Chapter 1

Technology and Development

1.1 Introduction to Technology

The word technology made from Greek words techne which means "craft” and -logy means ” scientific
study of’. So technology means the " scientific study of craft”. Craft in this case, means any method or
invention that allow humans to control or adapt to their environment.

-Scientific application of knowledge
-Systematic application of organized knowledge and tangibles(tools and material)

The purposeful application of information in the design, production, and utilization of goods and

services, and in the organization of human activitie%.g;Technology is generally divided into five categories
AL o

1. Tangible: blueprints, models, operating manuals, prototypes.

&
2. Intangible: consultancy, problem-solving, and training methods.

3. High: entirely or almost entirely automated and intelligent technology that manipulates ever finer
matter and ever powerful forces.

4. Intermediate: semiautomated partially intelligent techndlogy that manipulates refined matter
and medium level forces. '

5. Low: labor-intensive technology that manipulates only coarse or gross matter and weaker forces

Technology is the practical use of human knowledge to extend human abilities and to satisfy human
needs and wants. It involves turning natural items into useful products. The areas of science, technology,
and engineering are related but different. ’

Scientists try to explain how things happen.
Engineers figure out how to make things.
Technologists make things by operating machines and assembling parts.

Technology advances by adapting, so each new product is an improvement over an existing one. New
inventions are almost always based on earlier accomplishments.

Technology developed because people had ideas they turned into useful devices. Resources of tech-
nology include people, information, tools and machines, capital, time,materials, and energy.
Companies buy resources needed to create new technology. They hire people with the knowledge and
skill to make products.

Three aspects of technology

1. Operations Technology: What task are being performed
2. Material technology: What material and supplies are used

3. Knowledge technology:. What do people haye to know.... Wpeen

b
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1.2 Appropriate Technology

Appropriate technology Is an ldeological movement (and its

termediate technology by the economist Dr. Ernst Iiriedrich felds and spplications
Small is Beautiful. Though the nuances of appropriate technology vary between fie ’

; ication that is small-scale, de-
it is generally recognized as encompassing technological choice and app hc:::gn zm:l locally contro’lled
centralized, labor-intensive, energy-efficient, environmentally B}:’ 1 ) Aliy amuphastee the tech..
Both Schumacher and many modern-day proponents of appropriate technology

nology as people-centered. . .
Appropriate technology is most commonly discussed in its relationship t'O Sconom ¢ development Efnd
4 e ; industrialized nations to developing
as an alternative to transfers of capital-intensive technology from in A
= : : d in both developing and developed
countries. However, appropriate technology movements can be found in h -
countries. In developed countries, the appropriate technology movement grew out of the energy crisis of
the 1970s and focuses mainly on environmental and sustainability issues.
Appropriate technology has been used to address issues in a wide range of fields. Well-known ex-
amples of appropriate technology applications include: bike- and hand-powered wa.ter pumps (and other
self-powered equipment), the universal nut sheller, self-contained solar-powered light bulbs ax}d street
lights, and passive solar building designs. Today appropriate technology is often developed using open
source principles, which have led to open-source appropriate technology (OSAT) and thus many of the
plans of the technology can be freely found on the Internet. OSAT has been proposed as a new model
of enabling innovation for sustainable development. Dr. Ernst Friedrich ”Fritz” Schumachex: is credited
as the founder of the appropriate technology movement. Schumacher first articulated the idea of ”in-
termediate technology,” now known as appropriate technology, in a 1962 report to the Indian Planning
Commission in which he described India as long in labor and short in capital, calling for an "intermediate
industrial technology” that harnessed India’s labor surplus. Schumacher had been developing the idea of
intermediate technology for several years prior to the Planning Commission report. In 1955, following a
stint as an economic advisor to the government of Burma,‘lvié"published the short paper ”Economics in a
Buddhist Country,” his first known critique of the effect\sf‘\tc)f Western economics on developing countries.
In addition to Buddhism, Schumacher also credited hisideas to Gandhi. Sl
Initially, Schumacher’s ideas were rejected by both the Indian government and leading development
economists. Spurred to action over concern the idea of intermediate technology would languish, Schu-
macher, George McRobie, Mansur Hoda and Julia Porter brought together a group of approximately
20 people to form the Intermediate Technology Development Group (ITDG) in May 1965. Schumacher
described the concept of appropriate technology to a mass audience in his influential work, Small is
Beautiful: Economics as if People Mattered. ) y . .
According to Jequier and Gerard (1993), ” Appropriate Technology (AT)” is now recognized as the
generic term for a wide range of technologies characterized by following features:

manifestations) originally urticulat'cd as in-
"Fyitz” Schumacher in his influential work,

1. low investment cost per work place

2. low capital investment per unit of output

3. organizational simplicity

4. high adaptability to a particular social cultural environment
5. sparing use of natural resources

6. low cost of final product or high potential for employment.

According to Darrow and Rick (1978), appropriate technologies:

1. are low in capital costs

. use local materials whenever possible

. are small enough in scale to be affordable by a small group of farmers

2

3. create jobs, employing local skills and labor
4

5 tained by villagers wherever possible, without high level of

. can be understood, controlled and main
Western style education

T
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6. can be produced out of a small metal working shop, if not, in a village itself

7. suppose that people can and will work together to collectively bring improvements to their commu-
nities, recognizing that in most of the world important decisions are made by groups rather than
by individuals

8. involve decentralized renewable energy sources, such as wind power, solar energy, water power,
mechanic gas, animal power and pedal power (such as in that highly efficient machine, the bicycle)

9. make technology understandable to the people who are using it and thus suggest ideas that could
be used in further innovations

10. are flexible so that they can continue to be used or adapted to fit changing circumstances

11. do not involve patents, royalties, consultant fees, import duties, shopping changes; practical plans
can be obtained free of cost and no further payment is involved.

Characteristics Importance of Appropriate Technology

Appropriate technology was meant to address four problems: extreme poverty, starvation, unemployment
and urban migration. Some characteristics of appropriate technologies are listed below.

. Suited to the societies being considered
. Meets the actual need of people
. ‘Affordable to those people being considered

- Optimization of local Resources .
N

. Manufactured and Operated by local labor at\l_)@:gxpertise

. Environmentally friendly -\\‘;J;y

. Using Renewable Energy Sources - -

o I~ S~ TG R C G

1.3 Technology Transfer

Technology transfer, also called transfer of technology (TOT), is the process of transferring skills, knowl-
edge, technologies, methods of manufacturing, samples of manufacturing and facilities among governments -
or universities and other institutions to ensure that scientific and technological developments are accessi-
ble to a wider range of users who can then further develop and exploit the technology into new products,
processes, applications, materials or services. :

Figure 1.3.1: Process of technology transfer

It is closely related to (and may arguably be considered a subset of) knowledge transfer. Horizontal
transfer is the movement of technologies from one area to another. At present transfer of technology
(TOT) is primarily horizontal. Vertical transfer occurs when technologies are moved from applied
research centers to research and development departments.

Many companies, universities and governmental organizations now have an Office of Technology Trans-
fer(TTO) dedicated to identifying research which has potential commercial interest and strategies for how

. to exploit it. The research result may be of scientific and commercial interest.
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As a result of the potential complexity of the technology tr Aia'er procs tccml&:if: :rrll:l“:c{?:ngir‘iiﬁ
Wizations are often multidiselplinary, Including economists, engineers, lnwyers, marke! bt and th(l:re .u;‘
The dynamics of the technology transfer process hag attracted attention in its own rig 1},” g 4 e
several dedicated socleties and Jonrnals. Technology transfer requires a proactive ﬂPI’;Oﬂci elr o e ;':i
ehaaging researchers, promoting the technology, and encouraging potential industrial partn se the
technology.,

Importance of Technology Transfer

Technology transfer helps develop early stage intellectual property into tools for direct use by the re."search
community, or into bases for new platforms, products, or services to be made into products for public use.
Successful collaborations are formed between researchers across different universities or industries in 01"(1er
to advance the knowledge in a particular field or to further develop a technology. These collabor a.tl‘ons
may result in licensing or sponsored research opportunities that benefit both partners. In addition,
technology transfer ensures that the interests and rights of the university in the intellectual prop efty are
protected. The university is able to retain the intellectual property rights of the technology and issue a
license for the conditional use of the technology. ; e )
Successful transfer and development of the technology helps promote the research institution and its
commercial partners. The university obtains recognition and increases its reputation for their research
and innovation potential. Industry partners can also reduce the costs incurred during their research and
development stage by licensing technology from a university. Another benefit for the university involves
using the licensing revenue to support further research and education at the institution. Universities
protect their investments in research by patenting new technologies, which gives them an opportunity
to reach the stream of commerce. The university’s investments in the technology help stimulate local
economic development. The ultimate beneficiary of technology transfer is the public, who benefits from
both the products that reach the market and the jobs r'esulti\ng from the development, manufacturing,
and sale of products. ‘._",,r’

=
Ol

1.4 Impact of Technology on Svo‘(‘;iety

Technology and society or technology and culture refers to cyclical co-dependence, co-influence, co-
production of technology and society upon the other. Technology has become a huge part of every
day societies life. When societies knows more about the development in a technology, they become
able to advantage from it. When an innovation achieves a certain point after it is been presented and
promoted, this technology becomes part of the society. Digital technology has entered each process and
activity made by the social system. The impact of technologies on society can broadly studies by dividing
aspects of societies as )

1. Education : _
Modern technologies have made instructive information for classrooms and home assignments eas-
ier and simpler. It provides children, who have difficulties in learning the traditional way, with
educational games that would help them in the process of learning. Alternatively from attending
classes, online courses are offered to college students in advantage. The progress of the innovation
of technology is continuing to improve the education sector for coming generations. Students today
are called ’screenagers’, 'digital natives’ or 'digital kids’ because they were born in a complicated
digital world based on technology.

Teachers are using digital technology as an essential tool to help in guiding lessons and student’s
communication. In fact, computers have been in the education frame globally for a long period of
time. Students are associating with others more globally and learning more things in varied ways

than at any time in the past.

2. Economic System . o
In the modern world, superior technologies, resources, geography, and history give rise to robust

economies; and in a well-functioning, robust economy, economi? excess naturally flows into gre.ater
use of technology. Moreover, because technology is such an msepara!ale part of human §001ety,
especially in its economic aspects, funding sources for.(ue\.v) technolo.glcal eudgavors are virtually
illimitable. However, while in the beginning, technologlc.al investment m\.rolved little more .than the
time, efforts, and skills of one or a few men, today, such investment may involve the collective la.Lb-or' .

and skills of many millions.

s \
L B ¥
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3. Politices
It s (‘l(:l\l‘ that gaining politieal publicity through the use of technology has become easier, espe-
clally since technological devices are so nccessible and widesptead at the same time. The article
analyzed Is good in arranging technologleal tools into separate grotips that work as effective means
of communication between a political Agure and the target audience. However, to every coin there
is a flip side. With the use of Internct, any political figure can become recognizable within just a
few minutes. In only a few houts public opinion on a particular political figure is already formed
within one of the social groups of voters. So, not just the good, but also a bad reputation can
be formed in & blink of an eye using modern technology. It often happens that the bad ”gossip”
actually spreads much faster. So, with the huge impact that technology has on society and public
_opinion in particular, it is crucial to be cautious in the use of information about any political figure,
or you risk making a positive advertisement into a negative advertisement with just one click.

4. Religion

" Religions can use clectronic technologies to propagate their beliefs. It seems that religious organi-
sations still obtain favoured treatment on early morning TV, more so than other groups in society.
However, those who believe voluntary euthanasia is a good option are forbidden to use electronic
means to distribute information.
Religions can propagate their views more widely using global technologies such as over the internet.
Others can propagate alternative views, but mainstream religions are well funded and run by zealots.
There is a danger that the indoctrination of children, discrimination and the imposition of religious
values on others could worsen before it improves.
There are many websites that propagate untruths about science and religion, seek money for ’truths’
about imaginary beings, advocate discrimination or that gods can kill or do inappropriate things.
Freedom of speech is important, but well-funded religions can propagate untruths and discrimina-

tory values faster than less well-funded organjsa:tjﬁns.
In summary impact on religion can be Viewg\d"és
(a) Its more accessible A\:'-\\\‘

(b) Distance doesnt matter as muc‘h*‘\‘“
(c) Reputations are shifting

(d) Stats become important

(e) Laity gets involved

(f) Theres increased focus on strategy

5. Environment . :
Technology provides an understanding, and an appreciation for the world around us. Most modern

technological processes produce unwanted by products in addition to the desired products, which
is known as industrial waste and pollution. While most material waste is re-used in the industrial
process, many forms are released into the environment, with negative environmental side effects,
such as pollution and lack of sustainability. Different social and political systems establish different
‘balances between the value they place on additional goods versus the disvalues of waste products
and pollution. Some technologies are designed specifically with the environment in mind, but most
are designed first for economic or ergonomic effects.

Historically, the value of a clean environment and more efficient productive processes has been the
result of an increase in the wealth of society, because once people are able to provide for their basic
needs, they are able to focus on less-tangible goods such as clean air and water.

The effects of technology on the environment are both obvious and subtle. The more obvious effects
include the depletion of non-renewable natural resources (such as petroleum, coal, ores), and the
added pollution of air, water, and land. The more subtle effects include debates over long-term
effect(e.g., global warming, deforestation, natural habitat destruction, coastal wetland loss.)

Each wave of technology creates a set of waste previously unknown by humans: toxic waste, ra-
dioactive waste, electronic waste.
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Chapter 2

Energy Basics

2.1 Energy

Encfgy is defined as ability or Capacity to do work. Work has a very broader meaning to Scientist and
Engineers. Non-technical people can think energy as the ability of doing diverse things in life. Energy is
not a thing or substance but idea or a theoretical concept to connect diverse process like, Burning Fuels ,
Propelling machines, Charging Batteries. Although appearing different ,they have a number of common
feature and describing these features leads to greater understanding of energy. Energy has many forms

and can be converted from one to another.

. Kinet'ic Ex.nergy: Energy possessed by moving object E.g. Wind ,Water in Streams. Speed and mass
of object influence in amount of total kinetic /enérgy. Faster the wind or more the flowing water
o

Rl

.\\,
>

3

e Potential Energy: Energy Possessed by object’s position relative to earth, This energy will be
converted to kinetic energy, if the ob ject fall for example, water behind the dam.

more the energy.

7

Thermal Energy (heat): A form of kinetic energy due to random motion of the atoms or molecules
of solid gases or liquid. Faster the atoms or molecules move, greater will be the thermal energy of

the object.

Chemical Energy: A form of energy stored in atoms or molecules Usually chemical energy is con-
verted to heat (combustion’) or electrical energy (batteries). '

Electrical Energy: It is one of the most familiar form. The Organized flow of electrons in a material
can be considered as electrical energy.

e Electromagnetic Energy(radiation): This is form of electrical and magnetic energy which all objects
,in different amounts radiate or emit. The most familiar form is light.

e Mechanical Energy: Energy of rotation usually associated with rotating shaft.

onversion process two things are important: Quantities of energy involved and Rate at

‘In an energy ¢
is converted is called the power. Mathe-

which energy is converted . Rate per second at which energy
matically,
Energy = power X time

There are many ways of measuring the energy. Joule (abbreviated as J) is the Standard Unit or SI

unit of Energy

Calories also common unit
British Thermal Unit (BTU) Particularly used when talking about steam

Tonnes of Coal Equivalent (TCE)
Tonnes of Oil Equivalent (TOE)

' N H ' plas W I

11
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1Calorie = 4.182J
LBTU = 1055/
ITCE =29.31GJ

ITOE = 41.868GJ
(21)

Power is mainly measured in watts (abbreviated as W) . 1 watt is defined as power proG(?uced vgl:(en
converting 1 joule of energy per second. For the case involving large amount Kilo, Mega, Giga prefixes
are used. ‘

1IKW=1000W and IMW=10°W

Form of energy can also be indicated in the output from a particular piece of equipment. When one form

"Y( Water

Potential

Chemical  Mechanical  Electrical Mechanical

Figure 2.1.1: Effect of intermediate process while calculating efficiency.

?f energy is converted into other for a particular purpose, not all the energy is converted, certain energy
1s wasted or lost to the process. The ratio of Useful energy _.to"'\Energy Input is the efficiency.

The Process of energy conversion generally comprises’of number of intermediate transformations
or s_tages with their own conversion efficiency Overall ‘system efficiency is found by multiplication of
efficiencies of each stage. As the number of stages i\n‘c\}'\eases the overall system efficiency decreases.

Overall system Efficiency = 30% x 80% x 80% x 60% = 12%

One way to increase the efficiency is to use the wastage energy (espheat) The heat energy from exhaust

gases from boiler can be used via heat exchanger. E.g. in agro-processing factory this heat energy can

1. Primary Energy: Energy in the form available in natural environment
2. Secondary Energy: Energy Ready for transport or transmission
3. Final Energy: Energy the consumer buys or receives.

4. Useful energy: Energy actually required to perform the work.

2.2 Classification of Energy Sources

1. Biomass Energy: Any material of plant or animal origin such as biomass, agricultutal residue, animal
and human faeces. They can be converted to solid, liquid or gaseous fuel through various processes
but they needs some processing stage such as chopping, mixing, drying etc. before conversion.

2. Solar Energy: Energy from the sun as either direct or diffuse radiation. Direct radiation is collected
when collector (leaf or solar panel) faces the sun. Diffuse radiation comes from every direction and
is present even on cloudy day. Solar Energy is converted to heat through thermal solar devices and

to electricity through photovoltaic cells.- - A
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Figure 2.2.1: Classification of energy resources.

3. Hydro Energy: The potential energy from the water stored behind dams, weirs or water falls. The
kinetic energy of streams or rivers Water wheels and hydro turbines are used to convert the energy

to mechanical or electrical energy.
\\

4. Wind Energy: The Kinetic energy from the wmd is converted by wind turbines into mechamca.l

encrgy or electrical energy. : 2
£

///

5. Geothermal Energy: Heat energy ﬂowmg from the earth’s core to surface by molten rocks or hot
water. This heat energy can be used for spacing heating, drying or electricity generation.

6. Animate Energy: Energy delivered by humans and animals. Major source of energy in agriculture
in developing countries but they never appear in national energy balances.

7. Ocean Energy: Includes Wave Energy and OCea.n Thermal Energy (hea,t flow between the warm
surface and cool deep water)

8. Fossil Fuels: Coal, Crude Oil and natural gas are sources of energy.

9. Nuclear Energy: Energy released when nuclei of atoms break apart This huge energy is utilized by
converting to electrical energy.

Energy Sources are sometimes classified under heading as:

1. Renewable: Source of energy not depleted by use such as wind energy, solar energy are renewable
sources of energy. Biomass can be renewable if regrow this matched by consumption. New and
Renewable covers all renewable energy plus geothermal and ocean energy.

2. Traditional and Non-Traditional Energy: It depends on the users perspective. Many biomass
users would be regarded as traditional and fossil fuel as non-Traditional. Wood can be considered

as traditional but when used in a gasifier if it produces non traditional source.

3. Modern:

4. Commercial: Refers to those energy for which have to be paid for example fossil fuels, biomass is
usually classified as non-commercial but it depends where we are in the world.

- 5. Conventional . , . T ; 3 PRI B o .
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23  lmportance of Bnergy in achicving Maslow’s hierarchy

Needs

2.3.1  Maslow's Hierarchy of Needs or Theory of Human Neas

There is hierarchy of needs, People satisfy the most pressing need first. The needs are:

Physiological Needs

The survival needs for food, water, shelter etc. Man who is missing everything in life in an lextr;r:le
fashion, the major motivation would be the physiological needs. A person who is Iﬂ»fikin!; f°°‘I ; 5‘;‘1 i }i’ )
love, and esteem would most probably hunger for food more strongly than for anything else. If all the
needs are unsatisfied, and the organism is then dominated by the physiological needs. '

Safety Needs

Needs that protects from physical harm and economic deprivation. If the physiological needs are t:ulﬁllefi,
there then emerges a new set of needs, which we may categorize roughly as the safety needs. Again, as in
hungry man, we find that the dominating goal is a strong determinant not only of his curren.t world-outlook
and philosophy but also of his philosophy of the future.- Practically everything looks legs important than
safety (even sometimes the physiological needs which being satisfied, are now underestimated).

Social Needs

These needs are sense of belongingness, friendship, affection, love etc. If both the physiological and the
safety needs are fairly well gratified, then there will emerge the love and affection and belongingness needs
repeat itself with this new centre. Now the person will feel{l_g'eénly, as never before, the absence of friends,
or a sweetheart, or a wife, or children. He will hunger for affectionate relations with people in general,
namely, for a place in his group, and he will strive with'great intensity to achieve this goal. He will want
to attain such a place more than anything else in thé world and may even forget that once, when he was
hungry, he sneered at love. >

Ego or Esteem Needs

These types of needs are like respect, recognition, status, praise, prestige, etc. All people have a need
or desire for a stable, firmly based, high evaluation of themselves, for self-respect, or self-esteem, and
for the esteem of .others. By firmly based self-esteem, we mean that which is soundly based upon real
capacity, achievement and respect from others. The desire for strength, for achievement, for adequacy,for
confidence in the face of the world, and for independence and freedom, for reputation or prestige (defining
it as respect or esteem from other people), recognition, attention, importance or appreciation are esteem
needs.

Satisfaction of the self-esteem need leads to feelings of self confidence, worth, strength, capability and
adequacy of being useful and necessary in the world. Lack of these needs produces feelings of inferiority,
of weakness and of helplessness.

Self Actualization Needs

These types of needs include creativity, self development, self fulfilment, etc. Even if all prior needs
are satisfied, we may still often (if not always) expect that a new discontent and restlessness will soon
develop, unless the individual is doing what he is fitted for. A musician must make music, an artist must
paint, a poet must write, if he is to be ultimately happy. What a man can be, he must be. This need we
may call self-actualization.

It refers to the desire for self-fulfilment, namely, to the tendency for him to become actualized in what
he is potentially. This tendency might be phrased as the desire to become more and more what one is,
to become everything that one is capable of becoming. The specific form that these needs will take will
of course vary greatly from person to person. In one individual it may take the form of the desire to be
an ideal mother, In another it may be expressed athletically, and in still another it may be expressed in
painting pictures or in inventions. It is not necessarily a creative urge although in people who have any
capacities for creation it will take this form. : at R e T

Scanned with CamScanner



24. HUMAN DEVELOPMENT INDEX . . ' . 15

The clear emergence of these needs rests upon prior satisfaction of the physiological, safety, love and
esteem needs,

2.4 Human Development Index

A tool developed by the United Nations to measure and rank countries ' levels of social and economic
development based on four criteria: Life expectancy at birth, mean years of schooling, expected years of

schooling and gross national income per capila.

/.

Figure 2.4.1: HDI dimension and parameters.

\\

The HDI makes it possible to track changes in development levels over time and to compare develop-
ment levels in differént countries. UNDP pubhshos Human Development Report (HDR). The first HDR
introduced a new way of measuring developmeﬁl: by combining indicators of life expectancy , educational
attainment and income into a composite huma.n development index, the HDI. The breakthrough for the
HDI was the creation of a single statistic which was to serve as a frame of reference for both social and
economic development. The index also shows that countries with lots of income do not always spend
that money in ways that create high life expectancies or education levels. The HDI sets a minimum and
a maximum for each dimension, called goalposts, and then shows where each country stands in relation

" to these goalposts, expressed as a value between 0 and 1.
HDI shows the relation between life expectancy, education and income. The report shows the poor

“people are lower at the Energy Ladder.

Tiodiional Ml Fuel/Energy Service Modem/Adwnced

Figure 2.4.2: Energy Ladder diagram for income vs Fuel/Energy Service.

The report published by UNDP/World Bank on 2013 shows Norway on 1% place with HDI of
0.944, electricity consumption per capita 23549.68992, income per capita(PPPUS$)63,909 and Nepal
in 145'h position with HDI of 0.540, electricity consumptxon per capita of 90.9531266 and income per

. capita(PPPUS$)2,194. L Rt N e

Scanned with CamScanner



l - CHAPTER 2. [ENERGY BASICS
| SRS

N e AR PSR S PR T R Y

V y '! 1en-
' i l:‘l (IlDl) is 1] Bu"“ll".] tneasure Of avo; g acliev kc (h I

sions of human development: a long and healthy life, being know 1 of the three dimensions.
of living. The HDI is the geometric mean of normalized indices for each * of the HDI is calculated using
The health dimension Is assessed by life expectancy at birth compomziﬁ tion component of the HDI
A minimum value of 20 years and maximum value of 85 years. The ed ey ccted years of schooling for
is measured by mean of years of schooling for adults aged 25 years an UOI:J(IE)’:S CO Institute for Statistics
children of school entering age. Mean years of schooling is estimated by ] in its database. Expected
based on educational attainment data from censuses and surveys available 5’1 ! :ion This indicator is
years of schooling estimates are based on enrolment by age at all levels 2 £ ety d at 18 years. The
produced by UNESCO Institute for Statistics. Expected years °f_BCh°°1mg_ 2 ?app’levalues of 15 and 18
indicators are normalized using & minimum value of zero and maximum aspllratlon.ah o st
years respectively. The two indices are combined into an education index using B.I'lt. meTh cliact Soe
The standard of living dimension is measured by gross national income et Fap‘ta"' " : ?O g (l})NI per
minimum income is $100 (PPP) and the maximum is $75,000 (PPP). The minimum vail  nsnsarket
capita, set at $100, is justified by the considerable amount of unmeasured sub§mtence an <I)LID T os
production in economies close to the minimum that is not captured in the ofﬁcxal d.ata. The 4
the logarithm of income, to refiect the diminishing importance of income with increasing GNL T‘_ € Bcores
for the three HDI dimension indices are then aggregated into a composite index using geometric mear.
Refer to Technical notes for more details. 4 DRO
The HDI does not reflect on inequalities, poverty, human security, empowerment, etc. The H
offers the other composite indices as broader proxy on some of the key issues of human development,
inequality, gender disparity and human poverty. e 3
-A fuller picture of a country’s level of human development requires analysis of other indicators and
information presented in the statistical annex of the report.

2.5 Current Energy Trends, Demeglii and Supply of Energy in
World and Nepal '

A

L:\\\V‘
2.5.1 Energy Trends, Demand and )Slipply in World

(https://sushil99.wordpress. com/2009/03/12/electricity-crisis-in-nepal-what-can-be-a-viable-solution /) En-
ergy demand is expected to increase considerably in the coming years as the result of population growth
and economic development (EIA, 2007). Many people in the world are currently experiencing dramatic
shifts in lifestyle as their economies make the transition from a subsistence to an industrial or service
base. The largest increases in energy demand will take place in developing countries where the proportion
of global energy consumption is expected to increase from 46 to 58 percent between 2004 and 2030 (EIA,
2007). Per capita consumption figures are, however, likely to remain well below those in Organisation for
Economic Co-operation and Development (OECD) countries. ’

Energy consumption in developing countries is projected to grow at an average annual rate of 3 percent
from 2004 to 2020. In industrialized countries, where national economies are mature and population
growth is expected to be relatively low, the demand for energy is projected to grow at the lower rate of
0.9 percent per year, albeit from a much higher starting point. Energy consumption in developing regions
is projected to surpass that in industrialized regions by 2010. About half of the increase in global energy
demand by 2030 will be for power generation and one- fifth for transport needs mostly in the form of
petroleum-based fuels (EIA, 2007).

Much of the increase in energy. demand will result from rapid economic growth in Asian economies,
especially China and India. Energy demand in the developing countries of Asia is projected to grow at
an average rate of 3.7 percent per year, far higher than any other region. Asia will more than double its
energy consumption over the next 20 years, and is expected to account for around 65 percent of the total
increase in energy demand for all developing countries. Although the energy consumption of developing
countries in other regions is expected to grow at a slower pace than in Asia, rates are still expected
to exceed the global average. While all regions will play a role in future energy supply and demand,
the enormous consumption increases projected in Asia make the region of key interest in future energy
development.

The vast majority of the world’s energy is generated from non-renewable sources, specifically oil, coal
and gas. Just over 13 percent of global energy is derived from renewable sources, 10.6 percent of which
from combustible renewables and renewable municipal waste. The remainder of renewable €Nergy comes

‘from hydro-, geothermal, solar, wind, and tidal and wave sources: = 2o .- el
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Figure 2.5.2: Fuel shares of world energy supply.

Projections of total global energy consumption show that between 2004 and 2030, fossil fuels will
provide the bulk of the increase, with nuclear and other sources providing relatively minor contributions
in absolute terms. In percentage terms, gas and coal are likely to show the greatest change with in-
creases of 65 and 74 percent respectively. Oil consumption is expected to increase by 42 percent while
nuclear and renewables, starting from a much lower baseline, are expected to increase by 44 and 61 per-
cent respectively. The ultimate contributions from different sources will be highly dependent on policy

directions.

2.5.2 Energy Trends, Demand and Supply in Nepal

About 6,000 rivers, with a total length of about 45,000 km with an annual discharge of 220 billion cubic
meters of water are available in the country. The commercial potential of hydro-power in Nepal are said
to be about 83,000 MW and 42,000 MW respectively. So far only about 603 MW have been connected
to peak load system, which constitute about 1.88% of total energy supply. Forests supply nearly 78% of
the total energy requirement of the country, and also provide 50% of fodder for livestock purpose. On
average Nepal has 6.8 sunshine hours per day, i.e. 2,482 sunshine hours per year with the intensity of solar
insolation ranging from 3.9 to 5.1 kWh/m?/day. (National average is about 4.7kWh/m? /day). Though
significant wind potential is noted to be available in mountainous region (Mustang district, Khumbu
region,Palpa, Ramechhap, Karnali Chisapani, Jumla) no proper wind mapping of Nepal has been done

so far.
Energy consumption by source in Nepal can be divided into three categories: traditional, commercial

and renewable. The traditional source meets the bulk of total energy consumption with an 85.5 per
cent share, followed by commercial and renewable energy sources at 13.54 per cent and 0.61 per cent,
respectively. Fuel wood, agriculture residue and animal residue provide 88.68 per cent, 4.85 per cent and
. 6.47 per cent.of the total traditional energy consumption, respectively. Nepal is at lowest in the list of
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Figure 2.5.3: Total global marketed energy consumption by source in 2004 and projected for 2030.

ascending hierarchy in per capita electrical energy consumption among the other SAARC countries which
accounts just 68 KWh in 2003, a slightly inclined from 35 in 1990 status.

Present Trend

National energy demand of Nepal is 11.6 million units. The energy system manages to support demand
of 6.2 million units of energy which account to be 55 per cent of the demand. The total installed capacity
of hydro plants is 619.38 MW and runs with production capacity of 276MW at present. The annual
demand of electricity has been steadily inclined by 9.3 per cent which indicates the new plant of size
60-80 MW addition to meet the growing need of domestic market. It has been a tough time to NEA to
manage even 326 MW power at its mettle. The shortagr\:éf"534 MW power over the demand has pushed
to darkest years in the history of electricity development and crippling hours of lead shedding has slowly

turned to be way of life among people. Thus, Government of Nepal has declared ” National Electricity
Crisis” in Nepal. & :

Causes

- Supply lag over demand

. Monopoly of NEA

- Resource deficit

. Inadequate private investment

- Failure to meet development target
. Seasonal variation in supply

. Lack of timely maintenance

0 N oG A W N e

Lack of chain development initiative

Effects

1. Withering linkages: Energy is an important input in production process in an economy power
shortage has bound industries to cut down production heavily if not shut sown factories both
service and goods reduction industries of small to larger scale have been struggling to exist.

2. Reduces national revenue and income: The power cuts has drastically declined the production the
revenue of government collected informs of taxes and fees /prices is being low. As there is direct as
well as spell over effects of hydro projects in GDP and per capita income, the development in the
sector helps to ease the livelihoods of people and increase the income.

3. Cut-down of jobs: Due to weakening financial strength many workers have already been laid off
and is seems-to continue unless regular power resumes.: S d At e P
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4. Tucrement of social crimes: There has been frequent report of increased social crimes such as
incidence of theft rubbery ut the time of load shedding,

5. .R(\lucuon in investment: Power is a pre-condition for investment and no investor would like to
invest in such places where no power is avallable 24his for industry.

Issues

1. Institutional development: The ongoing problem definitely doesn't deny the fact of failure and
supports the voice to arrangement of independent entity in-charge of energy development.

2. Alternative sources: Energy in Nepal has been envisaged as hydropower due to its potentiality and
coverage. Till date, alternative sources of encrgy are taken as for rural setting where national grid
takes years to connect. Harvest of solar power help even the urban dwellers to meet their household

demand.

3. Public-private partnership: It is the only way to generate resources to fill the resource gap prevailed
in development sector in Nepal. It curtails aid syndrome and sever conditionality intermingle with

it.

4. Political commitment: Political commitment is the must for sustainable encrgy development con-
sensus based policy on energy sector is needed among the brands to capitalize national potential.

5. Micro-macro project debate: The scope of power plants is matter of national debate even among
the policy makers. They clearly saw in two contrasting opinions. Some advocate on small hydro-
plants for rural electrification and claims to be realistic, given the present resources constraints and
feasibility. The need of larger project is the only options as other urges.

6. Integrated energy development: The potentm[ a.lterna.twe sources are not developed at satisfactory
level yet manage their existence at rural set}mgs Integrated energy policy (IEP) is an issue in the

situation such as envisaged in power sector now-a-days.

7. Infrastructure development: Access i'oad and transmission line to connect national grid are essentxal
pre-condition for any projects. It is blame that PPA of many projects is subjected to the availability
of such infrastructures. License holders and private entrepreneurs are not in position to start their

proposed projects due to lack of such infrastructure.

2.6 Introduction to Global Warming

Global warming is the term used to describe a gradual increase in the average temperature of the Earth’s
atmosphere and its oceans, a change that is believed to be perma.nently changing the Earth’s climate.
Global warming is caused by emission of Green House Gas(GHG) due to natural and man made processes

Global Land-Ocean Temperature Index
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Figure 2.6.1: Temperature variation in earth.

Scanned with CamScanner




OHAPTER 2. ENERCGY BASICS

Wi (AR

! floct causing temperature
Which will not allow sunlight to reflect back from earth and causé green lotise effec

vise in eartly,
Radiation balanee change can be done by
* By changing the incoming solar radiation

U
* By changing tho fraction of solar radiation that s reflocted (called 'albedo’)

* by altering the long wave radiation from Barth back towards space

Reflected Salaf ; " [ Incoming ! s ﬁ"""'."v'-
107\ Radiatlon 2 " %‘l’";l' Radiation |
107 Wim? ‘ 41 Wl 238 Wirr!
RunoAcIodb ctsudn. / ,
orosol an
Emitted by
h 40
e o Aumosphere/yg4 / / [ [Atmaspheric
Window

Absorbod by
g7 Atmosphere

Graonhouse
b Gnsos

—

Figure 2.6.2: Radiation energy balance adopted by IPCC(2007).

N

)
Atmospheric constituents changes are expressed in radiative forcings. The global atmospheric concentra-
tion of carbon dioxide has increased from a preindustri?il value of about 280 ppm to 379 ppm in 2005. The
annual carbon dioxide concentration growth ratewas larger during the last 10 years(19952005 average:
1.9 ppm per year) years (19952005 average: 1.9 ppm per year). Fossil fuel use with land-use change are
the primary sources. The global atmospheric concentration of methane hasincreased from a preindustrial
v§lue of about 715 ppb to 1732 ppb in the early 1990s, and was 1774 ppb in 2005. The global atmospheric
nitrous oxide concentration increased from a pre-industrial value of about 270 ppb to 319 ppb in 2005.

A concept used for quantitative comparisons of the strength of different human and natural agents in
causing climate change(Wm~2). Human activities and natural processes cause direct and indirect changes
in climate change drivers. These changes result in specific RF changes, either positive or negative and
non initial radiative effects. There is very high confidence that the global average net effect of human
“activities since 1750 has been one of warming, witha radiative forcing of +1.6 [4+0.6 to +2.4]|Wm™2.

Most countries are parties to the United Nations Framework Convention on Climate Change (UN-
FCCC), whose ultimate objective is to prevent dangerous anthropogenic climate change.The UNFCCC
have adopted a range of policies designed to reduce greenhouse gas emissions and to assist in adaptation
to global warming. Parties to the UNFCCC have agreed that deep cuts in emissions are required, and
that future global warming should be limited to below 2°C (3.6°F) relative to the pre-industrial level.

Future climate change and associated impacts will be different 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 as a probable expansion of subtropical deserts. Warming
is expected to be strongest in the Arctic, with the continuing retreat of glaciers, permafrost and sea ice.
Other likely effects of the warming include more frequent extreme weather events including heat waves,
droughts, heavy rainfall, and heavy snowfall; ocean acidification; and species extinctions due to shifting
temperature regimes. Effects significant to humans include the threat to food security from decreasing
crop yields and the loss of habitat from inundation.

Over the period 1961 to 2003, global ocean temperature has risen by 0.1°C from the surface to a
depth of 700m. From 1961 to 2003, the average rate of sea level rise was 1.8 0.5mmyr=!.

Out of 2323 glacial lakes reported in Nepal (ICIMOD, 2001), 20 lakes are found potentially dangerous.
Almost 20 % of the glaciated area above 5000 m is likely to be snow and glacier free area at an increase
of air temperature by 1°C. Such changes in glacier areas are likely to contribute to the development of
-glacier lakes increasing potential GLOF hazards - - - - ey - b e
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2.6.1 Kyoto Protocol and Clean Development Mechanism

The Kyoto Protocol is an international treaty, which extends the 1092 United Natlons Framework Con-
vention on Climate Change (UNFCCC) that commits State Parties to reduce grcenho.usc gases emissimfs,
based on the premise that (a) global warming exists and (b) man-made CO2 emissions have caused it.
The Kyoto Protocol was adopted in Kyoto, Japan, on 11 December 1997 and entered into force on 16

v 1 d.
February 2005. There are currently 192 Parties nvolve
The }I{yoto Protocol implemented the objective of the UNFCCC to fight, global warming by reducing

se gas rations in the atmosphere to 'a level that would prevent dangerous anthropogenic
ﬁ:f::}?f;:{ff\’:tﬁo?ﬁztm.m system' (Art. 2). . The Protocol is based on the principle of common but
differentiated responsibilities: it puts the obligation to reduce current emissions on developed countries on
the basis that they are historically responsible for the current levels of greenhouse gases in the atmosphere.
Three " flexibility mechanisms” identified in the Kyoto Protocol can be use to meet their GHG reduc-

tion targets are:
« CDM
o JI

o IET
The CDM is the only mechanism under the Kyoto Protocol that involves developing countries, or

non-Annex I countries. it
The Clean Development Mechanism (CDM) is one of the flexibility mechanisms defined in the Kyoto
Protocol (IPCC, 2007) that provides for emissions reduction projects which generate Certified Emission
Reduction(CER) units which may be traded in emissions trading schemes. _
The CDM is defined in Article 12 of the Prot0col‘,> and is intended to meet two objectives:
o .

o To assist parties not included in Annex I in*achieving sustainable development and in contribut-
ing to the ultimate objective of the United Nations Framework Convention on Climate Change
(UNFCCC), which is to prevent dangerous climate change; and

o To assist parties included in Annex I in achieving compliance with their quantified emission limi-
tation and reduction commitments (greenhouse gas (GHG) emission caps)

Where, Annex I parties are those countries that are listed in Annex I of the treaty, and are the

industrialized countries. Non-Annex I parties are developing countries. :

Eu/rCERs

/ Econe

4 Year (t)

Toral comulative GNG emission (K)

Figure 2.6.3: CDM baseline.

The CDM addresses the second objective by allowing the Annex I countries to meet part of their
emission reduction commitments under the Kyoto Protocol by buying Certified Emission Reduction units
from CDM emission reduction projects in developing countries. The CDM is supervised by the CDM
Executive Board (CDM EB) and is under the guidance of the Conference of the Parties (COP/MOP) of
the United Nations Framework Convention on Climate Change (UNFCCC).

The CDM allows industrialized countries to buy CERs and to invest in emission reductions where it

is cheapest globally. -
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CER ang Basoline Conecopts

i , hogenic
The baseline foy & COM project activity ts the scenatio that reasonably represents the anthropog

1‘\\|Ii&ﬁiuns by sourees of greenhouse gases that would occur in the absence of the proposed prode,l atftinty,
The baseline s defined on o project specific basia. The baseline refers to llyputl‘n‘ctlcnl future emissions
that would oceur if the proposed CDM projoct nctivity is not mplemented(see Figure 2.6.3).

_ Where, ¢, = Starting year of CDM
l‘-‘m = Total cwission without CDM

DA = Total emission with CDM
CER = E, . Ecpan TOE €O, reduction(tradable in international market)

Eligible Projects for cDM
Renewable energy, Fuel switching, End-use energy efficiency improvements , Supply-side ur iy ) o
improvements, Waste handling and disposal, Agriculture (reduction of CH4 and N;O emissions), Indus-

trial processes (CO; from cement, HFCs, etc.), Sink projects (only afforestation and reforestation.
The small scale CDM projects can be:

L. Type I: RE projects with a maximum output capacity equivalent to up to 15 megawatts (or an
appropriate equivalent)

2. Type II: energy-efficienc

y improvement project activities which reduce energy consumption on the
supply and/

or demand side by up to the equivalent of 15 gigawatt-hours per year

= ’I‘y-p e ITI: other project activities that both reduce anthropogenic emissions by sources and directly
emit less than 15 kilotonnesof CO, equivalent (CO,e) a_.ymjally.

X7

CDM Opportunities in Nepal- &

1. Renewable energy: CDM can be helpful for ‘i\)\bwer generation and utilizations like Micro hydro
pbower generation, Solar energy power: heating, lighting, power, Biomass based energy: power,

heating, Wind based power generation ,Geo-thermal energy utilization: heating, cooling, power
generation.

2. Transportation: Low GHG

" emitting vehicles, Bus Rapid Transit Projects, Energy efficiency by
using , retrofit technologies f

3. Waste Management: Methane recovery, Capturing/Avoiding the landfill gas emissions, Waste-
to-energy and Biological treatment of the biomass

4. Afforestation / Reforestation: Creation of carbon sinks in addition to what is required under
regulations, reforestation and afforestation of degraded land.

5. Bio-fuels Plant oil production and use for transport application , -production of biodiesel based on
waste oils and/or waste fats from biogenic origin for use as fuel. ’

6. Energy Efficiency: Process optimization: new technology, retrofits, building energy efficienct
power generation, distribution, lighting technology.

2.7 Conventional/Non conventional and Renewable/Non Re-
newable Energy Sources

2.7.1 Conventional/Non conventional Energy Sources
Conventional Energy Sources

The conventional sources of Energy includes : Coal, petroleum natural gas, hydropower etc. Since, their
uses are practiced for a long time. They are exhaust able except water. They cause pollution when used,
as they emit smoke and ash. They are very expensive to be maintained, stored and transmitted as they

i+ *iare carried over long distance through: transmission grid and lines.- = = % s/ i ovuee s idiaze s
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Non Conventional Energy Sources

The resources which are yet i the process of developtuent ovor the past fow yoats. It includes solar,
wind, tidal, biogas, and biomass, geothermal, They are Inexhaustible, They are generally pollution free
and are less expensive due to local use and ensy to malutain. "The Non-conventional sources of energy
includes @ Solar Energy, tidal energy, geo-thermal energy, wind energy, niclear energy etc.

2.7.2 Renewable/Non Renewable Energy Sources

Renewable Energy Sources

Our renewable energy resources will never run out. Thelr supply is not limited. There are no fuel costs
cither, And they typically generate far less pollution than fossil fuels, Renewable energy resources include:
wind energy, water energy, such as wave machines, tidal barrages and hydroelectric power geothermal
energy, solar energy, biomass energy. ’

However, there are some negatives to generating renewable enetgy. For example, wind farms are noisy
and may spoil the view of people who live near them. The amount of electricity generated depends on
the strength of the wind. Also, if there is no wind, therc is no electricity.

Non Renewable Energy Sources

There is a limited supply of non-renewable energy resources, which will eventually run out. They include:
fossil fuels, such as coal, oil and natural gas nuclear fuels, such as uranium, etc.

Fossil fuels release carbon dioxide when they burn, which adds to the greenhouse effect and increases
global warming. Of the three fossil fuels, coal produces the most carbon dioxide, for a given amount of
energy released, while natural gas generates the least.

The fuel for nuclear power stations is relatively cheap. But the power stations themselves are expensive

to build. It is also very expensive to dismantle old nus}é?xr power stations or store radioactive waste, which
is a dangerous health hazard. &

a P N ;
2.7.3 ' Nuclear power stations

The main nuclear fuels are uranium and plutonium, both of which are radioactive metals. Nuclear fuels
are not burned to release energy. Instead, heat is released from changes in the nucleus.

Just as with power stations burning fossil fuels, the heat energy is used to boil water. The kinetic
energy in the expanding steam spins turbines, which drive generators to produce electricity.

Some advantages are unlike fossil fuels, nuclear fuels do not produce ¢arbon dioxide.

And some disadvantages are like fossil fuels, nuclear fuels are non-renewable energy resources. And
if there is an accident, large amounts of radioactive material could be released into the environment. In
addition, nuclear waste remains radioactive and is-hazardous to health for thousands of years. It must

be stored safely.
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Renewable Energy Sources

3.1 Solar Energy

The sun is a sphere of intensely hot gascous matter, It has diameter of 1.39x10”m and is about 1.56x 10" 1m
away from the earth. It rotates on its axis about once every four weeks as seen from earth However, it
does not rotate as a solid body: the equator takes about 27 days and the polar regions take about 30
days for each rotation. It is a continuous fusion reactor. The temperature of the core is estimated to be
around 10"K. The encrgy created by the fusion reaction is transferred out to the surface in a succession

of radiative and convective process and finally radiated into the space.
The sun radiates in all regions of the spectrum, from radio waves to gamma rays. Our eyes are

sensitive to less than one octave of this, from 400 to 750 THz (750 to 400 nm), a region known, for
obvious reasons, as visible. Although narrow, it contains about 45% of all radiated energy . At the
distance of one astronomical unit, the power density- ‘of the solar radiation is about 1367 Wm?, a value
- called solar constant, which is not really constz_mtll: varies a little throughout the year, being largest in

January when the earth is nearest the sun.

4

Sun l.i‘htﬂlr

Oiam, «1.39 x 10° m

=804 x10° i

Ggod = 433 Bt e
=4S Mt e

= 1405 x 10" m

M’“[‘l- saxim =7

Figure 3.1.1: Sun and Earth.

The expression power density is used to indicate the number of watts per square meter. This is also
. known as energy flux. We will use the expression spectral power density to indicate the power density
per unit frequency interval or per unit wavelength interval.

The power density of solar radiation on the ground is smaller than that in space owing to atmospheric
absorption. Radiation of frequencies above 1000 Thz (A <300 nm) is absorbed by the upper atmosphere
causing photochemical reactions, producing photoionization, and generally heating up the air. However,
this part of the spectrum contains only 1.3% of the solar constant. The ozone layer near 25 km altitude
absorbs much of it. Ozone is amazingly opaque to ultraviolet. If the atmosphere were a layer of gas of
uniform sea level density , it would be 8 km thick. The photovoltaic process converts solar radiation
into useful electrical radiation. It can be considered the fuel for the electricity generation is the energy

-received from the sun in the form of radiation, . ..., .+, S P P s

25
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causes of sueh attenuation are:

e
* Rayleigh scattering or scattering by molocules in the atmospher
* Scattering by aerosols and dust particles.

* Absorption by the atmosphere and its constituent gases.

incident power under
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Figure 3.1.2: Arrival of solar energy on Earth .

0

3.1.1 Some Basic Terms &

Solar Constant . &

Irradiance

Irradiance, 1, is defined as the intensity of solar radiation per unit time on a unit surface area of the
carth. The unit is taken as W/m?,

Insolation

Insolation is the total energy received from the sun in a day in a unit surface area on the earth. The
unit of insolation is Wh/mz/perday For Nepal the yearly average insolation can be taken around 4500

to 5500 Wh/m?2/perday.

Peak Sun

Peak sun is the number obtained by division of insolation by Wh/m? /perday. In most cases, the peak sun
or the insolation is treated as a single parameter because they are interrelated by a constant coefficient,

Air Mass

Although radiation from the sun’s surface is reasonably constant, when reaching the Earth it is highly
variable due to absorption and scattering in atmosphere. When skies are clear, the maximum radiation
strikes the Earth’s surface when the sun is directly overhead, and sunlight has the shortest path length
through the atmosphere. This path length is usually referred to as the Air Mass. Through which solar

“: radiation must pass'to-reach-the Earth’s surface. The condition when the sun is directly overhead, the -
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distance through which the sun rays penctrate the atmosphere is shortest and is referred to as Air Mass
1 or AM1. AML.5 (equivalent to a sun angle of 48.2 from overhead or 41.8 from horizontal plane) has
become the standard for photovoltaic standards. The air mass can be estimated at any location using

the following formula:
; AM = /(1 + (s/h)? (3.1)
Where, s is the length of the shadows cast by a vertical post of height h.

For Photo Voltaic(PV) cell, it is important to face the array in an angle such that it permits the
sunlight for maximum possible duration and intensity. The angle at which the module is inclined is
called tilt angle. To determine the optimum tilt angle it will be necessary to locate the position of the
sun from the given site on the earth. The position of a site on earth with respect to the sun is determined
by two continuously changing angles, namely: the sun’s hour and declination angles, and by one fixed
angle that specifies a site’s location on earth, namely the latitude.

Declination Angle

The sun’s declination angle is the angular position of the sun at its highest point in the sky with respect
to the plane of equator. It depends on the momentary position of the earth in its revolution around
the sun. Changes in the declination angle are caused by a simple fact: the earth’s axial tilt of 23.34°
remains constant and in the same direction during the earth’s entire orbit around the sun. In the northern
hemisphere, the declination angle reaches its most northern and positive peak of 23.45° on June 21°% (the
summer solstice) and drops to its most southerly and negative peak of —23.45° on December 21-st (the

winter solstice).

Hour Angle

Depends on the momentary position of the earth in its axial rotation. Hour angle changes 15° every hour. -
The hour angle is measured from the local meridian,or the sun’s highest point in the sky at solar noon
(not necessarily 12:00 hours), with angles between Sunrise and solar noon being positive and angles after
noon being negative. The apparent motion of thé sun is shown(Figure 3.1.3) for an observer at latitude -

28°. =
Hour angle(w,) = (True solar time — 12)15° (3.2)

___________
---------
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8adedination ofthe earth =22.F"

Figure 3.1.3: Apparent motion of Sun

When Latitude is ¢ , Declination angle é and hour angle is w; and solar altitude is h, then(see Figure
3.14)

(3.3)

sinhg = singsind + cospcosdcosw,
(3.4)

sinys = cosdsinws/coshs

¥ et LY
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Also, , ,
£t . a+ b—S— (3.5)
H, ~ Smaz

Where, Hy= Monthly average of daily global radiation on horizontal surface. ;
Ho,= Monthly average of daily global radiation on horizontal surface at same day.
S=Monthly measured average sunshine per day.

Smaz= Monthly calculated average of day length and a and b are constant.

(3.6)

H, = %I,C(l + 0.03300.9(3:(?:)(w,5in¢5in5 + Cos¢pCosdSinw,))

Where, I, is solar constant‘(ISGSWm‘z)

W, is Sunset hour angle ’ :
To obtain maximum solar radiation over the entire year in an area facing south(in northern hemisphere)

tilt angle should be equal to the site’s latitude. The optirgél’ tilt angle of a PV array at any given time
equals the latitude angle minus the declination angle. The declination angle changes throughout the year.
It can be calculated by the Equation 3.7. &

Declination angle of suné = 23.455in(360 x (284 + N)/365) (3.7)

Where, N is the day number in the year (N=1 for January 1 and N=365 for December 31).

‘Global Radiation _ o
Global radiation is the sum of direct and diffuse solar radiation (i.e. aggregate radiation originating from
the Sun) arriving at a level surface. .

Global Irradiance
It is power density (power/area) of the global radiation arriving at a plane. Unit: W/m?

Irradiation or Radiation energy(H)

Energy deusity (energy/area) of the global radiation arriving at a plane within a certain time interval,
calculated by integration of irradiance G over this time interval, This can be one month (mt), one day
(d) or one hour (h). Units: kWh/m? and M J/m?

Pyranometer

An instrument for measuring global radiation (global irradiance G) on a level surface over the whole
wavelength range between approximately 0.3 and 3mm. Pyranometer is based on the thermoelectric
principle and they are highly accurate but expensive instruments so that they are mainly used by weather

services.
Reference cell

A calibrated solar cell for measuring global radiation on a level surface. They are
« 1~ pyranometers. They-only utilizes & portion of total incident insolation and is calibra

much cheaper than
ted such that under -
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standard conditions (standard spoctrum AMLG, whero @ =1 kW/in?). It exhibits the same Insolation
as a pyranometer, In practice there ave diserepanetos, '

When solar radiation passea through tho Earth's atmosphero it fs attenuated by reflection, absorption
and seatter, Ireadiance in horizontal plano of the Enrth's surface Is wonker than extraterrestrial irradiance
Global irradiance(G) on the horizontal plane of the Earth's surface for sunlight that passes through the
Earth'’s atmosphere at 90 degree f.e. AML with cloar sklos 1 roughly 1 kW/m?. Global irradiance for
solar radiation after traversing AM1.5 Is still 836 W/m?, On a bright day with scattered clouds G can
go as high as 1.3 K1W/m? (a phenomenon known as cloud enhancement), Sunlight scatter in the Earth’s
atmosphere substantially attenuates direct sunlight, resulting in diffuse light that comes out of the sky

from all directions. Solar radiation in some locations is diffuso for the most part.

3.1.2 Tracking System

Since, fixed structure modules do not get good exposure over daylight. So, mounting on tracking structure,
have high power gains in total daily output of power(30% or greater can be achieved). Manual tracking
along east-west axis is not practical as it has to be changed manually from east to west at fixed interval.
Therefore this type tracking is generally automatic. Trackers can be motor driven or solar powered them-

selves.

One of solar powered design involves two tubes
of Feron and oil on either side of the modules.
Each tube is partially shaded by mask. As the
sun moves, one tube becomes more exposed than
the other. The Feron expands and either pushes
a piston of transfers oil to the other side which
causes the structure to move to follow the sun.
Motor driven trackers also use two light sensors ¢~
on either side of the module, Depending upon thgﬁ
- difference in the outputs of two sensors, the motor
drives the structure in either direction to\\f_dllow

>

‘North Pole

the sun.
Trackers can be
e Single axis follow the sun along only one
axis(east-west) or
e Dual axis (east-west and tilt angle) for com-
plete seasonal compensation. :

. Large PV systems have the modules on dual
axis trackers, to maximize module output and min-
imize average costs. For small scale array/modules
use of trackers is an economical issué. The gain
provided by the tracker has always to be compared
with the investment and maintenance cost of the ] 8 -
tracker. However manual scasonal adjustment of ~ Figure 3.1.5: Movement of earth on its own axis.
tilt angle is advisable to all the PV installations.

South Pole

Solar Time

Time based upon the apparent angular motion of o

sun across the sky with solar noon as the time the sun crosses the meridian. It does not coincide the local
needed to obtain solar time from local time a)Constant correction to account

clock time. Two factors sathe b ! i
the difference in longitude between observers meridian and the meridian in which the local time is based
kar) b)Second Correction is the equation of time which takes into account of

(eg. For Nepal Gaurishan tin
hich affect the time the sun crosses the meridian.

the earth rate of rotation w.
(3.8)

Solar time = Standard time + 4(Ly¢ — Lioc) + E

Where, L,; = Longitude of Standard ‘
Li,.=Longitude of location.. . . ik RO WO
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8=23.45° # o0
: Path of a location

Path of a location
with latitude @ <

with latitude ¢ ~—

2 March 21
June 21 Nsmax=113.5°- )
e e § Sept. 23

«— @
g S

s

l Night side Day side
Nightside | Dayside '
(a) Summer Solstice(June 21) o * (b) Equinox(March 21 and Sept 23)

Figure 3.1.7: Sumrn\e:r solstice and equinox.

= equation of time = 9.87 sin2B-7.53CosB 1.5SinB
Where, B= 360(11_—81)/365 and n=days of the year

3.1.3 -Solar Thermal Energy(STE)

The basic purpose of solar thermal energy is to collect solar radiation and convert into useful solar energy.
The performance of STE depends on factors like availability of solar energy, ambient air temperature and -

thermal characteristic of solar system itself,
When we trace the history of STE; we can find it was used from start of life for drying food and

other things. On 500AD, Romans used mica and crude glass to trap the sun’s heat at the same period
Anansazi, Indian tribe of colorado used south facing canyon wall to stay warm. In 1760 Horace de
Saussure foung room covered with glass gets hotter and in 1860 Auguste Mouchout work on ”Hot Box”
first solar powered motor, which involves a glass enclosed iron cauldron connected to a steam engine with

copper tube. ‘
In 1885, Charles Tellier, flat plate collector filled ammonia instead of water in his work as ammonia has

lower boiling point. In 1875, William Adams arranged flat mirrors on the one and focused on blackened
stationary boiler with the ability to rotate to follow the sun could run 2.5 HP steam engine. In 1880
John Ericsson developed parabolic trough. In 1906, Frank Shuman double insulated the collectors, added
reflectors and a tracking device to achieve higher temp which is used for 55HP irrigation Pump.

Solar thermal system can be classified into two categories:

1. Passive solar thermal system: A passive system does not use a mechanical device to distribute solar
heat. An example of a passive system for space heating is a sunspace or solar greenhouse on the
south side of the house. Although passive systems are simpler, they may be impractical for a variety

of reasons. They can be used for

S g5 b iy e AR A v

- #(a)+Solar Home 'design -
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i. Direct Gain-sunlight directly enters tho space it is intended to heat, and is stored and
released in that area.

i, Indirect gain-TrombeWalls

iii. Isolated Gain-sun rooms

(b) Heating
(¢) Lighting

2. Active solar thermal system

3.1.4 Solar Thermal Collector

A collector designed to collect heat by absorbing sunlight, this term is generally applied to solar hot water
panels but it can be generic term to denote more complex installations such .as solar parabolic reflectors,
solar trough and solar tower or simpler installations such as solar air heater. Complex collectors are
used in solar power plants used to generate electricity by heating water to produce steam which drives a

turbine connected to alternator. Collector types can be

Flat Plate Collector

They basically consist of dark plate absorber, a
transparent cover that allows sunlight to pass
through, heat transport fluid(e.g. air, water) to re-
move heat from absorber and heat insulated back-
ing to avoid heat loss. ]

The absorber consists of a thin absorber sheet
(of thermally stable polymers, aluminium, steel or .
copper, to which a matte black or selective coating \,;'
is applied). often backed by a grid or coil of fluid*
tubing placed in an insulated casing with a glass

~

or polycarbonate cover. R
§

Heat coming to the absorber plate = tal ‘
‘Heat Loss from the collector = U x (T,,7,) ‘
Heat transfer rate to the fluid in the collector(m=2) = tal — U(T,,T.”;l

= diation
! tal — U(T,T,
Collector efficiency = “—I(P_ﬂ)

(3.9)

" Where, I = Solar Irradiance(Wm~2)
t=Transmitivity of Glass
o =Absorbility of Plate

T,=Plate Temperature
T. =Ambient Temperature Figure 3.1.8: Flat plate collector.
U= Overall Heat Loss Coefficient

Concentrated Collector

Concentrating, or focusing, collectors intercept di-
rect radiation over a large area and focus it onto
a small absorber area. These collectors can pro-
vide high temperatures more efficiently than flat-
plate collectors, since the absorption surface area
is much smaller. .
Type of concentrating collector are
1. Parabolic trough system: These solar collectors use mirrored parabolic troughs to focus the sun’s
energy to a fluid-carrying receiver tube located at the focal point of a parabolic curved trough
reflector. The energy from the sun sent to the tube heats oil flowing through the tube, and the heat

energy is then used to generate electricity in a conventional steam generator. .
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Figure 3.1.9: Concentrating collectors types.

Generally large parabolic trough power plants are "hybrids,” meaning they use fossil fuels to sup-
Plement the solar output during periods of low solar radiation. They are Al aligned along a north
south axis so they can track the sun from east to west during the day. Trough designs can incor-

porate thermal storage setting aside the heat transfer fluid in its hot phase-allowing for electricity
generation several hours into the evening ;

called "heliostats” to reflect solar énergy onto a recejver located on top of a tall tower. The receiver
collects the sun’s heat in a heat transfer fluid (molten salt) that fi

heat energy is then used to make steam to generate e in a conventj
ntion ator
located at the foot of the tower. al steam generator,

Stationary-concentiating-collectors: AT oy
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3.5

Solar Water Heater(SWH)

33

It is the most common use of solar thermal techtiology for domestic water heating at low temperatute (be-

low
Only after the energy ctisis of 1973 prospects of al-
ternative energy including solar wero came to pri-
ority.
In Nepal, a SWH was installed which was lo-
cally made at Department of Mines and Geology.
Other report points out that the first prototype
SWH was manufactured in 1968 by late Rev. B.
R.Saubolle and Asha Brothers in Kathmandu. In
1974 Balaju Yantra Shala(BYS) constructed its
firss SWH using a old electric heater tank and
self made collector. With some improvement BYS
supplied to Buda Nilkantha Boarding school,which
was the first public use of Solar thermal system in
Nepal. :

In its simplest form it is a piece of black plas-
tic pipe, filled with water, and laid in the sun for
the water to heat up. Simple solar water heaters

100°.

Figure 3.1.10: Solar water heater sectional view.

usually comprise a series of pipes that are painted black, sitting inside an insulated box fronted with a
glass pa'.nel(collect;or)_. The fluid to be heated passes through the collector and into a tank for storage.
The fluid can be cycled through the tank several times to raise the heat of the fluid to the required

temperature(Figure 3.1.10). Two common configurations are:

1. Pumped §olar water heaters: Water is pu_rjfﬁed to the collector using external means. The
advantage is that the storage tank can be §§t\éﬂ below the collector. The disadvantage of course

[N

3 T Side view
|
o Vert pips
" Cold water——e- sy
s Ar rel Jve (or vent
suep e i o R WL
—— Bleclric boaster + thermostat,
o Hot water siorage tank
AR hsuiaton
Downcomer (circ, pipe) insulatad
Collector
Sop v Sang
1
Angle
o= Hot waler supply pipe (distibufion pipeline)
Tep o —

Figure 3.1.11: Thermosyphon solar water.

is that. electricity. is required to.drive the pump. Often the fluid circulating in the, collector. will, ... , .
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. case, & heat exchanger jg
’ mical. In this
be treated with an autl-corrosivo and /or mm;[l.,:(.ﬁ‘;:’];ogilpply
required to transfor the heat to the consumers 10 o . i
“ADE wi it rises and i
b l0] d in the collector 1 .
4 heate ; :

tank placed above the top of the collector and as w;:ﬁ; :4 : Pntﬂu?: :flrggrn;:ure
replaced by cold water from the bottom of the tank. : Lopyet W(Fi = 31( ues}l

of the water in the tank is equal to that of the Pn.“;J 't water is drawn off for use gu 111).
cold water is fed into the system from the mains as ho i

the reverse 0C
A one-way valve is usually fitted in the system to prevent
temperature drops.

Open loop systems allow water to run t
to be used. Closed loop systems are W
separate from the water used. The system uses
be added to the water running through the pane

2. Thermosyphon: The thermosyphon uses t

nd be stored in the storage tank
Jates through the solar panel jg
means that anti freeze cap
be used in cold climates,

hrough the solar pancl.s a
here the water that circulate
a heat exchanger- This
]s which allows them to

Evacuated Tube Flat Plate Collector(ETC)

Heat loss to the environment inherent in flat plates is reduced as heat loss
vacuum.

It for.ms an efficient isolation mechanism to keep

heat _mside the collector pipes. Typically, the wa- |

ter piping in an ETC is surrounded by two con-  Heatpee neimn,

Marstold
centric tubes of glass with a vacuum in between \‘| | «—Fluid flow
)

due to convection cannot cross a

that admits heat from the sun (to heat the pipe)
but which limits heat loss back to the environ-
ment. The inner tube is coated with a thermal

absorbent. Life of the vacuum varies from collec- : ! Evacuated fubo

tor to collector, anywhere from 5 years to 15 years. ' i -/ bsorber plate —O—
It is customary to place a reflecting surface behind 1P

the AEray, & A / Hoat pipe evaparator

LAl Cross-sectional detai
3.1.6 Solar Drier

A estimate showed that a minimum of 107 million
tons of food were lost in 1976 out of 750 million
tones produced including durable and perishables!
About 50% of world’(sht:ogod and 36% oIf)vegetables Figure 3.1.12: Evacuated tube flat plate Collector
of the world are produced in developing countries S0lar heater. '
where there is enormous food loss during post har- )
vest period, due to spillage contamination, attack by birds, rodents and insects! Even conservation of
50% loss can make the developing countries self sufficient.

If the food is not dried the following may hap-
pen

1. Reduction in the germination rate of seed.

2. Discolouration, which reduces value of foods
for many purposes.

3. Development of mustiness or other undesir-
able odours or flavours.

4. Chemical changes that render food undesir-

ble or unfit for processing. .
" ’ Figure 3.1.13: Cabinet solar dryer.

Production of toxic products, known as my-
cotoxins, some of which can be harmful if

consumed.

SH

6. Total spoilage and heating, which sometimes
may continue to the point of spontaneous combustion: AR, - . -
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How Drying Helps us?

1. Reduction of losses

2. Avoid biological and biochemical processes during storage
3. Prevents germination and growth of fungl and bacteria

4. Conservation of nutritional value and taste

5. Extension of life

Natural sun drying is simple and economic but there is no control over drying rate which can leads to
crop overheating, discolouration, nutritional change. There will be no protection from rain, dust, birds
also slow drying call back to no drying.

The advantages of controlled drying are control of temperature and humidity for drying whlch con-
tributes to product quality, storage capability, hygiene improvement and reduction of wastage.

Drying is governed by the principle that for given place, for given amount of absolute humidity, relative
humidity increases with decrease in temperature and vice-versa. Lower the relative humidity higher is
the evaporative potential hence, as temperature increase, evaporation increase.

Types of solar drier.

1. Open Sun Drying

2. Controlled Dryiﬁg

(a) Passive Mode(Natural Convection) S
i. Direct _. \-:‘3; i
. ii. Indirect e 5\\@\:\
jii. Mixed &

(b) Active Mode Forced Convectlcn)

3.1.7 Solar Cooker

Solar cookers are for cooking by Solar thermal power. They have two main categories: solar ovens and
direct solar concentrators. Solar oven is basically a box with a glass cover. The box is lined with
insulation and a reflective surface is applied to concentrate the heat onto the pots. ‘The other approach
is to reflect the suns rays onto a put, often with a parabolic dish. The pots can be painted black to help
with heat absorption. Solar concentrators have parabolic like reflector surface focussing heat on focal
point where food is kept for cooking.

3.1.8 Solar Thermal Power Plants

The idea is to use concentrating collectors to produce and supply steam to heat engines. This section
is concerned with generation of mechanical and electrical energy from solar energy by processes based
mainly on concentrating collectors and heat engines.

—

4
STORAGE :: scuta alfu‘r'i g VECUNCAL
AP
L
HEAT
REECTED

Figure 3.1.14: Block diagram of solar thermal power system plants,

r
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3010 Solar Photovoltale(PV) Cells

‘\‘{‘{l\'\x‘\\l‘txl\l\‘t\\a-s like Silicon(8i), Germanium(Ge),
1 Wie(Gal’), Tndium phosphide(Inl’), Cadmlum
Indin diselenide(CulnSo, or C18). have electtie
Parametep called

Silicon has four valence electrons in its outer-
MOSt shell. In order to establish a stable electron
configuration (rare-gas configuration with eight
electrons or octet state), cach silicon atom along
With four adjacent atoms form a covalent bond,
where each atom controls an electron at each bond;
thus a bond consists of two electrons. In a silicon
FT.VS‘&I. eight electrons are arrayed around each sil-
lcon atom, which means that the desired electron
configuration has been attained.

Although semiconductor conductivity at tem-
Peratures above the absolute zero point is consid-
erably higher than the conductivity of insulators,
1t is very low. This conductivity can be substan-
tially increased by adding suitable external atoms
! a process known as semiconductor doping. Dop-
INg 1s a process involving targeted semiconductor
contamination that is carried out in a controlled
manner.

Junction between p and n conducting semi-
conductors which automatically produces a space

charge zone and thus creating electric field. Elec-& '

trons are diffused into the p-zone from the n-zone,
where they fill holes. The positively charged donor
atoms left behind produce a positive space charge
in the n-zone, while the now negatively charged

- OUAPTIR

Hnlvninm(b‘o),

Snlphl(]n(C(l., '
al conduct

Potentia!"&ifféi'gr‘l o
across the junction

RENEWABLE ENERGY'SOURCEg.
3- g v ’

( ;n ] ur fa i 'ﬂj \8 Hium ho

rsCIll(lC((l )’ gﬂ p s

( [l:nl:.:"l I(_,‘”ulide(: [l Ie) and Cﬂpper
80

tor and conductors and key

8) ula
ity between 108 . energy,
batic
1 : ' ‘ﬂ‘m@ } kil
- ' \
P-region

0,0 00
+ ¢ L

00 g :
X
996@0+ o B
OO0 )

1
- free electrong

 Positive Donar gy *
:Negative A;-,cehqb;

~+Holes -

A

Figure 3.1.15: PN Junction.

acceptor atoms engender a negative space charge in the p-zone. These space charges create an electric

field in the boundary.

Solar Cell is basically a large diode with a bar-
rier layer that is exposed to light. For many light

quanta(photon) to arrive at a point near the bar- .

rier layer, the (usually n-Si) semiconductor zone
facing the light must be ultra thin(e.g. 0.5 mm).
The photon with energy >EG can be absorbed ,
thus allowing for creation of an electron ‘hole pair
The electric field E in the barrier layer quickly sep-
arates this electron hole pair before it can recom-
bine. Since the charges have been separated, the
space charge (and thus the electric field strength
in the barrier layer) is reduced until it is no longer
strong enough to separate electron hole pairs. It
is at this point that the solar cell reaches its open-
circuit voltage.

Idellly, the equivalent circuit consists of a light
generated current source in parallel with the diode.
In a little real scenario there is resistance in par-

Ntypesilicon (P4) = 5 =
T
P-type silicon (B ’T"’%’@'% |

Figure 3.1.16: Solar cell structural section view.

allel and series. The series resistance (ideally zero) represents the resistance to current offered by the

busbars, fingers, contacts and the cell’s bulk semiconductor material,
the non-ideal nature of the pn .iUﬂCth’? and impu:ities near the cell’s edges that tend to provide a sho

circuit path around the junction.: -

The parallel resistance relate to

S

L AU SRk K
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3.2. HYDROPOWER, . . ... 1. 1 v 4, et
- v ‘
N r Dark gurrent
1 r * of solar cefl
2. Quadrant 1.Quadrant
Breakdown voltage u l
! >V
[/
r 3, Quadrant - C.QTMJ
! IV curve of
BN flluminated
Y;mr of overheating solar coll
Figure 3.1.17: Solar cell, I-V characteristics.
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(a) Ideal equivalent circuit of solar cell. (b) Equiy\aleﬁ?: circuit of solar cell practically

Figure 3.1.18: quci;ntratiug collectors types.

>

Types of Solar Cell

1. Monocrystalline: Mono-Si also serves as photovoltaic, light-absorbing material in the manufac-
. ture of solar cells. It consists of silicon in which the crystal lattice of the entire solid is continuous,
unbroken to its edges, and free of any grain boundaries. Mono-Si can be prepared intrinsic, consist-
ing only of exceedingly pure silicon, or doped, containing very small quantities of other eleménts
added to change its semiconducting properties. Monocrystalline silicon is used in the manufactur-
ing of high performance solar cells. They are expensive, efficient, have uniform appearance. Lab
efficiencies of 25.0 percent for mono-Si cells are the highest in the commercial PV market ahead of
polysilicon with 20.4 percent and all established thin-film technologies namely, CIGS cells (19.8%),

CdTe cells (19.6%), and a-Si cells (13.4%).

2. Polycrystalline: Polycrystalline silicon, also called polysilicon or poly-Si, is a high purity, poly-
crystalline form of silicon, used as a raw material by the solar photovoltaic and electronics industry.
They are less expensive, have lower efficiency, appearance is not uniform in solar plate.

3. Thin Film or Amorphous Solar Cell: Amorphous silicon (a-Si) is a non-crystalline, allotropic
form of silicon and the most well-developed thin film technology to-date. Thin-film silicon is an
alternative to conventional wafer (or bulk) crystalline silicon. They have lower efficiency but have

lower cost.

3.2 Hydro Power

Water constantly moves through a vast global cycle, in which it evaporates from lakes and oceans, forms
clouds, precipitates as rain or snow, then flows back to the ocean. The energy of this water cycle, which
is driven by the sun, it tapped most efficiently with hydropower. Hydropower plants capture the energy
of falling water to generate electricity. The turbine converts the kinetic energy of falling water into
mechanical energy. Then a generator converts the mechanical energy from the turbine into electrical

1o

energy.
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i fl'Om th

; d the penstock bn:lg water .
A dam blocks the water, holds it in & reservoir. Plpesn(:,]izk is call the ”hea,d,f ;]l.‘ll;e lf::;ec::::ted
reservoir to the powerhouse. "The drop in elevati and o higher force ‘:, Ao forc: .
is the force need to create electricity. Higher Vo' prrbies: The turbines mov i e & of
eroihpnpn by o el s spatal £¢ “: es turn 2 shaft that drives g he d TS that

the head as it flows down the penstock. The rotating tur me i1l way of the dam.

produce electricity. Water not used for producing energy ist |
9pHQs - (3.10)
Power Potential(P) = =7000

Jeased over the sp

;‘\

-2
Where, gp = Weight density of water = 9810Nm™m o
Hy= Level difference between intake and tailwater(m) &

s= Water flow rate at intake (mss_l) . _ g
There may be some losses in penstock, turbine, Tgenera.tor,
efficiency calculation should consider all these losses.

In terms of water usage hydropower may be of

canal, drive, transmission loss etc. Thyg

1. Run off River Type: This uses water within the range of t¥1e natural_ river flow. Power output
depends upon season as there is no storage_of water in reservoir..

2. Resorvoir/Pondage Type: They -have reservoir, that enables regulating the river. flow and.ca.n :
_ supply electricity according to demand also head may later according to water level in reservoir.

3. Pump storage type: It has an upper reservoir and lower reservoir. It generates power during
peak demand and pumps up water during low demand, hence improves load factor.

3.2.1 Classification of Hydfopower
In Terms of Capacity-Nepal’s Context

SN Name Capacity(kW)

1  Pico Hydro Upto 5kW

2 Micro Hydro Upto 100kW

3  MiniHydro  >100kW to 1000kW

4 Small Hydro >1000kW to 10000kW
5 Medium Hydro >10000kW to 50000kW
6 Large Hydro >50000kW

Table 3.2.1: Classification of hydropower in terms of plant capacity in Nepal

; In Terms of Available Head
Mo it oves w1 UltraLow Head :Below 3m ™ - vvi o

NI iy e gt

e L T

Scanned with CamScanner



8.2, HYDROPOWER . . . . . .o, P ‘ 39

(b) Pondage hydropower

C) : Peak Domacd
£} : Low Demand

(c) Pump storage hydropower.
Figure 3.2.2: Hydropower types.

9. Low Head ;: Above 3m and upto 40m 8

3. High head : Above 40m 3

3.2.2 Water Turbines ©
A hydraulic turbine is a roto-dynamic fluid ma-
chine, which converts hydraulic energy into me-
chaq.ical energy. Turbine convert energy in the
form of falling water into rotating shaft power.
The turbine have runner with identical blades or
bucket mounted on it, flow guide mechanism or
nozzle to direct the flow at required level and outer
casting(housing). They are of following types.

1. Impulse(High Head) turbines:

2, Reaction(Low Head) turbines:

In impulse turbine, pressure energy of water
is completely converted into kinetic energy before
hitting the turbine runner. There is no pressure
difference between the inlet and outlet of turbine
runner. In reaction turbine, there is pressure dif-
ference between inlet and outlet of turbine runner.
ease in pressure energy or pressure difference is known as reaction

Figure 3.2.3: Types of turbine.

The energy transformed due to decr
effect(Table 3.2.2).

Pelton Turbine
normally use for medium to high head. It can be mounted horizontally and
increase flow are used at medium head. At least one jet of water strike

It is impulse type turbine,
‘where maximum jet diameter should be about 1/3 of bucket width.

vertically. The multi jet pelton
the buckets at atmospheric pressure,
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Water gho I medium -
gt is suitaP flow el
pecific

3 It can tolerate sand. 0 high h poor P
jum i y
head ¥/ utpwith high

4 . It is suitable for qu oy
flicient for foiency b

head and also e |
range of flow but have low SP& aniy A -
Tree s o Cavitations must be avoid
5 There is no cavitation problem, - '
e and Reactio? turbine

Table 3.2.2: Difference petween Impuls

The major site having pelton turbine are:
30 x 2MW

Kulekhani I

Puwa Khola 3 x 2MW
Sundarijal 300 x 2KW
Pharping 250 x 2KW
Khimti 12 x 5KW
Chilime 11 x 2 MW
Aadhikhola 1.7 x SMW
Piluwa 1.5 x 2MW

Turgo Tﬁrbine

omponents are;”" Figure 3.2.4: Pelton turbine.

It is an impulse turbine whose ¢ :
similar to the Pelton turbine. The only dif-
ot strikes the plane of

ference is that the j
the runner on one side (usually at 20 de-
on the other. In turgo tur-

gree) and exists
bine, water jet strikes simultaneously three vanes.
be installed hori-

Same as pelton turbine it can
zontally and vertically but runner size are smaller
B Sowen output. They have higher specific speed and the discharged liqud
ly be connected to generator without intermediate

than pelton tubine
do not interfere with incoming fluid. They can direct
costly speed increasing transmission.

Some disadvantages or negative aspects are the
fabrications of runner and vanes are difficult be-
cause of their complex shape also vanes are more

fragile than pelton buckets.

Crossflow Turbine

It is impulse turbine also known as Banki, Mitchell
and ossberger turbine with drum shaped runner.
The rectangular nozzle forms the jet, strikes full
Jength of the runner. The flow of water can be
increased with runner length and water strikes
the blade twice. The partition valve allows part
flow and a draught can increase the effective head.
It can mounted horizontally. The reaction tur-
bines considered are: Francis, Propeller and Ka-

-plan-Turbine- ki d R o e

F;
1gure 3.2.5: Turgo Turbine.

2 oY
Ui Sgvse g
o ey s
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Intel pipo

Guldo vanos

Runner

Figure 3.2.6: Crossflow Turbine.

Francis Turbine

A Francis turbine has a runner with fixed
vanes, usually ~ nine  or more. _
The water enters the turbine in a radial direction with respect to the shaft, and is discharged in an axial
direction. Water imparts most of its pressure energy to the runner and leaves via draught tube. Guide
vanes are used to regulate the water flow and usuall)\f linked to governor. As the flow is reduced, the
efficiency of the turbine drops off. Due to high insfaﬂation cost and difficult in repair and maintenance,
not preferable in micro-hydro. A :

There is a difference of pressure betwegn.pthe
G/Vs and the runner which is called reaction pres-
sure and is responsible for the motion of the run-
ner. Water release from a draft tube submersed
in water for easy release and reuse of exit water

energy. C
£ Guide Vafe (o)
. Wicket Gate
Propeller Turbine “lo Regruliting
: Rod
Propellor turbine has high rotational speed than Baftibes |

francis turbine thus shaft(generally vertical) can

be coupled without speed increasing device(gears). v R
"It is less expensive and easy to construct and suit-

able for repair and maintenance. It requires small

generator and applicable for low head and high

discharge.
Water enters the runner in the axial direction and leaves axially. The pressure at the inlet of the
is due to the reaction effect of pressure

blade is larger than at the exit of the blades. Energy transfer
differences.

The main advantages are low cost, small contact and small number of blades thus less friction. Also
Kaplan and propeller turbine can be mounted in any angular position but generally mounted in vertical

position.
absence of adjustable blades and loading on the blades are

Disadvantages are less part load efficiency,
large due to few number of blades.

Kaplan Turbine
1916) invented an adjustable blade propeller turbine. The Kaplan turbine is an

bine that has adjustable blades. They are now widely used throughout the

Prof. Kaplan (Germany,
It is equivalent to propeller turbine at full load. Its part

axial-flow reaction water tur .
.world in high-flow, low-head power production.
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Y an be rotated ab
lﬁnd ellicioncy is good. In Kaplan turbine the runner blades are adjustable and ¢ 2d about,
1 VU{S ﬁxml to h\)h‘N of u": runner. d " lOﬂ.d eﬂr_i
0.\':: u‘:"{mlll\‘}’,:‘ of Kaplan turbine are compact size for same power, 00 pat

d p a .
Bood efliclency for high flow and low head. ber of blades, not suitable for high head

{nstall. There are cavitation problem.

ciency, low frictiona]

aitd ?‘s“‘l"“““\?;us are large loading on blades due to few nut
OW How. It s vory expensive to design, manufacture and

(a) Propeller Turbine . (b) Kaplan Turbine.

Figure 3.2.8: Propeller and Kaplan Turbines.

Fuity -mgfﬁmmd ik
crnss. flow

T

oa 0g ]

Flow
maneniurn Now

p
S

Figure 3.2.9: Turbine efficiency at different part flow conditions.

3.2.3 Importance of Micro Hydro Power Project: Nepal’s Context

It is renewable energy source and make use of locally available water resources with per KW cost very
low compared to bigger power plants. Nepal has hilly and isolated settlement with abundance of water
resources. Rural areas do not have national grid connection, thus such hydro power can be effective
for electrification of rural and remote areas. Since hydropower is eco-friendly, this can lead to heath
improvement, sustainable development.

Some limitations are hydropower are site specific, long distance of transmission as houses are separated
in remote areas and power demand is limited.
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Aot Satleg bagin
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diversion weir

Figure 3.2.10: Major components of Micro Hydropower plant.
Hydro-schems components

CIVILCOMPONENTS

intake structire

- weir-

Tonhey ma - g g headrace Canal

! Geaveltrap

S pill way

Setifing! Desanding Basin
Farabay Tank 4
Anchor Black and support piar
Power House

Talirace Canal

MECHANICAL COMPONENTS
Turbine (Peitonf Crossflow ..}
Penstock (Steal/ PVC { HDPE ...)

" Drive System (Bel ICoupling / Gear)

Expansion Jaint X X
Valves {Gata f Sphere I Butteefiy)
Trashrack (Coatse I Fine)
Flushing system {Cone ] Sluice gate)
Governor (Mechanical Hydraulic)

ELECTRICAL COMPONENTS -
Gansrator:.
Electronic Load Controller
‘Transformer {Step-up / Step-down)
Control Panel
Power cable (Armored I Unarmared)

MAJORMHP COMPONEKTS
CIVIL

MECHANIC'A;

ELECTRICAL

TRANSMISSION/
DISTRIBUTION

PROTECTION/ CONTROL

PROTECTION & CONTROLLING BYSTEM

TRANSMISSION & DISTRIBUTION SYSTEM 2
Conductor {Aluminum / Copper)
Lighting srrestor

Ins ulator
Earthing

. Staywices
Fuse/MCB, etc, - Poles (Wooden / Cancrete Steel)

Figure 3.2.11: Major components of Micro Hydropower plant contructional wise.

3.3 Wind Energy

Wind is the movement of air caused by pressure differences within the atmosphere. This pressure differ-
ences exert a force that causes air masses to move from a region of high pressure to one of low pressure.
That movement of air is referred as wind. Such pressure differences are caused primarily by uneven
heating effects of the sun on the Earth’s surface.

Since ancient times, people have harnessed the winds energy. Over 5,000 years ago, the ancient
Egyptians used wind to sail ships on the Nile River. Later, people built windmills to grind vivheat and
other grains. The earliest known windmills were in Persia (Iran). As late as the 1920s, Americans u§ed
small windmills to generate electricity in rural areas without electric service. In the early 1980s wind
energy really took off in California, partly because of state policies that encouraged renewable energy
sources.

3.3.1 Wind Generation

ind is si ir i i i heating of the earth’s surface by the sun. Since
Wind is simple air in motion. It is caused by the uneven . , .
-~th;nearth’s slljxrface is made of very.different types of land and water, it absorbs the sun’s heat at. different
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B 5 st o OHADT
rates, .
During the dayithe afr above the « Baat s wartd
land heat “re e
olr o5 S Up wore quickly than the T
land :\" “'Nim‘. The watm adt over the -cm«_la\ :
xpa
for mok!r ds and rises, and the heav- . UK & iode
baelicpigders tushes In to take its place, P o
i ng winds, At night, the winds Y
r‘i‘.bl(;eversml because the air cools more T
s::xpl 1y overland than over water. In the il
e waythe large atmospheric winds 3

that circle the earth are cre .
cau§e the land near the eartl?’ze‘:qll::— "
tor is heated more by the sun than the
land near the North and South Poles.
Today, wind energy is mainly used to
generate electricity. Wind is called a re-
‘l‘llcielwlw:)l;le enerlgy source because the wind 200%
\ ow as lon i . i : :
The meésuril;.lirftl;l eosfu:risxl:(;nz;eeds Figure 3.3.1: Global wind energy iteealed caPaf’lty'

is usually done using cup anemometer i
which has vertical axis and three cups which capture the wind and rotates. The number of revolutions

per mi.nute is registered electronically. Because of boundary layer effects at the earth’s surface, the wind
speed increases with altitude according to : -

a_(l : (3.11)
v2 ha ) > .

N » .
afid hg respectively, a is ground surface friction
o ?

. U3

Where, v; and v, are the wind speed at altitude Ay

coefficient. : o sl
The first wind energy generator of 20KW capacity(10KW each) was installed in mountainous area of

Nepal(Kagbeni) in 1989 as demonstration project. However, within the three month period, blade and
tower of the wind generator were broken. The main reason reported was structural failure to withstand

the gusty wind speed(source: WECS, 2002). ;
A wind turbine is a rotating machine which converts the kinetic energy in wind into mechanical energy.

If the mechanical energy is used directly by machinery, such as a pump or grinding stones, the machine
is usually called a windmill but if converted to electricity, the machine is called a wind generator, wind

turbine, wind power unit etc.
The wind power can be calculated as

1
Puyind = 'Z'PAV.;';.; (8.12)

Power from a Wind Turbine Rotor = C,,%pAva (3.13)

Where, Pyina = the specific wind power
Vay = The average wind speed(m/s)

A = Wind rotor cross sectional area(m?)
p= %5 pisair pressure(Pa), R is the specific gas constant(287JKg~1 K1),
C, = power coefficient, percentage of power in the wind that is converted into mechanical energy.

g Wind Turbines may be of following types according to the axis of rotation of blades.
1. Horizontal axis wind turbine(HAWT): The rotor axis is kept horizontal and aligned parallel in the

direction of the wind stream.
2. Vertical axis wind turbine(VAWT): The rotor axis is vertical and fixed, and remains perpendicular

to the wind stream.

Main Components of Wind Turbine
- 1. Hub': Rotors attached to low speed shaft
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. Jﬁxq ~Generator
IR vaw)

GearBon

Figure 3.3.2: Types of wind turbines,

2. Gearbox : Needed to increase rotational speed ratio to th i
B 0 that required by generator, 20-50 rpm to

. Clutch :Used to enguge/disengage gear box to generator

& o

. Brakes : Used in emergency,/maintenance periods

. Yaw drive mechanism : Operated by the electromc controller which senses the wind direction using
he \;'md vane, Normally, the turbine will yaw iny a few degrees at a time, when the wind changes
its direction & .

Q

[}

6. Cooling Unit: Cooling needed for gener&t\?)\} may be air or liquid cooled

R

7. Tower: Tubular or lattice

Control Systems in Wind Turbine

The main purpose of wind turbine control systems is to manage the safe, automatic, continuous operation
of the turbine. This reduces opetating costs, provides consistent dynamlc response and improved product
. quality and helps to ensure safety. This operation is usually designed to maximize annual energy capture
from the wind while minimizing turbine loads. -

Control systems are typically divided, functionally, if not physically, into three separate parts: (1)
a controller that controls numerous wind turbines in a wind farm, (2) a supervisory controller for each
individual turbine and, (3) if necessary, separate dynamic controllers for various turbine subsystems in
cach turbine. These separate controllers operate hierarchically with interlocking control loops.

| Wind tarm controller ]
Stant-up Continuous
Systam chack faul
Accelerat:on control MoOntonng
Speed control
/ Synchronization
Dyname < On-ine control
LOMponant v
\ Shut-cown Emergency
\J Disconnection ahut-down
Deceieration
Braking
Supervisory controlier !
Wind turbine '
=0 <" Figire 3.3.3: Wind turbine control systems. = " """ *

Scanned with CamScanner



v '/ 4~'
AL PR CHAPTER 3. RENEWABLE E!
ction, low wind
s tes Wl produ . .
Supervisory controller switches between turbine ()pcr.a"ll\f:):!: An(dp‘])im“ mndlh("_\" starts and
0. €tc.), monitors wind and fault conditions such as '?Igl tc; the turbine dynamic controllers,
© turbine in aa orderly fashion, and provides control inputs

or X p :
example, the desired speed ration or rpm. ake continuous high speed a_dgxm-
! contrast, dynamic controllers for various turbine components ::‘d changes in operating conditions.
;It‘e'ms to turbine actuators and components as they react to high <p he outcome of control actions. Dy-
's used to control systems in which larger system dynamics affect ¢ rol of other subsystems

i N . nt
hamic controller will manage only specific subsystem of the turlmfe. leav mﬁ:; ' o
Ynamic controllers and coordination of various dynamic contro rain torques, to control

2 ive t
TY control systems. They are used to adjust blade pitch to n:dquu‘t d:lt:;
W in & power electronic converter or to control the position of actustor:

“ril]d f‘arms

The
Sh\“ dow
stops th

Superviso
Power flo

A i ) ) o s sed to produce electricity.
wind farm or wind park is a group of wind turbines in the same location ‘Ld cover an extended area

A large wind farm may consi individual wind turbines an !
of hundreds of squamymﬂ::sl:&ftsl:?;:lndhgdmrin the turbines may be “sed. & a:gncult;“:‘::fu‘:;:lg
purposes. Many of the largest operational onshore wind farms are located_ln Cl}““‘ e copacily of
States. For example, the largest wind farm in the world, Gansu Wind Farm in Chins has 8 <9080 % 0
over 6,000 MW of power in 2012 with a goal of 20,000 MW by 2020. The Alta Wind Encty '-nr
;\nﬂ(\:”aufonﬁa" United States is the largest onshore wind farm outside of China, with a capacity i

. As a general rule, economic wind generators require wind speed of 16 km/h (10 mph_) or great;r to
construct wind farm. An ideal location would have a near constant flow of non-turbulent wind throug out
the year, with a minimum likelihood of sudden powerful bursts of wind. An important factor of turbine
siting is also access to local demand or transmission capacity. . .

Individual turbines are interconnected with & medium-voltage (usually 34.5 kV) power ?°u°°t1°“

system and communications network. At a substation, this medium-voltage electrical current is ma:eased
in voltage with a transformer for connection to the high voltage transmission system. Const-;ructlon of
a land-based wind farm requires installation of the collector system and substation, and possibly access
roads to each turbine site.

3.3.2 Advantages of Wind Energy -
1. The wind is free and with modern technology it can be captured eﬂicient_l)'-

2. Once the wind turbine is built ‘.the energy it produces does not cause green house gases or other
pollutants. :

3. Although wind turbines can be very tall each takes up only a small plot of land. This means that
the land below can still be used. This is especially the case in agricultural areas as farming can still
continue.

4. Many people find wind farms an interesting feature of the landscape.

5. Remote areas that are not connected to the electricity power grid can use wind turbines to produce
their own supply.

6. Wind turbines have a role to play in both the developed and third world.

7. Wind turbines are available in a range of sizes which means a vast range of people and businesses
can use them. Single households to small towns and villages can make good use of range of wind
turbines available today.

3.3.3 Disadvantages of Wind Energy

1. The strength of the wind is not constant and it varies from zero to storm force. This means that
wind turbines do not produce the same amount of electricity all the time. There will be times when
they produce no electricity at all.

9. Many people feel that the countryside should be left untouched, without these large structures
! + wbeing built:The landscape shouild left:in"its natural form for'everyone to eRjoy. “r e it s e ea
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3. Wind turbines are noisy, Ench one

¥ 70 mpb. can generate the same lovel of nolse as a family car travelling

4. Birds and bats are affected if wind farm op turbine are constructed on their way

When wind turbines are bein

; g manuf : PP
toes produce some pollution actured some pollution is produced. Therefore wind power

o

rind fary . ; i
6. Large wind farms are needed to provide entire communities with enough electricity.

3.4 Geothermal Energy

GQOthermal energy is the heat from the Earth. It's clean and sustainable. Resources of geothermal
encrgy range from the shallow ground to hot water and hot rock found a few- miles beneath tghc Earth’s
surface, and down even deeper to the extremely high temperatures of molten rock called magma. Almost
everywhere, the shallow ground or upper 10 feet of the Earth’s surface maintains a nearl -constant
temperature between 50 and 60F (10 and 16C). d

Geothemal waters are broadly classified into
« High-temperature (above 150°): It can be used for electricity generation.

o Low-temperature (20_° £0 150°): Low temperature geothermal energy can be used for direct heating
for resendial, industrial and commercial applications.

Geothermal Reservoir/Resources

1. Hydro thermal Convective'System P
,cv'»"“
(a) Hot Water fields S\\,‘V
(b) Wet steam field ' ‘:.;.‘\\Yv
(c) Dry steam field .-,‘,-.}“}"

2. Geo-pressured resources
3. Hot Dry Rock(HDR) resource

4. Magma resource.

Geothermal Plant Technologies

Three power plant technologies are being used to convert hydrothermal fluids to produce electricity:

1. Dry steam plants:
2. Flashed steam plants:

3. Binary cycle plants:

3.4.1 Geothermal Heat Pumps
A geothermal heat pump or ground source heat pump (GSHP) is a central heating and/or cooling system

that transfers heat to or from the ground.
It uses the earth as a heat source (in the winter) or a heat sink (in the summer). This design takes

advantage of the moderate temperatures in the ground to boost efficiency and reduce the operational
costs of heating and cooling systems, and may be combined with solar heating to form a geosolar system

with even greater efficiency. . .
Setup costs are higher than for conventional systems, but the difference is usually returned in energy

savings in 3 to 10 years, and even shorter lengths of time with federal, state and utility tax credits
and incentives. Geothermal heat pump systems are reasonably warranted by manufacturers, and their
working life is estimated at 25 years, for inside components and 50+ years for the ground logp.
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Figure 3.4.2: Flashed steam;.ge“&herma! plant.

&

3.4.2 Advantages and Disadvantagqs‘sf Geothermal Energy

Some advantages are:
meaning that as long as we don’t pump too

1. First i ble, (2 g
and foremost, geothermal energy is renewa nergy will just keep on coming!

much cold water into the earth -cooling off the hot rocks- the €
2. Secondly, geothermal energy doesn’t produce pollution, and at the same time, it doesn’t contribute

to the greenhouse effect! .

3. The power stations for geothermz;l energy don’t take up a whole bunch of room, and because of
this, they tend to have less of an impact on the surrounding environment.

4. Because geothermal energy is energy in and of itself, no outside sources of fuel are needed to keep
the power houses running. X

5. And, even better, geothermal efficiency offers an even more exciting benefit to the frugal home
owner - once you've built the geothermal power station, the energy is nearly, well, free! While it
may require a little energy to actually run the pump, you can tap into the energy that is already

being produced to handle this task.
6. Geothermal power plants provide steady state and predictable baseload power.

7. They are reliable and work for 98% of time.

Some disadvantages are:
1. Many of the best potential resources are located in remote or rural areas, often on federal or state
lands.

2. Developing projects on federal or state lands can be a challenge The leasi ess very
il . i L nge. eas
(o g Smind sesg seere cUIMDETSOTIE, especially ‘when'a-project' might conflict with other- land uses :ng‘proc - _ﬁc??&tfru._ ol
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heat storage . heat storage
Summer cooling Winter heating

Figure 3.4.4: Geotherr_nﬁ heat pump during summer and winter.
3. Although cost have decreased in recent years, exploration and drilling for power production remain
expensive. '

. 4. Using best geothermal resources for electricity production may require an expansion or upgrade of
the transmission system. .

5. The success rate for discovering geothermal resources in new, untapped areas is approximately 20%.
In areas where wells already are producing, the chance of locating more wells increases to about

80%.

6. The productivity of geothermal wells decline over time. As a result, it is crucial that developers
manage the geothermal resource efficiently.

7. Dense fog on local atmosphere, radio active material escaping.

3.4.3 Applications

1. Generation of electric power
2. Industrial Process heat

3. Food processing
4. Space heating for building

s Ba.thingfaciliﬁﬁ e etale b i F i geend ol R S eI Wt (v e TN N R e W e iRy sl S
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3.44  Geothermal Energy in Nepal
erma

Efforts wore made in Nepal during 1980-1986 to {nvestigate the gcomtial Al oot
than 28 geothermal springs In different parts of Nepal . Total Potﬂln northern colder
1ot yet known in Nepal. Many of thermal springs are Jocated on t ;e N emporatuires,
to hydroelectricity is very rare. Preliminary study results ; subsuriac
In the range of 85 to 115°C. tion, But low temperature water

hese temperatures below 150°C is unsuitable for electricity anerawim'ming pools, bio-degradation
can be used for a number of economic activities. €& fish farmlﬂg,n; uses, irrigation, space heating,
of waste, fermentation, mushroom growing, animal husbandry, Bree zrp 05’95‘50“' warming, and space
drying of stock fish, vegetables, and various farm products and other p

heating. But all these application are to be popularized yet in Nepal

‘ . .NEPAL

LECEND . _ .
MCT pMaln Candral Thiust 3 sokm -0 d4osm’
N oo {thocinod aft Wlnmmwmlﬂﬂ) s

Figure 3.4.5: Geothermal }\Q’éiition of Nepal.

and therapeutic purposes in Nepal. Bhu-
it is known long for its healing properties.
Hatiya(Sankhuwasabha), Ko-

, %

Use of geothermal spring water is confined tQ\\,B\athing

rung tatopani of Myagdi is extensively used for bathing as

High sulphur containing tatopani’s(hot water) are in Dokhola(Myagdi),
dari(Sindhupalchowk), etc.

3.5 Biomass and Bioenergy

The word Biomass is a very comprehensive term comprising of all forms of matter derived from biological
activities and are present either on the surface of the soil or at different depths of water, lakes, streams,

. river, seas, ocean etc. The material of plants and animal is called biomass. It is organic carbon based
material that reacts with oxygen in combustion and natural metabolic processes to release heat. The
.initial material may be transformed by chemical and biological processes to produce intermediate biofuels,
such as methane gas, ethanol liquid or charcoal solid. The initial energy of biomass-oxygen system is
captured from solar radiation in photosynthesis process.

Biomass production varies with local conditions, and is about twice as greater per unit surface area on
land than at sea. The industrial use of biomass energy may be large (e.g. sugar-cane). The domestic use
of biofuel in wood, dung and plant residues for cooking of prime importance for about 50% of the world’s
population. Around 43% of the energy used by the third world country is derived from biomass Nearly,
9.4 billion people are totally reliant on biomass fuels for their energy needs. During photosynt};esis th‘;
Sun’s energy converts water and carbon dioxide into organic matter. Yet only 14% of the world’s en,ergy
comes from biomass. If biomass is to be CUHSidefefi re.nev_vab.le, growth must at least keep pace with use.
It is disastrous that forest and firewood consumption is significantly outpacing growth in ever increasing

areas of the world.

3.5.1 Types Of Biomass
1. Forest waste saw dust, leaves, twigs, Shrubs, residues of herbs sl b e
cts

9. Agricultural residues -rice husk, rice straw, rice bran, wheat husk, wheat st
. : 1

-+ .+ “cobs; maize stalks, sugarcane leaves; - i e oy A o raw, wheat bran, mallf

T4
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Natury)
Vegl‘lﬂbl(\

Forest .
residue Agr'e'::g:'ueral

. _{W'\ )

‘ ntaf\x\sm, mostly from carbohydrates produced in sugar or
ugarcane. Cellq}gslc biomass, derived from non-food sources, such as trees
dstock for ethanol production. Ethanol can be used as a fuel

engine; these engines require clean-

burning fuels, to keep the engine clean and minimize air po
The fuels that are easiest to b

llution.
urn cleanly are typically liquids and gases. Thus, liquids (and gases
that can be stored in liquid form) meet the requirements of being both portable and clean-bur

! ning. Also, )
liquids and gases can be pumped, which means handling is easily mechanized, and thus less laborious.
There are basically four major routes for the conversion of biomass to energy and other useful products.

1. Thermo Chemical Conversion Pprocess

(a) Direct Combustion: Direct combustion for immediate heat. Dr

¥ homogeneous input is pre-
ferred.

(b) Pyrolysis:This is general term for all processes whereby organic material is heated or partially
combusted to produce secondary fuels and chemical products. The input may be wood, biomass
residues, municipal waste. It is a physical and chemical decomposition of organic matter
brought'about by heating in the absence of air. The products of pyrolysis are char, liquid
distillates and gas .

(c) Gasification: It is a process in which solid fuels are broken down by the use of heat with a
c estricted supply of air to produce combustible gases which can be used as a fuel for internal
Zoﬁnbustion engines. The gas known as produce gas is a mixture of : CO - 15-29%, H, - 5-15%,
002 hod 5—15%, Nz e 50—65%, CH4 - few %
(d) Liquefaction: It is a high temp and high pressure catalytic process,which converts biomass to
RO 17 1.1 N ST U RS LU PSS ' |
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Figure 3.5.2: Biomass Conversion Proces

may be used in place of refined

. ©
. . . 38’ t l
(a) Alcoholic fermentation: Ethanol is a volatile l_1\quid fuel tha 8y s therefors et ailon

' i ‘mi ism
petroleum. It is manufactured by the action gf nnlc1rfo-(:1ria§k
process. Conventional fermentation has sggb,rs as feedstock.

&)
o

'\lan‘lBr:Ists Lflrguai:c‘i . Crush Residue —fprocessheat, byproducts
Yeast fermentation
starches: gralns Hvdro'ysls : Susar | ;to 10% ethanol
4
General
Distillation to —.Combustion
95% ethanol fuel
}
Cellulose wood Hydrolysis . Piirihcatioh ta fgdt;:)ileeum
Anhydrous alcoha Or
substitutes

Figure 3.5.3: Ethanol Production Process

(b) Anaerobic digestion: In the_ abséflce of free oxygen, certain micro organisms can obtain their
own energy supply by reacting with carbon compounds of medium reduction level to produce
CO, and fully reduced carbon fuel methane CH,

3. Physical Conversion Ptee 4Physical. Coyversi.o u techniques are aimed at physically altering the
e wn-forri-of-biomass: “For-exdmplé: a) the size reduction‘of-biomass by chipping; pulverizing b) drying to
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5.0 BIOMASS AND BIORN

RGY 8

Transport of
Cut cane

Fiber products

Mill crush cane M Boll Electricity
ollers

[ Process heat|

Sugar refining
Othet products

Sugar

-.I Juice

*Bagasse is plant fiber residue. Alcoholic fermentatioll

"Molasses is sugar rich residue. Molssses
: ! Other products

Figure 3.5.4: Biomass example: Sugarcane Agro Industry

reduce water c) Screening d) densification or briquetting. The main purpose is to prepare biomass

suitable for combustion

Biomass b'riquette is the densification of loose biomass materials (agricultural residues, forestry
wastes, animal wastes etc.) to produce compac,t;s?)lid composites of different sizes called briquettes.

Densification is the general

process of compréssing the raw materials to a certain shape or form

using a mould and pressure. N

Briquette is applied to: &

Improve fuel characteristics
Combustion efficiency
Waste utilization

Easy handling

Minimize wastage
Transportation

Storage

I Blomass Briguetting l

]

Direct Briquetting

Ifﬂquowng after carbonizatin I

I
] [ l

Piston Press ScrewPress I Blocoal Beshlive Briquetting ‘I
Technolof Technology Pelletes

Figure 3.5.5: Briquetting Types

Application of briquette:

Space heating of residence, lodges and restaurants

Open Fire Space
Wool D‘yeing.ROtenti@l-.U‘%w Fleiov et fasiiped s B oy it B Pt P
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¢ Tha Provessing
* Water heating wsing wasto chimney heat
* Cardamom drying
* Vegetable and wushroom drying
* Tobaceo cuting
* Dryiug of silk cocoons
4. Agro-chemical Conversion Process
Bioalcohols B o Rrcins
fi only propan oo
Biologically produced alcohols, most commonly othanol, and 105{3\ :‘}Z::gentition of sugars of starches,or
produced by the action of microorganisms and enzymes through . for gasolin because it can be used

cellulose. Biobutanol is often claimed to provide a direct replacemen

directly in a gasoline engine ) {n Brazil. Alcobol fuels are produced

Ethanol fucl is the most common biofuel worldwide, Particumrly ” cane, molasses and any sugar or
by fermentation of sugars derived from wheat, corm, sugar beets, sugard fru;t waste, etc.). The ethanol
starch from which alcoholic beverages can be made (such as potato 21 d starches), fermentation of
production methods used are enzyme digestion (to release SUEESR i spificant energy input for heat
the sugars, distillation and drying. The distillation process requires ﬁ‘i}lbagasse, the waste left after
(often unsustainable natural gas fossil fuel, but cellulosic biomess &7 bly)
sugar cane is pressed to extract its juice, can also be used more sustainaby)

) o it can be mixed with gasoline
Ethanol can be used in petrol engines as & rep asoline;

lacement for & to 15% bioethanol with

1 blends of up

to any percentage. Most existing car petrol engines can run,o - / ol
ine i i asoline; this means i es more
petroleum/gasoline. Ethanol has a smaller energy density than that o:dgvantage S e CHyCH,011

N
fuel (volume and mass) to produce the same amount of work. An t roadside gas stations, which

is that it h.a.s a higher octane rating than etha.nol-f'ri_\q.'gas'oline avmla;lble‘ 82; ctoncy. In high sVistuida
allows an increase of an engine’s compression ratio for increased therm inter oxidizer to redu

(thin air) locations, some states mandate a mix f gasoline apd ethanol as & Winie o
atmospheric pollution emissions. :

Ethanol is also used to fuel bioethanol fireplaces. As they do not require a
bioethanol fires are extremely useful for newly built homes and apartments with
to these fireplaces is their heat output is slightly less than electric heat or gas fires. o
Even dry ethanol has roughly one-third lower energy content per unit qf volume compared to gasoline,
so larger (therefore heavier) fuel tanks are required to travel the same dlstance,‘ or more fuel stops are
required. With large current unsustainable, un scalable subsidies, ethanol fuel still costs much more per
distance travelled than current high gasoline prices in the United States. _

Methanol is currently produced from natural gas, a non renewable fossil fuel. It can also be pro-
duced from biomass as bipmethanol. The methanol economy is an alternative to the hydrogen economy,
compared to today’s hydrogen production from natural gas.

Butanol (C4HsOH) is formed by ABE fermentation (acetone, butanol, ethanol) and experimental
modifications of the process show potentially high net energy gains with butanol as the only liquid
product. Butanol will produce more energy and allegedly can be burned "straight” in existing gasoline
engines (without modification to the engine or car), and is less corrosive and less water-soluble than

ethanol, and could be distributed via existing infrastructures.

chimney and are ”flueless”,
out a flue. The downside

Biodiesel

In some countries, biodiesel is less expensive than conventional diesel. Biodiesel is the most common
biofuel in Europe. It is produced from oils or fats using transesterification and is a liquid similar in
composition to fossil/mineral diesel. Chemically, it consists mostly of fatty acid methyl (or ethyl) esters

Feedstocks for biodiesel include animal fats, vegetable oils, soy, rapeseed, jatropha, mahua, mustard ﬂax.
sunflower, palm oil(, hem)p, field {)ennycress,Ponga.mia. pinnata and algae. s ) , Hax,

Pure biodiesel (B100) is the lowest-emission diesel fuel. Although i

gen have cleaner combustion, they are used to fuel much less Efﬁcieil Dl::;l::lﬁ:g Ii’:trole\(lim gas and h)fgr?-
available, Biodiesel can be used in any diesel engine when mixed with minem]g dizss;" are not as widely

smanufacturers cover their diesel-engines under warranty for ' B100 uses-'e: .= -s - In some countn@,.

T ERT Pt e
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Biodiesel is also saf ¢ [ e "
01 e s
toxic 88 table salt, and hag lll;:l;ll\lof M braggyon b
which has a flash pojyy o 1250p (;‘2‘:‘1(1}) it o l\hoﬁ:l};;«:it I8 05 blodegradable as sugar, onc-tenth as

F (148°0) compared to petroleum diesel fuel,
Vegetable Oil

Straight unmodified edip|,

. cheta
been used for this purpqg, b\l,o oil i rally not yseq
rarely) cleaned of water and pargie ulegtetable oil ig incre&swc .83 fuel, but lower-quality oil can and has
ates ap ;

. in 1 o nggoad 1 i

F)lls Z!;d fats can .be s ogongg ™8 214 s gy fuclg ¥ being processed into biodiesel, or (more
chain hydrocarbon wig}, 5 igh to give g diese] { b, ;
oxygen. Hydrogenated oj can g:tﬂne(? ' Substitute. The resulting product is o straight-

) numb : p
over biodiesel, including gooq perf lended g}, ?lri’ o in aromatics and e B
susceptibility to microbia) attack i

gene

Imance gf |, esel in all proportions, They have several advantages
W temperatu;es, no storage stability problems and no

Biogas

A physical structure where
Anaerobic digestion takes
that lacks air (oxygen) b

anaerobic reactor. Mgthaﬁehl?:via;::rabl? ter'nper
wood, dung cake, coal etc; an odoyy espertnes e
during its burning; Non Poisonouys ( s i B_urns
components: #1ing burningln

methane gas

Place by the (L. biogas)

action af is producgd by anaerobic digestion of organic matter.

of methanogenic bacteria, which thrive in'an environment
ature. Also known as a bio-digester, bioreactor or
Burns with higher temperature than kerosene, fuel
with a blue flame like LPG; No smoke is produced
principle a biogas plant should have three essential

o Digestion Chamber: Chamber w : RIC M
. o : il - i is digested
by methanogenic bacteria a.ndr itlrhr:ualdnas;?irlct(i:gg ition is ensured and organic matter is digeste
o Inlet: to feed organic matter i i Qﬁ/
r int ion :
. 0 dxgest‘l%pchamber.

o Outlet: to remove digested matter, i'e‘i’;"ﬂslurry

Hy(ﬁg’gg:: 53) 050(;;5;8:818; m;ct:res of Methane (CH,) 50% to 60%, Carbon dioxide (CO3) 30% to 40%,
(H35)" inteaces. o, Nitrogen (N2) 1 % to 2%, Water vapour- About 0.3%, Hydrogen Sulphide

Benefits: . '

o Saving of Fuelwood and Kerosene: Biogas re

; places the use of fuelwood, Prevents deforestation and .
saves time .

He.a.lth Improvement: Being smokeless biogas reduces respiratory and eye infection in women and
children, Toilet connection to Biogas Plants improve sanitation and environment, Reduces water

borne diseases -diarrhoea, dysentery, Replacing kerosene by biogas lamps, improves in-house pollu-
tion

Saving of Time: Cooking with biogas saves time for firewood collection, Lesser time for cooking
compared to firewood, Possibility of using saved time in income generating activities, recreation,
childcare and social activities

o Availability of High Quality Manure: Biogas slurry (Bio-slurry) is an excellent organic fertilizer

o E. Reduction of Womens Workload, Study showed that women can save nearly, 2.8 hours a day due
to biogas installation

o Environmental Benefits: Improvement in in-house pollution, management of animal dung and hu-
man faeces, Improved sanitation and surroundings

o i Reduction in deforestation; better soil management

ional and Global Perspective: Nationally R i Rty e TN

o ia;lt;:n‘zlnaz sil nutrient, saving expense on fossil fuel, Global Perspective: Reduction in Greenhouse

- er / ?on as one plant reduces 46 tones of CO; emission per year thus 530,000 tones of CO,
emissll'mssou m— b&&betotal.inst&ued-l‘lams"‘ FEALR B PR N ETRAMORRRNT 1 I Rt it
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3.5.3 Syngas

S)‘llgas
» & mixtyre of
I LW
Ustion of biomass, th:{ l;:"cg::’l“o’dde. hydrogen and other hydro
Al

lomass complete bustion with an amount of oxygen t
Sometimeg p)il‘tlt;zly ;0 carbon dioxide and water. Before pattial combusti
original biofye). mm + The resulting gas mixture, syngas, is more efficient ¢

Syngas m ‘b ore of the energy contained in the fuel is extracted.
The wood gasw ex? burned directly in internal combustion engines, turbines of high-tcf.nlt"’m:‘ll’c‘;f“}e)l Ce‘lls.
engine. Eenerator, a wood-fueled gasification reactor, can be connected to an Internal combustion

carbons, is produced by partial com.
lat is not sufficient to convert the
on, the biomass is dried, anq
han direct combustion of the

Syngas can be
substitute, or a
_GaSiﬁcation
desirable when

> Used to produce methanol, DME and hydrogen, or converted to produce a diese]
mixture of alcohols that can be blended into gasoline. .
normally relies on temperatures greater than 700C. Lower temperature gasification is
©0-Producing biochar, but results in syngas polluted with tar.

Solid Biofuels

Examples include wood, sawdust grass trimmings, domestic refuse, charcoal, agricultural waste, nonfood
energy_crops, and dried manure, ,When raw biomas’s is already in a suitable form (such as firewood), it can
burn d“ecﬂy in a stove or furnace to provide heat or raise steam. When raw biomass is in an inconvenient
form (such as sawdust, wood chips, grass, urban waste wood, agricultural residues), the typical process
15 to densify the biomass. This pro’cess in,chides grinding the raw biomass to an appropriate particulate
size (which is thep concentrated into a fuel product. The current processes produce wood pellets, cubes,
or pucks. The pellet process is most common in Europe, and is typically a pure wood product. The
Oﬂ}er types of densification are larger in size compared to a pﬁﬁet,'and are compatible with a broad range
.of input feedstocks. The resulting densified fuel is easier-t5 transport and feed into thermal generation
systems, such as boilers. ) &

One of the advantages of solid biomass fuel is ¢hiat it is often & byproduct, residue or waste-product
of other processes, such as farming, animal husBandry and forestry. In theory, this means fuel and
food production do not compete for resources, although this is not always the case. A problem with
the combustion of raw biomass is that it emits considerable amounts of pollutants, such as particulates
and polycyclic aromatic hydrocarbons. Even modern pellet boilers generate much more pollutants than

oil or natural gas boilers. Pellets made from agricultural residues are usually worse than wood pellets, -

producing much larger emissions of dioxins and chlorophenols. Taking this into consideration, the global
warming potential (GWP), which is a combination of CO;, methane (CHj), and nitrous oxide (N20) .
emissions, and energy balance of the system need to be examined using a life cycle assessment. This
takes into account the upstream processes which remain constant after CO, sequestration, as well as the
steps required for additional power generation. Firing biomass instead ‘of coal led to a 148 % reduction
in GWP. A derivative of solid biofuel is biochar, which is produced by biomass pyrolysis. Biochar made
from agricultural waste can substitute for wood charcoal. :

Second-generation (advanced) biofuels

Second-generation biofuels are produced from sustainable feedstock. Sustainability of a feedstock is
defined, among others, by availability of the feedstock, impact on GHGemissions, and impact on biodi-
versity and land use. Many second-generation biofuels are under development such as Cellulosic ethanol,
Algae fuel., biohydrogen, biomethanol', DMF, BioDME, FischerTropsch diesel (green diesel), biohydro-
gen diesel, mixed alcohols and wood diesel. Cellulosic ethanol production uses nonfood crops or inedible
waste products and does not divert foqd away from the animal or human food chain. The recent discovery
of the fungus Gliocladium roseum points toward the production of so-called myco-diesel from cellulose.
Scientists working with the New Zea.lanc! company Lanzatech have developed a technology to use indus-
trial waste gases, such as carbon monoxide from steel mills, as a feedstock for a microbial fermentation
process to produce ethanol. .In October 2011, ergm Atlantic announced it was joining with Lanzatech
to commission a demonstre.xtlo? plant in Sh:_anghi_u that would produce an aviation fuel from waste gases
from steel production. Scientists working in Minnesota have developed co-cultures of Shewanella and

-3+t Synechococeus that-produce lotig-chain hydrocarbons-directly fromwater » carbon-dioxide; and sunlight:

Scanned with CamScanner

Sk



r

16, m’DltOGEN.ENERcy

3.6 Hydrogen Enefg

The hydrogen atoyy, PR
\ 0
universe. It is algg the m;npoacd of one

ter. The und
lu:‘d Ctro i l“:bt;ndz.mcc of by, % :;nt elemeyy, in the ypjy, aking it the lightest element in the
i et wossil fue  On car 1y Minimg) verse, making up more than 90% of all known

p ; !
A foR t;) o l?y drogen existg € Idea] fyg] o clvirontmental consequences of its use and the
because of 1ts high hopg Strengt ® 8as g 8tmospheri e future, It i colourless, odourless, tasteless
of catalysts. Whep h eric tem

” cooled ¢ 3. y fogen bee Peratures and pressures. A stable molecule
approximately 93 Percent, héﬁtlt otling pojnt :;I'_EZ;;:‘CHVG at elevated temperatures or with the aid
All other gases, except heli:r than wage,. _ F -253°C, hydrogen becomes a liquid that is
in air with a pale blue, almogt 5, 2COMe solids gy this ¢,

In its gaseous forp, hydro lnvf‘slble flame, ¢mperature. Hydrogen is flammable and burns

in hydrogen use anq stora, e dlss’Pates qQuickly, T, ;
Hydrogen has beep j deg?;" g ‘ €Se unique properties call for strict safety measures
(14 ed as ¥ 3
ever, the technology ¢, > 8 Dotentia] epey o ) A
yet developed. Produce, distribyte and yge gdii:;rifﬂ:{ I;W SHG] enerGgI?'I (s;cenarlos. .How;
Hydrogen has the effective, low manner is no

3 Potentia] tq
engine. The same amount of h}’drnonglean fu

prOtO]l
and ope olcct.ron, tnakin

el-cell engine wit,

will take g fy greater efficiency over an internal combustion

el-cell car at least twice as far as a car running on
Hydrogen can be

hydrocarbons (fossil fuels), th onl f_OSSil fuels or fr

' 1 questration. Converse]
supplied from an externa] resource, but doej:
of conversion. i

Hydrogen’s appeal as an ene 5.3 00 &7
I P ; i .
conversion systems that swou] EY carrier is limited by its ability to be efficiently stored. Many energy

d use hydrogen mist 3 : y >
of hydrogen. This reservoir must be of 1 eags irtle S;Jzie;;te Intermittently and thereby require a reservoir

of stored energy in the filling and venting processes, d weight, and cannot waste a significant fraction
The two most likely candi

extraction of hydrogen from wafer requires that energy be

not present; the challenge of unwanted emissions at the point
L

tra‘ditional. engines, as well as other engineering trade-off that might make for quieter and possibly more
reliable prime movers. Replacing fossil-fuel based vehicles and electric power plants with those powered
by hydrogen fugl cells may affect global and regional climate, stratospheric ozone, and air pollution.

Production

There are several methods for producing or extracting hydrogen. Steam reforming is a well-established
technology that allows hydrogen production from hydrocarbons and water. Steam-methane reformation
currently produces about 95 percent of the hydrogen used in the United States.

Another conventional technique is electrolysis, which applies electrical current to decompose water
into hydrogen and oxygen molecules. The electricity for electrolysis can come from any of the three
energy sources. L g )

The cost of hydrogen production is an important issue. }_{yd:ogen produced by ste?m reformatlo_n
costs approximately three times the cost of natural gas per unit of energy produced. ThJs means that if
natural gas costs $6/million BTU, then hydrogen will be $18 /fn}lhon BTU. -AISO, producing hydro_gen from
electrolysis with electricity at 5 cents/kWh will cost $28/million BTU shghtly less than' t}avo _hme.s the
cost of hydrogen from natural gas. Note that the cost of hydrogen production from e!ectncnty isa l}nf:ar
function of eﬁactricity costs, so electricity at 10 cents/kWh means that hydrogen will cost $56/million

BTU.

Storage
board storage of hydrogen for vehicular applications, automobile manufacturers require
0ar

In the case of on- cost-effective storage plus the ability to achieve a driving range of at.

lightweight,..compact, safe,.and

———— ey
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Figure 3.6.1: Hydro

least 300 miles. The 300-mile driving range requires 5 ¢ hydrogen d;zzllljliiripggn:ﬁe::e
of the vehicle. Although various hydrogen storage technologies 7@ presontly odrogen storage probleuy1
satisfies all of the auto industry requirements. In fact, finding & solution to the hycrog
is considered by many to be the foremost challenge for the h}(drogen economy-

Hydrogen can be stored in three ways: , R

)
N\

-10 kg of usabl

e As a compressed gas in high-pressure tanks.
5 3 &8

e As a liquid in dewars or tanks (stored at 72\,53‘°C)-
e As a solid by either absorbing or reactiné with metals or chemical compounds or storing in an

alternative chemical form.
Storage of hydrogen in chemical compounds offers a much wider range of possibilities to meet the

- transportation requirements, but no single material investigated to date exhibits all the necessary prop-
erties. At present, only three systems for on-board hydrogen storage are close to commercialization. They
are compressed gas at high pressures (5,000 to 10,000 psi in composite cylinders), liquid hydrogen which
requires a cryogenic temperature of —9253°C, and materials-based storage in solids which involves the use
of metal hydrides, carbon-based materials/high surface area sorbents, and/or chemical hydrogen storage.
The current status of various storage technologies in terms of weight, volume and costs is given in

Table 3.6.1.
Storage Technologies Weight(kwh/kg) Volume Cost
(kwh/L) (8/kwh)
Chemical Hydrides 1.6 14 8
Complex Metal Hydrides 0.8 0.6 16
Liquid Hydrogen 2.0 - 16 6
10,000-psi Gas 1.9 1.3 16
DOE Goals (2015) 3.0 2.7 9
Table 3.6.1: Status of various storage technologies.
Delivery

Safety and handling are the two main issues with hydrogen delive :

such a light gas, it escapes readily, making its transportation and h:x};d;ﬁd use. Because hydrogen 13

gas:~Hydrogen also has a-wider-lammability range than ha’c’\iral’gasf" ih-‘airg-' Ez:;n?f&cht mt?nlluatmal 2
i it potentially: more

i Wy At ary
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pazardous. And whey to
. 5 Y de gen bll ! ‘
will need to be devel, o 18 thoyg |
Ded ang bnlldin 1‘0 '8 10 ¢olgy, t
& codey py Usted ““’ flatno iy invisiblo, Tinproved sonsing devices
Adresy theye challenges,

' 59

Safety

The detection of explosive Bt
reasons. COSf.-effectiVe hy de ltxons {

yis Ooge 1 f ‘
. pc“dablhty and duIability, Stibl']us Sor tet:hnologi:s[x) It)llcatiolls is important for both safety and econornic
response are needed, Ap o, . Y &

ikt o Teproducibjy 8 deliver detection selectivity and sensitivity, de-

. AMingt; , \ P
cate.s the ma,).onty 9f these senso*;slon o.f A cOmmerci)t’;urcsnstz?;lcc to cllxcmical degradation and rcal-‘tun‘c
semi-conducting oxide Sensorsg all intq four majy ¢ Y available point-contact hydrogen sensors indi-
interaction of hydrogen wit %

tegories: catalyti : hemical
€Imal conductjyi ¢ catalytic combustion, electrochemical,
i v
Vehicle applicationg requirea;l; um (Pq) o, Pd-b lte}:i detectors. All of these sensors_depend on the
cially available systems_ Are 2 d
to fabricate miniaturizeq se

evelo alloys.
as of mogt ; Pment of pey,
each sensor and provide sejt

: Sensors with capabiliti f commer-
gk st lnte.r?st include pabilities beyond those o

Mmicro-machining and micro-fabrication technology

€W techniques that allow control and interrogation of

rs. Ir ition,
cahbratmg Capability gre needed.

3.6.1 Advantages ang Disadvant

ages
Advantages: 3

» the only €missjon i
Fiii On 1t makes is water vapor s0 a key advantage of hydrogen
» carbon dioxide C0, is not produced. by f )

o Clearly, hydrogen is Jesg of ; ’
a pollutant in the ai‘r \b_\ecause it omits little tail pipe pollution.
¢ Hydrogen has the potent; & .
bustion, eins Potential to ryp 5 fuel-cg}_bengme with greater efficiency over an internal com-

W

e The same amount of hy

gasoline drogen will take a fuel

cell car at least twice as far as a car running on

Disadvantages:

1. Currently, it still costs a considerable amount of money to run a hydrogen vehicle because it takes
a large amount of energy to liquefy the fuel.

2. Research shows that cars could store hydrogen in high pressure tanks like those used for compressed

natural gas. It would need to be packed tightly into a car’s tank in order to avoid countless trips
to the filling station every few miles.

3.6.2 Applications

e Hydrogen is used extensively today to make ammonia, methanol, gasoline, heating oil, and rocket
fuel. It is also used to make fertilizers, glass, refined metals, vitamins, cosmetics, semiconductor
circuits, soaps, lubricants, cleaners, and even margarine and peanut butter. Hydrogen can fuel
today’s internal combustion engine vehicles.

e Hydrogen can fuel tomorrow’s fuel-cell vehicles.

¢ Hydrogen can replace today’s natural gas for heating and cooling homes and powering hot water
heaters.

Existing wind and hydroelectric plants can produce hydrogen to store energy during off-peak hours.
¢ Existing

m hydrocarbons can also produce carbon, which in some forms has ten

* Hydrogen production fro research, this carbon could be used for automobile bodies

times the strength of steel. With more

! S Gl bt L St it e Lkl LR R T e vt e Fhibyot gy g P
and structural.members . . -« -~
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-electrical circuit and hydrogen ions that have trav-
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3.7 Fuel Cells ‘

. device that generates
(Thken from h“|‘://m|ll‘lh‘m\hlsh)l'y-ﬁi.(‘t|!|/[ll(‘l(‘ﬁllﬂ/l)lwh‘-“-h““) A fuol cell 1 "tivo and one negative,

one pos! lace at the

p‘n(:tr(ldl‘ﬁ,

electricity by n
ectricity by a chemical reaction. Every fuel cell has two
, that pro(lll

:‘i‘l\l‘\“\'l\‘ull:\:_m“i“‘l-‘\ the anode and cathode, The reactions
Every fuel cell also has an electrolyte, which carrles electrically charged P
to the other, and a catalyst, which Rp.(‘(‘d.; the reactions at the electrodes. ¢ appesl
Hydrogen is the basie fuel, but fuel cells also require oxygen: One gmﬂd O,I:ygcn
faay generate electricity with very little pollutionmuch of the hydrogen ax
electricity ultimately combine to form a harmless byproduct, namely water: .t current (DC) electricity.
One detail of terminology: a single fuel cell generates & tiny amount & diw(}; rinciples are the same.
In practice, many fuel cells are usually assembled into & gtack. Cell or gtack, the P

articles from one electrode
of fuel cells is that
used in generating

3.7.1 Principle of Operation itaide the odll o
Because of the way

rcuit. he chemical

current that can be directed

rren” L nt bulb or & city:
ating & hg electrical ci

The purpose of a fuel cell is to produce an electrical
do work, such as powering an electric motor or illumin
electricity behaves, this current returns to the fuel cell, completing 20
reactions that produce this current are the key to how a fuel cell works. . oneral terms, hydrogen

There are several kinds of fuel cells, and each operates & bit differently- But 14 gl trons. The hydrogen
atoms enter a fuel cell at the anode where a chemical réaction striPs them of ghelt ﬁ o ed el;actrons provide
atoms are now ”ionized,” and carry a positive electrical charge. The negatively ¢ a.Bg s output of the fuel
the current through wires to do work. If alternating current (AC) is needed, the
cell must be routed through a conversion device called an inverter. '

) Oxygen enters the fuel cell at the cathode and,

in some cell types (like the one illustrated above),

it there combines with electrons returning from the
eled through the electrolyte from the anode. In \f
other cell types the oxygen picks up electrons and”
then travels through the electrolyte to the anode,
where it combines with hydrogen ions.

The electrolyte plays a key role. It must per-
mit only the appropriate ions to pass between the
anode and cathode. If free electrons or other sub-
stances could travel through the electrolyte, they
would disrupt the chemical reaction.

Whether they combine at anode or cathode,
together hydrogen and oxygen form water, which

drains from the cell. As long as a fuel cell is sup- s
plied with hydrogen and oxygen, it will generate -
electricity. : EleSical CRySh
Even better, since fuel cells create electricity
chemically, rather than by combustion, they are Figure 3.7.1: Fuel cell operations.

not subject to the thermodynamic laws that limit

a conventional power plant (see ”Carnot Limit” in
the glossary). Therefore, fuel cells are more efficient in extracting energy from a fuel. Waste heat from

some cells can also be harnessed, boosting system efficiency still further.

The type of fuel also depends on the electrolyte. Some cells need pure hydrogen, and therefore demand
extra equipment such as a ” reformer” to purify the fuel. Other cells can tolerate some impurities, but
might need higher temperatures to run efficiently. Liquid electrolytes circulate in some cells, which
requires pumps. The type of electrolyte also dictates a cell's operating temperature” molten” ca,;'bonat "
cells run hot, just as the name implies.

Fuel cell technology is twice as efficient as combustion in turning carbon fuel t

: 0 energy.
simplest chemical element (one proton and one electron), is plentiful and exceptionalig;, cgi grgge:,ﬁtlhf
Hydrogen makes up 90 pe;celrxt of 1t;he universe and is the third most abundant element on the eart}e:’;
surface. Such a wealth of fuel wou d provide an almost unlimi
mited pool of clean energy at relatively low
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ach type of fuel cell hag "'d"nlltugos l
8 and |y

(Mcient enough to widely Whudks ¢
“n(e:en nuclear power l)luntsy eplace traditiong) o y‘:l(:? g:mpntxicd to the othiors, and none i8 yct' cl;cflp
r N : . nerad : e st
0 The following section describeg the fve e , ng power, such conl-fired, hydroelectricy
1 types of fyel
cells,

3'7.2 Types of Fuel Ce"s

Alkali

; lls operate o "
Ikali fuel celis o 1 compress
ﬁydroxide (chemically, KOH) in wat(:: ::, ‘:;Ogon and oxygen. They gencrally use a solution of potassiurn
el electrolyte, Bfficiency is about 70 percent, and operating

is 150 to 200 d
emperature 18 egrees C, (ab
o 5 kilowatts (kW). Alkali cells wert(a usoeut 300 to 400 degrees F). Cell output ranges from 300 watts (W)

t ; d i o
They require pure hydrogen fuel, In Apollo Spacecraft to provide both electricity and drinking

watef: container fill ; however, and thei i i
And like any mner filled with liquid, they ca.n’ leak. eir platmurp electrode catalysts are expensive-

Blectron>"

Electrolyte

Figure 3.7.2: Alkali Fuel Cell

Molten Carbonate .

Molten Carbonate fuel cells (MCFC) use high-temperature compounds of salt (like sodium or magnesium)
carbonates (chemically, CO3) as the electrolyte. Efficiency ranges from 60 to 80 percent, and operating
_ temperature is about 650 degrees C (1,200 degrees F). Units with output up to 2 megawatts (MW) have
been constructed, and designs exist for units up to 100 MW. The high temperature limits damage from
carbon monoxide ”poisoning” of the cell and waste heat can be recycled to make additional electricity.
Their nickel electrode-catalysts are inexpensive compared to the platinum used in other cells. But the
high temperature also limits the materials and safe uses of MCFCsthey would probably be too hot for
home use. Also, carbonate ions from the electrolyte are used up in the reactions, making it necessary to

inject carbon dioxide to compensate.

Phosphoric Acid
Phosphori . | cells (PAFC) use phosphoric acid as the electrolyte. Efficiency ranges from 40 to
phoric Acid fuel cells ( ) 0 to 200 degrees C (about 300 to 400 degrees F).

80 percent, and operating temperature is between 15 :
Existing p}’xosphorli)c acid cells have outputs up to 200 kW, and 11 MW units have been tested. PAFCs

tolerate a carbon monoxide concentration of about 1.5 percent‘, which broadens the choice of fuels they
can use. If gasoline is used the sulfur must be removed. Platinum electrode-catalysts are needed, and
. el

internal parts must be able to withstand the corrosive acid.

Proton Exchange Membrane (PEM)
1ls work with a polymer electrolyte in the form of a thin,

1) fuel ce : 2
percent, and. operating temperature is about 80.degrees C

Proton Exch Membrane (PEN
1 ange ilem ( ¢ 40 to 50

permeable,sheet. .Efficiency is abou

. ——— e —
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Figure 3.7.

- Figure 3.7.4: Phosphoric Acid

(about 175°F). Cell outputs generally range from 50 to 250 kW. The solid, ﬁexiblcf electrolyte will not
leak or crack, and these cells operate at a low enough temperature to make them s.iultable for homes and
‘cars. But their fuels must be purified, and a platinum catalyst'is used on both sides of the membrane,

raising costs.

Solid Oxide
Solid Oxide fuel cells (SOFC) use a hard, ceramic compound of metal (liké calcium or zirconium) oxides
(chemically, O2) as electrolyte. Efficiency is about 60 percent, and operating temperatures are about
1,000 degrees C (about 1,800 degrees F). Cells output is up to 100 kW. At such high temperatures a
reformer is not required. to extract hydrogen from the fuel, and waste heat can be recycled to make
additional electricity. However, the high temperature limits applications of SOFC units and they tend to
be rather large. While solid electrolytes cannot leak, they can crack.

Two possible design configurations for SOFCs have emerged: a planar design and a tubular design
In the planar design, the components are assembled in flat stacks, with air and fuel flowing thr -

ilt into the cathode and anode. In th R e tng: Shrough
channels built into the cathode and anode. In the tubular design, components are assembled in the form
llow tube, with the cell i ;

of a hollow tube, with the cell constructed in layers around a tubular cathode; air flows through the inside

of the tube and fuel flows around the exterior.

3.7.3 Material selection for Fuel Cells

Although the operating concept of FC is rather simp]

, oo e e, tk i . Eiasls

wiae ot W songOiiponents ;presents enormous challenges:: Eaeh"matzrial"'nli‘:]stllz;:::;hgge?;::?.r l:lls for\the md;xdu;lf
rical properties‘required”™ ~

{
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A3

Interconnect
anode

electrolyte

Figure 3.7.6. Planar Solig Oxide

cell. There must be engy i ' ;

A : i gh chemical anq Structural stability to endure
fabnca:tlon and Qperatlo.n at high temperatures, The fuel cell needs to run at high temperattlyres in order
to achieve sufficiently high current densities and POWer output. Reactivity and inter-diffusion between
the components must be as low as possible. The therma] expansion coefficients of the components must
be as close to one another as po d lead to cracking

: ssible in order to minimize thermal stresses which coul
and mechanical failure. The aj side of the cell must OPerate in an oxidizing atmosphere and the fuel
side must operate in a reducin

g atmosphere. The temperature and atmosphere requirements drive the
materials selection for all the other components.

Cathode

The cathode must meet all the above requirements and be porous in order to allow oxygen molecules

to reach the electrode /electrolyte interface. In some designs (e.g. tubular) the cathode contributes over
90% of the cell’s weight and therefore provides structural support for the cell

Anode

f the same requirements as the cathode for electrical

Tk ¢) must meet most o : o .

coxe;i au(?dfe (the fuel eleCtl'Od'o)n compatibility and porosity, 'and must function ::11 a redtu;:m[i tatmt(?sphere_
¥ UC(;WIty, ther(lin . expa‘ns:)ined with electrical conductivity requircments make metals attractive can-
€ reducing conditions com

- +didate materjals.

. . 9% ’ '
N T w23 40 7 ks ' - N
i R
. o
1 S S o ’

- iv _
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(cathode)

it fuel efectrode (anode)

Figure 3.7.7: Tubular Solid Oxide

Electrolyt
- it must migrate through the electrolyte to

the electrolyte must possess a high iopic
nse to prevent short circuiting of reacting
resistive losses in the cell. As with

stable across a wide temperature

Once the molecular oxygen has been converted to oxygen ions
the fuel side of the cell. In order for such migration to occur,
conductivity and no electrical conductivity. It must be fully d? se |
gases through it and it should also be as thin as possible to minunize
the other materials, it must be chemically, thermally, and structurally
range.

&

Interconnect \‘;)

Just as an internal combustion engine relies on severa.l\\ S_:ﬁjhde
too must fuel cells be used in combination in order to generat

rs to provide enough power to be 1!sefu_1, 50
¢ enough voltage and current. This means

r collection of electrical current needs fo -

\ N ism f
that the cells need to be connected together a.nd\ﬂgfmechamsm ofunctions as the electrical contact to the-

be provided, hence the need for interconnects. The interconnect

cathode while protecting it from the reducing atmosphere of the anode. .
The high operating temperature of the cells combined with the severe environments means that

interconnects must meet the most stringent requirements of all the cell compox‘lents: 100‘;{,b;31§¢:ctnc§
conductivity, no porosity (to avoid mixing of fuel and oxygen), thermal expansion c;mipath eg' an
inertness with respect to the other fuel cell components. It will be exposed simultaneously to the reducing

environment of the anode and the oxidizing atmosphere of the cathode.

ey SW S S | SRR RE R R e i T T e R TRV,
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Chapter 4

Environmentg] Impact of Energy
Sources

4.1 Emission Hazard

4.1.1 Indoor Pollutants

ehol i : e
f:zl:rds(.) dT(}:feI:eblfluSg:i:: Zzafiofr biomass (e.g.; dll}'lg, charcoal, wood, crop residues) can cause eﬂ&;s?‘o’:
simple stoves and i ed. Tor househol.d cooking and heating. Solid fuels are burnefl in inefficien

g 1d In poorly ventilated conditions. The disease burden from solid fuel use is most signifi-
cant in p opulatlor.ls with inadequate access to clean fuels particularly poor households in rural areas of
f:l‘gjopmg countries. Women and their youngest chéldr\ex,l are most exposed because of their household

]-'U simple stoves, biomass fuels emit substa,ﬁt\ial amounts of health-damaging pollutants, including
respirable Qa.rticulatges, carbon monoxide, niffogen oxides, benzene, formaldehyde, 1,3 butadiene, and
polyaromatic compounds such as benzo(a)'f;yrene. Depending on their quality, coal ‘fuels may also emit
sulphur oxides and other toxic elements, including arsenic, lead and fluorine. Coals smoke produces all the
above plus, depending on coal quality, sulphur oxides and such toxic elements as arsenic, lead, fluorine,
and mercury. ‘ '

Environmental Impact of Indoor Pollutant
1. Acid precipitation
2. Destruction of global ﬁitrogen cycle

3. Ground level ozone

N

. Deforestation
5. Diversion of agricultural residues
6. Loss of visibility, property or crops

Effect of Indoor Pollution on Health

1. Strong evidence: ARIs (acute respiratory infections), Chronic obstructive lung disease, Lung
cancer

2. Moderate evidence: Cataract, TB (tuberculosis)

3. Limited evidence: Asthma

.. 4..Insufficient evidence: Low birth weight-and perinatal deaths, Heart discase etc

65
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Efforts to Reduce Indoor Alr Pollutants
acts healtht

Three factors determine the extent to which Indeor Air l'nllnl.mltn(lAf’) fmp

* the degreo of pollution, that ls, the emission lovels; t

vironment;
* the degree of exposure, that is, the amount of timo apent in 8 pollutcd et g
nake some individuals

jogical factor8 that 1

e personal susceptibility to the effects of IAP, that Is, physio S hmatics

more prone to the effects than others, such ag children and 88
' .Tremeer and Mathee, 2000);

Technical interventions can thus reduce IAP in threo ways (B““Md
o] switching;

« by producing less smoke: improved stoves, improved fuels and fuel sW1 ‘ g
i ds and ventilation;

¢ by removing smoke from the indoor environment: chimneys, fues, hoo o

. : ‘ itchen design.

* by reducing exposure to smoke: reducing cooking time, behaviouT, w i
; "< like education, reducin

Others controlling measures can be housing design, pehavioural changes like . g

smo_ke from stove, modified cooking practice.

4.1.2 Automotive Pollution .
n of fuels such as natural gas, gasoline/petrol,

it is discharged into the atq]osphe.re th-l'o}lgh
pollution and are a major ingredient in'the

Exhaust gas or flue gas is emitted as a result of the combustio
diesel fuel, fuel oil or coal. According to the type of engine,
an exhaust pipe. Motor vehicle emissions contribute to air
creation of smog in some large cities. . i '
The largest part of mostg combustion gas is nitrogen (NZ;,)’ water vapor (H20) (e:c :ﬁgczt:oif&
carbon fuels), and carbon dioxide (CO2) (except for fuels without carbon); these aj: nc; et gmall l:
(although carbon dioxide is a greenhouse gas that contributes to global warming). i gr it
of combustion gas is undesirable noxious or toxic subst_?ﬁces, such as car})on monoxlde.(ccl)) OTHHCI;? -
plete combustion, hydrocarbons (properly indicated“as CzHy, bub typlcal}y shown simply a5 on
emissions-test slips) from unburnt fuel, nitrogen,?ﬁdes (NO) from excessive combusCion e

ozone (O3), and particulate matter (mostly soot).

Health Impacts

Carbon monoxide (CO) affects especially persons with heart disease, and fetuses. Unburned hydrocarbon
(HC) has serious health effect on people who suffer from lung diseases, asthma or emphysema. Nitrogen
oxides (VO) is linked to a wide range of respiratory problems; cough, runny nose, and sore throat
are among the most common. Ozone can cause chest pain, coughing, and shortness of breath. When
inhaled, ozone can cause temporary decreases in lung function of 15 to over 20% in healthy adults. Lead
exposure will lead to a decrease in intelligence quotient and can, in some cases, also lead to premature
deaths. Particulate matter (PM) is associated with premature death, aggravation of respiratory and
cardiovascular disease, and decrease in lung function.

4.2 Battery Hazards

Batteries are safe, but precaution applies when touching damaged cells and when handling lead acid
systems that have access to lead and sulphuric acid. Several countries label lead acid as hazardous
material, and rightly so. Let’s look at the hazards if not properly handled.

4.2.1 Explosion

A battery explosion is caused by misuse or malfunction, such as a i :
rechargeable) battery, or a short circuit. Car batteries are ma:St ﬁg;}?tézgei;;:;:tﬁ : prl}r:larz '(nox};
generates very large currents. Car batteries produce hydrogen, which is very explosi a 1? or hcu'cm
overcharged (because of electrolysis of the water in the electrolyte). When a batf snirse, when they are
excessive rate, an explosive gas mixture of hydrogen and oxygen may be Produ:erc)i( fa;:; ::\iidi:tcilr:

. ] escape from within the battery, leading to pressure build-u ;
#vui cer 2+ t'may ‘also caiise damage to the chargertor Hiawby it p‘and eventual bursting of the battery case.

2 tALig ] gt s . 3
{ VIS & SR AN SRy | £ 1y Voo o \g-'-,....uv&u?-“ﬂ°“
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422 Explosioy

The sulphuric acid iy 5 lead acf .

T il battery v l(llmac;;l bu.ttcry Is highly corrosive and is potentially more harmful than acids
wreate thik tag lod oY deau; rxe contict can cause permanent blindness; swallowing damages internal
oteo oiba b e o .tl 18t aid treatment callg for flushing the skin for 10 to 15 minutes with
lrgs Aciol CIOthing By he affected tissues and to prevent secondary damage. Immediately remove
boncling the sabes il oroughly wash the underlying skin. Always wear protective equipment when

4.2.3 Poisoning

Lead poisoning can lead ;
S i i . .

slow growth and developmzcr)ltbr? 1n disease, slowed nerve conduction velocity [decreased reaction times],

function deficits such as verl, (l) ﬁcllxllﬂq’ effect in cognitive development like levels decrease in IO,'cognit.ive

hearing impairment; lack ip aid ction / linguistic deficits. Others effects includes learning difficulties,

system. : itory sensitivity , sight loss and impairment etc and problems in R
Effects of cadmium inclug
function), lung impairment
vomiting reproductive failul"
age to the immune system.

es accumulation on kidney (where it damages filtering mechanisms, dys-
bone disease, human carcinogenesis, diarrhoea, stomach pains and severe
e and possibly even infertility, damage to the central nervous system, dam-

to g;&:l'iit’i}il:dngi Is considered non-toxic and the only concern is the electrolyte. Althou.gh tf)xic
toxis t, ial not harmful t‘f’ humans. Lithium-ion is similarly benign the battery contains little
0! : material. Nevertheless, caution is required when working with a damaged battery. When handling
a spilled battery, do not touch your mouth, nose and eyes, and wash your hands thoroughly.

4.2.4 Toxic Materials :
\,\\

Many types of batteries_‘ employ toxic materials spchas lead, mercury, and cadmium as an electrode
or electrolyte. When each battery reaches end of life it must be disposed of to prevent environmental
damage. Battery are one form of electronic waste (e-waste).

&

4.2.5 Safety Methods 2

1. Keep button batteries out of sight and reach of children. Remote controls, singing greeting cards,
watches, hearing aids, thermometers, toys, electric keys and more may include these batteries.

2. Keep loose batteries locked away to prevent access by small children.
. 3. Share the danger of swallowing button batteries with caregivers, friends, family members and baby
sitters. '

4. If you suspect your child has ingested a battery, go to the hospital immediately. Wait for a medical
assessment before allowing the child to eat and drink.

5. As a simple guideline, hy.drogen sulphide which comes after over charging batteries , l;ec()mes
harmful to human life if the odour is noticeable. Turn off the charger, vent the house and stay
outside until the odour disappears.

4.2.6 Recycling of Batteries

Lead acid batteries are usually composed of two p%ates: Pl? alloy and PbO; base. During the batteries
discharge, PbSOy is formed. The PbO; base plate is essentially composed of a Pb alloy grate in which a
PbO, paste is impregnated. The grates are fxomfally cor.nposed of alloys containing low amounts of Ca,
Sb and Sn. The electrolyte used is a sulphuric acid solution. A polypropylene box typically contains the

electrolyte and a group of six cells.
The recycling sequential steps normally are:

1. the separation of the plastic case

2. acid removal
f the plastic, metallic lead and paste

ion’reﬁnmgandcasting..,- s A e A e e ke 2

3. separation 0

.. .4. separation, reduct

L —— T —
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- There is another more serious type of effect

l‘N\/m(JNMEN't*Ab IMPAOT OF [INERGY*SOURCES .. . ..

4.3 Nuclear Hazard

A number of nuelear explosions have already b
Irvespective of judgements about the othics of ¢
amounts of radioactivity into the environment. Nue
estimate, in an explosion about 50 per cent of the energy oe
rest 17 per cent or so to radioactivity. 1

The radioactive dust that falls to the earth after atomic exp
estimated percept dose to world population from fallout of past 0
yean ‘

srent part of W(rld
wcent past in diffe ren yeld.,
con made (lllr::l.lis;( (t,cats oceurred, injecting substantial
lhia practico, rapid and based on a rough
lent cxl)IU: to the blast, 33 per cent a3 heat and the
oslon 1s called radioactive fallout. The
uclear explosions i8 10 microsievert per

4.3.1 Biological Effect of Radioactive Radiation S el g S l-e o
Radioactive substances are among the most toxic substances lfnow“' Radl:l msil:e :)Jf radiation damage, z;_.f
than arsenic. The éell, which is the fundamental unit of life, is f‘.he plrlmzsyas in the case of loss of hair
too many cells are damaged, the symptoms show up in the growing t.lssu 8 e vering of the blood count’
ulceration of the mouth, the reddening and haemorrhaging of the skin an 3
If these symptoms grow more severe, death will result. .

These effects may be

Somatic Effects
ell and tissues.
he body ¢ cataract, leukaemia,

These are the di i diation on t ;
e direct results of action of radiatl e cardiovascular d isorder,

immediate or delayed. The illness to become a victim e
e ects.
sterility, premature ageing and shortenings of life span. All these are somatic €

=~

Genetic Effects 5
of fonizing radiations, known as genetic effect. This arises
S sex cell is one of thé pair that goes

fr. - is damaged and if that : :
om the damage to the sex cells. If a sex cell is da g‘e o an offspring with various kinds of major or

into the production of a fertilized ovum, it will give tis

minor physical defects. "

Radioactive Waste

There is no way of destroying radioactivity. The radioactive waste fron? nuclear pl:e.nts may be in form of

gases, liquids or solids. There is no suitable and cheap method of storing the radioactive waste. At any -
d salt formations in

time, radioactivity is likely to escape from the waste in water bodies, concrete cases an
leached into the biosphere. Among the long-lived -

high mountains. The nuclear waste is thus likely to get le _ .
fission products the most hazardous are Strontium-90 (half life 28.9y) and caesium- 137 (half life 30.2y).
half life 24,100y) is another reactor product that

The highly toxic alpha-active element plutonium (
has to be taken care of. All these elements enter the human system and get deposited in various parts

of the body causing cell damage. .Radionuclides have become distributed throughout the environment
and are transmitted to man via the food chain. When taken in by man, some radio nuclides become

concentrated in specific organs where they become injurious to health.

sirty fa Yivu s g it oo el By e T . .
u o bl
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Chapter 5

Energy Storage

The way energy is stored

the following methods of Sepends rimarily on the source of energy. According to the latter, we know

energy storage:
1. Chemical ener

depaiids i Ha sgy storage: Chemical energy is a form of potential energy, storage of which further

ource. We know the following methods or mediums for chemical energy storage:

(=) gyf :gfﬁ:’ fAlth°“gh. 'Gl_le cglourless, odourless, tasteless and non-toxic gas has potentials
E "€ ol energy, it is primarily used as an energy storage medium for subsequent use.
xamples include underground hydrogen storage involving the use of underground caverns and
empty gas and oil fields to store grid energy for intermittent energy resources such as wind
power and solar energy for instance. =

(b) Biofuel.s and biomass. They do not rce\fe'r'"tb energy storage as such but are rather examples
?f chermc.al energy storage. When wood logs or biofuels are burned, they release energy that
is stored in the bonds of molecules and atoms. j

(c) Liql‘lid nitrogen. Just like h}:gr‘aégen,- liquid nitrogen shows potentials as a source of energy
but instead, it is used as a forin of energy storage. It can be used to generate electricity or
refrigeration and cooling.

(d) Oxy-hydrogen. It is a mixture of oxygen and hydrogen which when ignited, releases high
pressure and high temperature steam that can be used to generate electricity.

(e) Other. There are many other mediums to store chemical energy. Exam;ﬂles include: hy-
drogen peroxide; it is best known for its uses as bleach and cleaning agent although it is
also used as rocket fuel and vanadium pentoxide; it is used in vanadium redox batteries, a
type of flow batteries that are used to store various forms of chemical energy including electric
power produced by wind farms '

2. Electrochemical energy storage. It involves the use of various devices which convert chemical
energy into electricity. Examples include: Battery. It is a widely used device that converts stored
chemical energy into electricity. Two basic types of batteries exist which known as the primary
batteries or non-rechargeable batteries and secondary batteries which can be recharged and used

multiple times.

Fuel cell. It refers to a device which converts chemical energy into electricity through chemical
reaction. Several different types of fuel cells exist but all feature a cathode, anode and an electrolyte.

3. Electrical energy storage. It involves the use of an electric field to store energy. Examples
include: Capacitor and supercapacitor (double-layer capacitor). Both are electrical compo-
nents that are used to store electric charge but as its name reveals, supercapacitor can store more
electric charge. Capacitor is typically used a a short-term backup power, while supercapacitor can
also be used to power large engines including vehicles. But it is also often used to run low-power
devices such as portable media players, PC Cards, etc..

Superconducting magnetic energy storage (SMES). It refer's to a relatively new technology
which stores electricity from the grid within a maguetic field that is createq by the flow of current
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used to 8Lore thermal energy in order to

othods that are or below the internal energy

4. Ther .
hermal energy storage. It refors bo 1 {nsido 18 above

use it to cool or heat bulldings when the temporatire

in the stored substance, ot for space heati
t water fo ating,

, stores ho
aro of wood furnaces and

(a) Hot water storage tank It refers to & W fent
: mimon i
washing, bathing, ete.. Hot water storage tanks are & €0

sol o «olle . %
ar thermal collectors. < sy during the evening or night and

(b) Storage heater. It is an electric heater that store (city i higher. Storage heaters

ectr
| Edune : of base load €l%°
releases heat during tho day when tho g al or clay bricks:

work by accumulating heat in ceramic materi ¢
) g h al contains steam under pressure. It is used

(¢) Steam accumulator. It refers to a steel tank t gupply is greater th

" to balance between supply and demand by accepting ste?m when the supply gr an
demand and to release it when demand exceeds the suppty-

' otion include:

' ' i by m
5. Mechanical energy storage. Methods to store energy that 18 pmduced Y

r which stores non-compressible fluid under
cumulators but the most widely used is the
a5 under pressure, usually nitrogen.

(a) Hydraulic accumulator. It is a storage reservoi
pressure. There are several types of hydraulic acc!
so-called compressed gas accumulator which contains &

is a method to store energy through a

ed to store grid energy and energy that

transportation and as an emergency

(b) Flywheel energy storage. Like its name suggests, it
flywheel. This type of mechanical energy storage 15 USE
is generated by wind farms but it also shows potentials in
power source. .

5.1 Hybrid Vehicles &

A hybrid vehicle is a vehicle that uses two or more diﬁefﬁct power sources to move the vehicle. The term
most commonly refers to hybrid electric vehicles (HEVs), which combine an internal combustion engine
an(i one or more electric motors. However, other mechanisms to capture and use energy may also be
included.

4 o0 R e S el

Figure 5.1.1: Hybrid vehicle having two source, petroleum and electricity

Different power sources like coal, wood LPG, h
o ) , hydrogen, petrol, solar, wind, human powered can be

Hybrid-electric vehicles (HEVs) combine the benefits of gasoline engines and electri t d
ric motors and can

be c'o-nﬁgured to obtain diﬂe}'ent objectives, such as improved fuel econ ;
auxiliary power for electronic devices and power tools omy, increased power, or additional

Some of the advanced technologies typically used by hybrids includ
clude

1. Regenerative Braking. The electric motor applies resistance to th
ce to the dri

to slow down. In return, the ener : :
) gy from the wheels t vetrain causing the wheels
converting ene : urns the m : . g
rting energy normally wasted during coasting and brakj ot(i)r; which functions as a generator,
CRAIRR e *..‘,ﬂ.g;-ulfio de(:tmcltyy which is stored in

L O
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o1, HYBRID VEMICLES
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Figure 5.1,2: Hybrid vehicles types..

des additional power to assist the engine
officient engine to be used.

2. Electric Motor Drive/Assist. The electric motor provi
where internal

in accelerating, passing, or hill climbing. This allows a smaller, more v
In some vehicles, the motor alone provides power for low-speed driving conditions

. combustion engines are least efficient.

3. Automatic Start/Shutoff. Automatically shuts off the engine when the vehicle comes to a stop
and restarts it when the accelerator is pressed. This prevents wasted energy from idling.

5.1.1 Types

Series Hybrid :
Vehicle propulsion is by a electric motor only, Internal Combustion Engine(ICE) is used for charging the

HV battery.

Parallel Hybrid

Uses multiple propulsion energy sources, this means the electric motor and ICE propels the vehicle.

Series-parallel Hybrid

. These vehicles can operate using the electric motor alone or with assist of the ICE, they combine both

functions of series and parallel design.

5.1.2 Advantages and Disadvantages

.- Here are few of the top.advantages of having aliybrid vehicles2's . ov o aivas
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ic line powered
14 vehicle over gasoline
nge of hykl::;“u environmentally friendly. A
I ”l electric motor) that cuts fuel

p—

. Environmentally Friendlyr One of the bigsest advant
cat 15 that 1t runs cloanior and has botter gas milens® w
hybrid vehicle runs on twin powered engine (pasoline

consumption and conserves energy. | incentives that help to make

g and INCe 3
Financial Benefits: Hybrid cars are sup]ml’ted by many cm:;l:;lgeﬁti”" charges comes in the form
them affordable, Lower annual tax bills and exemptiont from

of less amo A ol )
unt of money spent on the fuel ner and requires less fuel

ich clea

3. Less Depondance on Fossil Fuels: A [[ybrid vehloice n;es;rill‘ fuels. This in turn also helps to
to run which means less emissions and less dependance on lo

reduce the price of oil in domestic market. driving & hybrid vehicle helps
i rivin

4. Regenerative Braking System: Each tine Yo' apply brake w}t;lcllis in that captures the energy
you to recharge your battery a little. An internal mGCMH-ISI'I:lates the amount of time and need
released and uses it to charge the battery which io turn elimi
for stopping to recharge tlie battery periodically. . :

» ghter materials which means less

$ . li .
5. Built From Light Materials: Hybrid vehicles are made up of e e eves much enerey.

: A >
energy is required to run. The engine is also smaller and lighter

. X =< asoline, more and more l?eople are
6. Higher Resale Value: With continuous increase in price ‘;fj Cgles have’started At Wt

turning towards hybrid cars. The result is that these green vehl  le. you can always sell
than average resale values. So, in case you are not satisfied with your vehicle, ¥ S

it at a premium price to buyers looking for it.

hat you think. Contra;
There disadvantages to owning a hybrid vehicles, but they ;a,'\re pr‘cl);J abg;}?i?:;e:r Bzdyhave no issue wi:i
to popular myth, hybrid vehicles have just as much power, as regular £ hybrid fuel that your vehicles
mountain driving or towing. The disadvantages will df?Pf.}\}ia on the type 01 1Y
uses. § :
Here are few of the disadvantages of a hybrid vghi\alesz

>

1. Less Power: Hybrid vehicles are twin powered engine. The gaso_hne engine which 13 primary
source of power is much smaller as compared to what you get in single engine powered car and
electric motor is low power. The combined power of both is often less thar.x that of gas powered
engine. It is therefore suited for city driving and not for speed and acceleration. :

2. Can be Expensive: The biggest drawback of having & hybiid vehicles is that it can burn a hole
in your pocket. Hybrid cars are comparatively expensive than a regular pgtrol car and can cost

$5000 to $10000 more than a standard version. However, that extra amount can be offset with
lower running cost and tax exemptions.

3. Poorer Handling: A hybrid vehicles houses an gasoline‘powered engine, a lighter electric engine

* and a pack of powerful batteries. This adds weight and eats up the extra space in the car. Extra
weight results in fuel inefficiency and manufacturers cut down weight which has resulted in motor
and battery downsizing and less support in the suspension and body.

4. Higher Maintenance Costs: The presence of dual engine, continuous improvement in technology,

and higher maintenance cost can make it difficult for mechanics to repair the car. It is also difficult
to find a mechanic with such an expertise. :

_ Presence of High Voltage in Batteries: In case of an accident, the high voltage present inside
the batteries can prove lethal for you. There is a high chance of you getting electrocuted in ik

cases which can also make the task difficult for rescuers to get other passengers and driver out of
the vehicles.

5.2 Smart Grid Systems

A smart grid is an electricity distribution network that can moni P :
based on this self awareness, adjust to changing conditions I:I::,(:; illi!;tgcnty flowing within itself and,
: 4 y

R S R P EL fthé‘"neﬁ\vOfk'al\d/Of iexerting ia+level of control‘over' R e tide 'automatically reconﬁguriﬂg
generation, » ¢ o T
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A Smatt Grid is a
rion, and computers to |
gysten.
Smart Grid genera||
‘ ! tefor
gystems into the 21st c'inturruls bty

otloyy olectriclty 8

iy ysle jcati
brove the . 14 usos setisors, monitoring, communications, autorma-

exlhy)| i
lty, Sectitity, teliability, efficlency, and safety of the electricity

88 ' ) )
These systems are ¥ Wslng cullltl)irllltztfll1110|0gy people ate tsing to bring utility electricity delivery
hat has been used f made Posslble 1 “based retnote conttol and automation. )

b oct for decadoy In ot} Y Wo way communication technology and computer processing
from the POwer plants and wind 1oF industfos, They ate be, hmln' to be sed on electricity networks,
They offer saauy benofits to utili o8 all th way 4o the consun%em ofgelectricity in homes and businesses.

s olont A tics
on the electricity grid anq In th anid consumors mostly scen in big improvements in energy ©

tems and internet offerg the

greater monitoring ang control throughout th
out the

power system and hence m ;
and lower cost operation Smore cﬁ’(?ctlve, flexible

tunity to use new ICTs (Info
nication Technologies)
cal power system,

pOSSibmty of much

; rmation and Commu-
0 revolutionise the electri-

It enables dema
management througlltldtlizsip 21186 a}ld ipiad eide
ters, smart appli T s ol o I IO
) ppliances and consumer loads. mj
generation, and electrici aLe R
R Y 5 ectricity storage including (elec-
tric vehicles) and by providing customers with in-
formatlon' related to energy use and prices. Cus-
tqmt.ers will be provided with information and in-
centives to modify their consumption pattern to
overcome some of the constraints in the power sys- &
tem 2 \\?‘N
It' accommodates and facilitates all renewable
energy sources, distributed generation, residential micro-generation, and storage options,
the environmental impact. P
It assures a.md improves reliability and the security of supply by being resilient to disturbances, attacks
and natural disasters, anticipating and responding to system disturbances (predictive maintenance and
self-healing), and strengthening the security of supply through enhanced transfer capabilities.
' It maintains the power quality of the electricity supply to cater for sensitive equipment that increases
with the digital economy. It opens access to the markets through increased transmission paths, aggregated
“supply and demand response initiatives and ancillary service rovisions. )
y P

Figure 5.2.1: Smart grid.

thus reducing

5.3 DBatteries

An electric battery is a device consisting of one or more electrochemical cells that convert stored chemical
energy into electrical energy. Each cell contains a positive terminal, or cathode, and a negative terminal,
or anode. Electrolytes allow ions to move between the electrodes and terminals, which allows current to
flow out of the battery to perform work.

Primary (single-use or "disposable”) batteries are used once and discarded; the electrode materials
are irreversibly changed during discharge. Common examples are the alkaline battery used for flashlights
and a multitude of portable devices. Secondary (rechargeable batteries) can be discharged and recharged
multiple times; the original composition of the electrodes can be restored by reverse current.

Batteries have much lower specific energy (energy per unit mass) than common fuels such as gasoline.
This is somewhat offset by the higher efficiency of electric motors in producing mechanical work, compared

to combustion engines.

5.3.1 Principle of Operation

Batteries convert chemical energy directly to electrical energy. A battery consists of some number of
voltaic cells. Each cell consists of two half-cells connected in series by a conductive electrolyte containing
" anions and-cations; .One. half-cell includes electrolyte and the negative electrode, the electrode to which

e ————— T ———
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cloctrolyte and the positive electrode

anions (negatively charged fong) migrate; the other halt=cell jncludes

to which cations (positively charged lons) migrate. at the cathode during

; 1
¢ are added) \arge. The electrodes

stron
(0168 1o during discl

luced

Redox reactions power the battery. Catlons are i :
charging, while antons ate oxidized (electrons are temoved) ab S un(l)ecl,rolyte. Some cells use different
do not touch each other, but ate electrically connected ‘)”v :,léﬁwc(‘cn half-cells, bit, prevents mixing of

clectrolytes for cach half-coll, A sepatator allows jons to flo

the electrolytes. 1
The voltage developed across a cell’s torminals depends on the energy r"b

of its electrodes and electrolyte. If a charger cannob detget b

overcharging is likely, damaging it. 1»inal charge Per
Disposable batteries typically lose 8 to 20 percent of thelt ornlglm X

room temperature (2030°C). This is known as the "self-discharge $hts ture, as in 2 reftigerasor ot
Battery life can be extended by storing the batteries at & low ten}per? u“;line batteries by about

freezer, which slows the side reactions. Such storage can extend the.hfe it type

5%; rechargeable batteries can hold their charge much longer, depetdlag TE; i)

case of the chemical reactions
attery 18 fully charged then

year when stored at

_ 5.3.2 C Rate

The C-rate is a measure of the rate at which a battery i
current divided by the theoretical current draw under W 5
capacity in one hour. A 1C discharge rate would deliver the : 1.6 Ah batt
discharge rate means it will discharge twice as fast (30 minuteS); A1Cdis chargte r?_:taezor;‘a. : i
means a discharge current of 1.6 A. A 2C rate would mean 2 discharge currell 9_ Lk

It is defined as the discharge

uld deliver its nominal rated
d capacity in 1 hour. A 2C

s being discharged.
hich the battery WO
attery’s rate

}\

5.3.3 Lead Acid Battefies

They are oldest types of batteries, invented in
presence of electrolyte(Approx. 35% sulfuric aci
and the anode of lead dioxide. Each lead-acid "cell®

electrolyte reacts with the plates, changing their. Surface to lead sulphate.

Pb(s) + PbOy(s) + H2S04(aq) = 2PbS04(s) +2H20(1)

The lead sulphate product cﬁngs to the electrodes, so appfjed external voltage can reverse the reaction.
back into lead and lead oxide, and the specific

When the battery is recharged, the lead sulphate reforms
gravity of the electrolyte is restored. Over time, the lead sulphate converts to a-crystalline form that no

longer dissolves on recharging. This process is accelerated if the battery is left in a discharged condition.
Sulph.ation can be avoided if the battery is fully recharged immediately after a discharge cycle. Excessive
charging electrolyses some of the water, producing hydrogen and oxygen (called "gassing”) which mixture

is highly explosive.

plates of lead and lead oxide in
thode is made of metallic lead,
he battery discharges, the

vl
1859. Tt Gonsists of lead
d and:65% water. The ca
“produces 2.14 volts. As t

(5.1)

5.3.4 Types

1. Flooded (Wet Cells): Electrolyte is a liquid, battery is usually not sealed and not spill-proof
and usually vent hydrogen gas during charging.

2. Valve-Regulated Lead-Acid (VRLA): They are of following types:

(a) Gelled Electrolyte (Gel Cell): Electrolyte is immobilized by a thickening agent
(b) Absorbed Glass Mat (AGM): Electrolyte is absorbed in separators of matted glass fibers
VRLA batteries are hermetically sealed and desi ;
S eliz. igned to produce little or no hydrogen gas during

5.3.5 Battery Service Types

«wre Atsmze + The three service types are Starting, Deep Cycle, and Mari
? s NE BASY % < Ly o4 PO R T
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j. Starting: Sometimes callq ‘ o anpkng P

tomobile battery and are 4 °LL for Slarting,

i li
pattery may last for the esigned to prog Veght:l.lg, ignition, ‘They ate typically available for at”
Ly largo starting current, for a very short time. Such

patteries will usands of CYCleo lu s

4 by BEl generally faj] ofe, 30 15 g dn normal starting s (2% - 5% discharge). Automotive
an y have very large Surface areq butecp cycles. The plates are composed of a lead "gponge”
)

9. Deep Cycle: They gre designeq ¢ b g quickly consutned if the battery Is deep-cycled.
6 be d

They have maximum Jife ;
e if i
lead, not sponge and have le;"::;‘-fg&iedlwh
are

P cycle battery to

SCllﬂfged as much as 80% of full capacity many times:
arge is kept at about 50%. The plates are ustally Sf’l‘d
3, hence less "instant power like starting batteries provide.

cranking amps. be used as a starting battery, but cannot supply as mouch

3. Marine: They are hybriq '
ol hatbies Ybrid type batteries and they have characteristics between starting and s

5.3.6 Nickel Batteries
Technical Summary

There are a number of Nickel base
Cadmium (Ni-Cd)
NiC12)

d batteries currently avai i ding Nickel-

: > y available or under development, including 1

NieCd and glictgiMetal Hydride (Ni-MH), Nickel-Zinc (Ni-Zn) and Sodium-Nickel Chloride (Na-
-MH are the most developed of the Ni batteries. .

-Energy Density and Discharge Time

These various Ni battery types cover the energy density range 20 120 Wh/kg (Dahlen, 2003). The lifetime
of- batteries m.determ'med by the number of chaige/diséharge cycles that they can perform. Ni-Cd and
NI_MH batteries perform among the highest numberof deep cycles relative to other battery technologies,
typically up to around 1500 deep cycles. Ni-Zn and Na— N iCly have a shorter lifetime. Ni-Cd batteries
also have a strong memory effect, where as in Ni-MH batteries the effect is much less significant.

&
N

Energy Efficiency

Ni-Cd and Ni-MH batteries are the most developed of the Nickel batteries. However, they also offer the
lowest efficiency, discharging around 70 % of the energy used during charging, although Ni-Cd batteries
have a lower self-discharge rate than Ni-MH. In comparison, NiZn batteries offer efficiencies of 80% and
Na — NiCl, batteries have an efficiency of around 90%. Pt

Development/Deployment status

Ni-Cd batteries have been produced since the early 20th century and formed the majority of the recharge-
able battery market in consumer electronics by the 1990s. The first consumer Ni-MH batteries appeared
in the 1980s and have replaced Ni-Cd in many rechargeable battery applications. Despite being used
widely in electric vehicles, there are few examples of their application to electricity markets.

Applications

The Golden Valley Electric Association (GVEA) in Fairbanks, Alaska installed a large scale Ni-Cd Battery
Energy Storage System (BESS) to provide 27 MW of electricity for a minimum of 15 minutes to stabilise
the local power grid in the event of sudden loss of generation. The BESS was designed and built by Saft,
an international battery manufacturer, and comprises 13,760 Saft SBH 920 high-performance rechargeable
Ni-Cd cells arranged in four parallel strings. The system provides a nominal voltage of 5,000 V and a
storage capacity of 3,680 Ah. At the time, the BESS was awarded the Guinness World Record for ”the
world’s most powerful battery” by delivering 46 MW for 5 minutes.

Economics

Both Ni-Cd and Ni-MH batteries are expensive to manufacture relative to other battery technologies
possibly twice the cost of Lithium batteries and potentially four times the cost of lead acid ba.tteries,

SR G
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Li-ion batteries have taken over 50% of the small portable mar
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Environmental Impacts and Regulatory Issues

The most significant drawback of Ni-Cd batteries is the highly toxic C,"d 4
t!us metal is highly recyclable it is exceedingly toxic. Most Nickel is recove

since the metal is reasonably easy to retrieve from scrap an
as stainless steel. EU legislation is in part responsible for the superce Nl
batteries and represents a significant issue to any future development of NI-

mium used within them. Although
ed from end-of-life batteries
ion resistant alloys such
i-Cd batteries by Ni-MH

5.3.7 Lithium Batteries

Technical summary |
chemical cells. Lithium-Ion

In fommon with other advanced battery systems, Lithium batteries are electro
(Li-ion) and Lithium-Polymer (Lipol) types are both available.

£100 150 Wh/kg (INVESTIRE, 2003). Nano

Li-ion and Li-pol batteries offer high charge densities o
densities.

composite electrode systems may offer even higher energy

Energy Efficiency

Charge/discharge efficiencies of 90 100% are reported for Lithium batteries.

Development/Deployment status

ket in the last few years, however there
are some challenges for making large-scale Li-ion batteries. yﬁder the EU 6th Framework Programme a
consortium of European organisations is investigating advanced lithium energy storage systems based on

the use of nano-powders and nano-composite electro¢§57electrolytes. Accorfiing to a 2004 .report from
the Taiwanese Industrial Technology and Research Institute (ITRI, 2004) their nano composite electrode

technologies can provide energy densities of greatgr“’than 200 Wh/keg.

Economics

Accordiﬁg to the Energy Storage Association (ESA, 2007) the main hurdle associated with mass energy
storage systems using Li batteries is the high cost (above 420/kWh) due to special packaging and internal

overcharge protection circuits. Several companies are working to reduce the manufacturing cost of Li-ion

 batteries to capture large energy markets (multi-kW, kWh sizes for residential and commercial markets).

The automotive industry is one of the main drivers behind this development.

Environmental Impacts and Regulatory Issues

Li batteries have a limited environmental impact since the lithium oxides and salts can be reéycled.

5.3.8 Lead-Acid Batteries
Technical summary
In common with other advanced battery systems, Lead-Acid batteries are electrochemical cells, in this
case based upon chemical reactions involving lead and sulphuric acid. Lead-Acid is one of the oldest and
most developed battery technologies.
Energy Density and Discharge Time
Because of the high density of the materials used in these batteries, the typical s
than other batteries at 25 45 Wh/kg. ypical energy densities are lower
Energy Efficiency
discharge efficiencies for lead-acid batteri oy - 3
Charge/discharg : atteries are 60 95% with self-discharge rates of 2 to 5% per

e . hos , B AT N i SRy mol e $Refon JUST wtan i b oree &
» ‘month (Lailler , 2003): R L S A P 8 St
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.system illustrated in Case Study 1
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Dcvclol"“mt/ dcployment staty, :
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In gtationary storage applicaty

. on
encrgy storage systems hayq 1, " Clorgy density s ¢

aditiona)ly dominateq Ypically of less Importance and lead acid battery
| d thig market, partly dio to their low cost.
Economics

Lead acid batteries are

low cost
. ive th s § compay
&\p$;geu dar\lf Li bat.tenes and yp tI:) ll;dtt:o other battery technologies, being as much as 8 times less
BE ernon installations discysged op less than Ni batteries, The cost in 1995 prices of the
ove were 707 and 305$/kWh respectively.

Environmental Impacts and Regulator I
Y Issues

The lead used in these batteriec )

typically used as the electoti;ifsisls toxm_ and therefore must be recycled. In addition, the sulphuric acid
presents an explosion risk. Unq ch}'osl\z.e and when overcharged the battery generates hydrogen which
weight of lead acid batteries er Directive 2006/66/EC, a minimum recycling rate of 65% by average
; Taust be reached in EU Member States by September 2011.

5.3.9 Flow Batterieg

Technical summary

f;lg;;tzttgl?ﬂ::es::: ?Oauilzygtas; ﬂenergy through a reversible electro-chemical reaction between two elec-
zinc bromine, vanadium red of flow battery curre.ntly bging produced or in the late stages of dew{elopment.;
 develoned by ZBB gy 2 (VRB), polysulphide bromide and cerium zinc. The zinc-bromine system
IS p _y Energy Corp in the USA -repré'é'ents a type of hybrid flow battery. A leading form
of the vanadium redox flow battery is a system prRB Power S'ysfems Inc in Canada.

_These sy§tems feature the separation of chemical reactants from the electrochemical cells through
which charging and discharging take place’ " The storage capacity is dependent upon the size of the
electrolyte tanks whilst the power output is dependent upon the size of the fuel cell. The vanadium redox
system has an advantage over the hybrid system as the discharge time at full power can be varied.

Energy Density and Discharge Time

VRBSs can be fully discharged without reducing life expectancy. A VRB in Sapporo, Japan has undergone
around 14,000 discharge cycles, this gives it a competitive advantage over many other storage technologies.

Energy Efficiency

These systems have quoted efficiencies varying from 70% (cerium zinc) to 85%.

Development/Deployment status

The VRB system is currently being deployed at a number of wind farms around the world. A case study
of Sorne Wind Farm in Ireland is given below. The ZBB system has been undergoing testing at the DUIT
facility in the US at a 500 KWh scale, with plans to link four to make a 2 MWh battery. A report on
US energy storage (UK DTI, 2006) commented that the ZBB system was the noisiest system observed
and the presence of multiple pumping circuits also indicates that regular maintenance activity will be
required. Whilst these technology examples are in the early stages of development it would appear that
the Vanadium battery is currently the lead technology.

Economics

The overall cost of a 9MWh ZBB system would be m the region of 1.8 million. The cost of the VR
2 was just over-6 million for a 2MW,; 12 MWh system.. _- : g

‘7 - Voas
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Environmental Impacts and Regulatory Issues
o extent to which environmental

The potential size and lotermine th

: / sealo of these systems aro likely to detertn ini
impacts are significant. Significant qmi'uut.lus of spaco may be required for hgkil l?,g]tn;‘;iizgt:u:enﬁ :}}:Z
“l“c"f(‘b'tes and although theso substances may not be sPOcmc“"y toxic "hlg,}? vkc: {0 perform (]ischa.rg(;
design stage. A major advantage of the technology I8 the ability of the techno gy

cycles indefinitely so there are no signlficant waste products assoclated with operation.

5.3.10 Metal-Air Batteries

Technical summary

5 : -ai ieg are electrochemical cells. Metal-air
1 common with other advanced battery systems, metal-air batterie ) PN e

gatteiries are the most compact batteries available according to the Ener
007). ; ;

Energy Density and Discharge Time

Energy densities for metal air batteries can be high covering the range 110 to 420 Wh/ke

Energy Efficiency

The most significant disadvantage of metal-air batteries is the inefficient electrical recharging leading to

a typical charge/discharge efficiency of around 50%.

»

Development/Deployment status

Of all the metal-air systems developed to date the zincr»tli'r"battery is the most advanced despite the
density. The deployment of metal-air

fact that other metal electrodes have a higher theoretical energy : :
batteries is limited to small-scale applications such as*hearing aids or systems in which the fuel cells are
mechanically refuelled. The electrical recharge-abjlity of these batteries needs to be improved to enable
competition with other rechargeable battery technologies.

Economics

The capital costs of metal-air batteries are quoted as one of the least expensive (ESA, 2007) but this cost
must be treated with caution since these batteries are very difficult and inefficient to re-charge.

Environmental Impacts and Regulatory Issues

Environmentally, metal-air batteries are relatively inert since no toxic materials are involved in their
construction: In common with other battery types, metals such as zinc or aluminium used within the
battery should be recycled.

5.3.11 Sodium-Sulphur Batteries(NaS)

Technical summary

In common with other advanced battery systems, Sodium-Sulphur (NaS) batteries are electrochemical
cells. Na$S batteries are the most developed type of high temperature battery. A NaS battery consists of
liquid (molten) sulphur at the positive electrode and liquid (molten) sodium at the negative electrode as
active materials separated by a solid beta alumina ceramic electrolyte. The electrolyte allows only the
positive sodium ions to pass through itand combine with the sulphur to form sodium poly-sulphides.

Energy Density and Discharge Time

Na$S batterics have a relatively high energy density, within the range 150 240 Wh/k

. » : ol DTI, 2004). NaS
has significant potential to becgme a cost-effective, modular, and portable bulk st/orig(e medium ?as it is
specifically designed for long discharge cycles (8 hours), but has the capacity to discharge very rapidly

~vand "a,f“'hﬂ,lltiples‘of rated POWED s E3 e sn - Tetlinkur by LUmINEI G WNEREIRRS 88 gty B e s !
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gnersy Efficiency

rhese bl.\ttorics have an estimateq |ifer: ' .
(fficiencies up to 90%. d lifetime of 15 yoars with a cyclo life of 2500 4500 and charge/ discharge

pevelopment/deployment statys

Research and development into N
Electric Po?vfar Corporation (TEP
with capacities rated greater t)

by the Tokyo

aS b . ¥ . i
atteries has been pioncered in Japan since Sy orage systems

CO) and NGK. As st
. As of 2004 there were 59 NaS energy
au 500 kW (Mears, 2005). In total more than 100 MW of NaS energy

storage capacity has been ins i 3 mercial
ality. talled, mostly in Japan where this energy storage technology 15 & com
Economics

AEI_" anticipate the combined cost for the three installations ordered in 2007, including site preparntlon»
equipment fmd co‘.ltml systems, will be around $27 million (18.9 million). A study of the a8 Nfl
demonstfatlon project carried out for the US Department ofEnergy energy storage prograi ealculas

a potential 9.8% rate of return on investment in the system and suggested the present velue of P

quality benefits were over three times the present value of peak shaving benefits (Nortis B et al,

Environmental Impacts and Regulatory Issues

There are limited environmental concerns associated with NaS batteries, since the materials used lﬁ
their construction are relatively environmentally inert. There is & small risk assoeiatefi with the hig
temperature at which the battery must be operated in order to maintain the sulphur in its molten form-

O
>

5.4 Super Capacitors K3

=
N

A supercapacitor (SC), sometimes ultracapacitor, formerly electric double-layer capacitor (EDLC)) a8
high-capacity electrochemical capacitor with capacitance values up to 10,000 farads at 1.2 volt that br_ldge
the gap between electrolytic capacitors and rechargeable batteries. They typically store 10 to 100 times
more energy per unit volume or mass than electrolytic capacitors, can accept and deliver charge m\}
faster than batteries, and tolerate many more charge and discharge cycles than rechargeable batteries.
They are however 10 times larger than conventional batteries for a given charge. .

The amount of energy a capacitor is capable of storing can be increased by either increasing the ca- .
pacitance or the voltage stored on the capacitor. The stored voltage is limited by the voltage withstand
strength of the dielectric. As with batteries, the turn around efficiency when charging/discharging capaci-
tors is also an important consideration, as is response time. The effective series resistance of the capacitor
has a significant impact on both. The total voltage change when charging or discharging capacitors is
shown in equation.

g=CV (5.2)
c=% (5.3)
E=3CV? (5.4)
av = .%‘ +iR (5.5)

The supercapacitor(rated in Farads), also known as ultracapacitor differs from a regular capacitor in
that it has a very high capacitance. A capacitor stores energy by means of a static charge as opposed to
an electrochemical reaction. Applying a voltage differential on the positive and negative plates charges
the capacitor.

The supercapacitor is ideal for energy storage that undergoes frequent charge and discharge cycles
at high current and short duration. Supercapacitors or double-layer capacitors (DLCs) as they ar
also known, contain a significantly enlarged electrode surface area compared to conventional ca ac)it e
Supercapacitors are capable of very fast charging and discharging times, and are able to go throuph e
cycles without degradation. Typical efficiencies for supercapacitors are high (85 98%) makin %h many

_attractive storage technology. for. many applications, however currently these are mostly smal]i e leem an
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