrode materials can be recovered during
the recharging process. Over time there is a net loss of such materials,
which may be permanently lost when the battery goes through a deep
discharge. The limited storage capacity of the batteries implies that it is
impossible for them to run beyond several hours.

Fuel cells do not undergo such material changes. The fuel stored outside
the cells can quickly be replenished, so they do not run down as long as the
fuel can be supplied.   The fuel cells show higher energy density than the
batteries when they run for more than 2 hours. It means that fuel cell power
systems with relatively small weight and volume can produce large energy
outputs. That will give the operators in central control centers for the
flexibility needed for more efficient use of the capital-intensive fuel cell
power plants.



In addition, where hydrogen storage is possible, renewable power
sources can drive an electrolysis process to produce hydrogen gas during
off-peak periods that will be used to run the fuel cells during peak demands.
The usage of storage batteries in an electric utility industry is expected to
increase for the purposes of load leveling at peak loads, real-time frequency
control, and stabilizing transmission lines. When integrated with
photovoltaic systems, the batteries are required to suppress the PV power
fluctuations due to the changes of solar intensity and cell temperature. The
fact that the PV power outputs change sharply under cloudy  weather
conditions makes it hard to decide the capacity of the battery power plants
since their discharging rates are not constant. For a lead-acid battery, the
most applicable battery technology for photovoltaic applications to date, the
depth of discharge should not exceed 80% because the deep discharge cycle
reduces its effective lifetime. In order to prevent the deep discharge and to
supplement varying the PV powers generated on cloudy weather days, the
battery capacity must be large. Moreover, the large battery capacity is
usually not fully used, but for only several days. Fuel cells integrated with
photovoltaic systems can give smoother operation. The fuel cell system is
capable of responding quickly enough to level the combined power output
of the hybrid PV-fuel cell system in case of severe changes in PV power
output. Such a fast time response capability allows a utility to lower its need
for on-line spinning reserve. The flexibility of longer daily operation also
makes it possible for the fuel cells to do more than the roles of gas-fired
power plants. Gas turbines are not economical for a purpose of load
following because their efficiencies become lower and operating costs get
higher at less than full load conditions

Fuel cell does not emit any emission except water vapor and there is
absolutely no carbon emission.  However, storage batteries themselves do
not contain any environmental impacts even though the battery charging
sources produce various emissions and solid wastes. When an Electrolyzer



is used to generate Hydrogen on site to fuel the Fuel cell, the cost of the
system comes down due to much reduction in the capacity of the battery.
The specific cost of energy and NPC is lower than fully backed battery
system.

During dismantling, battery power plants require a significant amount of
care for their disposal to prevent toxic materials from spreading around. All
batteries that are commercially viable or under development for power
system applications contain hazardous and toxic materials such as lead,
cadmium, sodium, sulfur, bromine, etc. Since the batteries have no salvage
value and must be treated as hazardous wastes, disposal of spent batteries is
an issue. Recycling batteries is encouraged and not placing them in a
landfill. One method favoring recycling of spent batteries is regulation.
Thermal treatment for the lead-acid and cadmium-containing batteries is
needed to recover lead and cadmium. Sodium-sulfur and zinc bromine
batteries are also required to be treated before disposal.

Both batteries and fuel cells are able to respond very fast to system load
changes because they produce electricity by chemical reactions inside them.
Their fast load-response capability can nicely support the sharp PV power
variations resulted from weather changes.  However, there are subtle
different attributes between batteries and fuel cells when they are applied to
a PV power backup option. Power generation in fuel cell power plants is
not limited by the Carnot Cycle, so they can meet high power conversion
efficiency. Even taking into account the losses due to activation over
potential and ohmic losses, the fuel cells still have high efficiencies from
40% to 60%. For example, efficiencies of PAFCs and MCFCs are 40-45%
and 50-60% respectively. Battery power plants, however, themselves have
high energy efficiency of nearly 80%, but the overall system efficiency
from raw fuel through the batteries to the converted ac power is reduced to
about 30%.



A battery’s terminal voltage gradually decreases as the battery discharges
due to a proportional decrease of its current. A battery capacity reduces
with increasing rate of discharge, so its full capacity cannot be used when it
discharges at high rates. On the other hand, fuel cell power plants have
equally high-efficiency at both partial and full loads. This feature allows the
fuel cells to be able to follow a changing demand without losing efficiency.
The limited storage capacity of batteries indicates that it is impossible for
them to run beyond several hours. The batteries when fully discharged need
several hours to be recharged.

For its use in PV power connections, it is as hard   to estimate the exact
capacity of the batteries. In order to prevent the batteries’ deep discharge
and to supplement the varying PV powers on some cloudy weather days,
the battery capacity should be large, but that large capacity is not fully
utilized on shiny days. For fuel cells, they do not contain such an
operational time restriction as long as the fuel can be supplied. Thus, the
fuel cell power plants can give operational flexibility with the operators in
central control centers by utilizing them efficiently. As intermediate power
generation sources, fuel cell power plants may replace coal-fired or nuclear
units under forced outage or on maintenance. For the PV power backup the
batteries’ discharge rate is irregular and their full capacity may usually not
be consumed. So, it is difficult to design an ideal capacity of the battery
systems for support of the PV power variations and to economically run
them. Instead of batteries fuel cell power plants show diverse operational
flexibility for either a PV power backup or a support of power system
operation.
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Energy,water and global warming

At the outset it may sound odd but in reality water and energy are two sides
of the same coin and both industries  have a great impact on global
warming. Take such as, power generation industries. Two basic
requirements for any power plant are fuel and water. It does not matter what
kind of fuel is used whether it is a coal based power plant, liquid fuel based
plant like Naphtha, and gas based plants using piped natural gas or LNG.
We will  consider only power generation involving conversion of thermal
energy into electrical energy. Currently more than 80% of power generation
in the world is based on thermal power including nuclear plants.  All
thermal power plants use steam as the prime motive force to drive the
turbines, gas turbine is an exception but even, in gas based plants the
secondary motive force is steam using waste heat recovery boilers, in
combined cycle operations. The quality of water for conversion into steam
is of high quality and purer than our drinking water. The second usage of
water is for cooling purpose. The water consumption by power plants using
once through cooling system is 1 lit/kwhr, and by closed circuit cooling
tower, it is 1.7lit/kwhr. Only about 40% power plants in Europe for example
use closed circuit cooling towers  and the rest use only ‘once through’
cooling systems. The total power generated in 2010 by two largest users US
and China, were 3792Twhrs and 3715 Twhrs respectively. The total world
power production, in 2008 was 20,262 Twhrs, using following methods.
Fossil fuel: Coal 41 %, Oil 5.50%, Gas 21%, Nuclear 13% and Hydro
16%.Renewable: PV solar 0.06%, PV thermal 0.004%, Wind 1.1%, Tide
 0.003 %, Geothermal 0.3%, Biomass &others 1.30%. (1Twhrs is =
1,000,000,000 kwhrs)(Ref: Wikipedia).

http://en.wikipedia.org/wiki/Electricity_generation
http://en.wikipedia.org/wiki/Thermal_power_station


The above statistics gives us an idea on how much water is being used
by power generating plants in the world. Availability of fresh water on
planet earth, is only 2.5% (96. 5% oceans, 1.70% ground water, 1.7%
glaciers and ice caps, and 0.001% in the air, as vapor and clouds).The
world’s precious water source is used for power generation, while millions
of people do not have water to drink. The cost of bottled drinking water is
US$ 0.20 /lit, in countries like, India. This situation is simply unsustainable.
The prime cause of this situation is lack of technology to produce clean
power without using water. The power technology we use today is based on
the principle of electromagnetism invented by Michael Faraday in the year
1839. That is why, renewable energy is becoming critically important at this
juncture when the world is at the cross-road.

Many countries are now opting for seawater desalination to meet their
water demand. Desalination again is an energy intensive process. For
example, 3-4 kwhrs of power is used to desalinate 1 m3 of water. This
power now comes from fossil fuel fired thermal power plants, which are
often co-located with desalination plants, so that all the discharge from both
the plants can be easily pumped into the sea. Since the world is running out
of fresh water, we have to look for attentive source of water. In countries
like India, the ground water is being exploited for agricultural purpose and
power generation and the ground water is getting depleted. Depleting water
resources is a threat to agriculture production especially when  countries
depend only on monsoon rains. Unabated emission of greenhouse from
fossil fuel power plants and transportation causes globe to warm. Draught
and water scarcity threatens food security. It is a vicious circle. Recent
delay in onset of monsoon rains in India have caused   grave concern for
Government and the people of India. Shortage of power and water has
compounded the problem for farmers and suicide rate among the farmers is
increasing at alarming rate in India.

http://maps.google.com/maps?ll=28.6133333333,77.2083333333&spn=10.0,10.0&q=28.6133333333,77.2083333333%20(India)&t=h
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http://en.wikipedia.org/wiki/Desalination


“Globally, this seems to be one of the worst summers in recorded history.
The global average temperature for May was the second hottest ever since
1880 – the year records were first compiled – US National Climatic Data
Centre (NCDC) has said. Only 2010 witnessed a worse May. The NCDC
said such a hot May was never recorded in the northern hemisphere.

No scientist will pin it on human-induced climate change – it is
scientifically untenable to do so – but many affirm that these extreme
weather phenomena is along predicted lines of rise in global temperatures

For India, the looming possibility of El Nino dulling the monsoon rains
in July-August only means things could get worse. There is half a chance
that the El Nino phenomenon will pick up intensity and hit the tail of the
monsoon. Thirteen of the 20 times El Nino has been recorded, it has
dimmed the intensity of the monsoon, causing widespread drought.

Already, the northwest region of India has suffered a rainfall deficit
worse than the rest of India.

But the misery of rising heat is being felt worldwide with “normal
weather” systems in disarray. If large areas of the western Himalayas in
Uttarakhand have suffered raging forest fires, so has the US – more than 8
lakh hectares have been engulfed in flames. The March-May period for the
US has been the hottest ever. Brazil is in the midst of its worst drought in
five decades with more than 1,000 towns suffering. Heavy downpours and
unheard of hail has hit China and flash floods have ravaged crops in
Ethiopia. The Eurasian snow cover extent has been recorded at its smallest
ever for the month of May since such records were maintained for the first
time in 1967. The cover was 2.67 million sq km below average in May,the
USNCDC said. The southern hemisphere, where winters prevail at the
moment, too has recorded extremes like never before. The Australian
winter has been exceptionally cold, with the fifth coolest winter minimum
temperature in over half a century of record keeping. The Antarctic sea ice
extent has gone above the 1979-2000 average. In contrast, the Arctic sea ice

http://economictimes.indiatimes.com/topic/US-National-Climatic-Data-Centre
http://en.wikipedia.org/wiki/National_Climatic_Data_Center
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recorded a much smaller than average extent for the same period”. (Ref:
The Economic Times).

The global warming has caused many natural disasters such as recent
bush fires in Colorado springs in US  destroying more than 300,000 houses 
and  heavy storms in Washington causing  power black outs  for days
together in sweltering heat. No country is immune to global warming and
sea level rising. How the consequences of global warming will manifest in
different forms affecting human beings  and other lives is yet to be seen in
years to come.

That is why distributed energy systems using Hydrogen as an alternative
fuel is an important step towards sustainability. One can generate Hydrogen
from water, using renewable energy source like solar or wind, and store
them for future usage. The stored Hydrogen can be used to generate power,
as and when required, at any remote location, even where there is no grid
power. The water is regenerated during this process of power generation
using Fuel cell which can be recycled. There is no large consumption of
water and there is no greenhouse emission. It is a clean and sustainable
solution. The same stored Hydrogen can also be used to fuel their cars in
the near future!
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Solar Hydrogen for cleaner future

With recent announcement of the prestigious award to NREL (National
renewable energy laboratory, USA) for developing SJ3 solar cells along
with their industrial partner Solar Junction, there is a new hope and
expectation that PV solar will become a major source of clean energy of the
future.Togather with Hydrogen as an energy carrier, the PV solar hydrogen
will certainly be a game changer. With increasing efficiency of solar panel
from 17.24% up to 50%, and generating   high pressure hydrogen using
improved solid polymer electrolyzer, the sun and water will become the
future source of clean energy replacing our decade’s long dependency on
fossil fuel. There is also a distinct possibility of converting water into
hydrogen by direct sunlight using photo-electrolysis as explained in my
earlier article, “Can we duplicate Nature’s photosynthesis for Hydrogen
production?”’ dated April 2,2012.

SJ3 solar cell uses tunable band gaps, lattice matched architecture with
ultra-concentration tunnel junction to meet the highest conversion
efficiency of 43.5% with a possibility to reach an efficiency of 50%.This
 conversion efficiency is the percentage amount of solar energy converted
directly into electrical energy. Such a high-efficiency is due to the lens
focusing the sunlight with 418 times intensity of the sun. There is no other
cost involved except the bottom Germanium layer of three junctions with
Gallium and a dash of dilute nitride alloy. This small change boosts the
bottom band-gap from 0.67 eV (electron volts) to 1.0 eV.The three layered
SJ3 cell captures various frequencies of sunlight at various times and
conditions achieving the best efficiency of converting photons to electrons.

High pressure PEM Hydrogen generators producing 99.99% purity
Hydrogen at higher pressures are already under development. With carbon

http://maps.google.com/maps?ll=39.740576,-105.155855&spn=0.01,0.01&q=39.740576,-105.155855%20(National%20Renewable%20Energy%20Laboratory)&t=h
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http://en.wikipedia.org/wiki/Band_gap
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fiber storage tanks up to 10,000 psi pressure ratings, Fuel cell cars will
become commercial reality overtaking Lithium battery powered electrical
vehicles.PV solar Hydrogen will significantly alter the transportation and
stationary power generation industries in the future simply because
hydrogen has the highest heat value and it is absolutely clean.

Age old centralized power plants using fossil fuels with highest carbon
emission and water consumption has created serious environmental
problems all over the world. Coastal power plants discharge a huge amount
of ‘once through’ cooling water into the sea at higher temperature and at
higher salinity.Tranasport industries using fossil fuels emit  high greenhouse
gases due to age-old, inefficient combustion engines causing global
warming. Low humidity, high surface temperatures, dry conditions and
lightning are a perfect combination of conditions for bush fires similar to
the one witnessed in Colorado mountain ranges.

It is a right time to adopt distributed energy systems so that individual’s
houses and business can generate their own power using PV solar and wind
Hydrogen with no transmission grids and grid failures. It is time to replace
fossil fuel with sun’s light and pure water so that we can hope for a cleaner
future. We have all the necessary technologies and we need a will and
concerted effort to make these changes.
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Renewable Hydrogen for remote power supply

PV
solar is
expand
ing as
a
potenti
al
renewa
ble

energy source for each house, and the cost of solar panels are slowly
coming down as the volume of production increases. However, the
intermittent nature of solar energy is still an issue, especially for off grid
and remote locations. Now solar energy is stored using lead acid batteries
for such applications and inverters become part of the system. The capacity
of the battery bank is designed to meet the electrical demand and to absorb
the fluctuation of the energy generated by solar panels and it varies from
place to place. This method stores the electrical energy generated by PV
solar in the form of DC current and delivers it in the form of AC current.
Though this method is the simplest one for remote locations, storing solar
power in the form of Hydrogen is more economical and environmentally
friendly in the long run.

Solar energy can directly be used to generate Hydrogen using solid
polymer electrolyzers and stored in cyclinders.The stored Hydrogen can
then be used to fuel a stationary Fuel cell to generate power on site. One
can design a system by integrating various components in such a way; the
Hydrogen generated by solar energy is used to generate power on site as
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and when required. By this method one can generate required power
throughout the day 24×7 irrespective of the availability of sun. The system
integration involves various components supplied by various manufacturers
with various specifications and the success of a system depends on the
careful design using data acquired over a time on a specific location.

Many winds to Hydrogen projects also have been tested in locations
around the world.NREL (National renewable energy laboratory, USA) has
conducted number of tests by integrating various components such as PV
solar and wind turbines with Electrolyzers (both PEM electroylzers and
alkaline electrolyzers) and Hydrogen IC engines for remote power
generation as well as for fuelling vehicles with Hydrogen. Though the cost
of this system is still expensive, such integration offers enormous potential
as a clean energy source for remote locations without any grid power. When
one takes into account the fluctuating oil prices, cost of global warming,
cost of power transmissions and losses during long distance power
transmission from fossil fuel power plants, Renewable Hydrogen offers the
best and sustainable alternative to fossil fuels. Such a system offers
complete independence, energy security, reliability and fixed power tariff.

System integration of renewable energy sources for Hydrogen
production and on site power generation using Fuel cell or Hydrogen engine
is the key to a successful deployment of solar and wind energy for rural
electrification and to remote islands. Such system will offer greater return
on investment even to supply power to the grid based on power purchase
agreements with Government and private companies. Renewable Hydrogen
is the only practical solution for clean power of the future and sooner we
embrace this integrated solution better for a cleaner future. Government and
private companies investing on oil and gas explorations can focus their
attention in developing renewable Hydrogen based solutions so that the cost
of Hydrogen can become competitive to fossil fuel. Once the cost of

http://maps.google.com/maps?ll=39.740576,-105.155855&spn=0.01,0.01&q=39.740576,-105.155855%20(National%20Renewable%20Energy%20Laboratory)&t=h
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Hydrogen reaches parity with cost of fossil fuel then, it will set the
beginning of a green revolution in clean energy.
Permalink: https://ahilanraman.com/2012/06/25/renewable-hydrogen-for-
remote-power-supply/

https://ahilanraman.com/2012/06/25/renewable-hydrogen-for-remote-power-supply/


#61

Lithium batteries and Electric cars

All forms of renewable energy sources are intermittent by nature and
therefore storage becomes essential. Energy is used mainly for power
generation and transportation and the growth of these two industries are
closely linked with development of energy storage technologies and
devices. Electrical energy is conventionally stored using storage batteries.
Batteries are electrochemical devices in which electrical energy is stored in
the form of chemical energy, which is then converted into electrical energy
at the time of usage.

Batteries are key components in cars such as Hybrid electric vehicles,
Plug-in Hybrid electrical vehicles and Electrical vehicles – all store energy
for vehicle propulsion. Hybrid vehicle rely on internal combustion engine
as the primary source of energy and use a battery to store excess energy
generated during vehicle braking or produced by engine. The stored energy
provides power to an electric motor that provides acceleration or provides
limited power to the propulsion. Plug-in hybrid incorporates higher capacity
battery than Hybrid eclectic vehicles, which are charged externally and used
as a primary source of power for longer duration and at higher speed than it
is required for Hybrid electric vehicles. In Electric cars, battery is the sole
power source.

All electric vehicles need rechargeable batteries with capacity to quickly
store and discharge electric energy over multiple cycles. There are a wide
range of batteries and chemistries available in the market. The most
common NiMH (Nickel Metal Hydride) used Cathode materials called
AB5; A is typically a rare earth material containing lanthanum, cerium,
neodymium and praseodymium; while B is a combination of nickel, cobalt,



manganese and/or aluminum. Current generation Hybrid vehicles use
several Kg of rare earth materials.

Lithium ion battery offers better energy density, cold weather
performance, abuse tolerance and discharge rates compared to NiMH
batteries. With increasing usage of electrical vehicles the demand for
lithium-ion batteries and Lithium is likely to g up substantially in the
coming years. It is estimated that a battery capable of providing 100miles
range will contain 3.4 to 12.7 Kegs of Lithium depending upon the lithium-
ion chemistry and the battery range. Lithium -ion batteries are also used in
renewable energy industries such as solar and wind but Lead-acid batteries
are used widely due to lower cost.

The lithium for Cathode and electrolyte is produced from Lithium
Carbonate which is now produced using naturally occurring brines by solar
evaporation with subsequent chemical precipitation. The naturally
occurring brine such as in Atacama in Chile is now the main source of
commercial Lithium. The brine is a mixture of various chlorides including
Lithium chloride, which is allowed to evaporate by solar heat over a period
of 18-20 months. The concentrated lithium chloride is then transferred to a
production unit where it is chemically reacted with Sodium carbonate to
precipitate Lithium Carbonate. Chile is the largest producers of Lithium
carbonate.

Though Lithium ion batteries are likely to dominate electric vehicle
markets in the future, the supply of Lithium remains limited. Alternative
sources of Lithium are natural ores such as Spodumene.Many companies
around the world, including couple of companies in Australia are in the
process of extracting Lithium from such ores.

Manufacturers produce battery cells from anode, cathode and electrolyte
materials. All lithium-ion batteries use some form of lithium in the cathode
and electrolyte materials, while anodes are generally graphite based and
contain no lithium.   These cells are connected in series inside a battery



housing to form a complete battery pack. Despite lithium’s importance for
batteries, it represents a relatively small fraction of the cost of both the
battery cell and the final battery cost.

“Various programs seek to recover and recycle lithium-ion batteries.
These include prominently placed recycling drop-off locations in retail
establishments for consumer electronics batteries, as well as recent efforts
to promote recycling of EV and PHEV batteries as these vehicles enter the
market in larger numbers (Hamilton 2009). Current recycling programs
focus more on preventing improper disposal of hazardous battery materials
and recovering battery materials that are more valuable than lithium.
However, if lithium recovery becomes more cost-effective, recycling
programs and design features provide a mechanism to enable larger scale
lithium recycling. Another potential application for lithium batteries that
have reached the end of their useful life for vehicle applications is in
stationery applications such as grid storage.

The supply chain for many types of batteries involves multiple,
geographically distributed steps and it overlaps with the production supply
chains of other potential critical materials, such as cobalt, which are also
used in battery production. Lithium titanate batteries use a lithium titanium
oxide anode and have been mentioned as a potential candidate for
automotive use (Gains 2010), despite being limited by a low cell voltage
compared to other lithium-ion battery chemistries.” (Ref: Centre for
Transportation, Argonne National Laboratory)

Usage of power for extraction of Lithium from naturally occurring brines
is lower compared to extraction from mineral sources because bulk of the
heat for evaporation of brine is supplied by solar heat. However Lithium ion
batteries can serve only as a storage medium and the real power has to be
generated either by burning fossil fuel or from using renewable energy
sources. Governments around the world should make usage of renewable
power mandatory for users of Electrical vehicles. Otherwise introduction of



Lithium ion battery without such regulation will only enhance carbon
emission from fossil fuels.

 

Permalink: https://ahilanraman.com/2012/06/20/lithium-batteries-and-
electric-cars/

https://ahilan007.wordpress.com/2012/06/20/lithium-batteries-and-electric-cars/electric_car_3zt2f/
https://ahilan007.wordpress.com/2012/06/20/lithium-batteries-and-electric-cars/lithium-ion-car-battery/
https://ahilanraman.com/2012/06/20/lithium-batteries-and-electric-cars/


#62

Ocean acidification- a threat to food security
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e by burning fossil fuels by human
beings is altering the chemistry of our
oceans at an unprecedented rate in the
last 65 million years. When excess
Carbon dioxide is absorbed by seawater
it forms Carbonic acid, which is weak
and unstable and increase the Hydrogen
ion concentration in seawater. It

decreases the pH value. The seawater is alkaline and the mean ocean
surface pH  was measured at 8.2 in 1750.This acidity has  increased by 30%
in recent times due to absorption of vast amount of man-made carbon
dioxide since pre-industrial time. The amount estimated are about 500 Giga
tones or 25% emitted into the atmosphere. According to UN report: “If we
continue at this rate the ocean pH will decline by a further 0.3 by the end of
this century, an unprecedented 150% increase in ocean acidity. This rate of
change has not been experienced for around 65 million years, since the
dinosaurs became extinct. Such a major change in basic ocean chemistry is
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likely to have real implications for ocean life in the future, especially
organisms that need calcium carbonate to build shells or skeletons. Not all
organisms will react at the same rate or in the same way to decreasing
carbonate ion concentration. There are three naturally occurring forms of
calcium carbonate used by marine organisms to build shells, plates or
skeletons: calcite, aragonite and high magnesium calcite. For example,
microscopic plants called coccolithophores surround themselves with
protective calcite plates; aragonite is used by periods to build their shells
and corals use it to make their skeletons that help to form reefs; while some
echinoderms – starfish, sea urchins, brittle stars – utilize magnesium calcite
to form their exoskeletons. Magnesium calcite is more soluble and sensitive
to ocean acidification than aragonite; with calcite being the least soluble of
the three. A lowering of pH and reduction of carbonate ions will make it
more difficult for organisms to sustain their calcified shells, and in under
saturated conditions, waters become corrosive to these minerals.

Additionally, most multicellular marine organisms have evolved a
regulatory system to keep up the hydrogen ion balance of their internal
fluids and spend energy doing this so an increase in hydrogen ions in
seawater means that they will have to divert more energy away from
important processes such as growth and reproduction to do this. However,
studies of mussels, crab and sea urchin species have shown they have only a
partial or no, compensation mechanism potentially making them more
vulnerable than those organisms that possess a compensation mechanism”.
(Ref:UNEP)

The contribution of marine food in the form of Protein to food security is
substantial. Fish supplies about 15% of animal protein for about 3 billion
people worldwide. Further one billion people depend on fisheries for their
primary source of Protein. Steadily increasing population is pushing the
demand for protein even further, while the fish stock is dwindling in many
parts of the world due to over fishing and environmental degradation.
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“Productivity ‘hotspots’ such as upwelling regions where cold water is
rich in both nutrients and CO2, coastal seas, fronts, estuaries and sub-polar
regions often supply the main protein source for coastal communities.
However, many of these areas are also projected to be very vulnerable to
ocean acidification this century.” (Source: UNEP)

Global warming has a much wider ramification than originally thought.
It is not just warming the globe but threatens the food security and our own
survival as human beings.
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Changing winds and storing technologies
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40.5 GW new powers brought online, according to Global Wind Report.
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However storage of intermittent renewable energy is a critical contributing
factor in renewable energy development. A study was conducted by
University of California for California Energy Commission on the
economic and environmental impact of for energy storage technologies and
the ways to improve the energy efficiency of wind energy. When there is a
strong wind there is no demand for power, and when there is a high demand
for power there is no wind. This anomalous supply demand gap demands a
reliable way of storing wind power during high wind velocity periods.

They examined for energy storage technologies namely 1.lead acid
batteries, 2. Zinc Bromine flow batteries, 3.Hydrogen electrolyzer and Fuel
cell storage system and 4.Hydrogen option to fuel Hydrogen cars with
Hydrogen. By using NREL (national Renewable Energy laboratory)
computer simulation model HOMER  for high wind penetration of 18% in
California, they concluded that Hydrogen storage is the most cost-effective
than other battery storage technologies and using Hydrogen to fuel
Hydrogen cars is economically attractive  than converting Hydrogen into
Electricity. The environmental impact of using Hydrogen is benign
compared to batteries with their emissions.

“The key findings of this experiments are as follows: Energy storage
systems deployed in the context of greater wind power development were
not particularly well used (based on the availability of “excess” off-peak
electricity from wind power), especially in the 2010 time frame (which
assumed 10% wind penetration statewide), but were better utilized–up to
1,600 hours of operation per year in some cases–with the greater (20%)
wind penetration levels assumed for 2020.

The levelized costs of electricity from these energy storage systems
ranged from a low of $0.41 per kWh—or near the marginal cost of
generation during peak demand times—to many dollars per kWh (in cases
where the storage was not well utilized). This suggests that in order for
these systems to be economically attractive, it may be necessary to optimize
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their output to coincide with peak demand periods, and to identify
additional, value streams from their use (e.g., transmission and distribution
system optimization, provision of power quality and grid ancillary services,
etc.).

At low levels of wind penetration (1%–2%), the electrolyzer/fuel cell
system was either inoperable or uneconomical (i.e., either no electricity was
supplied by the energy storage system or the electricity provided carried a
high cost per MWh).

In the 2010 scenarios, the flow battery system delivered the lowest cost
per energy stored and delivered.  At higher levels of wind penetration, the
hydrogen storage systems became more economical such that with the wind
penetration levels in 2020 (18% from Southern California), the hydrogen
systems delivered the least costly energy storage.

Projected decreases in capital costs and maintenance requirements along
with a more durable fuel cell allowed the electrolyzer/fuel cell to gain a
significant cost advantage over the battery systems in 2020.

Sizing the electrolyzer/fuel cell system to match the flow battery
system’s relatively high instantaneous power output was found to increase
the competitiveness of this system in low energy storage scenarios (2010
and Northern California in 2020), but in scenarios with higher levels of
energy storage (Southern California in 2020), the electrolyzer/fuel cell
system sized to match the flow battery output became less competitive.

The hydrogen production case was more economical than the
electrolyzer/fuel cell case with the same amount of electricity consumed
(i.e., hydrogen production delivered greater revenue from hydrogen sales
than the electrolyzer/fuel cell avoided the cost of electricity, once the
process efficiencies are considered).

Furthermore, the hydrogen production system with a higher-capacity
power converter and electrolyzer (sized to match the flow battery converter)
was more cost-effective than the lower-capacity system that was sized to
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match the output of the solid-state battery. This is due to economies of scale
found to produce lower-cost hydrogen in all cases.

In general, the energy storage systems themselves are fairly benign from
an environmental perspective, with the exception of emissions from the
manufacture of certain components (such as nickel, lead, cadmium, and
vanadium for batteries). This is particularly true outside of the U.S., where
battery plant emissions are less tightly controlled and potential
contamination from improper disposal of these and other materials is more
likely. The overall value proposition for energy storage systems used in
conjunction with intermittent renewable energy systems depends on diverse
factors:

The interaction of generation and storage system characteristics and grid
and energy resource conditions at a particular site The potential use of
energy storage for multiple purposes in addition to improving the
dependability of intermittent renewable (e.g., peak/off-peak power price
arbitrage, helping to optimize the transmission and distribution
infrastructure, load-leveling the grid in general, helping to mitigate power
quality issues, etc.)

The degree of future progress in improving forecasting techniques and
reducing prediction errors for intermittent.  Electricity market design and
rules for compensating renewable energy systems for their output”.
Hydrogen storage and Hydrogen cars hold the key for future renewable
energy industries and Governments and industries should focus on these
two key segments.
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Innovative desalting technology for Chemical industries

Sodium
chloride
commonly
known as ‘
common salt
‘ is a basic 
raw material
for the

production of a range of chemicals including Caustic soda and Soda ash.
The cost salt has been recently increasing steadily due to wide demand
supply gap all over the world. This in turn has increased the cost of all other
chemicals derived from salt and this situation is expected to continue in
future.

Salt industry has been traditionally using a ‘solar evaporation’, an age-
old technique from antiquity. The technology involves pumping of seawater
on large area of arid land and allowed to evaporate as the concentration of
salt increases. The brine then passes on through the various ponds, with the
sodium chloride content rising from 2% to 25%. This increasing salinity
gives the ponds a distinctive pink color, as algae in strongly saline solutions
produce a red pigment called haematochrome. The Red Sea is red for the
same reason.

The saturated brine is pumped to smaller ponds where nature continues
its work of evaporation. Once the volume has been reduced to 10.2% of the
original, any further concentration results in the deposition of sodium
chloride. From September to February more brine is added until at least 25
mm of salt has settled and it is time for harvesting. The brine remaining
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(called “bittern”) is a saturated solution of NaCl, with the other salts present
at concentrations well below saturation. This is pumped out to sea just
before the harvest is gathered, as these ions would contaminate the salt if all
the water were evaporated off. For four to six weeks beginning in early
March, mechanical harvesters scoop up the crystallized salt and load it on to
trucks that shuttle back and forth across the ponds to the washer. In the two
washing plants the salt is washed in clean saturated brine, where the other
salts, present as impurities, dissolve. From their hundreds of tones of clean
washed salt are discharged daily on to the stacks for storage – up to 10,000
tons per day. During winter no more salt is recovered, but the plant
continues its regular work of processing and bagging the stockpiled salt.

But this raw salt has number of impurities such as Calcium, Magnesium
and Sulfate ions which are harmful for the production of further chemicals.
Though the cost of producing salt is cheaper by solar evaporation, the cost
of purifying salt from above impurities and making suitable brine for
chemical production is expensive .The cost of salt used in chemical
processing industries after transportation and purification increase to
whopping $ 200 and above. Many Asian countries such as Japan, South
Korea, China, Taiwan and Indonesia are major importers of salt. The salt
import by the above importers in Asia pacific region between 2000 and
2009 has increased by 6 million tonnes, equal to 40% or 4.6% per annum.In
four years between 2005 and 2009, the price of salt increased  by
US$25/Mt, equal to 83% or 16% per annum.The average price of imported
salt varies between US$40 to $47/Mt. (Ref: Salt partners).

Erratic weather patterns, sea level rise, Tsunami, inundation, flooding
and unseasonal rains have hampered salt production all over the world. The
chemical industries are facing an uncertain future and unpredictable pricing
of salt. Prolonged winter in Europe and US and other parts of the world
have pushed the demand for salt for de-icing. India is the third largest and
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cheapest producer of salt in the world with lowest labor cost. But even in
India, the prices of salt have gone up recently from Rs.600 to Rs.1000/Mt.

An Australian company has developed and patented an innovative
technology to solve the above problems. The company uses membrane
technology to produce Sodium chloride brine directly from seawater
suitable for all chemical products in the downstream. This novel technology
separates seawater into salt and drinking water, after all seawater has about
95% pure water. It can solve the problems of many mining companies in
Australia who need Caustic soda as well as water for their processing.India
can certainly adopt this technology because shrinking coastal land for solar
evaporation will become  scarcer in the future.
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Green Chemistry and Clean technologies

Chemistry has revolutionized human life and it has affected each and every
one of us in some way or other for the past several decades. We were
happily using these chemicals in our everyday life without really
understanding their side effects.Individuls and companies who invented and
commercialized chemical products were keen to offer end products to
consumers often without explaining the side effects of such chemicals.They
themselves were not fully aware of long-term consequences of such
chemicals. Classical examples are Chlorine and its derivatives.

Chlorine is a common chemical that is used even today in many
countries to disinfect drinking water in water treatment plants. Their usage
is sill continued though they found that Haloethanes, which are formed by
the action of Chlorine on decayed organic leaves in water storage, causes
cancer (carcinogenic). DDT is another chemical that was used widely as a
pesticide, known as “atom bomb of pesticides”,  until their side effects
proved deadly for human beings and to the environment. It was officially
banned in USA in 1972 by EPA, though it is still continued in some third
world countries. Bleaching powder in another example of powder
disinfectant ( a popular form of disinfectant used on roads in India when
 prominent political leaders visit municipalities; though they are only chalk
 powder with no traces of residual Chlorine).

A whole range of dyes known as coal-tar dyes derived from coal  were
used in many applications including ‘food colors’, later substituted by
petroleum-based organic chemicals. These ‘food colors’ are now substituted
with ‘natural organic colors’ such as vegetable colors derived from
vegetables and fruits. Industrial chemicals, both organic and inorganic have
caused serious environmental damages all over the world for several
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decades, but Governments, companies and EPA did not realize the deadly
consequences of some these chemicals for a long time. The ‘Bhopal Gas
tragedy’ in India is one such grim reminder of such consequences.

Chemicals are not natural products even though one can separate them
into various organic chemical molecules but some of the consequences of
such separation and usage are not fully understood. Many natural herbs
have outstanding medicinal values and when consumed in a Natural form, it
has absolutely no side effects and they show tremendous therapeutic values.
But when you isolate certain molecules from such herbs (Alkaloids) and
used as a drug, they can cure a disease but at the same time, they create
many side effects. Nature offers such drugs in a diluted form that is quite
compatible to human beings. One such example is ‘Vinblastine’ and
“Vincristine’, anti-cancer drugs derived from a herb called ‘vinca rosea’.

Of late there is awareness among companies, people and Governments
about Green technologies that can help protect the environment.
Greenhouse gas and global warming is one such issue. When Petrol or
Diesel, an organic chemical known as Hydrocarbon is burnt, it not only
generates power but also emits greenhouse gases such as Carbon dioxide
and oxides of Nitrogen, that cause globe to warm. We were happily burning
away such fossil fuels until scientists raised an issue on emission of
‘greenhouse gases’ in recent past. When we deal with chemicals and
chemical reactions, the molecule is transformed into a new molecule and
often such reaction cannot be reversed.It is not a physical change but a
chemical change. When we convert water into steam, we can get back water
by condensing steam; but when you convert Chlorine into PVC (Poly vinyl
chloride) plastic, there are environmental consequences and reversing PVC
into Chlorine gas in not easy, though it is technically possible with
environmental consequences.

One has to observe and learn from Nature what is good and what is bad
when developing a new technology, because such development will not
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only affect the environment but also many generations to come. When
Nature teaches how to turn sugar into Alcohol by fermentation using air-
borne microorganisms, we should follow Nature to make alcohol. We know
how to turn Alcohol into PVC, but we do not know how to make
biodegradable PVC from Alcohol. Companies call it ‘Green Chemistry’,
but not until we can make a biodegradable PVC. Human knowledge is
imperfect and we can learn ‘Green chemistry and Clean Technologies’ only
from Nature and not by deviating from the path of Nature.
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Cheap Hydrogen to combat global warming?

The first few hydrogen atom electron orbitals shown as cross-sections with
color-coded probability density (Photo credit: Wikipedia)

Hydrogen is well-known as a potential source of clean energy of the
future. But it is not available in a free form; its generation from   water
using Electrolysis requires more energy than, a free Hydrogen can generate.
 It requires about 5kws power to generate 1 m3 Hydrogen gas, which
means, it requires about 56 Kw power to generate 1 Kg Hydrogen using
water electrolysis. But 1Kg Hydrogen can generate only about 15-20 Kw
Electricity using a Fuel cell. This anomalous situation makes Hydrogen
generation using water electrolysis uneconomical for clean power
generation. That is why most of the Hydrogen is now generated by steam
reforming natural gas. Another reason for using natural gas is, to cut the
cost of Hydrogen and also, to make a smooth transition from fossil
economy to Hydrogen economy using existing infrastructures. Power
generation and transportation using Hydrogen and Fuel cell has been
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commercially tested, proven and ready for deployment. However, we still
have to deal with emission of greenhouse gas during steam reformation of
natural gas due to the presence of carbon atom in natural gas.

Meanwhile, one American company recently announced a break-through
technology that will generate free thermal energy from atomic Hydrogen
using a patented process. The inventor of the process claims, when atomic
Hydrogen is allowed to react with a specific Catalyst, Hydrogen atom
undergoes a transition to a new atom called “Hydrino”, releasing energy
while the electron in the atom shifts to a lower orbit close to proton. It was
believed so far that the electron in Hydrogen atom is at its lowest level
(ground level) and the closest to proton. This is the first time somebody
claims that there is a lower state than the ground state  in Hydrogen atom
and the amount of energy released in this transition to ‘Hydrino”,  is  in
between by an uncatalyzed Hydrogen atom by combustion and nuclear
energy. Unlike nuclear energy, this energy is non-radioactive. But the
energy released by this process is more than 200 times than energy released
by Hydrogen atom by normal combustion. The reaction does not create any
pollution or radio-active materials as by-products. The process has been
tested, verified and certified by scientists in few  laboratories and
universities.

The above process offers great hope to generate a clean, non-polluting
energy at the lowest cost. The ‘dihydrino and Hydrogen is separated and
Hydrogen is recycled back to continue the process while’dihydrino’ has
other potential commercial applications. The inventor has named this power
as “Black power” as he hypotheses that such phenomena explain the
presence of “dark matter” in Galaxies. According to quantum mechanics,
the energy level of a normal Hydrogen atom is at its ground level as its
minimum level (N=1), but its energy level increases at higher states such as
N=2, 3, 4.When the energy level jumps from higher (excited state) to a
lower level, it emits energy in the form of photon of light (Quanta).The
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spectrum of such emission matches the ultraviolet light of the sun. Since
sub-quantum atoms are non-radioactive, the inventor claims that he is
duplicating the above process of Nature by a catalytic thermal process in
the state of Plasma using a specific Catalyst.

If such a large thermal energy is released by formation of ‘Hydrino’atom
in the above process, then such energy can be used to generate Hydrogen by
conventional water electrolysis at a fraction of the cost.

Then, Hydrogen economy can become a commercial reality and the
above technology has a potential not only to generate power at fraction of a
cost of the fossil fuel but also to generate a clean and non-polluting power.
The inventor has also hypothesised a “grand new unified theory” of atom as
the basis for the above invention. Mainstream scientists have always have
been reluctant to support such “free energy” theories but, when someone
can prove the process of generating an excess energy (more than 200 times
than the theoretical energy released by an exothermic chemical reaction)
and it is non-radioactive then mainstream scientists may be sidelined by
world community. It is always possible to prove something unique without
any theory   and come out later with a theoretical explanation to satisfy the
scientific community. Many discoveries in the past were by mere accidents
and one should have an open mind to look into any new concepts without
any bias, especially if the discovery can resolve serious problems of
humanity at  times  of crisis.
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Global warming- a race against time

Governments and industries
seek comfort from the fact that
Global Warming is not directly
linked with greenhouse gas

emissio
ns and
there is
no
concret
e
scientif
ic
proof

yet, linking these two, and think
they can carry on the business as
usual. Few scientists in the scientific
communities also have backed such
sentiments. Alternative technologies
such as renewable energy
technologies are expensive and
cannot compete with fossil fuel

based  power plants in near terms. Advanced renewable technologies need
rare earth materials such as Lanthanum, cerium, praseodymium,
neodymium, cobalt and lithium that are used in electric vehicle batteries;
Neodymium, praseodymium and dysprosium that are used in magnets for
electric vehicles and wind turbines. Lanthanum, cerium, europium, terbium
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and yttrium that are used in Phosphors for energy-efficient lighting; Indium,
gallium and tellurium that are used in solar cells. The supply of these
materials are limited or confined to few countries such as China. These new
material also need more energy to mine, process and extract  using only
fossil fuel generated power. Transport vehicles such as Hybrid or Electrical
cars require a substantial amount of rare earth material such as Lithium for
Battery production. The cost of Lithium batteries according to Centre for
Transportation, Argonne National Laboratory is:

________________________________________________________
Battery type         Base line                       Optimistic              Goal
________________________________________________________
High energy          $706/kwh                   $200/kwh           >150/kwh
35kwh                  $, 24,723                      $ 8767
High-power           $, 2,486                       $ 1,095                   $300
100 10A-h cell
_________________________________________________________
The cost and maintenance of such vehicles are expensive compared to

gasoline cars. The looming financial crisis, unemployment and political
instability in many parts of the world have overshadowed the problem of
greenhouse house and global warming. Governments in power are trying to
postpone the issue of global warming as long as possible because they are
unpopular among their public, who are increasingly wary of  high energy
cost and their household budgets.

Industrialized countries such as US, China, India and Australia have
projected their production and use of their coal, oil and gas usage in the
future, which are steadily on the rise. Australia’s mining and resources
industries are booming with increasing production of Coal, Coal seam
methane gas, LNG, Iron ore, copper, Nickel and Gold. Increasing demand
by growing economies such as India and China have propelled the
production of coal and LNG and other minerals in Australia. The booming
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mining and shipping industries of Australia have prompted UNESCO to
warn Australia about the impending danger of ‘Great Barrier reef’ being
destroyed by its busy shipping activities. The Great Barrier Reef is the
world’s largest coral reef ecosystem. The only living organic collective
visible from space, it is considered one of the seven natural wonders of the
world, and is a World Heritage listed area.

It boosts the Queensland’s image of sun, swimming and tropical islands,
and around 2 million people visit the reef every year, generating more than
$2 billion in direct tourism revenue in the area. The mining boom brings
revenue but it also brings natural disasters and destruction of its natural
wonders. The net effect will be destruction of Nature and displacement of
people at the cost of mining revenue. But how long such a boom will last,
and if the economies of China and India starts slowing down then, what
happens to all the investments and the damage caused?

The above developments paint a grim picture on global warming. The
world has witnessed natural disasters causing huge human and financial
losses. The natural disasters have costed an economic loss of nearly 13 to
30 billion dollars in the past two years in Australia alone. Yet, people and
Governments want a ‘concrete proof’ that man-made greenhouse gases
causes global warming and triggers natural disasters. Well, we can carry on
such conversation indefinitely till we reach a point of no return. “Wisdom
comes from experience; but experience comes from foolishness”.
Permalink: https://ahilanraman.com/2012/06/03/global-warming-a-race-
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Rare earth materials and Renewable

As the threat of global warming looms large, Governments and Industries
are looking for innovative, alternative and renewable energy sources and
energy efficiency solutions. But how many alternative energy sources are
available and what are their potentials? How to cut our carbon footprint
without making larger new investment? How to improve the energy
efficiency of the existing systems so that we can increase energy output for
the same amount of fuel input and cut the cost of energy? These are some of
the fundamental questions Governments and industries are grappling with,
for the past few years. We are used to generating cheap energy from coal,
oil and gas at the cost of the environment for several decades. We are used
to water supply free of cost or at negligible cost for several decades.
Governments were able to survive year after year because they were able to
supply these two fundamental requirements of the people namely, energy
and water at low-cost. But this situation changed swiftly when scientists
raised the alarm bells on carbon emission and global warming. Still many
Governments, especially industrialized countries with large energy and
water usage, are still playing ‘wait and watch’ game, because they cannot
afford to increase the tariffs on power and water. Any such increase will
make Governments unpopular and their re-election to the office doubtful.

The real alternative to fossil fuels is only solar energy, which is clean,
reliable and abundant. All other forms of renewable sources such as wind,
geothermal, ocean thermal energy and wave energy are only offshoot of
solar energy. The prime source is still the sun and the source of energy is
from the chain nuclear fusion reaction of Hydrogen atom. The radiation of
this nuclear reaction in the sun has to travel an average distance of 93
million miles to reach the earth, yet it is enough to meet current energy need
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of  entire humanity by a factor of 20,000 times. But to convert sun’s light
and heat energy into Electricity and other useful forms of energy, we need
some rare materials which we never used in the past. They are called ‘rare
earth materials’ because their available sources and supplies are rare on
planet earth. But these exotic and rare earth materials are becoming
indispensable in the development of renewable energy products and
applications. The future growth of clean energy technologies depend on
supply of such rare earth materials.

Fourteen elements and related materials were selected for a criticality
assessment by US Government department of energy. Eight of these are rare
earth metals, which are valued for their unique magnetic, optical and
catalyst properties. The materials are used in clean energy technologies as
follows. Lanthanum, cerium, praseodymium, neodymium, cobalt and
lithium are used in electric vehicle batteries. Neodymium, praseodymium
and dysprosium are used in magnets for electric vehicles and wind turbines.
Samarium is also used in magnets. Lanthanum, cerium, europium, terbium
and yttrium are used in phosphors for energy-efficient lighting. Indium,
gallium and tellurium are used in solar cells. The materials were selected
for study based on factors contributing to risk of supply disruption.

Though usage of such material is relatively small, it is anticipated that
the growth of clean technologies will need a substantial quantity of these
materials. Currently China is endowed with almost 95% of such rare
materials in the world. These materials are available in the form of ores and
minerals under the earth. They have to be mined, processed and extracted in
a pure form so that they can be used in developing clean energy products of
the future. We will discuss about such products and technologies in our
future articles. The anomaly is the energy required to mine, process and
extract these rare earth materials need energy and such energy to have to
come only from the sun. It is once again Nature that comes to the rescue of
human beings at such critical junctures.
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Fuelcell can become a commercial reality

We now generate electric city from heat, obtained by combustion of fossil
fuel such as coal, oil and gas. But such combustion generates not only heat
but also greenhouse gases such as Carbon dioxide and oxides of
Nirogen.The only alternative to generate power without any greenhouse gas
emission is to use a fuel with zero carbon. However, oxides of Nitrogen will
still be an issue as long as we use air for combustion because atmospheric
air has almost 79% Nitrogen and 21% oxygen. Therefore it becomes
necessary to use an alternative fuel as well as an alternative power
generation technology in the future to mitigate greenhouse problems.

Hydrogen is an ideal fuel to mitigate greenhouse gases because
combustion of Hydrogen with oxygen from air generates only water that is
recyclable. Combining Hydrogen with Oxygen using Fuel cell, an
electrochemical device is certainly an elegant solution to address
greenhouse problems. But why Hydrogen and Fuel cell are not commonly
available? Hydrogen is not available freely even though it is abundantly
available in nature. It is available as a compound such as water (H2O) or
Methane (CH4) and Ammonia (NH3). First we have to isolate Hydrogen
from this compound as free Hydrogen and then store it under pressure.
Hydrogen can easily form an explosive mixture with Oxygen and it requires
careful handling. Moreover it is a very light gas and can easily escape. It
has to be compressed and stored under high pressure.

Generation of pure Hydrogen from water using Electrolysis requires
more electricity that it can generate. However, Hydrogen cost can be
reduced using renewable energy source such as solar thermal. The solar
thermal can also supply thermal energy for decomposing Ammonia into
Hydrogen and Nitrogen as well as to supply endothermic heat necessary for

http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Nitrogen_oxide
http://en.wikipedia.org/wiki/Hydrogen_economy
http://en.wikipedia.org/wiki/Fuel_cell
http://en.wikipedia.org/wiki/Ammonia
http://www.wikinvest.com/industry/Renewable_Energy


steam reformation of natural gas into Hydrogen. On-site Hydrogen
generation using solar thermal using either electricity or heat can become a
commercial reality. Hydrogen generation at higher temperatures such as
Ammonia decomposition or steam reformation can be directly used in Fuel
cell such as Phosphoric acid Fuel cell.

Phosphoric acid fuel cell is a proven and tested commercial Fuel cell that
is used for base load power generation. It is also used for CHP applications.
Hydrogen generation using solar thermal and power generation using Fuel
cell is already a commercial reality and also an elegant solution to mitigate
greenhouse gases. Large scale deployment of Fuel cell and solar thermal
will also cut the cost of installations and running cost competing with fossil
fuel.Fuecell technology has a potential to become a common solution for
both power generation and transportation.

While Government can encourage renewable energy by subsidizing PV
solar panels and discourage fossil fuel by imposing carbon tax, they should
give preference and higher tariff for power purchase from Solar thermal and
Fuel cell power generators. This will encourage large-scale deployment of
Fuel cell as a potential base load power source.
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Liquid coal- a novel fuel to reduce greenhouse gas

Coal is the single largest fuel used for power generation all over the world,
due to its abundant availability and established infrastructure and
technology. However, greenhouse gas emission poses a significant
challenge in continuing the usage of coal as prime fuel. Currently, Natural
gas is favored as fuel for power generation and number of LNG (liquefied
natural gas) plants have been set up in many parts of the world. Coal seam
methane gas is another potential source that competes with natural gas.
Basically, Methane is the major constituent of such gases in the form of
Hydrogen  and they are suitable for both combustion as well as for
gasification for power generation. Countries who are endowed with large
deposits of coal such as Australia, South Africa, Indonesia have advantages
in clean coal technologies and in reducing their greenhouse gas emissions.
There is an opportunity for coal-fired power plants to continue their
operations, if they can solve the greenhouse gas emission and other
pollution problems associated with coal. Number of companies are now re-
evaluating clean coal technologies such as IGCC and carbon capture and
reuse.

As we have seen in previous articles, Hydrogen is the key in developing
clean coal technology of the future. That is why, gasification technology
such as IGCC (Integrated Gasification and Combined Cycle) is gaining
importance over combustion technologies because that is the only way we
can introduce a Hydrogen molecule in the combustion by way of ‘Syngas’.
By introducing Hydrogen, we not only can improve the thermal efficiency
but also use the heat of combustion to the most by combined cycle with
reduced GHG emission. It also facilitates the usage of existing and known
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power generation technologies such as, steam turbine and gas turbine, as
well as, new technologies such as Fuel cell and Hydrogen turbines.

Coal in the form of pumpable liquid (CWS –coal water slurry) is another
key milestone in developing a clean coal technology. Countries like China
and Indonesia have been using coal water slurry for power generation
successfully. Finely powdered coal is mixed with water in the ratio of 60:40
along with dispersant such as Lignosulfonate as additives to make a finely
dispersed, viscous liquid that resembles heavy petroleum oil, ready for
combustion. It is easier to handle pumpable oil than a solid coal.

A novel products called ‘colloidal coal water’ (CCW) is a finely
dispersed colloidal coal in water with additives such as surfactants and
dispersants with specific formulating agents leading to certain rheological
properties is a key development in clean coal technology. The coal water
slurry now used does not have long-term stability and storage properties
like colloidal coal water fuel. The work is under development and it is
expected that such finely dispersed colloidal coal water mix resembling a
liquid hydrocarbon may be named as ‘liquid coal’ for all practical purposes
will become a low-cost fuel in the future power generation.

This ‘colloidal coal liquid’ can be easily gasified or used as liquid fuel
for combustion equipment such as boilers and also serve as precursor for a
number of chemical product synthesis as downstream products. The emitted
Carbon dioxide can be captured cryogenically and separated in a pure form
for potential application such as ‘Natural Refrigerant’ and to synthesize
number of chemical products. Clean coal can become a commercial reality
provided we re-evaluate the coal preparation, gasification methods and to
contain emitted carbon into a useful product of commerce.
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Sun,sea and chemical industries

How many of us think  about the Sun and Sea, when you drink ‘Mineral
water’ from that ‘PVC bottle’; or think about the PVC cables that transmit
power to your home; or  eat  meal with a pinch of salt or bicarbonate; or
when your municipal water treatment plant use Chlorine to disinfect your
drinking  water? All these come from sea water energized by sun’s light,
day after day, for several decades.

Every year 111 billion liters of seawater are evaporated using solar
energy to produce 1.1 billion liters of brine. The amount of solar energy
required to produce this, is equal to 11 million tons of coal, valued at US$
1.10 billion. The brine is then crystallized to produce 2 million tones of
solar salt, the essential raw material for 18 basic inorganic chemicals,
including soda ash. Soda ash and Caustic soda are two fundamentals raw
materials to chemical industries, as steel is to the engineering industries.
This above statistics applies to one single manufacturer, and there are
hundreds of manufacturers around the world.

Sun and sea are two great gifts of Nature to mankind. But industries use
three great resources  namely Sun, seawater and a vast stretch of land often
free of cost. Companies convert  seawater  into  salt using sun’s energy,
manufacture valuable chemicals, sell them with profits   and then dump all
toxic wastes on the soil and discharge all the industrial effluents back into
the sea, polluting not only the source of their raw materials but also killing
thousands of marine species they call ‘sea’ as their home.

Governments and EPA (government agencies) turn a blind eye to such
pollution and give them clearance year  after year in each country for
several decades, because they depend on taxpayer’s money to run their
Governments. The manufacturer use these natural resources free of cost or
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at a fraction of  cost and make huge profits to their shareholders and pay tax
to the Government, to make sure  that Governments don’t interfere with
their activities. What is really happening is few rich and powerful are able
to exploit the natural resources and enrich themselves with the help of
Governments  at the cost of earth, water and air, we human beings habitat.

This avaricious exploitation of Nature has driven not only human beings
but many animals and species to extinction. Basic needs of life such as
water and air are polluted, man-made waste are dumped indiscriminately on
soil, polluting the earth and ground water. The plastic manufactured using
Nature’s sun and sea water, are dumped back on earth as non-biodegradable
pollutants. This is how we repay Nature.

Human beings have caused an irreversible damage to Nature in the name
of science, technology and industrialization at the cost of future generation,
while enriching few rich and powerful. The damage is irreversible,  because
we are forced to continue the same path to avert any disruption to our
growth story. As long as we value materials over morals and ethics, there is
no future and Nature will eventually turn its back with vengeance. We value
how much a person is worth financially  rather  than, what a person can
contribute to the uplifting of human beings and Nature. This is the crux of
all problems in the world, including the financial crisis we are currently
facing. We created the monster called ‘materialism’ and the same monster
is now destroying humanity.
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Ammonia can substitute Gasoline

Ammonia is a well-known industrial chemical that is manufactured
worldwide as a precursor for the production of Urea. The chemistry and
technology of Ammonia synthesis is well-known and well established. It
was a land mark achievement to fix atmospheric Nitrogen into the soil in
the form of Urea as a fertilizer. It has 17.6% Hydrogen and 82.4% Nitrogen
making it an ideal fuel for combustion when compared to Gasoline in terms
of greenhouse gas emission because Ammonia no carbon. Handling free
Hydrogen has always been a concern due to its explosive nature and
lightness. Transportation of Hydrogen in the form of Ammonia is relatively
cheaper and safer. A non-regulated Ammonia nursing tank at 265 psi
pressure holds 3025kg Ammonia, containing 534kg Hydrogen, because a
5900 gallon Hydrogen tube trailer at 3200 psi pressure, contain only 350kgs
of Hydrogen. Low pressure Ammonia tank with less than 25% volume
contain more than 53% Hydrogen than a high pressure tube trailer.
Ammonia has a lower volumetric energy density compared to other
fuels.However, after subtracting energy required to elicit hydrogen from
each fuel, hydrogen emerges with highest energy density compared to other
fuels, and it is the only fuel which is carbon free. These qualities make
Ammonia, a potential  substitute for Gasoline.

Ammonia need not be used as direct combustible fuel in internal
combustion engines but it can be used as Hydrogen carrier safely and
economically. The Hydrogen resulting from the decomposition of Ammonia
can be used as fuel in a Fuel cell car as well as in a combustion engine. It
can also be used to generate small on site power using a Fuel cell or IC
engine. For example, 534kg Hydrogen can generate Electricity up to 10
MW and up to 6Mw thermal energy using a Fuel cell.
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Currently ammonia is manufactured using fossil fuel source such as
natural gas or naphtha to generate Hydrogen in the form of Syngas.But this
can be effectively substituted with renewable source of Hydrogen such as
Electrolysis of water using renewable solar thermal power or wind energy.
Alternatively a biogas can be steam reformed to generate Hydrogen similar
to natural gas. The generated Hydrogen can be compressed and stored.

Nitrogen forms 79% of atmospheric air and it can be obtained by air
liquefaction and separation by distillation or by simple membrane
separation method to separate air into Nitrogen and Oxygen. The resulting
Nitrogen can be compressed and stored for Ammonia sysnthsis.Production
of Ammonia using Bosch Haber process is well-known. Ammonia can be
transported in pipelines, in tankers by road, rail or ship to various
destinations.

Ammonia can be readily be used as fuel using a spark ignited
combustion engine with little changes because Ammonia is classified as
non-combustible fuel. Alternatively, it can be decomposed in a catalytic bed
reactor and separated into Hydrogen and Nitrogen using PSA (pressure
swing adsorption) system. The resulting Hydrogen can be stored to run a
Fuel cell car like Honda FCX. Ammonia, as a Hydrogen carrier can
substitute gasoline as an alternative fuel for transportation and power
generation. All necessary technologies and systems are commercially
available to make it a commercial reality.
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Concentrated solar power- a game changer

We  acknowledge that solar energy is a potential renewable energy source
of the future. The total energy need of the world is projected in the next 40
years to be 30 TW (terra watts) and only solar energy has a potential to
meet the above demand. However, harnessing sun’s energy to its fullest
potential is still a long way to go. Concentrated solar power (CSP) offers a
greater hope to fill this gap. The main reason is the cost  advantage of CSP
compared to PV solar and energy storage technologies and their costs.

The cost of PV solar has steadily decreased in the past few years.
Though the cost of solar cell has come down to $0.75 per watt, the overall
cost of the PV system is still around $ 3.00 per watt. This is due to the cost
of encapsulation; interconnect wiring, mounting of panels, inverters and
battery bank. The overall cost of the system will not come down drastically
beyond a point. This makes PV solar still more expensive compared to
conventional power generation using fossil fuels. People can understand the
value of renewable energy and impending dangers of global warming due to
greenhouse gases, but the final cost of energy will decide the future of
energy sources.

In PV solar the sun’s light energy is directly converted into Electricity,
but storing such energy using batteries have certain limitations. PV solar is
suitable for small-scale operations but it may not be cost-effective for large-
scale base load power generation. The best option will be to harness the
sun’s thermal energy and store them and use them to generate power using
the conventional and established methods such as steam or gas turbines.
Once we generate thermal energy of required capacity then we have number
of technologies to harness them into  useful forms. As we mentioned earlier,
the thermal energy can trigger a chemical reaction such as formation of
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Ammonia by reaction between Hydrogen and Nitrogen under pressure,
which will release a large amount of thermal energy by exothermic reaction.
Such heat can be used to generate steam to run a stem turbine to generate
power. The resulting ammonia can be split with concentrated solar power
(CSP) into Hydrogen and Nitrogen and the above process can be repeated.

The same system can also be used to split commercial Ammonia into
Hydrogen and Nitrogen. The resulting Hydrogen can be separated and
stored under pressure. This Hydrogen can be used to fuel Fuel cell cars such
as Honda FXC or to generate small-scale power for homes and offices.

By using CSP, there is potential of cost savings as much as 70%
compared to PV solar system for the same capacity power generation on a
larger scale. Focusing sun’s energy using large diameter parabolic troughs
and concentrators, one can generate high temperatures.  Dishes can
typically vary in size and configuration from a small diameter of perhaps 1
meter to much larger structures of a dozen or more meters in diameter. 
Point focus dish concentrators are mounted on tracking systems that track
the sun in two axes, directly pointing at the sun, and the receiver is attached
to the dish at the focal point so that as the dish moves, the receiver moves
with it.  These point focus systems can generate high temperatures
exceeding 800ºC and even 1,800ºC.

The temperature required to run a steam turbine does not exceed 290C
and it is quite possible to store thermal energy using mixture of molten salts
with high Eutectic points and use them to generate steam. Such large-scale
energy storage using lead-acid batteries and power generation using PV
solar may not be economical. But it will be economical and technically
feasible to harness solar thermal energy using CSP for large-scale base load
power generation. It is estimated that the cost of such CSP will compete
with traditional power generation using coal or oil in the near future.CSP
has potential to generate cost-effective clean power as well as a fuel for
transportation.
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Solar thermal for base load power

The city of Athens hosted its oldest tradition of lighting the Olympic torch
for the 2012 London Olympic Games on Thursday in Olympia. The torch
was lit by solar power; using parabolic mirror to redirect the sun’s light to
light the flame with purest natural light. The thermal energy of sun’s light
can be powerful when focused to a point and it can reach a temperature as
much as 600C.The parabolic trough with reflective mirror focuses the
sunlight on the tube called ‘collectors’ in which a fluid with high boiling
point is circulated. The hot fluid in turn is used to convert water into steam
in boiler. The hot oil transfers its heat to the water in a heat exchanger and
returns back to the parabolic trough. It is a closed circuit system. The hot oil
at 390C generates steam at 370C at 100 bar pressure, which is used to run a
HP steam turbine. The standard steam condensing cycle generates power
similar to fossil fuel fired power plant. A 50 Mw Trough plant in Israel
(Negev Desert) is already in operation.

The capacity of such plant can be easily expanded by adding modular
parabolic troughs and collectors and the plant can be designed to meet
 specific power demands. This is a straight forward method to generate base
load power using standard steam cycle. The efficiency of such system will
be 41% maxium.However recently few companies are trying use a
combined cycle. This increase the solar to heat efficiency from 50.5% to
53.6%.This nominal 50Mw power plant generates  a total peak power of
57.10Mw using a solar collection area of 310,028m2 with annual solar to
electrical efficiency at 16.3% using a water-cooled condenser in the steam
cycle. The cost of energy works out to $0.23 to $ 0.25 /kwhrs.

By using a central solar collection tower (Heliostat) and bottoming with
Rankin/Kalina cycle ,it is estimated that the total installed cost can be
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reduced by 10%.The system can be configured from 2Mw up to 100Mw
using both trough and tower system. The system can be installed in any
remote, arid locations using air condensers, where cooling water is a
problem. The estimated annual specific energy cost is less than 6
cents/kwhrs, comparable to low-cost fossil energy but with zero pollution
and with zero carbon emission.

Solar thermal is a potential clean energy of the future for many countries
around the world with yearlong sunshine with good intensisty.The solar
thermal energy can also be used in many process industries where thermal
heating is required. Solar salt pans can use solar thermal energy very
efficiently to cut their production cycle. The concentrated brine can be used
as a circulation fluid in solar collectors and also be used to generate power
using low heat technologies like Kalina cycle, because concentrated salt
brine can store thermal heat.

Gemasolar power in Spain is a base load power station supplying power
for 25,000 homes 24×7 using molten salt (60% KNO3+40% NaNO3) as a
thermal storage medium instead of batteries. Nine plants were built in 1980
in Mojave Desert with a combined capacity of 354 Mws.

Other examples of solar base load power plants are Blythe solar with
capacity of 968Mw at Riverside County, California and Ivanpah power
station with capacity of 370 Mw capacities in US. Large scale solar base
load plants are no longer a theory but a commercial reality.

Direct solar lighting is also being introduced using fiber optics. The sun
light is collected at a central point and directed through fiber optics to
various rooms inside the building supplying direct sun light. This saves not
only electricity but also provides natural light to work places because
human body requires a certain amount of UV light exposure. Solar energy
is here to stay and offer various clean energy solutions in the future.
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Renewability and Sustainability

Renewability and sustainability are two critical factors that will decide the
future course of the world. We have to learn from Nature how sun is able to
sustain life on earth for millions of years without the slightest hitch. The
sun provides light energy for the photosynthesis to generate Carbohydrate
using carbon dioxide from the atmosphere and water. The green pigment in
the leaves of the plant ‘Chlorophyll’ catalalyses the photosynthesis. The
plant grows and serves as food for animals. After certain period both the
plant and animal dies and becomes carbon. New plants and animals are
produced and the cycle continues. The dead plant decays and serves as
manure for the new plant. A sequence of combinations of atmosphere,
photosynthesis, micronutrients in the soil, absorption of carbon dioxide
from air and release of Oxygen into the atmosphere, food production, life
sustainenace, death and decay play like a symphony in an orchestra.
Microorganisms too play their role in this cycle.

It is obvious from the above process that life cycle is based on
‘Renewability’.The  death and decay of the old plant gives way to the birth
of new plant and new cycle. There is nothing static .It is a dynamic and
cyclic process, where ‘Renewability’ is the key. Only with renewability the
process can ‘sustain’. Without a cyclic nature, the process will end abruptly.
In fact ‘renewability’ and ‘sustainability’ are closely linked.

When we try to develop a new source of energy it is absolutely critical
that such a source is renewable and available directly from Nature. Sun is
the prime source of such energy, though it is also available in other forms
such as wind, wave, ocean thermal etc. Such renewability can come only
from Nature because human life in intricately linked with Nature such as
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earth, sun and wind. Everything that happens in Nature is to support life on
earth and not to destroy. This is a fundamental issue.

When we dig out Carbon from the earth  that was deeply buried by
Nature and burn them, we release Carbon dioxide as well as Oxide of
Nirtogen.Though our primary interest is only heat, we also create by-
products such as greenhouse gases that upset the natural equilibrium.
Nature can make some adjustments in order to maintain equilibrium; but
when this limit exceeds, the equilibrium is upset creating a new
environment, which may be alien to human life. This is unsustainable.
Nature does not burn organic matter indiscriminately to generate Carbon
dioxide to promote photosynthesis. It judiciously and delicately uses
atmospheric Carbon dioxide without the slightest disturbance to the
equilibrium. Many chemical reactions are irreversible and can cause
irreversible damages, similar to ‘radiation’ from a nuclear reaction.

Whatever we do in the name of science, we will have to face their
consequences, if we fail to understand the process of Nature completely and
thoroughly. Fossil fuel sources are limited and burning them away to meet
our energy demands is neither prudent nor sustainable. Human greed has no
limit. We live in a finite world with finite resources and there is no place for
infinite greed and destruction. There is no solution in Science for human
greed.
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Power generation with Ammonia

Majority of current power generation technologies are based on
thermodynamic principles of heat and work. Heat is generated by  chemical
reactions such as combustion of coal, oil or gas with air or pure oxygen.
This heat of combustion is then converted into work by a reciprocating
engine or steam turbine of gas turbine. The mechanical energy is converted
into electricity in power generation and as a motive force in transportation.
The fundamental principles remain the same irrespective of the efficiencies
and sophistication we incorporated as we progressed. The efficiency of
these systems hardly exceeds 30-40 of the heat input, while the remaining
60-70 heat is wasted. We were also able to use this waste heat and improved
the efficiency of the system by way of CHP (combined heat and power) up
to 80-85%.But this is possible only in situations where one can use both
power and heat simultaneously. In a centralized power plant such large heat
simply dissipated as a waste heat through cooling towers and in the flue
gas. This is a huge loss of heat because a substantial part of heat of
combustion is simply vented into the atmosphere in the form of greenhouse
gases. If ‘greenhouse gas’ and ‘Global warming’ were not issues of concern
to the world, probably we would have continued our business as usual.

Generation of heat by combustion of hydrocarbon is one example of a
chemical reaction. In many chemical reactions, heat is either released or
absorbed depending upon the type of reaction, whether it is exothermic or
endothermic. Sometimes these chemical reactions are reversible. It may
release heat while the reaction moves forward and it may absorb heat while
it moves backward in the reverse direction. By selecting such reaction one
can make use of such energy transformations to our advantages. One need
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not release the heat and then release the product of reaction into the air like
burning fossil fuels.

Ammonia is one such reaction. When Hydrogen and Nitrogen is reacted
in presence of a catalyst under high temperature and pressure the reaction
goes forward releasing a large amount of energy as practiced in industries
using Heber’s process. The heat released by this reaction can be converted
into steam and we can generate power using steam cycle. The resulting
Ammonia can further be heated in presence of a catalyst by external heat
due to endothermic nature of the reaction and split into Hydrogen and
Nitrogen.  However, such heat can be supplied only from external sources.
One University in Australia is trying use the above principle by using solar
thermal energy as a source of external heat. The advantage of this system is
power can be generated without burning any fossil fuel or emitting any
greenhouse gas. One can use a renewable energy sources such as solar
thermal and also use Ammonia as a storage medium.

Ammonia is a potential source of energy to substitute fossil fuels.
However, such Ammonia is now synthesized using Hydrocarbon such as oil
and gas. The source of Hydrogen is from synthesis gas resulting from steam
reformation of a Hydrocarbon. Hydrogen can also be derived from water
using electrolysis using renewable energy source. In both the above cases,
renewable energy is the key, without which no Hydrogen can be produced
without a Hydrocarbon or an external heat is supplied for splitting
Ammonia.

Ammonia can also be split into Hydrogen and Nitrogen using external
heat.  The resulting Hydrogen can be used to generate power using a Fuel
cell or run a Fuel cell car. Nitrogen also has many industrial
applications.Thereoefore ammonia is a potential chemical that can
substitute fossil fuels in the new emerging renewable economy.
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Changing Chemistry of air,water and earth- recipe for disaster

Those who studied chemistry and conducted laboratory experiments in
universities will be familiar with precautionary measures we take to avoid
 accidents. Aprons, gloves, goggles and fume cub-boards with exhaust fans
are some few examples of protective measures from flames, hot plates and
fumes. The blue color of the flame represented the degree of hotness of the
flame from Bunsen burner; the pungent smell pointed to the ‘Gas plant’ that
generated ‘water gas’ for Bunsen burners. The familiar smells of chemicals
would bring ‘nostalgic memories’ of college days. Each bottle of chemicals
would display a sign of warning ‘Danger or Poison’. We could recognize
and identify even traces of  gases or fumes or chemicals immediately. Those
memories embedded deeply in our memories and I vividly remembered
even after few decades I left university.

I could smell traces of Chlorine in the air even at a distance of 20 miles
from a Chloroalkali plant in sixties, when air pollution controls were not
stringent. People who lived around the factory probably were used to live
with that smell for generations. Many families had not breathed  fresh air in
their life time, because they have not breathed air without traces of
chlorine.They lived all their lives in the same place because agriculture was
their profession. Many people developed breathing problems during  their
old ages and died of asthma and tuberclosis.The impact of these fumes
cannot be felt in months and years but certainly can be felt after decades
especially at old ages, when the body’s immune system deteriorates. Bhopal
gas accident in India is a grim reminder of  such tragedy of chemical
accidents and how they can contaminate air, water and earth and degrade
human lives. But we learnt any lessons from those accidents?
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During experimental thermonuclear explosion in the desert of Australia
by then British army, people were directly exposed to nuclear radiation.
Many of those  who saw this explosion developed some form of cancer or
other later in their life .They were treated as heroes then. After several
decades of this incident, many exposed to this experiment are now
demanding compensation from current British government. But have we
learnt any lessons from those incidents? Many politicians still advocate
‘Nuclear energy as a safe and clean energy’. Yes, until we meet with an
another accident!

We human beings identified the presence of  chemicals in Nature and
used them for our scientific developments. We identified fossil fuels as
‘Hydrocarbons’ and burn them to generate power and to run our cars. We
emit toxic gases and fumes every second of our lives, when we switch our
lights on or start our cars.Imagine the amount of gases and fumes we emit
everyday all over the world by billions of people for several decades. It is a
simple common sense that we are responsible for these emissions and we
contaminate the air we breathe. Nature does not burn Hydrocarbons
everyday or every month or every year. In fact Nature buried these
Hydrocarbons deep down the earth like we bury our dead.

Can people who breathed Chlorine for decades and died of asthma or
tuberculosis prove that they died due constant inhalation of Chlorine
emitted by the Chloroalkali plant? The Court and Authorities will demand
‘hard evidence’ to prove that Chlorine emitted by Chloroalkli plants caused
these diseases. We use science when it suits us and we become skeptics
when it does not suit us. They know it is almost impossible to prove such
cases in our legal system and they can get away scot-free. The same
argument applies to our ‘Greenhouse gas emission’ and ‘Global warming’.

We contaminate  our air, water and earth with our population explosion,
industrialization and our life styles. Yet, major industrialized countries are
not willing to cut their emissions but want to carry on their ‘economic

http://en.wikipedia.org/wiki/British_Army
http://www.number10.gov.uk/
http://www.nature.com/nature/index.html
http://en.wikipedia.org/wiki/Hydrocarbon
http://en.wikipedia.org/wiki/Greenhouse_gas


growth’. But these countries got it completely wrong. In chemical
experiments, one can draw conclusions by ‘observations’ and ‘Inference’.
Inference is a scientific tool and not a guess work. From overwhelming
evidences of natural disasters occurring around the world one can ‘infer’
that human activities cause these disasters. Nature is now showing this by
devastating ‘the business and economic’ interest of nations because that is
the only way Governments can learn lessons. They don’t need ‘harder
evidence’ than  monetary losses. According to recent reports:

“The monetary losses from 2011’s natural catastrophes reached a record
$380 billion, surpassing the previous record of $220 billion set in 2005. The
year’s three costliest natural catastrophes were the March earthquake and
tsunami in Japan (costing $210 billion), the August-November floods in
Thailand ($40 billion), and the February earthquake in New Zealand ($16
billion).

The report notes that Asia experienced 70 percent, or $265 billion, of the
total monetary losses from natural disasters around the world—up from an
average share of 38 percent between 1980 and 2010. This can be attributed
to the earthquake and tsunami in Japan, as well as the devastating floods in
Thailand: Thailand’s summer monsoons, probably influenced by a very
intensive La Niña situation, created the costliest flooding to date, with $40
billion in losses.”
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Water shortage drives the global warming

A safe and clean water supply is becoming a scarce commodity in many
parts of the world. With growing   population and rapid industrialization,
the demand for water has increased dramatically. This in turns pushes the
demand for energy and fossil fuels resulting in further increase in global
warming. According to WHO (World Health organization) specifications, a
clean and safe water should be free from pathogenic organism such as
bacteria and virus, and also the TDS (Total dissolved solids) levels should
be below 500ppm (parts per million). Unfortunately such quality water is
not readily available from surface or ground water. The water stored in
catchment area for supply of drinking water to cities requires certain
chemical and biological treatments before it can meet WHO specification.

In many smaller cities especially in developing countries such treated
drinking water is not available. NASA’s Gravity Recovery and Climate
Experiment Satellite or GRACE orbiting earth in tandem, two satellites are
able to measure the water storage on ground and below across the world.
The NASA data shows that most of area in Northern India will be facing a
severe shortage of water in the near future because farmers are pumping
ground water   at an alarming rate. The ground water is getting depleted
faster than it is being replenished. The water table has gone deeper and
deeper and many of the pumps they used five to ten years ago cannot pump
water anymore because the water levels have gone so deep. States like
Punjab, supposed to be ‘wheat bowl of India’ are facing water shortage.
Farmers who have used 100 feet bore well are now digging their bore well
up to 900 feet. To make the situation worse, many of coal-fired power
plants are licensed to meet the increasing power demand in India. Both
quantity and quality of water has a direct impact on energy demand and
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global warming. The rainwater which replenished the ground aquifers are
unable to match the water sucked by these pumps. About 114 million
people living in Rajasthan, Punjab, and Haryana including the capital city
of Delhi are facing water shortage.

The likely alternative for these states is to desalinate the seawater from
the west coast of India and pump them all the way to Delhi, which are
thousand of kilometers from the coast. The increasing economic growth of
India has increased the demand for power, often based on coal. Power
industry is one of the largest users of water. Plants located on coastal are
able to use seawater for their ‘once through’ cooling system and for boilers.
But the plants located inland have to use only surface water like rivers.
They cannot use ‘once through’ system, but use a closed circuit cooling
systems where they have to store large pool of hard water.

It is a vicious cycle. Water shortage increase the demand for power and
power shortage increases the demand for water. Desalination is the only
alternative but it is a very energy intensive and a costly solution. Changing
climate, global warming, deforestation, and water shortage are ominous
signs of Nature’s fury against human greediness.

When countries like Australia set up their largest desalination facilities,
the country experiences the heaviest rains in decades with flash flooding in
many parts, making politicians wonder whether their water management
decisions are right. Unfortunately Science cannot solve our greediness only
human beings can learn lessons from Nature and take right decisions.
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Solar panel to generate Hydrogen

Photovoltaic  solar energy  is becoming popular as a source of clean energy
and an alternative to fossil fuels to combat climate change. Though the
initial cost is expensive people have started realizing the potential of PV
solar as  a real alternative to grid power, especially when they can export
surplus power to the grid and earn some revenue. It is  a source of income
for potential investors as the energy cost keeps rising steadily. The cost of
solar panels, batteries and inverters are slowly coming down as the systems
get more popular and more competition is created in the market. However,
during cloudy days or when the solar hours are less, the power generation
by solar panels is considerably low. Moreover, the ‘power in tariff ‘ system
is not available in many countries especially in developing countries.
Therefore, energy storage becomes an issue. Lead acid batteries serve as
storage devices for smaller applications but it becomes expensive for lager
systems. Operation and maintenance, replacement and waste disposal are
some of the issues with battery storage.

Generating Hydrogen on site using solar power and storing Hydrogen
under pressure in a tank is the best method of storing solar energy. The
stored Hydrogen can be used to generate power using a Fuel cell as and
when we need power. However, the amount of energy required to convert
water into Hydrogen using Alkaline Electrolyzer or Solid Polymer
Electrolyzer is still high, averaging 5-7 kwhrs/m3.When you calculate the
economics of  Hydrogen storage versus battery storage using a computer
modeling for a stand alone system, it is clear that Hydrogen storage is more
economical and also guarantees an uninterrupted power supply using a Fuel
cell.
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One US company has developed a Carbon doped Titanium oxide
nanopowder visible light photo catalyst to  generates Hydrogen using sun’s
light energy. The company claims that it consumes only one-third of the
power consumed by PEM Electrolyzer or half of an Alkaline Electrolyzer.It
can be easily installed at roof tops and it can generate Hydrogen even at
one-third of sunlight because it can effectively use short UV light and blue
wave length of suns light because these energetic wavelengths penetrate
cloud cover more effectively than the rest of sunlight. A 2mm modular solar
panel can be installed on roof top or installed in multi-acre field
installations. Even during the absence of sunlight the company claims it can
use grid power to generate Hydrogen using its hybrid integral (MMO)
Mixed metal oxide Titanium anode as efficiently as PEM Electrolyzer.

While a PEM electrolyzer generates about 1.3kg Hydrogen from a power
input of 100Kwhrs, this model can generate about 2.5kg Hydrogen using
MMO + TiO2 anode and about 3.8kg using TiO2 alone. (Based on higher
heating value of Hydrogen at 39.4 kwhrs/kg).The panel consuming
26.7kwhr power at 1.0Volt DC current at Anode can generate 1.25kg
Hydrogen with Electrolysis electrical efficiency at 148%.  This will make
Hydrogen fuel a commercial reality because it will consume only 21.36
kwhrs of Dc power to generate 1 Kg Hydrogen. The generated Hydrogen
can generate about 15 Kw power using a Fuel cell. This is an elegant
solution to generate and store power using sun’s light than Photovoltaic
power.
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Recycling Carbon emission to Gasoline production

Nature has a wonderful way of capturing Carbon and recycling it through a
process called ‘carbon cycle’ for millions of years. The greenhouse gases in
the atmosphere were restricted  within certain limits when it was left to
Nature. But when human being started burning fossil fuels to generate
power or to run cars, the GHG emission surpassed the limit beyond a point
where global warming became an issue. The GHG level has increased to
392 ppm level for the first in our long history. Many Governments and
companies are exploring various ways and means to reduce greenhouse
emissions to avoid global warming. Some Governments are imposing taxes
on carbon emission in order to reduce or discourage such emissions. Others
are offering incentives to promote alternative energy sources such as wind
and solar. Some companies are trying to capture Carbon emission for
sequestration.

While we try to capture Carbon and store them underground, there are
many potential commercial opportunities to recycle them. This means the
Carbon emission is captured and converted into a commercial fuel such as
Gasoline or Diesel or Methane so that future sources of fossil fuels are not
burnt anymore. But this is possible only by using ‘Renewable Hydrogen’.
Hydrogen is the key  to reduce carbon emission by binding carbon
molecules with Hydrogen molecule, similar to what Nature does.

When NASA plans to send a man to Mars they have to overcome certain
basic issues. Mars has an atmosphere with 95% Carbon dioxide, 3%
Nitrogen, 1.6% Argon and traces of oxygen, water and methane.Nasa is
planning to use Carbon dioxide to generate Methane gas to be used as a fuel
and also generate water by using the following reaction.

CO2 + 4H2—–CH4 + 2 H2O
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2H2O——-2H2 + O2
The water is electrolyzed to split water into Hydrogen and Oxygen using

solar power. The resulting Hydrogen is reacted with Carbon dioxide from
Mars to generate Methane gas and water using a solid catalyst. This
methanation reaction is exothermic and self sustaining. How this can be
achieved practically in Mars in those conditions are not discussed here. But
this is a classical example on how the Carbon emission can be tackled to
our advantages, without increasing the emissions into the atmosphere.
There are several methods available to convert Carbon emission in to
valuable products including gasoline. The  reaction of the methane with
water vapor will result in Methanol.

2H2 + CO——– CH3OH
On Dehydration, 2CH3OH —– CH3COCH3 + H2O.Further dehydration

with ZSM-5 Catalyst gives Gasoline 80% C5+ Hydrocarbon. Gas to liquid
by Fischer-tropic reaction is a known process.

Carbon dioxide is also a potential refrigerant to substitute CFC
refrigerants that causes Ozone depletion. Carbon recycling is a temporary
solution to mitigate Greenhouse gas emission till Hydrogen becomes an
affordable fuel of the future. It depends upon individual Governments and
their policies to make Hydrogen affordable. Technologies are available and
only a political will and leadership can make Hydrogen a reality.
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Carbon-free air is a Human right issue

Environment Pollution Authority EPA of US Government regulated the gas
emission standards for power plants for oxides of Nitrogen and Sulfur in the
past but not for GreenHouse gas emissions into the atmosphere. However
when President Obama took over power, EPA passed ‘Clean Air Act’ to
regulate the emission standards of all gases including GHG for new
stationary power plants. This act projected to prevent over 230,000 early
deaths in US alone by 2020 due to Carbon dioxide. According to this act,

1.  Starting in January 2011, large industrial facilities that must already
obtain Clean Air Act permits for non-GHGs must also include GHG
requirements in these permits if these increase are newly constructed and
have the potential to emit 75,000 tons per year of carbon dioxide equivalent
(CO2e) or more or modify and increase GHG emissions by that amount.

2.  Starting in July 2011, in addition to facilities described above, all new
facilities emitting GHGs in excess of 100,000 tons of per year CO2e and
facilities making changes that would increase GHG emissions by at least
75,000 tpy CO2e, and that also exceed 100/250 tons per year of GHGs on a
mass basis, will be required to obtain construction permits that address
GHG emissions (regardless of whether they emit enough non-GHG
pollutants to require a permit for those emissions.)

3.  Operating permits will be needed by all sources that emit at least
100,000 tons of GHG per year on a CO2e basis beginning in July 2011.

4. Sources less than 50,000 tons of GHGs per year on a CO2e basis will
not be required to obtain permits for GHGs before 2016. (Sources: clean
technica)

According to Stanford scientist Mark Jacobson, there is a definite link
between the Carbon dioxide and increasing deaths. While the argument
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continues between believers of global warming and skeptics, it clear that
Carbon pollution kills people without any discrimination. Any gaseous
emission into the atmosphere will eventually spread across the borders of
each country and becomes a global issue.

EPA in each country in the world should pass similar legislation to curb
GHG emission at least to protect their people, if not to curtail global
warming. What is most surprising is some scientists still want more
‘scientific data’ to accept whether GHG causes global warming or not. One
need not be a rocket scientist to conclude that chemical pollution is slowly
poisoning the air, water and earth. Hundreds of chemicals that we used in
the past were abandoned due to their harmful effects. For example,
Asbestos,DDT,Chlorine for disinfecting drinking water, coal tar dyes,
Nicotine, Refrigerants like Fluorocarbon etc to name a few. We can choose
to ignore the warnings of Nature and carry on the business as usual in the
name of science. But we cannot ignore people claiming their legitimate
rights to live and breathe a quality air to lead a normal life. It is a human
right issue. It is not an issue that can be debated only by scientific
community and decided.

WHO should classify ‘Quality air’ as a fundamental human right with
great urgency. Governments around the world can pass ‘Clean air act’
similar to US. They may not levy carbon tax or offer new incentives to
promote green energy, but regulate the indiscriminate emission of GHG into
the atmosphere, which passively kills millions of people around the world.
This is nothing but ‘weapons of mass destruction’ in a passive way, but on a
grander scale. When ‘passive smoking’ is a serious health issue, Carbon
emission too is a  serious health issue. It is the duty of industries to
incorporate carbon pollution prevention measures by scientific innovations.
Permalink: https://ahilanraman.com/2012/04/24/carbon-free-air-is-a-
human-right-issue/
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Carbon capture or Carbon recycle?

We live in a carbon constrained world where carbon emission is considered
as the biggest challenge of the twenty-first century. We unearthed fossil fuel
which Nature buried for millions of years and burnt them for our advantage
to generate power and to run our cars. Scientist pointed out that the
unabated emission of greenhouse will cause the globe to warm with dire
consequences. However this came as an ‘inconvenient truth’ to industries
and Governments around the world. The economic consequences of
stopping fossil fuels weighted more than the global warming. Governments
were in a precarious situation and unable to take a concrete policy decision.
Popular Governments were not willing to risk their power by taking ethical
decisions and opted for popular decision to keep up their growth. Then the
financial crisis became an issue, which has nothing to do with greenhouse
emission or global warming. Yet, the economic and industrial growth
stumbled in many developed countries and unemployment skyrocketed.
Governments are caught in a situation where they need to take a balanced
view between an ethical decision and economic decisison.The
overwhelming evidence of global warming and their consequences are
slowly felt by countries around the world by natural disasters of various
sizes and intensities.

Some scientist suggested that there is nothing wrong using fossil fuels;
we can continue with greenhouse emission without risking the economic
growth by  capturing  the carbon emission and burying  them underground.
Carbon sequestration and clean coal technologies became popular and more
funds were allocated to them than renewable energy development.Countires
like India and China are not in a hurry to discontinue fossil fuels but
continue to make massive investments on coal-fired power plants. They
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neither tried to capture carbon nor bury them, but continue to emit carbon
claiming that it is their turn of economic growth and right to emit carbon
emission. The chief of UN panel on climate change headed by an Indian has
no sayin the matter.Politicians push scientists into the background when the
truth is inconvenient to them.

How feasible in the carbon sequestration technology and what is the
cost? Even if we can come up with a successful technology of capturing
carbon and burying them underground, there will be a cost involved. This
cost will invariably be passed on to the consumer which  will  eventually
increase the cost of energy. Constraining carbon emission without incurring
a cost can only be a dream. Capturing carbon emission is nothing new;
Carbon dioxide is absorbed by solvents like MEA (Monoethanolamine) in
many chemical industries. The absorbed carbon dioxide can be stripped free
of solvent and the solvent can be recycled. This carbon dioxide can be
treated with Ammonia to get Urea, a Fertilizer. But the source of Hydrogen
can come only from renewable energy sources. That is why ‘Renewable
Hydrogen ‘is the key to solve global warming problem. We can produce
Urea from “captured Carbon” and ‘Renewable Hydrogen’ so that we can
cut a real quantity of greenhouse emission. Carbon recycling is a
sustainable solution than Carbon capturing and burying. Countries like
India who depend upon import of Urea for their agriculture production
should immediately make Carbon recycling into Urea production
mandatory. It is a win situation for everybody in the world.
Permalink: https://ahilanraman.com/2012/04/22/carbon-capture-or-carbon-
recycle/
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Energy efficient ‘Bioethanol’ production

The science and technology of Bioethanol production from starch or sugar
is  well-established. Brazil leads the world in Bioethanol production with a
capacity of 16,500 million liters/yr followed by US with a capacity of
16,230 million liters/yr.India produces merely 300 million liters/yr as the
fifth largest producer in the world.US consumes about 873 MM gallons of
oil/day of which about 58% is imported. The US forecast for 2025 import
of oil is 870MMgal/day and the President wants to replace imported oil
from the Middle East by 75% -100MMgal/day. (Ref: Environmental
Protection Agency,Cincinnati,Ohio).

Currently bulk of the Bioethanol is produced in centralized plants. This
is because an economical plant requires a production rate of 40-55
MMgal /day. Transportation of raw materials to long distance is
uneconomical. Countries like India can substantially increase their sugar
production and encourage small-scale distilleries for the sole purpose of
replacing imported oil. Large scale Bioetehanol production involves
fermentation of molasses; a byproduct of sugar industry.Bioethanol can also
be produced directly from cane sugar juice or from starch such as Corn or
Tapioca.

Molasses is diluted with water and inoculated by addition of yeast and
other nutrients. The fermentation takes about 24 to 30 hours till the
fermented broth has an alcohol content of 7.5 to 9.5% by volume. The
fermented wash is then distilled in a separate distillation column. This
alcohol which is 95-96% is known as rectified spirit. The rectified spirit is
further passed though a Molecular sieve to remove moisture and to
concentrate alcohol to 99.8% by volume. A spent wash of about 8 lits are
generated per liters of Bioethanol.The spent wash will have a BOD
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(biological oxygen demand) value of  45,000ppm.This can be subject to
Anaerobic digestion to generate ‘Bio  gas’ with about 55% Methane value
and the liquid BOD will be reduced to less than 5000ppm. This Biogas can
be used to generate power for the process. This process is economical for a
production of Bioethanol 40-55MMgal/day.

But in countries like India the sugar cane molasses are available in
smaller quantities and the sugar plants are scattered. Small scale distillery
can adopt ‘Per-evaporation’ method to concentrate ‘Bioethanol’.The
advantage with ‘Perevaporation’ is the process is not limited by
thermodynamic vapor-liquid equilibrium. The distilled alcohol with 96%
alcohol can be separated by Perevaportion into streams containing
Bioethanol 99+% and alcohol depleted water.Perevaporation is a membrane
separation process and it serves as an alternative to distillation and
molecular sieve and saves energy. The membrane process can be suitably
designed for alcohol enrichment as well as dehydration and easily adoptable
for smaller production of Bioethanol.

Such process allows production of dehydrated Bioethanol which are
suitable to use as a fuel in cars as a Gasoline blend without any engine
modification. Production of Bioethanol from cane sugar molasses is
cheaper than from corn starch. Countries like India should promote
Bioethanol as an alternative fuel to gasoline and cut their oil imports.
Permalink: https://ahilanraman.com/2012/04/20/energy-efficient-
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Plasma gasification for waste-to-energy

The World Bank development indicators 2008 shows that the wealthiest
20% of the world accounts for 76.6% of total private consumption. The
poorest fifth just 1.5%.The report further states,

“Today’s consumption is undermining the environmental resource base.
It is exacerbating inequalities. And the dynamics of the consumption-
poverty-inequality-environment nexus are accelerating. If the trends
continue without change — not redistributing from high-income to low-
income consumers, not shifting from polluting to cleaner goods and
production technologies, not promoting goods that empower poor
producers, not shifting priority from consumption for conspicuous display
to meeting basic needs — today’s problems of consumption and human
development will worsen. The real issue is not consumption itself but its
patterns and effects. Inequalities in consumption are stark. Globally, the
20% of the world’s people in the highest-income countries account for 86%
of total private consumption expenditures — the poorest 20% a minuscule
1.3%. More specifically, the richest fifth:

Consume 45% of all meat and fish, the poorest fifth 5%
Consume 58% of total energy, the poorest fifth less than 4%
Have 74% of all telephone lines, the poorest fifth 1.5%
Consume 84% of all paper, the poorest fifth 1.1%
Own 87% of the world’s vehicle fleet, the poorest fifth less than 1%
Runaway growth in consumption in the past 50 years is putting strains
on the environment never before seen.”

Clearly the above consumption pattern indicates the amount of waste
generated worldwide,especially in developed countries. Unfortunately bulk
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of the waste are not recycled thus creating enormous amount of strain on
natural resources. A typical municipal solid waste consists of food, paper,
plastic, metal, glass and garden waste etc.For example the amount of MSW
collected in Metropolitan Melbourne for the year 2006-2007 was 1.315,119
Mt costing about a$163 million in service cost. Though Government of
Victoria follows the policy of reuse, recycle and recover; only 567,117 Mt
was recycled and reprocessed.

There are several methods to process waste and such process depends on
the quantity , type of waste and the recovery of products. Gasification and
Anaerobic digestion to generate syngas are two common methods of
converting waste to energy. However a large volume of complex municipal,
industrial and biological wastes require  different methods of processing.
‘Desperate problems require desperate solutions’. One such solution is by
Plasma Gasification and Vitrification. It  has clear advantages over existing
method of incineration.

Plasma is called fourth state of matter after solid, liquid and gas and it is
an abundant form of matter in the universe. When the MSW is heated to a
high temperature up to 5000C using Plasma torch, it decomposes into
syngas  and verified mass. In Plasma gasification, MSW is subject to high
temperature  pyrolysis in the absence of air decomposing matter into its
elemental state.Vitrification  is a  process in which semi-liquid waste is
mixed with glass converting them into a stable glass form. Even radioactive
liquids and sludge are converted into vitrified glass. It is similar to Plasma
welding electrodes where an Argon gas is heated into a plasma torch of
high temperature up to 5000C.This plasma can treat a range of waste
materials such as radioactive, biological, MSW, biosolids  from sewage
treatment plants and industrial wastes.  The process is highly efficient.The
process can be selectively used to generate syngas with high proportion of
Hydrogen  by carefully selecting the feedstock and process parameters.



Bulk of the MSW is now sent to landfill. Such landfills generate
methane gas over a time and also leach toxic chemicals and material into
the soil. Plasma gasification has distinct advantages over other conventional
methods of waste-to energy technologies, especially when the volume is
large and the waste has highly toxic materials and metals.
Permalink: https://ahilanraman.com/2012/04/19/plasma-gasification-for-
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Alternative energy is a myth

World is busy developing alternative to
Fossil fuel to cut anthropic Greenhouse
gas  to avoid global warming. In fact all
forms of alternative energy sources
except nuclear energy are ‘solar energy’
from the sun, in one form or another.
Sun has supplied energy from the time
earth was born. It has conducted 

 ‘photosynthesis’ by supplying light energy and converting atmospheric
carbon dioxide and water into glucose for plants, animals and human
beings. The excess carbon from the ‘Carbon cycle’ has become fossil fuels
under the earth over a time. The fossil fuel is the result of sun’s energy or
solar energy. We unearthed fossil fuels and burnt them to extract energy to
run our power plants or run our cars. In fact fossil fuel is also a form of
 ‘Biofuel’ and technically there is no difference between them except fossil
fuel formation takes millions of years.Fossil fuel is nothing but a source of
Hydrogen with carbon backbone.

All forms of alternative energy sources we are currently trying to
develop such as PV solar, solar concentrators, solar thermal, geothermal
energy, wind energy and bioenergy etc, originate from solar energy. The
word alternative energy is a misnomer because all these energy are
fundamentally solar energy in one form or another.

Solar energy is a radiation of Nuclear fusion  of Hydrogen taking place
in the sun. Two Isotopes of Hydrogen called Deuterium (with one proton
and one neutron) combine to form a Helium 3 atom and Neutron with
release of large energy. Deuterium is non-radioactive and can be extracted
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from seawater. But this process could not be duplicated commercially for
Electricity generation. It is the safest and cleanest form of energy.

In other words, all forms of energy including solar energy come from
Hydrogen. That is why Hydrogen has become a potential fuel source in the
future. However, developing a commercial technology for the production
and usage of hydrogen at a rate cheaper than fossil fuels with zero
greenhouse emission has been elusive so far. Generation of Hydrogen from
water by Photo electrolysis using a direct sunlight using a Photo catalyst is
a promising technology. But duplicating Nature to generate large amount of
energy using tiny amount of Hydrogen atom seems to be a distance dream.
Nature knows the best. We human beings can use small energy generation
technologies such as solar and wind to meet our small energy needs. “There
is enough to meets everybody’s need but not everybody’s greed”,Gandhi
said.

Exponential growth of population and industries has forced us to look
for large power generation and fuel usage at the cost of serious
environmental degradation and future generations. Only smarter and cleaner
technologies will help sustain the future. Politicians and policy makers
 should understand various technologies and their implications than
advocating short-sighted and popular energy policies.
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A new Hydrogen atom- a source of cheap energy?

Hydrogen has been accepted as a source of clean energy for many reasons.
Hydrogen can eliminate anthropic Greenhouse Gas  into the atmosphere
and stop global warming. It has high energy content than any other fossil
fuels we are currently using, making it an efficient fuel. The combustion
product of Hydrogen is only water which is   recyclable. Many people,
Governments  and institutions around the world are trying develop  cheaper
methods of generating Hydrogen from various sources both renewable as
well as non-renewable. The non-renewable sources are supposed to
facilitate a smooth transition from fossil fuel economy to Hydrogen
economy.

However, all attempts to generate Hydrogen at a cost lower than the
projected cost of $ 2.50 per kg by DOE has not been successful, even
though many recent technologies are promising. Meanwhile massive
investments are made on Renewable Energy including wind, solar and
biological all over the world. Generating Hydrogen from water using Solid
Polymer Membrane Electrolyzer is a known technology using renewable
energy sources. One can easily deploy such systems for commercial
applications even though it is now expensive.

Many people and institutions are also claiming ‘free energy’ sources
with or without generating Hydrogen. In some cases researches are
claiming an abnormal production of Hydrogen using ‘Cold plasma’ or
‘Plasma electrolysis’ of water, as much as 800% more than the theoretical
values. Some companies claim low energy consumption using photo-
catalyst to generate Hydrogen  using direct sunlight and water. Hydrogen
generation using renewable sources is a distinct possibility to cut the cost of
Hydrogen in the long run. However, the world is in hurry to develop a
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cheap and sustainable method of Hydrogen generation without any
greenhouse gas emissions.

One US based company is claiming to have invented a new Hydrogen
atom which has not been reported before in the literature. According to the
inventor, this new atom of Hydrogen is called ‘Hydrino’.He has presented a
detailed theory called ‘Grand Unified Theory’   that predicts catalysts that
allow energy to be extracted from lower energy state of Hydrogen atom.
They have demonstrated the process using a proto type in the laboratory
and their claims have been validated by an independent Laboratory after
conducting trial runs and analyzing the results using spectrum analysis and
other techniques.

The process involves a generation of Hydrogen by using electrolysis of
water. The resulting Hydrogen is then reacted with a proprietary solid
catalyst developed by the company. According to the company,

“Since certain proprietary catalysts cause the hydrogen atoms to
transition to lower-energy states by allowing their electrons to fall to
smaller radii around the nucleus with a release of energy that is intermediate
between chemical and nuclear energies, the primary application is as a new
primary energy source. Specifically, energy is released as the electrons of
hydrogen atoms are induced by a catalyst to transition to lower-energy
levels (i.e. drop to lower base orbits around each atom’s nucleus). The
lower-energy atomic hydrogen product called “hydrino” reacts with another
reactant supplied to the reaction cell to form a hydride ion bound to the
other reactant to constitute a novel proprietary compound. Alternatively,
two hydrinos react to form a very stable hydrogen-type molecule called
molecular hydrino. Thus, rather than pollutants, the byproducts may have
significant advanced technology applications based on their stability
characteristics. For example, hydrino hydride ions having extraordinary
binding energies may stabilize a cation (positively charged ion of a battery)
in an extraordinarily high-oxidation state as the basis of a high-voltage
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battery. Further, significant applications exist for the corresponding
molecular hydrino wherein the excited vibration-rotational levels could be
the basis of a UV laser that could significantly advance photolithography
and line-of-sight telecommunications. A plasma-producing cell based on
the extraordinarily energetic Process has also been developed that may have
commercial applications in chemical plasma processing and as a light
source.”

The company claims that an average generating capacity of a system will
be 1000kw, with installed cost at $1000/kw with fuel cost at less than
$0.001/kw with zero greenhouse emission.The solid catalyst is regenerated
and recycled. The cost of Hydrogen from electrolysis becomes insignificant
due to generation  of large excess thermal energy, to generate power.

The above claims are too attractive to ignore and it could be a game
changer in the energy industry. The output energy is more than the
theoretical values calculated,  thus violating the Law of Thermodynamics.
This excess energy is attributed to the presence of ‘Hydrino’. However, one
has to be open to new ideas because science is ever-changing and even
well-established theories and concepts are challenged as Science evolves
with new discoveries and inventions.
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Water Fuelcell-a panacea for energy problems?

Stanley Meyer, a freelance inventor from USA demonstrated a car that ran
on water, according to an Equinox programme that was televised in 1995.
Stane Meyer’s dune buggy ran 100 miles from 1 gallon of water. He
claimed that water would be the fuel that could revolutionize the auto
industry in America. However, his tragic death in 1998 brought the issue to
a closure.  Many people and institutions are still trying to replicate his
invention at least partly and claiming success.  He received a   number of
patents based on his inventions. He worked nearly 30 years on his invention
before he began to work on a book titled, “With the Lord, there is a
purpose” describing his “faith walk” with the Lord to fulfill end-time
Prophecy.  He continued with his speaking engagements throughout the
world.  However, such ‘free energy’ devices are still not getting the
approval of the larger scientific community as well as Government agencies
for some reasons or other. According to Stanley Meyer, “the law of Physics
establishes a proven function based on ‘Pre-set’ conditions…change any of
the conditions and the Law no longer applies….A new law emerges in the
consciousness of physics. Why? Because atoms possess intelligence—-
Performing ‘what if’ logic function under different ‘preset’ conditions.” His
claims were based on scientific principles and explanations.  Based on his
invention, many of ‘Electrolyzing devices’ appeared in the market.  They
supply Do It Yourself  kits that can be fitted into a car to cut Gasoline
consumptions; but they do not entirely  substitute Gasoline like Stanley
Meyer demonstrated. There are still missing pieces of information or
claims. He was able to show and claim “Hydrogen fracturing process to
disassociate water molecules by way of voltage simulation, ionization of
combustible gases by electron ejection and then preventing the water
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formation during thermal ignition releasing a thermal explosive energy
beyond ‘normal gas burns’ levels under control state… and such an atomic
energy process is environmentally safe”.   He did not use ‘Heavy water’
called ‘Deuterium’ but normal water and controlled state and shown that the
covalent bond of water can be broken using an electronic circuit using
water as dielectric medium of a capacitor.  It uses a high voltage but a low
current and the process is instantaneous.  It differs from the ‘Faraday’s law
of electrolysis’ in a conventional sense. The scientific community seems to
be a little more understanding with an open mind in recent times to such
‘free energy’ concepts and devices than in the past.  ‘Resonance
electrolysis’ has been reported by few institutions and people as an
alternative to ‘conventional water electrolysis’ to cut energy consumption.
Decomposition of water into its molecules requires high temperature above
3000°C using a process known as ‘pyrolyis’ and a technique to separate the
decomposed molecules from reunion for water formation.  Prof. Mizuna of
Hokkaido University of Japan and his coworkers demonstrated ‘Plasma
Electrolysis’ by an experiment which showed an evolution of anomalous
amount of Hydrogen and oxygen sometimes as much as 80 times more than
normal Faraday’s electrolysis of gas generation. Though such reaction
requires a very high temperature they could not successfully measure the
reaction temperatures during the experiments. They used a Platinum anode
and Tungsten cathode and a provision to separate Hydrogen and oxygen
gases. They concluded at the end of the experiment that the input voltage
and the current efficiency were critical parameters.  On increasing the
Voltage to several thousands, they said the current efficiency can exceed
unity.  The anomalous release of gases indicates that the electrolysis is not a
normal electrolysis but beyond that. (Ref:Mizuno, T., T. Akimoto, and T.
Ohmori. Confirmation of anomalous hydrogen generation by plasma
electrolysis. in 4th Meeting of Japan CF Research Society. 2003. Iwate,
Japan: Iwate University) In all these experiments the gases coming out of
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the system are not at high temperature but at normal room temperature.  The
chemistry of water molecule decomposition and plasma pyrolysis is not
fully understood.  After all ‘Cold fusion’ seems to be plausible under certain
conditions and it may be a panacea for the world’s energy problems.  When
our energy requirement exceeds a limit due to a population explosion and
industrialization then finding a solution becomes a daunting task. Mohandas
Gandhi said: “There is enough for everybody’s need but not for everybody’s
greed. Be the change what you wish to see in the world”.
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Bioethanol for Fuelcell cars

Bioethanol has successfully substituted Gasoline as a fuel for cars both in
the form of blends with Gasoline or individually as an Anhydrous Ethanol.
This  successful demonstration by Brazil opens up new generation of cars
called flex-fuel cars that allow usage of various blends of Ethanol and
Gasoline.Bioethanol can also be used to generate Hydrogen on site by
steam reformation so that even Fuel cell cars such as Honda FCX can be
felled by Bioethanol.This makes Bioethanol unique as an alternative fuel
for transportation. It also facilitates on site electricity generation using Fuel
cell, replacing diesel engines.

Substitution of Gasoline by  Bioethanol has several advantages over
other alternative fuels. The biggest advantage with Bioethanol is, it is
renewable and it allows reduction of greenhouse gases from the atmosphere
and will be eligible for Carbon credit. It can be produced by both
developing  as well as developed countries using  locally available
agriculture produces such as cane sugar, corn, tapioca, sorghum etc.
Hydrogen generated from Bioethanol is also free from Sulfur compounds
normally associated with natural gas, making it an ideal fuel for Fuel cell
application in cars, as well as for power generation using SOFC (solid oxide
Fuel cell) or PAFC (Phosphoric acid Fuel cell).The resulting high purity
Hydrogen 99.99% can be used as fuel for all type of transportation
including Fuel cell Buses, scooters and even boats.

The stoichiometric reaction of steam reformation in presence of catalyst
can be represented by the following chemical reaction:

C2H5OH + 3 H2O———- 6H2 + 2 CO2
The Ethanol and water mixture is preheated and the vaporized mixture is

fed into a catalytic reactor. The resulting Hydrogen is contaminated with
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carbon monoxide. This gas mixture is separated using membrane such as
Palladium to get Hydrogen with less than 50ppm CO as contaminant. Such
purity is acceptable by Fuel cell such as SOFC as well as PAFC.In future a
small micro-reactor for on-board reformation may be possible making Fuel
cell cars with onboard liquid fuel storage.

Commercial reformers consumes about 0.88 lits of Biothanol of 96%
purity to generate 1 Nm3 of Hydrogen with 60% conversion. This translates
to $ 5.90 per Kg of Hydrogen. Fuel cell cars offer a mileage of 240 from 1
kg Hydrogen costing only $5.90. For on site power generation 1 kg
Hydrogen generates as much as 15Kw electricity and 20Kw heat .Onsite
Hydrogen generation with steam reformation also facilitates using SOFC
and PAFC for high temperature power generation applications. They are
ideal for CHP (combined heat and power) applications for 24×7 operations
like hospitals, hotels and super markets. These fuel cells are silent in
operation without any emissions except water vapor.

Governments should encourage Bioethanol production and distribution
for both transportation and power generation. There is a fear that Ethanol
could be diverted for potable purposes illegally depriving Governments of
potential reveneues.But this can be solved by denaturing Bioethanol and
making it unsuitable for potable purposes. Denaturants such Pyridine has no
effect on steam reformation and number of denaturants are available. Such
policies will allow the transition from fossil fuels to Hydrogen or
Bioethanol.This is a simple and straight forward step any Government can
take irrespective of the size or type of nation. But it requires political will,
determination and leadership. Developing countries need not wait for big
greenhouse emitters such as US, China and India to make a decision on
their Carbon emissions but start introducing Bioethanol as fuel locally.
Permalink: https://ahilanraman.com/2012/04/09/bioethanol-for-fuelcell-
cars/
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#89

Make your own ‘Biothanol’ and generate your own ‘Biogas’

We live in a technological world where fuel and power play a critical role in
shaping our lives and building our nations. The growth of a nation is
measured in terms of fuel and power usage; yet there are many challenges
and uncertainties in fuel supply and power generation technologies in recent
past due to environmental implications. Fossil fuels accelerated our
industrial growth and the civilization . But diminishing supply of oil and
gas, global warming, nuclear disasters, social upheavals in the Arabian
countries, financial problems, and high cost of renewable energy have
created an uncertainty in the energy supply of the future. The future cost of
energy is likely to increase many folds yet nobody knows for certain what
will be the costs of energy for the next decade or what will be the fuel for
our cars.  Renewable energy sources like solar and wind seem to be getting
popular among people but lack of concrete Government plans and financial
incentives for renewable, are sending mixed signals for investors. Recently
number of solar industries in Germany are facing bankruptcy due to
withdrawal of Government subsidies. Wind energy in India has got a
setback due to withdrawal of Government financial support. Renewable
industries are at their infant stages of  growth both technologically and
financially. These industries will face a natural death in the absence of
Government supports and incentives.

Individuals, small businesses and industries are unable to plan their
future due to above uncertinities.In a globalised world such problem have to
be tackled jointly and collectively. But that too looks unlikely due to
ideological, political and social differences between countries. In the
absence of any clear path forward, a common man is left with no alternative
but find solutions for himself. Individuals can form small groups to produce
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their own fuel and generate their own power. There has never been a right
moment in our history for such ventures. It can be easily done by people
from rural areas especially in farming communities. They can set an
example and rest of the country can follow. This will also help preventing
mass migration from rural areas to cities, especially in China and India.
They neglect their farms and migrate to cities to work in electronic
industries for a better life.

The farming communities can form  groups and generate their own
‘Biogas’ or ‘Bioethanol’  from a common facility to fuel their cars and
power their homes without any Government incentives and political
interefernces.Making ‘Bioethanol’ from cane sugar molasses, beet sugar,
corn, tapioca or sorghum on a small or medium scale is a  straight forward
method. Fermentation and distillation is a well-known technology. It is
controlled by Government excise departments for revenue purpose but
Government can certainly allow farms or people to make their own
‘Bioethanol’ for their cars. Farms can generate their own Biogas’ from
manure, agriculture wastes,  food waste, and waste water treatment facilities
and generate their own power and supply biogas for heating and cooking
for their communities.

Governments should allow people to make their own choices and
decisions instead of controlling everything especially when they are unable
to solve a problem. Countries like India should encourage farming
communities in groups to set up their own ‘Bioethanol’ and ‘Biogas’ plants
and allow import of  flex-fuel cars for Ethanol blends of various
proportions. Alcohol has been a a’taboo’in many countries for several years
but with current uncertainties with supply of  fuel and power, Government
 can certainly remove such ‘taboo’ by highlighting the value of ‘Bioethanol
as a source of fuel.Goevernments  can forgo their excise revenue by
allowing people to make their own fuel. Alternatively they should offer
incentives and subsidies for renewable energy developments. They cannot
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refuse both and still hope to continue in power because people will sooner
or later  throw them out of power. After all Government are elected by
people to address their problems.
Permalink: https://ahilanraman.com/2012/04/07/make-your-own-biothanol-
and-generate-your-own-biogas/
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Ammonia as a source of Hydrogen for future cars

Synthesis of Ammonia is one of the  remarkable achievements of Chemical
engineering in forties .It is a precursor for Urea, the fertilizer  that  brought
about ‘Green revolution’ in agriculture industry and helped to achieve
record food production all over the world. It was a milestone in modern
chemistry to synthesis a molecule containing I atom of Nitrogen and 3
atoms of Hydrogen, represented by NH3 called Ammonia. The HeberBosch
process for the production of Ammonia is a well established mature,
commercial technology.

The process uses a Hydrocarbon source such as Naphtha or Natural gas
as the feed stock to generate a synthesis gas composed of Hydrogen and
Carbondioxide.The gas mixture is separated into carbon dioxide and
Hydrogen using PSA (pressure swing adsorption ) technology. The
resulting Hydrogen is used to combine with Nitrogen to synthesize
Ammonia.

The chemical reaction can be represented by the following equation.
N2 + 3H2 ———- 2 NH3
The above reaction takes place at a pressure of 100-200 bars and

temperature of 300-500C in presence of  catalysts. It is an exothermic (heat
releasing) reaction and the catalyst bed is cooled and maintained at 400C to
be efficient.But this process of Hydrogen generation using Hydrocarbon
emits greenhouse gases. Alternatively, Hydrogen can be generated using
different methods using renewable energy sources using water electrolysis.
Such process may be used in the future for this application.

Nitrogen is derived from atmospheric air. The air we breathe has about
79% of Nitrogen and 21% Oxygen. But these two gases can be separated by
liquefying the air by cryogenic process and distilling them into two
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fractions. Alternatively, they can separated using pressure swing adsorption
or membrane separation process, utilizing their density differences. In either
way, Nitrogen can be separated from atmospheric air. By combining the
above Hydrogen and Nitrogen, it is possible to synthesis Ammonia on a
commercial-scale.

The ammonia can be easily split into Hydrogen and Nitrogen by passing
Ammonia through a bed of Nickel catalyst at 200-400C as and when
required to generate on site Hydrogen. This Hydrogen can be used for
power generation or to run our cars using PEM Fuelcell.As we have seen
previously, we are now looking for various sources of Hydrogen, and
Ammonia is one of the promising sources for couple of reasons. The
process and technology of Ammonia production, transportation and usage is
well documented and has been practiced for few decades. It does not emit
 greenhouse gases.Liquified Ammonia has been widely used in air-
conditioning and refrigeration systems. Ammonia can be easily metered
into any system directly from the cylinder.

It is easier to use Ammonia directly into a convention internal
combustion engines in place of Gasoline and this technology has already
been practiced in 1880. Ammonia is pungent and any leakage can be easily
identified. The advantage of using Ammonia as a fuel in cars, it does not
emit any smoke  but only water vapour.It can be admixed with Gasoline or
used as 100% anhydrous Ammonia. It also helps in reduction of NO2
emission, especially is diesel engines.

Ammonia has a great potential as a source of future fuel provided the
sources of Hydrogen comes from water using renewable technologies or by
photo electrolysis using direct sunlight.
Permalink: https://ahilanraman.com/2012/04/06/ammonia-as-a-source-of-
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Can we duplicate Nature’s photosynthesis for Hydrogen
production?

One of the wonders of Mother Nature is her ability to sustain life on earth
with sun light, water and Carbon dioxide from the atmosphere producing
food. No toxic chemicals, no polluting gas emissions and no noise. We can
only admire the majesty and power of Nature with our  fragile knowledge
of science and try to duplicate Nature to satisfy our growing energy needs.
Nature produces Carbohydrates C6H12O6 using sun’s light, Carbon dioxide
from atmosphere and water by a chemical reaction as shown below:

6H2O + 6 CO2  ———–   C6H12O6 + 6O2
The same Carbon dioxide from the atmosphere is now threatening the

globe with warming. Can’t we grow more trees so that all the carbon
dioxide emissions from our power plants and cars can be converted into
more carbohydrates? It sounds very simple and logical but is it feasible?
The carbon dioxide in the atmosphere before industrialization was about
280ppm but it has now increased to 392ppm which is almost double. It has
grown roughly 2.2% exponentially in the last decade. It is the highest in the
past 800 years and likely higher than in the past 20 million years. (Ref:
Wikipedia). Couple of things happened during this period. The industrial
and population growth increased rapidly building up carbon dioxide level in
the atmosphere and at the same time displacing tropical and rain forests
with people and industries; it resulted in the buildup of greenhouse gases to
a level, which scientists say are unsustainable. We don’t have enough forest
to absorb so much of carbon dioxide.

Alternatively, scientists are now trying to interfere with Nature’s
photosynthesis process using micro algae called chlamydomonas reinhardtii
that will support the production of Hydrogen instead of Oxygen in a normal
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photosynthesis reaction. This was based on the discovery that if an algae
growing culture medium is deprived of Sulfur, it will generate Hydrogen
instead of Oxygen. They also found out that such an algae can thrive in a
Carbon source such as Carbon dioxide or even in  Acetic acid medium.
They tested the process using a pilot Photo bioreactor and concluded that
the cost of producing Hydrogen by this route will be about $ 42/kg.The cost
is high compared to the target cost of Hydrogen by DEO  (Department of
Energy,USA) at $2.80/kg which is fifteen times lower. However scientists
are still working to cut the cost.

Meanwhile scientists are also working on Hydrogen production using
Photoelectrolysis.The water electrolysis using Direct current is a known
process but the cost of energy in this process is still high. The high cost is
due to several stages involved. In the first stage, one has to generate power
using PV cells. In the second stage the PV generated electricity will be used
to split water electrolyticlly.But scientists are now trying to substitute both
the above steps with a single step of utilizing direct sun light to split water
into Hydrogen and Oxygen.Thie requires a catalyst known as Photocatalyst
which will use light energy instead of electrical energy to split water into
elements. Using TIO2 (Titanium dioxide coated electrode) and ultraviolet
rays of the sun they believe that a 20m2 PV solar panel can generate about
5m3 of Hydrogen ad 2.5m3 of Oxygen in 24 hours, equal to a power
generation capacity of 15kwhrs or roughly about  2.01 gallons of Gasoline
from 4 liters of pure water.

Scientists are now  hoping that light energy, more precisely ultraviolet
rays from the sun will come to the rescue of human beings in solving one of
the greatest  energy crisis  in the history of mankind. At last we can hope to
see some ‘light’ at the end of the tunnel.
Permalink: https://ahilanraman.com/2012/04/03/can-we-duplicate-natures-
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Why should you choose Photovoltaic Hydrogen over Photovoltaic
battery?

 Photovoltaic (PV) power is becoming popular worldwide as an alternative
to grid power for various reasons. It gives an energy independence and
freedom, it helps reduce greenhouse gas emission and combat global
warming, it helps people taking advantage of various Government subsidies
and incentives, and it also generates some revenue by selling surplus power
back to the grid. At the end of the period you own the system and claim
depreciation and some tax benefits. All these compelling factors may
motivate people to opt for PV solar power. But you should also do some
math and make a cost benefit analysis to choose a right system for you.

When there is a good sunshine day after day and throughout the year, PV
solar is good proposition and can be really rewarding. Unfortunately that is
not the reality. There may be many cloudy, rainy and fogging days in a year
and your PV solar capacity may be overestimated or underestimated. You
know the real data only after one or two years of life experience. It is a
long-term financial and ethical decision one has to make and the decision
should be absolutely right. You can make such a decision by carefully
examining all the factors, not just by looking at the first cost but looking at
operating and maintenance costs and all the costs and benefits associated
with them.

Storage batteries are inevitable in PV solar systems, especially for grid
independent systems. Even with grid connected PV solar system the design
and installation of a correct battery bank, controllers and rectifier are
important issues. In this article we will discuss about grid independent
system because many developing countries in Africa and Asia do not have
24×7 uninterrupted grid power supplies. Many people living in islands have
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to manage their own power by using diesel generators. This is the stark
reality.

Let us assume that you design a system assuming a daily average power
consumption of 25,000 kwhrs/day, which is suitable even for a medium size
family in US. We made an optimum design study between two  systems;
first  containing PV solar,battery,controller for grid independent power
supply; and second  system with PV solar, battery, water
Electrolyzer,Hydrogen storage  and PEM Fuel cell and a rectifier for grid
independent system,  based on the same power consumption of
25,000kwhrs/day. You can clearly see the difference between the two
systems by the following data.This financial analysis was made assuming
there is no Government subsidies and incentives.

Grid independent system with battery storage for 25,000kwhrs/day
power:

Total NPV (net present value):$ 342,926
Levelized cost of energy: $2.94/kwhrs
Operating cost/yr: $22,764
Grid independent system with Hydrogen storage for

25,000kwhrs/day power:
Total NPV (net present value): $ 169,325
Levelized cost of energy : $ 1.452/kwhrs
Operating cost/yr: 8,330
The number of batteries required in the first case is 17 numbers. In the

second case, number of batteries required is only 2.Obviously,  the levelized
cost of power using  PV Hydrogen (storage) is less than 50% of the power
generated using PV battery (storage) for the same energy consumption of
25,000kwhrs/day. The operating cost is only one-third for PV Hydrogen
system compared to battery system. Batteries are indispensable in any
renewable energy system but reducing their  numbers to the lowest level is
important, when the life of the system varies from 25 years to 40 years. The
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numbers and the cost of batteries and their maintenance cost  will make all
the difference.
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Sustainable Hydrogen from bio-waste

It is clear substituting fossil fuels with Hydrogen is not only efficient but
also sustainable in the long run. While efforts are on to produce Hydrogen
at a cost in par with Gasoline or less using various methods, sustainability is
equally important. We have necessary technology to convert piped natural
gas to Hydrogen to generate electricity on site to power our homes and fuel
our cars using Fuelcell.But this will not be a sustainable solution because
we can no longer depend on piped natural gas because its availability is
limited; and it is also a potent greenhouse gas. The biogas or land fill gas
has the same composition as that of a natural gas except the Methane
content is lower than piped natural gas. The natural gas is produced by
Nature and comes out along with number of impurities such as Carbon
dioxide, moisture and Hydrogen sulfide etc.The impure natural gas is
cleaned and purified to increase the Methane content up to 90%, before it is
compressed and supplied to the customers. The gas is further purified so
that it can be liquefied into LNF (liquefied natural gas) to be transported to
long distances or exported to overseas.

When the natural gas is liquefied, the volume of gas is reduced about
600 times to its original volume, so that the energy density is increased
substantially, to cut the cost of transportation. The LNG can be readily
vaporized and used at any remote location, where there is no natural gas
pipelines are in existence or in operation. Similarly Hydrogen too can be
liquefied into liquid Hydrogen. Our current focus is to cut the cost of
Hydrogen to the level of Gasoline or even less. Biogas and bio-organic
materials are potential sources of Hydrogen and also they are
sustianable.Our current production of wastes from industries business and
domestic have increased substantially creating sustainability isues.These
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wastes are also major sources of greenhouse gases and also sources of many
airborne diseses.They also cause depletion of valuable resources without a
credible recycling mechanisms. For example, number of valuable materials
including Gold, silver, platinum, Lead, Cadmium, Mercury and Lithium are
thrown into municipal solid waste (MSW) and sewage. Major domestic
wastes include food, paper, plastics and wood materials. Industrial wastes
include many toxic chemicals including Mercury, Arsenic, tanning
chemicals, photographic chemicals, toxic solvents and gases. The domestic
and industrial effluents contain valuable materials such as potassium,
Phosphorous and Nitrates. We get these valuable resources from Nature,
convert them into useful products and then throw them away as a waste.
These valuable materials remain as elements without any change
irrespective of type of usages.Recyling waste materials and treatment of
waste water and effluent is a very big business. Waste to wealth is a hot
topic.

The waste materials both organic and inorganic are too valuable to be
wasted for two simple reasons. First of all it pollutes our land, water and
air; secondly we need fresh resources and these resources are limited while
our needs are expanding exponentially. It is not an option but an absolute
necessity to recycle them to support sustainability. For example, most of the
countries do not have Phosphorous, a vital ingredient for plant growth and
food production. Bulk of the Phosphorus and Nitrates are not recovered
from municipal waste water and sewage plants. We simply discharge them
into sea at far away distance while the public is in dark and EPA shows a
blind eye to such activities. Toxic Methane gases are leaking from many
land fill sites and some of these sites were even sold to gullible customers
as potential housing sites. Many new residents in these locations find later
that their houses have been built on abandoned landfill sites. They knew
only when the tap water becomes highly inflammable when lighting with a
match stick. The levels of Methane were above the threshold limit and these
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houses were not fit for living. We have to treat wastes because we can
recover valuable nutrients and also generate energy without using fresh
fossil fuels. It is a win situation for everybody involved in the business of
‘waste to wealth’.

These wastes have a potential to guarantee cheap and sustainable
Hydrogen for the future. Biogas is a known technology that is generated
from various municipal solid wastes and effluents. But current methods of
biogas generation are not efficient and further cleaning and purifications are
necessary. The low-grade methane 40-55% is not suitable for many
industrial applications except for domestic heating. The biogas generated by
anaerobic digestion has to be scrubbed free of Carbon dioxide and
Hydrogen sulfide to get more than 90% Methane gas so that it can be used
for power generation and even for steam reforming to Hydrogen generation.
Fuel cell used for on site power generation and Fuel cell cars need high
purity Hydrogen. Such Hydrogen is not possible without cleaning and
purifying ‘ biogas’ much. Hydrogen generation from Biogas or from
Bioethanol is a potential source of Hydrogen in the future.
Permalink: https://ahilanraman.com/2012/03/31/sustainable-hydrogen-
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Will Bioethanol and Hydrogen replace Gasoline?

Many universities, research and development institutions and industries are
studying various biological processes to produce Hydrogen using different
sources of organic materials such as Starch, Glucose, Bioethanol and
cellulosic materials. However many of these technologies are at an early
“proof of concept’ stages.  Moreover these processes depend upon site and
availability of specific raw materials in these locations. For example, Brazil
has been very successful in the production of Bioethanol from sugar cane
molasses and using it as the fuel for cars. Brazil has also successfully used
Bioethanol as a substitute for Naphtha as a feedstock for the production of
ethylene, a precursor for a several plastics such as PVC and Polyethylene
and Glycols. Bioethanol is a classic example of biological process than can
successfully substitute Gasoline .Many industrial raw materials are also
derived from Sugar cane and Corn Starch. The main issue in substituting
Gasoline with bio-chemicals is political, in many countries. India has
produced industrial alcohol from sugarcane molasses for  number of years
but they were not be able successfully substitute Gasoline with Alcohol.
They have to fix the price of Alcohol in relation to the price of Gasoline or
Naptha.This pricing mechanism is critical.

We have been using coal as the raw material for several decades not only
to generate power but also to produce host of organic chemicals and
fertilizers such as Urea, coal-tar chemicals such as dyes and
pharmaceuticals. These industries later switched over to oil and Gas. Now
the world is facing depletion of fossil fuels at a faster rate. Greenhouse
emission and global warming threats are looming large. There is a clear
sign that the energy prices will sharply increase in the near future.
Renewable energy projects are at early stages and their first costs and cost
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of productions are much higher compared to fossil fuel based power
generation. However biological processes and biofuels offer a glimpse of
hope to get over the energy crisis and also to mitigate greenhouse gas
emissions.

Production of   Biohydrogen using bio-organic organic materials such as
starch, glucose and cellulosic materials are under development, but it may
be a decade before they can be successfully commercialized. But
production of Bioethanol and Biogas are well-known technologies.
Generation of Biogas from agricultural waste, food waste and municipal
solid waste and waste water are known technologies. However Methane the
major constituents of biogas, is a potential greenhouse gas. The Biogas can
be easily cleaned from other impurities such as Carbon dioxide and
Hydrogen sulfide and can be readily converted in Hydrogen gas by steam
reformation. This will substantially increase the energy efficiency of Biogas
plants.

Many developing countries can adopt these technologies on a wider
scale and promote Bioethenaol and Biogas generation to substitute
petroleum oil and gas. They can convert Gasoline cars into 100%
Bioethanol (anhydrous) or blended with gasoline fuels for cars. These
technologies are commercially available. Some countries in Asia, Africa
and South America produce various starches such as Tapioca starch for
industrial applications. Vegetable oils such as Jatropha and Castor oils are
excellent for bio-fuels and lubricants. Though it is theoretically possible to
substitute most of the petrochemicals with bio- organic materials, it is
important that food products such as corn should not be diverted for
commercial applications such as fuel.

The coming decade will be a challenging one and Hydrogen generation
from various biological organic materials can substitute fossil fuels at a
much faster rate. A judicial mix of bio-energy and renewable energy such as
solar and wind should help the world to overcome the challenges.
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Hydrogen is the choice of Nature as a source of clean energy

There is so much discussion about Hydrogen as a source of clean energy
because, it is the choice of Nature. Nature has provided us with fossil fuels
which are Hydrocarbons, chemically represented by CxHy, Carbon and
Hydrogen atoms. In the absence of Hydrogen in a Hydrocarbon, it is
nothing but Carbon, which is an inert material. The Hydrocarbon gets its
heating value only from the presence Hydrogen atom. The natural gas, now
considered as the cleanest form of Hydrocarbon is represented by the
chemical formula CH4, containing 25% Hydrogen by weight basis. It
represents the largest Carbon to Hydrogen ratio at 1:4.This is the highest in
any organic chemicals. In aromatic organic compounds such as Benzene,
represented by C6H6, the Hydrogen content is only 7.69%.Even in Sugar
which is an organic compound from Nature, represented chemically as
C12H22O11 has only 8.27% Hydrogen. But Bioethanol, derived from sugar
represented by C2H5OH has almost 13% Hydrogen.  Ethyl Alcohol known
as ‘Bioethanol’ derived from sugar is blended with Gasoline
(Hydrocarbon), for using as a fuel in cars in countries like Brazil. Brazil is
the only country that does not depend on imported Gasoline for their cars.
The same Bioethanol can also be derived from Corn starch. But the starch
should first be converted into sugar before alcohol is derived; that is why it
is more expensive to produce Bioethanol from starch than from cane sugar
molasses. The climatic conditions of Brazil are more favorable for growing
Cane sugar than corn.  Brazil is in a more advantageous position than North
America, when it comes to Bioethanol. US is one of the largest consumer of
Gasoline.US has imported 11.5 million barrels/day of oil in 2010.It has used
138.5 billion gallons of Gasoline (3.30billion barrels) in 2010) according to
EIA. (US Energy Information Administration) It is estimated that Brazil’s
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sugar based Alcohol is 30% cheaper than US’s corn-based Alcohol. Brazil
has successfully substituted Gasoline with locally produced alcohol .They
also introduced ‘flexible fuel vehicles’ that can use various blends of
Alcohol-Gasoline. Most of the Gasoline used in US has 10% Ethanol blend
called E10 and E15, representing the percentage of Alcohol content in
Gasoline. Brazil is the largest producers of Bioethanol in the world. Both
Brazil and US account for 87.8% of Bioethanol production in the world in
2010 and 87.1% in 2011.Brazil is using Bioethanol blends of various
proportions such as E20/E25/E100 (anhydrous alcohol) (Ref: Wikipedia).
Almost all cars in Brazil use Bioethanol blended Gasoline and even 100%
anhydrous Bioethanol are used for cars. Brazil has set an example as a
‘sustainable economy introducing alternative fuel’ to the rest of the world.
The ‘bagasse’ from cane sugar is also used as a fuel as well in the
production of ‘Biogas’, which helps Brazil to meet sustainability on
renewable energy and greenhouse gas mitigation. The above example is a
clear demonstration of sustainability because natural organic material such
as sugar is the basic building block by which we can build our Sustainable
clean energy of the future. The same Bioethnanol can easily be reformed for
the production of Hydrogen gas to generate power and run Fuel cell cars.
Many companies are trying to use chemicals such as metal Hydrides as a
source of Hydrogen. For example, one company successfully demonstrated
using Sodium Borohydride for Hydrogen production. Many companies are
trying to find alternative sources of Hydrogen generation from water,
including Photo-electrolysis using direct solar light and special photo
catalyst materials. We know Nature produces sugar by using sun’s light,
water and carbon dioxide from air by photosynthetic process. Can man
duplicate this natural process and generate Hydrogen at the fraction of the
cost by simply using water and sun’s light? The race is already on and only
time can tell whether our pursuit for cheap and clean Hydrogen can become
a commercial reality or just stay as an elusive dream.

http://maps.google.com/maps?ll=38.8833333333,-77.0166666667&spn=10.0,10.0&q=38.8833333333,-77.0166666667%20(United%20States)&t=h
http://maps.google.com/maps?ll=38.0308333333,-7.62277777778&spn=0.01,0.01&q=38.0308333333,-7.62277777778%20(Sustainable%20energy)&t=h
http://en.wikipedia.org/wiki/Hydrogen_production


Permalink: https://ahilanraman.com/2012/03/28/hydrogen-is-the-choice-of-
nature-as-a-source-of-clean-energy/

https://ahilanraman.com/2012/03/28/hydrogen-is-the-choice-of-nature-as-a-source-of-clean-energy/


#96

Hydrogen is the choice of Nature as the source of clean energ

There is so much discussion about Hydrogen as a source of clean energy
because, it is the choice of Nature. Nature has provided us with fossil fuels
which are Hydrocarbons, chemically represented by CxHy, Carbon and
Hydrogen atoms. In the absence of Hydrogen in a Hydrocarbon, it is
nothing but Carbon, which is an inert material. The Hydrocarbon gets its
heating value only from the presence Hydrogen atom. The natural gas, now
considered as the cleanest form of Hydrocarbon is represented by the
chemical formula CH4, containing 25% Hydrogen by weight basis. It
represents the largest Carbon to Hydrogen ratio at 1:4.This is the highest in
any organic chemicals. In aromatic organic compounds such as Benzene,
represented by C6H6, the Hydrogen content is only 7.69%.Even in Sugar
which is an organic compound from Nature, represented chemically as
C12H22O11 has only 8.27% Hydrogen. But Bioethanol, derived from sugar
represented by C2H4OH has almost 11.11% Hydrogen. That is why Ethyl
Alcohol known as ‘Bioethanol’ derived from sugar is blended with
Gasoline (Hydrocarbon), for using as a fuel in cars in countries like Brazil.

Brazil is the only country that does not depend on imported Gasoline for
their cars. The same Bioethanol can also be derived from Corn starch. But
the starch should first be converted into sugar before alcohol is derived; that
is why it is more expensive to produce Bioethanol from starch than from
cane sugar molasses. The climatic conditions of Brazil are more favorable
for growing Cane sugar than corn. That is why Brazil is in a more
advantageous position than North America, when it comes to Bioethanol.
US is one of the largest consumer of Gasoline.US has imported 11.5 million
barrels/day of oil in 2010.It has used 138.5 billion gallons of Gasoline
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(3.30billion barrels) in 2010) according to EIA. (US Energy Information
Administration)

It is estimated that Brazil’s sugar based Alcohol is 30% cheaper than
US’s corn-based Alcohol. Brazil has successfully substituted Gasoline with
locally produced alcohol .They also introduced ‘flexible fuel vehicles’ that
can use various blends of Alcohol-Gasoline. Most of the Gasoline used in
US has 10% Ethanol blend called E10 and E15, representing the percentage
of Alcohol content in Gasoline. Brazil is the largest producers of Bioethanol
in the world. Both Brazil and US account for 87.8% of Bioethanol
production in the world in 2010 and 87.1% in 2011.Brazil is using
Bioethanol blends of various proportions such as E20/E25/E100 (anhydrous
alcohol) (Ref: Wikipedia). Almost all cars in Brazil uses Bioethanol
blended Gasoline and even 100% anhydrous Bioethanol are used for cars.
Brazil has set an example as a ‘sustainable economy introducing alternative
fuel’ to the rest of the world. The ‘bagasse’ from cane sugar is also used as
a fuel as well in the production of ‘Biogas’, which helps Brazil to meet
sustainability on renewable energy and greenhouse gas mitigation.

The above example is a clear demonstration of sustainability because
natural organic material such as sugar is the basic building block by which
we can build our Sustainable clean energy of the future. The same
Bioethnanol can easily be reformed for the production of Hydrogen gas to
generate power and run Fuel cell cars. Many companies are trying to use
chemicals such as metal Hydrides as a source of Hydrogen. For example,
one company successfully demonstrated using Sodium Borohydride for
Hydrogen production. Many companies are trying to find alternative
sources of Hydrogen generation from water, including Photo-electrolysis
using direct solar light and special photo catalyst materials. We know
Nature produces sugar by using sun’s light, water and carbon dioxide from
air by photosynthetic process. Can man duplicate this natural process and
generate Hydrogen at the fraction of the cost by simply using water and

http://www.eia.gov/
http://maps.google.com/maps?ll=38.8833333333,-77.0166666667&spn=10.0,10.0&q=38.8833333333,-77.0166666667%20(United%20States)&t=h
http://maps.google.com/maps?ll=38.0308333333,-7.62277777778&spn=0.01,0.01&q=38.0308333333,-7.62277777778%20(Sustainable%20energy)&t=h
http://en.wikipedia.org/wiki/Hydrogen_production


sun’s light? The race is already on and only time can tell whether our
pursuit for cheap and clean Hydrogen can become a commercial reality or
just stay as an elusive dream.
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The changing chemistry of our oceans

Seawater is the largest source of Fresh water as well as the source of
Hydrogen energy.However; Seawater cannot be used directly for these
applications and it requires further treatment. Seawater has a number of
dissolved salts and the TDS, total dissolved solids, of seawater is about
35,000ppm (parts per million).The commonly used industrial desalination
process is by RO (reverse osmosis) as well as by multi flash distillation
(MFD). Both these processes are energy intensive.RO process requires
electrical energy and MFD requires thermal energy. Most of the countries in
Pesian  Gulf use desalination process to convert seawater into drinking
water as well as industrial water. These oil rich countries depend on the
desalinated seawater as their main source of drinking water supply. In the
desalination process by RO, the TDS level of seawater is reduced from
35,000ppm to 500ppm, meeting the WHO (World Health Organization)
specifications for drinking purpose. The advantage with reverse osmosis
process is it can remove even the smallest bacteria and virus, during the
desalination. The water can further be disinfected by the injection of
Chlorine before distributing for drinking purpose.

Majority of Desalination plants use RO process because it is economical.
There is a worldwide shortage for safe Drinking water and more and more
SWRO plants are coming up in various parts of the world. The technology
of RO has advanced so much that the cost of desalinated seawater can
compete with surface water in many parts of the world, especially in Gulf
region where the energy cost is low. The rapid increase in population and
industrial growth has created a greater demand for fresh water.

In conventional SWRO process, only 35-40% of fresh water is recovered
and the balance 60-65% is discharged back into the sea as a highly saline
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brine, with TDS levels exceeding 65,000pm, almost double the salinity of
seawater. Similarly most of the power plants located on sea coasts are using
seawater for cooling purpose. In once through cooling system, the seawater
is circulated into the power plant to condense steam in turbines and returned
back to the sea. The temperature and salinity of the returning water into the
sea is always higher than the intake water. Some oceanographers feel that
such slow increase in salinity of seawater affects the temperature of the sea
and the climate.

However, discharge of highly saline brine into the sea has become
routine and EPA (Environmental and Pollution Authority) of various
countries routinely approve such discharge, claiming it does not affect the
marine life much. The environmental impact study conducted in one
country is routinely followed by many countries and invariably conclude
that such discharge has a very little or no impact to the environment.
Human beings are concerned only with their environment and not with the
Ocean environment where variety of marine species live. Our oceans have
been heavily polluted from the time of industrial revolution by oil spills,
toxic industrial effluent discharges, desalination and power plant
discharges. The TDS levels of seawater in Gulf region has considerably
increased in the past few decades. The TDS levels are about 50,000 ppm
against conventional levels of 35,000PPM.The oceans are acidified by
absorption of excess carbon dioxide from the atmosphere due to greenhouse
gas emissions.

The power required to desalinate seawater is directly proportional to the
osmotic pressure of seawater. The osmotic pressure increase as the TDS
level increases, which in turn increases the energy consumption by
desalination plants. A recent report from US government says that fresh
water will become a serious issue after a decade and even wars may be
waged between countries for the sake of fresh water. The human activities
not only cause global warming but also changing the chemistry of our
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oceans. Steadily dwindling fish population is a clear sign of changing
chemistry and biology of our oceans. In the absence of a proven scientific
evidence to show that  human beings cause these changes in the ocean, we
will carry on our business as usual until we reach a point of no return.

If you add salt to the water, it will not boil at 100C at 1 atmospheric
pressure but slightly at a higher temperature. It is high school physics.
When the salinity of the ocean increases from 35,000ppm to 50,000ppm,
does it not affect the evaporation of the sea, which condenses into a cloud
and come back as a rain? Does it mean there will be less precipitation in the
future? Even if the ocean is under constant circulation, the overall salinity
level keeps increasing.
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Why PV solar is still considered expensive?

Photovoltaic  solar industry has started expanding in recent years in US and
Europe and the rest of the world also started following. Still solar energy is
considered expensive in many parts of the world for various reasons. In
most of these countries, energy is predominantly managed by Governments
with age-old technologies and transmission systems. Coal is still the major
fuel used for power generation and distribution and their infrastructures are
old and inefficient. Transmission losses, power pilfering, subsidized power
tariffs and even free power for farmers, are some of the issues that
compounds the problems. Energy and water are considered more of social
issues rather than business issues. For example in India, frequent power
failures are common  and sometimes people do not have power even up to 8
to 12 hours  a day, especially  in country sides. Standby diesel generators
are integral part of an industry or business. The heavily subsidized power
supply by Government from coal-fired power plants is  underrated. The
average power tariff in India is still less than $0.07/kwhr.But the reality is
they will be using diesel generated power for equal several hours in a day
 and the cost of diesel power varies from  $0.24 up to $0.36/kwhrs, almost
in par with solar power. The average power cost will amount to $0.18 to
$0.20 /kwhrs.

Any slight increase  in oil price will have a dramatic effect in energy cost
in India and their balance of payment situation.Governments are in a
precarious situation and they have to make a balancing act between
subsidizing the energy cost and winning the elections. They often subsidize
the power resulting in heavy revenue losses for Government run electricity
boards. Most of the electricity boards in India are in red. People are used to
low power tariffs for several decades and any increase in the tariff will
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make the Government unpopular. Greenhouse effect and global warming
are secondary issues. With an average economic growth rate at 7% year
after year, their energy requirements have gone up substantially. They may
need several hundred thousands of MW power in the next 5 to 10 years.
They have opened up energy sector to private only in recent years.

Renewable energy industry is relatively new and there are very few large
commercial-scale solar and wind power plants in India. Majority of
residents and businesses cannot afford high cost of PV solar installation.
Even if they install, there is no ‘power- in tariff’ mechanism by
Government where consumers can export surplus energy at a higher tariff to
the grid. With current power failures lasting 8-12 hours/day, such
mechanisms will have no value. The situation is the same in many Asian
countries.

The solar panel costs are high due to lack of local production of silicon
wafers, batteries and inverters and most of them are still imported. State
electricity boards do not have funds to buy power at higher tariffs. Import
duties and taxes on imported components are still high making renewable
industries uncompetitive against cheap coal-fired,  subsidized power cost of
$0.07/kwhrs .India requires massive investment on renewable energy
industries. But most of the power projects which are under planning stage
or under implementation are based on either coal or oil or LNG.There is no
sign that India will soon become a major player in renewable energy.

In PV solar projects, the cost of storage batteries are higher than the solar
panel during the life cycle of 25 years. If the life of a battery is 8 years then
you will need 3 batteries during the life cycle. For example, if you use 100
watts solar panel with a life span of 20 years, the initial cost of solar panel
may be $300 which will generate an average power of 140 watt.hrs /day. If
you plan to store 5 days energy using a battery, you will enquire 5x 140=
700 watt.hrs battery, costing about $175.If you have to replace batteries 3
times during the life span of 20 years then the cost of battery is 3×175=
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$525.You have to add operation and maintenance cost, in addition to it.
Therefore, your investment on batteries is 1.75 times more than solar
panels. This cost will substantially add up to your energy cost.

In most of the Asian countries where they cannot export surplus power
to the grid, they have to rely only on batteries. This high cost of stored
energy is not remunerative because they cannot export this surplus to the
grid at a higher tariff. This situation is not likely to change at least in the
short-term.
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Solar energy storage with Battery or Hydrogen?

Renewable energy industry has slowly but steadily started expanding in
many parts of the world in spite of  high cost of investment and high  cost
of energy. Countries like US, Germany and China are now investing on
large-scale solar and wind technologies, opening new avenues for
investments and employment opportunities. Many of these technologies
will undergo several changes over a time before it can completely substitute
fossil fuels. How long this process will take will depend upon number of
factors; but the single biggest driving force will be ‘the issue global
warming and its consequences” and also on uncertainties over oil reserves
in the world. Nothing dramatic will happen in the near future except that the
concept of alternative source of energy will expand rapidly. It is also an
opportunity to discover new forms of fuels, power generation and
distribution methods.

The concept of solar energy is now well-recognized as an alternative
source of energy because, it is abundantly available, it is clean, generates no
pollution and it is silent. The major raw materials such as Silica  and
Gallium Arsenide  are  also available but some of the rare earth materials
used in PV industries and batteries  are available only in certain parts of the
world.  China is endowed with many such rare earth resources. For
example, Lithium has limited resources and now bulk of it is produced from
natural brines similar to the one at Atacama deserts in South America. It is
also available in the form of minerals and ores which many countries are
now trying to exploit commercially.

The storage of energy from  solar and wind is  done using deep cycle
batteries, most of which are Lead-acid batteries. Bulk of the used Lead acid
batteries are recycled but the demand for such batteries keeps increasing.
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As I mentioned in my previous articles, the sheer weight of these batteries,
space required to install them, capacity use, capacity constraints, regular
need for  maintenance and life cycle are some of the issues that are critical
for renewable industries. In deep cycle batteries, discharging stored energy
below certain levels dramatically reduces the life span. Hot climate
conditions have certain impacts on maintaining such batteries.Life of a
battery is critical because when you calculate the cost of energy over the
life cycle of 25 years,the several replacements of battaries and their cost
will have a dramatic effect on the cost of energy.

Batteries are indispensable tools in energy industries but their usage can
be minimized  to a great extent by using Hydrogen as a storage medium.
Let us analyze a simple example of a PV solar system for power generation.
We made a computer simulation on three  different  scenario for a PV solar
system for a small residence with power consumption at 15,500kwhrs/day.
First simulation was based on PV solar, direct grid connect, without  storage
batteries but connected directly to the grid, assuming the grid power tariff
 is at $0.10/kwhrs and sale to grid tariff at $ 0.30/kwhrs.The second
simulation was based on grid independent system  using battery  storage for
8 hrs autonomy. The third simulation is also grid independent, but solar
power is connected to an Electrolyzer to generate Hydrogen and store it in a
tank. We used a small capacity battery, less than twenty percent  of the
capacity used in the earlier case and a Hydrogen storage with Fuel cell
along with an inverter. The stored Hydrogen was used to generate power to
meet the requirement of the residence, instead of supplying power directly
from the battery. The cost of energy using direct grid connect was the
lowest $$0.33/kwhrs, while Grid independent with battery storage ,the cost
of power was $1,20/kwhrs.In third  scenario with Hydrogen and Fuel cell
the cost of power was $ 1.90/kwhrs, but there was surplus Hydrogen in the
storage tank. With Hydrogen as a storage medium, the cost of power is high
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due to initial investment but it is maintenance free and ideal for remote
locations.

The Hydrogen and Fuel cell solution though expensive, has a several
advantages. The power generated by PV solar is stored in the form of
Hydrogen instead of storing in batteries. A single battery is used to keep up
a steady current to Electrolyzer but bulk of the energy is stored in the form
of Hydrogen. Another advantage with this system is that stored Hydrogen
can also be used as a fuel for residential heating as well as to fuel your car.
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How to generate your own Hydrogen?

It is amazing that highly combustible Hydrogen is a constituent of cool
water. As long as it remains a part of a water molecule we are able to handle
it easily. Water is always in a state of ionization with H+ and OH- ions in a
dynamic equilibrium. The electrical conductivity of pure water which is
completely free from any other ions is almost zero. In a solid polymer
electrolyzer, which is the reverse of Fuel cell, water is decomposed into
Hydrogen and Oxygen while passing a Direct current. Electrolyzer is an
electrolytic cell similar to battery, containing an Anode, Cathode and
Electrolyte. In a solid polymer Electrolyzer, the electrolyte is a polymer
membrane. Water is decomposed as shown in the following reaction:

At Anode of electrolyzer:               H2O——– 0.5 O2 + 2e + 2H†
At Cathode of electrolyzer:             2H† + 2e —— H2
The purity of water is critical in the above process of electrolysis. In

conventional electrolysis, water with addition of potash lye (KOH) acts as
an electrolyte. But in the above process there is no need for any addition of
lye. Moreover, Hydrogen can be generated at high pressure so that further
compression becomes easier. In cases of power generation using Fuel cell,
the Hydrogen pressure from Electrolyzer is sufficiently high, obviating the
usage of an additional compressor.

The electrical conductivity of water increases as the concentration of
dissolved salts increases. That is why the electrical conductivity of seawater
is much higher than your tapwater.But this salt can be removed by the
process of desalination using ‘reverse osmosis’ systems.

When you separate pure water and salt water using a semi permeable
membrane there is natural tendency for pure water to pass across the
membrane to pure water side. This process is called ‘Osmosis’. The process
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continues till the concentration of water on both side of the membrane
becomes equal. Nature does not like disparities between strong and weak
and always tend to make both equal. By reversing this principle of osmosis,
we can separate salt water into pure water and highly concentrated salt
water known as brine. This process is called ‘Reverse osmosis’. We will
discuss about this process later.

If your tap water is not very hard, say such as, total dissolved solids TDS
is around  500ppm (Part per million), then the osmotic pressure is not high,
which means you do not need to use a high pressure pump. Higher the TDS
level, higher the osmotic pressure and higher the power consumption will
be. You can install a reverse osmosis system based on your water analysis.
You have to use a pure water with low conductivity 10-15 micro
Siemens/cm.The reverse osmosis system can be connected to your tap and 
store pure water while draining the salt water into the drain. You can use
this pure water to an Electrolyzer to generate Hydrogen. The Hydrogen can
be stored in a tank made up of Carbon composite materials that can
withstand high pressure and approved by regulatory authorities.

This article is only to understand how Hydrogen can be generated using
your tap water. The actual implementation of the system requires
knowledge and experience in installing such a system. But we will release
an eBook, a step by step guide to set up your power generation system as
well fuelling your Fuel cell car, using Hydrogen. An independent power
generation and fuelling system using only solar power and water will soon
become a commercial reality because, it is a clean and sustainable solution
for all our energy problems. The PV solar industries are already expanding
at a faster rate and solar Hydrogen will soon become a final solution.
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How to power your home and fuel your car with Hydrogen?

There is a general opinion that Hydrogen is dangerous or explosive; people
are often reminded of Hindenburg accident or Hydrogen bombs. Hydrogen
is as safe as Gasoline or Butane gas. It should be handled with care like any
combustible material. We have used Hydrogen in industries for so many
decades and transported by pipelines across thousands of kilometers; the
methods and procedures of handling Hydrogen is well established. It is a
very light, colorless and odorless gas and it can easily escape into the
atmosphere. Hydrogenation of vegetable oils for production of certain
Margarines is one the classical industrial examples for Hydrogen usage.
When 100m3 Hydrogen is compressed to 10,000psi pressure, it is reduced
to just 0.163 m3 by vlume.That is how the Hydrogen storage space is
reduced in passenger cars. This volume of gas can give a mileage of 652
miles, using Fuel cell power. The only emission is just pure water vapor!
No noise, no smoke and it is entirely a new experience driving a Hydrogen
Fuel cell car.

Powering your home with Hydrogen or fuelling your Fuel cell car is not
very difficult. It is expensive compared to grid power for two simple
reasons. Grid power is generated by power generation companies
somewhere else using coal, oil or gas and transmitted across to millions of
people.Therefore,  the  investment on power generation is shared by
millions of people through their monthly energy bills. When you use the
grid power, you do not pay any large sum except, a small deposit of few
hundred dollars towards connection fee, and you pay your bills based on
your monthly electricity usage.

But when you try to generate your own power using a solar panel or Fuel
cell then you have to make an investment fully upfront. Of course, your
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bank can help you with the finance for the system. However, when you
calculate the energy cost over the life period of 25 years then you can
clearly see the value of such investment. The grid power cost will only
increase and never decrease while your generation cost will decrease as the
time passes. The future energy cost is likely to increase substantially due to
various factors. You can export surplus power to the grid and your payback
time will be reduced as the energy cost increases.

The first step in powering your home is to calculate your power
requirements accurately in terms of watt.hrs.How many appliances you will
be using  and how many hours you will using each of these appliances per
day. Suppose you estimate 15,000 watt.hrs/day or 15kwhrs/day of power,
and then a small Fuel cell consuming 1 Kg/day of Hydrogen or 30
kgs/month of Hydrogen will be sufficient to meet your power demand.
Similarly you can calculate the amount of Hydrogen you will be using as a
fuel for your Fuel cell car. For example, if you will be  driving your Fuel
cell car for 1000 miles per month, then  your Hydrogen requirement will be
about 14 kgs/month. Your Hydrogen requirement per month for both power
and car together will be 44 kgs only.

Your total  power need to generate the above Hydrogen will be 2464
kwhrs/month costing less than $250 per month for both power and fuel. Of
course you need to calculate other fixed costs on the investment. You can
export your solar power at a higher tariff to the Government and import
your power requirement from the grid during off-peak season at a lower
tariff and generate Hydrogen and store it. You can generate your power as
and when you need, and you are in complete control of your situation, even
if there is a blackout due to grid failure!
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Tame the Renewable with Hydrogen

The sun is bright and warm and your roof top solar panels and solar heaters
are working hard to generate power and hot water. But the rate of power
generated is too small to use immediately. The hot water is not hot enough
for your shower. Your 200 watt rooftop solar panel generates only 0.12
kwhrs after 5 hours of hard work. It does not meet your expectations. You
expect 200 watts solar panel to generate about 1000 watt.hrs (1kwhr) in 5
hours. It is not happening. You don’t think renewable energy can meet your
electricity demand.

There is a strong wind in the island and the wind turbines are rotating
faster than usual but there are hardly any people living there. Wind turbine
generates good power when the wind velocity is above certain level. But the
electricity generated by the wind has no immediate takers.

There is a good rain this year and the dams are overflowing and the
Hydro is generating surplus power but not many people are living near the
catchment area. The power has to be transmitted hundred of kilometers to
the nearby town through a sub-station. When the dams are dry there is
hardly any power generation and power supply is rationed to the town.

When there is a demand for power Mother Nature does not offer the
resources for power generation. When Mother Nature offers the resource
we do not need power. This anomalous situation is the single largest
obstacle that is undermining the potential of renewable energy. Of course,
the high initial cost and half-hearted approach by Governments to offer
subsidies or grants for renewable energy are other factors that add to the
anomaly.

The only option to get over this situation is to store the energy 24×7
when it is generated and use them when we need them. It requires good



storage technology, automation and information technology that can
communicate with Natures energy resources and harness them, store them
and deploy them judiciously and intelligently to meet our demands.

Current battery technology cannot be a long-term sustainable solution; it
is expensive, requires constant maintenance and replacement, which adds to
the expensive initial investment on renewable systems. The best option is to
generate Hydrogen on-site when sunshine’s or wind blows and store them
under pressure that can be used as and when we need electricity using Fuel
cell. It is easier to handle gas than stored electricity in batteries. Batteries
are very heavy, has a limited life cycle and poses health hazard and not
suitable for large-scale power storage and not sustainable in the long run.

An Electrolyzer can generate Hydrogen from water on site when a sun or
wind energy available and they can work from 10% to 100% capacity
depending upon the availability of renewable resources. The surplus power
from Hydro can be converted into Hydrogen and stored. With so much
advancement in information and communication technology, harnessing
nature’s energy, storing them and deploying them in a timely manner is not
major issue. Hydrogen can bridge the gap between Nature resource
availability and human demand. This is what science is all about. We
developed science by learning from Nature or duplicating Nature and
Renewable energy is nothing different.
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Hydrogen is cheaper than Gasoline and Diesel

There is a general opinion that Hydrogen is now very expensive compared
to Gasoline and Diesel. It depends on how you generate Hydrogen. We have
used Gasoline and Diesel for several decades and real cost of crude oil is
much lower than what we are paying for Gasoline and diesel at the service
stations. Crude oil is formed naturally and all the cost involved is for
pumping, transportation and refining. The cost of energy spent on
transportation and refining is also comparatively low. It is the geopolitical
situation in the world, supply demand gap, Government taxes and levies,
inventory levels, financial market and distributors play a key role in fixing
the price of these fuels.

Hydrogen can be generated from tap water without involving fossil fuels
at all. But Governments are spending on research and development of
Hydrogen generation using fossil fuels such as natural gas and coal. It is
understandable that these sources are suitable for bulk production of
Hydrogen on an industrial scale. We will also be able to use existing fossil
fuel infrastructure to the most extent. But the flip side of this approach is
Hydrogen generated by this route is still not pure enough to meet Fuel cell
requirements. This Hydrogen may be suitable for Hydrogen combustion
engines. Why they are not suitable? For example, Hydrogen is generated
from natural gas by steam reforming,Syngas is generated as an intermediary
product which is a mixture of Hydrogen and Carbon monoxide; but also
other impurities present in natural gas such Sulfur,Phosphorus and
Mercaptans etc.Natural gas has to be purified to remove all these impurities
before it can be subject to steam reformation. In spite of an elaborate
purification methods adopted, Fuel cell suppliers are reluctant to guarantee
the life of their Fuelcell.The Fuel cell uses expensive Platinum as a catalyst
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which can be readily poisoned by the presence of impurities in Hydrogen,
produced from natural gas. This is one of the main reasons why Hydrogen
becomes expensive by this route. Industries can pay high cost for this
Hydrogen, but ordinary citizens cannot afford to pay.

Hydrogen can be generated directly from tap water by simply
electrolyzing it using a Direct current such as solar and wind. If we use grid
power, it requires about 68kwhrs of electricity, costing about $3.40 per Kg
of Hydrogen. Assuming Hydrogen will cost about $5 per kg after
compression and storage, it is still worth the cost. This Hydrogen will give a
mileage of 73.4 miles/kg using Fuel cell car. This is equal to 3.67 Gallons
of gasoline costing about $13.76, at the rate of $3.75 per gallon. It is very
clear that hydrogen is cheaper than gasoline or diesel. At the current
price,Gasoline  costs 275% more than Hydrogen gas.

By converting existing coal and oil based power plants into IGCC,
Integrated Gasification and Combined Cycle plants, Government can cut
the current emission levels of greenhouse gases, and at the same time
supply electricity at the prevailing rates. We do not have to import oil or
gas. Government should fund conversion of coal and oil-fired power plants
into IGCC plants and create Hydrogen infrastructure, by producing more
Hydrogen Fuel cell cars and Hydrogen service stations. By adopting this
policy, US Government can bring down the prices of crude oil in the
international market which will help cut the prices of all other
petrochemical products like fertilizers, plastics, drugs and cosmetics. The
crux of the issue is to divert petroleum products from fuel use to other uses.
At the same time Governments can reduce their greenhouse emissions to
the level demanded by scientists. By reducing the cost of solar panels to
less than $.100 per watt, Renewable Hydrogen will become a commercial
reality and that will be the end of fossil fuels.
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Wind energy-that can save islands

Wind is a potential source of
renewable energy, especially for
islands with an average wind
velocity of 5mts/sec and above.
Many islands in pacific ocean  have
some common problems like sea
erosion, shortage of power and
drinking water. These small islands
with little population are fully
depending on diesel fuel. In fact
their life depends on diesel fuel and
any increase in price significantly
affects their daily life. Their main
source of income is only by fishing
and they live day to today.

I had a personal experience of
visiting a small island off Port
Moresby in Papua New Guinea.

They call it Dougo Island or ‘Fisherman’s island’ with population of less
than 700 people. It is about 4.5km wide and 2km long. It is a coral atoll
pushed out of the sea. One can take stroll on the beach and it is one of the
most beautiful experiences one can have. It gives a feeling that you are far
away from the rest of the world. There is a small abandoned World War II
Airfield. The people in the island do not have any electricity or drinking
water and most of them are fishing on small boats. Their boats are fuelled
by diesel. They will go to nearby city of Port Moresby and sell their fish
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and with that money they will buy drinking water and diesel in cans and
return to the island. This is their daily life.

Such an island is an ideal location to set up a wind turbine and a small
sea water desalination plant, that can easily solve their problem of water
and power. The trade wind from the Coral Sea in the island of Papua New
Guinea blows almost 7-8 months in a year and their wind velocity averages
7 mts/sec. Two wind turbines of each 250 kW capacity and a small seawater
desalination SWRO plant of capacity 15,000lts/day will be sufficient to
solve their problems. The desalination plant will consume about
4.5Kwhrs/m3 of water generated. About 2000 kwhrs/day of power can be
supplied to the village, each family consuming about 2.85 khrs/day for 6
hours/day and also for the desalination plant. The system will generate  a
surplus power.

Renewable wind energy is the best option for such islands to generate
on-site power and also to desalinate seawater for supply of drinking water.
With increasing global warming and sea level rising, these small island face
seawater intrusion and inundation. Many islands are slowly disappearing
into the vast sea. Moreover, these islands are the most vulnerable to the
fluctuating diesels prices and they are walking on a tight rope.Industrialised
countries with an average power consumption of several kilowatt-hours per
day are crying foul about rising energy cost while people in such small
islands barely manage their food and shelter after paying for the diesel.

Recently the Government of Maldives conducted their cabinet ministers
meeting under the sea, to showcase their plight due to sea level rise caused
by global warming, to the rest of the world. Small islands can cry loud but
their voice  is muffled by roaring sea, while rest of the world carries on their
business as usual.
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Coal-water-slurry – a new source of Hydrogen?

Dirty coal is still a popular choice for power generation around the world,
irrespective of the status of the country, whether industrially advanced or
backward. The abundant availability and cheap cost, makes coal more
attractive from investor’s point of view; they care less for the environment,
while Governments turn a blind eye to all the emissions and pollutions. It is
a question of survival for millions of people who work in coal mines and
industries. It is one of the toughest challenges many Government are facing.
Take for example India; about 65% of power generation still comes from
coal. The import of coal increases year after year and there is no immediate
solution in sight. Indian coal is a low-grade coal with very high ash content.
Each coal-fired power plant generates a huge amount of fly ash and they
stockpile them; supposed to be used in the production of Portland cement. It
is a big business.

China and Indonesia too uses coal as a major fuel for power generation.
But they have come out with an innovative and pragmatic method of using
coal. They use coal-water-slurry (CWS), a finely pulverized high  grade
coal (calorific value 5100-6100Kcal/kg) in water. They use some chemical
additives that make the slurry a homogeneous fluid, similar to a
Hydrocarbon such as Heavy fuel oil (HFO).The advantage with CWS is it
can be easily pumped and injected into a furnace or boiler using ceramic
nozzles, obviously to avoid erosion due the abrasive nature of coal, just like
firing diesel or heavy oil. According to the literature, 1.8 -2.2 tons of CWS
is equal to 1 ton of Heavy fuel oil (HFO) and it costs about the same. It cost
only US$ 62 million to retrofit an existing coal-fired power plant with CWS
system and the yearly savings are estimated at US$ 41 mil per year, an
attractive rerun on investment.



The beautiful aspect of this method is it generates Hydrogen rich Syngas
according to the following chemical reaction.

2C + O2+2 H2O ——– 2H2+2 CO2 when the mixture is subject to
Gasification instead of mere Combustion.

The combustion efficiency is about 96-99% and the boiler efficiency of
more than 90%. It generates less Sulfur dioxide and Nitrogen oxide
emissions and good for the environment compared to conventional coal-
fired power plants. It is a good technology that needs the attention of
Governments especially India, China and Indonesisa.Even coal rich
countries like US, Australia should focus on this technology apart from
their persuasion such as carbon sequestration.

In fact this will open new avenues for India and China to switch over to
Hydrogen economy without making large investments. The coal water
slurry fluid has a property similar to a Hydrocarbon as shown below.

Density 65-70% ,Viscosity -1000Cp, Size d< 50 microns, Ash content
<7, Sulfur<0.5%. It is easy to handle a liquid than solid coal. pulverized
coal is pneumatically conveyed and fired in rotary cement kilns for so many
years. There is nothing new about it. Similarly coal water slurry can be a
game changer for  the power industry,  if it is combined with Gasification
and combined cycle;  it will lead  into Hydrogen based power generation
industry using Fuel cell such as Molten Carbonate Fuel cell (MCFC). I
believe there is a clear opportunity for the Governments and private
industries  to seriously look into CWS technology which I believe, is a
‘precursor’ for Hydrogen economy of the future.
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Air-condition your premises with engine exhaust and solar hot
water

Do you use a generator that runs on diesel or gas to power your business
due to frequent power outage from the grid? Are you running an air-
conditioner with the grid power? Then you must look for waste heat
recovery system to improve your energy efficiency and save your fuel cost.
You can also use roof top solar hot water to supplement waste heat
recovery. The savings may be real and you may be able to recover your
investment in a short period and also contribute for the reduction of
greenhouse emissions.

The diesel or gas engine converts only most 30% of fuel input in the
form of thermal energy into mechanical energy to run your generator, and
the balance heat is wasted in the form of greenhouse gas. You can recover
this heat and increase the efficiency of the system. This means for the same
amount of diesel used, you will get much higher output in the form of
heating or cooling or in the form of additional electricity.

The exhaust temperature from a gas engine is about 420C.You can also
recover extra heat from jacket cooling. Let us assume that you have a
natural gas-fired engine to generate 100kw electricity for the premises. The
efficiency of such spark ignited reciprocating gas engines are typically
about 30%, which means a natural gas input of 1.145 mm Btu/hr. Let us
assume the cost of piped natural gas at $10 per mm Btu; the fuel cost will
be about $ 11.45/hr.

The exhaust heat from the engine will be about 801,500 Btu/hr; with
waste heat recovery efficiency at 75%, the heat recovery will be 601,125
Btu/hr.You can air-condition premises with an area of 35-40 square meters
using this recovered waste heat. If you use grid power   at the rate of



$0.10/kwhr, to run the air conditioning system for the above area, you will
be spending about 30,000kwhrs of electricity per month, costing about $
3000 per month. By installing an absorption chiller to air-condition your
premises using engine exhaust heat, you will be saving about $36,000 per
year towards air-conditioning. The air-conditioning system may cost about
$130,000, and with the above savings you will be able to get a return on
your investment in less than 3 years.

If you have a roof-top solar water heater then you can supplement it with
your engine exhaust heat water so that the capacity of the air-conditioning
can be increased. It is one of the best methods by which an energy
efficiency of a fossil felled engine can be increased. If the capacity of the
engine is much higher, there are other methods by which the efficiency can
be increased.

For example, the hot water from the exhaust system can be used to
generate some extra power using an ORC, organic Rankin cycle. It is
similar to a steam turbine. An organic liquid with low boiling point will be
evaporated into vapor by a low heat source such as hot water from engine
exhaust, which runs a turbine, generating some extra power and condensing
back into the liquid, and then the cycle continues. You will be able to
generate an extra electricity of about 15-18% making the total electrical
efficiency of the system  to 45-50%, which is similar to a Fuel cell system,
but at a much lower cost.

Heat recovery system with an absorption chilling and using low heat
source to generate extra power using ORC, are best methods to improve
energy efficiency of an existing system with little investment. The purpose
of such integration is to increase the energy efficiency of the existing
system, so that you will be getting more output of energy from the same
input of fuel.
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How to increase energy efficiency and reduce carbon foot print?

There are many ways to increase the energy efficiency of an existing system
which also helps invariably to cut your carbon footprint. The inefficiencies
breed pollution. Such inefficiencies can emanate from power generation
methods or from power distribution methods. Energy cannot be stored but
has to be used. That is one of the main reasons why the power companies
look for large consumers and offer them the lowest tariff. Some industries
like Caustic soda plants and Aluminum smelters, consume large power.

If you are using power from the grid then you can discuss with your
service provider and check whether you can switch over to green power.
The tariff may be slightly higher than a standard tariff but certainly helps
you to reduce your carbon footprint. Some service providers show your
carbon foot print by way a chart in their monthly energy bill. Most of the
energy providers supply green power such as solar and wind as part of their
energy mix to make sure that they don’t lose customers who may insist on
green power.

You can check various power tariffs in your place such a peak tariff and
off-peak tariffs and you will be surprised at the difference. The peak tariff is
when everybody use power , normally 9am to 5pm.The usage of air-
conditioners  during peak hours in  tropical countries is high They can use
rooftop  solar panels with batteries and inverters because many counties in
Asia do not have  feed-in tariff method by which you can export your
surplus solar power to the grid. Moreover they do not have a choice in
selecting a service provider because power generation and distribution are
mostly runs by Governments or by very few service providers. The best
method for such users is to store the solar energy in batteries and use them
when they want. Even consumers who use grid power can store electricity
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during off-peak period using batteries and then use them during peak period
using an inverter. This is an ideal solution for Asian countries where the
power outage is frequent and unexpected.

The best method will be to use an Electrolyzer to generate Hydrogen
using off-peak power and tape water and store them under pressure. You
can generate your own electricity using small Fuel cell .This electricity can
be a Direct current that can be readily connected to a host of Direct current
operated appliances including your air-conditioners and refrigerators. If
your electricity load is relatively high then you can integrate both solar
panels and grid power in such a way that you can store enough electricity
by way of Hydrogen or in a battery and use them during peak period. By
this method you can be certain of an uninterrupted power supply and at the
same time a reasonable power tariff. You can reduce your carbon foot print
substantially   by utilizing solar power with Hydrogen storage.

You can choose energy-efficient appliances by looking at their star
ratings.A star rating of 6 and above is considered very energy-efficient. You
can choose LED bulbs for lighting and I would suggest using Direct current
for LED bulbs directly from Fuel cell or battery and not from grid supply
using an inverter. You can also check the type of refrigerants used in air
conditioners and Refrigerators and their star ratings. If you have a roof top
solar panel as part of electricity supply then I will recommend to use Direct
current operated Air-conditioners and regfigerators.When you choose these
appliances you can look for the type of motor, compressor and fans  used,
because these are the main parts that use electricity. An energy-efficient
motor and the type of compressor used are critical components in
determining the capacity, airflow and noise levels. The energy ratings are
based on these factors only.

You can save energy and cut your carbon footprint in every step of the
way if you are keen to do it. The most important factor in achieving energy
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efficiency is an understanding of your contribution to the environment and
the prudence with which you can achieve these goals.
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The solar,wind and water- three keys for energy independance

Renewable Hydrogen is the key that can offer us energy independence in
the twenty-first century. Fossil fuel usage will still continue for some more
time because the world has already invested massively on fossil fuel
infrastructures. The stacks are too high for them to switch over to renewable
over night. It is the Mother Nature who provided us coal, oil and gas all
these years using her manufacturing process under the earth over millions
of years. But we human beings exceeded her tolerance limit by emitting
greenhouse emission by our rapid growth in population and
industrialisation.We failed to discover an alternate fuel in time and
continued with an age-old technology with all its inefficiencies.
Inefficiencies breed pollution. We were keen to use the heat of combustion
by burning a fossil fuel to generate electricity or drive our cars, but paid no
attention to the gases released during such combustion. We learnt
Thermodynamics and the relationship between heat and work, but failed to
understand the consequences of gases of combustion and its impact on our
environment.

There are two issues involved in burning a fossil fuel to generate
electricity. The heat of combustion is an exothermic reaction and we get a
certain amount of heat. Then we convert this heat energy into electrical
energy and the overall efficiency of such conversion is about thirty-five
percent. Only thirty-five percent of the heat input energy becomes electrical
energy and the remaining sixty-five percent heat along with gases of
combustion are released into atmosphere. Of course part of this heat is
recovered in a commercial plant, but the bulk of heat is released into the
atmosphere as greenhouse gases. We failed to understand the potential of
Hydrogen even though we used Hydrocarbon for several decades. We even



discovered Urea, the fertilizer that caused ‘green revolution’ in agriculture,
using the same Hydrogen present in the Hydrocarbon feedstock. It is time
for us to make best use of a fossil fuel to its most potential when we burn
each kilogram of fuel. We should burn coal not just with air but also with
steam so that we can generate Hydrogen rich gas that can run a gas turbine
in a combined cycle or run our cars on roads. Such a conversion will lead to
a substantial increase in energy efficiency as well as in greenhouse gas
emission reduction. Governments in industrialized countries should make it
a mandatory to convert all their power plants to syngas generation as
described above. They should also discourage new plants using fossil fuels
with punitive power tariffs and encourage renewable energy projects with
higher tariffs. Governments can also impose similar tariffs for
transportation depending upon the fuel used such as fossil fuel or
Hydrogen.

Governments should encourage renewable energy projects such as solar
and wind   to generate Hydrogen from water as centralized power plants
and distribute DC (direct current) by rural electrification. If the country side
is electrified using this system then, agriculture, business and industries can
thrive in rural areas. Direct current (DC) distribution net work can be
installed in rural areas and encourage people to use energy-efficient
appliances such as Direct current air-conditioners with energy star ratings
and tariffs. Governments can bring about these changes by adopting a
‘carrot and stick ‘policy to encourage renewable and discourage fossil fuels.

Solar energy is the key from which all other forms of energy emanate
such as wind, geothermal and ocean thermal energy conversion system.  It
is of paramount importance to increase the efficiency of renewable systems
and improve energy efficiencies of appliances we use. It is simpler to use
LED bulbs using a Direct current generated by Renewable Hydrogen. It is
once again the Mother Nature that can come to the rescue of human beings



through solar, wind and water to generate clean energy for the twenty-first
century.

Energy generation and distribution is no longer a business or revenue
issue but a moral and ethical issue for Governments. It is only people who
can bring about such sweeping changes by electing the right Government
who can care for the environment. The future generation will judge us only
based on what kind of environment we leave them behind.
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Hydrogen from Coal

Coal is an important fuel that helped industrial revolution. It is still a main
fuel for power generation in many parts of the world. It is also an important
raw material for number of chemicals and they directly compete with
Hydrocarbons such as Naptha.It is abundantly available and it is cheap. We
are still able to generate electricity at 5 cents per kwhr using coal. But, now
we are entering into a new phase of energy generation and distribution, due
to changing environmental and climatic issues of the twenty-first century.
We need completely a new fuel to address these issues; a fuel that has a
higher heat content, which can generate more power per unit value of fuel,
and yet, generates no pollution. It is a challenging job and the world is
gearing up to meet these challenges. They affect the world because any
issues about energy impacts each and every one of us. Many industrialized
countries around the world are reluctant to sign an agreement that compels
them to cut their greenhouse emission to an acceptable level set by UN
panel of scientists.

Governments such as US, China and India are reluctant to sign such an
agreement because their economy and growth depends upon cheap energy,
made from coal. Such an agreement will be detrimental to their progress,
and the leaders of these nations are not ready to sign such an agreement.
They also understand that world cannot afford to continue to use coal as
they have used in the past. It is simply unsustainable. It is a precarious
situation and they need to carefully plan their path forward. On one hand,
they need to keep up their industrial and economic growth, and although
they need to cut their emissions and save the world, from catastrophic
consequences of global warming.



A simple analysis of the fuel will show that Hydrogen is a potential
energy source for the future. It has energy content at least five times more
than a coal for a unit value. Coal has an average heat content of 5000 kcal
/kg while Hydrogen has an average heat content of 39,000 kcal/kg. Coal has
a number of impurities such as ash, sulfur, phosphorous, other than carbon.
Burning coal will emit greenhouse gases with toxic fumes that have to be
removed. Therefore, these industrialized countries are now looking ways to
generate Hydrogen from coal; that too at a cost which will be comparable to
other current fuels such as natural gas. It is not an easy task because natural
gas is formed by Mother Nature over several hundred thousand years. It is
readily available and there is no manufacturing cost except processing cost.
We are used to free energy from Mother Nature. This is the crux of the
issue.

Hydrogen is the most abundantly available element on earth; yet it is not
available in a free form. It is available as a compound, such as, joined with
oxygen forming   water H2O molecule; or joined with Carbon forming
Methane CH4 molecule.This Hydrogen should be separated in a free form,
and this separation requires energy. How can coal, which is just a Carbon,
generate Hydrogen?  It requires an addition of water in the form of steam.
 When coal is gasified with air and steam, a mixture of Hydrogen and
Carbon dioxide is generated, known as Syngas (synthesis gas).

2C + H2O+O2  ———  2H2 +2 CO2
The syngas is separated into Hydrogen and carbon dioxide using various

methods using their difference in densities. The Hydrogen can be stored
under pressure for further use. Research work is now under way to capture
carbon dioxide for sequestering. Carbon sequestration is a method of
capturing carbon dioxide and storing it in a place where it cannot enter the
atmosphere. But the technical feasibility and economic viability of such a
system is yet to be established.



Carbon sequestration is a new concept and the cost of sequestration can
potentially increase the cost of energy derived from Hydrogen despite the
fact, Hydrogen has energy content five times more the carbon. However,
there is no quick fix for our energy problems, and we have to reconcile to
the energy cost will increase in the future but eventually cut the greenhouse
emissions. These developed countries should at least show to the rest of the
world, how they plan to cut their emissions and their action plans; such
disclosure should be subject to inspection by UN panel. In the absence of
any concrete mechanism, it will be impossible to stop the global warming in
the stipulated time frame considering the fact that a number of coal/oil/gas-
fired power plants are already under implementation.
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All roads lead to Hydrogen

We have discussed about the formation of fossil fuel as part of carbon cycle.
It takes several million years before the carbon from the plants and animals
turn into fossil fuels due to chemical reactions under higher pressure and
temperature. The fossil fuels include solid coal, liquid oil and gaseous
Hydrocarbons such as crude oil and natural gas. The natural gas forms the
top layer due to its lightness. Natural gas is also the result of anaerobic
reaction by microorganism in the absence of air converting organic matter
under the earth into a gas. The gas during exploration comes with great
pressure to be transported across several kilometers. We are actually
duplicating this process to generate Biogas from our food and agriculture
wastes and other organic matters. The end product is a mixture of methane
and carbon dioxide. During oil and gas exploration we get methane and
carbon dioxide and other gases such as Hydrogen sulfide depending upon
the location of the oil field. That is why Sulfur  and other products such as
Mercaptans are present in crude oil and natural gas. When these fossil fuels
are burnt the gaseous combustion  products contain sulfur dioxide and oxide
of nitrogen along with oxides of carbon.  Air is normally used for
combustion which is a mixture of Nitrogen and oxygen in the ration of
71:21,therefore, the combustion products invariably consist of oxides of
nitrogen.

We are so addicted to oil and we are even trying to convert  natural gas
into oil, similar to gasoline using GTL (gas to oil) process. However all
these combustion processes can be reacted with steam to form synthesis
gas, a precursor for liquid Hydrocarbon. It is quite obvious that water in the
form of steam is a key part in future energy mixes because that is how one
can introduce a Hydrogen molecule in the reaction process. Hydrogen in the
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form of water is the key. Even if we can successfully steam reform natural
gas to get Hydrogen we still have problems deal thing with traces of sulfur
and Mercaptans, potential poison for  catalyst in PEM (Proton exchange
membrane) Fuelcells.The idea  is to generate Hydrogen using a
carbonaceous source such as fossil fuel for simple reasons. It is abundantly
available but it emits greenhouse gases; but when you introduce Hydrogen
into the mix then there is a good possibility of reducing greenhouse
emission, even though we still use fossil fuels. Secondly, we are cautious to
handle pure Hydrogen due to its explosive nature and the best available
option is to mix Hydrogen with combustion products of fossil fuels. The
result is the formation of Syngas.

Syngas is an important intermediary that will lead us to the Hydrogen
economy of the futue.The syngas can be generated by various methods as
long as we have an organic source and water (steam) source. In fact all food
and agriculture waste can be converted into syngas either using a biological
process or by gasification process. Both will lead to formation of  Methane
or syngas.

Syngas is a mixture of hydrogen with carbon dioxide formed in the
following sequences, starting with carbon ,air and  steam.

2C + O2——– 2 CO
2CO + 2H2O———2H2 +2 CO2
The carbon source can be any organic source such as coal, coke, wood

etc.As you can see in the reaction, the quantity of carbon source is equally
important to generate Hydrogen. One can say that Syngas is a match maker
between fossil economy of the past and Hydrogen economy of the future. It
is a very important chemical reaction that will change the future energy
scene in the world.

That is why many counties like US and Australia and in Europe who
have much coal deposits are now trying to generate Hydrogen from coal.
Once coal is converted into a gas such as syngas then they are one step
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closer to separate Hydrogen from syngas.Number of companies and
research  organizations  around the world are trying to develop  an efficient
and economical method of generating Hydrogen from coal. They have to
find suitable conditions to generate higher yield of Hydrogen from syngas
and then find an efficient system to separate Hydrogen from carbon dioxide.
As I have mentioned earlier, the purity of Hydrogen is important especially
when we use coal as the basic material because it has number of impurities
to be  removed  before converting into a syngas.

As we can see, all energy roads are now leading to Hydrogen as the final
clean fuel of the future. When the demand for Hydrogen increase, the
demand for water too will   increase because it is the direct source of
Hydrogen. Energy and water are two side of the same coin as I have
mentioned earlier in the past.
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Hydrogen assisted combustion

We have been using fossil fuels like diesel, petrol and natural gas for power
generation and transportation from the time of industrial revolution. The
basic fuel and the combustion technology are practically the same with
efficiencies less than 40%. In fact we have become very complacent with
both the fuel and the combustion technology and there were no major
research and development on both the above issues. In fact we became
completely dependent on these two issues and there was no real
breakthrough either in substituting the fossil fuel or in the combustion
technology. The basic reason behind this situation can be attributed to the
discovery of electromagnetism, which opened the way for electricity
generation as well as transportation. In both these industries, the key part is
the motor which provided a rotary motion. This rotary motion generates
electricity in turbines and such motion is created by combustion of a fuel,
which is invariably a fossil fuel. We have carried on this for few decades
before the emission of greenhouse started rising abnormally and became an
issue.

We are now at cross roads wondering what the future holds for the
world. Is it possible to carry on the business as usual or look for an
alternative source of energy? We started looking at various sources of
energy as an alternative. Any alternative energy source should meet two
critical parameters namely the lower or no carbon emission and
sustainability. Low carbon can be achieved by few methods. The immediate
option is to maximize the energy efficiency of existing systems so that for
the given input of fuel the output is much higher than what we have
achieved all these years. But this increase in efficiency should be real to



achieve the emission levels of greenhouse suggested by the UN panel on
climate change.

The second option will be to switch over to different fuels with less
carbon emission e.g., coal-fired power plants switching over to gas-fired
power plants using combined cycle. Retrofitting organic Rankin cycle as a
bottoming for steam turbines to squeeze out some extra energy.
Decentralizing the power plants in a phased manner in favor of distributed
energy systems where gas, instead of electricity, can be supplied to each
industry, to generate their own power using CHP process. All these
measures can help reduce the emission level but our dependency on fossil
fuel will still continue.

W can look at a completely different fuel source and new technology for
power generation and transportation. If we look at carefully there are not
many alternative fuel sources except Hydrogen that could meet these limits.
We are also trying to develop bio fuels. But biofuels are also organic
chemicals with carbon backbone which will generate greenhouse emission.
Moreover bio fuel sources such as palm oil, corn are also food sources.
There is an indiscriminate deforestation and plantation of palm trees in
tropical countries like Malaysia, Indonesia and PNG. The focus is now
shifting to carbon based organic compounds like biofuel and biogas. This
will create a situation where food crops will be substituted with energy
crops creating food shortage.But the carbon dioxide level in the atmosphere
may not be reduced drastically by these methods.

We need to develop an energy source which does not emit any carbon
emission and at the same time we should be able to use existing technology
to the possible extent. Only Hydrogen can meet these requirements. In the
current situation it is impossible to substitute fossil fuels in a short span of
time. We can cut fossil fuels by blending with Hydrogen to the most extent
possible so that we can meet two goals. We can cut the carbon emission and
at the same time we can deploy Hydrogen as a blended fuel with fossil fuel



and not, pure Hydrogen. Since Hydrogen is a very light gas and readily
forms an explosive mixture with oxygen, this opens up a new opportunity to
develop Hydrogen assisted combustion process in power generation as well
as in transportation. It will be easier to handle a mixture of natural gas and
Hydrogen for combustion in Gas turbine, or spark ignited reciprocating
engines, as well as, gasoline combustion engines in cars. This will also
gives us an opportunity to develop advanced and competitive systems like
Fuel cell as an alternative technology for combustion process in due course
of time.

The hydrogen assisted combustion technology is much easier, faster and
economical and at the same time cut the greenhouse emission to an
accepted level. But the source of such Hydrogen cannot be natural gas but
only renewable sources. The renewable technologies such as solar, wind,
geothermal, OTEC (ocean thermal energy conversion) should generate
renewable Hydrogen. This is the key for sustainability as well as for
greenhouse gas mitigation. These two benefits are too attractive to ignore
and it is time we move from total fossil fuel to Hydrogen blended fossil
fuel. The blended fuel along with the energy efficiency measures suggested
above should go hand in hand, so that we may get over this turbulent period
of financial crisis and global warming.

It is also possible that Hydrogen assisted combustion be adopted for
coal-fired power plants by simply firing coal slurry, finely powdered coal
blended with water and conveyed pneumatically for firing boilers and also
for gasification process to generate syngas for IGCC (Integrated
gasification and combined cycle) applications. Syngas production will be
critical in the near future for a smoother transition from fossil economy to
Hydrogen economy irrespective of the route we adopt.
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Regenerative Fuelcell- Water and Fire

In a Regenerative fuel cell the results of redox reaction between Hydrogen
and Oxygen, are power and water; the above reaction can be reversed in the
same electrochemical process to regenerate hydrogen and oxygen. Such a
system is called ‘regenerative fuel cell’. It is a perfect example of a closed
circuit system. In ancient Hindu mythology there were citations that claim
water came from fire and fire came from water. Two gaseous elements
Hydrogen and oxygen reacts violently rather explosively resulting in cool
water. Perhaps Hindu mythology terms this reaction as fire which results in
water. Similarly by passing a direct current into water, it splits water into
oxygen and regenerates Hydrogen, which is a symbolic representation of
Fire. Many would have watched a number of ‘you tube videos footings’ on
water gas. The water gas or Brown’s gas is a mixture of Hydrogen and
oxygen along with un-dissociated water molecules liberated during the
process of electrolysis. It can be lit into a flame similar to Oxy-acetylene
flame and can be used even to cut metal plates. That is the power of
brown’s gas, which I call Oxy-Hydrogen gas. This torch is commercially
marketed for metal cuttings applications. But production of pure Hydrogen
completely free from Oxygen is a matter of great commercial importance.

Hydrogen is one of the lightest gases and it has a strong bondage with
noble metals like Platinum and Palladium. Platinum  catalyst with carbon as
a carrier has a wider industrial applications such as hydrogenation in fine
chemicals and pharmaceuticals. The author has experience in such
applications in bulk drug manufacturing such as Ephedrine and
Paracetamol. In a PEM (Proton exchange membrane fuel cell) MEA
(membrane electrode assembly) is the heart. The Platinum catalyst coated
on the surface of the ‘Nafion’ membrane reacts with gaseous Hydrogen gas.
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It strips the electron from hydrogen atom while the polymer membrane
allows only proton to pass through. The expelled electron flows around the
circuit. Flow of electron is nothing but current or electricity. The proton
crosses the membrane and reacts with incoming Oxygen through cathode
forming water. It is an exothermic reaction and generates heat similar to any
combustion reaction, that has to be dissipated.In larger installation we can
use this waste heat for a typical CHP (combined heat and power
applications) such as power and steam or chilled water or for space cooling.
Fuel cell (based on Hydrogen fuel) operates quietly with absolutely no
emission except water, and of course, there is no smoke. It is an ideal power
source for 24×7 applications such as hospitals, call centers, departmental
stores and continues process industries.

In the reverse process of a Fuel cell, the electrochemical device becomes
an Electrolyzer splitting water into Hydrogen and oxygen. The electrolyzer
works the same way as Fuel cell except in reverse direction; feed is de-
ionized water and the products are Hydrogen and Oxygen. In bipolar
alkaline electrolyzer, a catalyst such as potash lye is added where in solid
polymer electrolyzers platinum acts as a catalyst like a Fuelcell. The
generated Hydrogen comes under pressure obviating the use of an extra
compressor. The Hydrogen is stored in cylinders for further usage.

As I mentioned in my previous articles the power required to split water
into Hydrogen and Oxygen is more than the power generated from the
resulting Hydrogen by a Fuelcell.That means an input of excess energy is
necessary for a regenerative fuel cell to run successfully .Where this energy
will come from depends on the cost benefit analysis to be made. Surplus
Hydro power is ideal for such regenerative fuel cell applications. But we
can also use various other renewable energy sources such as wind, solar,
geothermal, OTEC depending upon the site and applications. The biggest
advantage with regenerative fuel cell is there is no other input except the
excess power to be supplied. When renewable energy is deployed on large
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commercial scales then regenerative fuel cell will become a clean solution
of the future. I have no doubt in my mind that this will become a
commercial reality. Of course the top policy makers should understand the
potential and make a right decision and encourage more business and
industries to deploy such systems. The energy costing model cannot be
based on fossil fuel model because fossil fuel is not renewable. This is the
crux of the problem.

In our future articles we will present case studies of various clean energy
systems that are already in commercial operation. I also welcome articles
from clean energy professionals with life project experience and problems
they face. I welcome comments and feedback from business, industries and
people.
Permalink: https://ahilanraman.com/2012/03/04/regenerative-fuelcell-
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Hydrogen from seawater

Seawater is an inexhaustible source of Hydrogen but the cost of generating
Hydrogen from seawater is much higher compared to normal tap water. The
quality of water should have a minimum electric conductivity at 0.1 micro
Siemens/cm for electrolysis. Even our tap water is not up to this purity and
it requires further purification. The electric conductivity of seawater is
about 54,000 micro Siemens/cm.The conductivity increases due to the
presence of dissolved salts. But seawater can be desalinated using the
process of distillation or by the process called ‘reverse osmosis’. In both the
above processes, desalination requires a large input of energy in the form of
thermal or electrical. Currently the source of such energy comes from fossil
fuels, which is one the biggest emitters of greenhouse gas emission. Many
countries in the Middle East have shortage of fresh water and most of these
countries depend on desalination of seawater for their fresh water
requirements. The cost of desalinated water varies from $ 1.00 to $ 1.75/m3
depending upon the capacity, site and the cost of energy. The fresh water for
potable purpose normally has a TDS (Total dissolved solids) of 500ppm
(parts per million) or less and this can further be lowered to a required level
using reverse osmosis.

Currently Hydrogen is generated as a by-product on an industrial scale
by electrolysis of saturated sodium chloride brine during the production of
Caustic soda. Chlorine is another by-product in the above process. Most of
Caustic soda manufacturers use Hydrogen as a fuel or for the production of
Hydrochloric acid. But there is an opportunity in caustic soda plants to use
Hydrogen to generate more electricity using PEM (Proto exchange
membrane) Fuel cell suitable for their electrolysis. This will aid these
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industries to cut their energy consumption, which is one of the highest in
Chemical industries.

Alternatively, offshore wind turbines can be installed to generate power
for seawater desalination and Hydrogen production. Offshore wind turbines
generate 50% more energy than onshore wind turbines. An integrated
process to generate fresh water, Hydrogen using wind turbine is an
interesting renewable energy application. The stored Hydrogen can used to
generate electricity in remote islands where diesel is used as a fuel. Most of
the island in Pacific use diesel predominantly for boat as well as for power
generators at exorbitant costs. The wind velocity in such islands is good to
generate cheap and clean electricity. For example, the island of PNG has a
severe power shortage and it is well located near Coral Sea, which has one
of the highest wind velocities in Pacific Ocean. An average wind velocity of
7mts/sec and above is an ideal place for wind turbines. Since these islands
are small with less population, wind generated Hydrogen is an ideal
solution for their power problems. They can also desalinate seawater to
supply drinking water using wind generated power. In fact they can also use
Hydrogen as a fuel for their boats and generate power for their cold storage
for fisheries. International financial institutions and local banks should
come forward to fund such projects instead of funding diesel boats and
generators. These islands have pristine water and abundant fish and their
main income is only tourism.

Sun, Sand and wind is an ideal combination to generate renewable power
all round the year and for tourism industry. It is an opportunity these islands
cannot afford to miss. The author is personally involved in a wind based
Hydrogen solution for a small island in pacific. The people of this island
welcome such projects because it guarantees them an uninterrupted supply
of clean power and drinking water. Otherwise they have to sell most of fish
catches in a nearby city to buy diesel and drinking water just to survive!
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How to generate Hydrogen from you tap water?

Hydrogen is the cleanest source of energy that can power your homes and
fuel your cars. It can potentially substitute diesel and petrol or coal and
clean up our environment. Hydrogen has been manufactured industrially for
the past several decades and transported across thousand of kilometers by
pipelines in Europe. The science and technology of Hydrogen is well
known but its application to generate power and fuel a car is relatively new.
The gasoline internal combustion engines that drive our gasoline cars can
be modified to suit Hydrogen fuel. But the physical and chemical properties
of Hydrogen gas created a necessity to alter existing gasoline engines for
commercialization. But such conversion has been painfully slow for couple
of reasons. There is a stiff resistance from gasoline cars to switch over to
Hydrogen because they have a well established infrastructure to
manufacture gasoline cars and to supply gasoline through well established
distribution network. But Hydrogen cars lack both of them. Even if the cars
can be modified for Hydrogen, there are no sales or distribution network for
the fuel Hydrogen, similar to Gasoline. Even consumers need to be
educated that Hydrogen is safe, environmentally friendly and we need not
depend on import of oil and so on. It is a blessing in disguise that Hydrogen
can be generated by each home, business and industries for their captive use
from their tap water. Recently Hydrogen fuelled scooters have been
introduced in the market. There are number of advertisements in the media
too; that you can fit a Hydrogen generator at your car that will reduce your
gasoline bills substantially and also cut your emissions.But these
Electrolyzers can generate only water gas and not a pure Hydrogen. Yet
such simple devices can help reduce your petrol bills to an extend .If things
are so simple why are we still struggling with high crude oil prices and
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increasing electricity bills? Let us examine this in detail. Water (H2O) can
be split into Hydrogen (H2) and Oxygen (O2) by simply passing an electric
current through water using a battery. The water disassociate as follows: 2  
 H2o———   2 H2+ )2 Stochiometrically, it means 36 lits of water will
generate 4 Kgs of Hydrogen and 32 kgs of Oygygen.The current PEM
(Proton exchange membrane) Fuel cell car (Honda FCX clarity) can drive
100 miles with just 0.105 kgs of Hydrogen from 5000 psi Hydrogen tank.
Similarly 4kgs of hydrogen can generate about 100 kws of electricity using
PEM Fuel cell, based on a conservative estimate; but 4Kgs of gasoline can
generate only 15 kW electricity. The gasoline engine offers only 100km
mileage from 13 kgs (16lits) of gasoline. In other words, 0.105 kgs of
Hydrogen at 5000 psi gives the same mileage as 16 lits of Gasoline.  This is
the amazing power of water, yet to be unleashed! The tap water is suitable
to generate Hydrogen by adding a little amount of potash lye to improve the
electrical conductivity. An Alkaline water electrolyzer can be attached to
the water tank to generate required amount of Hydrogen based on the above
calculation. The resulting Hydrogen has to be compressed to a required
level. The power consumption to electrolyze water will be about 75-80
kwhrs per Kg of Hydrogen generated at 5000 psi.Therefore 4Kgs of
Hydrogen will need a power of 300kwhrs costing about $30 for a total
mileage of 3800 miles. You will need a small reverse osmosis unit to be
attached to your water tap so that the water is de-ionized so that there is no
precipitation in the Electrolyzer or reduction in the efficiency of
electrolysis. Recently, Suzuki Bargeman introduced Hydrogen Fuel cell
scooter which claims to offer a mileage of 200km from 12 lits Hydrogen
(carbon composite material) tank at an higher pressure of 10,000psi.The
future of Hydrogen car is very promising and finally the world can hope to
get rid of smoke and noise from our roads and cities.
Permalink: https://ahilanraman.com/2012/03/01/how-to-generate-hydrogen-
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Ocean-the largest source of Clean energy

Water makes up seventy-one percent of the planet earth and ninety-eight
percent of it makes up the ocean.  It is a single source of water for all forms
of life on earth and it also plays an important role in climate changes in the
atmosphere. Ocean is the biggest heat sink and absorbs sun’s heat and also a
carbon sink absorbing excess carbon dioxide from atmosphere. The surface
temperature of seawater is warmer than the temperature at the bottom of the
ocean. Sun supplies solar energy to the ocean. In fact the water temperature
in Deep Ocean is about 15-20C less than the surface temperature, and it is
used as a working fluid to cool buildings by evaporative cooling without
using any electricity like commercial air-conditioning.

OTEC (ocean thermal energy conversion) system is a potential method
of generating power using the temperature gradient between ocean’s surface
water and ocean’s deep water. A temperature difference, as small as 15
-20C is enough to generate power using Kalina cycle, like geothermal
energy systems. Commercial plants using this technology are already in
operation in few countries. The biggest advantage with open cycle ocean
thermal energy conversion system is the fresh water (desalinated ocean
water) as a by-product. This technology is unique because it can generate
not only power but also drinking water from sea without polluting the air
with greenhouse gas emissions. In fact this technology should be deployed
commercially is many islands around the world, where there is always a
demand for power and drinking water.

“Water, water, everywhere but not a drop to drink”. It is the situation in
many islands and many parts of the world. Islands like Maldives and
Mauritius should adopt this technology to generate power and supply
drinking water without burning fossil fuels like diesel or setting up
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desalination plants. Of course, the economy of scale and finance is an issue
in many islands.

PNG (Papua New Guinea) is one of the biggest islands in Pacific Ocean
where there is s severe shortage of   power and water. The country is
endowed with rich minerals, oil and gas but the basic necessity like power
and water are in short supply. OTEC will be an ideal solution for such
islands. Fresh water supply is going to be a major issue in parts of the world
due to global warming and climate changes. In countries like India,
drinking water is in short supply and a number of seawater desalination
plants are coming up. Bottled waters are expensive and unaffordable to a
common man. This will only increase the power requirements in the
country when there is already a massive shortage of power. OTEC is an
ideal solution for India with its long coastal line.

One of the major issues with current power generation technologies is
the pollution. In any combustion process involving fossil fuel the
combustion products like carbon dioxide, carbon monoxide and Oxides of
Nitrogen (the greenhouse gases) will contribute global warming. What is
the level of such emission and how fast the globe is warming is a futile
argument. The pollution can be small in term of PPM (parts per million) but
the cumulative effects over several decades is a major issue and that cannot
be simply dismissed. There are many places where the Arsenic content in
drinking water is above certain acceptable levels (only in ppms) but such
small excess cause debilitating health conditions. This is the same argument
with greenhouse emission and global warming. It can be gradual and
insignificant but it will reach a tipping point and dramatic changes can
happen all of a sudden. Nature has got its own mechanism to adjust any
imbalances and keep up certain equilibrium. But humans cannot take them
for granted and pollute the air and water indiscriminately. There will be a
price to pay.
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Ocean is the largest and inexhaustible source of Hydrogen. Currently
Caustic soda plants use sodium chloride (salt) brine as the raw material for
conversion into Caustic soda; the by-products are Hydrogen and Chlorine.
Caustic soda plants are currently using Hydrogen as a fuel or use to
manufacture Hydrochloric acid. They can generate on site power using
Hydrogen to offset their energy cost. In both water electrolysis as well as
brine electrolysis, Hydrogen is a product and Ocean water is the largest
source of such Hydrogen. In fact countries should generate Hydrogen using
desalinated water and OTEC power. The stored Hydrogen is a stored energy
that can be used as and when required. That is why we believe ‘water and
energy are two sides of the same coin’.
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Fuel your car with water

This article provides an overview on Hydrogen cars and how we can
generate renewable hydrogen to fuel these cars. There are two well-known
brands of Hydrogen based cars already in the market, BMW7 and Honda
FCX Clarity models.

BMW7 works on Hydrogen Internal Combustion engine fuelled by
Liquid Hydrogen. It is a 6 Liters V12 engine with 191Kw capacity and 390
N of torque. It offers 100km from 50 Liters of Liquid Hydrogen with a
density of about 70-80gms/lit and offers 100kms from Gasoline of 16.7
liters. It has a capacity of 170 liters for liquid Hydrogen storage at the rear
end of the car. It can run both on Hydrogen as well as on Gasoline. Liquid
hydrogen has a better power density but liquefaction is a cryogenic
technology and consumes power for liquefaction. The storage tank also is
of special construction because Liquid Hydrogen is stored at -253C.

Honda FCX Clarity car is fuel cell car fuelled by compressed Hydrogen
gas. It offers 100kms for 3.5 lits of Hydrogen (at 5000 psi pressure with
density at 30gms/lit.). It has Hydrogen storage of 3.92kgs kgs with a total
mileage of 240miles. Increasing Hydrogen storage gas pressure up to
10000psi, the Hydrogen power density is considerably increased making it
comparable with liquid Hydrogen. Moreover fuel cell car is silent while
driving because there is no combustion engine.

BMW is able to use their existing conventional internal combustion
engine with slight changes suitable for Hydrogen so that they can use their
existing infrastructure. But Honda FCX uses proton exchange membrane
Fuel cell. It is an electrochemical device that converts Hydrogen into
electricity which runs the motor for transmission of power. It is similar to
an electric car in which power is stored in batteries and used to drive the
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motor for transmission. The only difference is the power is generated in
Fuel cell car as and when hydrogen is supplied whereas in Electric cars,
power is drawn from stored energy from the battery.

We can inject pure Hydrogen along with Gasoline, CNG or LPG to assist
the combustion to save fuel consumption up to 30% and to reduce harmful
emissions. The conventional gasoline cars can be fitted with water
electrolyzer to generate Hydrogen using the car battery. The electrolyzer
currently sold in the market is quite different. They generate ‘water gases’
and not pure Hydrogen. They electrolyze water using pulsating DC current
which essentially breaks down water into Hydrogen and oxygen molecules.
The complete mixture of Hydrogen, Oxygen and undissociated water
molecules are injected into fuel manifold of the car. The hydrogen will
assist in the process of combustion to certain extend and help save the fuel
consumption of gasoline.

Renewable Hydrogen is a potential source for fuelling automobiles. One
can use solar panels and simple tap water to generate hydrogen gas and
store them under high pressure in cylinders. We will be releasing an eBook
in the near future to design a suitable Renewable Hydrogen system and
install them at homes and businesses for power generation as well as to fuel
two-stroke engines such as scooters and bikes. Initially the book will offer
DIY kits to design and install power generation for homes and businesses
up to 10Kw capacity electricity generation. We will be conducting trials on
two-stroke engines using renewable Hydrogen to get approvals from proper
transport authorities for safety and usage on Indian roads.

Hydrogen can be safely handled as long as we take appropriate safety
measures as we normally do while handling petroleum products like
gasoline or butane gas. It may look like a daunting task to fuel a car with
Hydrogen gas but in reality, all necessary equipment and systems are
commercially available including High pressure Carbon fiber tanks fully
tested and approved.
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Water- Fuel of the future

Water makes up 71% of the planet earth and it is the most potential energy
source of the future. Water is a product of combustion between Hydrogen
and Oxygen, two most abundantly available elements and   vital for life on
earth. The bondage between Hydrogen and Oxygen is so strong that it
requires a certain amount of energy to separate them. Separation of
Hydrogen and Oxygen using the process of Electrolysis is a well-known
technology. Separation of water by high temperature using Thermolysis has
also been studied.  In both the processes the separation of Hydrogen and
Oxygen after decomposition is a key step because of the strong affinity
between the two elements. Hydrogen has to be separated in a pure form
without any trace of Oxygen. Currently most of Hydrogen is generated
commercially by steam reforming natural gas because of its easy
availability as piped gas in many developed countries. Moreover steam
reforming is a well established commercial technology that has been used
for decades in chemical process industries. The hydrogen resulting from
steam reforming is acceptable for combusting in Hydrogen internal
combustion engines but not pure enough for a Fuel cell car. Any trace of
impurity from natural gas such as Sulfur or Mercaptans can potentially
poison the catalyst used in fuel cell which is very expensive. Hydrogen with
purity less than 99.99% is not recommended for Fuel cell applications.

Currently there are few issues to be addressed before Hydrogen
becoming a commercial fuel. The energy required to separate Hydrogen
from water by commercial electrolysis is about 6Kws (kilowatts) to
generate 1 m3 (cubic meter) of Hydrogen. Two key factors for electrolysis
are purity of water and  direct current source. Water of certain purity is a
critical part for Hydrogen generation. Deionized water with electrical
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conductivity less than 0.10 micro Siemens/cm is required. Normal drinking
water conductivity is less than 100micro Siemens/cm. The potable water
can be deionized with reverse osmosis system to get necessary quality. In
fact both high purity water and direct current are not commercially
available. A renewable energy sources such as solar or wind that generates
direct current can be used for electrolysis. This will drop batteries and
rectifier that we normally use in renewable energy systems. The generated
Hydrogen can be stored in cylinders under high pressure. The stored
hydrogen is the stored energy that can be used as and when required.  We
can use the stored Hydrogen to generate electricity to meet our power
requirement whether it is a home or business or industry. The major
advantage with this system is that we can generate power when we need
and we don’t have to depend on the grid power. We can also export surplus
power to the grid. In fact all DC appliances can be connected with DC
power from Fuel cell and operated to improve the efficiency. Such a system
is ideal for remote locations without any grid supply such as remote villages
or islands.

The same stored Hydrogen can also be used as fuel for a car whether it is
a combustion engine or a Fuel cell car. Hydrogen can be compressed and
stored under high pressure. Alternatively, Hydrogen can be stored using
metal hydrides in smaller volumes. Honda introduced the first fuel cell car
in the market in 1999. Since then they have made considerable
improvements. Honda FCX Clarity, sedan offers a mileage of 270 miles for
a single cylinder of Hydrogen at 5000 psi pressure. They are introducing a
latest model with Hydrogen pressure at 10,000 psi which will considerably
improve the mileage further. Unlike Hybrid cars, Fuel cell cars run silently
and experts who have test-driven the car are very much impressed with the
performance. Similarly Ford introduced Hydrogen combustion engine 6.8
liters V-10 engine to power E-450 Hydrogen shuttle bus. Ford modified
their Gasoline engine to suit Hydrogen fuel.
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Substituting Gasoline with Hydrogen is no longer a theory but a
commercial reality. More and more research is being undertaken to improve
the performance. Currently the cost of Hydrogen cars and Hydrogen fuel is
expensive, due to lack of infrastructures to manufacture such cars or to
distribute Hydrogen. However these cars will soon replace gasoline cars.
Similarly homes and business can generate their own electricity for their
daily use using stored Hydrogen. Water will become the fuel of the future
and Hydrogen will clean up the air that has been heavily polluted by fossil
fuels for decades.
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Global warming- a Mayan prophecy?

Globe is warming at an unprecedented rate since industrial revolution due
to the effect of greenhouse gases in the atmosphere; according to a panel of
scientists in IPCC (Intergovernmental Panel on Climate Change).Thousands
of scientists from 30 countries formed IPCC under United Nation to study
the problem of global warming and reported to the world. IPCC published a
detailed report and it gave an apocalyptic scenario about global warming.
They warned that the carbon dioxide level in the atmospheres has increased
from 316ppm in 1959 (13% higher than preindustrial level) to current level
of 380ppm in 2005, which is 35% above preindustrial level. This dramatic
increase in the level of CO2 is due to the human activities. The major
contributing gases are Carbon dioxide, Methane, Oxides of Nitrogen, CFC
(Chlorofluorocarbons) and Ozone present in the atmosphere. Bulk of the
emissions is from power plants and automobiles using fossil fuels. Other
process industries like cement plants are also major contributors of
greenhouse gases. The enhanced effect of global warming is due to the
absorption of invisible infrared radiation coming from the warm surface of
the earth. On an average, sun’s light reaches the earth at the rate of
343W/m2 and about 30% of this value is reflected and about 70% is
absorbed. The amount of invisible infrared radiation absorbed depends on
the concentration of greenhouse gases present in the atmosphere.

According to IPCC their findings on global warming are unequivocal,
and if the world does not act now, then, we will be facing dire consequences
in the near future. Doubling CO2 emission will increase the global
temperature from 2-4.5C. But many skeptics say the IPCC report is
apocryphal and they have their own theories to support their skepticism.
Many climate models proposed by various international institutions projects
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an average temperature rise  of 3.4C above  year 2000 level if we do
nothing and carry on the “business as usual”. The consequences of global
warming are far-reaching. An increase of 3C rise in temperature will result
in sea level rise up to 4 to 6 mts in the next few thousand years.

About 10% of the world population lives in less than 10 mts above sea
level and majority of population lives within 10km of sea level. We have
already witnessed few islands in pacific (example, Bougainvillea, Sulawesi)
inundated with seawater. Maldives and Bangladesh are good examples.

They predict shortage of fresh water in many parts of the world and
severe draught and flooding in other parts of the world. We have already
witnessed these incidents in Northern Queensland in Australia and in
Europe, and prolonged draught in Texas, bushfires in Australia and in
Russia. Majority of Indian subcontinent is suffering from lack of drinking
water. Unscrupulous exploitation of ground water for agriculture purpose
has made the situation worse. Many plants, animals and species will face
greater risk of extinction. An increasing acidity in seawater due to excess
absorption of carbon dioxide will affect aquatic organisms such as shell,
coral and shellfish. We are already witnessing bleaching of corals at Great
Barrier Reef in Australia. Global warming will displace millions of people
due to draught and flooding and consequently leave millions of children
malnourished. Water borne diseases and infectious diseases will affect
many people. Tropical diseases such as dengue and malaria will be
widespread.

These consequences are real, if the world does not act on greenhouse
emissions. One need not be a rocket scientist to understand that human
behavior and activity has caused irreversible damage to the plant earth for
several decades. We unearthed fossil fuels and converted them into plastics
and dumped them in every water ways, parks and beaches. The exponential
growth in population and industries has driven many animals, tropical
forests into extinction. Each and every one of us who are 50 years and
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above would have witnessed the unfolding consequences of environmental
degradation in our life time. What kind of plant earth we will be leaving
behind for our future generations?

Every religion on earth has predicted the future of humanity and the last
days and hours with deadly consequences for their actions. All native
people whether they are Indians from Americas, Aborigines of Australia or
Shamans of Indonesia or Natives of Alaska, have time and again raised
their voice against indiscriminate destruction of land, water and air in the
name of science and industrial growth. But no Government listened to their
voice and we are here still struggling with unemployment and poverty.

Mayan civilization is a well-known civilization in ancient world and
their seven prophesies are matters of great debate in the recent past. Their
prophecy is ominously similar to what IPCC panel predicts except the “end
of the world in Dec 2012”. I quote third, fourth and fifth prophesy out of
seven Mayan prophecies here, which are relevant to global warming:

“The third prophecy states that there will be change in temperature,
producing climatic, geological and social changes in magnitude without
patterns and at astonishing speed. One of them will be generated by man in
his lack of conscience to care for and protect natural resources of the planet
and other generated by sun, which will increase its activity due to
increasing vibrations.”

“The fourth prophecy says that anti-ecological conduct of man and
greater activity by sun will cause melting of ice in the poles. It will allow
the earth to clean itself and green itself again, producing changes in the
physical composition of the continents of the planet. The Mayans left a
register in the Desdre codices that for every 117 spins of Venus, the Sun
suffers new alterations and huge spots or solar eruption appears”.

“The fifth prophecy says that all systems based on fear, on which the
civilization based on, will suffer simultaneously with the planet and man
will make a transformation to give way to new harmonic reality. The system
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will fail and man will face himself and in this need to recognize society and
continue down the path of evolution that will bring him to understand
creation. Only one common spiritual world for all humanity that will end all
limits established among many ways to look at God will emerge”.

Perhaps, Jesus too expressed his displeasure with human behavior
according to the Gospel of Thomas:

 Jesus said, “Perhaps people think that I have come to cast peace upon
the world. They do not know that I have come to cast conflicts upon the
earth: fire, sword, war.  For there will be five in a house: there’ll be three
against two and two against three, father against son and son against father,
and they will stand alone.”
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Renewable Hydrogen- Future source of clean energy

I use the word ‘renewable Hydrogen’ for the Hydrogen derived from water
using  renewable energy sources such as solar, wind, geothermal, wave
energy, ocean thermal energy conversion systems and biological processes.
Hydrogen is clearly the energy source of the future because it has got the
highest energy content, compared to any other fossil fuels such a diesel,
gasoline, or Butane. The energy content is more than three times that of
natural gas, which is considered as the cleanest commercial fuel available in
the market. The heating value of Hydrogen is 61,100Btu/lb compared to
23,879 Btu/lb of natural gas. Moreover, only Hydrogen can guarantee a
complete reduction of Carbon dioxide from the atmosphere. The problem
with renewable Hydrogen is the cost, at current situation. The DOE
(department of energy, USA) has targeted a cost for Hydrogen production at
$10to $15 per mmBtu, which is comparable with current Natural gas cost.
Currently bulk of the Hydrogen is commercially produced by steam
reforming natural gas. However; this process will emit carbon dioxide at the
rate of 11,888gms per Kg of Hydrogen produced. Though the cost of
Hydrogen by this route is cheaper, mitigation of carbon dioxide is clearly an
environmental issue. However it is an important route during the transition
process from fossil fuel to a full fledged Hydrogen economy of the future.

Natural gas is increasingly in demand and the price of natural gas keeps
increasing as the supply demand gap widens. Large natural gas liquefaction
plants are already in operation in many parts of the world and number of
new plants are under implementation or under planning stages. Japan, South
Korea, Taiwan are three largest importers of LNG (liquefied natural gas)
from Australia in Pacific region. There are many coal seam methane gas
facilities already in operation in Australia and many are under planning.
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Due to the disaster at Fukushima nuclear plant, Japan has stepped up its
import of LNG. India and China, which have been traditionally using coal
as a major fuel, have started importing LNG for their power plants. This has
pushed the prices of LNG in the international market significantly. Though
LNG is relatively a cleaner fuel, it is very expensive to build import
terminals. Moreover countries like India and China do not have a good
distribution network by peipelines.The economy of scale also favor only
large capacity LNG plants and terminals.  However it is not a sustainable
solution in the long run considering the fact that supply of natural gas also
keeps dwindling steadily. Despite all these obstacles, Governments around
the world are looking only for short-term solutions like LNG, simply
because it is an easy fix.

Biogas can be generated from organic waste and waste waters by
anaerobic digestion. Many sewage treatment plants around the world have
started generating biogas to generate power for captive use and to export
the surplus power to the grid. Similarly municipalities are also
implementing projects to convert ‘waste garbage’ to ‘energy’. However, the
scale of operation favors only large capacity plants in larger cities. However
these biogas plants will still emit carbon dioxide because biogas will be
combusted using conventional engines, micro turbines and Fuelcells.This is
once again a temporary solution only. We need to look beyond all these
technologies to really cut the greenhouse emissions.

The only option is by Renewable Hydrogen and we need to take steps to
make it a commercial reality. Biohydrogen is another potential technology.
However the technology is still in a nascent stage but it is promising.
Renewable Hydrogen using renewable energy sources are our best bet.
Countries have already started investing in renewable energy infrastructures
such as solar and wind. They can as well plan for renewable Hydrogen so
that they can be certain about three things. One, they can generate and use
uninterrupted power supply without importing oil or gas. Secondly they can
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be certain that greenhouse emissions can be reduced to pre-industrialization
level. Thirdly they can be certain about the last cost of energy and its
stability in the long run. These are three important factors every citizen of a
country is looking for. It requires political will, determination and swift
action on the part of each Government.
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Carbon and human survival

Carbon is the backbone of an organic life on earth. Every life from the
smallest microorganism to human beings is made up of carbon. A cycle
 called ‘carbon cycle’ that decomposes carbon into carbon dioxide which is
used to synthesis Carbohydrates by the  process known as  ‘photosynthesis’
in presence of water and sunlight, as described in the following equation:

6CO2+ 6H2O   + sunlight →  C6H12O6 + 6O2
The oxygen generated during the above process and carbohydrates

sustains life of animals and microorganism on earth. These lives consume
oxygen and carbohydrates and releases Carbon dioxide by respiration into
the atmosphere. The released carbon dioxide breaks down carbohydrates
and other organic matters and regenerates carbon dioxide for reuse by
animals and other lives. Not all organic matters are decomposed and part of
it is stored as carbon biomass in the roots of plants and other organic
matters and buried under earth. After millions of years these organic matters
turns into fossil fuels under pressure and higher temperature. Carbon is
distributed on earth, in water and in atmosphere. Due to increase in
population and industrial growth over several decades the carbon dioxide
increased gradually in soil, water and atmosphere. Carbon dioxide is also
released by natural events like volcanic eruptions.

But the level of carbon dioxide in the atmosphere increased rapidly after
industrialisation, when industries unearthed buried fossil fuels and burnt. In
fact we are burning carbon at a faster rate than it is regenerated. It is purely
man-made and it increases the presence of carbon dioxide both in
atmosphere as well as in oceans. The rapid increase of green house
emission started 240 years ago when industrial revolution started. The

http://en.wikipedia.org/wiki/Carbon-based_life
http://en.wikipedia.org/wiki/Carbon_cycle
http://en.wikipedia.org/wiki/Carbohydrate
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Fossil_fuel


consequences of this unabated greenhouse gases due to combustion has
caused ‘global warming’ with many consequences.

As I have mentioned in my previous articles, power generation and
transportation are the two major industries that emit bulk of the greenhouse
emission. Both industries use age-old technologies of combustion. The
world has been complacent about fossil fuels and grossly indifferent to
industrial pollution for decades. Global warming is looming as the biggest
threat of the twenty-first century, yet we are not acting. Politicians deny
global warming and they want to carry on the business as usual, at the peril
of the future generations.

Powerful countries like US, China and India are reluctant to pass a
unanimous resolution to set target for carbon emission, while smaller
nations remain as powerless onlookers. These powerful nations can drag the
rest of the world with them to face the wrath of the Mother Nature with
disastrous consequences for their inaction.

It is quite obvious that world have no choice but switch to cleaner energy
sources and leave the fossil fuels buried deep under the earth. A new
paradigm shift in the way we generate energy and use them is the key for
the survival of mankind. We need to develop Hydrogen as an alternative
fuel source and Government should encourage innovations in such
technologies, while they simultaneously price carbon. In the absence of a
concrete legislation and mechanism to penalize polluters, industries will
continue to use fossil fuels. A simple cost benefit analysis will show that
taxing on polluters and simultaneously introducing renewable technologies
will benefit the world in the long run.
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Hydrogen-the only alternative to Petrol

Our modern civilization has been shaped by oil or Hydrocarbons for several
decades to such an extent that there is no immediate substitute for petrol,
the world can count on. In fact the world has been complacent about the
availability of Hydrocarbon, its applications and its future. Political leaders
have competed with each other to make sure that their supply of oil and gas
is guaranteed as a  matter of national security. Some countries even waged
wars to secure oil fields. This situation is getting worse, as the supply of oil
and gas are becoming uncertain and supplies dwindling. Each and every
human being in the world is affected by oil and gas in one way or other,
irrespective of the size, geography and rate of industrialization. The main
reason for this situation is, the contribution of hydrocarbons made in the
field of power generation and transportation.

Currently more than 80% of power generation comes from fossil fuels
such as oil, gas and coal. The entire transportation industry all over the
world depends on oil and gas. The petrochemical industry’s contribution to
our modern civilization is tremendous. It encompasses a whole range of
industries whether it is fertilizers or plastics and resins or chemical
industries or drugs and pharmaceuticals or cosmetic and toiletries and so
on. These major industries determine the progress, civilization and
industrialization of a nation. Countries who have vast resources of oil and
gas are one of the richest countries in the world, even though these
countries have no other resources. Countries with vast population and
resources have to depend on oil and gas imports for their industries and
transports. Countries with vast mineral resources cannot run their mines
without power or transportation.
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It is time we look at why oil and gas has become such a critical
components in the progress of a nation and how this situation can be
overcome. The two major technologies, which depend upon hydrocarbons,
are power generation and transportation. Both these technologies use heat
as a primary energy. In power generation, heat energy is converted into
mechanical energy and then to electrical energy. In transport industry, the
heat energy of the fuel is converted into mechanical energy. In
petrochemical industry; oil and gas are converted into various chemical
products by various chemical reactions and processes.

If we closely look at the Hydrocarbon molecule, one thing is obvious. In
a Hydrocarbon molecule, Hydrogen atoms are attached to carbon atoms. A
simple example is, Natural gas or Methane gas, represented by chemical
formula CH4. Four Hydrogen atoms are attached to a carbon atom, which
actually imparts the heat energy (heat content) to the molecule. Without
Hydrogen atoms, it is nothing but carbon. If we look at the heat value of
Natural gas and Hydrogen, one will understand that Hydrogen has got a
higher heating value. What is more interesting is there will be no
greenhouse emission (carbon dioxide or carbon monoxide) by combusting
Hydrogen. It is only water that is the byproduct of combustion of
Hydrogen. If we can generate power or drive a car by combusting a
Hydrocarbon, then why not combust Hydrogen to generate power or drive a
car using the same combustion process? Even if one considers Hydrogen as
too dangerous to handle, a mixture of a minor part of biogas or natural with
Hydrogen should solve the issue. It is certainly possible and only Hydrogen
can replace oil and gas. We can use a combustion technology we knew for
decades or use Fuel cell technology that we start using recently with
Hydrogen. It is a clean technology and it does not emit smoke or make
noise. Whichever way we looks at it, only hydrogen can replace Petrol.
Sooner it does, better for the world.
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Fuel cell- a new concept in power generation

Power generation using fossil fuels is a well established technology dating
back to 1839, when Michael Faraday invented the principle of Electro-
magnetism. There was not much of a change in this technology all these
years. But recently greenhouse emission and global warming has become an
issue; and the world started looking for an alternative source of energy and
method of power generation. However it is not an easy task to develop
completely a different technology as well as a fuel in a short span of time,
while an unabated man-made greenhouse gas emission continues.
Scientists  are now warning  catastrophic consequences if we do not curtail
greenhouse gas emissions with great urgency.Untill now the world was able
to avert some of the potentially  catastrophic events happening, like ozone
layer depletion, pandemic bird flu etc.But global warming is a new thereat
 that demands an entirely a new solution and a swift action. But most
countries in the world are not is a place to curtain greenhouse emission gas,
simply because there is no alternative fuel known, except fossil fuels.
Renewable energy is relatively a new concept. Though we knew about solar
and wind energy sources, we did not persuade  them seriously because they
could not compete with conventional fossil fuels. But the time has come for
new emerging technologies that can not only compete with fossil fuels but
also eliminate greenhouse emissions. The world has invested massively on
fossil fuel infrastructures and still investing heavily on oil and gas
explorations. Obviously there is no end in sight as far as fossil fuels are
concerned and the world is carrying on business as usual.

Meanwhile a new technology based on fuel cell is emerging as an
alternative for power generation. Fuel cell is a known concept and it has
been successfully deployed in ‘Apollo space programme in space shuttle.
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This old version of alkaline fuel cells was replaced with PEM (proton
exchange membrane) fuel cell or (PEMF) Polymer electrode membrane fuel
cell. This new version was used in Gemini’s space programme in sixties.
Fuel cell is an electro chemical device that uses Hydrogen gas as a fuel and
it operates at ambient temperature. It is like a battery cell. The difference
between fuel cell and batteries is the Fuel cell will keep generating power as
long as fuel is supplied unlike a battery, where energy is stored in the form
of chemical energy and converted into electrical energy when used by
connecting through a conductor. Battery needs recharging but Fuel cell
requires refueling. The fuel used in Fuel cell is invariably Hydrogen.
Conventional power generation involves combustion of fossil fuel (heat
energy) which drives a turbine (mechanical energy) to run an alternator to
generate power (electrical energy).In fuel cell; Hydrogen gas reacts with
oxygen from the atmosphere (electrochemically) to generate power. It
produces water as by-product. The efficiency of Fuel cell is about 50-60%
compared to 35-40% by steam or gas turbine. In regenerative fuel cell, we
can split water into Hydrogen and oxygen using same proton exchange
membrane elecrolyzer.We can use the resulting Hydrogen as a Fuel to the
PEM Fuel cell to generate power, thus recovering  water. It is a closed
circuit system. There are no mechanical moving parts, no combustion, no
smoke or no noise. It is a quiet and clean operation. It is a very promising
technology that can revolutionize the way we produce fuel and generate
power. The Hydrogen and fuel cell combination is used in cars. Honda FCX
(fuel cell model) cars work on the same principle and they are already on
roads!

One problem with Hydrogen generation is it requires more power to split
water, into Hydrogen and oxygen, than the power generated by resulting
hydrogen, using Fuel cell. However, this technology will change the future
of power generation by eliminating greenhouse emission completely. But
how long it will take to become a commercial reality is something we have
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to wait and see! If political leaders and Governments around the world
recognize the potential of this technology and take bold decisions together
with swift actions, probably our future generation can breathe a clean air.
Permalink: https://ahilanraman.com/2012/02/21/fuel-cell-a-new-concept-in-
power-generation/
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Hydrogen-the key to sustainability

Renewable energy is one of the fastest growing energy sources of our times.
But still there are many obstacles to overcome, before it can substitute
current methods of electricity generation using fossil fuels, or substitute
petrol in cars. The main obstacle is, the intermittent and unpredictable
nature of renewable energy sources, such as wind and solar. Wind blows
only certain seasons of the year and then wind velocity fluctuates widely in
a day. Similarly sun shines only certain hours in a day and the intensity of
radiation varies widely in a day. The wind velocity and sun’s radiation
intensity are critical components in designing a reliable energy system. It is
an anomalous situation, when we need power, there is no sun or wind; when
sun shines or wind blows, we may not need any power. How to overcome
this anomaly? That is the key, in successfully deploying renewable energy
technologies.

Currently we are using batteries to store the energy. When there is a
wind with reasonable velocity or sunshine with reasonable radiation
intensity, we can generate power and store them in batteries. The wind
velocity should be above certain threshold limit, say such as, a least wind
velocity of 3mts/sec for amount of hours, while designing a wind based
energy system. The same principle applies to solar energy and we need
certain minimum solar   intensity and several hours. But in reality, we don’t
get these minimum operating parameters, which make the design of a
renewable system more complicated.

Batteries can accumulate these small energy generations by intermittent
sources of wind and sun, and store them. But these batteries have certain
life between 3-5 years and requires regular maintenance, replacements.They
also have certain charging and discharging cycles and limitations. At the

http://en.wikipedia.org/wiki/Energy_development
http://en.wikipedia.org/wiki/Electricity_generation
http://en.wikipedia.org/wiki/Fossil_fuel
http://www.wikinvest.com/industry/Renewable_Energy
http://en.wikipedia.org/wiki/Wind_speed


end of its life, it has to be disposed carefully because these batteries are
made of lead and acid, which are toxic materials. Many companies are
trying to introduce better technologies such as ‘flow batteries’. But
experience shows that such batteries are confined to only smaller capacities.
Large scale storage is expensive and sometimes it is not economically
feasible. Lithium-ion batteries are more efficient than Lead-acid batteries,
but they are more expensive so the renewable energy projects become
expensive and cannot compete with conventional fossil fuels, in spite of
higher tariffs offered by Government as incentives. Moreover the demand
for Lithium-ion batteries will increase substantially in the future, as more
and more Electric cars are produced. But lithium sources are limited and it
is not sustainable.

The best option to develop renewable energy systems is to generate
Hydrogen using renewable energy and store them, instead of storing them
in batteries. We can use stored Hydrogen to generate power, or use as fuel
for the car, as and when we need. There are no maintenance or disposal
problems with Hydrogen storage, when comparing with batteries. Hydrogen
generators (electrolyzers) can generate Hydrogen when the intermittent
power flows from wind or sun. They can run from a range of capacities
from 5 to 100% of rated capacity and they are more suitable for renewable
energy sources. But there will be a loss of energy, because the amount of
power required to generate Hydrogen, is more than the power generated
from the resulting Hydrogen by a Fuelcell.The initial cost will be higher,
but it will give operational flexibility with least maintenance, and even
adoptable to remote sites. Technology is improving to cut the cost of fuel
cells and electrolyzers so that Hydrogen based renewable energy will
become a sustainable source of energy in the future. Hydrogen is the only
solution that can solve both power generation and transportation problems
the world is currently facing.
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Can Electric cars eliminate greenhouse gas emission?

There is a myth that electric cars will eliminate Greenhouse gas
emission and reduce the global warming. Electric car will not reduce the
greenhouse emission because; you still need electricity to charge your
batteries. Companies promoting electric cars are now planning to set up
their own battery charging stations because, customers have to charge
batteries of these electric cars every now and then. Otherwise, they will not
be able to drive their electric cars continuously.  There is no battery
currently in the market that can last more than 28 hours between the
charges, though many companies are trying to develop superior batteries.
One company claims a Battery(electricity) of 300whr/kg, for their
LLithium-ion polymer battery, much superior than other batteries, which
can run 600kms, with 6 minutes charging. Though, new batteries such as
semi solid Lithium-ion battery, based on the principle of ‘flow batteries’,
are promising, it is still, a long way to commercialization. President Obama
 has set a set a target of 1 million electric cars in US roads, by 2012.It is
estimated that US has to produce about 40 billion dollars worth of
domestically produced batteries. A lithium-ion battery which weighs less
and stores more energy is the promising technology. But Lithium resources
are limited. Battery is the heart of an electric car. These electric cars do not
emit smoke, or make noise like petrol cars. But, these two factors alone are
not sufficient to substitute traditional fossil fuel powered international
combustion engines.

It is also true, that electric cars can cut green house emission to an
extent, where fossil fuel consumed cars are replaced with electric cars. To
that extend, the fossil fuel consumption by these cars are reduced. But the
power to charge the batteries will still have to come from the common grid.
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Unless the power generation technology using fossil fuels is changed, there
will be no dramatic greenhouse gas emission reduction by introducing
electric cars. Alternatively, if cars are built on Hydrogen based fuel either
using a conventional Internal combustion engine, or by using Fuel cell, then
a substantial amount of greenhouse emission can be eliminated. However
Hydrogen generation should be based on Renewable energy source only.
Whichever way one looks at it, renewable energy is the key. Those
Governments and companies who do not invest in renewable energy
technologies and systems, now, will have to pay a heavy price, in the future.
But even those companies investing on renewable energy technologies,
should look beyond current technologies and systems. The best starting
point for these industries will be to substitute ‘storage batteries’ with ‘stored
Hydrogen’.

It is much simpler to install PV solar panels or wind turbines, and to
generate Hydrogen on site, from water. One can store Hydrogen in fuelling
stations, and fuel the cars. Honda was the first entrant into this market, who
was focusing on fuel cell technology, using compressed hydrogen gas.
Alternatively such Hydrogen can be generated from ‘Biogas’ generated
from biological wastes and waste treatment plants. All necessary
technologies are currently available to make it happen. Governments can try
to promote small townships with Hydrogen fuel stations, and show case
such models to the rest of the country or other nations to follow. This will
help nations to reduce their greenhouse emission and at the same time, they
can become self-sufficient in their energy requirements. They no longer
have to depend on polluting oil and gas, from few Middle East countries.
Countries like India with impressive economic growth heavily depend on
oil imports and any slight fluctuation in oil prices can easily upset such
growth. It is time Governments around the world take a serious look at
Hydrogen, as their alternative energy source. It is just not good enough to
promote renewable energy technologies, but they have to develop
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generation, storage and distribution technologies for Hydrogen. What is
needed at this hour is, ‘will, determination and leadership’ on the part of the
Governments, like US, China and India, that can set an example for the rest
of the world by investing in Hydrogen economy.
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Water and Energy

We know from the famous equation  of Albert Einstein , that a tiny amount
of mass is a vast storehouse of energy. But even the molecular Hydrogen as
a result of water decomposition, is a promising energy source of the future.
However, the amount of energy we use to split water into Hydrogen and
Oxygen is higher compared to the amount of energy that Hydrogen can
generate using Fuel celll. But we can mitigate this problem by using
Renewable   energy such as PV solar, Solar (thermal), wind energy,
geothermal energy, and Ocean thermal energy conversion. The cost of
renewable energy is still expensive for two reasons;

1. We are used to cheap energy from fossil fuels for decades, and we have
already recovered most of these investments.

2. A complete switch over to renewable energy technologies will require
massive new investment. Unlike the investments we made on fossil fuel
infrastructures over several decades, we have to invest on renewable
Energy development on a massive scale, and we have to deploy them in a
shorter span of time, simultaneously all over the world. Currently there is
no such infrastructure in renewable energy industry in existence.

Meanwhile the unabated emission of carbon dioxide by fossil fuels is
causing global warming. There are many skeptics on the science on global
warming. Such skepticism does not stem from the fact that they have a
concrete proof but, ‘such skepticism’ serves their vested interest. Politicians
who are in power do not want any increase in the cost of energy, which
becomes unpopular among people may eventually, throw them out of
power. They say they want to serve people with low cost energy but, neither
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politicians nor the common man understands the consequences of such
measures.

It will be our future generations who will face the brunt of this
skepticism, by facing fuel shortage or unaffordable cost of fuel, erratic
climate change, and frequent natural catastrophies.It is time for the world to
act decisively and swiftly and move towards renewable energy, by massive
investment and creation of new skills and jobs on a very large scale.

The companies who have massively invested in fossil power plants, and
the governments who depend on the support of such companies and who
want to keep the energy cost low, because of its popularity, are the major
list of scientists opposing main stream scientific assessment of global
warming. The hidden cost of environmental challenges and its
consequences is much higher than the savings, due to cheap fossil fuels. It
requires a paradigm shift and a sense of social justice, in the minds of
Governments and companies. It is not all that difficult to switch over to
cleaner technologies. In fact most of the technologies are already available
and it requires only a ‘will, bold decision and leadership’ by Governments.

Any clean energy solution should be sustainable in the long run.
Hydrogen can meet not only the sustainability but even the transition from
fossil fuel to Hydrogen will be smooth. To start with all existing fossil fuel
infrastructures can be modified towards Hydrogen generation, and fuel cell
based Electricity generation  infrastructures. Of course this will require
large investment but compared to a complete shift to renewable energy, it
will require only a relatively smaller investment. For example, all fuel
stations can be converted into Hydrogen stations by simply installing steam
reformers, including LNG based fuel stations. All gasoline based
automobiles can be either fitted with Hydrogen IC engines, or converted to
fuel cells cars similar to Honda FXL models. If the Governments all over
the world can agree for such conversion and a complete shift to Hydrogen
economy then, it can become a reality in the next decade. We have to focus
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on ‘Renewable Hydrogen’, which can come from seawater, a waste source
of Hydrogen using renewable energy sources, and Biohydrogen  using from
waste organic matters. The future generation will not only have a cleaner
and affordable fuel but, a more sustainable future!
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http://en.wikipedia.org/wiki/Biohydrogen
https://ahilanraman.com/2012/02/18/water-and-energy/


#126

Distributed -energy- systems

Distributed  generation system, is a system that generates power at the point
of usage; unlike the centralized electricity generation, where power is
generated at a remote place and then distributed to various locations using
Power transmission  grids. The centralized systems became popular, due to
its convenience, to transmit large power over long distances, under high
voltage. However, there are several disadvantages, in centralized power
generation and distribution. Most of these power generation plants are using
fossil fuels, like coal, oil and gas, whose efficiency is only about 40%;
which means, only about 40% of the heat value of the fuel used is converted
into electricity, and the balance is a waste heat, discharged in the form of
greenhouse gases, into the atmosphere. That is why; power station are the
largest emitters of greenhouse gases, in the world. These plants are  not
only the biggest emitters of greenhouse gases, but also a very inefficient,
because bulk of the fuel is simply combusted and discharged into the
atmosphere. With ever-increasing cost of oil and gas, these power plants are
‘white elephants’ that drain the oil and gas resources in the world and turn
them into greenhouse gases. Such inefficiencies drive the cost of power
high, and also increase the pollution levels. This unabated emission of
greenhouse gas has to be curtailed.

At this juncture of global warming, and increasing energy cost,
Governments and companies, should encourage distributed energy systems.
The advantage with distributed energy systems is, when we generate
energy  on site using a fuel, we can use the waste heat  in a productive way,
thus increasing the power efficiencies from 40% up to 80-85%.This
increase in efficiency, will result, is the reduction in the cost of energy. The
power savings from distributed energy system varies  from 10% up to 80%.
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Industries and business who use continuous processes (24×7) and whose
energy bill is substantial, are the ideal candidates for distributed energy
systems. It is easier to adapt distributed energy system, with gaseous fuels,
like natural gas and Hydrogen, than with liquid fuels such as diesel or solid
fuel such as coal.

Distributed energy system can even be installed, using ‘Biogas’, where
large quantity of  organic waste or waste water is available throughout the
year, like dairy plants, breweries, municipal sewage systems etc.The power
generated in DES system, is invariably a direct current (DC), which is
usually converted into alternating  using rectifier,   before usage. But, part
of this DC load, can be used directly in the form of Dc current, wherever
necessary. For example, many consumers are using Light-emitting
diode bulbs for lighting, to save energy. In distributed energy system, it is
possible to use direct current for these applications because you can save a
certain amount of energy in the process of converting DC to AC, and then
again AC to DC.In fact, we can connect number of appliances directly  to
 direct current.

In addition to the above advantages, we can utilize the waste heat  to
generate steam, hot water, chilled water or space airconditioning.For
example, if a distributed energy system generates  500 kw Electric
power using natural gas, with an efficiency of 30%, the gas consumption
will be about 1666 Kws.The remaining waste heat available is about 1166
Kws, which is equal to about 300 TR chilling capacity. This chiller can be
used to air-condition an office space. The total efficiency of such system
can be as much as 80%.We can reduce the cost of energy as much as 60%
or more, in some cases.

Distributed energy system, is the best and cost-effective system to cut
energy bills as well as to reduce Greenhouse gas Otherwise the power for
air-conditioning has to come from the grid. It is a win situation, for
everybody involved. Such system can also be used, with Hydrogen. In fact,
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the heat value of Hydrogen is much higher than any other fuel, such as coal,
oil or gas. Hydrogen is the energy of the future that is not only clean but
also sustainable.
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” Water and Clean Energy -Two sides of the same coin”

Why I say “water and clean energy, are two sides of the same coin?” At the
outset, it may sound odd, but in reality, these two are closely
interconnected. Let us examine, step by step, how they are connected, to
each other, and what are the implications, in terms of cost, and
environmental issues.

Take for example, power generation industries. The two basic materials,
any power plant require, are, fuel and water. It does not matter, what kind of
fuel is used, whether it is a coal based power plant or liquid fuel based plant
like Naphtha, or gas based plants, like piped natural gas or LNG Of course,
this statement is applicable only, for existing, conventional power
generation technologies, and not for PV solar or wind energy, technologies.
Let us consider, only power generation, involving conversion of thermal
energy, into electrical energy. Today, more than 80% of power generation in
the world, is based on thermal power, including nuclear plants. What is the
usage of water in power plants? All thermal power plants use steam, as the
prime motive force, to drive the turbines, (gas turbine is an exception, but,
even in gas based plants, the secondary motive force,  is steam, using waste
heat recovery boilers, in combined cycle operations). The quality of water
for conversion into steam is of high quality, purer, than our drinking water.
The second usage of water is for cooling purpose. The water consumption
by power plants, using once through cooling system is 1 lit/kwhr, and by
closed circuit cooling tower, it is 1.7lit/kwhr .Only about 40% power plants
in Europe, for example, use closed circuit cooling towers, and the rest use
only ‘once through’ cooling systems. The total power generated in 2010, by
two largest users, namely US and China, were 3792Twhrs and 3715 Twhrs
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 respectively. The total world power production, in 2008 was 20,262 Twhrs,
using following methods.

Fossil fuel: Coal 41 %, Oil 5.50%, Gas 21%, Nuclear 13% and Hydro
16%.

Renewable: PV solar 0.06%, PV thermal 0.004%, Wind 1.1%, Tide
 0.003 %, Geothermal 0.3%, Biomass &others 1.30%.

(1Twhrs is = 1,000,000,000 kwhrs)
The above statistics, gives us an idea, on how much water, is being used,

by power generating plants, in the world. Availability of fresh water, on
planet earth, is only 2.5% (96. 5% oceans, 1.70% ground water, 1.7%
glaciers and ice caps, and 0.001% in the air, as vapor and clouds).The
world’s precious water source, is used for power generation, while millions
of people, do have water, to drink. The cost of bottled drinking water is
US$ 0.20 /lit, in countries like, India. This situation is simply unsustainable.

The prime cause, for this situation, is lack of technology, to produce
clean power, without using water. The power technology, we use today, is
based on the principle of electromagnetism, invented, by Michael Faraday,
in the year 1839. That is why, renewable energy, is becoming critically
important, at this juncture, when the world is, at the cross road.

In order to overcome, the shortage of fresh water, many countries are
now opting, for seawater desalination. Desalination, again, is an energy
intensive process. For example 3-4 kwhrs of power is used, to desalinate 1
m3 of water. This  power has to come, from fossil fuel fired, thermal power
plants, which are often co-located, with desalination plants, so that, all the
discharge, from both the plants, can be easily pumped into the sea. Since,
the world is running out of fresh water, we have to look for attentive source
of water. In countries like India, the ground water is being exploited, for
agricultural purpose, and the ground water is getting depleted. Depleting
water resources is a threat to agriculture production. It is a vicious circle.
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That is why, distributed energy systems, using Hydrogen as an
alternative fuel,  is an important step, towards sustainability. One can
generate Hydrogen from water, using renewable energy source, like solar or
wind, and store them, for future usage. The stored Hydrogen can be used to
generate power, as and when required, at any remote location (even where
there is no grid power).The water is regenerated, during this process of
power generation using Fuelcell, which can be recycled. There is no large
consumption of water, and there is no greenhouse emission. It is a clean and
sustainable solution. The same stored Hydrogen can also be used as a fuel
for your car! Therefore; (The above statics are based on Wikipedia data).
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