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on undaerstanding and documenting the dynamics of energy use in mountain orecs ond
reviewing the siote-of-the-art for renewoble energy fechnologies such o those involving
mini and micro-hydropower, biomans, ond solar- and wind-baosed fechnologes

As pont of it energy progromme, ICIMOD commissioned studies on energy use potterns
in the HIH Ragion in four member countnies in 1998; viz., in China, India, Nepal, and
Pokistan. The main aims of the study were to improve understonding of the issues emarg-
ing in enargy ule potierns, polices, end programmes and o propose steotegies for and
opproaches 1o sustainable energy developmeani in the mounians.,

The present publication contoins summaries of the couniry review studies, fogather with
an coceount of the main policy and institutiona! ssuves identfed and o description of
opproaches ond sirotegies proposed for sustainable enengy development in the moun-
tains. The information & presented in sevan chopters.

Chaopter | summarnises and compares the present pafterns in energy use ond rescurce
ovallobilty, foctors influencing energy use potterns, and constraints o the developmaent
ol the epergy sector in the countries of the HKH Region o1 a whole, os these would have
an influence on the development of the energy 1actor in the HKH Region of each country,
Chopler 2 summarises the main findings of the studies corried out in four countries,
covering the HKH Region of eoch country exclusively. This is o first otternpt to analyse
and present the energy use poathern, stotus of renewable energy technologies (RETs), en-
engy policies, programmes and instibutions within the HKH Region of these four countries.

Chapters 3, 4, 5, and é summanse the energy consumption patterns, onergy rescurce
bose, enargy use vorability, status of renewoble energy technologies, energy plonning,
and progromme implementation in the HEH regions of sach of the four countries sepa-
rately. Eoch of these chopters also examines the esvironmental impoct of energy use.
These chopters provide o strategic framewark and broad palicy guidelines for the devel-
apment of the energy sector in the HKH region of soch country.

Chapter 7 summarises the energy issues in mountain areas. These ore: prevailing
unsustainability of energy supply ond demand; inharmonious energy transitions, on the
one hond rowards non-monetised, low guality enargy forma, ond on the other towards
non-renewable fossil fuels; wrong choice of energy resources ond technologies o: a
result of lack of o perspective for quality ond quontity and lock of community porticipa-
ton in energy programme design; lack of o long-term vision for the development of
energy in the mountains; ignorance of the bio-physicol aspects of mouniain areas; lock
of recognition of the importance of gender and sociocultural issues; lack of insutional,
financing, ond investment policies; insulficlent focus on research and development of
néw anetgy systems suitoble for the mountaing; ond the methodological dilemma of
having 1o intermnalse emvironmantal costs. The chopler also discusses an opproach fo-
wards suslainob'e energy development which examines the specific chorocieristic of the
mountain situation and their implications for the energy sector and the suitability of en-



ergy rasources in the mountaing. Finally, the chopter proposes various componanis of on
enargy development strategy for the mountaing. | also prowdes brood guidonce for
designing ond implementing enargy progrommes for mountoin communifies.

The publication finishes with two annexes. Annex A conltaing o sel of methodologicol
guidelines for preparng on energy dofobose. These guidelines will be instrumentol for
carrying out area-boted energy planning ond for programmae implementation, Annex B
conloins energy bolance lables for all the mountain areos investigated. This set of tobles
is the fint of its kind for this region,

We belleve that this publication will be of ute to energy plonness and development
specialists in notional institulions, os well o1 0 NGOs ond donor agencies engoged in
the development of mountain arsos and committed towards maseting the energy nesds
of mountain communifies.

| would like o esfend my sincere appreciation fo the sludy team irom China, compnsing
of Mr. Wong Meng|is, Mr. Wang Gehua, Mr. Xioo Mingiong, and Mr. Ding Yi from the
Chinese Acodamy of Agriculiural Enginsering, Research and Planning (CAAERP), Besjing;
to Prof, N K. Barsal of the Centre for Energy Studies, Indian nstitute of Technalogy (iIT),
New Deltv, Indio; to Dr. Komaol Bonskota and Mr. Bikash Sharma of the Cenire for
Resource and Erwironmenial Studies (CREST), Kathmandu, Nepal: and fo Prol. M.
Abdullah of the University of Engineering and Technology, Peshawar, Pokistan, lor carry-
ing out the energy use patern studies in the HKH regions of their respective countries, This
shudy is the first of its kind and has succeedad in copturing the trends ond patterns of
anergy use in the HEH Region, besides puting forth «deas for the sustoinoble develop-
ment of energy in the context of mourtosn oreas. The document was reviewed externally
by Dr. P Venkata Ramana, Dean, Tota Enargy Research Institute (TERI), Naw Delhi, Indio,
and ICIMOD is thankful for his voluable comments which helped improve the quality of
thas publication.

Finally, | would like to thank De Komal Rijal, Energy Specialst, ICIMOD, who, as the
coordinator of the progrommae, has been responsible for bringing out this document in
its present form.

Egbert Palinck
Director General



Abstract

This publication summarises the main findings of o set of studies on energy use pattema in the
HIH region carried oul in four countries separately, namaly, Ching, Indsa, MNepal, ond Pold-
ston, The results of the sludies were used 1o prepare energy bolonce tables for the HICH Region
of sach courtry and to idenhby nsues emerging concerming energy use, The intuet sdentified
were: prgvailing unsustainoble trends in energy supply and demand in the mountains; inhar-
momecwus erergy transitions, on e one hand towards non-monabised, low quality enengy forms
and on tha other towards non-rerewnhble fossil huels; wrong chaoice of energy resources and
technologies as o result of a lock of perspectve reloted 1o bath quality and quantity of energy in
programme design, ignorance of the bio-physical aspects of mountain areas, weak gender
paricipaton; lock of understanding of sococuliural ssues; lock of o suiloble institutional
fromework ta promote decendralised renewable enargy technologies; and the methodologeenl
dilemma of imemnalising environmental concerms.

The publicaben also proposes o four- pronged strategy for sustoinable energy developmaent in
tha mountaine. First, programmes must be geared towards increasing wood resources on a
large scole and o upgroding the guality of blomass fuels in order to meet cooking and heating
reeds Second, energy policies for mountain arecs should emphasise new and renewable
deceniralised resources ond technologies [via rural elecirification or mofive power generafion),
et only in arder to wusioin ond increase sconomic octhvities but alio to reduce human drudg-

eny, partculary that of women and ehildren. Third, efficien! energy lechnclogies should be
pmmudmln:ﬂimmmnumihplmhulqnﬁwnﬂhmduﬂinluﬁpﬂﬁw
reduction n health hazards Fowrth, large.scale deve’opment of bydropower should be init-
o'ed, in order 1o ganenale revenue for allerialing the ensting poverty of mourdain communities
and 1o develop sooal and physical infrastruciures suitoble for these communstias. Af the some
time, core must be token nol only o infernclise the associoted environmental costs into these
projects, but olso 1o ensure that such development results in the overall development of moun.
tain areas

The publication alsa describes the varous polcy and insfifutional measures thot nesd o be
taken so thot suatoinable developmaent of the energy sector in the HKH Region con become o
feasible proposition. These measures are: o) removol of the exisfing ditortion in prices; b)
sncoyragement of entrepreneun; ¢ promation of technalogy transter and more sfficient fuel
usa; ¢} dussemination of informafion on suitable lechnological opfions; d] enforcement of regu-
lations, standards, and codes for the promotion of econamic ond allocative efficiency; o)
perormance of RAD to develop low-cost and efficent mountoin region-specihc renewable
enargy lechnologies, f) encouraging the development of porticipalory institutions; g ensuring
the participation of, ond o grealer decrsion-making role for, women in energy programmes;
and h} inifiating various progrommes for bullding copobilities of the locol level,
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Definitions and Explanations

Currency Exchange Rotes ('Y 1594/5 - a5 of Decembaer 1 994)

Ching 1 USDollor = 8.30 RMB

I 1 USDollor = 31.94 IRs

Mapal 1 US Dollor = 49,00 Mg
Matharionds | USDollor = 1,74 Dutch Guilders
Poksstan | USDolior = 30,460 PRy

Fiscal Year

China ] Starting | Janvary to 31 December
Inds s Searting | Apeil 4 31 Morch

Napol Searting 15 Julyio 14 July

Paisstan Sharfing 1 July % 30 Juna

Micro-, Mini- and Small Hydropower Definitions and Classification

HNama of the Country/ Mecro Mim Small
Qrganiration KW W MW
China 100 =100- 500 25
Inde 100 = 100-3000 =3-15
Nepal 100 = 1 00- 1000 =1-15
Pasgtan 100 =100-1000 =1-10
LI5a S00 = S00-2000 =2-15
LNIDG 100 = 100-1000 =110
Units

opecrore = 10 milson

onebillan = 1,000 million

gretillion = 1,000 killisn



Chapter 1

Background of the Countries of
the HKH Region'

by
Karnal Rial

1.1 Intreduction

The might couniries ol the Hindy Kush-Himolayan region’ [Figere |1 1] hove a tolal
population ol 2,456 milben; 130 million or mote than fve per canl al tham lve in
the HKH iell The overoge population density in these couniries overoll o 160
persons per square kilomabe, and in the HKH region alone 38 persons per iquare
klometre ([Rijal 1994). The percentage of the tolal populations of the leur couniries
shudiad in detall that lve in the HEH region are 19,7 million for China, 31 million
for Indin, 100 per cent lor Nepal, and 24.2 milkon far Pakislan. In the cose of
MNepal, the Teroi region {1 7% of the iolal orea of Mepal) is alsa inclided within the
HEH. There = o substantial variokon in the populoton dansity in the HKH mgion
pehwesn countries, from | 33 parsont per sguore kilometre in Nepa! ta 12 penons
persquare klomete in China, Toble | 1 summanses some selected soticaconomic
Indicotons In the countries of the regien and Figure 1,2 compares the human deval-
opment indicators (HDI) in thess counties Though the HOI Index for the HKH per
se i3 not availablae, the low |evel of leracy and high percentoge of poverty prevalent
in the region reflact the poor quality of life of tha mojonty of the populanon. These
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Figure 1.2: Human Development Indicators in the
Countries of the HKH Region

'ﬁgumi are those for the whole of sach country, there are no separale HDI {lgurm
available for the HKH region. However, various indicators show the HKH regions in
the respective counines fo be wore off than the rest of the country, and it seems
likely that the HDIs for the HKH regions will be much lower than the country aver-
oges shown. The low level of literacy and high percentage of povery prevalent in
the region reflect the poor quality of lile of the majority of the population.

A large majonty of the population of the countries within which the HKH region is
lecated remains without occess o sofe woter or adequate health facilities. Poverty
levels are high ond, occording to the UNDP Report on Human Developmaent (19797],
625 million of the total 1175 million people living in absclute poverty in the world
live in the HKH countries [maone than 25% of their population), most of them within
the HKH region itself. The infant martality rate in the countries of the HKH region
varies from 26 to 93 per 1,000 births compared with a global infant mortality rate
of 58 (UNDP 1997). Even though economic growth and development has im-
proved living stondards, the HKH region remains one of the poorest in the world.

1.2 Current Energy Situation
1.2.1 Energy Resource Bose

The energy resource base of the countries of the HEH region consists of o combi-
nahon of trodtonal and commercial sources such as fuelweod, agncultural residues,
animal wasle, hydroelectricity, petroleum fuels, coal, and wind and solar power
The energy potentials in the countries of the mgion are sthown in Toble 1.2. The
present sustoinable supply of energy per copita amounts 1o about four times the
total energy consumption, and 27 per cent of the total is in the form of enewable

Chapler 1 — Background of the Countnes of the HIH Region
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sources. A large vanafion is observed between the different countries in the region,
however. For example, renewable energy represents more than 90 par cent of the
total potential supply in Afghanistan, Bhutan, Myaonmar, Nepal, and Pokiston, more
than seven times the present annual level of consumption of tatal energy per capifa,
whereas it represents less than 25 per cent of the tolal potential supply in China
and India. The potential supply of non-renewoble fuels exceeds the current level of
energy consumphion in countries like China and Indic ond could supplement re-
newaoble sources fo some exdent in counines like Banglodesh, Myanmar, and Paki-
shan.

The resources available in different countries in the region vary significantly. For
example, almost oll of the coal is availabla in China and Indin. The potential for
renewable energy per copita accounts for 1 & per cent of the tofal energy potential
in China and 24 per cent in India. The sustainable supply of renewoble energy
rapresents more than 90 per cent of the total potential energy supply in Afghani-
stan, Myanmar and Pokistan, and 100 per cent of that in Bhutan and Mepal.

The primary energy preduchon in the countries of the HKH region is shown in Table
1.3. There is o huge difference between the supply potential of energy resources
and their present onnual level of praduction. This has created a situation in which
countries are having to import commercial fuels even though they have a surplus of
energy in terms of resource availability. This resubls from the fact that the capitol
investmant required for the exploifaticn of the potential resources is quite high ond
mostly beyond the invesiment copability of these countries. Af the saome fime, the
technology options available at present are either costly or not relioble and deler
countries from laking the financial risk associated with exploitation of their rescurces,
even though the population has a pressing need. The best approach to solving this
dilemma might be fo use small-scole investment to exiroct the availoble energy
resources and to develop decentralised ond relioble technologies, with the objective
of gradually building up human resources and finoncial capability.

2.2.2 Energy Consumption Pattern

The fotal final energy comsumption in the couniries of the region in FY 1994/5
amounted 1o 78,8046 million GJl. On average 67 per cent of totol consumption
was mel by commercial energy forms and the rest by biomaoss fuels, but there s a
wida variation batween the diflerenl countries in the share of traditional fuels. China
and Indio consume aboul 44 per cent and 2B per cent of the folal energy, respec-
tively, while the remaining countries consume less thon six per cent of the tolol. The
share of biomass fuels in countries such as Alghonistan, Bhutan, Nepel, and
Myanmar lies between 70 per cent and ¥5 per cent, while in Chino it is less than
25 per cent (Table 1.4)
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There is olso 0 wide variation in the per copilo finol energy consumption pattern in
the diflerent countries. For exomple, per copito comsumplion in China is & times
that in Bonglodesh, This is the result of 0 combinaton of vanious socioeconomic
factors and the availability of enargy resources and relioble Iurhnulugilﬂ-

The onnual per copita electricity production (Figure |.3) vones significontly in the
reglon from 41kWh in Nepal to 748kWh in Ching, compared with 11,848kWh in
the USA. Figure 1.4 shows the overall per capilo electncity consumphion in the
countries of the HKH region together with the per capila consumphion in the HEH
area of each country This figure ilustrates the low electricily supply infrasiructure
within the HKH region. The overoll commaercial energy inlensities in the couniries of
the HKH region are shown in Figure 1.5, Again the variotion is considerable, from
40 MJ ond 37 MJ per unit of GDP in US Dellon in Ching and India respactively, o
s MU in Mepeol

1.3 Factors Influencing Energy Use

‘Knowledge of sociceconomic lacters is crucial for undersianding the energy use
paftern in the region, and such factors must be token into account when develop-
ing strategies for the sustainoble development of energy. Some of the most impor-
tant foctors that offect the energy use pattern in the region are described in the
following possoges. Clearly, though, there are many other focions that could influ-
ence energy use significanily

1.3.1 Population Dynamics and Urbanisation

The limited potenticl for improving the quality of life in rural arecs forces people 1o
migrate 1o urban centres, The sources and the demand polterns for energy vary
markedly between rural and urbon areas. These potterns are shown for Nepal os
on example in Toble 1.5, The trantition from low-grode to high-grode energy n
wrban areas is instrumental in improving the energy utilisation eficiency, The result
is o decrease in the absolute value of linal energy consumption (by almost 44%, see
Table 1.5)

In almaost oll urban areas in the region, increasing dependence on non-renewable
energy is making the comumption patiern unsustainable in the long run. There 50
crucial need to chonge the present supply mix dominated by imponed fossil luals to
a more desirable supply mix with a high share of renewable energy.

quurl 1.4 shows the fingl commercial anergy consumphon in the countries of the
region in relation fo the rotio of urbanisolion. It is clear that on averoge an increase
i the urbanisation ratio will lead 1o an increase in the per copeta consumption of

Propaced by X Ryal




(R ———————————— — .I
- |
E vz [ —
o '."-Irlr
! o -11_..':.
E T8t I I
- 3 | F=—=14 = [ |
P L e e— Plamgiean v
" gy il |
Figure 1.3: Per Capita Esleciricity Producilon in the
Countries of the HKH Region
- —m—
[0 ;- | [

FRE R fepies

=
It

R L__-.I

L am simn g Mamy ladnai I [T pe—

T o F 1§

Figure 1.4: Per Caplia Electricity Consumptien within
Countries and the HKH Region

Vi

of gy ey W s g TP =T
&

"' \':-"\
N NN BN AW

] = [T doi i [l =) B e oty i Pl i e
T o W

i

Figure 1.5: Commaerdal Energy Intensity in the
Countries of the HKH Region

Chapler 1 — Backpround of & Counines of Me HRH Region




11

Table 1.5: Final Energy Consumption Pattern in the Rural and

Urban Residential Sectors in Nepal
Type of Fuel Rural Areos Urban Arecs
M)/capita Par cont Ml/capila Per cont

| Baomans Fueh 11,930 o9 5,603 B4

Tieal Commercial I}.I":IT 1 1.[@1 16

« Karomeng 1 &4 <] 559 B

PG 0 142 2

- Elactrig ity 14 o | 378 <]

Todol Enengy 12, 10% 100 & 774 100

PG = liguibed peiroloum gas
Source: WELS 15995

i
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Figure 1.4: Relationship between the Urbanisation Ratie and
Commercial Energy in the Countries of the HKH Region

commercial energy, whereas the consumphion of biomoss fuels decreases in urban
areas due 1o increase in the eficiency of biomass fuel use.

1.3.2 Income and Energy Transition

Figure 1.7 shows the per capita commercial energy consumption in relahion fo the
GDP per capita in the different countries of the region. Overall the energy con-
sumphion increases with GDR though the trend is not uniform. The low income
groups (n the region tend to depend more on fuelwood, ond when this Is nol ovail-
oble they are inclined to swilch 1o other non.commerciol energy forms. The high
income households show @ tendency fo move up the energy lodder (lo more use of
kerosene, LPG [liquifed petroleum gas|, and/or eleciricity), The choice of energy
resources ond technologies clearly depends on the income available fo the house-
hold. As people move out of a subsistence economy, they tend to use more ellicient
energy technolagies and higher grode energy sources,
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Intensity in the Countries of the HKH Region

1.3.3 Process of Industnalisation

The mountains cannat remain isolated from the present global process of indusin-
olisation. The growing irend s to improve the quality of life through generation of
employment opportunities. Figure 1.8 shows the relalionship between the induskri-
alisation raho ond commercial energy consumplion in the countries of the HKH
region. On averoge o higher rate of industrialisation is reloted to a higher per
capita consumption of commercial fuels. ' also leads 1o on increased ro'e of ur.
bonmsation. As is clear from Section 1.1.2, omple opportunities exist o sustain an
increasing rate of urbanisation and industrichisalion in the region by maximising
the use of indigenous renewable energy sources,
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Figure 1.8: Relationship between Indus, dolisation Rotio and
Commaercial Energy in the Countries of the HKH Region
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Vanous studies indicate a need to re-arient the development paradigm in relaton 1o
urbanisafion and indusirialisation in the contest of the HKH region (Sharma and
Banskota 1992). The natwre and forms of imdustrialisaton and urbanisabon will
have a signiicant impact on the demand pattern of anergy. Any development ap-
proach that does not take info account the specific situahon in the mountains when
considering the provision of energy is bound o foce severe problems in relation fo
the supply of energy and technology and is also likely fo have o negative environ-
mental impact. The paradigm will net suffer the constraints, only i application.

1.3.4 Diversification and Intensification of Agriculture

The concerted efforts ol govermnments and donoar agencies fo eliminate poverty ond
improve the quality of lile in mountain oreas is likely 10 entail diversilication and
intensificotion of agriculiure. This more energy will be needed fo sustain fhis sector
o well

Al present, the main form of energy employed in agriculture is human and animol
‘lobour, although direct and indirect uses of other energy forms ore increcsing.
'‘Muscle power’ needs to be replaced gradually with motive power, using renawable
energy sources both to reduce human drudgery (especially that of woman ond
children] and to release livestock for productive purpases. All of this would require
on increased supply of high-grade energy with oppropriate technological interven.

hons.
1.3.5 Human Developmen! Indicators

There is no HDI Index available for the HKH region as such, but overall values are
available for the different countries of the region (Table 1.1). In general the levels ol
development in the mountain areas are lower than those in other parts of these
same countrias, which in themselves are quile low compared 1o those in developed
countries. Thus the HOI Indices for the HKH areos of each country ore likely o be
lower than those shown for each country as a whole (Fig 1.7).

There i3 o strong commelafion between HDI, education index, infont morialdy, and
GDP per copta in the countries of the HKH region, Some of the vanations con be
altributed to the policies and implementation siralegies of the respective govern.
mants ond are indicakive of how economac growth is tied o equily concemns and
expenditure by governmenh in the soonl sector.

The conventional wisdom is thal an increased level of final energy consumption is
an indication of economic progress and batier quality of lite of o noton, However,
close cbservotion of the relalionship between energy consumption per capifa, HDI,
indusinalisation ratio (IR}, and urbanisahon ratio{UR] in the countries of the HKH
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region shows thot the relationship is not necessanly this simple [Fig. 1.9). The vori-
afion observed between the differen! countries indicotes that the availability of en-
ergy resources and technologies alone doet not necessarily leod to achievement of
the desirad level of human development.

1.4 Constraints in the Development of the Energy Seclor

The following are examples of consiroints in the development of energy secior in
the countries of the HKH region (Ramaoni et. ol. 1995, Delucia 1994, PEP 19935,
though the magnitude of the problem vories from couniry o country becouse the
itrategwes odopted for economic growth are different and the level of natural re-
source endowment, patierns of energy consumption, energy resource mix and fech-
nological ophans adopled vary greafly exihibiting varying degrees of environmental
ttreas of mocro- and micro-level,

1.4.1 Policy, Planning and Pragramming

Electrification always emphasized on fullilling the lighting loads of administrative
headquarters (small towns and periphery] rather than on fulliling the potential for

Chapter 1 — Background of the Courdnes of the HKH Region,
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moftive power thot would lead 1o econemic transformation of an area. Il is consid-
ered a welfare packoge with the price of elactricity always subsidized, so much so
that these systems are not even copoble of collecting sufficient revenue towards
meeling the annual operalion and maintenance cost.

Policies to promote RETs were initially geared towards reducing the consumption of
fuelwood with the infervention of new technologies in the absence of proper evalu-
afion of the multiplicity of traditional technologies and also without regard to socio-
cultural ospects of the mountain population. Consumption of fuelwood is consid-
erad as o main cause of deforastation though other requirements such as fodder
for Iweslnck land required for culfivation due fo low productivity, large- -scale |n||m~g
of fimber, and so forth, are never given due attention while designing energy tech-
nology options o suit local conditions. At the same time, olleviation of human drudg-
ery and deferiorafing health conditions, parficulorly of women and children, as well
oz decreasing soil ledility are never considered seriously.

Enargy planning investments are mostly biased in favour of large schemes and
emphasis is always placed on the expansion of the supply rather than on the potentials
of energy demand manogement. There are no sufficient policies to promate decen-
tralised energy systems and and-use applionces. Also, policies on import duties ond
foreign copital ignare tha imporfance of renewoble energy rescurces end lechnalo-
gies.

Enargy planning models employed are mechanistic in nature. They ore mosily con-
ceived in devaloped countries and do not foke renewable energy technological op-
fions into consideration.

1.4.2. Technological Capability

There are insufficient technological oplions to choose from 1o meet the essential
anergy needs of the rural people such as cocking, heating and drudgery reducing
technologies ot affordable prices. Lack of appropriate data on local manufaciuring
capabilities of RETs and ignorance of the technology tro nsfar process hinder the
enhancement of fechnological capability. Also, research and development invest-
ment in renewable energy technologies is minimal,

1.4.3 Cost, Financing and Invesiment

There is o huge distortion between market price and economic price of renewable
anergy forms, Thus when comporison is made, traditional ond commercial ener-
gies employing ineticient technologies are bound to show “better” financial attrac-
fivanass thon renewable energy technologies. As long as distortion in energy prices
exists, there is liffle scope lor renewoble energy lechnaologies that ore economically
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cost effective 1o find their place in these countries. Besides this, high up-front cost of
renewable energy technologies as well as prevailing subsidies an commarcial fuels
prevents the innovation in renewoble energy technologies.

Bilateral and multilateral donors are biosed towards finoncing centralised energy
supply system rather than multiple decentrolised energy progrommes, Rigid ap-
proach by tha donors with regard 1o “least cost” energy opfions without due under-
standing of the implication for low-income groups hampers the growth of decen-
tralised renewable energy resources and technologies.

The national and internafional financing ogencies are hesitant 1o invest in new
energy morkets because of risk aversion atfitude, The innovalive entrepreneurs thus
are not in o position fo acquire venture capital ond financing for initial maorket
creation. The existing credit policies with regard renewable systams do not address
and caler to low-income groups and the landless since they require ccllateral for
financing.

1.4.4 Institutional Aspects

The evolution of energy decision-making as o supply-side activity has led to the
formulation of centralized energy planning institutions and no planning capability
exists in the districts or in provinces. And, there is o lock of energy owareness omong
demand side agencies, especially in rural and urban development bodies. The voice
of o limited number of specialized ogencies for renewable energy development are
marginalized. Private seclor and MGOs have litfle say cver the energy decision-
making process.

References

Abdullah, M., 1997 ‘Anolysis of Present Energy Uise Patterns in Rural and Urban
Areas of the Hindu Kush-Himolayos in Pokistan,” Report prepared for the
International Centre for Integrated Mountain Development (ICIMOD),
Kathmandu.

Banskolo, K.; Sharma, B., 1997, ‘Overview of the Mepolese Enargy Seclor.” Report
prepared for the International Centre for Integroted Mauntain Development
(ICIMOD), Kathmandu, Centre for Resource and Environmental Studies
{CREST) Project Report No. 0297, Kathmandu,

Delucia, ). R., 1994, Alternative Paradigms for Rural Energy Development. Cam-
bridge, MA: delucio and Associates Inc,

PEP Project, 19935, 'Perspective Energy Plon for Mepal’, submitted 1o 1h= MNaticnal
Planning Commission, Kathmandu.

Chaptar 1 — Rankgeowma of fha Coaonfies of the HEH Riegion




15

Rifgl, K., 1996 Developing Erergy Options for the Hindu Kush-Himoloyoar: Re-
thinking the Mountain Energy Development Porodigm  Discutnon Poper Se
res Mo, MEl 94/1 . Kathmandu: ICIMOD

Romagm, 5.V Reddy, A K M. ond [slam, MM, (ads), 19935, Bural Enargy Plonning
A Government-enabled Marked-Baved Approoch  Kuola Lumpur. APDC and
GTZ, SP-Muda Frinting Sdn_ Bhd

Sharma, P, 1994 ° Lirban and Industial Development- Processes ond Cpportym.-
tas in the Mauntoins”, poper presenfed af the Regional Conlerence an Sua-
tainoble Development of Frogile Mountain Areos of Asia. Kalhmandu:
ICIMOD

TER!, 1997. TERI Energy Dota Directovy ond Yearbook « 1997/8. New Dalhi: Tata
Energy Ressarch Iresfitute

LM, 1996, Energy Statistics Yearbook. Mew Yerk; United MNaotions Publicalions

UNDE 199/, Human Development Repart 1997, New York: Oxford Univarsily
Prass.

WECS, 1995, ‘Energy Sector Synopsis Repont, Supperting Document No. || Per-
spective Energy Plan (FEF)", Water and Energy Commissian. Secratanof,
Kathmandu,

WRI/UNEP/UNDR/WE, 1996, World Resources 1776/%7! A Guide fo the Global
Environment, New York: World Resources Institute, Owford Liniversity Prets.

Woarld Bonk, 1997. Worild Development Reporlt 1927 The State in o Changing
Wordd Mew York: Outord University Press.

Improved cooking stove
imatalled i & hill
village in Nepal

Frepaed by X Al




Plight of salar
phatoveltaic panels,
Marthern Areas, Fakisian

ravaleolic sslar cooker
imatalled im & hill

willige in Nepal

Pradelional walgr mill,

Melamehi, Nepal [ .
LET o
h ) .
-"
I‘ ¥

Chapler 1 — Background of e Counfnas of the HKH Rageon




19

Chapter 2

Energy Use in Mountain Areas -
Patterns and Trends

by
Kamal Ryal

2.1 Background

The economies of the Hindu Kush-Himalayan (HKH) region are charocterised by
low levels of development that are reflected in poverty. Levels of income and de-
velopment differ within the HEH region both becouse different countries have
adopted different strategies for econamic growth, and becousa the level of natu-
ral resource endowmen! and patterns of energy consumphion and mix of energy
resources varies greatly. However, throughou! the region there i evidence of grow-
ing environmenial stress. Naotural rescurces, specificolly forest and waler, ore
threatened by the food and anergy needs of the growsng population. The condi.
Hons of o subsistence sconamy are evident in the incraasing rote of deloresta-
i[=Ta!

The livelihoods of mountain communities connat be made sustainable unless o
concerted effort is mode geared lowards the development of o madel that em-
bodies transformation from o subsiglence economy 1o a diversified sconomic siruc-
ture (Popola 1996). The model should be bosed on economic ond ollocotive
efficiency and have the twin cbjectives of poverty alleviotion and genaration of
employment opportunities. Such a ramsition will inavitably require the develop-
ment of energy resources and technologies that suil the porticulor condilions of
the mountains.
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2.2 Energy Use Potlerns in the HKH: Presen! Trends
1.2.1 Tha Context

Energy should be seen as o means of fullilling the social and economic objectives of
the people in the HEH region. The development of energy supplies is essential lor
four main reasons. First, the minimum level of energy services required 1o meet the
basic needs of mountoin communities for cooking ond spoce healing must be
ersured. Second, provision of snergy is essenhal to meet the sociol objective of
alleviating human drudgery |particularly that of wemen, children and the economi-
cally weak). Third, energy services are required fo sustain and suppor economic
achvities (both newly emarging and tradifional). Finally, the energy supply needs to
be developad in such a way that it can play a leading role in increasing the produc-
tivity of mouniain areos, thus enhancing the economic efficiency of the use of en-
ergy resourcas, A further paint is that enargy resources that are ovailable in abun-
dance and/or are naturally renewoble should be developed as on economic com-
modity o be markeled to other parts of the country os well os o neighbouring
counines 3o as o enhance the income level ol mountain communities and reduce
poverly. However, it is egually mportant o realize thal the production, fransforma.
tion, use, and markefing of energy resources can lead to emvironmental degrada-
hon as well as to detrimaental efect on humon health,

in the past, the choice of parficulor energy forms fo provide the desired energy
services in the mountains wos based on the availability of and access to particu-
lar energy resources and h:hnulngias ot affordable prices. fncraunng anyiron-
mentol awaraneds, however, hos mode the environmental cosls associoted with
the development of energy on important factor in the choice of energy ma Af the
same fime, tha quality and quantily of energy services required and the energy
resources available in mountain areos dictote the choice of energy mix to maxim-
ise social and economic benefits. It is not that options are not availoble. The
challenge is how to make the right choice. For example, design and execution of
an energy octivity will impinge on various groups in a sociely. The different groups
with a dlake in the activity will respond positively or negatively according to their
vasted interasts.

2.2.2 Energy Services in the Major Seclors

The major seclors consuming energy in mouniain oreas ore households and cot-
tage indusiries. At present, these sectors vse between B4 and 94 per cent of the
totol energy consumed in the HKH mountain areas of Ching, India, Nepal, and
Pakistan (Figure 2.1).
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Figure 2.1: Final Energy Consumption Pattern, 1994/95 within
the HKH Region of Diferent Countries

Household Sector

Cooking and heating are the main hausehold energy needs. A vanety of traditional
cooking and heating stoves fired by biomass fuels is used in mountain households.
Purchose of househcld energy appliances, such as rice cookers, radios, and televi-
sion sets, depends on inceme level, cost of appliances, and availability of electricity,
Urbon mountain households use such equipment mare often. Lighting energy needs
are met mainly by kerosene and electricity. In mouentain areas, demands for space
haating are greater than demands for cocking, if @ comparisen it made in ferms of
usaful energy (for a definition of useful energy refer to Annex A} A typical example
is that of Mepal where, in the mountains, 32 per cent of the useful energy required
by the household sector is used for cooking and 55 per cent for heating, compared
with 40 per cent for cooking and 36 per cent for heating in the hill areas. The
remainder, 12 per cent and 24 per cent respectively, is used for lighting, operating
elecirical applionces, boiling water, and ogro-processing activities.

Cottage Industries

The energy needs of coftage industries {such as agre-processing, charcoal produc-
fion, pottenes, bokernes, blacksmiths, sawmills, carpentens” shops, and villoge work-
thops) include requirements for lighting, process heat, [i.e., low iemperature heat
requirement] and motive power. In general the process heat requirements in focili-
ties such as forges, pofieries, and bakeries ore fullilled by fuelwood ond other biomass
fusls, althaugh in the HKH region of China coal is used extensively for thiz purpoze.

Motive power requirements ore met by elecincrty, diesel, ond kerosene where avail-
able, or slse by human or animal labour uting mechanical equipment. The use of
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biomass fuels is widespread in agro-based fociliies such os those lor crop-drying
With the increase in rural electrification and greater ovailability of commercial fuels,
there has been o steady Fronsition from waditional o commercial sources of en-
ergy. Trodifional fuels remain the major source of supply for processing heat, except
in Chino and in ploces where solar driers are being popularsed,

Agricultural Sectar

The bulk of energy nputs for land preparation, cultivation, post-harvest processing,
ond egnculture-related tronsport are in the form of human and animal labour. The
degree of mechonisation in the HKH region is generally low. The use of diesel fuel
for such equipmeni as lraclors, tillers, and threshers, ond of slectricity lor imigaton
pump-sefs, is increasing in many ploces, but this has litfle influence on the con-
sumplion of trodiional sources of energy, since the energy sources substituted are
human and animal lobour. The main use of rodiional energy sources in the ogr-

culturul sector is for crop-drying, which represents a relatively small part of the 1olal
consumphion within the sacior.

Other Sectors

The other main sectors that require energy serviced in the mountains are the com-
maercial and tronsport sectars, The main need of the commercial sector is for en-
argy 1o fullill the cosking, heating and lighting requirements of the service secior
The transpert sector needs energy o operale different kinds of vehicles, although in
many areas human and animal lcbour are sfill vsed extensively os o source of
anergy for transpo,

2.2.3 Finaol Energy Consumption Pofterns

The per copita final energy consumption in the HKH regions of China, India, Ne-
pal, and Pakisian are shown in Table 2.1, the volues for each country o1 a whaole n
Toble 1.4. Per copito consumption in the HKH region is lower than the country
average in India ond Pokiston and comparable to the naticnal averoge in China.
The volues for Nepal are the same, os the whole country is foken to be in the HKH
regien. In oll countries the percentage of per capilo enengy consumplion coming
from biemass fuels (Figure 2.2) is substantially higher in the HKH region than in the
country os a whole. For example, in Indio blomass fuels coninbule 79 per cent of
the tofal in the HKH region compared to 47 per cent in Ihe whole country. These
tigures reflect the foct that, in general, the mountain regions are marginalised in
terms of access o commercial fuels and are heavily depandent on biomass fuels, 1o
the extent thatl o Inrga proportion ol ﬂgrh:u[hlml residues and animal dung may be
diverted from the farm fo the fire. The sitvafion is worsened by the low level of
efficiency of utfisation of these fuels, and the creation of heolth hazards — paricu-
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Table 2.1: Per Copita Finol Energy Consumption Pattern in the HKH Region of
Different Countiries, FY 199495

sii

larly for women who are the managers, producers, and users of energy of the
household level,

The main sources of enangy within the HKH region are biomass luels and commer-
ol fuels, olthough the percentoge of ublisation of these fuels vonies widely betwoan
the different countries (Table 2.1). The total per capita consumphion of energy in the
HXH regeon of China i1 almost four fimes higher, and the consumption of biomass
fuels mare than double, that in the HEH regions of Inda, Nepol, ond Pakistan. The
corsumgton of energy by households in the HKH region of China is more than
double consumption in India, Nepal, ond Pakiston ond consumphion by the com-
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Figure 2.2: Final Energy Consumption Pattern, 1994/95 within
the HKH Region of Different Countries

mercial and industrial sector almost 10 times mare than that in the other coun-
fries.

These patterns ore discussed in more detail lor each country separately in the fol-
lowing paragraphs.

The HEH Region of Ching

The per capita finol snergy consumption in the HKH region of China (43.2 GJ) is
similar to that for China as a whole, but the share of biomass fuels is very different,
51 per cent compared lo 22 per cent. Seventy-nine per cent of the total biomass
fuel consumed in the HKH region is consumed by the household sector (Table 2.2).
The higher leve! of consumption of biomass fuels in the mountains is not anly atinb-
wied to the hanh climatic conditions byt also lo the high price of commercial fuels,
the low purchaosing power of the mountain population, ond the fact that biomass
fuels are available 'free’ even thaugh time is required for their collection. Coal con.
tributes about 78 per cent of the energy from commercial fuels (Figure 2.3). These
figures clearly reflect the low level of economic development of the region, with less
diversification in the mountain economy, a low level of commerciolisation of farm.
ing activiies, poor accessibility in terms of marketing facilities, and a generolly low
leve!l of income.

The per capita energy consumphion per sector and (ue! type are shown in Table 2.2

and Figure 2.3. The housshold sector depends primarily on biomass fuels, and this
will remain so for the foresesable future. There iz o similar trend in the commercial
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and nshiluhional sectars, alfhough a more rapid ransition in fuel mix can be envis-
oged as market forces ond the willingness to pay for energy increase. The indusirial
soctor, howevar, depends primarily on commercial energy, mainly coal (7 1 per cent
i.e., 78% of commercial energy) rather than biomass fuels os do the ogricultural
ond tronspor sectors.
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Figure 1.3: Final Energy Consumption by Economic Sector
inthe HKH Region of China

The pattern of energy use in the HKH region af China shews the following trends:
a) the household, commercial, and Institutional sectors depend primarily on biomass
fuels; b} ogricubtural residues and animol dung (including biogos) account for al-
most 42 por cent of the total biomass fuels; c] the industrial and agricultural sec-
tonn depend on coal as their main source of energy; d) the trarsport sector de-
pands primarily on petraleum fuels (51%) and electricity (34%); o) the contribution
of renewable energy technologies [excluding biogas) to the fofal energy consump-
tion amounts to less than one per cent, although i contribution in the industrial
sactor is more than two per cent ond shaws an encouraging trend; and f) the
househeld sector is shil the greatest consumer of commercial energy (45%), fal-
lowed by the indusirial secior [36%).

The total per capsta final energy consumption in the HKH region of India is 14.6 GJ
(Figure 2.4). There s little difference between the eastern and western mountains®
in total per copita energy consumption, but the thame of varous forms of energy
differs somewhat (Table 2.3). Wood u the main fuel in both areas. Petroleum fuels
contnbute more than 70 per cent of commercial fusls. There iz a heavy depand-
ence on fossil fuels (18% in the eastern and 24% in the western mountaing) rather

T The soteen sounies in Inds ociode Sikkim, Onsesleg, ard e Moss B fageen of sdlo, The sestem
mosarinie rchode Uirambbond, Megckel Predesh, osd meeny L Embee Tha clossilicotios o oed
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ihon renewable energy, even though the later (mainly hydropower} is availoble in
surplus. Renewoble energy hos a potential to genercie revanue for the mountain
population, as well as baing environmendclly less damaging than fossil fuels.

A|Ihnugh the eostern and wettern mounfaing consume almost squal amounts ol
final energy per capita, the proportion of energy used by different sectors varnies
considerably. In the sostern mountains the howsehold sector consumes 7B per
cent of lotal final energy, in the western mountaine anly 56 per cent. Per copita
consumption of fuelwood is higher in the sastern mountains, whereas that of “other’
biomass fusls is higher in the western mountaing. The per capita final energy con-
tumed by the industnal and tranapori seciors in the western mountaine & higher
than that in The ecztern mountaina (29% compared te 17%). The per copita con-
sumption of commercial fuels is slightly higher in the west [24% compared ta 18%).
These trends reflect both the appalling forest conditions in the western mountaing
and the inadequate commarcial energy supply infrastruciure and the low level of
industrial development and transpart infrastructure in the sast. The penetration of
naw and renawable anergy technologies in both mountain areas is nominal.

Within each sector, the proportion of energy supplied by different sources also var-
ies. The household secior in both mountain areas depends primarily on biomass
fuels [mone than 90%), though the contribution of commercial fuels is alightly higher
in the western mountains thon in the aast (8% versus 5% (See Chapter 4 for de-
tails). The indusirial and commerciol sectors still depend on biomass fuels for more
than 50 per cent of their energy requiemaents in both areas. In the eastern moun-
taing, petroleum fuels account for almaost 83 per cent of the commercial fuels used
by the industricl sector, whereas, in the western mouniains, elecincity contributes
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50 per cent of the total commercial fusls. This may be becouse of the better slac-
tricity supply and rood infrastructure available in the western mountains. The share
of eloctneity within the ogncultural sector is similar in both areas, 38 per cent in the
eot! ond 34 plrclﬂinﬂwnm.hlllﬁum are indicative of the lack of o farm
gate level eleciricity supply infrasiruciure in mountain areas, the poor meliability of
eleciricity supplies, and lrequent power cuts. Overall the figures reflect the low leve!
of industrial and commercial growth, the lock of o sufficient transportation net-
work, and the low level of agricultural mechanisation.

Mepal

The per capiia final energy consumption in Mepal is 12.7 G [Figure 2.5). The folal
per capita consumption in eastern and wastern parls? of the country is similar, but
the share provided by the varicus forma of energy is different (Table 2.4). Fuelwood
wpplies 76 per cent of anergy requirements in the east ond almost BY per cent in
the west, whereas the comsumption of “other” biomass fuels it higher in the east
13% compared o 7%). In both pars of the couniry, petroleum fuels coninbute
more than 70 per cent of the commercial fuels used, The proportion of energy used
by diflerent sectors also varies considerobly. The rural household sector consumes
BO per cent of the total hinal energy in the eost and 70 per cert in the west. All
sectonn other than household: consume more final enargy per copita in fhe eost
than in the west. Finally, although low in both oreas, the per copita electricity con-
sumption in the east is 4.5 times higher than that in the west. These ligures reflect
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Figure 2.5: Final Energy Consumption by Economic Sectors In Nepal
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Table 2.4: Per Copita Final Energy Consumption Pattern in Nepal,

FY 1994/95
‘000 GJ
Mljcopiio | Per canl | Ml/capita | Per cand
_Rural Domeste 12,713 0 11,635 BO| 219114
| Urbar Domestic 8,679 3 6,04¢ 71 15381
Coammsroial Institulicnal 1335 1 196 s 3511
[ Indusral 291 2 [T 7] 12478
| Agrculural L <] 104 <1 2,035
Tramapart 108 <] 4584 | [ 6,849 |
Tomgl 13,047 100 12,492 100 | 259,149
Fusl T
Total Biamass Fush 7 75 11,082 B9 | 237,045
Fuslwood 1,543 [T] ?.437 74| 210,245
Chhgr B Bid 7 A 13 26,800
Teinl Commanciol Fuely &40 5 410 11 22,104
Coul 97 <| 170 1 2,840
Patrokeun Fuels 458 4 1,004 Bl 14474
Motural Gas 1] o 1] 0 0
Eecmoity 43 <] 204 2]  27T%
| Tool 13,047 100 12,492 100] 259,149
Total Population 8,593 11,769 20,363
[Thousands)
Rurol 7988 10,128 18,095
Urban . 827 | 1541 2,248
Sovrce Baved on Banskota and Sharma |1 997)

the comparatively better condition of the forests and the low level of industrial de-
velopment and trarsport infrastructure in the west, os well os differences in the
supply infrastructure for commercial fuel in both these areas.

Within eoch sector, the proportion of energy supplied by different sources also var-
ies. (5ea Chapter 5 for details). The household sector in the whole mountain area
{both the hills and the mountains as defined in ecological terma) depends primarily
on biomass fuels (more than 95%). However, per capita fuslwood consumption in
the mountains is almost double that in the hills [1047kg versus 563kg). This is
partly becouse of the colder climate, and parfly the result of the greater availability
and befter condition of forests. Final per copita energy consumption in the house-
hold sector is almost three fimes higher in rural areas of the mountain areas than in
urban areas of Nepal, This is bacouse commercial fuels provide 43 per cent of the
otal energy requirements in urban areas compared 1o less than four per cent in
rural areas of the mountains. Commercial fuels hove @ much higher conversion
efficiancy [40-B0%) for commaercial fuels compared 1o 10-20 per cent for biomass
fuels.
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The indusirial sector of the Mepolese economy shll depends primanly on biomass
fuels, which meet about 40 per cent of the tolal energy requirement. The per capifa
final energy consumplion of the indusirial and transport sectors is four times higher
in the aast than in the wesl, This reflects the overall indusiriol development pattern,
rather than the prevalence of energy mtensive industries in tha eas!. The greater
industrial developmant in the east may be the result of the bettar alectncity supply
and rood infrastruciure ovailoble and the lower cosl of transporfing imported in-
dustrial row maoteriol, as the eastern areo is closer Yo occessible sea-ports in India,
The agricultural secior is dependent primerily on animate energy. Petroleum fuals,
used mainly 1o operate farm machinery, dominote omongs! the commercial fuels
both o3 o result of the lock of an electncity supply network and the need for decen-
tralised energy systems af the farm-gote level.

Th ion of slan

The per capilo final energy consumpfion in the mountains of Pokiston is 11.4 GJ
(Figure 2.4). The tolal per capila energy consumplion ks almast 1.5 limes higher in
the western mountains than in the nothern mountains®, 15.1 GJ compared o
10.5 GJ. This is almost entirely becouse of higher domeshc consumption, the per
capila consumplion in the commercial, industriol and agricultural sectors is soma-
what higher in the narthern mountaing. The household sector consumes about BD
per cent of iotal final energy in the weitern mouniains and less thon 70 per cent in
the northern mountains. The share provided by the various forms of energy is differ-
ent n the two areas (Table 2.5). Fuelwood provides 46 per cent of total final energy
in the northern mountaing ond &6 per cent in the western mountains, reflecting o
much higher per copita consumption in the west. This is the result of the harsh
climatic conditions in the western mountoins, and despite the loct that fuelwood is
scarce and tha area depends mainly on imports from outside Balochistan province.
Residents of the northern mountoins are olso temptled to save fuelwood to eam
cash incomes through export fo the adjcining plains where there s a big demand
and wood feiches o good price. The fofal per copito amount of commaercial fuels
consumed in the two areas is similar.

The rural househald sector in the mountain areas of Pakistan depends primarily on
biomass fuels (98%) in the western and 92 per cent in the narthern mouniains (see
Chapier & for deioils). The dependence on biomass fuels i3 less in the urban house-
hald sactor (50-55%) where there are different patiemns ol energy demand and
supply infrastructure. The main commercial fuels used in the urban household sec-
tor in the northern mountaing are notural gas (70%) and electricity (22%). In the

' Tha moream mounks of Folopioe sciude e WWFF FATA the bioshem Seeon. omd Agod jommss ool
Kashmie. The weilen =oyniging inchede Bolochasse
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Figure 2.6: Final Energy Consumption by Economic Sectors
in the HKH Region of Pakistan

Table 2.5: Per Capita Final Energy Consumption Paftern in the

Meountains of Pakistan, FY 1994,/95
Colegones Wertern Mapa! Eastarn Mepal MNepal
‘000 GJ
M)/capeia | Per cant | Mi/capita | Par cant
{Sector
Rurd domestc 12,034 &5 7,028 S4] 204 BA4
| Urbanr domestc 11,835 14 7024 11 37,087
Commarciol/inafutionsl 222 ] 768 1 7439
Inhstrial 1,350 ] 1,648] 14] 448 884
202 2 234 P &, 785
Tronapon 1,393 d 1 13 19
| Tokal 15,1 100 10,571 1 a
[Fusd T
Totol Beomass Fusls 11,094 73 4,561
F uetwood 10,093 [-1] 4 Bad
Othar Biomass 1,003 7 1,687
Total Commensal Fush 4, 27 4,010
Codl 255 4 58/
[Potroleum Fusis 2,102 4l 15231
Mokl Gas 421 3 B71
| Elpciricaty 982 & 1,157
Taal 15,184 1 10,571
Total Population 6,738 2937
[Thousands)
Rural 5524 19,499
tﬁm 1,212 3,238

Souroe: Bosed on Banskoks ond Sharma | 1997]
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weslern mouniains the emphosis is reversed with eleciricity providing 51 per cent
ond notural gas 33 per cent. The per copito electricity consumption in the urban
household sector of the western mountains is almost four times thon in the north-
ern mountains, aven though the tatal per copita electricity consumplion in the north-
ern mountaing is 1.2 times higher than in the western mountains.

The industrial sector of the mountain economy of Pakistan relies mainly on com-
mercial fuels for anergy (70-80%). The moin commercial fuels used are in the west-
ern mountains coal (54%) and, in the northern mountains, natural gas and elec-
tricity. [69%). The agricultural sectar consumes more alactricity in the narthem moun-
tains {148 MJ per copita) than in the western mouniains {111 M] per copila). This
reflects both the extent of agricultural mechanisotion and the electricity supply situ-
ation in these areas.

Trands in Fner in the HKH ian

In general, the pattern of energy use in the HEKH region shows the fellowing trends:
i} biomass fuels dominate the energy scane, with fualwood being the principal source
of energy; i) the househald sector is 0 mojor consumer of energy; i) energy de-
mand is increasing as o rasult of egricultural diversification and infensification,
rural industrialisation, and an increasing number of tourists (Banskota and Sharma
1997a); iv] energy use jn mountain households varies with the household size,
pltitude, ethnic group, income and expenditure, land holding, livestock helding,
ond number of cooking stoves employed (Rijal et al. 1990; Rijal 1991); v] the
requirement for heat energy, primarily for cooking and heating, is higher than that
for anergy for shatt power as an input fo o production process; vi) the demand for
fuelwood exceeds the sustainable supply, and thus the process of destruction at the
margin 5 a common phenomenon in a lorge part of the region; vil) the cost of
energy extraction s increasing; vill) the availability of fuelwocd is decreasing and
the time taken for its collection is increasing; ix) continvous unsustainable use of
fuelwood from the forest forces rural people to use ‘other’ biomass fuels (ogricul-
tural residue and animal dung), fuither degrading the environment; and x) occess
to and availability of energy technologies are impraving, but not encugh as yet te
show a reduction in human drudgery,

Given these frends in energy consumption, the major peolicy issue faced by planners
in the HKH region is to decide what type of energy use pattern or mix would be
sustainable enviconmentally and financially in the mountains.

2.3 Patterns of Energy Resource Avuoilability in the Mountains

The per annum potential of renewable energy resources (primarily hydropower and
fuelwood, and excluding solar ond wind) in the Hindu Kush-Himalayan region is

Praparad by K Rjial




34

two to four times higher than the present day requirements for total energy (3,457
Million GJ versus B51 Million GJ in the HKH region of China; 1388 Million GJ
vorsus 588 Million GJ in the HKH region of India; 1519 Milkon GJ versus 259
Million GJ in Nepal; and 654 Million G versus 344 Million GJ in the HKH region
of Pakiston; Toble 2.4). Preseni doy production of hydropower in the HKH region is
only one per cent of the total thearetically ovailable in China and Nepal, less than
four per cent in Indio, ond about 1 & per cent in Pakistan. In contrast, the extraction
of fuelwood exceeds the sustainable supply in the whole of the HKH region, with o
few exceptions in isolated pockets, such as the eastern mouniains of India, and
ploces where occessbility limits the exfraction of fuelwood and timber to meel the
demands of the adjeining plains.

in the HKH regions of China, India, and Pokistan, the polental non-renewable
energy is comparable with the potential ensrgy from hydropower. In contrast, the
amount of fossil fuels ovailoble in Mepal is insignificant. Thus there are consider-

Table 2.6: Energy Potential and Production Per Annum in the HKH
Reglons of Chinag, India, Nepal, and Pakistan, FY 1994/95

China Ind-a Mepal Pakiston

M. A 482 ] 32

M, A o141 o 15468

NN 5821 0 4140

13 219 0]

J15 35 0 =0

74 T ] 353

|

252 a2

76 12

- Potenbal Million &) 3207 1oy 1309 dr3
- Preduction Million Gl 22 L] 4 75

|Forest Sibugton

- Total Forest Arma 5q. km 215081 J07484 47910 42240
= ol Geogrophical Areo |'% 13 ar F i 14
- Fuslwood Exiraction  |Millen G 230 381 210 181
FI'n-HFﬂ-ﬁiP-'Mﬁm b Gl &713 1714 151 1087
. Mo reeerwnble Mlion ) 12548 328 1] 403
- Rengwnble Mlian ) 57 1388 151% A5
« Fromberrond pillian GJ 250 381 210 181

Iy i Million GJ | 3207 1007 1309 473

" Figurea lor Mepol thow tha accessible koreat aron.
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able varations in the patterns of energy availability in the region. And o similar
vanation existy betwean different regions of each couniry. In general, the avallabil-
ity of renewoble energy increases and the availability of non-renewable energy de-
creases with increased elevation.

2.3.1 The HKH Region of China

The onnual produchion of non-renewable fuels in the HKH region of China exceeds
by almost 2.5 times the folal production of electricity and fuelwood. At the same
time the polential of hydropower alone is five limes the present day ennual produc-
fion of non-renewable fuels. Al preseni, less than one per cent of the total potential
hydropawer is being exploited. The oil reserves ovailable in China as o whole will
last for more than 100 years of present day ol consumplion rotes, whereas the
reserves of noturol gos will lost less than 35 yeors. Totol forest cover in the HKH
region of China is 13 per cent of the folal geographical area, with about one ha of
forest orea per capita, The solor radiation available is quite good, varying from 150
ta 200 kcol per cm® per year, and there are about 780 geothermal spofs with
temperatures ranging from 50 1o 120°C.

2.3.2 The HKH Region of India

It is estimoted that the oil reserves within the HKH region of India will last for 31
years and noturol gas reserves will last for 76 years, if the present level of produc-
tion is maintained. Almost all of these resources are foken out of the HKH region 1o
moal the industrial, iransport, and agricultural demands of other parts of the coun-
iry. The coal reserves available in the eastern part of tha HKH region of India could
las! for more than 200 years. Mare than 75 per cent (64, 0008W) of the hydropower
potential of India lies within the HKH regicn, although enly about 2300MW s
exploited at present. Almaost 37 per cent of the total area of the HKH region in India
is covered by forests but the distribubion is very uneven, with 69 per cent forest
cover in the easterm and only about 14 per cent forest cover in the western moun-
tains (Box 2.1).

2.3.3 Nepal

There are no proven reserves of oil in Nepal, though petroleum exploration activi-
ties began in 1979 with the expeciahion of finding notural oil and gas in the fool-
hills of southern Nepal. There is o proven reserve of natural gas of 476 million m?
(1.7 million GJ) in the Kathmandu Volley. Similarly, there are small deposits of lig-
nite in the Kathmondu Valley and eocene cool in Dang disirict. These are being
exploited in small guantities and do not conltribute significantly to the national en-
ergy demand. The esfimated area of accessible forest in Nepal is 42,910 sg. km.,
of which 15 per cent folls within the Teral, 54 per cent in the hills, ond 31 per cent
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in the mountains. The theoretical potentiol of hydropower is B3,000MW, of which
13 per cent is from small rivers. The technically feasible potentiol of hydropower is
42, 000MW. At present, the total number of hydroelectric plants of all sizes (public
and private) is reporied to be 356 and their total capacity is about 254MW. Only
about four per cent of the rural population has access to eleciricity, and most rural
households consume less than 11kWh per month.

Box 2.1: Stale of Forests in the HKH Region

The HKH region of Indig: There is a substantiol difference between the recordad
fores! area and actual fores! cover [for details reler to Table 4.1) in the hills and
mountains of India. Actual forest cover is about 80 per cenl of the recorded
forest area in the weslern port of the HEH, but 127 per cent in the eastern part.
The difference between the recorded area and actual forest cover in the whale
HKH region of India is only about two per cent, The forest area availoble per
copita is 0.6 ho, 0.85 ho per copita in the eostern part ond (.32 ha per copito
in the western port of the HEH, The situation differs widely of district and siote
level, The forest area available per copita is 7.9 ha in Arunochal Prodesh, 0.34
ha in Jommu and Kashmir, 0.38 ha in Unarakhand, 1.3 ho in Utlarkashi, and
0.23 ha in Nainital,

MNepol: The occessible forest area per copito is 0,37 ha in the mountains, 0.29
ha in the hills and, 0.13 ha in the Terai, The mopped forest area available per
copiter (includes the oreo for potential forest regenerafion) is 0.93 ha in the
mountains, 0.58 ha in the hills, and 0.34 ha in the Teroi. Substantial quantities
of fodder and fuelwood are extracted from farm land. The estimated sustainoble
supply of fuelwood in Nepal is 7.5 million oir-dnied fonnes per annum [3éékg
per copita, compored o on averoge overall fuelwood consumption of 640kg
per copita).

The HKH region of Pakigton: Public forest areas in the HKH region (76% of total
forest area in Pokistan), which include coniferous forests (58%), scrub [33%),

riverain forests (1%), farmlond trees (4%), ond irmigoted ond linear plontotions
{4%)], provide most of the wood required for domestic and indusinal purposes
within both the mountoins ond plains of Pokiston. The northemn and western
mountains confribute B2 ond 18 per cent respectively of the total mouniain
forest orea. About 14 per cent of the northern mountains is covered by forest,
olthough there is a significant variotion at district level from 15 fo &0 per cent .
The northern mouniains are dominated by coniferous forest (70%) and scrub
(21%) ond the weslern mountains by scrub forest [B5%). In the mountains, co-
niferous forest coniributes almost 51per cent, farmlond trees 25 per cent, and
scrub forest nine per cent of potential supplies (onnual sustoinable yield).
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2.3.4 The HKH Region of Pakistan

There is no production of oll in the HKH region of Pokiston and there s a unifarm
fined price for oil preducts. However, availability of ail in distant mountain oreas
may be problematcaol. The main gas helds in the western mountains are located in
Suil, Pirkah, and Lot, The annual production of gas from thesa fialds has remained
nearly constant during the last five years at 325,000 to 350,000 million cuft..
Thera are 5,.293km of gos disinbution pipelineg in mountain arsas (60% in the
northermn and 40 per cent in the wastern mountaing). In the FY 1994/95, 1.6
millian tonnes of coal were produced in the mountains, 97.4 per cent in Balochistan.
The estmated reserves of coal in mouniain oreas are 54 millon fonnes. The north-
em mountains are rich in hydropower resources. According lo some estimaies
these areas have a potential of 30,000MW. The Master Plan for the development
of smaoll hydropower identified 1 14 sites os leasible with o total potentiol of 400MW,

2.3.5 lssues Related to Enargy Resources

The analysis of energy resource ovailability shows clearly that the mountain oreas
possass sufficient! renewable energy resources, distributed evenly throughout the
region. In general, renewable enargy resources have the following distinet features:
i} law energy density; i) low calodific value; iii] high bulk density; iv) low grade of
energy, primarily oveilable os heat energy in its nolural form; v) low conversion
efficiency; ond w) high cost of conversion, These leatures moke mountain energy
resources vulnerable in terms of use of the energy for productive purposes, but
surtable for meeling the vanous needs of communities of subsistence level,

Selected pockeh of mountain areas do possess fossil fuels. These ore essenhally
non-renewable. Extraction is costly and, in some inslances, the amount ovailable is
quite insignificant so that exploifation s not econamically viable.

Ancther importan! issue is thaot, although the mouniain oreas possess renewchble
resources such as fuslwood, ropid degradation and extroction of these resources
bayond their regensrative copoaty, nol only for local use but also 1o mest the de-
mands of the adioining plains, make these resources non-renewable and no longer
sustninable. The parfinent question = how these biomass resources can be mode
sustoinable

2.4 New ond Renewoble Energy Systems
The new and renewable inon-depleting source) energy systems used within the
HKH regicn are primarily: biomass related technologies (improved cocking stoves,

biomass gosifiers, biogos plonts), solar technologies (solor cookers, photovoliaic
[PV¥) syslems for water pumping and lighting, solar water heaters, solar greenhouses,
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solar driers), wind pumps and turbines, and mini- and micro-hydropower. Table
2.7 summarises the number of such installations within the HKH regions of China,
India, Nepal, and Pakistan. The figures shown are the cumulative number of plant
installanans, but itis difficuft to identify how many of them are operational. A review
of o number of evaluation reports indicates that some of these technologies are
gaining momentum in some oreas but have folled in others lor various reasons. For
example, the biogas programme can be considerod quite successtul in Nepal and
China, although there are also a number of consiraints 1o steady growth, but it hos
failed in Pokistan and Banglodesh. Mini- and micro-hydropower development is
gaining momestum in Pakistan and India, althaugh there has been o decline in the
numbaer of instollafions in Nepal. There have been mixed results with improved
enoking stoves within the HKH region,

In the following parogrophs, the stotus of new and renewable energy systems in the
HEH regions of the separate couniries ks discussed, and the perfinent issuas then
summarised,

Table 2.7: Instollofion of Renewable Energy Technologies in the HKH

Ragion

Tachnology [ Unit India’ | Chs Me Pakstan
Foymaly-sizw Bugas Mants Mo ol Units | 245048  A24 32,000 1,134
Iryperovied Coobatoven Mo ol Unil | 939 844] 1,547, 325] 90,000 8,000
bolgr Thermal Yyniemy fam T‘?!'-Il 191 288] =10,000 A
« Imchuimnd Pypa 5q. m 1,174 no, .o, na

- Drnruiiar. by 5q.m 1,782 Aa .G, A
Solar Coolerny Mo, of Liniy 14,371 #ﬂrm e n.a
Solor Crsenboges na, 3. no, m.o
Y Water Pomps kWwWp 4 A0 ﬂl na
PV Spstems kWp 372 "o 300 234
Wind Turbena L nia, f.a. T8 i,
H-mr and Micro-bydropcwers W 52 m.o. B& 168.8

lnhﬂr-ﬁmmhng:unﬂdwmdmuuphmh 1998, on Improved cookiag iloves, Y
waber pumpa, mini- and micro-bydmopower, and bomons gosifers vp to April 1995; and an
:n|urﬂ1-11'nu1qﬂ-u, uh'mﬁ“r und”l;_-whhht& 1993, Indormoticn for
Wiarakhand and hill dafnch of Wasl Bango! ard Assse are nol included.

2.4.1 The HKH Region of China

The developmen! of new and renewable anargy lechnologies in the HKH region af
China is quite impressive in lerma of the number of installalions, though it is not
clear what percentage of these are funchonal, There ore obout 82,624 foamily-
sized biogas plants, 1.5 million improved cooking stoves, 111,288 sq.m. of solar
water heaters, 40,000 solar cookens, and 3,900 sq.m. of solor greenhouses. Dur-
ing the mid nineties, five million sq.m. of passive solar building was built in China.
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This type of building reduces the need for coal by 20-40kg per m* per year, The
initial building costs ore 15-20 per cent higher than for “normal” houses. In Tibet,
most of the public seclor residential houses have been retrofified with sun spoces
and trombe walls.

The pace of disseminotion of new ond renewable energy technologies is siower in
the HKH region of Ching than i the rest of the country. China has a strong manu-
facturing capabilily for these technologies, but large-scale diffusion is hampered in
the HKH region by the lack of institutions to promote the lechnologies and o low
level of accepiobility as o resull of the socioeconomic conditions in the region.

2.4.2 The HKH Region of India

Improved cooking stoves and fomily-sired biogas plonk are the most commen
renewable energy technologies in the HKH region of India (Table 2.7). Various evalu-
afion reports indicate that the percentoge of funclional biogas plants in diferent
stotes vories from 50-45 lo 65-90 per ceni. There is o sgnilicon! pelential for
uting solar energy technaologies in the western mountaing, and a number of private
aond pubbic institulions are promoting such lechnologies. The Indian mountains
should also be o good ploce to install mini- and micre-hydropower plonts. The
potenhal in these areas = around 2,000MW, although ot present only abawt S2ZMW
are exploited.

Manulacturing of vorious renewable energy systems has matured in Indio o5 o
resull of the promobonal efforts of the govemment. There are 74 manufaciurers of
solor photovolioie (PV) ond wind power systems. Although they ore oll located oul-
side the HKH region, they ore copoble of providing services within the region os
well. Household biogas systems were initially instolled oll over Indwa by the Khodi
and Village Industrias’ Commission (KVIC). The role of KVIC has diminished signifi-
cantly since 1984 with the advent ol Deenbandhu fixed, dome-type biogos plants,
and today KVIC plays only o minor role. The Ministry of Mon-Conventional Energy
Sources (MMNES) and its nodal ogencies is now the main insfitution responsible for
dissemination of bloga: technology in India. Improved cocking sioves ore pro-
duced by local crattuman. Biomass gosilier designs are available, ond there are
several foctories in India, locoted in different regions, copable of producing such
yniks.

2.4.3 MNepal

There are 32,000 bioges plants installed in Nepal, and more than 90 per cent, of
tham are functianal. There are about 947 micro-hydropower units, used mainly for
agro-processing activities (8.6MW), and 311 units installed with o copocily of
2.65MW of eleciricity generation. About 90,000 improved cooking stoves have
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been instolled. More than 10,000 sg.m. of solar woter healars have been installed
in the residential and commercial seclors.

The development of solar waler heaters is primarily in the privale seclor and s
expanding without any subsidy programmes. Micra-hydro and biogas programmes
are considered fo be the most successful of the various renewable energy technolo-
gies in Mepal, but subsidies are provided for these systems by the government and
donor ogencies. Private entrepreneurs and non-governmaental arganizations [NGOs)
have shown an interest in disseminating sclar PV systems. These systerns are gain-
ing popularity in some areos of Nepal.

2.4.4 The HKH Region of Pakistan

Although there are no figures availoble on the exact extent and nature of new and
renewable energy resources in the mountoin areas of Pokistan, data on the number
of sunny days ond seme measured insolalion values indicale that there is o high
polential for solar energy. The mountain areas of Pokistan are oho fortunate in
terms of their potential for mini- and micro-hydropower [MMHP), about SO0MW.
MMHP plants have been quite successful in the mountains and about 245 plants
with a total capacity of 18.8MW have been instolled by vorious governmental and
non-govermmental organizotions. A vanety of designs for improved cooking tioves
that were shown fo ba efficient under laboratory conditions hove been found un-
suitable in the field, There ore very few biogas planis in operolion, ond the biogas
programme can be said to hove foiled miserably.

2.4.5 lssues Emerging

In general, new ond renewable energy technologies have the following characlens-
fics: i) modular {i.e., suitoble for small-scale opplications); &) high up-front copital
costs; i) inermittent in supplying energy; ond iv) lock of dispatchability®. These
characteristics moke such systemns less desirable in many coses, but more suiloble
in cerlgin contexts. In places where the quaniity of energy required and density of
energy demand are low, then these systerms may be more suitable than costly trans-
miss=on ond distribuhion lines. This is porboularly frue in mounioin oreas. However,
the infermitient nature of the availability of solar and wind energy means that either
expensive storoge systems ore required, or energy requiremenis can only be par-
tally met so that additional investment is needed for back-up systems, The com-
parative advantoge of most of these technologies is location specific, hence a blan-
ket cpproach to technology disseminahon tends to fail. At the same time, the lack
of operation ond mainfenance services in mountain areas hampers the smoaoth

funclioning and parformance of many renewable energy technologies (RETs). Each

b Dapeichablly meont oy b ronped, hondls, ond o
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and every technology needs to be examined in terms of its suitability in o given
ploce. This requires coreful planning and implementation. Furthermore, mountain
areas in general have diverse sociocultural practices, ond each and every technaol-
ogy needs lo be exomined as 1o whether or nol its use conflicts with the traditional
practices and norms of the local communities.

The conventional approach is to make energy technologies available for consum-
ers regardless of whether they suit local requirements. This cpproach has not been
effective in the mountains, os not encugh oftention s paid o social, cullural, family,
and religious proctices, The felt needs of the mountain people are not token into
account, and farget groups identified for 'hnl::l'n'l-i:ln|v|:|-g',I interventions have not been
provided with the proper information and training needed to run ond operale the
systoms. In most coses, renewable energy technologies need operational skills of
household or community level, For example, household level operational skills and
occeplonce are needed for improved cooking sloves, solor cookers, solor water
heoters, and solor PV home systems. Community level skills and acceptance are
required o moke micro-hydro sysiems, community offoresiotion programmes,
biomass gasifiers, or diesel generators funchional

2.5 An Overview of Energy Policies, Programmes and Insfitutions

The choice of energy policies and programmes in the couniries of the HKH region
are mostly dictated by the urban ond industrial needs ol the economy, They are
designed to supplement and susiain economic productivity rather than fo meet the
social objectves of providing the energy required fo meel the basic needs of the
marginalised poor and to reduce drudgery, thot of women and children. In oddi-
ton, the issus of environmental sustainability has never been considered senously
while developing. procuring, ond extrocling energy. The energy policies, programmes,
and institutions in each of the four selected countries of the HKH region are sum-
marised below. This is followed by an overall summo.y of the issues identified.

2.5.1 China

Prior o tha 1970s, ssues reloted to convantional energy, such as production and
allocation of coal, electricity, and oil, were managed according fo the Natonal
Flan. Renewable energy progrommes were still in the research and demonstration
stoge, aport from the estoblishment of o National Biogas Office in the central gov-
ernment to promote the biogos progromme. From the 1980s, biomass, wind,
geothermal, tdal, and solar energy were grodually introduced into the MNational
Plan and were administered by several commissions and minisines. Many energy
research institutions and academic orgonizations were esiablished n the eighties.
Thers are now o number of research institutions, ocademic soceties, and profes-
sional industrial orgonizations under commissions and minisines.
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The Stote Commission of Planning is responsible for the overall planning of the
energy sector in China, with inputs from the provincial and county level offices of
the Commission. The implamentation of energy programmes is camed out by the
line ministnies [coal, electricity, water, petroleum, forestry, agriculiure, nuclear) 1o
gether with their provincial and county level offices. Scientific research s camied oul
by vonious institutions such os the Chinese Acodemy of Science, State Commission
of Science and Technology, and State Commission of Education, together with their
provincial and county level offices os well os through universities and colleges.

New ond renewable energy technologies need to be opprosed and permission
granted by assigned institutions. These institutions are identified in soch province
by the government body. The implementation of rural energy progrommes (prima-
rily new and renewable technologies) falls primarily under the responsibility of the
Ministry of Agriculture.

A systemofic approach o energy planning hos been introduced in China. The fol-
lowing steps are lollowed: a) investigation and study of the historical and current
situatians and estoblishment of an energy dato bose; b} formulation of energy plans
o meet sociol ond economic goals (includes forecost of demand, resource ond
technology oppraisal, energy supply/demand balance, and identificotion of factors
that influence energy policy decisions); and ¢} formulation of investment and budg-

The notional policy for developing rural energy in China states that policies should
be mode according o local conditons with the esploitation of vanous farms of
energy bosed on their avoilobility of the locol level 1o provide prochicol benetits 1o
local communifies, This siatement has provided impetus for the development of
renewable energy technologies in various parts of Chino wherever a strong manu-
focturing bose exists.

2.5.2 Indio

The Planning Commission of India is responsible for energy plonning and has cor-
ried out various studies and solicited recommendatons from expert bodies. Nofa-
ble among these are the Working Group on Energy Policy [1979) ond the Advisory
Boord on Energy (1983-8B8). The sarlier plans hove tended to reflect more short
and medium-term concems than long-term policy imperatives.

Durning the Esghth Five Year Plon (1992-97), emphasis was placed on long-term
integrated planning and particulor atlention paid lo energy end use and the devel-
opment of an efficient strategy for long-lerm energy supply. The energy strotegy
proposed for the future emphasised, as the highes! priority, the sustainoble devel-
opment of energy that can fulhll the bosic energy neads of the rurol and wrban
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poor. The stralegy wos also to ensure a groduol shift from non-renewable energy
resources 1o renowable ones, with increasing emphass on demand manogemant,
conservation, ond eficiency.

The Ministry of Non-conventional Energy Sources [MNES) is mainly responsible for
dm}n-piﬁg renswable anafgy plans and programmaes, whereas stale nodol ogen-
cies, wch os the Himachal Pradesh Energy development Agency [HIMURIA),
Arunachal Pradesh Energy development Agency [APEDA), and Stale Rurol Works'
deporiments, implemeant renewable energy progrommes at the siate level. Other
governmental and non-governmenial agencies are abso involved in implamenting
these progrommas. The national progrommes on biogos development are looked
after by the agriculiural deporiments or slale agro-industries’ corporations, the
improwed cooking stove programme by the rural development departmants, solar
thermal and FV programmes by the state anergy development agencies, and small
hydropower programmaes by the power depariments or the stote electricity boords.
The improved cooking stove programme is being implemented by MNES through
it nodal ogences and H'u-:mﬂh waciol waliore department of the siole govern-
manls. Acodemic institutions and polytechnics provide technical and troining sup-
port, Such support systems are actually common to many RET programmes.

The Eighth Five Year Plan specified the installotion of renewable energy technolo-
gies [S00-400MW) during the period of the plan. During the plan period, o new
strotegy and aclion plon wos envisoged fo increose the number of instollations
from &00 1o 2,000MW through mobilisalion of institutional financing and private
secior invesiment, stimulated by entrepreneur development and o packoge of in-
centives. Mojor policy chonges hove been mode lo encouraoge morket develop.
mant, 1o minimise subsidies, ond to reduce the existing price dislortion betwean
renawable and conveniional energy sources. These policy changes will bang about
major changes in terms of the energy mix in mountain areas where a vost potential,
for renewable energy resources exishs,

2.5.3 MNepal

The Matonal Fluﬂnlng Commission is primarily responsible far developing energy
policies, with o substontial input from the Water and Energy Commission Secre-
tariat. Energy development policies os such were only formally intraduced in Nepal
from the Sixth Five Year Plan period (1980-19835). Prior to the Eighth Five Year Plan
(1992.97), the policy was %o develop energy resources in concert with the overall
objectives of economic growth while preserving on ecological balonce.

in the Eighth Five Yeor Plan, the energy sector received high priority. The following

stralegies were proposed: o) to moumise the development of indigenous energy
resources; b o promote cost effective and environmeniolly sensifive energy con-
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promole parficipation of the private sector. On the demand side, the central fhrust
s for energy conservation through incentives and pricing. Similady, the main ele-
ment in the supply policies is improvement of the pricing structure of fossil fuels 1o
reflect the border prices. At the some fime, the government has announced policy
packages for promoting private seclor investment in the development and promo-
tion of indigenous oil, gos, and hydropower.

Energy development in mountain areas is dominated by the extension of grid electnic-
ity and peiroleum product supplies to rural areas. The plan does not recognise the
robe of other sources of renewable energy (solar, wind, biogas, gecthermal), and no
speciol efiort hos been mode to formulote energy plons for mounioin areos os such.

WAPDA's Rural electrification Oflice is responsible lor planning ond implementing
rural electrificotion programmes. The principal approach to rural electrification is
gnd extension. A Small Hydel Development Organization [SHYDO) wos estoblished
in 1984 by the NWFP Government, The nome of the organization has now been
changed lo Sarhad Hydel Development Organization [SHYDO)], with a broader
mandate to implement and execute large hydel schemes |<50MW)] rother than
small ones [< 5MW)

The Direcior General's Office for New and Renewable energy resources [DGMNRER)
s reponsible for the progromme on renewable energy technologies, but this office
is ot presen! non-funchonal, At present, the Pakistan Council for Appropriale Tech-
nology (PCAT) has the responsibility for disseminating fuel efficient cooking stoves
and implementing of micro-hydro progects. Recently, o proposal was submitied by
the Ministry of Sclence ond Technology (MOST) to create o new Council for Renew-
oble energy Technologies (CRET) by merging the PCAT, the National Institute lor
Sihcon Tachnology (NIST), and the Solar Energy Centre of the Pokistan Council for
Scientific and Industrial Research [PCSIR).

2.5.5 lssues Related to Energy Policy, Planning, and Institutions

In genercl, the underpricing of petroleum fuels has hampered the growth of new
and renewable energy technologies. Underpricing of elecincity during the eighties
led 1o a rapid increase in demand which resulted in increasing reliance on thermal
generation and, subsequently, high emissions of polluiants,

Policies for promaoting forestry and energy development in the mountains were ini-
tially geared towards reducing the consumplion of fuelwood wilh the infervenfion
ol imported cocking stoves. These interventions foiled os o result of the cbsence of
proper evaluation of the multiplicity of tradifional tachnologies ond the lock of re-
gard for the sociocultural volues of the mountain populations, At the same hime,
consumption of fuslwood wos perceived os the main couse of deforestafion, Other

Prepared by K Rl




46

foctors, such os collection of fodder for livestock, the need to use land for cultva-
tion because of low productivity, ond lorge-scole felling of fimber, never received
appropriate aention when designing energy technology options to suit local con-
ditions. Furthermaore, alleviation of human drudgery and improvement of deterio-
rafing health conditions, paricularly for women and children, and combaffing de-
creasing soil ferfility were never considered senously.

Rural electrification alwoys emphaosised fulfilling the lighting loads of small fowns
and peripheral areas, rather than fullilling the needs for molive power that could
lead lo economic transformation of the mountoins into productve units. Electnfica-
fion wos considered fo be o weliore pockoge with the price of elecinicity always
subsidised.

Energy planning investments were mostly biosed in fovour of lorge schemes, and
emphasis wos olwoys ploced on the expansion of supply rother than on the poten-

fiol of energy demand maonogement. There ore no odeguate policies lo promole
deceniralised renewoble energy systems and end-use applhances

The most common faclors responsible for the poor performance of the energy
secior are government inferference in the management of enargy institutions, lack
of trained manpower, overstoffing, lock of stondordisofion of equipment, limited
planning, ond a regulatory fromework thot discouroges competiion and the effi-
cient allocation of resources. Interference in day-to-doy manegement and pricing
structures hove been identfified oz criical insfitutional problems. Government inter-
ference s believed, in most coses, to hove odversely affected least-cost investment
decitions, resulting in inodequale manogement, weak planning, inefficient opera-
tion and maintenance, high losses, and poor financial meniloning control and rev-
enue collechon.
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Chapter 3
Pattern of Energy Use in the HKH
Region of China

by
Wang Mengie®, Wang Gehua’, Xiao Mingsong®, Ding YP

3.1 Introduction
3.1.1 Country Background

China les in the eost of Asio adjocent 1o the west coost of the Pacific, It has a fotal
orea of 9.6 million 3q. km., of which 33.3 per cent is mountains, 24 per ceni
plateau, 12 per cent plains, 18.8 per cent river bosin, and 19.9 per cent hills.
There are 95 million hectares of cultivated land and 129 million hectares of forest
(13.4% of the ool orea) (SBC 19950; SBC 1994a).

Al present [1995) the country is divided into 23 provinces, five aulonomous re-
gions, and three municipaliies (direcfly under the central government], The folal
population i 1.21 billion, of which 0.35 billion (29%), live in cities and fowns and
0.B4 billion (71%) in rural areas. In 1995, the GNP was 5,728 billion RMB yuan,
equivalent fo approximately 490 billion US dellors, and the GNP per copito was
4,733 RMB yuon (SBC 1996a).

# Me Mengps sereed o Senior Enginesr, The Chinese Acodemy of Agricubarl Engineering Ressonh and
Mareirg ([CAMEP), Begng, China, price io hin relinmni
i Gehum m sereng on the Diector, Irmddule of Energy and Enveonmand Protection, CAAEZRE Beipg
Chian

. By Miegaing m ssfving o Senier Engesssr, CAAERR Basjing, Chama
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When the People’s Republic of China was founded in 1949, the production of
energy was 703 million GJ). By 1953 it wos 1,524 million GJ. In 1995 production
was 38 billion GJ-75.5 per cent from coaol, 14.7 per cent from crude oil, six per
cent from hydro-electricity, and 1.8 per cent from natural gas. The annual produc-
ton of coal is 1.346 billian tonnes, the highest in the world; that of crude oil 150
million tonnes, sinth in the world; of electricity, 1,007 billion kWh, the fourth in the
world; and of naturol gas, 17 billion cu. m. (MOE 1997).

3.1.2 The Hindu Kush-Himalayan Region of China

The HKH region of China les in the southwest of the country. The total area of the
region it 1.4 million sq. km. The tolal cultivated land is 2,795,200 heclores, of
which 1,844,000 hectores ore in Sichuan Province, 708,667 hectores in Yunnan
Province, and 222,240 heclares in the Xizong (Tibetan) Autenomous Region. The
total population of the HKH region is 19 7 million and includes people from more
than twenty different nationalities. People from mingrity nationalities form 75 per
cent of the population in the Xizong Autonomous Region, 15 per cent in Sichuan
Province, and 35 per cen! in Yunnon Province (SBS 1995 & 1994; 58X 1995 &
1996; SBY 1995 & 1994). The HKH region of China is sporsely populated. Maost
of it is covered by mounlains, ploteaus, ond gorges. Eighty per cent of the folal area
is situated of more thon 3,000 masl.

The HKH region con be divided geogrophically into four parts, the north of Xizang
Autonomous Region, the south and east of Xizang Autonomaous Region, the west of
Sichuan, and the west of Yunnan, The average temperctures are -20°C =22°C in
the Xizang Autonomous Region, «#%C ~24°C in Sichuan Province, and 0°C ~26°C
in Yunnan Province. These temperature figures are lowest and highest during the
year. The annual precipilotion lies between 40 ond 1,000mm in the Tibelan Au-
tonomous Region, between 500 and 1,200mm in Sichuan Province, and between
&00 and 2,300mm in Yunnon Province. The norh of the Tibelon Avionomous
Region [the fongbei Ploteau) is quile dry and its averoge annual precipitation is less
than 200mm. The south and east of the Tibetan Autonomous Region are weter
than the north with an average annual precipitation of 700mm (SB5 1996; S8X
1996; SBY 1996). The HKH region i rich in waler resources, with many rivers
such as the Yolurangbu, Loncang, Jinsha, and Nu rivers. There ore also coal re-
sources, and the geothermal resources in the mgion are considered the besl in
China. Box 3.1 describes the condibon of the natural resources in the region.

The tronsport focilities in the region are not vary convenient becouse of the complex
topogrophy, although there ore highwoys between Sichuon and the Tibatan Au-
tonomous Regien, Yunnan and the Tibetan Autonomous Regeon, and Sichuan and
Yunnan. Most industries are of the micro-enlerprise type processing the locolly avail-
oble resources.
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Box 3.1: The Condition of Natural Resources in the HKH Region

of China

The Tibetan Autonomous Region [Tibet)
Hydropower There gre many lgkes and rivers in Tibet. The hydropower polentiol is

Geothermaol

about 200,000 MW, The Yohaongby Rver olone has o potential of
80,000 MW.

Geothermal resources ome plentiful, there are 600 geathermal spats.
Twenty-two per cent hove o temperature higher than 80 2C, 26% o
termpenivre between 60 and BIPC, 35% o temperoture between 40
ond 60 °C, ond 17% o temperature lower than 40 9C.

Minerals Mineral resources are plentiful. The reserves of 11 different kinds of
minersls fermo-chrome, [fheum, copper, boron, magnesite, barite,
arsenic, muscovite (white mica), gyosum, pottery cloy, ond peot] rank
omong the first fve most plentiul sources in the country,

The HKH Region of Sichuon Province

Hydropower  The Yongtze, Min, Tuo, Jioling, ond Longai rivers ore all suitoble for

building coscode hydroslectric power plants. The tolal potentiol
hydropower in the region is 50,000 MW (1/3 of the potential in the
prosinee).

There are 11.53 milkon hectares of forest in the province, holf of
whoch lie within the HKH region.

There ore 14.23 million hectores of exploitoble grossionds in the
prowince, ane-third of which lies within the HKH region.

There are no reserves of coal, iron, copper, or manganese in the
HEH area of the province, but the remainder of the province is rich
in these resources {reserves of 4,532 million tonnes of coal, 3,564
millien tonnes of inon, and 35 million tonnes of manganese).

Tha HKH Ragion of Yunnan Province
Hydropower  The potential hydropower is 52,000 MW [half of the tofal polential

Geothermal

Foeeits

Kinarls

in the province).

The Tengchong volcano growp in the HKH region is one of the
biggest volcono groups in China. There are dozens of volcano cones
and nearly o hundred thermal springs and steam springs.

There cre 9.533 million hectores of larest in the province, one-third
of which falls within the HKH region.

There are no reserves of coal or iron within the HKH area of the
province, but the remainder of the province is rich in these resources
m of 1,174 million tonnes of iron and 23,927 million tonnes

S SRS 1995 A 1994, SHX 1995 L 1904, SBY 1995 8 1994
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government. The gaps between energy supplies and demand have been reduced in
the last decode with the aim of promating the development of the economy and
improving the living slondords of the population. The energy sector has aftracted
the ottention of the Unitad Makions, relevani international orgonizations, and the
governments of many developed countries within Ihe region, and many [oint projects
have been carmied oul, Intemational and domestic cooperation will lead 1o further
improvements in the energy-related infrostructure 3o o3 1o contribule fowards the
economic development of the reglon

In the HKH region of Ching, energy is consumed primarily in the produchon of
goods and moterials and in fullilling the household energy demand. The present
energy consumphion patiern in the region is quite complex as it is reloled to eco-
rnomic and social foctors. Energy consumption is classifed into direct consumption
and indirect consumption. For example, direct conumphion of enerfy in agricul-
tural production includes energy for tilling, threshing, harvesting (ractors, agnicul-
tural machinery, and animal power), irrigation and drainoge, grain and cokon
processing, and transporiation. Indirect consumption of energy in agriculture in-
cludes the energy for producing chemical fertilizers, pesticides, ogricultural plostic
film, ogriculiural machinery, agriculiural vehicles, and ather agrculiural materials
and implements.

The orgonizotion of energy stalistics s 0 complicated tosk, The commercial energy
consumption figures are recorded by special ogencies, but data for non-commer-
cial energy consumpton are difficult lo get as energy is nermally obtained and
‘consumed locally, There are no special ogencies ko collect this type of information.
Therefore, the energy odministrofion deporiments estimote or colculate the non-
commercial energy related dolo needed for the analysis of energy supply and de-
mand, and these estimates are considerad sufficient for planning and implement-
ing energy-reloted programmes within the HKH region.

3.2 The Energy Resource Base

There is an cbundance of energy resources in the region. The energy resource base
incledes both rodiional and commercial energy. Traditiona! energy colegaries in-
clude fuelwood, ogricultural strow, and animal dung; while commarcial fuals in-
clude coal, natural gas, petroleum fuels, elecinicily, ond geothermal energy. Besides
these, thare is a huge polential for renewable energy using small hydropower and
solar resounces,

3.2.1 Troditional Enargy

The HKH region of China is mainly covered by plateaus and mountains, and most
of the population are farmers and herdsmen. The ovoilability of forest resources is
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high (1.2 ha per capita), but, because ol the inconvenience of ransporiotion, peo-
ple tend o use the fuelwood ovailable locally. This has resulied in over-cuthing of
nearby fores! resources. Stoves vied are low in eficency, and the wwpply of fuslwood
from forest areos close 1o a setlement cannot meet the demand. The fuelwood
ovailable on o susteinable basis from accessible forest areas meets only obout 35
per cent of the total demand. The spacies of trees identified as suitoble for luelwood
produchion in the region are Rhus Typhina Lin, Pinus Massoniona Llomb, Zinea
insignnis, Acacio Mearnsii, Acacio dealbata, Alnus cremasiogyne burk, Amerpha
fruticosa L, and Robinio preudoacacia (MOF 1990, MOF 1992).

There are 1,180kg of ogricultural straw available per copito in the HKH region (the
thermal value of siraw is 14,430 kl/kg). Strow s used os energy mainly in rural
ond backward areas. Tha efficiency of the normal stovas used for burning strow o
only 10-15 per cent. The value increases o 25-30 per cent when efficient stoves
are used (MOA 1992: MOA 1995b). The methods of using straw as fuel are (o)
direct combustion — very simple and easy and the most widely used method; (b)
production of a suitable fuel such as alcohol or biogas — this method is employed
in the Fﬂmginﬁlﬁfﬁﬂumund‘l’um provinces (only 1% of the straw is used
in this way); and ¢} production of gos through blomass pyrolysis — this technique
is not used in the region.

Livestock manure is o kind of orgonic woste, and an imporant resource for pro-
mating a good cycle of agriculiural development. The rational way to usa livestock
manure i§ 1o retum it o the fisld. An even befier method s to make biogos, o high-
quality fuel, through anaerobic lermentation ond to make arganic fertilizer from
the solid and liquid residues lelt after fermentation.

There are 2,22 1kg of onimal dung available per capita within the HKH region, with
an averoge thermal value of 12,824 kl/kg. Five hundredkg of cxen or cotle pro-
duce 28-3bkg of wal manure per day, ond a 500kg horse produces 2Bkg of wel
manure per day [MOA 1994; MOA 1995b). Household biogas digesters have
become popular in the HKH regions of Yurinan and Sichuan, These unifs are used
for eight 1o 10 months o yeor to meet cocking and lighting requirements. The
technolagy it not suitable in Tibet becouse of the harsh climatic condifions. Farm-
ers and hardsmen in Tibet burn dried livestock manure direetly for cooking pur-

poses.

3.2.2 Commercial Energy

There are considerable reserves of fossil fuels in the provinces around the HKH
region (Table 3.2), particulary cool in Sichuan and Yunnan Provinces [SB5 1994,

but exploilation of these resources is nominal (Toble 3.3), There are mora than 74
million tonnes of proven reserves of coal in Sichuan Province. Coal production in
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Table 3.2: Energy Reserves in the Provinces of the HKH Region of
China in 1995

mwmmrmﬁgﬁm Electnety | Hydro-electne

Ching 381 {'Fa-ﬁ % ]

Cichuan 0.0%% 017 758 57 60
Yunnan L] [ A) P E-T] 18,21
[Tibel n.a. 0.48 0.30 n.a.

Sources: 58C 19960; 5B 1996 SEX | 904, 58Y 15846
check e of billion, T, m?
BT . bilkon wwanes mT - milsos Soanes: ond b - blfas

Table 3.3: hmm in the Tibelen Autonomous
Sichuan and Yunnan Province
%Iﬁn Tibat Sichuan Yunnan
ity thoumond 044 7768 27.00
Hydroebactne ey 0 112 1.47
Thiprere| electramy Q.3 24 T4 25.56
Coal {millegn bornes) 0.03 6834 42 04
Fushepcd jmillan tannm) 1.40 .51 7.
Hydropower 1m-|-u-n.ill'ln'l'.| 200 50 5131
Solor [heeem * yesr] 180220 120150 120150
Agricutural residues (D00 Sornes) a5.7 101.3 1221
Lwestock monume (billign tomnes) 11.43 1244 20175
e e B T IR W o 2ol >0
" B, 4]

the Tibelon outonomous region is very limited, only 30,000 tonnas in 1995 (MOST
1995), Small coal mines exploit smaoll-scole cool resources, but the production of
ool from small mines is not steady because of poor management, low technologi-
cal and production efficiency and old equipment. There are 10 small coal mines in
the HKH region out of 80,000 in China. Almost 50 per cent of the coal produced
from small mines is used by industry, the rest in the household sector in rural areas

The HKH region is one of the areas of China richest in geothermaol resources.
Tengchong in Yunnan Province and Yengbaijing in the Tibeton Autonomous Region
in parlicular have high temperature gecthermol spots. It is estimated that the
gecthermal resources in China up to 3,000 metres below ground are equal fo
3.2123 x 10°MW (MOMG 1993). The Yangbajing Geothermal Power Plont has
been operating for more than 10 years. It has an installed capacity of 25,000kW
ond is the biggest geothermal plant in China. It supplies 45-60 per cent of the
electricity consumption in Lhaso. Waste water from the power plant is used to imi-
gate vegetables grown inside greenhouses, Several technologies reloted to the ufi-
lisation of geothermal enargy ore being developed (plantafion, fish farming, poultry
incubation, drying agricultural products) and many are ready for dissemination.
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3.2.3 Renewoble Enargy

According o Chinese regulotions, small hydropower plonis con only be built on
middle and small rivers, ond the tolal installed copocity should be less than
25,000k, with o unit capacity not excesding &,000kW. The small hydropower
potential in China is 70 million kW, of which 20 million kW is already exploited
(MOA 1995q; MOA 1995b). The potential small hydropower available within the
HKH regson has not been exploided os much os in other regions of China becouse
uf'ﬂwhdqﬂhwuhmirmulﬁnghm the poor economic situation of the region.

The HKH region of Chino is highly suitoble for the exploitofion of solar energy re-
sources. The solor rodiation intensily is 500-690 kJ per cm® per year in Sichuan
ond Yunnon Provinces ond B30 kJ per om® per year in the Tibefon Aufonomous

Region [CAAERP 1988).
3.3 Energy Consumption Pattern

Toble 3.4 shows the final energy consumpfion patiern in the HKH region of China.
i o comporison between the enargy consumpfion poftern in the HKH region of
China [Table 3.4) ond the country os o whole is mode, the following pattem con be
sean o} the annual per copifo finol energy consumplion in the HKH region & com-
paroble with the nafional overoge (43.1 Gl compared to 40.6 GJ); b) the HKH
region is more dependent on biomass fuels (5% compared to 22% of total en-
ergy); ¢} in the HKH region the househaold secior consumes more than 60 per cent
of the total final energy and in China it is less than 25 per cent; and d) coal is the
maojor commercial fuel in both the HKH region and China {contributing 38% of
total energy in the HKH region and 43 per cent of lotal energy in China). The
paottern of energy consumption in the HKH region reflects the poor supply infro-
structure for commercial energy, the lock of purchasing power in the region, ond
the low level of industriol development and tronsport infrostructure.

Table 3.4: Final Energy Consum Pattern in the HKH Region of
China, FY 1994/95

Sl = e =

R = S|
344,201 79| 184, a5 BIo 0T [V,

Commercolinstitohonal | 33,970 B 53,475] 13| A7.487 3 10
Industrial 54,907 13| 147,76 34| 907,14 T4
oot ] ) Yl =1
Tk uz,ngg H:IE ﬂ‘%"}% ; j
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Tatel Populotion fin Tousands] e 3
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Chapter 3 — Pattem of Energy Use in the HKH Ragion of China,




57

The industrial sector in the HEH region siill consumes 13 per cent of total energy in
the form of biomass fuels, but the ogricultural sector is dependenl primarily on
commercial fuals if the contnbuton of animate energy is not foken Inlo oocount.

3.3.1 Biomass Energy Use Patiern

The annual per copita consumption of fuelwood in the HKH region of China is
760kg (Table 3.5), that of agricultural residues 460kg, and of animal dung 32 1kg.
This amounts i a tolal per capila consumpiion of biomass fuels of the equivalent
of 1,31 Akg of fushwood, compared io a national averoge consumption of 590kg.
The prevailing patiern of consumption has the following features: o) fuslwood is still
the moin source of energy in the household secior, Toble 3.5 shows that maore than
50 per cent is fuslwood, presumably because it can be collected from the nearby
woods in most rural arens and is also ‘free’; b) biomass fuels sill contribute 13 per
cent of the total enargy requiremant of the indusirial secior, indicating the preva-
lance of cottege industry octivities ond the low level of madem industrial growth in
the region; and ¢ egricultural residues and animal dung contribule aboul 42 per
cent of the total biomass supply, indscating the low availability of fuelwood and the
prevalence of an agro-pastoral farming system.

Table 3.5: Blomoss Consumption Pattern in the
HEH n of China

s s el s -l e md
k For |hgper | Pur |y For
Erily AR A
| Househalds gl? !; 350 75 381 Bi
indusirial 107 id 79 7 4]
Toal 7801 100] 440] 1001 30 100

Source: Stody ersmain
3.3.2 Pattern of Commercial Energy Use

The annual per capita consumphion of commercial fuels in the HKH region of China
is 21,000 MJ [compared to a national average of 33,341 in Table 1.4), of which
78 per cent i= mel by coal, 11 per cent by electricity, nine per cent by petroleum
fuels, and two per cent by notural gas. OF the total commerciol fuels obout 45 per
cent is consumed in the houtehold secion, 36 per cent by the industrial sectar, 13
per cent by the commercial sector, and less than one per cent by the agricultural
secior (Table 3.6). The household sector depends primarily on cool (BO%) ond elec-
tricity (12%) omong commerciol fuels. This is true for all sectors excepl the trana-
port seclor which depends primarily on petroleum fuels (51%) and elecincity (36%),
with coal contributing only about four per cent.
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Table 3.4: Commercial Patterns in the
'] hmm-r'hn n

China
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3.4 Status of Renewable Energy Technologies

In China, there are standards for oll the kinds of energy technologies being mar.
keted ond promoted in rural areas, including conventional energy technologies,
new energy lechnologies, and renewable energy technologies. Energy technologies
ond products cannat be disseminoted anywhere in Ching unless opproised by as-
signed natonal administrobion departments. There are a number of renewable en-
ergy technologies in operation in the HKH region of China, although the number of
uni's is not impressive compared o the rest of the country (Tabla 3.7)

Efficient Biomass Stoves: There are more than 1.5 million efficient biomass stoves
within the HKH region. These sioves can burn any type of bromass fuel with o pot
utilisation efficiancy of 25-30 per cant, compared with an efficiency of about 10-
15 per cent for traditional stoves [MOA 1995b).

Table 3.7: Instollation of IWIWTMh
na

[ Descriphion Unit [ HEH reglon Ehina 1atal
of Ching

Famidy-sice Biogm Piorh 00 units 5400
Impreved Cookvioves gi i 1341 158,000
Sokar Tharmal Sytama 33. ™ T m.OL
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Salar Gresnbouse 00 ney, k] L,

ssgt:rl {79 W) Eﬂ“'m E =
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Biogas Technology: The first biogos digester developed in Ching was built in 1920
for lighting. Biogas technology developed rapidly after the 1970s and by the end of
1995 there were 5.4 million biogas digesiers operafing in China, of which 83,000
are installed within the HEH region, Large-scole biogas plants have been estob-
lished in areas with large amounts of raw materiaks since the| 780, By the end of
1995, there were 500 lorge-scale biogas plants in Ching (MOST 1992; MOA
1995b), but none of these are in the HKH region,

Smgll and Micrg- hydropower Plants: The first small hydropower plant in Ching was
built in-Yunnan Province in 1912, with an installed copacity of 2 x 240kW, By the
end of 1949 there were 33 hydropower plants in the country with a copacity of less
than S00kW. In the 1970s, the tokal installed copacity of small hydropower planh
was 12,000kW, some connecied to the main grid and some 1o the local grid ned-
work, supplying eleciricity with a volloge of 35 V. By the end of 1995, there were
small hydropower plants in 1,547 counties and the lofal imstalled copocily was
15.74 million W, with generated electricity of 50.8 billion kWh per annum, oc-
counting for 33 per cent of the tolal hydroelectricity generated. The installed cao-
pacity of micro-hydropower plants in the HEKH region of China s about 1 .69MW
[CAAERP 1995a; CAAERP 1995b; MOA 1995h).

Solar Energy Technglogies: Thermal wiilisotion and photovolioic conversion are

the principal ways of uting solor energy in the region. The solar technalogies 1o
far instolled include: 111,288 sq.m. of solor thermal systems; 50,000 solar
cookers; 14,900 1q.m, of greenhouses; 120,00 sq.m. of possive solar build-
ings; BOOKW equivalent of solor lamps, each with seven 1o nine walts copocity;
ond 105kWp of PV systems.

3.5 Production Capability of Renewable Energy Technologies

There are 79 faclories monufaciuring hydropower equipment in China, of which
17 are located in Sichvan and Yunnan previnces. There is no manulacturing copa-
bility in Tibet (Box 3.2). There are 9,847 biogos disseminafion inshtutions and
30,895 biogos lechnicions in China. The counly and rural energy offices under-
lake distribution of household biogas digesters. There are many institutions oble to
des:gn large-scale biogas plants, including the Chinese Academy of Agriculiural
Enginsering Research and Planning, the Chengdu Biogas Inabitute, the Hangthou
Energy Engineenng Corporation, and the Henan Provincial Design Academy. There
are 12 institluions involved in designing solor houses and greenhouses, There are
300 monulocturers producing solar water heaters, in oddition lo seven service
ingfitufions involved in research and development of solor waler heaters and five
inshitutions in solor cooker development. There are seven manufacturens of solar
photovalioie cells and four service institutions involved in product developmant and
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Box 3.2: Number of Institutions in China Involved in the
Development of Renewable Energy Technologies

Type of Technology rhmu- Mo of Service Remarks
T, Small, Micro-hydropowes Thuemﬂllulul'l g ibed i
% Countybavel huudu:n v ol eh
Bureaus of ility: Grodes AL B =2,
Hydropowss: tw E;'IT\IE = 2500 kW, Grods
D=
2. Bogos Plant 9878 B Primarily Cownrty & Rural Energy
3. Solor Building 5 Primanly Besaorch lnshbatons
Technologies/ Salor
Cirmorhoses
4. Solar Cooken 2 b Tt ix the et udable oren
5. Solor Photavalaic MA 4 instollation of Scler PV s af the
o ol kg
&, Prvwme Wastunes 3 4 Small-seabs, 100-200 W, and
ﬂﬁq""m'm?‘mﬁh" it
n
7. Fushwood Soving Stoves MA, 3 Products ore ovailo

Sources. MOST 1591, MOA 1592 MOA 1994, MOA 1996, CAERP 15758

research, There are seven service institufions involved in wind technology develop-
ment (MOA 1992; MOA 1994: CAAERP 1995b; MOA 1994).

3.6 Energy Planning ond Programme Implementation

There ore soveral commissions ond ministries that odminister the energy sector in
China. Each of them has dilferent responsibilities and functions. These commis-
sions ond minisines hova bronches in provinciol and county level governments. Box
3.3 shows the relationship between the various stale and county-level commissions
ond the various line departments under different minisiries, together with their re-
sponsibilifies and lunchons.

Prior to tha 1%70s, the produchion and allocalion of convenfional enargies such os
coal, electricity, and oil were manoged according to the Chinese Government’s
natonal plan. Al that fime renewable energy technologies were af o research end
small-scale demonstration stage, except for the government National Biogas pro-
gromme. From the | 780s, biomass energy, wind anergy, geothermal energy, and
tidal energy were grodually included in the national plan and were odminstered by
the relevant commissions and ministnes. as shown in Box 3.3. Loter, research and
ocodemic institulions were estoblished with the responsibility for research, develop-
mant, and dissamnaton of renewable energy technologies. These mstitulions are
under different commissions ond ministries. Acodemic societies and professional
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indusinal orgonizations were alio established under the commissions and minis-
tries,

Box 3.3: Arrangement of Energy Departments in China

First lovel  Second lavel Third level Respensibility and function
Chinese Academy of Provincaal ocodemees

Scence ol science

Stote Commission of Provimcal County commasnns Mabirg plom

plonning commasiong of of planning
planmag

State Commission of Provincial County commissions Project manogemand,

Economy & Trods  commésiiors of ol seonamy & bods  lechnalogy indusiriolioiion
wcoromy & bods

Seate Commission of Proviecual Counly commissions Management of key resecrch

scence & technology commensicors of of Science & projects
scionce & technology Technology

State Commission of Prevncial Univarsdes and Leianibe and technaloglenl
Educotian commances of colleges research
educoton
Muinaabry of Electricity Prowinciol bursous of Counly bursges of  Blecincily produchon, ollocobon,
elackricity shaciricity T g
Minigtey of Caal Prowncial coal County coal Coal prodischion, allacation,
corporlions CONpORton manogement
Minatry of Woler  Provincial bosows ol Caunly buraws ol Cmﬂ-udhnuﬂmn!
Conservancy waber comervancy  woter comservancy  of small hydropower ploniy
Minatry of Petroloum Qil Fald Ol produckion, aflecotion,
me MG MEnt
reaus
*inatry of Forestry  Prowacial bureows of County bureows of  Development ond manogement
formatry bormtry ol lusdwood
Stinary of Provincial ofices of  County offices of  Rirol energy construction
Agricubure rurl snengy rural energy
Minstry of Nuclear  Corporahions directly Comstruction of nudear power
nduatry undes the Minigtey planky

Sowrcen: MOF 1992 MOST 1972 MOST V975; MOE 1997

The State Commission of Planning is responsible lor the overall plonning of the
energy secior in China, with inpuls from provincial and county level offices of the
Commission. Energy demand and supply onalysis plays an important role in the
formulation of energy plons ond policies. Box 3.4 shows the siructure of energy
planning in China,

Energy demand analysis is comied oul using econometric technigues. This entails

eslimation of the relationship between changes in energy demand and changes in
predictoble economic vorables and other foctors. These relationships are exam-

Prapaned by Wang Mangie Wang Gehua, X Mingsong. and Ding Vi




62

Box 3.4: Structure of Energy Planning
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ined in terms ol policy interventions and lechnological improvements. Faciors that
influence the energy demand in particulor regions include population, living stand-
ard, structure of the econamy, level of technological advancement, resource avail-
chility, prices, and type and funcional capability of institutions. Af present, an elas-
tc coefficien! method and on actaty onalysis method ore used for energy demand

onakysis

Al the some time, energy supply anclyss i performed in order fo evaluale the
potentiol energy supply and the relevan! energy supply progrommes. It is essental
to undersiond the energy supply system and its chamcieristics. Energy resources
available in their notural form have to be extracted, processed, and convarted with
the aid of technologies prior to their use, Thus information on energy resources and
technologies is vital. Energy resource information includes reserves, possible pro-
duction rate, explofiation cosl, and produchon constraints. Technology related -
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formaton includes oll the kinds ol lechnology used in the eneigy supply Tyilemn
together with their charactarishics such o1 lile, elficiency, and cosh The anergy sup:
ply analyus includes the following siepy: o) oporosal ol eregy resources, supply
polentol, and convernon lechnalogy; bl analpie of fhe anemy supply sytem ond
energy struciure; < identlicalion of supply derences of eoch energy conwenion
phase; d esomination of possibilites lor impart and espan betwesn regions; o)
analysis of energy jirices; and f) opprousal of new ond renewnble enevgy kechnolo-
g

3.7 Environmental Impocts of Energy Use

The produchon, frenslormaton, Franiportaton, and corsemption of eneigy will
result in enviranmenlal polluthion to a varying noure ond degres. The main cousas
of enviwanmental pollution and e reatmant are shown w Toble 38 Al present,
wnergy produchion and wse in Ching loce (hee man envecamental problems

Table 3.8: Prindpal Cavses of Envirenmental Pallution and Their

Treatment, 1995
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& Al present, coal is the main canirbutor of energy Thes resulie in o lorge punbes
ol detrimental environmental eleck — including ovmesphenc pollution In | A,
13,4 milion ieanes of smoke ond dest and 14 8 million lannes ol 50, waee
dispariad 1 the atmosphere hom coal burming, occounting Yor 62 per cenl
and 93 per cerit of the tolal dopersed amaount, respectively,

o |he sthicmncy of enargy convermon and e is law. The low efficency of boman
yhhsohon resulls in pressure on nalueol Jorest and. diversion of agieuliurol
vesedues and animal dung from the kald 1o the fire. The conversion effciancy ol
coal from its pnmaory energy form nka a secondory energy Sorm o il very low
i the production phase. The energy consumplion per unit of industrial produc-
non 15 very high compared 1o that in devalosed counnes. ndicating ineflicn
use of energy, This siuanen s made wone by the appheanon of low:fachnel-
&gy, enargy and-wie sguipment
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» A lorge omount of blomass energy is consumed in the rural area of China, and
this has o negative effect on the environment. Nearly hall of the energy con-
sumed in rural areas is from biomass. Using biomass as o fuel destroys the
ecology, couses soil erosion, and decreases land productivity.

in the HKH region of China direct burning of coal by households leads to atmos-
pheric pollution. Industrial pollution is minimal as there are few indusinol establish-
ments within the region, except in some urban areas. The main environmental prob-
lam related fo energy is the low efficiency of biomass energy use (MOF 1992),
Most households and micro-anterprises use fuebvood, strow, and onimal dung as
their main fuel, 5o thal these are extracted beyond their regenerative capacity, This
results in forest destruchon and soll erosion.

3.8 Main Findings and Conclusions

Enargy i sssential for sockal and economic development and the improvement of
lwing stondards. In the HKH region of China, as in the rest of the country, the
energy sector is focing problems as a result of the increase in demand for energy to
sustain rapid economic growth. The high level of energy consumption has increased
environmenial pollution. There is an imbolance betwean the supply potentiol of
energy resources and their exploilotion, Energy developmaent in the region cannot
depend on national support alone, but it connot be separated from the natonal
plan either. The only way lo solve the energy problem in the region is to integrote the
development aspirations of the region into the na%onal plon.

Coal (s the main energy resource in Ching, accounting far 75 per cent of the lolal
energy consumption. The contibution of clean and renewable energy resources is
nominal. Exploiation, processing, storoge, and transportation of coal itself con-
sume a lot of energy ond produce lorge amounts of pollution, In the HKH region,
the cost of these processes s higher than the notionol averoge, and the level of
uhlisation is much lower, reducing the economic viabilily of coal preduction. The
development, ufilisation, and management of renewable energy technologies are
weaok. Energy utilisotion efficiency is poor, and consumption per copita i low, En-
ergy shorloge and wostoge coewnst.

¥ there is no chm'bgn in the tend of energy development and comtumplion pat-
terns, it will not be possible fo meet energy demands taking info account resources,
tunds, ramsporiotion, and envirocnmental prolection, especially within the HKH re-
gion. Both energy produchion lechniques ond the comsumplion pattern must change
Thit con be achieved by diversifying the energy production structure and establish-
ing pollution-free anargy systems. This approach should form on integral part of a
sustoinoble energy developmeni strategy for the HKH region of Ching.
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Strategies for the development of the energy sector in the HKH region should be
aimed at inducing a structural change in the energy supply by reducing the supply
of coal, by supporting major efforts towards hydropower development, by develop-
ing new technologies for enargy utlizaton and renewable energy sources based on
technological improvement ond local condifions, by improving energy eHiciency, by
strengthening efforts in environmental protection, and by promoting the rotional
use of energy.

3.8.1 Planning and Manogement of Infegrated Energy Development

There is a need lo plan and manage energy in an infegrated manner and lo farmu-
lote and implement policies to suit @ markel- cnented economy, National econamic
development strotegies should make energy development and environmental pro-
techion in the HKH region a priority. Attenfion should be poid to developing and
disseminaling pollution-free energy lechnologies. Energy related lows and regula-
tons formuloted by the Chinese governmeni are also suitable for the HEH region of
China and should be implemented

The enargy policy should aim at: a) strengthening energy management by improv-
ing the energy supply structure and energy distnbubon, increasing the proportion
of clean ond quality energy, and carrying out indusirial relorm with the objectve of
reducing energy consumption per unit production value; and b) strengthening the
rural energy supply infrastruciure, Including elecirification, and gradually changing
the situation of ecological environmental detencration coused by biomass over.
‘consumplion. A 20-year energy development plan with {iva-year implemaentation
plans needs to be formulated lor the HEH region. Ths plan should toke inte consid-
eration the notioral economic development plan ond environmental protection
octivities. Plonning department should orgonize ond coordinate plan formulation
octivities in conjunchian with ather departiments such os those for economy, tech-
nology, ogriculture, forests, anergy, and finance. Emphasis should be given to de-
veloping energy laws and regulations suitable for the HKH region of Ching bosed
on the national laws and regulotions.

3.8.2 Improvemant in Energy Efficiency and Energy Saving

There is o need to improve energy use efficiency ond promate the rational use of
energy resources so thot environmental pollution can be reduced, sustainoble de-
velopment through sociol and economic development con be realised, and the
anergy supply and demand gaps within the HKH region con be closed. There is also
o nead to improve the quolity of energy services within the HKH region In order to
improve living standards. Al present, the averoge energy use efficiency in China is
obout 30 per cent, whereas it is less in the HKH region. Thia indicates o substontial
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potential for direct energy saving. Overcll the pattern of energy use in the industrial
sechor is not afficient in Ching, and that in the HKH region is worse. The proportion
of high-energy consuming industiies is large, but this sitvation con be changed if
the indusirial structure and product structure are odjusied and optimised. This indi-
cotes a potental for indirect energy saving.

Orentation of the Chinese economy fowords o market-orienied economy would
mean thal exishing policies, regulotons, and management systems for enargy sov-
ing will not be suilable. Therefore, it s desirable 1o lormulate now lows ond regula-
fions for energy saving and o introduce new manogement syslems suitable lor o
market-onented economy.

Improvaments in enargy efficency in the HKH region of China can be achieved by
establishing and improving menagement procedures and opproval systems that
focus on energy saving, as well as lormulating relevant policies and regulations. it
should be possible to achieve an improvement in energy saving of two per cent by
the end of 2000, and thus meet 50 per cent of the increase in energy demand
through energy saving. This can be ochieved by Including enargy saving aclivities in
national econamic and social development programmes, by establishing a special
instibution for enargy §aving manogemoni which will be rﬂpul‘rhhh far ||:|-uan|ni|
saving goals and implementation metheds, formulating energy saving plons and
polficies, and organizing implementation of energy saving projects.

There s olso o need fo adjust energy pricas and government subsidies so thot
energy prices reflect the “irue” economac cost. The lollowing aclivities can increase
energy savings: o} development and dissemination of advanced eneigy saving lech-
nolagies; b) technological improvement of power plant and indusirial furnaces and
improving the efficiency of end-use devices; ¢) providing preferental laxes and loons
for energy soving projects; d) formuloting norms and standards for energy con-
sumgtion in order lo realise energy saving polential, e) sirengthening education
ond propaganda on energy savings in order to improve owareness of energy sav-
ing n enterprises; and f) improving communication between the countnes of the
region and beyand to enhance infernational cooperatien in the field of energy sav-

ing.

3.8.3 Development and Utilisation of Mew Energy and Raneawable
Energy

Renewable energy resources can be considered infinite and are mastly less pollut-
ing than fossil fuels, Therefore, development and use of new and renewohble energy
should receive o high priority. Renewable energy technologies thal con be dissem|-
nated within the HKH region of China include large, small, and micro-hydropower
plants; biomass ga!.iliculiﬁ'ruvd liquefaction and briguetie lechnologies; solar pho-
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tovolioic and thermal technologies; wind power and wind pump fechnologies;
gecthermal power plants; and thermal-gradient use technologies.

The objective of developing new ond renewnble energy in the HKH region is 1o
increase the shore of renewsble energy in the energy supply mix. Targets by the end
of the year 2000 should be an increose of I00MW in the instolled copocity of
hydropower plants; on increase in ufilisofion of solor energy by 1.5 milkion GJ; an
increase in ulilisotion of geothermal energy by 1.5 million GJ; ond an increcse in
thermal efficiency of biomoss energy use by 10 per cent.

The following octivities are envisoged as oppropnate for the HKH region of China,
These are: o) identbcation of the renewable energy programme o3 o priority scheme
in the local economic development programme; b) provision of finencial support
from the state and oftroction of porticipation by local investors; o estoblishment of
local teams of quolified technicians and provision of troining for them through
national and interational cooperation; d) supporting of research, development,
demonstration, tronsfer, and opplication of new ond renewable energy technolo-
gies; ond e} crealion of an environment conducive fo foreign investiment in the
developmenl ol the energy secior within the HKH region.
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ChaEtE:r 4

The Pattern of Energy Use in
the HKH Region of India

by
N. K Bansal®

4.1 Introduction
4.1.1 Geanaral Situation

The Hindu Kush-Himalayan (HKH] region in India includes: {i) Jammu and Kashmir
(] & ), Himachal Pradesh, Sikkim, Manipur, Meghaloya, Nogaland, Arunachal
PFrodesh, and the Mizorom States; (i) Uttarokhand in Uttar Prodesh ond the
Darjesling district of West Bengal; and i) Karbl Anglong, the northarn Kachar
Hills, Lakhsmpur, Cochor, and Sonitpur [Darrang) districts ol Assam. It hos o popu-
lation of more than 31 million (about 3% of the total population in India), of which
57 per cent are males. Nearly B2 per cent of the population live in rural areas. The
totol land area is 542.7 thousand sq. km,, giving an averoge density of 57 people
per km’ compored to the Indion overoge of 257 people per km?. Arunachal Frodesh
is thie most thinly populoted area in the region with only 10 people per km”. The
average number of parsons per household in the region is between five and six
excep! in J & K where it is eight (CMIE 1987; Indio 1974).

" D W K Borisl oo prelenior ol the Cactw ko Enerpy Shelan, ndlan bl of Techralogy, Mes Deil
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The main occupaton is agnculiure, mosily o o subsistence level. Fifty per cent of
the people are labourers who work in the lields or in jungles [wood-cutters). The
entire HEH region, particularly the whole of the northeast, is underdeveloped ond
poor in spee of having rich natural resowrces. Thus the rural population contribules
significontly to the iofal energy needs of the region. Although the region i poor
overall the per copita domestc product in all the sfates in the region compares well
with the oll-Indio overoge. The compound annual growth is quite good, parkcularky
in the agriculturel and manudocturing seclors (India 1994),

41,2 Climate and Matural Resourcas

Most parts of the Indion HEH, except Lodakh in J&K ond Lohul Spiti in Himachal
Pradesh arme in the cold ond cloudy ragion. Lodakh and Lahul Sgiti are in the region
of cold desen where forest cover is low, The rest of the region has a rich forest bose,
with an overall forest cover of 38 per cent. The forest cover in the westarn moun-
tams (Himachel Prodesh, Uttarokhand, and Jammu ond Kashmir) i lower (9-44%,
with an average of about 27%), and in the eastern mountains [Arunachal Pradesh,
Manipur, Meghaloya, Mizoram, Nogaland, Sikkim, Tripura, the hills of Assam and
West Bengal] higher (28-90%, with an average of about 55%) with the exception of
West Bengal (7%) (FSI 1987 F51 1989; TERI 1994; TERI 1994).

There are marked sociol, ecoromic, and religious differences between the variow
HEKH areas in India with distinct varations in such factors as |deracy rate, occupa-
tion, poverly, ond income. There are three distinct regions: the eastern mountain
region [Arunochol Prodesh, Manipur, Meghaloya, Mizoram, MNogoland, Sikkim,
Tripura, the hills of Assam, and Weast Bengall; tha central region (Himachal Pradesh
and Utarokhand); and the weslern mountain region [Jemmu and Kashmir). The
eastarn and central regions are dominated by Hindus and Buddhists and fhe west-
e region by Buddhists ond Mushms. The lterocy rote is lowest in 1 & K [22%
compared fo the national overoge of 52%), highest in Himachal Pradesh [64%,
obove the nolionol overoge), and abou! the some in the sostern region ond
Unarakhand [45%) (GOl 1994),

4.2 The Energy Resource Base

The main energy resources within the HKH region are hydropower, coal, o, and
fuslwood, The forest provides most of the energy used lor housshold purposes,
essentiolly cooking and space heating.

4.2.1 Traditional Energy Sources

The trodtional energy sources in the HEH region ore fuslwood, animal waste, and
crop residues and, of course, onimate power. The availabilty of these resources
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depends upon the lond utilisotion ond croppng patterns . The totol korest area and
percentoge of okl land orea covered by lorest jn the vanous HEH areas is shown
in Table 4.1 Thers ore good fomil macurces in moist of the HKH sholes adcept
Assam, | & K, Himachal Prodush, ond West Bengal Dala on crep produchon indi-
cates that excant in Assom and Himachal Pradesh, crop residues are not sufficient
"o meet the energy demands 1o any sgashcant axtent. However, o sgniiconl amount
of ammate energy s available n fhese regions. The setmated potennal of animate
energy [oasuming B hours per day wark far 340 day) is shown in Toble 4.2

Toble 4.1: Tolol Foresi Area (Recorded ond Acival) as o Percentoge of

Tolol Lond Area (1993 Assessment)
Dascription | Recorded forest| Addugl formst | (and orea | % lorest | % ectual
area (g km) | cover (sglm) | [ug kem) araa Tareir
EEERF
et P 139 55400] S TIAl I 18]
b Prodesh 37501 12,402 55 473 6d) 2
e and Kasmme 20174 20,443 J354)8 [ ?
Unesnkhard 34 374 22,658 51,178 7 [T
Lpatmrn Mouiiyn 130,017 151,881 719,740 [ &
Hilla ol Wt Banga 1017 o7 9,376 ] 7
Sk 2,850 3.119) 7034 T 44
Hills e Axem ails _Jaxaf 18,701 35 75|
_Aeunochal Prodeh 51,540 A8 44! 83,74 % 82
Wanipur 15,154 17.621 PP E: i)
P — 7496 15,768 [P a7 70
| Mizemm 15,085 18697 91 0H 78 9]
Topun (W7 __g%: 16, 4Rk &0 =3
Total Misunioes 212,158 207, S, iL] 3/
All Indie 770,078! &40, 107 3 3 ¥ K
Sevrves  TER RR TER 1994, CWE |98

4.2.2 Sun and Wind Energy Potantial

Although the number of sunshing hours in the HEH region i less than the oll Inda
overage of mare than 2,500 per yeor, 11 is shil lorge enough for effecve wiilisatien
of solar enargy. The annuwol mean of sunshine hows vanes from 1,800 o 2,400

The number of sunthine hours per month, and the sshmated omount of olsl solar
rodakon per month ore shown 0 Table 4.3 The values shown are those measited
in different ports of the region. There are no deloiled measuremants ovailoble bos
solar rodiation over the entire HEH region of India, but the estimates are probably
occurole 1o witlin 15 per cent.
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Table 4.2: Animate Energy Potential in the HKH
Region of India (in “000 GJ/annum)

HEH Aremate Eneigy Avarlable
Himachal Prodesh 24,000
Jomimiu ond Koghemss 18,100
Arunochal Frodeih 1,700
Manigur 8,400
| Maghaloyo 4,000
Alezorgm 55
| Hogaland 280
Selyom 410
Triows 5170

Sources TER 1994, TERI 1996

Mok

| pimcl powar lakon 1o be ¥.6 M)

There ore no fgures owailable lor oiher aeos of te HIH Jagien

af Ingia

Toble 4.3: Average Number of Sunshine Hours ond Tolal
Solar Radiation Each Month in the HKH Region

Gomerte Bassal and Minks 1995

Madlth Mo, of surshine mﬂrwm?ﬁﬁm
__houn
kanunry 200 w0 230 63 80 120
Fasbirusory B0 e X270 80 ko 140
Wprch L0 o 360 10 145
Agil SO0 ba 240 110 4 150
My 40 ko 300 140 to 320
June 20 1o 200 120 i 200
July 120k 180 130 % 170
| Auguat 140 1o 240 140 % 180
Segtember 160 1o 230 _ 116 % 180
Oictober 180 10 3460 130 v 130
Ydoeer bar 200 4o 260 1204 130
N 200 o 220 B0 s 120
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There are no wind monitoring stations in any of the HKH states. Some estmates
show an aonnual mean wind speed of live kmph, which is too low for any wind
energy system. There may be locations where wind speeds are much higher, but
there are no meatured data availlable fo dale.
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4.2.3 Hydropower Potential

Hydropower is the most altractive source of renewable energy becouse of flexibility
of utilisation, ready availability, and pellution free operation. The totol hydropower
potental in Indio is esfimoted to be B4, 000MW (TERI 1996) of which mare thon
75 per cent is in the HH region [Table 4.4). The octuol power generating copacity
in the region is comparatively very low, however. The rates of villoge electrificabon
and number of households having eleciricity are shown in Tables 4.5 and 4.4.
Although the total coverage of rural electrification looks good, in proctice only houses
in the more accessible and less remole villoges have been connected 1o tha elactric-
ity grid. The supply is usually ol poor quality with high volloge Hluctuations and lang
hours {and days) of ne supply. The aclual propenien ol households with electricity
is only ocbout 30 per cen! (Gupta 1997). One ol the main reasons is that the
majority of the paople who in theary could benefit cannot afford the costs involved.
An important issue in the rural electnfication programme s that 3o far rural electn-
fication has only mean! extension of the convenfional grid. There has been no pro-
vision for decentrolised power generation and distribufion. Becouse of this, remote
and inaccessible villoges in several parts of the country, where grid extension is
neither logistically nor economically viable, have not been oble to benefit from rural
electrificotion (Dutta 1997). Many of thesa villages lis in the HEH region.

The estimated (potental] power that could be obtoined from small, mini-, and mi-
cro-hyde! stations in the region in Indic & 5,0008W mainly in Arunachal Pradesh,
Himachal Pradesh, and Utorakhand [CMIE 1995). Table 4.7 shows the numbaer
‘and capocity of installed mini- and micro-hydal siations (up o 3IMW), of hydal

Toble 4.4: Hydropower Patential nd Plant Installed
¢mmmwiuhl 'Hmh.im

HEH Ragion Hydropower | Per cant in all |imtalled capacity | Par cent in oll |

e Hluinl Fg HI-..E] u_? In:i: _
e n,in; Ta 545 ]
Jamemu and Kashmr 7487 ¥ 176 =1
Eﬁmi o ] L =1

iogocn B :
5 i 2R3 If H <]
LRI ¥ i) '
I 1,768 ; ﬁi ';‘
;;:u.
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Table 4.5: Rural Elecirification in Dilerent Areas within

the HKH Region ol India

| Descriphion Total Mo of Villages 'ﬂnﬂmﬂ\’ﬂhﬂ
r= 19BE-B7 [ 199564 | 1988.07 | 1993154
larranu ood Kaagheve EATT A77 " )
Himachal T8.91 -Eﬁ: [ - #4

Td 4950 | W 74
i - e
= : B -

4, r o
M‘:m--rﬂ BRY Hi il
% LT3 l_,‘[?r a Bo
3 i ll:i' ; ﬂ:.;

“Taurces T T95E, atao THIT
" Thas Aoty e Uigenblivmeil e e | PROLRT o] B840 H)

Table 4.6: Households with Eleciricity (in per cent) in Selected

Areas of the HKH Region
Description _ Rural Uben |  Tolel
1981 1991 | A1 | 199) | 1wB1 | 1991
Arupochal Prodest 1 k] eell Al | & 41
Mafipu 10 43 an 75 0 51
Mol ? 8] ol eF| W1 — 99
| Muoim i a3 &0 a5 I 5
Fagaland 20 47 SR 78 2 53
= I3 (Y] n ] 43 AN
Himeachal Proclesh C e A 55 7
hmﬁﬁw 52 A5 a2 1., -} .

Smieres TEB] V904, Dioms TR

project

under construchon, and of swtable sites olroady idenlified, in the HKH

regien of India. Besides thia, waditional watar il are used extensvely for ogro-

proceming and cotoge Industnal applicaton, and o 5 estimated that there may
be oraund 200,000 such sies in operation fodoy,

4.2.4 Conventional Energy Sources

Thare cre signilicant coal resenves in the sasterr mouniains of Inda, although these

amaint 1o less than ane

per cent ol the total resarves availoble (Table 4 B) The ol

ond gos reserves ovallable within the HKH region compnse 21 and 24 per cent,
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raspoctively, of the tolal reserves in India. The produchion rate of these resources
indicales thot the oil reserves identibed so for will last for 31 years, natural gas lor
about 75/years, and coal for more than 200 years.

Table 4.7: Number and Capacity of Installed and under
Construction Micre- and Mini-Hydel Projects (up to 3IMW copacity)
and of Suitable Potential Sites in the HKH Region

Descrption Project instalfed Under Identitied Sites
3 Construction
Mo. | Copocity | Mo. | Copocity | Mo | Copocity

[ MW (W)
Arunachal Prodesh Fad 19.15 12 21,60 201 14937
Agigm Z £.20 1é& 1123

ramocha! Frodesh 14 9.47 4 11.00_| 138 200.00 |
Sammu and Koshmir 11 4 35 & 1118 9 036
Manipur & 4. 10 4 3.50 12 5.0
| Magholayo 1 1.51 2 0.20 & 1.02
Alipprmem 7 3.4 7 B.8D a7 22.04
| Hagaland [; P A 550 ] 7.50
Sekckam T4 7 56 2 320 | 9 11,80
L1 24.78 28 22 40 12 115
[ West Bengal 5 748 4 9.70 7 10,40
Total — & 9321 | 79 | 97.29 (A4S | 420.59

E-.CMEINE_ TERI 1994 Duma 1950

Table 4.8: Distribution of Coal and Crude Oil (in million tonnes), and
Natural Gas (in billien cu.m.) Reserves in the HKH Region of India

Doscription Provan Reierves = Annual Production Rate’

Coal |[Ugrite| Oil | Gas | Ceal il [
| Assom’ 191] no| na <] no 5.043 0
| Meghaloye 89| na o o n.o 0 0
| Magaland | [ ] 1] 7] n.o 1] ]
| Arunachal Prodesh 31 Ao, no. 1] a0 0.035 ]
Jammy & Koshmee ne 0 0 1] no. o o
Tital 3135 0| 155.5] 156.1 1.2 5078 2.1
Inda 68400 no | 7270| 6430| 2518| 320 19.4

Sowesen: CAMME 1095 TER 1994

"Prodechon hgores ome kot FY 199495 "Estmole baied o siols bgur
Thare e ne preesn grilaanl ressnee in any of the ofher creai in % neguon
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4.3 Energy Consumption Patlerns

The energy use pafterns in the sastern mouniaing, the western mountoins, and the
whole HKH region in India are shown in Tables 4.9 10 4,12

MNearly B0 per cent of the tolal energy in the sostern mountaing, and over 70 per
cent in the westem mountains are estmated to be consumed by the household
sector (Toble 4.9). Ninely-fve per cent of the energy used by households is from
biomass in the form of firewood, dung, and crop residues. In the sastern moun-
tains firewood is the main source of energy for cooking ond spoce heating. The
dependence on fimwood i nol surprising since the eastern mountains hove the
highest concentration of forests in the whole couniry. For exompla, there are seven
ha ol forest per copita in Arunachal Pradesh, which is thinly populaled. Even so, os
o result of the ropidly depleting lorest cover, the rural poor in remale mouniain

Table 4.9: Final Energy Consumption Pattern in the HKH Region

of India, FY 1994/95
 Locatieny/Seciors | Beoman Commerciol Fusls | Total Energy
VOO0 G) [ Parcent | V00G) | Percent | 000 GJ | Per cant
Eostern Mounbain ey
Hovsshold 206,432 93 8,799 16] 215230 78
Comm /Inss. 4,306 2] 203 7] 24697 9
Industrad 11,900 5| 1009 gl 21991 ]
Agrieylturs! 0 o 2,055 4 2,055 <1
Tmespon ] o] 129%0 24| 12950 5
Total 222,53/ 100] 54,785 00| 27e923| 100
Western Mountain 5]
Household 208,537 $0| 20,128 25| 78 665 73
Comm. /bt &&15 3] 14133 18] 20,748 7
i strial 14,488 7| 17,644 22] 34151 1
[ Agsicultural a ) 5,184 7 5,186 2
Tromaport 0 0l =308 28] 22,308 7
Total 231,640 10e] 73419 100] 311,089 100
Maountain Total e
_Housahold 414,967 21] 28 22| 443895 75
Comm /inst. 10,921 2] 34824 24| 45445 ]
Indutral 28388 &) 27,754 21| 38042 10
Agreviural 0 ol 7241 5| 7241 ]
Trampen o] ol 36281 %l ssaer| el
Total 254278 100] 133.704]  100] S87,98) 100
Total Population (in )] 19,700

Meots: The solem mouedping indede Sikhim, Arceachal Peodesh, Mompss, Migorom, Meghalaya,
Trgmern, Maopgiomd, tha hilh of ‘West Benpal ord Assom. The ssatwen moussses include Hemachal
Pradesk, | L K, ond Unamikand
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Toble 4.10: Biomoss Energy Consumption Patterns in the HKH
Region of India

Fuel type Sector Fuslwond Agriculturel Residues | Animal Dung
kg per copito kg per copito kg per capita
Eoatern Mouniaing

Fewehald &94 135 73
Covmm g 14 0 o
bnchustnal 4% 1] ¢]
Teanl 758 135 73
Waslarn Mowntaing =
Howvahold 877 &5 BA
Coerram, flnst 2 0 o
Indusirial a7 17 o
Toll 635 8l BA
Mountain Total r
Household 829 94 82
| Comem /inst 19 1] _0
Industrial 42 2 [1]
Takad 490 103 B2

Siyrin Sedly mitmake

areqs are being lorced o spend more lime collecting fuel, or 1o use other forms of
biomass energy such os crop residues and dung. A few micro-leval studies have
been conducted that highlight the predominance of biomass fuels, especially
fuplwood, in the consumphon pattern. Thase studies show that consumpfion paot-
terns are aflected by various factors such as socioculiural differences, family size,
season, and resource availability,

Figures for the consumption of crude cil ore only ovailable for the whole of sach of
the states in the HKH region, not for the HKH oreas alone. Apart from Assom, none
of the areas in the HKH region is o major consumer of crude oil, even though cbout
15 per cent ol the lokel Indion produciion comes from the eostern mouniains,
Consumplion of coal is also marginal in Ihe HKH region. The principol use of coal
is in thermal power stations,

The following inferences con be drown from these tables .

(] Seventy-seven per cent of the total energy consumed in the mountains comes
from traditional fuels, 23 per cent from commercial fuels,

(i) Sidty-bve per cent of fotol energy consumption is in the form of fuelwood, 71
per cent of which is consumed by the household seclor, six per cent by the
industnial secior, and three per cent by the commarciol/institutional seciors.
The ogricullural residues ond animal dung used are consumed almaost entirely
by the household sector

Frepared by N K Bansal
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Table 4.11: Commercial Energy Consumption Patterns in the

HKH Reglon of India
Locations/Secton | Cool ond Coke | Petraleum Fusls Electricity Tatal
commarciol
M Por M/ Par LT Par M/ Par
Copita | cermt | Copita | ceni | Copita | cerd | Copito | cent
Eastem Mousting
| Howsehold ] a2 539 12 54 i A00 1
oo il 10 42 |[1.258 3 123 28 [ 1391 A
il [+] e 431 14 251 31 | &88 18
Agricultuenl i 0 Bé . 54 11 140 4
| Tranipon 1] 0 | 88 a7 0 [:]:E] 24
| Takal a4 100 | 3157 100 Af7 100 | 3,08 100
Wenlern Maoryrboira
g g fal 23 bk | 1101 25
Comm. /It 7 g | a77 20 o0 9 | 773 8
Induasal __43 B2 4A3 14 421 A5 P47 ]
| Agricubural 0 0 | 188 | & | 9 | 10 | 284 | 7 |
Transgort 0 o |13 37 0 o[22 28
(Totol 77_| 100 [3.329 | 100 | 940 | 100 (4348 | 100
Mouiain Tosal
| H I 4 S43 20 209 Z8 878 e
Comm k. A 1 15 P38 % 104 4 1,048 28
Il el 34 71 460 14 J45 47 [Tk 21
Agricultursl [ [ 142 4 77 11 720 5§
| Traniport ;i 0 1,07 33 0 0 1,070 | 26
Taal 53 100 | J,ﬁ% 100 | 738 | 100 |4,060 | 100
Sewerm Shody extemate.

() LPG represents o substantial proportion of the total petroleum fuels consumed,
Twenty-nine per cent of the total energy from commercial fuels is consumed by
the commercial and institutional sectars, 33 per cent by the tronsport sector,
14 per cent by the industrial sector, 20 per cent by the housshald sector, and
only four per cent by the agricultural sacios.

() In the easlern mounlains, B0 per cent of total energy is supplied by radilional
fuels, in the western mountains 74 per cenl. Fuelwood contributes 67 per cent
of total hnal energy in the eastern mountains, and 62 per cent in the western
mountoins. The per capita consumption of fualwood is higher in the eostemn
mountaoins *han in the western mountains {Tﬁﬂ:kg VBITUS ﬂﬁl:gl.

v} Commerciol fuels provide 20 per cent of total final energy in the eastern moun-
tnins [3,702 MJ per copita) and 24 per cenl in the western mountains (4,344
MJ per copito). Petroleum fuels contribute B& per cent of total energy from
commuercal fuels in the sostern mountoing, ond 77 per cent in the western
mounlaing.
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Table 4.12: Percentoge of Households Using Different Types of Fuel
for Cooking (1991 Consus)

Locations Cow |Electn-| Cool/ |Char- | LPG | Wood | Diogos | Kevesana
Dung | ciy Coke | cool

Arunatbal Frodest « <] 21 < 4 <l 3
Ll < =} <1] =1 (T <] a
Lo - o FY Fa _20 -F | 'l =]
Prosdah = o <1 <1 ] « 'i]

«Huirml . 1 <} =1 7 #1 <} 5
Adrban = [ =1} <|| 48 14 £ il
o | = | = | o | ] 13 - _.F-i
-Rural T =] 1] <1 ] ¥ * [
Uit £ ] <1 o | L"I_ ] i | 9
yuh- | 2 | al 2 3 ay 4 T
JRgrnd < _i_l "3 = = li = 1'1‘
-Lithan <l ] T ) O T - §¥]
IMuassmm el | 41 < | - L] £t =1 1
Bt |l £ L ] =1 5 5] w i
Ubom 1 ) “ il _1! !_1 b - 30
15.&-4& 1 < - <l 3 _@_lr 1:!_ :%
Bt -1 = <1 =1 < i < et |
"Livkan <1l =i <l] =i 10 fg_}_ = 13
Ak <] <] =] =] | LL} - ril
~Hyieml | ol o w} 1 o 1l
-§ it < | I | i <1 k& ¥ - P
Tripidn < | l1l =} ; -]f _;i = FI
Hsjrml " | s a 1 o = "1
[ Lirkan < -1 <1 3l 17 ﬁaF < ol

i) The percapifa slactricily consumphon is thresa fimes higher in the wesiem moun-
fains than in the sowtem mountaine (26 | EWh vesus 1 346Wh),

ivw) The share of commerceol fuels increotes with the mte of whonisahon ot well as
with the development of phyucal infrostructure, o3 sean, for axample, in the
cae of Himachal Pradesh and Sikkim

The ialal energy comnsumptan in the HKH region s SBB millon GJ, 1 7,852 M per
capila for a populahon of 31 million. The comesponding GNP igross national
product) = obout LSS 350, This compares very well with 1he nolional overoge,
which of presant shows o 3.2 per cent growih rate comesponding 16 @ per capita
energy consumotion growih ole of 4.2 per cent (GO 1996). As comenarcial fusly
become more readily avallable, bosh the tolal and the per copite comumption of
tommercal energy ore likely to increase

_ Prepaed by N Bansar



Electricity is the most desired form of commercial energy, ond there is a ropid growth
in eleciricity consumplion per capita. Even so, the supply is still 15 to 25 per cent
lower than needed o mee! the present demand (CMIE 1995). It is very unlikely that
this deficsl con be met by conventional energy because of the resource constraints.

4.4 Energy Use Variability

Energy use in the HKH region s fismly correlated with the notural resource bose

and varies from areo 1o area depending upon the pressure from vanous compo-
nents of the system such os grozing and ogriculture

The following discussion on differences in energy use in the varicus areas within the
Indion HKH s based on ovailable information

4.4.1 The Eastern Mountains

Mearly 70 per cent of the energy consumed in the sastern mountains is used for
household purposes, and more than B0 per cent of households use firewood as
their only source of energy lor cooking ond spoce heating

Meghalaya

There are some survey reports (see Table 4.13) on Meghalaya that contain infor-
mation on variations in energy use. The per copita onnual consumphion of firewood
(1993 survey) varies with farm size (Table £.13), There ore seasonal variahons in
fuelwood consumphion, consumphon in winter is 12 per cent more thon in sum-
mer, The consumption of branches and twigs was found 1o be 210kg wsing
yesterdoy-recall-method, ond 194kg using o seasonol-recall-method, which is sub-
stantiol in terms of totol fuelwood consumplion. The volues for total averoge per
capita fuelwood consumption also varied depending on the survey method em-
ployed, B5Bkg by the seosonal-recoll-methed and B31kg by the yesterday-recall-
method. Actual measurements showed o fuelwood consumption of B41kg.

Kerosene is vsed in obout 20 per cen! of households for cooking. The per capito
annual consumphion was 51 litres with some seasonal vanation.

All rural and wrbon households were found to use o simple construction of stone
and mud, a traditional chulha (siove], for cocking. No improved stoves were lound
to be in use.

Waoter heating, spoce heating, and preparotion of cottle feed are the other impor-

tant household achvities requiring energy. Water is heated for bathing, woshing,
and even drinking purposes. The generol proctice is fo keep o vessel containing
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Table 4.13: Per Capita Consumption of Fuelwood (Woed only)
and Kerosene by Farm Size in Dalu Block, Megholaya

Dascriphon Wood [ig) Kerosane [Lif)

| Losge kormarns 4 45
Senadl farman 512 16
Margenal farmen - 28

| Agricuftur| labour &a B 17
Mon-ognculhural abow 451 T4
Adtisans 718 73
Othen &50 25
Migan L] 51
Launce WEP 199]

waler over the stove after cooking is complete. Spoce heating is necessary in winter,
but is mostly only done together with cocking. Use of kerosene and charcoal for
heating waler or space healing was negligible.

There 15 o wide variation m the numbers of households with electricity, from five 1o
45 per cent in different blocks of o district. Elecincty is used mainly for lighting.
Usually, there are only obout two points in a household. Large and marginal farm-
ers hod more than two points. Usually not oll rooms are provided with a connec-
tion. People mainly use electricity for lighting only. Per copita electricity consump-
tion vanes from 0.3 to three KkWh per month, The consumphon of elactricity is really
very low, becouse even in villoges with eleciricty the number of households con-
nected to the supply s smaoll. Households withoul electricity use kercsene for light-
ing. Kerosene consumption ks reported to be 1.1 1o 1.4 litres per coprla per month.
There is o variohon occording fo household size.

ikli

Eighty-seven per cent of the tolal energy comsumed in Sikkim comes from wood.
Most of this is vsed in the household sector. As a result of the increasing ime
needed for fuelwood collection, per copita energy consumption is falling in this
region. Recently people have storied to buy wood. Agricultural residues ond kero-
sene supply esght per cant and five per cent of total energy requirements and elec-
tricity @ mare 0.3 per cent (DA 1988).

Energy consumption is fairdy uniform ocross the region, but the octual energy con-
sumplion in o household depends on factors such as family size. Per copila energy
consumphon in Sikkim decrecses with family size, in contrast to Utarckhand where
it increases with family size. Variahons in fuel consumption have also been noted
between dferent communities os o result of the varabon in cooking and ealing
hobets.

Propared by N K Bansal
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Some general trends are seen. LPG is beng used increasingly for cooking in the
household sector, Electricity and petroleum consumphion are also on the increase
It is expected thot energy consumption will grow further, and the supply-demand
gop may increase unless alternatives with lower investment costs are found.

4.4.2 Tha Western Mountains
mir

The per copta rural househald energy consumplion in J & K is reported 1o be
B.119.6 M, which is much higher than the north [ndion averoge of 6,091 3% M
The fuel mx, however, is not a3 strengly dominated by firewood as in other hill
regons. Fuelwood accounts for 59 per cent of total energy consumed, cowdung
24 per cenl, kerosene nine per cent, electricity four per cent, ond ogrculural residues
3.5 per cenl, Some micro-level studies, however, show a different consumplion
pattern. For axomple, one study found that, despite low forest cover, nearly B0 per
cent of energy came from firewood and it by-products (Alom and Hussain 1987).
Much larger quontities of fuel are consumed in the winter than in the summer. The
per capita consumption per household per manth rises from 180 1o 280kg for
firewood, from 1460 to 240 ktres for kerosene, and from 40 to 0kg for cowdung
Kerosene is not available ot very high oltitudes, and there the main energy sources
are wood and dung.

Himachal Prodesh

The per copita energy consumptlion in Himachal Prodesh is high, 10,812 MJ or
neorly double thot of the narth Indien rural averoge. Most energy comes from
firewood. The per copito consumplion of fuelwood vories betwean districts, from
1,091 kg in Mani disinict 1o ?ﬂﬁq in Shimla and anly 4Hﬂkg inn Solan. This varabil-
ity ebviously results from both the availobility of wood and the prevailing climaic
conditions.

Uttorokhand

The eight hill districts of Almaora, Naoinital, and Pithorogarh in the Kumaon Hills and
Chamoli, Pauri, Dehradun, Tehri, and Uttarkashi in the Garhwal Hills are collec-
tively known as Uttarakhand. These distiicts are located in the northwestemn part of
Uttar Pradesh. Mos! energy i consumed in the form of the frewood used for cock-
ing and spoce heating in the household sector {GIDS n.d ).

The annual per capita consumption of lirewood varies from villoge cluster 1o clus-
ter, but lies in the ronge of 14,120 - 18,124 MU Villoges situoted ot high altitudes
(5,000 to 7,000mail} consume more firewood than willages situated at lowaer alti-
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tudes {300mosl), as they need it for spoce heating. Economic status of the family
and availability are the two mamn loctors that influence kerosene consumphion, the
other important fuel and which is used mostly for lighting. Kerosene consumption
olso varies from villoge cluster to cluster from 242 MJ 1o 1,422 MJ, One very
distinct feature of the energy mix in this region is the near lotal cbsence of dung os
fuel, becouse dung is used here o3 manure [Swominathan |982; Jockson 1982;
Moench 1985; Todara 1990

4.5 Renewable Energy Technologies

Renewable energy Technologies (RETs) were initially installed in the HKH region for
demonsirofion purposes ond were loter disseminated ocfively when the fremen-
dl;ll.lr'l polential of these technologies o negate impending environmental degroda-
kon was realised. The main lechnologies that have been demonsirated and dis-
seminated are improved cooking sioves, biogos plants, solar pholovolinic equip-
ment, and mini- and micro-hydropower plants. The number of units or copacity ol
such technologies installed in different parts of the Indian HKH region are shown in
Toble 4.14

Improved cooking stoves and family-sized biogas plants are the most disseminated
technologies within the HKH region of India. The Indian mountains should be o
good aren for the installabon of mini- and micro-hydropower plants, with almost
2,000MW of potential in the region, but ol present only about S2ZMW are ex-
ploited. The western mountains show significant use of solar energy technologies
{Dutta 1998).

Manutaciuring of various renewable energy systerns hos motured in Indio as o
result of the promolional efforts of the government There are 74 manufocturers of
solar photovoliic and wind power systems, and although these are all located
outside the HKH region, they ore copable of providing services within the region os
well, Household-type biogas systems have been installed oll over India, primarnily by
the Khadi and Villoge Industries’ Commission (KVIC). locol croftsmen produce
improved cooking sloves. There are a number of biomass gosiber designs avail-
able, and severol mechanical faciories locoted in different parts of India are copa-
ble of producing these units. Almost oll mechanical foctones ore oble to construct
mini- and micro-hydropower plants if appropriate designs are provided.

4.5.1 Improved Coocking Stoves
Improved cocking sloves, which hove a minimum thermal efficiency of 20-25 per
cent compared with 5-10 per cent for traditional cooking stoves, have @ number of

benefits in addition lo fuel saving such as reduction in heolth hazards os a result of
the eliminabon of smoke, reduction in air pollution, and cleaner homes, By Apnil

Prepared by NK Bansal
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A number of evaluations has been carried out by different ogencies to ossess the
performance of existing MMHP plants (Dufta 1997). An evaluation study carried
out in the northeast showed thal several systems that were sanchonad in 1 989.90
have sl nol been completed. The tme and cost overruns have mainly resulted
from financial constraints and inadeguate management. OF the four MMHP com-
missioned recently, only one wos found functional. The primary reasen for plants
not being operational is damoge coused by floods during the mansoon which has
never bean repaired or failure of components. Another study conducted by TERI,
which reviewed and documented the status of MMHP in India, showed that most of
the luncional plants are operaling af sub-oplimal copocily, the primary reasons
being low load factor, lock of people’s invalvement, and technical and operational
problems such as sikafion, domage fo civil works caused by floods, ond absence of
workshop facilities in remote mountain locations [Dutta 1998).

4.5.3 Biogas Plants

Biogas generaled krom coftle and/or human wasle and other biomass is o cheap
and cohvensent fuel which hos the odded odvantage of increasing soil fertility. Biogas
is largely used for cooking, but can also be used for o variety of end uses such os

lighting and power generafion. The main requirement for selfing up o biogas plant
is the availability of biomas and water.

MNearly 2.4 million family-sized biogos plants have been installed in the country so
for under the National Project on Biogas Development (NPDB). These plonts are
thought to save the equivalent of IRs 10,000 million (1,000 crores) annually in
fuelwood and fertilizer. More than 245,000 plonts have already been installed in
the HKH region of India (Table 4.14). Varous evaluobion reports on biogas plants
indicate thal the parcentage of functional biogas plants varies from 45 1o 90 per
cent in diflerant states (the range in the nartheast s 47-70 per cent with Assom the
best at 0%) (Dutta 1977). The study conducted by TERI in the northeast, however,
showed that only 24 per cent of the plonts surveyed were oclually in operation
(Dutta 1997). The pedformance of biogas plants in Himachal Pradesh has been
significantly better than in other hilly regions. It seems that biogos plants have not
performed satisfactorily in the hills only if you toke the TERI study to be right and the
one before to be less relioble in spite of the higher level of subsidies ofared than in
the ploins. The main reasons for non-functionolity were shortoge of dung, installa-
tion of over-sized plants, poor sifing of plants, inodequately trained feld stoff, and
lock of mointenance for the plonts instolled. The problem of maintenance is com-
mon throughout the couniry, but it has more severe implicafions in the hill and
remote areas where it is difficult for the plont owner to inform the implementing
ogency because of the remoteness. The high livestock population in the eastern
mountains, including o significont pig population, suggests that there is o higher
patential for biogos development there than in the western mouniains.
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4.5.4 Solar Photoveltaic Technology

Solar photovoliaic (SPV] systems, which allow power to be stored and then used as
required, are ideal systems for small-scale end-uses such as lighting, pumping wo-
ter, ond low temperoture storoge of medicine. In remole moundainous locations,
where the normal grid is difficult to reach, this can be a very viable allernative.
Severol systems, used primarily lor housshold lighting ond operafion of TV sels,
function in remaote locations in the northeast and Lodakh. A recent study conducted
by TERI, however, reveoled that nearly 50 per cent of the willoge-based systems in
the northeast are currently non-functional (Table 4.15). The only devices still func-
toning af a high level were solor lanterns,

Table 4.15: Status of Solar PV Devices in some Mortheast States

Stabes Strmet Damasiic Poreenr Pogks Lantarns Irrigafion

Arirchal 269(187] 53 ap) 7] =3
Assom 18[18) T
Maripur 5{1) 30
| Meghaloyn 1344) 33

Mizorom Fi il m
Nogolond "3601] e —aaa
Totl ELFIFAL)| TI504) i) 10(10] 7
Source: Dvlia 1957

Fagte: Muomben o poreniheses incicoie the rueber of flunchional devicet.

The main problem with 5PV systems « thot the uvsers are not responsible for main-
tenance as the systems are heawly subudised. Especiolly in the case of devices
instollad for community use, such a3 street ||gh'hr1-g systems, the users have on
indifferent offifude ond problems such as vandaliim and theft are common. The
difficult terrain ond poor infrostructure also result in problems such os lack of ovail-
obility of spare components, component foillures, and lack of trained technicians.
MNatwithstanding the imporiance of these problems, the biggest gap in programme
dissemination is the lock of training of users in system mainlenance, and lack of
programmes to build locol level copocity in moinlenonces.

4.5.5 Solor Thermal Systems

Technologies for solor waler healing systems ond solor cookers have been devel-
oped and are being dstributed commercially fhreughoul the country, Solar thermal
systems lor vorious other applications such as solar air heating, crop drying, fimber
seasoning, and woter desalination have also been developed and action plans are
being prepared for their commerciolisation. Solar water heating systems have o

Pregarrd by N W Barisal
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vout polental for saving the elecincity used in the household and commercial sec-
tors and the furnace oil used in the industrial seclor for heating waler

A number of sclar thermal devices has been installed in the HEKH region of india
(Table 414}, but their overall perfformance has been mixed. A study conducted by
TER| revacled that apart from in Arunachal Pradesh, the proportion of systems
installed under the North East Council (NEC) schemes that were still funchioning
was less than 50 per cent. The main operational problems faced in the operation of
solor woler heating systems in the hilly regions were domage coused by rain ond
hailstorms, breokoge of gloss panels, rust formotion, insulation material getting
domaged over time, ond pipeline leakoges.

4 .56 Biomass Gasifiers

Given the abundant ovoilability of biomass resources, especially wood, biomaoss
gasihicahon oppears o promising alternative for power generation ond other uses
in hilly regions in India. In the northeast, wood-bosed gosifiers have been promoted
ot demonstration units, mainly in wood-based industries such as sow mills ond o
few 3ilk reeling units (Dutio 1997). These systems have performed poordy. There are
two main reosons. First, wood hos to be chopped into small pieces for the gasifiers,
ond this operafion requires extra manpower thus increasing the overoll cost. Sec-
ond, os electnicity is highly subsidised (the tonff lor indusiry is between [Rs 2.5-3 per
unit], generafing electricity using o gosifier works out 1o be more expensive than
purchasing eleciricity fraom the State Electricity Board (SEB). There have been some
efiorts to vse different fypes of weed available in the hills, which otherwise would
have to be dsposed of — mainly thermally, Some preliminary work in this direction is
being carmied out by an NGO, the Himalayan Emdironment and Science Consenva-
tion Organization (HESCOY), in Utarakhond. HESCO has used o locolly growing
weed, lanatona (Lonatana camara), for gosificotion. So far no detailed scientific
studies hove been conducted on its performance, however.

4.5.7 Learning from the Experience of RETs in the Indian Himalayas

The expenence of RETs (renewable energy technologies) in the Indian Himalayos
shows that there are several gaps in the existing set-up that hinder their parform-
once. There are lachnology specific barmers, os well os bariers commaon o all
programmaes and technologies. The main barriers to large-scole dissemination of
different technologies ore summarised in Box 4. 1. The basic constroints 1o the dif-
fusion of technologies in the hill regions are related 1o the geographical and physi-
cal nfrastructure.

The low levels of income and owareness of the population hinder the process of
adoption of technologies and necessitale subsidising the cost of these, ot least for
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Box 4.1: Barriers to Disseminatien of RETs in the Indian

Himalayos
Technology Barrier to large-scale dissemination in present form
Miera- aond Mini- Inadequate work on load-developing sirategy Basic
Hydropower field data not ovailable-Technical and operaticnal
problems not yet solved
Improved Cooking Existing models incompanble with regionspecific
stoves trodiional [festyle-Inadequata attention 1o RA& D
Biegas Plants lssues of low ambient lemperoture and low dung
ovailobility not resobed
Solar Photoveltaic High initial invesiment requiremant
Systems
Solar Thermal Systems  Tochnology not yet mature for the mountains
Biomass Gasifiers Uneconomical, becouse of subsidised eleciicity
ond diese! fusl
Wind Energy Wind moniforing and mapping daola not available
lor mony places

Lonerw Dutin 1997

the majority of the targel group. Furthermare, the difficult lerrain, working condi-
tons, and poor physical infrastructure make @ extremely difficult 1o sat in place
repair and maintenance networks, ond this adversely affects the reliability and per-
lormance of the instolled devices

Not enough effort has been mede to develop local manulochuning focilites for RER
in the Indman Himaloyas. As a resull, all the equipment has to be imported from the
plains, leading to an increase in cott

The product developmeant for many of the lechnologies, such os biomass gasifiers,
improved cooking stoves, solar thermal systems, and biogas plonts, has not eached
a slage al which they can be taken up for large-scole dissemination, Research and
development are stll nesded fo inlegrate the specific needs resuliing from climatic
and weather constraints and sociccultural condiions.

Although RETs hove nal been entirely successtul in terms of ensuring sotisfociory
performance of the instolled devices, renewnble anergy policies have al lesst con-
tributed io the deployment of o lorge number of devices in the Indian Himalayas.
Several policres, such os the incentive packages for privale secior parficipation in
the MMHF sector, have been announced only recently and their impact hos yet fo
be seen.
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4.6 Energy Prices and Price Sefting Mechanisms

Energy prices are odminstered in Indio, and do not reflect the actual cost 1o the
nation. In fact, some energy products have been subsidised to such an axtent thal the
swpply industry hos not been oble 1o generale adequate resources intemally lo ex-
pand rapidly encugh 1o keep pace with rising demand. Shoroges of ccol and power
over the post decode or so ore lorgely a consequence of such a pricing regime.

4.6.1 Pricing of Fuelwood and Charcoal

The informaton available indicates that fuelwood prices in urban areas ond market
lowns rose substantially dunng the 1980s, perhops reflecting the need 1o honspont
il over increasing distances in lormes using diesel to run. In contrast, there is no cost
attached to fuelwood in rural areas, apart from thot for collection and ransporio-
tion. A certain proportion of the fuelwood brought to the cities is not sold directly to
consumers but converted to charcoal in rather inefficient kilns. The price of chor-
cool has olso increased significontly.

4.62 Pricing of Coal

Coal prices are set below production costs, although the difference between the
averoge cost of production and the sale price of coal ot the pil-head it narmowing.
In foct, there seem to be certain basic flows inherent in the method adopled for
fixing coal prices. The coal preduction costs of all mines are averoged, which ol-
lows uneconomic mines lo co-axist with more elicient ones. As cotts are overoged,
losses in individual mines are ignored, and proper identification of mines for prionty
invesiment s not possible

Coal comes in many difierent grodes; and even within each grode there are wide
differances in the useful heating valua (UHY), However, the price for aach grode
does not reflect such differences - # u based on the lowest UHV in a specified range
of each grade. As a resull, coal producers have no incentive jo supply coal of o
hsgher heat value. Moreover, the entire pricing procedure focusses only on pit-head
costy; it ignores the cosls incumed in delvenng the coal 1o the consumer. Differ-
ences in the prices of coal of different grodes of the pit-head are lost entirely by the
fime the cool reaches the consumer as a result of the high cosl of fronsport. Con-
sumers, therefore, continue lo use high grades of coal [which are scorce) bacouse
they see no economic benefit in swiiching to lower grodes.

4.6.3 Pricing of Petroleum Products

The pnmufpat'ul«e;lﬁlpmduthumﬂud by the government from time 1o time for
vanous stages of the supply indusiry, Pricing is 0 complex issue becavse India im-
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ports crude oil o3 well as producing indigenous crude oll from onshare and off-
shore fields. The crude oil prices poid o the petroleum exploration ond develop-
ment arganizations are decided not only on the basis of costs incurmed in the explo-
rotion but olso on the boss of international crude ol market conditiomns and the
financiol requirements for exponding explorotion ond production octvities. The
imported crude oil, on the other hand, s priced on the bosis of its landed cost plus
handling chaorges, cusioms duty, ond other costs. The prices of both domestic and
imported crude oil are pooled in the Crude Ol Price Equalisation Account, so that
all rehineries are supplied crude oil ot o uniform price. Faing refention prices lor
refineries 5 aimed not only ot prosading an incentive for efficient refining operations
but also of ratonalsing the refinery output-mix n kne with the demand-mix while
ensuring the financial wabidity of refining companies. This ronslates into sach rehin.
ery fudng 5 own retenhon price for each product. Relative prices are indexed with
reference to kerosene based on s cost of production by that refinery. This cost
relotes to the efficiency of operotions, ond includes the use of commaon pipeline
focilities. Finglly, consumer prices are fad on the basis of certain social comsidera-
tions. These prices are odminisiered through o series of pool accounts. The weighted
overoge of distribution costs for soch product is incorporated in the price build-up,
so that the price of a poarficular product is eniform all aver the country. Any diffor-
enca in consumer prices from one state fo another is due largely to diflerences in
the lax rotes levied by the respective stote governments,

The weighted overoge of consumer prices has been mainfained at parity, ar higher
than across the border prices. Cross-subsidising of products has posed certain
problems. The selling price of kerosene hos been consisiently mainiained much
below the cost of supplying i, 1o make it affordable 1o lorge sections of the popula-
tion. Moreover, over the past two decades, the increase in the price of kerosene has
been much lower thon thot of other petroleum products. Becouse kercsene s for
cheapar than diessl, it is used lo odulterate diesel in the ranspart sector, Al the
same tima, the scarcity caused by this diversion to other and uses hos forced con.
sumers o buy kerosene on the black market ot @ much higher price. Similarly diesel
is much cheaper than peirol, and this has prompied owners fo retrofil their vehicles
with inefficient diesel engines. These pricing policies have therefore resulted in fur-
ther increasing demand for kerasene and diesel, both of which are middle distil-
lates and are being imported.

4.6.4 Pricing of Matural gos

Until 1987, the gas producing companies (Oil and Naoturol gos Corporation
[GNGC]) and Gil India Lid) priced natural gas in an od hoc monner, The govern-
men! fixed the price of natural gas in 1988, but these prices neither reflacted the
imported gos price nor the opporfunily cos! of natural gos 1o the consumer. In-
siead, they were bosed on the cost of gas production from the South Bassein field,

Preparnd by NK Bansal




94

allowing an assured return fo the producer. The price of goas for the northeostern
region was set somewhat arbitrarily, since the gos, if it hadn't been sold, would
hove been flored. In 1989, these prices wera revised, An oitempt was made to link
the price of gas to the economic value of imported fuel oll, though the linkage is
neither complete nor based on a formula fhat permits an automatic chonge in the
notural gas price corresponding fo any change in the econamic value of imparied
fuel ail. This price applies 1o a colorfic value of ?,000.9,500 keal per m?, with o
proporienale rebate or premium if the ectual calerific value tums oul to be less
than 9,000 or exceeds @,500 kcal per m®.

These prices ore olso subject to soles’ taxes and royolties, The state governmeants
are paid a royalty of 10 per cent on the sale price of natural gos produced within
the state. Mo royolty is poid for gos produced cHshore. In oddition, o sales’ tax is
poyoble'to the state governments on the gos sold within a state, The roles of soles’
tax vary from state fo stole, ronging from no tax to o tax of 19 per cent.

4.6.5 Pricing of Elactricity

The average elechricity fariffs are usually below the costs of power generation and
supply. As o result, the aeleciricity utilities have generally found it difficult 1o expand
fheir generating copacity to keep pace with rising demand, or to modermise their
facilities. The problem is compounded further whan, os a result of lock of adequate
finonciol resources, projectimplémentation is slow, leading to substantiol cost over-
runs and o further rise in supply costs. At tha same time, strengthening and ex-
panding the transmission grid has nol been given odequate consideration as the
investment allocated for tronsmission projects is reallocoted for generotion schemes.
Moreover, as the rural electrification programme hos continued to expand, an in-
creasing share of electricity is consumed in the agricultural sector - which has the
lowest tariff, although the costs of supplying power to this sector are probably the
highesl. Apart from the overall tariff being much below the average costs, itis in the
form of o 'flaf rote’ tariff. Consumers are charged a flot rofe based on their con-
nected lood (per HP of pump set) irrespective of the hours of use. The flot rale tariffs
encourage misuse and wastage of electricity,

The basis for setting electricity prices should be vary different from those for coal or
pehroleum products becouse electnic power cannot usually be stored - which means
that the cost of meating power requirements vares with the fime of day. The tanff
dunng peck hours of demand should be higher than that during off-peak hours, at
least for mojor electricity consumers. Also, the electricity toriff should ba based on
the lang-run marginal cost of production, transmission, and distribution. This proc-
tice, however, has not been generally adopted in India so far. An oppropriate tariff
structure could play o significant role in demand management and promoting the
rational use of electricity.
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4.7 Review of Energy Planning Approaches and Insftitutional
Arrangements

During the Sixth (1 980-85) and Seventh Plans {1985-90) emphasis wos ploced on
evolving o rafional pricing policy Yo reflect the true resource coshs of energy produc-
tion and supply 1o the economy However, the regime of admenistered prices with
imphat subsidies confinues 1o exisl, despite the recent price odustments implemeniad
in the case of some oil products. A tariff struchure that does not fully reflect the cost of
production and supply of domestic or imported energy resources is not conducive o
promoting the efficient use of energy and optmum inter-fuel substitutions. Moreover,
such o tanfl siruciure does not provide suffciant refurns to the producing agencies io
enable them to axpond or modernise their operohons in lune with e growing de-
mand for energy. it i, therefore, imperofive fhot o rotionalised toriff struciure be adopted
with respect fo the different forms of energy. I subsidies ore inescopable from the
point of view ol socioeconomic imperatives, the forget groups concemed need o be
identified and subs:dies restricled strictly 1o the targe! groups only. Indeed, alemative
means of delvenng the inlended benefits to those fargel groups need 1o be carefully
exominod. This s parhiculardy relevant in respect of elecincty and certain petrolesm
products such os LPG and kerosene. The lanf structure should be such that it opfimises
the use of energy for alternatve productive purposes.

4.7.1 Long-term Energy Planning

Severcl expert bodies in the past, such as the Energy Survey of India Commities
(1965], the Fuel Policy Commities (1974), the Working Group on Energy Policy
(1979) and the Advisory Boord on Energy (1 983-88), hove emphasised the nead
for integroted long-term energy plonning (WGEP 1979), The Planning Commis-
sion has, therefore, corried oul studies on the long-lerm energy supply and
ophmisohon of the r:lumnndmh. However, the earlier Frve Yeor Plans have tended
to reflect short-term ond medium-ferm concams more than the long-term policy
imparafives in energy planning. The emphasis of the earlier Plans wos on supply
problemns in the sector rother thon on economy in the end-use of energy through
conservahon (Sengupta 1993). In the Eighth Plan {1990-75) impertance has been
given 1o long-lerm integrated plonning with emphasis on energy end use o well as
on an efficient sirategy for the long-term energy supply. The studies of the Planning
Commission need fo be updoted from fime o time, depending on the changes
taking ploce in the internal and external environment, and to be used as o basis for

infegrated energy plonning.

4.7.2 An Energy Strategy for the Future

It is desiroble to adopt a long-term energy strategy that s consistent with sustain-
able development. Such a stralegy thould ensure that the highes! prionty is ac-
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corded to mesting fully the basic energy needs of the rural and the urban poor in
the immediate future. It should olso ensure o grodual shift from non-renewable
resources 1o renewable ones with increasing emphasis on demand managemant,
conservahon, and efficiency. The short-term, medium-term, and long-term prior.
tes should be as lellows (GO| 1991; GOl 1992).

shart-Term

o, Meumise returng from the ossets already created in the energy sechor

b. Initiole measures for reducing technicol losses in production, transporiabion,
and end use of oll forms of energy

¢. Initiole oction to reduce the energy intensity of the different energy consuming
secion ol the economy ond to promote conservation ond demond manoge-
mant through appropriate orgonizational and fscal policies

d. Initiate steps for mesting fully the basic energy neads of both rural and urban
housaholds, 5o o1 %o reduce the exisling inequalibes in energy use

e Moximise satsfoction of demand for energy from indigenous resources

Medium-tarm

o. Initiote sleps towards progressive subslifution of petroleum produchs by coal,
lignite, natural gas, and electricily so as fo resirict the level of cil imports fo the
current level

b Inikate action for the occeleroted development of oll renewable energy resources,
espacially exploitation of the available hydroelectricily potental

£ Promote programmes to ochieve sell-reliance in the energy sector

d Promote R & D efforts iowards decentrolised energy technologees based on
renewable resources

e. [Initate appropriate orgonizotional chonges for different energy sub-sectors
comntent with the overall energy strategy

Long-teem
a. Fromote on energy supply system bosed largely on renewable sources of en-

orgy
b. Promote lechnologies for production, tronsporiation, and end use of energy
that are environmenially benign and cost efficient

The Eighth Plan pregramme for energy development was so oriented as to be con-
sistant with this strategy (GO 1992).

Despite the concems expressed time and ogain, the demand for petroleum prod-
ucts hos continued to rise ropidly, and the share of ail in the commaercial energy
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supply hos regulered o steep increase during the last few decodes. For example,
the averoge annual growth rate of 6.9 per canl during tha Seventh Plan wos higher
than the onficipaled growth rote of 6.4 per cent. The increase in the indigenous
availability of crude oil has not kept pace with the rapid increase in demand for
petroleum products, leading to a steady increase in oil imports. The Eighth Plan
was designed to ochieve heavy dependence on coal ond lignite and hydro resources.
Energy conservafion was o major thrust of this plan, which included finonciol ar-
rangemants such os the creation of o revolving fund, technical ossistance, technol-
ogy development, selective legislation, and development of insfitutional copabilities.
Biomass is the main source of energy in the household sector, therelore the plan
targetted improved cooking stoves.

It iz felt, however, that India sill needs to evolve o comprahensive energy plan laking
into consideration the resource availability, technology, applicobility, ond environ-
mental degrodetion. Realising tha, the central government has ploced specol em-
phasis on, and given a boost to, the new and renewable energy sector, since these
sources have proctically inexhoustible potental ond are environmentally benign.
Renawable sources of energy are copable of salving the twn problems of energy
supply in o decenfralised manner and helping susiain o cleaner environmant.

4.7.3 The New and Renewable Energy Seclor

A new strategy ond octon plan hos been formuloted for the remaining period of the
Eighth Flan. The new oction plan envisages o four-lold increase in the larget for
renewcble energy to 2,000MW compared with the anginol target of 500-500MW.
The gim is lo achieve the target through mobilisahon of institutional financing (includ-

ing balateral ond mullilateral funding) and privote secior investments siimuloted frough
entraproneur! development and o package of inceniives. Policy changes hove been
mada in the helds of both solar phatovolioics ond solar thermal systems to encourage
marke! development and minimise direct subsidies, This opening up of the market,
especially for solar photovolioics, has resubled in greater competition, modemisation,
and cost reduction besides encouraging genulne enfrepreneurs. Ropid growth of the
solar photovoliolc and solar hol water indusinies has started o3 o result ol introduc-
tion of incentives and soft loans agoinst the budget-driven subsidy progromme. Foli.
cies have been pursued lo encouroge direct foresgn iInvestment and colloboraton,
Non-resident Indions (MNRI) have shown interest and are in the process of sefting up
projects such a3 wind lorms and solar plants, with o lolol power of 450MW, in tha
stotes of Andhro Pradesh, Guarat, Kamotoka, Madhyo Prodesh, and Kerolo.

Inter-agency and inter-ministenal confacts have been pursued to bring obout greater
involvement of usar ogencies. Initiotives have bean token lo promote renewable
enargy applications in delence, railwoys, lelecommuncatons, and smilar estob-
lishments. Initiatives hove also been token to develop joint programmes with the
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Rural electrification Corporation for prometion of decentralised renewcble systems
in villoges thot still do not receive eleciricity

India is loday recognised as one of the pioneer countries in the field of renewable
energy. These forms of energy ploy o significont role in supplementing conven-
lional power generation in an environmenially benign manner and, in parficular,
in meeting the needs of the household and industrial seclors. A three-fold strot.
egy haos been pursued by the Ministry for the promotion of new and renewable
sources of energy (NRSE). This includes [0} providing budgetary resources from
the government for demaonstration projects; [b) extending institulional finance
fram the Indion Benewable energy development Agency [IREDA) and other finan.
cial inghitutions for commercially vioble projects with private sector participahon
and external ossistance from such bodies as the World Bank, the Global Environ-
ment Fund (GEF), and the Donish Internctional Development Agency (DANIDA)
and ¢] promoting privale investment through fiscal incenfives, tax halidays, de-
praciation allowances, lacilities for wheeling and banking power for the gnd, ond
remunarative prices for the power provided fo the grid. The Ministry of Non-con-
ventional Energy Sources [MMES) intends lo promote a new community of "en-
ergy entrepransurs’ whereos the government will oct as the ‘mission leader” giv-
ing o special focus and direction

Organizational Restructuring of MNES

The Minairy's siructure has been bascolly technology onented. This was appropn.
ote dmng' the period when the technology for NRSE had to be developed, deman.
straled, and proven. However, of the present stage of development the onentation
needs o be towards morkets, ond it has become imperafive to commercialise vari-
oul programmes

The MMES has been reslructured accordingly and the administration reonented so
it can fullill ity new role of mission leoder and creote an environmen? in which the
MRSE movemnent can be lounched, The Menistry now has five major divisions: power
generation from renewable energy, rurol energy, urban wosle conversion and other
energy systems, new fechnologies, and planning and coordination. The Minairy
has been ougmenting its octivities through o lorge network of NGOs, technical
inshifutes, slate govermment agencies, and locol bodies working in the field of re-
newoble energy and has thereby succeeded in generoting a mass movement for
the sector in the country,

r W t Pr il

MMES wai anginally responsible for the implemeniation of small hydropower projech
up to three MW, This limit was raised recently io 15MW. The new strolegy and
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ochon plan aims at achieving o gool of S00MW of energy power generation in the
next three years through small hydropower projects, three times the farget origi-
nally envisoged for the Eighth Five Year Plan, Around 2,000 potential sites with an
estimoted copacity of 5,000MW hove been identified in the stotes of Uttar Prodesh,
Arunachal, Orissa, Andhro Pradesh, Keralo, Modhyo Prodesh, Himachaol Prodesh,
ond Punjab. The target of 600MW is expecied to cover almest 1,000 sites in differ-
ent stales. To encouroge axploitation of this potential, the minatry has announced a
composite scheme for survey and investigotion, and for the preparation of Detailed
Project Reports (DPR), 50 per cent of the cost of the loter being provided os o
grant. Under the two schemes, 12 projects with o lotol of 25MW have been sanc-
boned for survey and inveshigation, 19 projecks with o tolal of 31MW for DPR
preparation, and 22 projects with a lotal of 26MW for actual implementation. it is
anficipated that the potential of small hydropower projects (up to 15MW per sile) in
the country may exceed 10,000MW.

In view of the remoteneis and lack of infrastructure and electricily grid in vorious
areas, particulary the hills, an innovative scheme for prowiding 50 portable micro-
hydel sets of up to 1 5kW in copacity eoch lor local communities was olso lounched.
A UNDP/GEF project on optimising the development of small hydel resources in
the Himalayan and sub-Himalayan regions has been mihated with a UNMDP contn-
bution of US dollars 7.5 million ond coenterpart lunding of [Rs 22 crore (U5 dollons
&.9). Thirteen hill states will participate in the project under which a Master Plan will
be evolved and twenty demonstrahon projects imtalled.

oint Saclor C .

in oddition lo the privale sector or 5EB mode of project implementotion, the con-
cept of formafion of o joint secior company in eoch siafe is olio being promoted
with privote sector, stale/SEB, and MNES/IREDA pariicipation. This would enoble
turn-key survay, design, execufion, ond commissioning and remove the usuol bot-
Henecks that result from the muliiplicity of ogencies involved in such things as land
ocquisition, stalutory clearances, and grid connecton. The concept has been wel-
comed by many states and the first joint seclor company is likely to be set up in
Uittarokhand. Other states are actively considenng the proposal.

The Rurgl Energy Progromme

Under the new strategy and action plan, it is envisaoged that additional one million
lamily-sized biogas plants will be installed during the Eighth Plan pered, compared

with the 0.75 million orniginally envisoged. Up 1o two million lomily-type biogos
plonts and 14.75 million improved cooking stoves hove also olready been instolled.
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The sirategy for the universalisation of rural cooking energy programmes envisages
covering 20-25 per cent of the potential beneliciaries by the end ol the Eighth Plan.

The Integrated Rural Energy Progromme

The Integrated Rural Energy Programme (IREP} was tronslerred to MMNES from the
Planning Commission with eflect from 1 Apnil, 1994, The IREP provides a compre-
hemtive fromework for macro-level planning of the energy requirements of rurol
oreas. The progromma s being implemented toking a block'? as o unit and has
been extended so far bo 452 blocks. To enhance the effectvenass of the progromme
al field level, inputs from angoing rural energy programmes are being harmonised
and increasad involvement and concentralion ol renewable energy programmes
are being planned. The programme will be exended 1o 100 new blocks during the

current pear,

This pioject was being implemenied by o Project Management Cell [PMC} esiob-
lished by MMES at the Tala Energy Research Institute (TERI) in Delhi. & became
functional on the 14&th December 1994, The total cost of the project is USS 15
million sprecd over o 3.5 year period. The project has the following three main
components: o} to develop o notionol strotegy and o master plan with detailed
investment proposals; b) 1o develop a pockage of commercially wable and environ-
mentally sound technologies, ofter installation and commissioning of twenty dem-
onstrobion units in varous selected ploces; and ) to develop institutonal and hu-
man resource capabiiies from local o national level for the execution/mplemen.

tation of the project,
IREDA; The Soft Loon Window of MNES

The main objectve of the IREDA i 1o oct os a cotalyt for accelerating commerciali-
sahon of new and renewable sources of enargy. IREDA has been ossigned the mam
iask of administering o revolving fund fo promote, develop, ond finance [on soft
tarmis) NRSE technologies. The resource base of IREDA consists mainly ol equity
support from the Govemmaent of India, grants Irom foreign and Internahanal or-
ganizafions, borrawing, and internal accruals. The authorised share copital is IRs
25'"? crore and the paid up share copital is IRS 24.30 crore. The authorised share
copital it expected to be roised to IRs 100 crore in the neor future. In addition, the

w & ook a the lowest devsdopresnl planning o geeealy cominteg of E0-B0 wilagm
& groew m 10 milkan.
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Govarnment of the Hetherends hos ol ready given ngmri-m—ﬂﬂﬂf 17 million guil-
denn'! fo IREDA to assist MRSE projech.

The World Bank hos also agreed to provide 193 million US dollars, which includes
a gront-in-aid companent of 30 million US dollan to be contrbuted by the Glabal
Environment Trust Fund ond the Swiss Development Cooperotion for financing
projects to generafte power through wind energy, small hydro, and solar photo-
voltaic schemes. IREDA has also signed on ogreement with the Asian Development
Bank to recaive technical ossistonce of 354, 000 US dollars.

4.8 Findings of the Study

There are considernble problems involved in trying to compile a clear picture of
energy and use and supply in the Indian HKH region, for both conventional ond
non-conventional energy sources. Information on nen-conventional enengy sources,
togethar with data on the installed elecirical copacity and amount of coal, oil, ond
kerosene consumed, is anly available ot the stote level and not at district level, ot
least not in @ readily usable form. Renewable energy consumption patterns have
been estimated for some blocks. The values are quite vanoble, and it is difficult 1o
ossess the reasons becousa: a) there iz no informaoticn available on how the daota
was collected; b} there is cenfusion in the energy canvarsion units; c] the sampling
basis is unclear; and d] it i not clear whether the data cover all strata of the popu-
kation. In contrast, ihe demographic infermation has been very well compiled (for
1992) by the Centre for Maonitering the Indian Econamy Private Limited. At govem-
mant level the information is patchy. Information on end energy uses is nat docu-
mented af all. There are not even any empincal studies on this issve, The infarma.
tion given in this paper is extrapalated using the census of 1991 and o few surveys
canducted at the block level as o basis.

The task of estoblishing an energy data base in individuol regions is o tedious one
because of the lack of energy policy concentrating on such an exercise. The cansus
undertaken at the national level gives the percentage of households using a certain
type of luel. Consumptions of commercial fuel, however, are only available at the
state level. An atempt is then made to use these and extrapclote from some sample
surveys of o few blocks to find the energy consumption patterns in individual re.
gions, which than serve os the basis for developing o datobore. Detailed siudies
are nesded, the results of which can be used for detfailed planning.

Energy consumption patterns in the HKH region of India are changing rapidly.
Abthough tradifional fuels, such as fuslweed, dung, and agneulivral residues, still
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dominate the energy scenario, parhcularly in the household sectar, there has been
a growing trend in the consumphon of commercial energy, particularly LPG, petro-
laum products, and elactricity. With o growth rate of more than seven per cent,
there is o grave danger of an increased inability of the supply to meet the demand.
Renewable forms of energy can be exploited 1o reduce this burden if o comprehan-
sive plan is developed for each region. This requires a better energy dafa base at
the decentralised leval
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Chapter 5
Pattern of Energy Use in Nepal

by
Kamal Banskota™ and Bikash Sharma"

5.1 Introduction
5.1.1 Geanaral Situation

Mepal 5 o small land-locked country locoted between India and Ching, covering
an area of 147,1815g.km. Aboul 21 per cent of the country’s tofal land area is
cultivated, 42 per cant is under lorest, 12 per cent is grossland, end the remaining
25 per cent is occounted for by other uses. Owver BO per cent of the country’s land
mass is rugged hill (65%) or mountain (18%) terrain. The hill region, sometimes
called the middle mountains, is located in the middle part of the country and lies
between alfifudes of 410 and 4,877mail. Although this region hos o relatvely
lorge area, enly 10 par cent is suitable for cultivation. The altitude of the mountain-
ous region varies from 4 877 to B, B4Bmasl with the world’s higheat mountain, Mt
Everest, af the top. Only twa per cent of this region i suitable for cultivahon.

Tha 1991 census recorded o population of 18.4 million growing at the rate of 2.4
per cent per annum. Aboul half the population lives in the Terai and the rast in the

" gl Bonskodg & o reicesrs sconomal oed Diedior of Sa Cenins ior Esstuvs ond Evvironenesdsl Sludae
[CREST).
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hill and mountain areas. Accarding to the census, 70 per cent of the total popula-
tion were of working oge (14-59 years).

Because of its varied topogrophy and elevation, the country has a wide range of
climates. The following main types of climate con be recognised (MPFS 1789): a
hat monsoon or subfropical chimate in the Teroi ond Siwalks (up to about 100m);
o warm femperate monsoon chmate in the lower middle mountaing (up to 2,000m);
a cool temperale momoon chmate in the higher middle mountains [up ta about
3,000m}; an alpine climate in the high mountains (up to about 4,000m); and o
tundra type ‘arclic’ climate in the high Himalayas.

Precipitation vanes from one place to another. The average annual reinfall is obout
1,500mm but ranges from 250 1o 4,500mm. The mean temperature for the couniry
as 0 whole is around 15°C byt varies considerobly as a result of the lopographical
features, Generclly, the lemperaiure increases from north fo south and rainlsll
decreases from eost to west,

Mepal is drained by numercus rivers which can be broadly grouped into three types
depending on their sources ond ducharge: o) the major rivers Mahakali, Karnoli,
Gaondaki (Marayani), ond Koshi that originate in the trons-Himolayon region and
offer promising waler sources for lorge-scale irrigotion and hydropower develop-
ment; b) the medium rivers Babai, West Ropt, Bogmati, Kamala, Konkai, and Mechi
oniginaling in the Mohabharat ronge or middle mounioin region; and ¢} small
rivers mostly engincting from the Siwaliks ond seasonal. In foct ever B0 per cent of
the country’s land area is drained by three mojor river systems: the Kashi basin in
the east, the Karnah basin in the west, ond the Gondaki basin in central Nepal, oll
of which droin into the Ganges. Soll loss is becoming Nepal’s single-most impor-
tanl resource conservation problem. Estimotes indicote that Mepal is losing 240
million cubic matres of sod annually (HMG/ADB/FINNIDA 1 988). About one third
of the country's districts hove marginal lo very poor wolershed conditions.

Foreshs lorm an integral part of the karming system and a central part of the natural
resource base on which the rural prodection system and livelihoods of a vast ma-
jority of the Nepalese population depends. About | 5 per canl of the GOP and more
than BO per cent of the couniry’s energy needs are derived from this sector. Na-
tional forests are also the main slement of the National Parks and Wildlife Reserves.
Aboul 15 per cent of the lotal area of the country s in protected areas.

5.1.2 Energy Situation
MNepal's par copita final energy consumplion [12.7 Gl is one of the lowest in the

world. Only four other countries in the warld have o per copito comsumption lawer
than Nepal (WECS 1994g). The preponderance ol o rural sector charocterised by
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a subsisience economy ond low economic growth largely explains the low level of
energy consumphon Ewdence reveals o close association between sconomic de-
velopment and per copita energy consumphion'”. Despite this low level of per capita
energy consumphon, the prevailing potern of energy use and production indicate
many elements of unsustainability,. The energy problem in Nepal onses not from
excessive reliance on non-renewable energy resources, but rother from the fact
thot one form of energy (fuslwood)] is being consumed ot an unsusiainable rale,
while the vast potential of other forms of renewable energy remains virtually un-
used.

Traditional energy lorms predominate in the energy sector in Nepal About 91 per
cent of the total final energy consumption (260 million GJ) in 1994/95 was mat by
trodifional forms af anergy such o3 fualwood (81%), ogriculturol residuas Hﬁ}, and
animal wasle (4%), the rest came from commercial sources such as pelreleum
products [7%), coal [1%) and electricity [1%). There has been ke change in energy
transiormation over the last decade, The share of troditional energy has declined
only marginally, from about 95 per cent in 1984/85 1o 91 per canl in 1994/95
The low level of commercial energy consumphion in the country (about 7% of the
tatal final energy wie) is o clear manilestation of the very low level of industrial
octivities.

The main fecture of the energy sector in Nepal is the growing imbolonce between
energy resource endowmen! and its curment use. Heavy reliance on the dwindling
forest resources to meet the growing energy needs despite abundont unesploited
hydropower potential indicotes o serous limitabon to achieving the increase in the
level of energy consumption necessary for higher economic growth and sustain-
able development. The presant deficit in the luelwood supply (6.4 million fonnes) is
expeciad to continue given the sxcessive human ond livestock population pressure
on the occessible lorests [Box 5.1), Estimates indicate thot the deficit will be con-
centroted in the Teroi and middle mountaing, home to 85 per cent of the popula-
tion (MPFS 1988; WECS 1994¢).

The major charocteristics of the energy scena are the dominance of the househald/
household secior over other sectars in tolal energy demand ond the imporance of
biomass fuels in this secior’s choica of energy. There are no readily available subst-
tutes for biomass fuel in rural areas, Nor is there any widespread use of energy
saving devices Io increase the efficiency of biomos fuels. The prevailing pottem of

" Evidesce mndoct that snagy ha o deiermining sduesce o the level of development o3 seesered by hae
Purmas Devsbegrnans mdes [HDT = the sorly sheges of dersioprsenl, The infeesce of per copsa anergy
dermszng oo HIH, however, bagirs to decies of spmgabare batesen 1,000 ond 3,0000g of ol sgueealent
e copte par anrgm [43- 109G, Abawn this Leen! B PO dow ol improvs sven i e ey commumplinn
irggen [Goldberg ond Johonion 1995
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Box 5.1: The Degradation of the Resource Base

In the absence of feasible substitutes for fuelwood, rural households only have
the choice between encroaching on occessible forest and making inter biomass
fuel substitutions. But ppportunities for the latler are very limited. The heavy
relionce on fuelwood implies that the pressure on occessible forest will con-
tinue, especially in the rural areas where there are no other renewable sources
of energy avoilable and it is more commaon fo have a situation of open occess to
the forest. Al the some fime, the ocute shortage of lood and rampant poverty in
these areas is forcing people to encroach on the forest fo expand their agricul-
tural land. Although the extensification pressure on forest is believed to hove
been limited in recent years with the closing of the land lrontier, the pressure on
forest near setlements has built up to o stoge where o process of destruction of
the biomoss stock ot the margin is becoming common in many parts of the
couniry. As o result of lock of proper forest manogemen, this destruction of the
margin process is coniribufing to the deforesiahion process in the couniry.

Source - Bonsiot ond Sharma [1 597

biomass energy ublisahon s characlensed by exfensive production with inefficient
and wrational supgly management, dversion of crops and lvestock residues from
soil ferhhzohon, ond extremely inefficient combushon of broman fuels. The coun.
try's gross biomass energy consumpbon actually reflects o much lower contump-
ton of uselul energy (energy efficiency-14%). Thas imples that large quantities ol
energy are being lost in the process of comumphon [processing, conversion, and
end-use technalogy) os o result of the poor quolity of technologies and the energy
mix. The complementary nature of the energy mix, especially in the rural household
sector, indwotes thot there i imited scope for inferfuel substtution. Biomass fuel
currently collected n the slock season {when there are lewer demands on people’s
tmel ot no cost other thon the hme and labour involved. Given the widespreoad
unemployment, the opportunity cost of bme for umbilled lobour & lower than the
price of fuelwood, thus tsomass fuel will contnue 1o dominate the rural energy
scene for the foresesable future.

5.2 The Energy Resource Bose

Although the energy resource base in Nepal consists of bvomaoss, hydroelectncity,
petroleum products, natural gos, ond coal reserves, biomass energy effectvely domi.
nates (WECS 1994b). Nepal hos o huge potential for hydropower production, but
currently this remaing mostly untopped. Other commercial forms of energy ore not
known to et in any signihcant omounts
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5.2.1 Biomass Energy

The theoretical estmated sustoinable annual yield of fuelwood in Nepal is 25.8
million tannes, or on average of 2.8 tonnes per ha of forest. However, only 42 per
cent, or 10,8 million tonnes, of the thecretical sustainable supply s occessible,

MNapal relies mainly on biomass fuel as o resull of the lock of development of other
energy olematives and the overall poor economic condition of the naton. Fuelwood
is the main source of energy in Nepa! and will continue to remain so for a long time.
This is mainly forest-based energy. Mepal hos 9.2 million heclares of potentially
productive forests, shrub, and grossland, of which only 2.5 million hectares are
considared fo be accessible for fuslwood collaction (WECS 1994). Forest, shrub,
and grassland occount for about 80 per cent of the occessible lorest land ares, 10
per cent 3 larmland, and another 10 per cent consists of non-cultvatoble inclu-
sions [NCI). In 1995 the sustoinoble fuelwood supply was estimated to be about
5.45 million tonnes of which 75 per cent came from government forest, shrub,
and grossland, nine per cent fram NCI, ond tha remainder from private form lond
[WECS 19%4¢),

Forest resources are under increasing threat from the burgeoning human and live-
stock populations and ther need to meet annual requirements for fuslwood, fod-
der, tmber, and other minor forest products (Box 5.2). About 44,000 ha of lorest
area 1 believed to be degroded and deforested annually | while only about 4,000
hectares are reforested. Reforestation compansates for only nine per cant of the
annual fores! loss. At present there ore about 268 million tonnes, 114 tonnes/ha
of growing lorest stock (Box 5.2).

Convarsion of forest land for cultwation, high population growth, and a low leval of
development have oll aggrovated the pressure on forests throughou! Nepal. Where
forests ore becoming relatively more scarce, people are relying increasingly on crop

Box 5.2: Depletion of Forest Stock

According to the Master Plan fior the Forestry Sector (MPFS) the annual deple-
tion of lorest area during the period from 1979-85 was 3.9 per cend, o fofal of
about 22,700 ko including unoutharised ancroachment of on equal area for
resefflement. A recent shudy by the Ministry of Forest and Soil Conservation
rﬂmﬂﬁﬂmldﬂhimﬂhﬂmﬂhhhmwwh
than in the Teral. The annual depletion of 3.9 per cent during the period from
::gﬂ-ﬁ had decreased significantly 1o 1.3 per cent during the period from
&6-71
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residues and dung lor energy. In 1994/95, the supply of crop residues in the coun-
try that could be vsed as energy was astimated 1o be 112.13 million tonnes (WECS
1994c; PEP 1995). Likewise the country has 4.8 million tonnes of animal dung
onnually potentiolly ovailable as fuel.

5.2.2 Hydropower

The Kamnali System in the west is by for the largest river system in Nepol with an
estimated hydropower potential of 32,000MW [average run off of 18,000 cu. h.
per sec). The hydropower potentiol of the Gondoki (averoge run off 10,000 cu. ft)
ond the Koshi [average run off 68,200 cu. #.) rvers is estimated to be 21,000 and
22,000MW respectively. The total [theoretical) hydropower potential of Nepal's
river systems is obout B3,000MW, out of which only 25 per cent is polentially
available for development (WECSa 1994, WECS 19%6).

Hydropower utilisahion = currently less than one per cent of the proven potential.
The total installed hydrosleciric generation capacity is 253MW, of which 248MW
are hooked up lo tha nakonal grid, ond the remaining fwve MW are in solated
systems comprising 35 smell/mini hydro plants serving remole areas of the coun-
try. The Momyongdi scheme, with an installed copacity of 45MW, is the lorgest
functioning hydroelectric project in Nepal [Shrestha 1996). The national gnd rep-
resents the overall hydroelactric industry of Nepal as it accounts for almost 8 per
cent ol the copoaty ond 99 per cent of the energy supplied. Kathmandu alone
consumes 45 per cent of the power from the nabonal grid (Bex 5.3). Losses and
internal”consumption in the grid system account for about 25 per cent of the tokal

energy supplied.

lsolated supply systems are managed by bath the pubbc ond privale sectors and

independent power producens. Al present there are 35 small/mini hydroelectric
planis with copacities ranging from 20 to 2,000kW in operafion in remote areas of

Box 5.3: Access fo Electricity

About 12 per cent of the population hod access fo electricity
bﬁllwﬁ.mHﬁthMh 1992 lan averoge
‘growth rate of six per cent per annum from 1991.1994).
The populohon covered by the private micro-hydra plants is
esfimated 1o be between 110 and 170 thousand. About B9
per cent of the urban and 4.5 per cent of the rural popula-
tion has alecncity (Shrestha 1996).
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the country. From 1986 onwords, the number of micre <100&W hydro plont
installed in accessible areas of the country declined, Only 30 private micro-hydre
plonis were construcied in 1991 compared fo 99 in 1984/85

Supply constraint is already a major problem for electricity, which is opparent in the
frequency of “load shedding” (planned power cuts) in different parts of the couniry.
Lood shedding is the result of high peok hour demand. ond could be minimised if
demond could be spread out. Currently demond estimations ore confined to those
areas covered by the transmission lines. There is shll no comprehensive demand
estimate available for the whole of Nepal (Box 5.4).

Box 5.4: The Growing Importance of
Hydropower

Hydropower contributed obout ane per cent of the total final
anergy used in 1995, up from 0.3 per cent in 1980/81.
Growth in non-ogriculiural GDP is positively related 1o growth
in electricity consumpfion [=0.835). A one per cent growth
in non-ogricultural GDP is cssocioled with on increass in elec-
tricity demand of obout 1.3 per cent. This highlights the im-
porionce of electicity in ovenall economic development (WECS
1994d).

5.2.3 Petroleum, Matural Gas, and Coal

%o far no proven reserves of petroleum suitable for commerciol exploitation hove
been found in Nepal, Thus oll petrolevm products consumed in Mepal are im-
ported in relined form for direct consumphon. The altlernative energy source, nofu-
ral gos, hos also not been discovered o3 yel in any significont amount. Some explo-
ration has been done in the Kothmandu Valley. Three potential sites for gas have
been identified in the Teku-Trpureswor (Pochall), Koteswor and Tinkune, and
Manahro-Emodol areas. Proven reserves have only been identified in the Teku-
Tripureswor area (47 .46 million m'.). The two other sites are only listed as “possibili-
Hes'. The known reserves are nol sufhicient to last for more than a few decodes.
Coal is currently omong the cheapest sources of energy known fo man. Two depos-
its in Nepal are believed to hove some economic significance, one in Kathmandu
and one in Dang. Even these depasits, however, are believed to be insignificant in
terms ol the energy demand (WECS 1994b).
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5.3 Renewoble Energy Technologies

The most impoartant renewable energy technologies'™ in the context of Nepal are
reloted to micro-hydropower, biomass energy [bioges, briquettes, improved cook-
ing stoves), solar energy (solar water heoters, dryers, cookers, generaiors and pumps)
and wind energy (wind turbines, windmills). Renewable energy technologies only
received imporionce in the Eighth Five Year Plan [1992.97). This plan provides
detailed policy descriptions and programmes, including the provision for an institu-
tional set-up for the development of renewable energy in Nepal. Despite relatively
aftroctive economic gosns, the development of renewable energy technology in the
overall enargy scenano is stll far from sofisfoctory os a result of o number of issues
that have emerged in relation fo it development (WECS 1994a). The main issues
are.

= social issues related primarily to non-occeplonce of the technology,

s planning and policy issues dealing mainly with the lack of willingness at the
policy level;

s inshituhonal issues dealing with the non-existence of responsible coordinating
bodses;

= hnancial issues dealing with high initial investment costs;

s  technicol ssues; ond

s  managerol ond markehng ospects.

Box 5.5 summarises the main problems and issues associated with different renew-
able entrgy lechnologies,

5.3.1 Micro-hydropowar

Yarious kinds of micro-hydro technologies such as propeller turbines, cross flow
turbines, Pelton wheels, multipurpose power units [MPPU), peltric sefs, and im-
provements in tradisonal ghatta (waler wheels) better systern efficiancy hove been
developed in the post to top water resources mome effectivaly. A total of 947 micro-
hydropower turbines with o tokal power of B, AMW have been manufoctured and
installed in Nepal. They are mainly used for ogro-processing activities, and electric-
ity genaration (311 units instolled with 2.65MW capacity) (WECS 19941; Shrestha
and Amatya 1996).

The distribulion ol micro-hydro units is influenced, among other things, by proxim-
ity to the manulacturer, the extent of development of the regIon, donar suppord,

® Aernaives ssagy techenlogy 0 wnoRrsse =it pas, renevable, aad non comeestonsl o gl enargy
T, s, wriwr, and bomow e the mom eowre of enewoble enengy

Chapter § — Patterm of Envgy Use in Nepal.




113

[ seonopunllo Duies pub jeuwwacl
LTIt e I B NIRRT S e
0 D prn D, P YUDDIEM ‘D40
Agpib “woytrgtas “Buuopuow 'lkuuuo msppelp wficsg noday pun "uiDpIE
i Oy Bpdd gousan sy dgeoyin T 0 Seodueu pIIDE |0 §
[ Hiiw giuf woyowied pun uaasdophsag E e ) B bpuruansd By louid
Slon] jusgedwnd D oy PESU D W &0Y] = 1o opndod ssouw swoded [ LUNS JO LOYNGUEED P “wpeeeq (0 Bupoys
nuind el aariuadun woysnposl wlong - it asyeges oy sop quoyd
!%E%ﬂl’!_ T-i...ﬁ.ll-t.l.l E.:Euj{iﬁ—i
) weudogaig pUO LD Ou B Gey| . §) uauuy ouiew bnts) puo sspna g Buurp paud w8 woy
B 0| oy aspaD pus apgopgced SOy BTrE dppiay ot e wOu oy
i papaad © Buiingg noeele sy leenl oq dgua vod § "exos Dusp s
sagunuonf of ssmdie ylaoue sany oo op o uas md | | ecbo PG LOUNAIIOD 1 eaebBed s “pam
sstaiuss aunsiil i) e sy [ s o (5 8 AIuejje Bl poy Ui | DO
bundaaT) w00) 1090C) i Of PUDOWOT)  ef O] GonEgYn ABaeua SDURLE 0 1N D LD BIUDLUIOHST J004 .
fppooun sunumiboud pun dgod Wiy i [Bunp ayeo go ruapd ang ooyt
E.I_..nﬂ.-.l.‘nﬂ_.l_...lu_ﬂ_ Buiporiiecusd Busniinag [asp o) 0ugdnE B sty sy Buown iagp Buwoweo
WO LSt fag @ sdol i e Ui B wespapasd wofonq yBnayy P oesigtun BO1IN I |0 dgomney nfiasg
RATIARD
DEN-PR 0 A0 el Of LA S oud
Fyo) seapauby) gl s oy vl Guow » MUCUSIOO0E [ [SIMAlN INOUDs Oy
TR D D Py Buijiein) PaTbif S el “Liken g0y A UG
Safioguy) [DUCHN LI SR G0 Y0y P T iiRgioun & Seop po o] - i @ung SEErE dap Gty po 100 By
AL A P EEE-I.“—HH_ ™ L B
|Podin huts Sy oy Ssoi Apecmucunse yascsd | Appsoa) ul papeiiiou pedio pessliouoyy -
OOy 8 JORNE B OF PA0OR0 Jlusiauy oSyl Sj0U YUt sy 0 oS | Pesoull weweliouoyy puo vouasd WO = -l
USRI oMK PRitpuN SOy i | o) BOID) POO| Moy puo pewslioucs | muodaiphy
Soypengnn 5oy Aaod pebuniseol) & 1 1o of WUyl S 10 (03 4Oy Sy . W PEAEA 0U U0 LibunG ges poyy = il 1)
[ELGLTY] Pun Ao et | i o, e | I E ]

sajBojourpay
ABiauj s|qomauay jo uclowoly puo juswdojasag ayj} u) sjulDIsUS) puD sanss| Jolowy :5°g xog

Prapared by K Banskota and B. Sharma




114

Wuiyd dnwod O ETRIET FTIaE o U s Jojow o B

A 0 utignusdo Liaododg jnj oy sepsigigo YUBUOHWOD [OIYIND O UMDEDRG U] e
E!ETE!EE pugy L DUFLSETR UG U D i e
IOy LONBILMIOY UOHEIRE (O B ] - djy) Buyiay wapgeud ygout B sl

sagsosd Bumood TRHEH LA (OIS afiosogs 0 o 207 - pocl @ s
e bl d e e iy eatn) Walip Jor0g, »f Pouruy u Sen wby pUo “8Buo)  sum Bupoad
ip syofiou aq "Biks 10y pann o o GITEEY 0O
MO8 ) paiops ASOIUN, PUD STt | oy punsy Uaeq S0x sl S
[ sy LT T oy s Ad §0 Peduo pououy, | TS [oupmnpon o) uegosd © U sauredid saom
Turpnds By mwes g g aopted i PR iy et Ty efleopt wi Sssgoed aboyoa
PO DD R W OO BNy e T TFREE] P M oy e o
By (e bgnnk el pal gD LT 0 FA T epeid e oyt sy Bt oy mguy (o
IS o TeoRngEi sy peiu Bunat pocucuy g ySacwgy' «of pus “wontulsops ‘slpapaces aoabapo i o
[ Rslng [oed 0 10T sAqDle © YOy
T UG C3) 0 AEGRI U St
R BN gt a5l Ao m0p IO HONDNPGRS g e
o oy ) S0y 00N sod By a1 COINEOUT D[S0 BTEnt g0 g
SHSN §7)] |0 SN0K) BEIOUIDIENS-jies 33448 0 tod uayiug sy) soopdes
por ety O Buiadpuo pud wieiuapee o Jjrigpp w g P gl aio st sfioyneg
0 uaetl LoD A i st e N T L e ]
uoynuiIEp Bumnsipo uo s duiBeas) #0) 91B0s} 00y put AADY Oy B0 Hsen)  wf

LA DS PUD LaRNEoT USGeBg B | LTI R
w0 ‘uauuoyd bnod puo ‘saousbio uomsge Pun ssowsos (oung|nonllo spuny jouso .| e

"LENPIDEE e woaatea (O 3O - H_HE.I.DE_E FEURUNOW P
NP SRONUNUD PG AR 1 ) & pououy yosm] spuny | S 1840y sy u) juogiodus fjooedsa Burood
G0 §8 womtnansd pun jemudopEaap iy 10 [ O U L fran Buynes) sonds yoq epuard jouuts | .
ApEOERAAR (LA S g RO Op) - uit Uy oy Louop HRiOy

e o [iesagss Wiciy Buipuny Vo el a0 O ([ 00y B SO 24| =

o 30 ¢y Bugtelogs wouptap susodliosd s pubpineg Speiin| Wprouyancey Leous us pubery Syoel SENOY Ry

[ [eusin pus Dyog Uty )




115

and the ovoilobility of electricily from NEA. From 1984 onwords the number of
micra-hydro plonts being installed within occessible areas of the country declined.

Al present, the NEA has no plans to construct new hydropower plants in the micro-
range and thus rural oreas, especiolly in the hills and mountains, con only receive
elactricity through private ulilily micre-hydro plants. There is o subsidy of 50 10 75
per cent on the elecirificalion component for private micro-hydropower genera-
fion.

Recently, cooking by eleciricity hos also become populor as o result of the efforts of
micro-hydropower promoters. Low wologe cookers (bijuli dekchi) are in use in
different parts of the country. Thia has resulled in some substitution of firewood
(WECS 1974f; Barskote and Sharma 1994). Cther uses of micro-hydropower

include beating and digesting pulp ond drying poper.

5.3.2 Solar Energy Technology

Solar energy hos been used tradifionally for drying such things os crops, clothes,
tuelwood, and crop residues. The solar energy potential in Mepal is estimaoted io be
about 26 million MW. Currenily there are two types of solar energy technology in
the country: solor thermal systems and solar photo voltoic (PV) systems.

Solar water heaters and solar dryers are the two main types of solar thermal device.
Of these, solor woter heaters'* have the widest distribution in Nepal, with 30 1o 35
firms, mainly concentrated in Kathmondu, monufacturing them. The present in-
stalled copocity s estimated 1o be around 300,000 litres per day (WECS, 1994).
These heaters are suitable for use throughout the country except in those regions
that have long and harsh winters where the temperature falls below freezing point,
However, becouse of the high cost (Rs 23,000 for 0 200 Irtre system), this technol-
ogy is oo expensive for mosi people.

About 15 different types of solor dryer have been used in the country for drying
speces, fruits, vegetables, and herba. The labrication of solar dryers is simple and
they can be constructed using locally avallable maoterials. However, solar dryers
hove not been oble to estoblish their credibility becouse of the high copital invest-
ment required and the lock of specilic designs for dferent preducts and quantiies.
Such designs require o mulh-disciplinary knowledge of scence and technology re-
lated to drying.

® o Cursnlly, e londs of seipr waker haolin ol by sateled, edegimted lank spriers ond coouloton
spatere. In B ealorn pecior, thara- syphon soloe soier Semen == IEpome Vonope okt o geeensly
wind, whila, i S bovashedd sector, the mor commasly weed e i 6 cormplels one = ofoched
wloroge fank
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Solor cookers were introduced by the Research Centre for Appled Science ond
Technology (RECAST) in 1977 a8 porboiling cookers. Bacause of thesr high cost,
this technology has not become popular Although various types of solar cooker
have been developed fo reduce cost, eflorts to improve the efficiency of solar cook-
ers hove nol bean encouroging

The solar PV system is ancther lechnology which converts solor energy directly into
electricity. The NEA has corried out solor photovolioic bosed rural electrification in
different locations with on installed peak power of 130kW. Forty-three airports in
the country use solor PV energy. Napal Telecommunscofions has also installed solar
PV sefs in 14 locations. The cost of o centralized solar PV.based power system s
high, however, compored fo eléctricity generation by smaller micro-hydropowaer
units,

Lately, private entrepreneuns ond non-governmental organizatons (MGOs) have
been shawing interest in the dissemination of solor PV home lightng systems, The
cosl of o SPY home system (30-35 W) ranges from NRs 30,000 o NRs 35,000
depending on the system’s capabilifies and facililies. These home systems are gain-
ing popularity in some areas of Nepal (Shrestha and Bajracharya 1978).

5.3.3 Biogos Technology

Beogas technology is considered to be one of the maost promising ond sustainoble
scurces of renewable energy in Nepal (Box 5.4). At present most biogas plants are
in the Téroi, but they are gaining in popularity in the hill regions as well. The moun-
tain region is unfavourable for biogos production becouse of the cold climate. More
than 32,000 biogas plonts of different sizes hove been construciad so for in the
country, although thare is scope for the installabon of an estmated 1.3 million units

Box 5.6: Constraints to the Wider Use of Blogas Tech-

Despite biogos technology being foirly successful of presant, o number
of technical and insitutional problems have emerged thot will greatly
retard diffusion of this technology. Uniormity or standardisation of
design, installation, construction moterials, or supply of accessaries
has not yet been achieved. There s shll no competent bioges devel-
opmaent and promofion unit in the couniry. Costs are sscolating and
beyand the affordable limit of poor households. The interaction be-
tween designers and end usen is poor, which does not help 1o im-
petmsees g . T :
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[WECS 1995; Gongal and Shrestha 1998]. i all the availoble dung were 1o be
used for biogas™ the potential biogas production would be around 12,000 million
m” per year, which is equivalent to 29 million G) (obout 10% of the present anergy
consumphion), Use of this dung would not affect ogricultural productivity (WECS
1994).

The current state of development of biogas in Nepal is largely the result of incen-
tives provided by His Majesty’s Governmant (HMG/N). A plan for the installation of
biogas plants wos first incorporated in the Seventh Five Year Plan {1985-90). Dur-
ing this plan period both capilal ond interest subsidies for the biogas progromme
were provided by the governmeant through the Agricultural Development Bank. This
subsidy programme is now being continued with the assistance of the Government
of the Metherlands.

53.4 Improved Cooking Stoves (ICS)

Improved cooking stoves have the potential io save the fuelwood used for house-
hold coaking. Abaut 11 million tonnes of fuelwood are bumt annually for cocking
alone. Theoretically, it is possible to reduce fuslwood consumption for cooking by
50 per cant. IC5 have an efficiency foctor in the range of 15 to 30 per cent, whereas
the efficiency of tradifional mud stoves varies from three lo 15 per cent. There are
various fypes of ICS and the efficiency of these sloves vories (Bajrocharyo and Gongal
1998). The omount of fuelwood soved depends among other things on the type of
IC5, the condition of the fuelwood, the type and amount of food preparad, and the
type of pots used lor cooking. Even with a low performance of 11 per centfuelwood
savings, estimates indicale that one ICS can sove an average of one lonne of
luelwood annually.

535 Wind Powar

This technelogy is shll in ils inifial experiment phase. A wind power sysiem was
installed in Kagbeni to genarate about 20kW of elecirical power [annual energy of
S50MWHh) but was damoged as o result of the poor design. The high installation
cosf (about LS 36,800 per k¥Wh) did not jushly further development (WECS 1974e).

5.3.6 Manufacturing Capability of Renewable Energy Technologies
Thare are allogether 12 turbine monufactunng units, mostly located in the

Kathmandu Valley and Butwal, with a combined production copacity of 200 waler
turbines per year, Nine companies are octive in micro-hydropower developmant

B The inkl dey dng produced in Mepol i oboul 11 milken ionne g peor
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[dLA and CRT 1997). All the companies, with the exception of BEW, NHEC, and
BYS, are confined o manufachuring turbines below 100EW in copacily. The three
big companies can manufocture lurbines with copacibes of up to 250kW. The
growth in monuloctenng of micro-hydropower units in the couniry hos been al-
fecied by o decline in tha demand for turbines.

Micro-hydropower manulociurers carry out both design and installation. Micro-
hydropower development is based primanly on local expertise in design and monu-
locturing copabiliies. Although some micra-hydropower moanulacturers hove storted
1o export plants o India, Indonesia, and Malaysia. Nepal has o depend on its own
technological copability for micro-hydro development as a result of the lack of well
established international markets for micro-hydropower equipment.

The major source of raw materiols for micro-hydropower manufacturers is India. In
oddition, big compoanies like BEW ond MHEC impon row mosterial directly from
Morway and other overseas countries. The tolol monpower employed by micro-
hydro monulocturens & 438, with BEW and NHEC the biggest employers [194
people). This indicates how small this seclor is, despete the numerous producers.

Various notenal ond international institutians have been invalved in the develop-
mani, promotion, and implementotion of bsogos technology in the country. The
Gobar Gas Company is the leading institution in this sector. Established in 1978
with financial syppart from the Uneted Mission o Nepal [UMN), ADB/N, and the
Timber Corporation of Nepal (TCH), the GGC introduced biogos technalogy in
more thian 50 districts in 1992 ond has trained hundreds of people to construct
ond manage biogas plants. Other institufions involved in this sector are the UMN,
the Asion Development Bank, the United Mations Internatonal Children's Fund
[I.JNI':EFL United Siotes Agency for International Development [USAID), the Food
and Agriculture Organizafion (FAL)), the United Mations Caopital Development Fund
(UNCDF), the Nepal Office of the Natherands Development Organizotion [SNV-
Nepaol), and more than 40 private companies. Despite vorous agencies involved in
this sector, there has been litthe suppon for RAD. Moreover, effective monitonng ot
the national level has been lacking.

Vanous governmen|, semi-government, donor, and privale organizafions ond re-
search insfitutions are involved in the development and promotion of ICS in the
country. However, this enargy technology is beset with institutional contraints. These
nclude the lack of exensive and continuous research, the fact that interachons
among researchers, policy planners, and extension ogencies are negligible; and
that there is no intensive interoction between designers and end users 1o solve the
lang-standing problems of discontinuation of this technology because the designs
are nol sullable for local conditions.

Chagpler 5 — Pasem of Ensvgy Lise in Nepal
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There is no effective institutional arrangement for the produckion and promotion of
solar energy devices. Indivduals ond institulions work independently. This has re-
sulted in o lock of uniformity in design and quality of the products manulociured
and hence in their and-use efhciencies.

Thres private companies hove started manufacturing, installing, promoting, and serv-
wing househaold and community sized solar PV system pockoges commercially, Other
nshituhons such as WECS, RECAST, the Royal Nepal Academy for Science and Tech-
nology (ROMAST), MNEA, the Centre for Rural Technology (CRT), and the Cenire for

Renewable energy [CRE) are also involved in promoting solar technologees.

Some of tha institutional constraints o the expanded use of RETy are worth men-
tioning. First, there is a lack of coordination between researchers, manulachurers,
and potentiol users, and current energy polices ore biased ogainst renewable en-
ergy. Second, until now there has been no single government ogency responsible
for overall coordination of the octivities related to the development of renewable
energy. The recently created Alemative Energy Promotion Centre [AEPC) needs to
be strengthened in terms of manpower and funding to oct as a faciliiolor lor the
promation of RETs. Finally, the trodihonal approach to the management ond plan-
ning of energy, which has been sectoral and focussed on lorestry, agriculture, and
indusiry, has not been effective.

5.4 The Energy Consumption Pattern

The energy secior in Mepal |3 choractersed by o heavy relionce on iradibonal energy
sources, pariculordy fuelwood which mostly comes from the forests. Despite the de-
clinung share of fuelwood in 1olal energy comumption, the relofve share of traditional
snergy has remained almost stognant over the past decade os the use of animal
dung ond agricullural residues for fuel has increased. Comumption of commerciol
energy in the country is growing of o foster role than consumption of traditionol
energy, although the consumption level is still very low as a result of the country’s lock
of industnalisation and low level of development. The total final energy consumphion
in the FY 1994/95 wai estimoted to be 260 million G, 90 per cent of which was
consumed in the household sacior (Table 5.1). More than B7 per cent ol the tokal
commercial energy consumed is met through imports. These imports require almost
35 per cent of the tokol foreign exchange eaming from exports,

5.4.1 Final Energy

Hovashold Sector

The rural and urbon residential seclors ore estimaled fo have consumed obowut
217 ond 15 milion G, respectvely, in the FY 1974/5. Biomass fuels dominote in
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both household sectors [comprising $8% of the tolal energy consumed in rural
housaholds ond B4 par cent of that consumed in urban households). Kerosane is
the main commarcial fusl used by bath urban and rural househalds. The bulk of
the energy is used for cooking (5% in urban and 75% in rural households). In
rural areas, other end-use ochvities ore space and water heating (9 5%), agro-
processing (3.5%), and lighting (1%).
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Fuelwood meets the bulk of the energy demand in oll three regions - mountain
areas (Y8%), hills (B9%), and the Terai (B1%). The lower valua in the Teror reflects o
gradual transition from fuelwood to other sources of biomass fuel. Estimates of the
proportion of tolal finol energy used for cooking give 72 per cent in the Terai, 90
per cent in the hills, ond &5 per cent in the mountains. Rural households in the
mounfain region use 11 per cent of their annual energy requirement for spaca
heating, compared fo six per centin the hills and eight per cent in the Terai. Urban
households in the hills vse about 25 per cent of their final energy requirements for
boiling water, for electrical applionces and for lighting, compared to five per centin
the Terai,

Commerciol Sector

This secior consumed 3.5 million Gl of final energy in FY 1994/5. Kerosens [47%)
ranks the first in terms of utilisation followed by biomaoss fuel (23%), electricity (11.5%)
and coal (B8%). LPG and ather oil products contribute less than nine per cent of the
total energy consumed in this sector. Tha share of fuelwood in the total is declining.
Owver B3 per cent of tolal final energy consumed in this sector was required for
cooking, nine per cent for lighting, & per cent for space heating and boiling water,
and the rest for other purposes.

ri r

The industrial seclor accounts for about five per cent of the tolal energy consump-
tion in the country. Fuelwood is stll the dominant fuel consumed by this sector
{57%), and the amount used has been growing of obout seven per cent per annum
over the last decade. Coal ranks second (20%) followed by petraleum fuels (10%),
parficularly diesel, and electricity (9%). The brick and tile industries (non-metallic
mineral product-relaled industries] need fuelwoeod and coal, whereas petroleum
fuels are used heavily in foed and beverage indusines. More than 50 per cent of
the final energy consumed in the industrial sector is used for boiling, 23 per cent for
motive power, and 24 per cent for process heating.

Tran ri for

The fransport sector is estimaied to have consumed &.4 million Gl of energy in the
FY 1994/5, nearly three per cent of the lotal energy consumption in the couwnfry.
Diesel alone occounted for obout 6% per cent of the total energy consumed, mofor
spirit [petrol] and avietion fuel for 31 per cent, and coal and elecinicity for less than
ani per cenl. Road transport accounts for B5 per cent of the lotol energy con-
sumed by this sector, the remaining 14 per cent is used in avialion. There has been
o confinuous high growth of all types of fuel consumption for road transport, moinly
os o result of the extension of the road network and the increase in traffic flow,
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Agricultural Sector

Energy consumpbon in the ogricultural secior is very low (2 million GJ excluding
energy from animate energy (musclepower of humons and animals]] accounting
for less than one per cent of the total energy consumpton in the country, Pumpset
engines (internal combushon engines of 1-10 horsepower) and tractors accounted
for 4% and 48 per cent respectively of the total energy consumed in the agricultural

sactor in 1995, Diesel wos the main source of the enargy consumed (95%), fol-
lowed by slectricity (5%).

5.4.2 Useful Energy Consumption Patlern

The pattern of consumphon of useful energy in various demand sectors by end uses
and luel lypes was estimaled using the Reference Energy System [RESP'. The resulls
are shown in Table 5.2. The uselul energy consumptions were derived using the
national-level energy elliciency parameters (end use efficency matnia) reported In
the Perspective Energy plans [PEP) for each energy consuming sector ™

Housghald Sector

Rural gregs The total consumption of useful energy in this sector in the FY 19794/
95 was estimated 1o ba 31.4 million GJ, about 14 per cent of the 1otal final energy
comumption. About 46 per cent of the useful energy required was for spoce heat-
ing, 39 per cent for cooking, and the rest for boiling woter ond ogro-processing.
Fuelwodd coninbuted aboul BY per cent of the tolal uselul energy reguirement,
followed by ogricultural residues (4%, dung (6%), and kerosene {1%).

The useful energy required for cooking constitules only B.5 per cent of the finol
energy used lor cooking, indicaling o large anergy loss (low efficiency] in this actv-
ity. This compares with the B2 per cenl efficiency recorded for electrical applionces
and space heating. The energy efficiency varies greatly across the ecological re-
gions depending on both the end-use devices and the type of fuel used.

*  Tha HES highlghin ihe compamsive slhcarcy of vonow end e dewces, sven though diflarent ippey ol
Fosly ore corveried, fonupeeied, ond comumed to produce energy sevvces. Thew ore several poiiible
atructures lo the BES, The bal cpcle appeaach is one in which the BES com be erectond to iroce snangy low
Froim ipuntes 1o inraiel. Far sasegle, primany shengy pravided by the energy sourte i bmit converted inka
ssuoralnry snargy theowgh precen sschealogy Corversion iechnoiagy comwer S sscondary snargy inho
hngl ey, bollowed by commrusn of bl enargy into unehd energy in endoae dewcen, whach 4 whaot
really counh la the contumer ol n of primany corcarm for anirgy demand caolysn snd Banning,

T Les Bamkota o Shoma [1597) b desssie on the erd ute sFiciency maine wied o deeving waslul sneegy
fow dfawunit ancion,
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Urban gregs in the urban household secior, almost 62 per cent of the useful enengy
required wos used for cooking, 17 per cent lor space heating, seven per cent each
for bailing water and electrical appliances, and the rest for lighting and motive
power. Almaost two thirds of the useful energy requirement in the urban household
sector was met by biomoss fuels, while tha remaining 34 per cent wos met by
comnventional commercial anergy sources,

| Fuelwood is used relatvely more efliciently
by mountain housaholds, whereas other biomass fuels are used more efficiently in
the hills ond mountains. The overall energy efficiency is relatively higher in urban
areas than in the Terai, The efhciency of LPG is amongst the highest of all fuel types
in oll regions. Coal briquetie ronks second fo LPG in terms of eficiency in both the
rural hill, and rural and urban Terol areas, while alectricty ond kerosene rank sec-
ond in the urban hill areas. The end-use efficiency in all ecologicel regions is high-
est lor space heating and electrical applances. The end-use efficiency for cooking
purposes is kow in all regions with the exception of the urban hills where efficient
energy use is obout 24 par cent of the tolal final energy used.

Commerciol Seclor

The total quantity of uselul energy consumed in the commercial sector in the FY
1994/95 wos estmated to be 1,47 million GJ, about 42 per cent of the total final
energy consumed. About 75 per cenl of the useful energy requirement wos met by
kerosene (50%) and electncity (24%), while the remaining 25 per cent wos contrib-
uted by fuelwood [10%), coal (5%), and LPG [10%). Almost 74 per cent of the
usaful energy was used for cooking, followed by 15 per cent for lighting and the
rest for heating and cooling (6.5%), bolling woter, and motive power. The efficiency
of these end-ute activies varies from 37 per cent for cooking and heating woter o
as high as 90 per cenl lor spoce cooling. In terms of fuel type, the estimaled eff-
ciency is amangsi the highest lor eleciricity (BB%) and lowest for fuelwood (20%).

Industrial Sector

The lotal useful energy consumption in the indusirial sector in the FY 1994/95 wos
estimated to be 5.4 million Gl, about 44 per cent of the total primary enargy con-
sumed by this secior, Aboutl 50 per cent ol the useful energy required in this secior
was mel by tradiional fuels, mainly irewood, while the remaining 50 per cent was
contributed by electricity (18%), coal (23%), ond petroleum fuels {¥%). Over 85 per
cent of the useful energy required in this sector was for boiling purposes, followed
by 20 per cent for motive power and the rest for process heat (11%), lighting (2%),
and motive power. The elficiency of these end use activities vares from 17 per cent
for process heat to as high as 58 per cent for mative power. The esfimated afii-
ciency is highest for electricity (B3%) ond lowest for kerosene [3%).
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Agricultural Sector

In the FY 1994/95 the useful energy consumplion in the agriculiural sector ac-
counted for less than two per cent of the total useful energy consumed in the coun-
try ond wos roughly 30 per cent of the total inal energy consumed by this sector.
Mearly B8 per cent of the useful energy requirement was mel by diesel and the
remainder by electricity. Over 47 per cent of the useful energy used in this sector
was for troctors and the rest for pumpset engines. Electric pumpsets are the most
energy efficient (BS%) end-use devices when compared fo IC-engine pumpsals
(25%) and traciors [30%).

Transport Sector

The total uselul energy consumption in the ransport sector in the FY 1 994/95 wos
astimated to be 2.7 million GJ. abaul dl]pzlmﬂdﬂwehlu”ind BRargy con-
sumed. Over B1 per cent ol the useful energy wos used for road iranspert, fol-
lowed by 18 per cent for Aviation Turbine Fuel [ATF) aviation and the rest for other
modes of tronsport such os roilways, ropeways, ond trolley busses. About 68 per
cant of the uselul energy requirement was met by diesel fuel, while the remaining
32 per cent was mel by avialion fuel |1 B%) and molor spirit {petral) (13%). The
anergy use efficiency of the transpor! eciivities varies from 20 per cent for road
transport fo os high os BO per cent for ropeways.

5.5 The Structure of the Energy Market and Price Distortions

MNepal's energy sector has some peculior charocteristics that have o direct bearing
on the structure of the energy market and price distortions. First, mest energy sources
(BB%) in Mepal are not raded and hance do not pass through the cash economy.
Second, the share of commercial energy in the import bill, which has to be met
from foreign exchange reserves, has remained dominant despite the low propor-
tion of commercial enargy in the total energy consumed. Third, fransmission and
distribulion of power in Nepal s quite expensive os o result of the small size of the
demand centres and their scattered positions. Finally, the use of axisting energy
resources is grossly inefficient, parfly os a result of price distorfions.

The market prce of enargy doas not reflect the true economic cost of supplyng the
enorgy. Some energy ftypes such as rural eleckricity are underpriced, others are
overpriced. This results in inefficient use of exsting enargy resources. Currently, the
main price destortions in the market ore os follow (dLA 19%4).

» The exisfing price struclure provides no incentives for sustoinable production.
s The existing price structure and factors such as ogriculiural subsidies encour-
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age economic inefliciency and overulilisotion of substilule fuels such as petro-
leum products.

» Petroleum products are sold ol cost price whereas light diesel il (LDO) is heav-
ily taxed, and this has led fo excessive use of diesel in industrial opplications.

e Coal prices are slightly higher than the economic cost as a result of technical
inefficiencies.

* There is an od hoc pricing mechanism.

5.5.1 Energy Prices and Pricing Mechanisms

Most luelwood s not subject to maorket transoction. The price of imporied commer-
ciol fuels, ncluding LPG, are fixed by the government. The pricing strategy of the
governmaent is basad on the principle of providing energy at a low cost to the gen-
erol public. Imported commercial fuels are generally subsidised and distributed
through a network of dealers for final consumption.

Fuslw Pri

Since the closure of the Timber Corporation of Nepol (TCN) depots, fuelwood mar-
keting hos been cormied out by private depots and dealers. The TCM price for fuelwood
s determined by the tronsport distance from the harvesting point to the urban
depot. The supply of fuslwood from TCN depots is 100 low to have had much
impact on fuelwood prices.

Petroleym Product Prices

Petroleum product pricing is based on border costs plus other costs such os taxes
and the cost recovery component of things such as administration, tfranspor, deal-
er's commission, and stock losses. HMG fixes the price of motor spirit (MS), high
speed diesel oil (HSDO), and kerosene [SKO). The prices of other products are fixed
by the Nepal Oil Corporation board.

Coql Prices

MNepal Coal Lid. ([NCL) is the sole importer of coal. Privale companies are also
allowed to import cool at a five per cent dealer commission. The coal price in Nepal
is determined by Indian pricing policy. The price of cool reflects its cost of delivery o
the consumption point and is not subsidised.

Electricity Pri

Until the commisssoning of the Electricity Tor# Fixation Commission, the electricity
tarifi was regulated by HMG/N ot the cabinet level and based on the recommen-
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dations of the NEA board. The government continues to subsidise electricity for
household ond indusinal users. Eleciricity pnces hove olwoys been lower thon the
lang-term marginal cost of supply. Currenily, eleciricity pricing is colculoled on the
basis of WEB/International Development Aid (IDA) finonciol covenants™, Since the
FY 1991, the tanfl hos been revised five times ond, during this period, the tarifl
increased ot an annual rote of 28 per cent, almost five imes the local currancy
escolation (6%). The poyments oblomned from household, industnol, commercial
ond non-commerciol customers hove mcreased between three ond seven fimes
more thon the growth in consumption by each group

5.6 Energy Policy Planning Approaches and Institutional
Arrangements

This section reviews energy policy and plonning opproaches, which mainly locus
on the energy supply, demand modelling exarcises, and rueal energy planning is-
sues; and then summanses the existing inslitulional orangements for the energy
sechor

5.6.1 Energy Policies During the Eighth Plan Period

Energy development policy was not formally included in planning until the Sixth Five
Year Plan [1975-1980), During this plon penod, the hydropower ond loresivy sec-
tors receved priodty. Allernalive energy source development started fo recerve pri-
ority in the Seventh Plan period (1 P85.920). Three major energy policy objectives
Wi u}msng!d wn the Eighth Five Yeor Plan (1992097): 1) to increase consump-
tion of electricity and support energy intensive industries with the development of
hydropower; 7} to dévelop alternative and decentolaed @nergy resources os o
substilute for imported fuel; and 3] to ensure environmental profection. The plan

odopled the following strategies to achieve these policy objectives {MPC 1992).

Developing indigenous energy resources in the most efficient mannar

Cost eflective and environmentally friendly energy conservation and demand
management praochces

Financing for the execulion of hydropower projects of different capacifies
Entering into energy Import/export agreements if the nat benefit is beneficial
Pricing oll energy to reflect social costs

Addrewing environmenial problems associated with snergy supply ond demand
in collaborohon with both non-governmental and international ogencies

B The cowmnom necuened o e o el i ordet |10 esene kil 10 covee ok operieg espeninn, dell et eg,
ol working copiial, cther e S conb and well hnancieg part of copitdl meetfment thit comprise lecal
wEstmant and smienest dureg rosararion  The somings of NEA o Sse mgueesd B schiev 0 ose of
redurn (ROR) on net cperoteg besd aesats of § ond 4% in FY 1975 and | 798, reapedtrealy Bheasiha | #78)
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& Transterring the ownerhep of government owned energy seclor ulilities to the
private seclor in line with the privatisalion policy

The plan sel the targets of generating 292, 700kW of addilional eleciricity from
power projects, constructing 30,000 units of biogas plants, and distributing
250,000 units of improved cooking stoves.

The Water and Energy Commission Secretanat (WECS) initialed development of o
series of energy planning models os early as the 1980s [Box 5.7).

5.6.2 Rural Energy Planning lssues

Al present, rural energy issuves are nol well integrated with rural development pro-
grommes. Rural energy issues ore being addressed in o non-integrated fashion by
individual line ogencies. There is virtually no coordination between insfitutions on
progromme interventions, implemeniation, or monitonng (dLA and CRT 1997).
There is no comprehensive rural energy planning os such in Nepol. Although o
perspaciive energy plan has been formulated for the energy seclor os o whole, o
yet no long-term perspective plans for the rural enengy secior have been developed.
In the absence of such a plon it is difficult to moke estimates for future allocaton
decisions in the rural energy programme. Rural energy planning should provide the
basis for identifying the, following critical functhons that need to be perdormed or
supported by the government: promolion, financial support, entreprensurship de-
velopment, regulation, monitoring ond evaluaton, equity, environmenial protec-
hon, and ressarch and developmant,

Rural energy planning calls lor as much funclional devolution as possible through
participotory approsal techniques [process leaming approach) in planning, de-
sign, implementation, and monilonng and evaluation. The biogas, micra-hydro,
and community forestry programmes and their success demonsirate thatl proper
intervention con break through by copitalising on the locol indigenous capacity for
group orgonation, credit mobilsotion, and developmen! of entreprenaurship.
However, many interventions hove been loss successful. The ADB/N acied for o
long tme as a rural energy planning and lechnology extension agency, mos! nota-
bly in micro-hydro and biogas projects, by combining credit operation with a sup-
port service. However, since the ADB/N wos unoble to generate o consistent ond
leng-term commitment from either the government or from donor agencies, i is
now moving towords o role of credit provision olone with limited technical assisi-
ance capabilities. The improved cocking stove programme underfoken by the For-
est Deporiment wos primanly driven by centrolized torgets and limited to a single
technology, There wos no process leaming, no monitaring and evaluahon, ond no
deceniralised strategy using local entrepreneurship or talent for group formation,
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Box 5.7: WECS Energy Demand and Supply Modelling Exercise

The energy modelling framework doveloped by WECS is o series of computer
models for analysing energy supply and demand. More imporfont, these mod-
els analyse the sectoral and-use demand for the residentiol, agriculturol, com.-

mercial, indusirial, and transport saciors.

The Household sector Enargy Model contains four sub-modelsdesegregated by
physiographic and development region

= o district-wise populaton projection sub-model

» o fuelwood supply projection model based on Lond Resource Mapping Project
(LRMP] and other forest-related date

= on energy specilic end use analysis madel (household size ond income elas-
hcity as main explaonatony variobles), and

s g supply/demand balonce and project/programme evaluotion sub-model

The Tronsport seclor Model contomns desegregated informotion o! two levels
* by mode of franspon (rood, ropeways, roitways, aviation) and geographic

region, and
s by and use and energy form

The Agrigylthural sector Energy Model containg desegregated information ot three
levels (octivity, inputs and end uses for each major crop type)

The_Industriol sacior Model includes both trodibonal and modam industnes (14
types of fuel ond 24 subsecton)

The Commerciol sector Enargy Model includes schools, trading places, govern-
menl, ond non-government offices, and water supply by and uses and fuel types

The Energy Supply Projeckon Model
e fuslwood; forest depletion rales, area, and yield

# agncultural residues ond animal wostes: crop and animal pogulations, and
residue production focions
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5.6.3 Institutional Arrangements in the Energy Seclor

Institutional arrangements are necessary lor pricing, rescurce mobilisafion, energy
development, erwironmentol protection, enengy resource management, enargy tech-
nology ond standards, and duseminobon and outreach programmes. The inshiu-
hons deoling with energy development in Nepal are predominantly under govern-
ment gwnership and are vermcolly integrated. The NEA, NOC (Mepal Oil Corpara-
tion), NCL, and TCN are exaomples of such orgonizations. However inafitulional
responsibility for the energy sector s spread over many enhties which include min-
istrias, line ministries, ond seclor ond sub-secior entities. There is no ogency of the
macro-level that deals solely with the development of a rural energy programmae in
an infegrafed foshion. Chart 5.1 lists the princip~| instilutions involved in the en-
ergy sector [WECS 19741).

There are many options possible for inshiutional arrangemenis ot different stoges
in the energy delivery system or fuel chain. Centralized energy lorms, such aa coal
or grd power, operating within o compefitive markel structure obviously present
institutional needs and opportunities that are different decentralised oplions such
s biogas or solar technologies in which energy is converted locally close to the
point of use.

In the changing context, of economic liberalisation, the chollenges for tha anargy
sector lie in liberalising and deregulating energy markets, providing more opporiu-
nities for private sector initiatives, and upgroding the efficiency of public ulilities
fhrough occountable and outonomous managemeant systems. Sinca the early | 990s,
there have been several significant changes in the institutional framewerk for com-
merciol energy supply activities in Nepal. Seme of the sirolegies that have been
adopted by the government in the context of economic liberalisation are os lellow.

s Selective opening of the markets and greater reliance on market forces through
competition, price deregulation, and simplification of marke! entry and exit

¢ Improvement in public secior efficiency through vorious administralive reform
measures and changes in civil service stoffing policy
Improvements in the coordination omong different institutions
Steps towards modemisation of the market structure

e Tariff reforms ond reduction of subsidies for power supplies and moves fowards
energy pnce deregulotion

s ntroduction of investment credit, profit repatriation facilities ond other incen-
trves for mobilisotion of domeshc and intemationol funds

» Incrected occountability and effiency through restructuring of monogement
in public sector imfitubons and an improved lagal and regulaiory fromework
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Chart 5.1: Institutions Dealing with Energy Development and Supply

Organization Area ol Type of Fumnclions Ramorks
responsibility |organizo
e .ll-mn —
Minmbry of Woler Rewowrcas |Mainly wates [HMG Plesnnang and o R O Rocilifies
Mapal Elachncity Autharby redouted tnd projec! snecitan |Deal wilh dissl, peves
‘Water and Energy bydroporeer Swrvays ond shudy (plerh, ond soler, wind,
Commisssan developmiant reparh and mult-hisd syilams
Small bydro developmant
Ministry of Indusiry timeral JHMG Planning and
Department of Mires ond FRICLMEES projec esecufian
Zoalogy feonl, lgeae, Surveys ond study
Project wish UMDP manienes  |raburl ges, T
geatharmnel, pat-
rel explomtan)
and eHiciancy ol
induairial boiler
Ministry of Forest and Sail  |Foresd resources |HWMG Phanneng and Biogan Promelion
Conseration and projed execuhon |Project with eisiisancs
Depariment o Foress alforestaticn Swrveeys ond study [hrom SHY
Projects with axhemol OIS s
aasience
Rameda sandang feciar
Fanetl rasaurces furosy
Minmtry of Local Lozal HMG Plosnrang ard
Development projed execuhon
Minntny of Supply Supply of [HMG Planning and
Hepsl Coal Limited palrclaum PO BTACLNGA
Hapa! Ohl Corporalian praduct, ool Suppdy
Napal Flslwnod Coporation Jand funlwaod - 5
Ministry of Education and  |RED an [HMG Planniesg and | Cenitra bar Basaarch and|
Cultura aligrmnate proged sxecution |Devalepmant (CARDY &
RECAST, Trbkuvan Linmer. sty |enengy Survern ond shody [0 e cante
Cantre for Applied Ressarch fepairk enabiliched with
Inskties of Enginesring Teaching and R4 |Morsegion ossslonce
Inssitutes of Science and | D insseuticns
Techmology
nshtutes o Agrculiume and
Animal Soance = =
sinistry of Agriculiure Bizgon , mapra- | HMG
Depaitenanl af Agrcublurm bphoe gt
Motional Mlonning Allgrnalive 5 LETE] - |Mewly propoisd
Commission Brabigy orgariicalan
Miainatien Enargy Pramatian
Cisnire
CHbviar onl agencie | Allemate Cingoing project Mew &
EOMAST, RECAST, Tnbhuvan |Eregy ohermotise erengy |Reresabie Energy
Ureversity Derew-lopment Candre
ML) bar alinrmaive
enary with aalilance
fram JICA [fapan's
Iniernaiional
Coopemtion Agencyl |
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5.7 Environmental Implications of Energy Use

Both the production, supply, and consumption of enargy, especially fossil fuels and
luelwood, and different types of end-use technology con have an odverse ellect on
the environmaent. This section deals with the anvironmental implications of the use
of different types of energy.

Hydr war

Hydropower development activities affect the environment [degrodation, exhaus-
tion of notural resources, and pollution), humans {displocement, cultural issues,
ond nalurol hazords/risks), and their institutions [shoaning of benehits amang diverse
interest groups). Since most of the economically leasible power project siles in Ne-
pol are locoted in sensitive natural areas, o great deal of environmentol considera-
tion is needed to minimise the adverse environmental effects.

Fossil Fuels

Burning of lossil fuels (petroleum products end coal) is starting to have o senous
impact on the emvironment in urban areas os a resull of the rise in vehicular traffic
ond the use of poor end-use fechnologies ™

The man impocts of fossil fuels during production and use ore air pollution, the
greenhouse effect, particulate pollution, and cooling effects. Fuel quality and end-
use lachnologies are important for reducing unwonied emissions. The low quality
cocl used in indusiries (brick kilns) hos o high sulphur content, and inhalation of
the emited gases is extremely harmiul to health.

Biomoss Energy

As a result ol inodequale venfilabon focilities and inefficient cooking stoves, the
sxishing potierns of biomass energy use lead Io vorious health problems, such o3
chronic bronchitis, and obstructive diseases such as asthma and emphysema. In-
door air polluhon in Nepol s eshmated to be five fo 19 times grealer than the
accepled stondard in developed couniries. Improved cooking stoves reduce lotal
suspended parbcols [TSP) by two-thirds (mg/m?) and CO concentrations by three
quarters in comparison with traditional sloves, The conceniration of TSP in houses
using traditonal stoves con be as high os 380ppm, compared with 67ppm in
houses using improved stoves™ Nepaol has high rotes of infant and childhood mor-

¥ Combutien ol loall lusl givn riss o hormdyl goses such 2a sulphor diasice, Aitiogen code, corbon
asacnde  ang facman delete
B Thae ollicikal keabth pendord & B USA b 1w
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tolity (WECS 1594g). Acute respiratory infection is one of the main couses of mor.
bedity and moralty among children under five years of age

Greanhouse Gaoses

Mathane ([CH ) is the main greenhouse gos emitted in Nepal. It is mostly emitted
from wel rice cultwation and cattle (56 % of the emissions), land-use changes (43%],
and fossil fuels (1%). In terms ol energy related emission, about 748 per cent of it is
emitied from biomass, the rest from petroleum ond coal. Carbon release per capita
is the lowest (900kg] in Mepal compared to other developing countries, Emissions
of 5O, NO,, and CO are likely 1o grow in urbon areas becouse of poor stondords
ond lack of enforcament.

5.7.1 Environmental Pelicy and Environmental Standards

Environmental |ssues only received prionty from the ime of the Seventh Plan {1 785-
1990]. Since then environmental impact ossassments (EIA) have became manda-
tory for oll development projects. A nalional conservation strategy has been cdopled
and o National Environmental Protection Council [NEPC) created. The Nepal Bu-
reau of Standords and Metrology (NBSM) is the enly organization authorised fo set
environmenial standards. But no formally approved guality stondords exist. The
MNBSM is currently preparing notional standards for drinking water and water qual-
ity slandords for vanous indusinies, similar to the WHO slondards WECS 1994g).

Recently, stondards for vehiculor emissions for vehicles in Kolhmandu Volley has
been gazatied, which are as follow.

= The limit lor emission of carbon menoxide from petrol engine vehicles [3%);
and

e Tha smoke density level for desel engines [nol more than 65 Hartridge smoke
units [H.5.U]).

There are basically three principal options for minimising greenhouse gases in the
long term: a) improving efficiency in energy production and consumption; b) shifi-
ing the fuel mix; and cj reducing the rote of deforestotion and increasing offoresio.
ton.

5.8 Major Findings and Suggestions

The major findings and implications that emerge from the present study are sum-
marised briefly balow
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5.8.1 Data Gops ond lssues in Energy Consumption and Supply

Existing dato on energy consumphion and supply ore not all thot safsfociory. The
energy consumption doto for the household sector seem o be more comprehen.
vve than for other secion [in lerms of regional duoggregation), although even for
the household sector there are certain gaps. The mos! imporiont gaps in dota ore
as follow, First, there are no records of the produciion of troditional energy re-
tources (fuelwood, ogriculivral residues, and animal dung). As ransachions in ira-
ditional lorms ol energy do not toke ploce n the market, the prices aftoched to
mosi of these energy sources cannol be considered realshc. Second, there is no
breakdown of rural and wrban energy consumption m sectors other than the house-
hold sector so that it is not possible fo prepare separofe overoll energy balonces for
the rural and whban seciors. Third, there are nc dota on onimate energy consump-
tion by region in the agricultural sector, or on the number of vehicles in the operat-
ing fleat in the transport secior. Fourth, there are no dofo on energy consumplion
by end-use for each fuel type for most of the regional profiles. As such disoggrego-
tion has not bean possible for other sectars in most of the regional profiles. Finally,
end use elliciency information is very weak and the information required for im-
proving it is lacking.

There is an urgant need to update the energy consumplion, demand, and supply
parameters through scientfifically designed surveys, madelling, and regular moni-
toring. Energy Demand Analysis (EDA) involves forecasting energy demand and is
needed lor planning and managing of both energy demand and supply. It s an
integral component ol inlegrated energy plonning and policy and involves compil-
ing data consistently and systematically ocross different seclors and energy ypes,
estimating shoroges and excess demand, and qu-unliﬁllng the various factars that
influence demand in different sectors. There is o difference between energy con-
sumplion and demand. While energy consumplion gives a picture of how much
anergy of different types is consumed for any level of oggregahon or disoggrego-
fion, depending on the dafa availakility ond need, energy demand estimation shipu-
lates how different variables influence energy demand. In Nepal, estmahon of en-
ergy demond has nol been carried out adequately [see Bonskota and Sharma
[1994] for o stedy of energy demand in the manufocturing sector]. Enargy de-
mand estimation is of considerable importance for planning and palicy.

5.8.2 Energy Consumption and Supply Paltern

The outiook of the overall enargy situation in Mepal is fairly bleak. For many years to
come, biomais energy will dominate the overoll energy scenono, and MNepal may

foce a crificol chollenge in raising energy supples. The energy problem in Nepal
sterns largely from the fact that one form of energy (biomass fuel] s being con-
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sumed af on unsustoinable rate, while another potential renewable resource
(hydropower] remains virtually unused,

A central [ssue in the energy scene i the dominance of the household sector in total
energy demand, ond the importance ol biomass fuel in this sector. Aboul 91 per
cent of the tolal final energy used in 1995 was consumed in the household seclor
and the remaining 10 per cent in industry [4.8%), wonsport (2.9%], commerce
(1.4%}, and agriculture (0.78%). About 91 per cenl of the energy demand in 1995
was met from tradifional sources, 7.2 per cent from petroleumn fuels, and one per
cant eoch from coal and electricity, Fuelwood is ane of the principal forms of trads-
tional energy accounling lor over BO per cent of the lolal final energy consumption
in the country,

Estimates Indicote that there is o gop between the demand and supply of biomaoss
energy. implying that excess demand has to be met through overexploitation of
forests. Overexplototon evenlually leads to delorestaton and consequenily soil
erosion, loss in agricultural producthvity, looding, and other problems. The infensity
of this problem varies between different areas in the country. Developing sustain-
abla biomass energy in o country like Nepal has the advantoge of benefithing housa-
hold energy demand in o relatively cheap manner, if the environmental benefits of
incrensed biomass supply ore laken into account. Improved monagemen! of biomass
energy (both demand and supply] on a lorge scale musl, therefore, be an integral

part of overall energy planning in Mepal.

Consumption of commercial energy in the country s growing more rapidly thon
consumphion of troditional energy, although the consumption lavel i shll very low,
The low level of commercial anergy consumption (petroleum products, coal, and
electricity) s a clear manifestation ol the country's lock of industrialisotion and low
lavel of development. As the non-agricultural seclor beging fo contnbute an in-
creasing share to tolal GDP the availobility of a cheap and rebable energy supply

will be very important.

In contrast to the wuibon areas where scope for inter-fuel substdution exists, the
possibdities lor substituting fuelwood by commercial fuel in rural arees are fairly
limited. There are several reasons for this. First, fuelwood is nommally collected dur-
ing the slack season ot no cosl other than the labour hme, the perceved valua of
which is low in many rural areas given the lack of olternative employment opporiu-
nities, Second, rural households use different types of energy in o complementary
manner (lor exomple biomoss fuel for cooking and kerosene exclusively for light-
ing). This complementary energy use indicotes o limiled scope for inter-fuel subati-
tution. Third, rampant poverty, populafion growth, and o low level of education will
remain as major impediments io switching rural households from fuelwood 1o higher
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cost commaercial fuels. Even if the cost of wood increases as o result of scorcity, it is
unlikely that it will be substituted by modem fuels given the possibilities for using
other biomass fuels such as crop residues and animal dung. This is cormoboroied
by the findings of the present study that the trarsbon from fuelwood 1o other sources
of biomass fual fogricuftural residues ond animal dung) is more pronounced in
rural Teroi areas, whereas o fronsition from fuelwood to commercial fuel is ob-
served in urbon aregs, especially in the urban hills

Even though there appeors to be abundont polential lor hydropower, aclual gen-
erotion hos remaoined o dream with less than 260MW generated ot present. The

slow poce of tronsition from trodiional 1o commercial fuels, parficularly the lack of
exploitation of the vast hydropower potentiol, indicates that planning and policies
in this sector have been inodequate to provide incentives for invesiment. Lately,
policy relorms have token ploce with the intenhion of aftracting the privale sector.
However, given the overall poverty in Nepal, the private secior will not be able to
underfake large-scale projects, and the policies should be designed to atract for-
sign investments, India has o huge energy delicit so there will alwoys be o market
for electnicity, and planning needs 1o be done accordingly.

In @ country like Nepol, the imponance of energy demand and supply manoge-
mant may ba seen from three diflerent viewpoints, In the first ploce, biomass energy
{fuetwood, ansmal dunq{ ogricultural residues, loddear) constitules the major source
ol enargy for meefing household energy needs. Second, despite commercial energy
occounting for less than 10 per cent of the total energy demand, it 1okes o heavy
loll on the noton's limited foreign exschange samings. As o result of poor mocro-
economic policies [trade delicit and depreciating eschange rate), there is on on-
nual increase in real growth in the foreign eschange reserves used for commercial
energy. Third, potential energy reserves remain largely unexploited despite being
lorge. Hence, energy demand canlinues fo grow a3 the population grows, but the
supply from domesfic sources remains largely undeveloped ond poorly managed.

58.3 Renewable Energy Technologies

The development of other RETs in Nepal is stll in the fledgling stoge and generally
expensive and beyond the reoch ol the common people. Sococultural and eco-
nomic barriers have hompered the odoption of RETs on o lorge-scale. In the past
the implementation of renewoble energy projects has not been very effective or
encouraging. The issues thal have emerged reloted fo the development and pro-
maobon of RETs can be broodly grouped into:

e« social issues [non-acceptance of the technology);

» plonning and policy issues {lack of willingness ot the policy level);
s nsttubonal issues [non-exislence of responsible coordinating bodees);
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s financial issues (high inifial investimend);
* technicol issues (weok infrastructure); ond
s  manageral issves (lack of marketing skills).

The most striking issue has been the gop in coordination and inter-crganizational
communication betwean agencies dealing with the planning and implementation
of renewable energy projects. As o resull of the lack of such coordination, most of
the problems remain unattended ond hove odversely affected the production ond
promotion of renewable energy lechnology devices. This has also affected the in-
troduction of other renewable energy lechnologies that have scope for promation.

5.8.4 Energy Efficiency lssues and Options

The prevailing patierns of biomass energy use ore choraclenised by extersive pro-
duchon with ineHficsent and irmokonal supply manogement, diversion of crops and
lvestock residuos from soil lertlization, and highly inefficient combustion of biomass
fuels. As a result the country’s gross biomass energy consumption ociually reflects
a low utlsation of useful energy (energy efficiency only 14%). The greatest ineffi-
cency in the anergy system occurs in the end use. In general end-use energy
efficiencies are low by world standards. Thus the resource costs of many activities in
Nepal are non-competitive af o higher level. Technical inefficiency in energy end use
occurs in the household, commercial, and institutional seciors.

The transport sector, which is primanly @ private sector activity, operotes more effi-
ciently than other energy consuming sectors. Nevertheless, some of the inefficien-
cies prevailing in this seclor include excess trucking capacity and hence
underutlsaton of trucking copital, relofively high fransport costs as o resull of tha
lock of larger vehicles, and a low level of expenditure on road maintenance.

In the household sector, biomass stoves are both inefficient and o serious harard 1o
health. Dung and agncultural residues ore the least efficient and most polluting.
Even kercsens sloves operale ot low efficiency. In the commerciol sector both
biomass coaking stoves (in instituhions) and kercsene stoves (in tea shops) operate
al low afficiency. Most of the elecirical energy supplied for spoce healing and cool-
ing and |llumination is wasted as a resull of high peak power demand ond useless
use of electricity. In the indusirial sector, eleciricol use and reaciive power lows are
high becouse of inelficient lighting systems and molor pump compressors,

585 Options for Improving Energy Efficiency
Poverty, population growth, and low levels of educofion are the main impediments

to improving energy efficiency in many developing countries, indluding Nepal, This
imples that energy elficiency policies should be directed to thess serious problems,
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Pricing is extremaly important for the efficient use of energy. Energy price distorfion
and related problems are an obstocle 1o efficient pricing. The market structure of
energy in Mepal is dominated by the pora slale entities, especially in the oll and
electricity sactors. It is essenfial lo commercialise the energy supply companies, o
increase productivity, to provide incentfives for confinued productivity, %o allow more
independent governance, and 1o achieve full cost recovery.

While market forces are deemad important for promoting economic efficiency, the
presence of a significant amount of unpriced energy (i e ; biomass fuels) reduces
the impact of these. Use of this unpriced energy can have o significant environmen-
tal impoct ond environmenial cost. But there iz no direct way of induding such
effects in price estimates. The problem s poriculordy cpporent in MNepal, which
does nol have any Institutional mechonism to oddress such foctors or internalise
environmantal costs,

There is an urgent need to develop and enforce efficency standards bosed on
ogreements with monufocturers and producers. Incentives to consumerns fo con-
serve enargy (such as preparing o demond side management programme) should
be combined with incentives to producers to parform RAD and produce markat
technologies.

Bath increases in the price of energy ond changes in technology con leod to im-
provements in energy use. Promoting the aodoption of more efficient energy lech.
nologies requires o variety of policies %o encouroge end users and producers fo
improve efficiency while reducing environmental problems. First, it is essentiol fo
obolish subsidies for energy production and consumplion. The rationole for subsi-
dising any energy price is o provide benefis 1o the poor, but as long as the poar
have a limited choice of energy, price subsidies are not likely fo ochieve the desired
result, It is difficult o target the poor exclusively, and there are mare importont vses
of government funds than energy to help the poor. Second, supporting private/
public partnershups and RED i equally imparant for lostering the disseminafion of
energy efficient technologies. Third, tronsport and indusirial policies are needed
thal promote the development of efficiant tachnologies. Finally, there is a need to
infernalise environmenial costs through lases and fees.

5.8.6 Policy Planning and Institutional lssues

Rural energy ssues in Mepal are not well mtegrated info rural development pro-
grommes. The lack of complementary investment action limils the prospects for
successiul implementation of the rural energy plon and programme. Nor is there
any agency ot the micro- or macro-level that deals solely with the development of

the rural energy programme in an integroted fashion.
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Although WECS s performing assessments of rural energy consumption by fuel
ond end-use types, there is no direct coordination in energy planning ond imple-
maeniotion between institubions. Inshtutional responsibility for the energy seclor s
spread over many entihes which include minstnes, line ministnes, ond sector and
subsecior enfiies. Thus rurol energy issues are baing addressed in o non-inlegrated
foshion by these individual ogencies. There s virtuolly no coordination between
institufions on programme inlerventions, implementation, or moniloring. There is
no comprehensive rural energy planning o3 such in Nepal. Although a perspective
energy plon hos been formulated for the energy secior os o whole, a3 yot no long-
term plans have been developed for the rural energy sector. In the absence of such
a plan it is difficult to make estimotes for future allocation decisions in the rural

energy progromme.

Rural energy planning caolls for os much funclional devolution as possible through
porticipalory opproisal fechnigues (process leaming opproach)] in planning, de-
sign, implameniotion, and monitoring and evaluation. The biogos, micro-hydra,
and community forestry programmes, and their success, demonstrate thal proper
intervention can break through by capitalising on the local indiganous capacity for
group organization, credit mobilisation, ond development of entrepreneurship

Howaver, many inferventions have been less successful. The improved cooking slove
programma underfoken by the forest depariment was driven primarily by central-
ized lorgets and limited o o single technology. There was no pracess leaming, no
monitering ond evaluation, and no decentralised strategy using local enfrepreneur-
ship or talent for group formation. As such the national programme was bound fo
receive' o satback when donor ossistance was reduced.

Finally, HMG's recent policy of decentralization will have an impariant infleence on
rurol development and hence rural energy planning. There has been significant
development in this policy recently with the implementation of various programmaes
al the villoge development commitiee level.

5.8.7 Reforms Meeded in the Energy Seclor

The role of the govermment in the changed situabon must focus on formulating
indicative planning, regulating natural monopolies, and creating on environment
for competifiveness. Markets that can be made competitive should be deregulated.
These include the fields of generahion and distribution of elecinicity, impartaton and
distribution of petroleum products, and markefing of luelwood and other tradecble
commaodities. The private seclor can parficipate in o variety of ways in the energy
sactor, especially in producfion and distribution, and con help the government Io
free resources needed in other seclors. Monopoly in the ownership of energy indus-
tries ond manogement must be reduced wherever possible. There ore, however,
cerioin notura! monopolies or legally protected monopolies where regulohon should
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oct o3 o market subshitute and management efficiency should be fosiered by the
government.

58.8 Finonce and Investment lssues

The process of energy translormation is capital intensive. Nepal ‘s ability to hamess
ity energy resources is confingeni on the flow of capital invesiment. Slower eco-
nomic growth means thot there will be significont decline in energy investment in
relation to GDP The combination of subsidised prices and poor economic perorm-
onca hos mode it difficult o attract privale savings, leaving the public seclor with
the responsibility for rosing the necessary resources.

In Mepal, the challenge of financing rural energy programmes is exaocerbated by
the characteristics of local investors - individual households or groups with limited
omsets and shills. The supphers of technology also restrict investment transactions
These players in the rural energy market are often small, have limited financial
markets, and are ofen limited in their experience ond experfise. At the same time,
the scale of intervenfion is foo small io support the market presence of mony com-
mercial suppliers.

There is o need for the occessible presence in the market of suppliers of both equip-
ment technology and know-how (technicol intermediation). If there is o group in-
volved in rural energy supply, there will olso be o need for social erganizational
intermediafion to assist m the crealion and strengthening of the institution. This is
especially imporiont for ensuring the sustoinability of the rural energy system in
MNepal because of the evolving roles of user groups, YDCs, and local NGOs.
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Chapter 6

Pattern of Energy Use in the HKH
Region of Pakistan

by
M. Abdullah and K. Rfal

6.1 Intreduction
6.1.1 Country Background

Pakistan haos on area of 794,095 sq.km. ond an estimoled population of 128
million (in] 995} (Sharma et al. 1997). The population growth rote remains rapid
at around thres per cenl per annum. The country contains different physical re-
gions, a) the western off-shoot of the Himolayas which cover its norhwestern ports,
b) the Bolochistan Plaleau, c the Potohor Ploteou and Salt Range, ond d) the Indus
Plain, the most fertle ond densely populoted area. The River Indus, which arigi-
nates in Tibel, flows through the Karakoram range, Gilgit, Swat, and Attock, and
from there it enters the plains of Punjab, proceeds through Sindh, and finally enters
into the Arabion Sea. About 61.5 per cent of the country is mouniainous with the
Himoloyos and Korokoram Mountains in the north and the Suloiman ond Brouhi
ranges in the wast

The climate varies from region to region. The north and western mountain ranges
are exremely cold during winter, while the summer months - April to September -
are pleosont. The plains of the Indus Volley are very worm in the summer end cold
and dry in winter. 0 the south the cimate is temperale most of the year. Pokiston
has on agriculural economy with a large network of imgation canols. Wheat, nce,
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coton, millet, and sugarcane are the main crops. The principal fruits are oranges,
mangoes, banonas, and peoches. The moin mineral resources are notural gos,
coal, salt, iron ora, morble, copper, and chroma ore. The per copite income is
obout US § 350 per year (GOP 1994), About 4.8 per cent ol the iotal land area is
covered by forest, with 1.12 million hectares of preduction forests and 3.15 million
heciores of protection forest [FSMP 1992)

Administratively, Pakiston is divided into four provinces: Punjab, North West Fron.
tier, Sind, and Belochistan. The Provinces enjoy o large degree of autonomy. The
Neorthern Areas and the Federally Administered Tribal Areas (FATA) are adminis-
tered by the Federal Government.

46.1.2 The Energy Situation in Pakistan

The icial final energy consumphion in the FY 1994/5 was 1,929 million GJ. Fifty
per cant of the tolal energy is oblained from biomass fuels, out of which fuslwood
spplies 59 per cent, ogriculhural residues 22 per cent, and animal dung 19 per
cent, The main commercial sources of enargy in Pakistan are notural gos, oil, coal,
and hydropower. Pokiston imports pefroleum, LFG, and coal fo meet its energy
needs. The import dependency, the ratio batween imports and net supply, increased
from 28 per cent in 1991 fo 42 per cent in 1995,

The proven ond estimoted reserves, energy supply, ond consumption of different
fuel types ore shown in Table 6.1. Ofl and gos comprise 59 per cent of the proven
reserves of commercial fuel, but only 14 per cent of the estimated reserves. Coal
comprises 3% per cent of the proven reserves of commercial fuel but 84 per cent of
tha estimated reserves. The estimated hydroslectricty potental is 30,000MW. The
number of slectricity consumers has been increasing ot o rapid rale as o result of
urbanisation ond wiloge slactrification. Thore was on averoge annual growth of
10.6 per cent in the number of consumen between 19460 and 1994, Tha genero-
tion capacity is insutficient to meet the demand all year round. At times of low river
flows, lood shedding (scheduled power cuts) hos 1o be resomed to during peak lood
hours.

Ol and gas remained the lorgest energy componants, fogether coniributing nearly
77 per cent of the tatal commercial supplies. Indigenous oil production supplied
obout 42 per cent of the total oil consumed, and the resl had 1o be imported ot o
cosi of nearly 1.2 billion dollars. Notural gas contributed significantly, supplying 35
per cent of the fokal energy from commercial fuels, In arder 1o enhance the avail-
ability of naturcl gas in the country, @ Memarandum of Undersianding (MOU)
worth §7 billion hos been signed with Glator and Iron for import of gas (GOP
19968). An MOU hos also been signed for importing gas from Turkmenistan.
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Table 6.1: Energy Supply and Consumption, FY 1994/95

Touroay Units Estimated Proven Energy Final
Reserves Resarves Supply | Comumption
Od Million GJ 2448 947 [ 463 |
| Gen Millian GJ 47451 20681 579 283
Cool Milkan GJ 272695 14328 20 78
Elecmery Millon GJ 193 1432 |
Hydro 500 (5] &1
Thermal E 1a 81
Biomas Maloa G i el
-Fuelwood a7 574
—Agricubum! Revidue 309
-AnimalDung ki 184
Tetol Mkon GJ 17594 35458 1378 1929 |

Souvroes Homadansd 15794, HESS Report 1751, Folision Enegy Year Book 1775

The two seciors that consume the most commercial energy are the indusinal ond
transport sectors, which consume 38 per cent and 31 per cent of tolal commercial
energy respactvely. The household sector occupies the third posihon with o share
of 19 per cent. The iransport secior is heavily dependent upon high speed diesel
[78%) and motor spiril {18%). In the industrial sector, 46 per cent of the energy
consumed is provided by gas, followed by oil with o share of 22 per cent, coal with
20 per cent and elsciricity with 12 per cent. Gos supplied about 55 per cent ol the
tolal commercial energy used in the household sector and elecincity 29 per cent,
The two main sources of commercial energy used in the ogrcultural sector are

elactricity (65%) and ol [35%).
4.1.3 The Hindu Kush-Himalayan Region of Pakistan

The mounigin orea of Pokistan covers the greater part of Balochision (the western
mountains) ond the North West Fronlier Province ([NWFF), the Northern Areas, the
Federally Administered Tribal Areas (FATA), and Azad Jammu & Kashmir (AJK) (the
northern mountaing). The Norhern Areas, FATA, ond AJK are completely moun.
tainous, and 20 of the 24 districts of Bolochatan and 14 of the 21 districts of the
NWFP are mainly mountainous. The mounlain areas together account for obout
477,000 sqkm._, or 40 per cent ol the tolal land area of the country. In 1981,
when the lost census was conducted, these areas hod 17.4 per cent of the tofal
population of Pakistan of that fime. The estimated population in 1995 was about
24.2 millon, or 18.2 per cent of the tolal estimated 1 995 population. The popula-
hon growth rates in the mountain areas vary; the rales being higher in the moun-
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tains of the NWFP Balochistan, and the Northern Areos {in excess of 3.5 per cent],
and lower in AJK. FATA experienced negalive growth between 1972 ond 1781,
There is no information on the growth roles from 1981 1o the present day.

The two main mountain regions of Pokistan — the western dry mountains and the
northern mountains (Sharma ef al. 1997} — display very disfinct geoclimatic con-
ditions, resources, demographic characterstics, ond population resource relation-
ships, which hove implicohons for sustainability,

T Waihr | Niialidabrs ot Rallackias

Balochistan is the largest of the provinces of Pokiston ond contoins over 43 per
cenl of Pakistan's land area. Its terrain becomes increasingly mountainous from
the south-south-west o the north. The highlands comprise three distinct geographical
regions: the Himalayan mountains and adjocent regions to the north, the Suloiman
range and its exensions in the centre, and the Balochistan ploteau proper to the
west. The latter is the eastern extension of the lranion platecu. The vaolleys in the
highlands generally lie ot heights of between 1,000 and 2,000m, the highest peak,
Loe Sar, lies ol 3,520m (Shorma et ol. 1997). High and low mountains, gravelly
fons and terraces, and the Piedmont Plain logether comprise roughly 85 per cent
of the total orea of Bolochistan, Temperotures can vary considerably, the winter
temperalure in the high valleys may foll os low as -20°C while in summer the tem-
perotures may soor os high os 40°C. Summers in general are mostly dry. Rain
mostly folls in the winter. Rainfoll varies from about S0mm in the south to about
400mm in the north. Aridity is the most pronounced climatic characlenistic of
Balochistan, Only about 1.7 million ha [4.9 per cent of the lolal land areo) is
cultivated at all, and only about two per cent of the total land area is cultivated at
any one fims, mainly as a result of the scorcity of water, Forests cover 3.1 per cent
of the area. However 70 to BO per cent of the stote forests are gross and shrubs
(BOS 1996). Rengelands are the most exlensive land-use category in Bolochistan,
covering some 30 million ha of the total geographical area of 34.7 million ha

Balochiston as a whele had o population of 4.3 million in 1981 with on annual
growth rote of seven per cent batween 1972 and 1981 Tha estimated population
in 1995 is 7.4 million with on averoge onnual growth rote of 3.8 per cent, The
gross density is only 21,/km® and the density in rural amas is around 12/km?. The
population is largely llderate. About eight per cent of the population lives in poverty
[Sharma et al. 1997].

Agriculiure, including animal husbandry, is the main activity and, in 1981, involved
&% per cent ol the labour force. Crop produchon and horiculiure, however, are
heavily dependent on imgation, which in tumn requires consideroble extroction of
the groundwaler resources. In recenl decodes production of horficultural crops
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has increased significantly, expansion ol orchards is estimoted ot seven per cent
annually. Balochistan produces over BO per cent of the fotal produchion of olmonds,
apples, apricols, grapes, ond pomegraonates in Pokisian,

The province has considerable mineral wealth, |t produces natural gas, coal,
chromite, lead, sulphur, and morble. Natural gas wos discovered ot Sui in Kachhi
destrict in 1952, There are estimated 1o be four Irillion cu.ft. of recoveroble re-
sources of natural gas in the province. Gas s piped from Sui to oll majer cities in
Pokision, There ore cool reserves ot a number ol places in the province, with a total
of 33 million tonnes of measured reserves. Chromite is mined af Hindubagh, mastly
for export. Good quality morble is found ot Dalbandi and Chagai. Sulphur is found
ot Koh Sultanin Chogai.

The Morthern Mouniging

Broadly, the northern mountains comprise the area covering principal parts of the
Morth Wesl Fronher Province, FATA, the Norhemn Areas, ond AJK. Thus they in-
clude ports of the Himalayas, the Karokorom, and the eastern edension of the
Hindu Kush mountain ranges. The high Himalayas oct os a borrier to the rain-
bearing monsoon winds. The mountain ronges comprise a chain of high mountain
peaks crowned by the Manga Parbat ot 8, 126m. The relatively low elevation moun-
tains of Azod Kashmir, Hozara, Swot, Kohistan, and Dir also belong to this chain.
The Karakorom and Hindu Kush ranges are colled the trans-Himalayan ranges.
The region contains some of the world's largest glaciers (Sharma et al. 1997). The
*northern mountains have a wide diversity of climatic feotures. The climate in the
valleys of the Karokoram is dry with harsh winters and meagre life support systems.
Precipitabon s mainly in the form of snow. The precipilation decreotes io the north
to about 125mm annually. The southern aspech of the lower Himaolayas receive
some of the heaviest precipilation. All the principal rivers of Pakiston originate or
pas through the northemn mountains. They conshitute the main source of water for
irrigation os well as for hydropower generation

The total population of the NWFR FATA, the Morthern Areas, and AJK in 1781 was
gbout 12 millien (excluding the approxdmaltely 2.5 million refugees from Afghaoni-
stan). The 1994/95 estimates indicate o populotion of about 18.7 million, but
these figures do not include those desplaced by conflicss in neighbouring Alghani-
ston growing ot o rote of about 3.3 per cent per annum. The population density
was aboul 69/km® in 1981, and obout 107/km? in 1994/95. The Northam As
eas are relotively sparsely populated, with o density of anly 12/km®. A nolable fea-
ture of population in these mountains is the high inferprevincial migrotion. There is
a relatively low urban growth rate indicating a low rate of rurol 1o urbon migraton
(Sharma et al. 1997).
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The NWFP FATA, Northern Areas, and AJK together have an area of about 174,000
1q.km. The mountain areas contain 40 per cent of the forest in Pokiston. In 1993,
17 per cent of the area of NWFP is estmated to be under forests. Within the NWFP
wai percentoge of area covered by forest i higher in relatively wet mountgin dis-
tricts such as Abottabad (32.46%), Monshera (65.8%), ond Batigrom [41.8%). In
recent years there appears to have been some increase in ogricultural area, while
the area under forests may have declined slightly. In contrasl, only four per cent of
the Morthem Arecs is coverad by lorest, The propartion of cultiveted lond is olso
miniscule (less than 1%) as is the proportion of culvoble waste (also less thon 1%),
largely os o result of the rough terrain, low rainkall, and the problem of irigation.
The orea under forest in AJK is relatively high (41%), as is the cultivated area {13%).
The vegelation cover in this area is much beter, lorgely os a result of the higher
rainfall.

The 1981 census showed a literocy rate of | 7 per cent for the NWFP with a female
literacy of only &.5 per cent. Mountain districls such os Batigrom, Kohistan, ond
Shangla Par had total [teracy rotes below five per cent. The 1991/92 estimales
give wban literocy at 36 per cent and rural literocy af about 13 per cent. There hos
been no significant change in lemale lilerocy since then, The NWFF and the Morth-
&m Areas have some of the highest levels of poverty in Pokistan. In 1991 the aver-
oge poverty level in the rural areas of the NWFP was reporied fo be 21.4 per conl.

There i lithe monufocturing, The imporant indusiries within the NWFP province
ore sugar refining, fruit canning and preservation, and lobocco curing. Other in-
dustries include cement, adible oil, lextiles, and grain milling. The province s nch in
mineral resources. Coal, limestona, and marble are mined and emeralds are found
in Swat. There is a great potential for producing hydroeleciricity within the province.
Tarbela, Warsak, Maolakand, and Dargai are the main hydroelectricity stations al
praseni. They produce nearly 3,7460MW of electricity The province has o small
reserve of coal ot Hangu, which is estimoted at B1 million tonnes. There are no
reserves of oil or gos in the province.

6.2 Energy Resource Base and Supply Situation
merci n

A prasant only 25 per cen! of petroleum consumed in the country & produced In
Polistan, the remainder is met through imparts costing 1.2 billion US dollars per
annum. Almaost 12 per cent of the lokal petroleum fuel is consumed in the moun-
toin oreos, which possess only 1.5 per cent of recoverable reserves. The rato of
recoverable reserves to production of oil indicales that the reserves wall last for only
10 yeors. However, there i3 o big gop between the proven reserves and the esh-
mated total polential resources (Table 6.2). The gos supply in Polastan is mainly
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domestic. Thers is about 0.85 million m* of proven gos reserves, of which one-third
is in the mouniain areas (primarily in the wesiorn mountains in Balochistan). The
ratio of recoverable reserves to production ol natural gas indicotes that the reserves
will last for 33 years in Pokistan and 12 yeors in Balochistan.

Table 6.2: Potential Resources and Proven Reserves of Conventional
Commercial Energy Forms in Pakiston

Energy Forms Polendial | Proven Balonce | Production Rotic of
Resources | 5o fad | Recoveroble | FY 94/95 Reserves o
Rosorves Production
Qil rmidleoe barvly) 40,000 515 198 195 10
 Geos prilon cu_ m 567  0.85 0,595 6017 33
Cool prillion tonnes) | 184,655 1 684 30 554
Hydropowar [MW] 30,000 4,734 4 724
Mountoin Areas g
[ Cl million bomeh) 3 19 0 1
Gas (irillion co_m 0.303 0,114 0.0085 12
Caal {million soanss] 54 i #74 a2
H OO0 4.7 4,725
Sources: Rass (1995): HESS (1793); PoMP () 9921 Pekrson Enargy Teor Book (1 998)

There are 1,486 million tonnes of proven reserves of coal in Pokistan, of which o
little more than three per cent is in mountain areas. The ratio of recoverable re-
serves fo production of coal is more than 500 for the whole of Pokistan, but only
32 in the mountains. Though the potential resources of coal (184 billion tonnes)
are vast, the quolity of thete reserves is low [ronked as sub-bituminous to hignitic).
The biggest deposit (1 75 bilkon lonnes) i located in the Thar desert and is o low-
grode lignite.

Biomoss

Biomass fuals - wood, shrubs, dung, and agnicultural residues - are the main cook-
ing and healing fuels used domeshcally by B7 per cent of the rural and &5 per cent
of the urban households in Pokistan, In the mounigin areas, 78 per cent of rural
and 75 per cent of urbon households depend on biomass fuels (HESS 1993).

Forest Resources

Public forest areas in the mountains [746% of lolal forest area in Pakiston), including
coniferous forests (58%), scrub [33%), riverine forests (1%), farmiond frees [4%),
and imgated and linear plonfation (4%), provide most of the wood required for
household and industrial purposes within both the mountoins and plains of Poki-
stan (Table 6.3). About 14 per cent of the northerm mountain area is covered by
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forest, although there is o significant variation in forest cover, from 15 1o &0 par
cent of district level. The northem and western mouniains contain B2 ond 18 per
cenit respectively of the total forest area in the mountains. Coniferous forests (70%)
and scrub (21%) dominate in the northarn mountains and scrub forest (B5%) in the
western mountains.

Table &.3: FSMP Estimates of Feres! Area in Thousand Heclares

Description Western | Marthem Tatal Pakiston % in
) = Mountaing | Mountaing | Maounfaing Tatal Mountgins
Caoniberow Fonest [Fi 1,841 [J-TE] 1,913 8
Scrub Toswat 504 555 1,059 1,775 40
Riverne Forest 20 14 34 73 20
Wangrove Focest ; 0 -3 207
Formband Tress i -] 1048 Ad8 3
Linear Planiolion fimi/Misc] 1 132 133 274 4%
[Total Formi 5v2__| 2,625 3217 4234 76
Hgﬁd Area 719 | 18544 53,243 B7 . ¥BO &1
% Foseit Cower 1.7% 14 7% % 4 %

Irri = wvigakon; Misc = Macelloneous
Source: FSMP, Vol 1 (1992)

Wood is harvested under prescribed yields from regulated oreas. These areas cover
the following proportions of forests in mounfain areas under the control of the
Forest Department i) NWFP (53%); i) Balochision (none); Northern Areas (9%);
ond AJK [100%). The recorded annual oulput of fuelweod in thase oreas is: 1)
NWFP {14,000 cu.m.); i) Balochistan (1,000 cu.m.) Northern Arsas (1,000 cu.m.);
and AJK (none). It is clear, however, that a lol more than the recorded output is
being removed from public forests, but no records exist of how much is actually
being taken (FSMP 1992; Sheikh and Jon 1992). For example, the recorded an-
nual output of fuslwood in the NWFP mountain area is 14,000 cu.m., whereas the
estimated consumption in the household and industrial sector is about five million
cu.m.. Fuslwood is either collected free of cost or purchased from the market. The
fuelwood market is entirely in the hands of private froders, and there is very little
scopa for the government to regulate the price of fuelwood.

The estmated potentiol annual sustainable yeld of wood from present forests is
shown in Toble 6.4, Coniferous foreats contribute almost 51 per cent of the esh-
mated potential supply in the mountains, farmland trees 25 per cent, and scrub
forest nine per cent. Farmland trees ond scrob forest contribute 72 and 19 per
cent respectively of the tolal susicinable yield of forest in the western mountains;
whereas in the northern mountains coniferous fores! contributes 55 per cent, form-
land trees 21 per cent, and scrub forest eight per cent.
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Table 4.4: FSMP Estimates of Forest Growth in

Thousand cu.m. Per Annum
Dascriphion Wastern | Mortharn | Total | % of totel in|  Pakistan

4 Maouniain | Maunigins | Mownlains | Mownboins A

[Confteraus Forest _' 1,375 3,237 we 3,282
Scrub ol [} ddd 545 W1 598
Hrorine Forest 40 37 77 11 7]
Mangrove Forest 0 0 ] 0 il
Farmland Trees 391 1,154 | 585 16 9,703
|Linsar Plontation [leri/iia 4 ] 4 >0.2 2,112
{Total Growt 545 | 5827 8,347 ® 18,475

h-ini-g-nﬁmn;"-:-”-'uﬂuﬂnmtu
Sowme: F5MP, Vol | (1772}

Qther Biomoss Resources

Crther biomass resources [agncultural residues and animal dung) are being used
inr:riuur‘-gh' in the mounlain areas os o result of the Increasing deficit in wood,
There are no proper estimates of the potential supply of these residues, but various
studies [HESS 1993; Rijol 19%éa; Romani et ol. 1995) hove indicaled that they
have competing uses os fuel, fodder, and ferfilizer. The tendency of diverting these
residues info fire fo meet cooking ond heoling needs instead of using them os
fodder and fartilizer is one of the critcel concerns in the mountoin areas of Paki-
sfan.

Commarcigl Energy

The commercial energy requirements in the mountain areas of Pokistan are cur-
rently mel by imported and domestic oil, natural gas, imported and domestic coal,
and hydroeleciricity power. In general, the potential supply of indigenous fossil fuels
in the mountains is not ugnificant and cannot meet the increasing energy demond
in Ihe orea,

There is no odl production in the mountain areas and thers is o uniform fued price
for oil produch. However, there may be problems of availability in distont mountain
oreas, and studies have reported lower prices and substontial subregional price
differences lor diesal and kercsens in the western mouniaing a3 a result of smug-
gling of these products from lran.

The mamn gas fields in the mouniain areas are located in the western mouniaing in
Sul, Pirkah, and Loh. The annual production of gas from these fields hos remained
neorly constont at 325,000 le 350,000 milken cu.fi. anncally during the last five
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years [Fokistan Energy Year Book 1995). There are 4.1 willion cu. ft proven recow-
erable reserves of gos in Bolochision. At present there is on installed copacity of
100MW of thermal power generofion from gos and 5,293km of gos distribution
pipeline in mountain oreas (0% in the northern and 40% in the western moun-
tains). The pipeline represents lass than 13 per cent of the tolol gos distribution
network in Pokistan, reflecting the difficulty and price of laying gos pipelines in this
areq.

Coal production in the mountains in the FY 1994/935 amounted to 1.6 million
tonnes, of which 97.4 per cent was produced in Balachistan, There are 54 million
tonnes total estimoled reserves of coal in mountoin areas (Poracha 1987 DMP
1994). Two small turbines with o copecity of 7. 5MW each were installed in 1964
at Guetta o utilise Balochistan coal,

The northarn mountains are rich in hydropower resources. According o some es-
fimates, these areas hove o potential of 30,000MW. In the FY 1994/95, the lotal
installed copoacity from hydropower was 4,726MW (40% of the total instolled co-
pacity for electricity generation in Pokistan) generating 22,858GWh. In the same
year mountain areas consumed 8,245GWh, making them net exporters of elec-
fricity. Thoare ara 3,042km of transmission line in the NWFP ond 2,458km. in
Balachistan, together represanting 20 per cent of the total length of fransmission
line in Pakistan, ||I||-g|;| conneclions, theft, and th defaulters (those nol paying
alecinicity bills) are common features. This results in transmission and disiribubion
losses in excess of 25 per cent. The system lood factor is 42 per cent because ol
fraquent load-shedding.

The Master Plan for the development of small hydropower identified 221 sites for
small hydroeleciricity schemes, oul of which 116 sites were considered feasible.
The total polential of the feasible sites is about 400MW. During the course of stud-
ies ond lield investigations for these schemes, o huge potential was cbserved for
medium ond mojor hydroeleciricity schemes on the tribularies of the River Indus.
The total identilied potential of medium hydroslecincity schemes is 770MW, rang-
ing from 10MW io 150MW [SHYDO n.d).

New gnd Renewable Energy Systems

The mountain areas of Pakiston bave on enomous potential for mini- and micro-
hydropower [MMHF], tololling about S00MW. MMHP plants have been quite suc-
cossful in the mountoins, and there are obout 245 plants in operation installed by
various govemmen! ond non-govemment organizotions (SHYDO nd). A? some
plants local communities have sat up coltoge industnol units which operate during
the doy transmitting power directly from the shaft of the plants.
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There is 0 great potential for using solor energy. Ten solor photovoltaic power sta-
tons with o total of 193 54kW inlalled in the NWFP and Balochistan, however,
o oul of order, and hove not been in working condition for a long time. And no
serious aflort has been mode os yet by any agency te work on solar cooking or
solor woter heating devices {Pokiston Energy Year Book 1995).

There appear fo be two promising oreas for geothermal power. These are the Chagai
Volcanic Arc in the western mauntains and the Himaleyan Thrust Zone in the norh-
ern mountains. The amount of power that mighl be leasible is about 1,000MW,
but serious effort is required to assess the potential fully (Roza et ol 1995; Bender
and Raro 1795)

A vanety ol designs for improved cooking stoves proven efficient under laboratary
conditions have besn found 1o be umauitable in the feld. 5o for, about 85,000 fuel
efficient cooking sioves have been distributed to various parts of the NWFP by the
PCAT The fuel efficiant cooking stoves hove bean only moderately occepled by the
rural populoce, ond a lot of elfont will be needead for wider distribution,

About 4,185 biogas plants have been installed in Pakistan in the past, 1,243 of
them in the NWFP. Balochiston, and AJK (Pakistan Energy Year Book 1%95). Most
of these plants were of the floafing drum type [populorly known as the Indian de-
sign). Very lew of the plants are in operation, however, and the biogos progromme
can be said 1o hove failed miserobly in Pokisian.

6.3 The Energy Consumplion Pattern in Mountain Areas

There is reliable informotion over lime on energy supply and consumpfion of com-
mercial fuels. Preliminary estimates for the supply ond demand of frodifional fuels
have olso been made in the Household Energy sector Strategy and Forestry Seclor
Master Plan. These recen! studies show that the total final energy consumphon in
Pakistan is about 1,929 million GJ per annum, 50 per cent in the form of commer-
ciol energy ond 50 per cent os biomoss fuels. The mountain oreos of Pokiston
occount for 345 million GJ, about 18 per cent of the tolal final energy consumed
in Pokistan, 33 per cent in the lorm of commercial energy and &/ per cent biomass
funls

6.3.1 Final Energy Consumplion Paottern by Sector and Fuel Type

The final energy consumplion pattern by sector and fuel type in the mountain creas
of Pakistan and in the couniry os a whole is shown in Table 6.5. The main findings
are a) mountoin areas are much more dependent on biomoss fuels (67% com-
pared to 24%); b in tha mountains the housshold sector consumes mare than 70
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per cenl of total final energy (compared with 24% in Polkisian overoll); c] the per
capita final energy consumption in the mountains is lower thon in Pokiston overall
{12 Gl versus 15 GJ); and d) the per copito useful energy consumad in the moun-
sain oreas is almost half that in other parts of the country since the principal fuel
used in mountain area is biomass which is used more inefliciently than lossil fuels.
These patterns indicaote both the low lovel of the energy supply infrastructure in the
mountains and the lock of purchosing power of the mountain population.

Table 6.5: Final Energy Consumption Pattern, FY 1994/95

Dascription Mountain Areal Par cant of Paokistan
‘000 GJ | Per cent Pokivten ‘D00 G Par cont |

By Sector
Hewsehtlds 445887 il 24 1,043 792 54
Comenaress, Inslihitennl 7491 Y 7 111,595 &
Indiestvial 46 493 14 11 438 137 23
Agricuuim 6,719 7 19 24,551 2
Ti 38,741 11 3 300,744 14
Tipdal 245 231 100 B 1727218 100
By Fuel Type
Biomans Fusl 232834 | &7 24 967,042 | 50
Cooal 4135 2 B 75,735 [
Petroleum Fush 56,38 14 12 441,584 24
Moturol Gos 20,43 [ 7 782 B44 15
Elaciricity 9,604 ¥ 21 142,013 !
Tetal 345,331 100 18 19292181 100
Sources: Siudy silimoles boaed on HESS [1993); FSMP (1993 Pokinton Erergy Yeor Book

[1995].

The majonty of households in HKH areas are rural (B2% in the NWFP 58% in
Balochision). Thus rural communihes control, to a great exient, the overall energy
consumption pattern in the ares, |l is also clear from the data that fuelwood is used
by the majority of househeolds in both urban and rurol oreas (for example 70% in
urban and 97% in rural areas of NWFF),

Table 6.6 shows the per capita comsumption of final energy by seclor and fuel type
in the norfhem and western mountain oreas separalely. Energy consumption per
copita is almost 1.4 imes higher in the weastern mounigins than in the northern
mounioins. Other siriking differences are: o) the housahold sector in the western
mounioins consumaes about BO per cent of tolal finol energy and that in the north-
ern mouniains less than 70 per cent; b) the percentoge of final energy consumed
in the industriol and fronsport sectors in the northern mountains is higher than in
the western mountoins; ond c) both the per copta consumption of and the per-
cantage of tolal final energy provided by commercial fuels s higher in the northemn
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maountaing ihon in the westarn mountaing. The pattem of enargy coniumphion re-
flects both the modequacy of the commerciol energy supply infroshuciune in e

weslem mountoine and the low level of induatno! develapment ond oot ohspor
infrastruciure

Table &.6: Per Capita Final Energy Consumption Pattern in the

Mountains of Pokistan, FY 1994/95

Descrpfion | Westwn Mounksim | Norfhem Maumioing._
By M/ Capia |[ Per cant MU Capta por cant
Eurg! Houssholde 11,998 6k | 2,078 4
 Urton Hausnhalth __%ISL 1 — 7.0 1
| Commertiallimbtisionsd | 313 ' 228 7
Ingdiumn’ — L | 0 [T [
| Agrieilh e Fi'll 1 I35 4
Tramyre 1778 ] 1 335 %
ol [FFLR 10 EFE I 1
By Fuel Type ==
T uslwood 10094 ) 4,504 48
Eithue Biomiss 1 60 ¥ 1,488 Tt
Coal ELE 1 [ .
Patvolaum F sl A 3 I, ¥ ik
Malurst Ges JE0 2 [H] ]
Electracity I i N n _
| Talal AR | 100 10515 i
[ Fre— sn;ﬂmu..dm HIEAS (1780, FSMP [1773]; Pokmban Ermgy Yeot Soos

II

in the mouniain areas, biomass luels conimibute more than 95 per cent of the fotal
enargy contumned in rural ond 60 per cant of that in urban, houtehalds. Thus witl
an ncrecaing rote of urbansaton he conumption of commercal energy is bound
b increase. The industriol sectas in the mountain areas stll consumes 28 per canl
ol tatal energy in the form of bromans fuels, but the ogrcultural sector is dependen
peimanly on commercial fuels if e contribiulion of animote energy is nol taken i
necount. Tha patiem a similar n both the mountaln amas, with naminal vananons

Use of Biomoss Fuels

Toble & 7 snows the annual per capito comumptan of biomass fusls m the moun-
inin oreos by sector ond fuel fypes. The overoge tolal per copito consumpbian is
5tidkg ol hushwood squivalent [66dkg in the western mouniains and 36%ka in the
Aofthern mountans). The patern of comsumption shows two main features. First
the share of fuelwood is lower, and that of ageculiural rendues ond animal dung
tigher, in the northem mouniains than in the wesiern mourtamy This o the resul
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of the higher price poid lor fuelwood in the plains os well as the lock of purchasing
power of rurol mountain communibes, Second, a higher percentage of biomass
fuels is consumed by the industrial sector in the northern mountains (B% versus
3%) as o result of the greater number of cottage industry actiities .

Table 6.7: Biomaoss Energy Consumption Patterns in the
Mountain Areas of Pakistan, FY 1994/95

Descriplion | Western Mountauns | MNorthern Mountains
kg/copila | per cend | kg/capita | per cont
By Sector
Hurol Houwehalds JOd ar 387 K]
LUivhnn Houssholds 280 10 221 2
Industrin 19 3 39 8
Total abd 100 | 389 00
Fusel T
Fushwood 407 91 790 74
| Charcoal 0 1] 7 1
[Agrcuituro! Ressdue 5 [ i 10
Aeumal Dung a7 ] 87 15
Totol 464 100 389 100 |
Sources: Siudy eatmates based on HESS (1993]; F5MP (1992); Pokaton Energy Yeor
Book {1995},
Use of Commercigl Energy

Table 4.8 shows the annual per copita consumphon of commercal fuels in the
mountan areas by secior and fuel types. The tofal ennual per capita comumption
ol commercial fuels in the mountoin areas is 3,842 MJ (3387 MJ in the western
mouniains and 4019 M) in the northern mouniains) of which 70 per cent s pro-
vided by petroleum fuels ond electricity. The different sectors have o similar pattern
of consumphion in both mountain areas. Of the tolol petraleum fuels, only 10 per
cenl is consumed in the household sector, while 69 per cent is consumed by the
transport, 15 per cent by the industrial, and four per cen! by the agricultural sector,
The indusinial sectar consumes obout 35 per cent of lotal eleciricity, while the rest is
consumed by the household secior (26% rural and 10% urban), and ogriculture
(15%]). The agricultural sector in the western mountains has a higher consumption
of electricity, mainly as a result of pumping ground water.

In rural households, the main contributors among commercial fuels ore elecincity
{66%) and petroleum fuels (34%), whersas urban households mainly use nalural gos
{65%) and electricity (21%). The share of notural gas in the urban areas of the west-
om mountains is lugher as o result of its avaidability. The industnol sector in the west-
em mountaing mainly uses cool (41%) ond electricity contributes 186.5 per cent,
whereas In the northem mountaing eleciricity confnbutes about 24 per cent ond cool
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Table &.8: Commercial Energy Consumption Patterns, FY 1994/95

Descriphon Western Mountosns Morthern Mounigim
. Mijcopita | Per cent | Ml/copita | Per cent |
By Sector
Rurnl Households 739 & 558 12
Urban Heowseholds 2.810 15 3,332 14
 Commaroal/Imésutianal 212 & 268 &
ilﬂ.uhl'::" 1,044 31 1,184 29
| Agricy 201 & ‘34 &
':m:l ;$ 1: .:.3:1’: lg%
By Fuel Type Uni/Capio | Una/Capile
Coal g 23 17 7 7
Petraleumn Fuels (igoe) 58 55 45 47
| Notyral Gos jou | 726 1] B4 28
Elacincity [5Wh] 218 17 324 29
Tkl 100 100
kgoe = kg of ol equivalent
Sources 51”@?5 estimotes based on HESS (1993); FSMP (1992); Pakiston Energy Year Book
[ |

only 3.5 per cent. The agricultural secior in both mountain areas yses mainly elecinc-
ity (68-71%) and petroleum fuels [25-32%). All these pottens reflect the prevailing
supply situafion in the mountain areas. Elecincity ond kerosene ore the two most
commaonly used ‘commercial’ fuels in both areas. In the NWFP B5 per cent of house-
‘holds in urbon oreas and &1 per cent in rural areas ore linked 1o the electricity grid.
The corresponding figures in Balochision are 36 per cent for urban ond 23 per cent
for rural households. Karcsene oil is used by 90-100 per cent of households in both
rural and urbon areas of the NWFP ond Balochistan. Kerosene oil is used by the
majority of households (mostly rural) for lighting purposes. Some households also use
it for cooking. The type of fuel used is influenced by the dispesable income of the user.
In urban areas, the share of traditonal fuels used is 77 per cent in low income house-
holds and 34 per cenl among hegh income households.

6.3.2 Unsustainable Trends in Energy Supply ond Demand

Fuslwood

The total potenticl sustainable supply of luelwood from existing forests in Pakistan is
6.4 million cu. m. per year (39% ol the present total consumption), of which almost
92 per cent is in the northern mountains. In the northern mountains taken on thesr
own, the supply exceeds the demand by a factor of 1.6. But the total available
supply shows o shortlall of almost 30 per cent in terms of meeting the national
demand. Fuelwood is still being extrocted lrom the northern mouniaing fo meet the
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natonal demond as it felches a good price in the plains. In the western mouniains
the supply of fuelwood folls shor of the demand by almaost B0 per cent, and fuelwood
is imported from other provinces of Pokistan.

In the post (during 40-B0s) lorge-scole felling of forests accurred in almost oll
accessible mountain oreos to supplement the nafional revenue, bul regenemation of
forest resources did not receive priorty for investment. At the same time, the re-
sources and revenue went to the plains, and there was litfle or no benefit o the
mounigin communites.

Fuelwood from forests still remains tha main source for fulfilling newly-created de-
mands for energy (for incoming tounists, rood construction, and cottage industry)
No considerofion has been given 'o considering energy lechnological intervention,
to axpanding the supply base of the enargy resources, or to the cost of afforesia.
tion, Meither new tourist desinahions nor new colioge industries consider availabil-
ity of energy 03 o constraint. The cost envisaged for fuelwood extraction from the
{orest is the opportunity cost of collection rather than the real resource cost. The
time spent by women and children to gather fuelwood for cocking and heating also
has o substantial social impact in terms of the opportunity cost of lost ime thot
could hove been spent in productive activitias or sell improvement.

Fossil Fuels

The potential supply of oil from the recoverable reserves in mountain areas is only 1.5
per cant of the national patentiol, therefore ol rescurces cannot be considered as o
potental fuel in the context of the mouniain areas of Pokaston. Preliminary estimates
indicate that about 20 per cent of the recoverable reserves of gas are in the westem
mouniging, although the scattered habitats and the heavy investment required lor o
gas pipeling 1o connect the rural population of Balochistan mokes the exploitation of
thaze resources jo benefit the mountain community a Herculeon fask. The present
prochice of using this resource to meet the energy demand in the plains mokes more
sense. In the mountains notural gas can only really be used 1o generate power ond as
o fead matenal for fertilizer praduction. At the present rate of production, the recover-
able reserves in Balochistan will only last for about 12 years

Estimates indicale that the mouniain areas possess only about three per cent of the
noficnal coal reserves, and that these will last for obout 30 yoars of the present rate
ol extrochon.

Large-scale Hydropower

The northern mounfains possess o greol potental for hydropower developmant,
although only about 135 per cent has been exploiled. Hydropewer can be consid-
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ered a clean source of energy, although its developmen! may raise ather environ-
mental issues such os resettlement, soil erosion, and sedimeniaton

Renewoblo Energy

Although there are no exacl data ovailoble on the extent and nature of new and
renewable energy resources in the mountain areas, data on the number of sunny
days and some meosured insolation values indicate o high poteniial for solar en-
ergy. And the cccurrence of hot springs oll along the Indus end Balochiston basins
indicotes a potential for commercial exploitalion of geothermal energy both for
power generation and for low heat applicatons, primanly for tourists, There s a
possibility for exploiting wind potentiol in some gorges and valleys in the mountains,
bul further investigation is needad. The confribution of decentralised eleciricity (mini.
and micro-hydropower, solar photoveliaic power) has been insignificant so far in
meeting household lighting and motive power requirements (World Bank 1989).

Potentially the mountain areas are comparatively advanlogeous for renewable an-
ergy development, but developmen! has remained marginal. There are no pro-
grammes fo promote high-value energy-intensive, agro-bosed or skill-based com-
modities. Hence, no technological or institutional innovations have token place in
the energy secior.

The canventonal wisdom that the deteriorating quality of forest can still be reversed
prevails widely among decision-makers and planners. This is with the provision that
non-renewable fossil fuels are used to reploce the current consumption of biomass
fuels (Sea Box &.1), rather than promoting the development of renewable energy

resources and fechnologies,
6.4 Renewaoble Energy Technologies

There ore o number of renewable energy technologies in operation in the mountain
areas, the main ones being water mills, mini- and micro-hydropower, blogas plants,
and improved cooking stoves. These technologies mostly use local malenal and
manpower resources. The efficency and cost figures for different types of RETs are
shown in Table 6 9. The infrastructure lar manutacturing renewable energy related
devices is poor in the HKH region. Most of the end-use devices used in households
in the region ore made in Punjab end Sindh,

6.4.1 Water Mills
The mountain regions have a large number of small perennial streams that are

exploited by local people in many ways. These streams bring imigalion water lo the
fields, and, since agricultural plots are small in the hilly lerrain, the small streoms
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Box 6.1: The Coal Brigquette Programme - The Question of
Sustainability in the Mountains

The PCSIR Fuel Research Centre in Karachi has developed o process {or mak-
ing processed coal briquettes 1o use low rank, low grode, high sulphur indig-
enous cool. The use of processed coal briquetes is environmentally sale ond
non-hazardous, Mare than 200 tonnes of briguefes have been produced so
lar by PCSIR and supglied mainly o pouliry farms for spoce heating. These
brigueties have also been transporfed to Skordu in the Northern Areas where
they have been fested an o pilat scale in rural households for cooking and
space heahng, The briqueties have been shown lo withslond tronsport slvess
and the product was acceptable to fhe local population. The landed cost of
briqueties in Skordu is estmoted at oround Rs 6.00 perkg - including the
transporiation from Karochi to Skardu (franspertation consumes imported oil].
Wood is being sold ot Bs 2 1o Rs 2.5 perkg depending upon the quality of the
firewood. It would therefore ba necessary fo provide a lot of subsidy for coal
briquettes in order lo encourage local residents fo use them. The government
has shown its readiness 1o provide the product af subsidised rates in order fo
check the trand of cutting fruit trees_ But the question of financial sustainability
still remains unonswered. It may be worthwhile 16 look for other clternatives
that exist within the mountains. It is olso important fo remind curselves that for
any programme fo be succedsful in the long-term, it is essential for it to be
environmentally and econamicolly sustainable. This example looks fine with
regard o environmenta| sustainability, but finoncial susioinobedéy is a big queshon

Source: Fuel Resoarch Centra, PCSI

provide odequate water for this purpose. Water lrom streams con also be used in
households lor drinking ond cooking, depending on the quality. Tradisonally, the
energy from flowing streams has bean used to oblain motve power by inslalling
watar millz on site. These mills are used manly for grinding whea! and maize. Tha
mills consist of a wooden turbine with a |u'rg-l number of stroight woooen blades
fied to o wooden shalt, Waler krom the main stream is diverted o the mill through
a waler chute, generally an open channel mode from wooden planks or corved
from o tree trunk. The mills have two grinding siones - the lower one fixed and the
upper stone rolating of a speed of 100-150 rpm. The mill operates ot an efficiency
of 15-25 per cent, It requires frequent replacemant of turbine blodes

There are thousands of these traditional water mills all over the HKH areo of Paki-
stan. Mo dota are available on the astimated potentiol of these mills. The mills are
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under the control of lecal Table 6.9: Efficiency and Cost of RETs in
technicions who have Pakistan
learned the technology

from their lorefathers. No i'w T‘:’;“‘“ﬂ I:'. S ._"_._._Lcﬂ
‘aher — i

systematic efiort hos been [ e 1&%-__5 W

made o examine the pos. Bioges plors 5,000 [3 cum.

sibility ol improving the [Todmonal Sioves ao%] :

rmills. T_;nfw-id tcremy 14-28%

6.4.2 Mini- and Micro-hydropowar

The Morh-West Frontier Province is rich in hydro potential. The site potentiol for
eleciric power varies from the micro to the mega range. Mini- and micro-hydropower
are especiolly sutable for the mounigin areas in less developed countries as o way
ol meeling the bosic need of rural communities for electncity. Such plants con be
designed ond fobricoted with less sophisticated technology than large plants. Trans-
poriation of small plants %o remote ond inaccessible areas is easy. The smaller

plonts offer greater opportunities for local peogple lo poricipate in their iImplamen-
tofion, operation, and mainlenance.

There are thousands of small copacity sites localed throughout the mountoins of
Pakiston, Thus, the potential for hydro-electricty could be exploited quite axten-
sively. The Pakistan Council of Approprinte Technology (PCAT) is o pioneer agency
nihating work on this, The PCAT has so lar installed more than 150 micro-hydro-
electricity plants in the range of five kW to 30EW. The cost of installation s in the
range ol PRs 10,000 to 20,000 per kW depending on the site condition ond plant
capocily. Local people and PCAT stoff work together closely nght from identifica-
tion of the site to imstallation of the plant, The PCAT provides the hardware and
technicol assistance, and local pecple provide lobour and local materials. The lacal
populabion agrees fo complete the entire civil work necessary before the machinery
is shifted to the site. They are responsible for purchasing and instolling distnbution
wires, After the plant becomes operational, it is handed over lo the community,
They are responsible for its operotion and maintenance throughout the life of the
plant. Representatives of the community lorm o "Manogement Commitien” for the
plant which makes decsions on such things os who should receive an electricity
connection, whot tariff should be charged, and how it will be collected.

Although the plants are installed pramanly in order to produce electricity fo meet the
lighting needs ol the community, small agroprocessing units (flour grinding, rice
husking, coton ginning, saw mills, efc) are installed in the power house in several
locotions, These units are opaercted directly from the shoft power of the turbine
during the day when electricity is not required for lighting.
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6.4.3 Biogos Plonts

Biomass is the oldest and most fundamental source of renewable energy, ond man.-
kind has been using it for millennia. It con be converied into a variety of fuels such
as solid fuel (fuelwood, charcoal), liquid fuel [oil, alcohal), and gas (methane and
hydrogen). Biogas plants are simple and economical devices for converting dung
into combushible gas and providing organic fertilizer os a residue. There are o large
number of cows and buffaloes in Pokiston ond thus o tremeandous potental for
biogas technology. Biogos provides clean energy and o betier environmant in the
house, gring relief fo rural women from smoke.

A number of agencies in Pakistan, mainly the Directorate General of New and
Renewable energy resources [DGNRER) and the PCAT hove installed biogas plants
all over the country including n the HXH areas. The PCAT imbated o programme of
dissemination of biogas plants in 1978-79, adopting the Chinese design of di-
gester. The pedormance of this digester wos not good ond later the PCAT adopled
the Indion design, with some modifications to bring down the installation cost with-
out lowering the efficiency [PCAT 1991). The PCAT provides fechnical guidance
and supervision free of cost, while the cost of such things as maleriols ond con-
struction is bome by the beneficiories. The cost of a single family size plant of three
cu. m, per day copocily bosad on four to fve animals is about PRs 5,000 [PCAT
1991),

6.4.4 Improved Cooking Stoves

In both urban and rural areas of the HKH region, cooking is the main activity in the
household seclor that requires fuel. The lraditional cooking devices used (chula)
have both economical and ecalogical constraints as they are inellicient and cause
problems for human health.

Severol ogencies are engoged in the development and distribution of improved
cooking sloves. PCAT has developed improved designs of coolung stoves and cooking
ubensils which achieve an overall fue! saving of 40-50 per cent aver the tradibonal
design. Traditional stoves have been found to have a pol ulilisation efficency of 6.5
per cent. The improved design stoves have an efficiency in the range of 14.28 per
cent. These designs are of diflerent sizes and are constructed on site from o mixture
of clay, sand, animal dung, strow, ond water. They ore construcied ot lintle or no
cost (ATDO 1985).

The Fuel Saving Technologies’ Project of the German Agency for Technical Coop-
erabon (GTZ) and the Government of Pokiston, based in Peshowaor, hos since 1991
developed severol designs of fuel-saving cooking ond spoce heating devices based
on the needs of the uters. Efforts were concenirated on improving the existing
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trodifionol devices. The improved stoves con be used with oll kinds of xass fuel
- including wood, dung, bushes, and crop ressdues, Thousands of the m
have been duirbuted since the stan of the project (GTZ/FECT 1993), -

the high cost of metal stoves for low income households; b} the short warking life
(12-24 months), after which replocements ore required; ond ¢) fuelwood must he
chopped info small pleces which s o loborious and time-comuming fask corriad
out by women,

The main constraints to o much wider dissemination of the improved stoves ore: o)

6.5 Energy Prices and Price Setting Mechanisms

The prices of oil, gas, ond elecincity are delermined by the government of various
stages which include preducton, transmission, distnbution, and consumption. The
price of indigenous coal s not controlled by the government. The price of fuelwood
is subject o wide variations, depending upon such foctors os the locafion, season,
species, piece sze, ond moisfure conlent. The price of different fuels is shown in
Table 6.10.

The well-head price of indigenous oil is determined in accordance with the ogree-
ment made betwean the holders of the oil drilling lease and the Government of
Pakistan. When determining the price, due regard s grven to the prices prevalent in
the intemnaticnal market, mainly the Arabion/Persian Gulf market, Tha gevernment
fixes the ex-refinery prices, the margin allowed to distribution companies, the inlond
freight margin, the development surcharge, and the sale price. The prices fixed
allow o reasonable return on the investment made by the refiner, distibutor, and
rataiber. The sale prices are uniform throughout the country except for minor varia-
tions resulting from ocirol charges levied by local administrations. Whereaos the
margins between sole price and ex-refinery price are high lor high speed diesel oil
and gaschine [regular), the margin lor kercsene oil is low. In June 1995, margins
were 57 per cent for diesel, 33 per cent for gasoline, and 15 per cent for kercsene.
It is government policy to keep the price of kerosens low as this is the main source
of commercial fuel for low-ncome households. As an incentive for developing in-
digenous copabilities, new refineries bosed on Indigenous crude will be assured o
minimum rote of return of 25 per cent en the paid-up copital net of tax for eight
years if set up by the year 2000 (GOP 1992],

The well-head price of notural gas is fived by the government in accordance with
the agreement made between the holders of the dnlling lease and the Government
of Pakistan. Purification, transmission, and distribution charges for the gas compa-
nies are also determined by the government. When fxing the prices, the govem-
ment ensures that the gos componies engaged in purification, transmission, ond
distribution of gas make a reasonable return on their investiment. Household con-
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Table &.10: Price of Major Commercial Fuels

Fuel type Unit Price Fixed-Scle Price
Ex-rafinery

Kerosene {PRa/ki)

« Moy 1985 26934 3300

= Jurw 1795 2385 &350

Mator Spirit {PRa/v]) -

- May 1985 514337 7150

“Junn 1995 10355.6 13750
High Speed Diesal | [Ffs/k]|

_May 1985 (32114 4870
- July 1995 41357 £500

Natural Gas [PRa/million cu_ i
- May 1985

- Imcderbrind I9540
| - Commercicl 48540

- Dommbc 15000 - 27000
« June | 795

« Indluniviad B4050
- Commascial #4560

- Doerestic 40270 - 78450
Coal [PRs/ronne]

- FY 1990/91 B
[ Sharig Mine 53336
|- Sor Honge Mine 1034.73

- Mokerwal Ming 89942

EY 1994/95 =

= Sharig Mene 621,33

« hor l:l'er- 1411.94

- ildberenl Mane F2R.41

Somarce: Polistan Ereigy Yeor Bocd, 1795

sumers are charged on o shding scale, the higher the consumplion the higher the
charge per unit of gos consumed. Special mtes ore loid down for special consum-
ers such as ferilzer, cement, and power companies,

The price ol electricity is fixed by the ulilities (the Water and Power Development
Authority (WAPDA) and the Karachi Eleciricity Supply Corporation (KESC)) in ac-
cordance with the prcing armongement prescnibed by the Government ol Pokistan.
The eleciricity toriff has the following components: o} fixed cost; b) energy charges;
¢) fuel adjustment charges [FAC); and d) edditional surcharge. The fundomental
principles for slectricity prices are to ensure recovery of all costs [fived and variable)
and to enable generation of addifional funds for development and exponsion. House-
hold consumers are charged on a sliding scale. Time-of-doy and seasonal tanffs
ore opplied for certain colegories of consumers.
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The price of coal produced by the Pokiston Minerol Development Corporation [PMDC)
is determined on the basis of open tender. In the cose of privale mine owners, the
price of coal s delermined by the supply-demand situahon in the morket,

The Foresiry Secior Master Plan team observed o variation of up to 60 per cent in
the retall price of fuelwood d‘hm?ud by the same saller depending upon vanahons
i species and plece size of the wood. Usually there are three markating levels for
fuelwood, eoch with its own price structure » producer, wholesaler, and retoiler. The
average reloil price of fuelwood and charcoal in 1991 was PRs 1.35 perkg ond
PRs 3.75 parkg, respectively (Toble &.11). In 1955 the averoge fuelwood price had
increazed to PR 1.78 parkg.

6.6 Review of Energy Policies, Programmes, and Institufions
6.6.1 An Overview of Energy Planning and Policies

National energy planning in Pokistan i3 the responsibility of the Enargy Wing of the
Ministry of Mlanning ond Development. Energy plans ore set within the fromework
ol the national mocro-economic development plan. Planning for conventional en-
ergy development is carried out by @ number of minisiries and public seclor uhlities,
in parficular the Ministry of Petroleum ond Noturol resources ond the Ministry of
Water and Power, the lotter being responsible for the Water ond Power Develop-
ment Authority (WAPDA), which is the nalional power utility (GOP 1994).

The Eighth Five Yeor Plon (1 793-78] cims to explore ond exploit domestic energy
resources; improve and expand the fransmission and datribution system of anergy;
rafionolise energy prices 1o promole anergy consarvation and to enoble salf-financ.
ing; and decentralize and deregulate the energy sectar to promote the induction of
the private secior (GOP 1992).

Demand and supply side policies and sirategies have olso been spelled out. On the
demand side, the centrol thrust is for energy conservalion through incentives and
pricing. Similary, the major element in the supply policies i imprevement in the
pricing structure of lossil luels to reflect the border prces, At the some fime, the
government has olso ennounced paolicy packages for promoting private secior in-
vastment in the developmen! ond transporfation of indigenous oil, gos, and
hydropower. The charocieristics of these policies are 1o provide infernationally com-
pefitive terms, an aftroctive framework for foreign investment, simplification of pro-
cadures, ond creation of o domettic corporate securities’ market [GOP 1992,
19950; 1995b).

The basic principles in the plan document with regard o development of blomass
energy are: i} promation of forestry and increcse in the availability of biomass; i)
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Table 6.11: Average Annual Retail Prices of Fuelwood and

Charcoal
| Fueltype/plocs | 1960 1970 1980 1991
Fuelwood (PRe/kg)
- Kawachi | 0.09 013 0 48 1.50
- Lishssre | .09 o4 0.52 1,12
« Rowalpindi | 0.10 014 0.52 .82 |
- Pighirwar | Q.12 012 0.40 1.25 |
- Gusse 0.o7 - 0.40 1.35
- Avaroge 0.0% 013 0.3 1,35
Charcoal (PRs/kg) L il
- Karachi 0.1é 040 134 2.50
| - Lohae 0.24 0.35 1,25 .
| - Rawalpindi 0.24 0.34 1.47 5.00
Peshawar 0.23 0.30 .47 5.00
| -Glustio 0.20 0.93 2.50
| - Averoge 0.22 0.35 1.37 375

improvamant in efficiency during utilisation of biomass; i) promolion of beter ufi-
lisalicn and distribution practices for crop residues; and iv] improvement in the
market structure for fuelwood and crop residues. At the same time, the Faresiry
Seclor Moster Plon [FSMP) emphaosises growing more wood by plonting frees on
private land and reducing fuelwood consumption by using it more efficiently and
replacing it with enargy afficient, l:mimnmu-nll;l"llr sound, ond economically viable
alfernatives. The FSMP also proposes various programmes for each province. Box
6.2 gives o summory of the proposed programmes thot ore relevant fo mouniain
areas. However, it 18 not clear whether these proposals hove been approved.

The plan document does nol recognise the [potential) role of ather sources of re-
newable energy {solar, wind, biogas, and gecthermal) in the mouniain areas. Palicy
slalements on renewoble energy resources are limited to: @) demonstration and
uhlisahion of solar energy in remote areas; b) inihotion of o wind energy resource
programme; c] considerafion of exemption from fax and duty for imports of renew-
abla energy technologies; and d) investigation and development of small and mi-
ero-hydropower projects by provinces o mes! local electnicity demands.

Energy development in mountain areas is dominated by the exiension of grid elec-
iricity and petroleum product supplies fo rural areas. These efforts are planned ond
managed by various departments of the federal and provinciol govermments and
ore integrated into the notional development plon o3 part of the overall develop-
ment planning. However, no special efort has been mode o formulate energy plons
for the mountain areas as such.

Chapter 5 — Patiom of Enorgy Uise in the HICH Ragion of Palstan




169
Box 6.2: Summary of FSMP Progrommes, 1992

Province Pru-gmmm!rﬂu

NWFP I} Protecting aond Developing Wotersheds; 1)
Mu:np-urmdUphndEmﬂumFm,'ﬂl]?hﬁqm
Farmlonds; V) Amenity Plonting; V) Private Planfing on Non-
forest Public Lond; Wﬁm:‘n&m,mm
in FATA; VIll) Protecting and Managing Wildlfe and
D) Strengthening Administration, fﬁmﬁmmdlhi-q.nﬂ
Research

g

Biodiversity; V1) Planfing on Formiands; Vil} Strengthening
Administrofion, ond Educofion ond Tramning
A ) Protecting ond Developing Wotersheds; lf] lniensifying

6.6.2 Energy Programmes and Institutions

Biom ner

The government hos jursdichen over &.88 million ha of lond classified a3 public
forests or rangelonds. About 3.62 million ho of additional forest land ore commu-
nity-owned and under some degree of government control. There are different le-
gal classes of governmant forests relaling 1o some extent o the axistence of public
use nghts: [} State Forests [1.27 million ha} in Balochiston and AJK {these foll under
a different forest regulation); i) Reserved Forests (0,44 million ha), declared under
the Forest Act in Punjob, Sindh and NWFP and owned by the government, people
living nearby have few legal rights to these forests; and il) PFrotected Forests (4.72
millien ha) in all provinces and the Northem Areas, these provide full local rights for
collechng forest produce and grazing (FSMP 1992; PNCS 1993).
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There are a number of non-public forests tha! come under various degrees of gov-
ammaent control: || Guroro Forests (0.55 million ha) in the NWFP (Hozoro District)
and Punjob (Murre-Kahut]) are village londs that were not declared Reserved or
Protected Forests at the time of lond setflement (they are owned by families, or
groups of families, and are either managed by the Forest Department or, since
1981, by lorest co-operatives); ii) Communal Forests (2.98 million haj in the Morth-
em Areas (they were once owned by local rulers but freely used by local pecple, and
are now conirolled by the Forest Depariment); and i) Privately Owned Forests and
Plantations (0.2 million ha) (these include land being planted by the Forest Depart-
ment under various projects, predominantly for wotershed management) {Crobiree
and Khan 1991; Ashraf 1992).

Al present, foresiry is a provincial subject, with some responsibilities, such as train-
ing and research, remaining with the federal government. The forestry sector s
administered by the Ministry of Food, Agricullure, ond Cooperatives through the
office of the Inspecior Genaral of Forests (IGF), which is responsible for matters
relating to national forest policy and coordination between provinces. The foresiry
seclor is administered primarily by the Forest Departments of the pravinces. Their
major responsibiliies include: protecting and managing existing forests to fulfill
local needs for fuelwood, timber, and fodder; establishing and maneging plania-
fions on public lands; promaoting tree-planting on private land through social/larm/
ogrolorestry programmes; improving watershed and rangelands; and prometing
and developing tourism (in AIK only). The responsibilities may vary accerding to the
condilions and needs (FSMP 1992; Dijk and Hussain 1994).

Commerciol Energy

Al prasant, thare are three oll refineres operating in Pakistan [Attock Refinery Ltd.,
Pokistan Refinery Ltd., and National Refinery Lid ), mainly in the plains. The frans-
poration of ail is carred out by road (54%), pipeline [31%), or rail (5%) depending
on the lermain,

Two companies (the Sui Northern Gas Pipeline Limited and Sui Southern Southern
Sul Gos Company Limited (S5GC]) contral the franspertation of gas by managing
a 5,278km long mains and loop pipeline system and a 41,063km long distribu-
tan network serving about 2.4 million consumers. The distribution of naturol gas is
the responsibility of the two stale owned gos companies. Shores in these compa-
niss are now held by both the private and the public sector. The main supplier of
LPG in the wesiern mouniains is the S5GC which has is own botiling plant in
Clueta, Until recently 55GC relied on indigenous LPG, which was shipped in bulk
tankers to Gluetta. The suppliers in mountain areas transport bottled LPG. Kero-
sene is distributed through the major oil companies and downwards through sireet
vendors and small shops, Apparently there are no problems of supply and avail-
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ability even in far-flung areas, although the'final retail price may be slightly higher
than the fixed price [Roza and Sherer 1995; Khan et al. 19925).

WAPDA is the principle organization involved in the generation and distribution of
eleciricity in mounioin areos, besides serving the whale country (WAPDA 1995,
1994). There are about 1.4 million consumers in the NWFP and 2.2 million in
Balochistan, about 40 per cent of the lotal consumers of eleciricity in the country,
At present, 8,297 villages in the NWFP and 2,314 in Bolochistan receive electricity
through the WAPDA system. The shortoge of electricity in the mouniain areas is
indicated by the 24,13% household applications pending ond the frequent lood-
shedding (WAPDA 1995; 1994).

A Small Hydroelectricity Development Organization [SHYDO) was established by
the NWFP Government in 19864, The principal task assigned to this arganization
wuas preparation of a Moster Plan and identification of all the available potential for
small hydroalecinicity schemes. Tha name of the amgonization has now bean changed
to Sarhad Hydroelectricity Development Organization (SHYDO), and it has a broader
mandate o implement and execute larger hydroelectricity schemes instead of smaller

ores.

Rural Elactrification

WAPDA's Rurol elecinification Office is responsible for planning and implementing
rural electrification programmes. The principal approach to rural electrification is
grid extansion, that is the electrification of villages in close proximity lo the grid. A
village is considered elactrified when 40 per cent of its population is provided with
electricity in the first year and the remaining populaton is covered subsequently ot
an annual rate of increase of 10 per cent. In recent years, the rural elecinfication

policy hos shifled from greater village coveroge to more intense consumer safura-
tion in villages already eleckrified (PGOB 1995; WAPDA 1994b).

This rural electrification epprooch based on grid extension appears to be unfavour-
able, as the load characterishcs of rural consumers in the meuniains are different
from those of urban consumers, and the fechnical and adminisirative options that
can be used cost effectively to serve these consumers differ from those for other
consumers, For example, the lood factor in mountain areas varies from 10 1o 30
per cent whereas the overall nofional load factor exceeds 40 per cent. Becouse of
low lood foctors, low demand, high power losses, high revenue loss, and the pro-
hibitive cost of fransmission and distribuficn lines, the extension of the electricity
grid in mountain areas becomes a burden on the national excheguer. In addition,
the ability of consumers to pay for elecincity is less than the national norm, and
even the official and unofiicial costs involved in getting o connecticn are so high
and cumbersome that consumers connot afford them and remain without electric-
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ity aven in electrified areas. Indigenous renewable energy resources and technolo-
gles thus offer o promising allemalive for the mountain areas of Pakistan.

Renewable Energy Systems

The programme on solar photovebiaics is the responsibility of the Director General
Office of Mew and Renewable energy resources [DGNRER) which is af present
non-funchonal (Pokiston Energy Year Book 1995). Recently, however, the Pakisian
Council for Appropricie Technology [PCAT) successfully developed and demon-
sirated o parobolic fype concentrated solar cooker that can bail water within four
minutes and can cook all types of iroditional Pakistani foods such as chopatis, fned
foods, and curries (private communication, PCAT). Only minimal efforts hove been
directed fowords developing possive solar building fechnologies in mountain areos
of Pakistan, |CIMOD has recently initioted an actwity with the Aga Khan Housing
Board of Pakistan [AKHBP] to review the siate of the art of this technology 1o identify
further areas for work.

At presént, PCAT hos the responsibility for disseminafing fuel-efficient cooking stoves
under vonous projects assisted by GTZ and the Government of Pokistan in vorious
ports of the NWFP (private communicafion, PCAT), The DGMNRER and PCAT are
both responsitle for the instollation of biogos planks all over the country, including
mounigin oreos.

The Pakiston Natenal Conservaton Stralegy (NCS) document (1993} oullines seven
priority programime areas of activibes for developing and deploying renewables in
Pakestan (PHNCS 1993). However, none of the projects identified in the NC5 have
been implamented except PCAT's micro-hydropower (MHP] project and some ini-
hatives token by the Forest Departmemt of the NWFP for wood plontation. The
PCAT's MHP project was not funded by NCS but inifially by the Public Sector Deval-
opman! Programme and then by the Technology Development Action Plan (TDAP).
The Mational Technalogy Policy and TDAP approved by the Government in 1993
included seven projects on promoting new and renewable energy technologies
(MOST 1993). None of these projects has been implemented, however, and some
(MHP and Fuel Soving Technology) which were intally funded and opproved by
TDAP are now facing finoncial constroints with no allocation for thess projects to
continue their activities in the financial year 1997,

Ten high pricrity national projects on renewable energy with a funding requirement
of 10 million PRs were presented al the World Solar Summit in 1994 [UNESCO
1994). It is proposed lo implement many of these projects in mouniain areas of
Pokistan, The Ministry of Science and Technology (MOST) is seeking assistance
tram donors for implementation of these projects, although it will be quite difficult
to arange locol counterpar! funding. At presen! the DGMNRER is non-funclional
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and there iz no policy on renewable energy in Pokisten. Recently o proposal was
submitted by MOST to crecte o new Council for Renewable energy Technologles

(CRET) by merging PCAT, the National Institute for Silicon Technology (NIST), end
the Solar Energy Centra of PCSIR.

6.6.3 Economic and Environmental Effects of Energy Policies and
Maeasures

The policies and mecsures relaled to development of the energy ond foresiry sec-
tors that have resulted in positive ond/or negolive economic and enviranmenial
impacts in the mountaing ol Pakistan ore summarised in Box 6.3,

There are many esamples of on overall negative impact of policies and measures.
The underpricing of natural gos has reduced the resource life of this fuel. A2 the
same time the resource is being used by the secior which offers low value addifion.
Similarly, underpricing of electricily during the eighties led 1o o ropid increasa in
demand which resulied in greater rellance on thermal generation and subsequently
high emissions of pollutonts. In contrasl, measures such as boiler efficiency im-
provement programmes and free auto tune-ups have reduced environmental emis-
sions and reduced the energy fo product ratio.

Policies 1o promote forestry and energy development in the mountains ware initiolly
geored towards reducing the consumption of fuslwood thraugh the intraduction of
improved cooking stoves. These interventons failed as o result of the cbsence of
any proper evaoluation of the multiplicity of traditional technalogies and the socio-
cultural context of tha mountain population. At the time consumption of fuelwood
was considered to be the primary couse of deforestotion. Othar factors, such as
the requirement for fodder for Inestock, need fo use the lond for cultivation be-
couse of low productvity, and lorge-scole felling of timber, were never given due
attention when designing energy fechnclogy opfions o sull local condifions, Equally,
alleviation of human drudgery and deteriorating health condifions, parficulorly of
women and children, os well as the problem of decreasing soil ferlity, were never
considered seriously,

Rural electrificodon hos alwoys emphasised fulfilling the lighting needs of small
towns in peripheral areos, rother than providing the motive power that could lead
to economic tronsformation of the mountains. Eleckrification was considered o
weifore packoge with the price of electricity always subsidised (Ramani 1995 et. ol
1995; Rijal 1996).

Energy plonning investments have been mostly biosed in favour of lorge schemes
ond emphasis has always been ploced on the expansion of the supply rather than
on the potential of energy demand manogement. There are no odequale policies 1o
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promote decentrolised renewoble energy systems or end-use oppliances [PNCS

1993)

Box 6.3: Energy Seclor Policies ond Measures and Thelr Environmenial

gy 4 ____and Economic EHecls
Sector Typa of Policy ond Ermviranmantal Effect Ecanomic EHecti

i ~ msLure

Fosul Fuel  floller eflicmncy Eeduced envirmnmental  Reduced snergy/product
inpecramant Free outo.  emissons mna, increoned prodit
Iufim i Coniereaton
rroaures - backones
Davelopment of Lahlra  Lowar sulphur emissions produchivily increoss in
Coal by Sustaed bed than conventonal agriculiire Beonoma
technalogy combustion periormance batker
Uinderpaicing of malural  Resource lie now les Beaource saplalied lor
gas [1945.89) than 12 year lawer valunaddsion

Elactricity Ropid demond ledse.  Load-thedding and ks
Policy on Rural preater rekonce on of indukrial producson
Flecwibcanan thevmal generotion; High  Excessive demand

emapann Srtey and
ehwirormental impact of
produciion

Hydropewss  Policy to promale Daplocement of people  Burden on the econamy
ecotyiien changs; human  High social cost io e
daplocenant; rigk of BEONSTY
rssrvoarinduced
ssamicity ond dom
forhms

Foresiry Seconnl iree plasiston  Inproved Faties #fect on crop
(1950 onwardsl scology/landicope; Cher  peldy; increcas In
Concessions Polbey  harvesting deitroped  income, low productivity;
[eoniac polcy pee wakertheds; destruction of high cos? lo econany.
1947 19800) dewmilope ogricullure  Hgh fnanciol burden for
Effichent copling shevs  Bmdhicnd indoor polludicn  thae consyrmar
[

Farm energy Fosey Policy (1%808])  bmpiowed margingl lond  berecis in incoima
Torbeln satershed for farmsi; mona- Eechuced nconomic life
protechon [1780a) planiabons of glow dam

growing chir poe only,

; rticim Erowon

Renewable Lock of pofces fo Indoor cosinogens. Decreass in ogriculkrsl

Enargy deanlop renawable incronsed vse of other  productivity; high health
Ny $0UrCed blomasi; reduced orgonic cosls

mater
Sowroes Modifed ord adopred from Pakivian NCS Repert [1993), 5205 (1994),

Chapter 5 — Patterm of Energy Use in the HIOH Region of Pakistan




175
6.7 Environmental Implications of Energy Use

The household sector in Pakistan consumes nearly half of the total energy used in
the country. The greatest proportion of the energy used in households is derived
from woed and other biomass resources such as animal dung and crop residues.
This is alse true in the HEKH areas; cooking, space heakling, and healing of waler
are all carried out using fuelwood. The efficiency with which biomass is used os
energy & very low lor most operations [10%-13%). This hos led to overuse of the
biomass resource coniribufing to deferiorafion of the environment. Buming of
biomass in traditional cooking sloves is highly inefficlent and produces gases thot
are hormiul to human eyes and lungs. Fuel collection is o importont responsibility
for women in rural areas. Up to five hours may be spent on fuel collection and
cooking by women every doy. With increasing scarcity of free fuelwood, women
have to walk longer distances. Children, especially girls, assist their mothers in fuel
collection and cooking. This hos an adverse effect on their schooling. The use of
biomass fuels has o number of other undesirable consequences incleding a) delfor-
estalion, the most serious consequence; b) loss of lertildy of agrculiural lond as o
result of the use of dung and crop residues as fuel instead of as ferhlzer; and ¢}
health harards to households as a result of the use of low qualily fuels and subse-
quen! emission of smoke ond gos.

Toble & 12 shows the change in forest cover in

Pakiston from 1880 o 1980, Over o period of  groiie &:12: Changs in
100 years, the forest area decreosed lo less than [ voor ™ T Forest Areo |
hali (Table &.12), with the rate of loss increasing |

in the recent past. This deforestation rend raises 1BBO 141,530

the question of the sustoinability of the biomass | 900 132,690
resource in the conlext of meeting the household 1920 119,920
demand for energy. Delorestotion hos mony 1:;3 Eﬁ:g}
negative effects - including the inducement of 1980 ﬁ.'-"l.'llﬂ
flooding ond siltotion downstream, reducing the ooy FEss 1993

lfespans of waler reservoins. The use of dung and
crop residues a3 fuel has deprived ognculturol land of naturol fertilizers, and the
widespréad use of chemical fertilizers is adversely alfecting the environment.

Hydropower is the main potential source of electncity production in the NWFP Al-
ready there are a couple of hydro stotions operating in the provinge. Several other
schemes are at various stoges of planning and implementation. These struclures
can have adverse elfects on the environment, however, including displocement of
local people, cutting of frees, promotion of water-bome diseases ond parosites,
dislurbance to oquabc organisms, and sedimentation. The two main reservoirs in
the NWFP - Warsok ond Tarbelo - are silling up of a ropid rate, and it is leared that
the working life of thesa reservoirs may be greatly reduced. If this hoppens, the
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water supply lor irngation gystema will be reduced ox will energy preduchion fram
the hydropower stahons

Long distance, high vollage tronsmission lines are being loid to electrify villages in
tha NWFP and Balochistan. This leads fo displacemant of local populations along
the nght-of-way. There i olso a potenhal risk ko humans from the high electro-
magnehc fields associaled with high volioge lines.

The province of Balochistan produces o substanhal amount of coal [half of the fotal
production in the country} which is used mainly in the brick-kiln industry and for
power generation. During 1 794-95, nearly 1.4 million tonnes of coal were pro-
duced in Balochistan. Coal mining can have o number of negative impacts on the
environmeni such as land disfurbonce, emission of dust, ocid mine droinoge, and
pallution of streams and rivers. It also has a negative impoct on the health of min-
ers ond oppropriate safely megsures should be loken. The locolly produced coal
has a high sulphur content (more than 5%) and low heat value.

In order o improve the productvty of agncullural lond in mouniin areas, efforts
ore being made fo diversify the agricultural sector, ond this will increase the energy
requirement. The increased level of energy produchon, consumpthion, ond distribu-
tion will add odversely to the numerous couses of overall degrodahion of environ-
mental conditions.

Combushion of lossil fuel, burming of biomass, and deforesiofion are believed to be
the main conkributors fo the greenhouse effect. Corbon dioxide, methane, ond
nifrous oxide, the main greenhouse gases, ore emitted during buming of biomass,
the main fuel in the HKH region of Pokiston. The emission from the HEKH areas may
be modest on a global level, but they could riss ropidly in future os o result of the
:i:thmled population growth ond concomitont increasing demand for biomass

6.8 Findings of the Study

The mountoin oreos have speciol chorocteristics such o3 voried topogrophy, sea-
sonal vanation, chmatic condibons, remoteness, and inoccesubility, These charoc-
teristics influence the poflern of energy consumphion in oll sectors. The supply and
comumption poftern is quite different from that in the ploins. At the some time, the
socceconome level of the people lving in the mourtan areos infuencer he en-
ergy use potiem.

The reported doto was derived from the ovoiloble literature. While reviewing the
existing |terature on the whject, i become clear thot there were no reports Cover.
ing the overoll energy situotion in the HKH oreas of Pokiston seporate from the rest
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of the country. The Energy Year Book published annually by the Gevernmant of
Pakistan only contoins data on the supply and consumption of commercial fuels,
Data are mainly at notionol level, with some dala of provincial level, Thare is no
report availoble which desls specifically with dota and issues in the HKH region of
Pakistan. The avaoiloble dota are oggregated of national and provincial levels and

may not reflect the true position of the hill communities. Mo outhentic datla ore
available for the potiern of energy consumphion and supply in FATA

Biomass - fuebwood, agricultural residues, and animal dung - is likely 1o remain the
mast oppropnate fuel for most pecple in the mountain regions lor decades bo come.
Adequate policies thould ba framed ond programmes implemented 1o increase the
production and supply of these fuels. Appropnale species ol fost-growing frees
may ba planted wherever feosible. Local communities should be encouroged o
parficipale in ond monoge such projects. Biogos plonts suitable for operation in the
climatic conditions of the area concemed should be promoted. Due emphasis should
be given jo demand-side manogement. The efliciency ond perdormance of end-use
devices [such os cookers) sthould be improved. For this, it may be necessary to
undertoke R&ED work ot oppropnate institulions, NGO may need 1o be invalved in
the dissamination of improved technologies,

Electrical energy is the best woy of providing lighting and motive power. But exien-
sion of the grid may not be the best meons of supplying electricity o communities
lving in remote mountainous oreas. Decentralised generation may be o better op-
tion for most of these ploces, Such generaton could be based on micro- and mini-
hydropower plonts using locally availoble sources of water, The feosibility of run-
ning small power stahons with wood or coal a3 a source of fuel could be examined
Solar-energy and wind-energy devices are siill expensive and comgplicated in design
and maintenonce. These devices will not find wide-scole application in the immedi-
ote fulure. However, RAD elforts should be strengthened to consider Ihe future
potentinl of such sources. Institutions such os PCAT and PCSIR should be fully
supported in their progrommes on use ol renewable energy

The use of cool in the household secior is negligible. There are lorge deposits of
cool in the country, and an effort i required to promofe the use of coal in the
household sector. The locally produced coal is of inferiar quality ond has o low heat
value and high sulphur content. R&D is required to make the coal more oppropi-
ale lor household use. Oplions for using coal briqueties o3 o substitule for fuelwood
should be evaluated.

The institutional orrangements for policies ond progrommes related 1o energy sup-
ply in the HKH region of Pokistan need rethinking. The speciol charocteristics of the

mounigin areas, such o fopography, climotic condifions, remateness, and inoc-
cessibility, influence the pattern of energy demand in oll parts of the region. The
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supply ond demand pattern for energy could be quite different from that in the
plains. The estoblahment of o special cell n the power ond energy departments of
the Planning ond Development Deparlments in the provinces (WWFP and
Bolochistan) to deal with energy issues in mountain areas may be instrumental in
promoling RETs. There should be increased involvement of locaol institubons, such
as District Councils, in the plonning ond implementing of energy projects
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Chapter 7

Approaches and Strategies for Sus-

tainable Energy Development

in the Mountains: An Agenda for
the Future

by
Kamal Ryal

7.1 Emerging Energy lssuwes in Mountain Areas
7.1.1 Unsustainable Patterns of Energy Supply and Demand

The main sources of renewable energy used of present in the HEH region are biomoss
fuels [50-90% of total energy} and hydropower (1-5% of tolal energy), but the
potantial supply of hydropower constfitutes 70 fo 90 per cent of energy potential in
the regicn and biomass only between 10 and 30 per cent. Thus thera is an imbal-
ance between the supply and demaond structure for energy. There are several rea-
sons for this including: a) high capilal investment is required for hydropower devel-
opment; b) the main energy demand is for low grode energy, i.e., heat energy; c
the financial cost of fuelwood extraction is much lower than the social cost; d) the
opportunity cost of fuelwooed collection is very low as a result of the lack of employ-
ment apportunities in the mountains; &) the avoilobility of subsidised petroleum
fuels; and f} lack of efficient and relioble renewable enargy technologies {Rijal 1997a).
At present, the choice’of o particular type of energy fo fulfill o demond is dictated
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primarily by financial viability, No consideration is given o environmental or social
cost, or even to long-term sustainability of the supply. There is o need to formulate
policies thot promote a shift in the exising energy supply mix so os to reflect the
energy supply potentiol available within the HKH region of each country. The poli-
cies and role of the governmenh concemed should be instrumental in minimsing
the dilerences between financial and environmental viability, which in turn will lead
towards cptimal ollocation of rescurces taking into consideration the costs to both
society and the environment.

In most of the HKH region, the demand for fuslwood esceeds the sustainable sup-
ply. This is the result of the rapid 'ﬂ'llrlniﬂg ol forests closer ko setlements r!lil.ﬂﬁnq
from o lock of appropriate management praclices, the lock of suitable technolo-
gies fo meet cooking and heating demands, the increasing demand for fuslwood
to meet the needs of incoming lowrishs and emerging cotoge indusiry achivilies,
and the increasing demand for high grade energy. Box 7.1 gives o few exomples
illustrating this situotion.

The main concern in the HKH mouniaina is to moke production of fuelwood renew-
able rother than 1o resirict the use of it, since the possibilities for energy substitution
ore limited os o result of the specific conditions in the area. Vorious modes of affor-
estotion, such os community forestry, social forestry, ond leasehold ond private
forestry, ome being promoted within the region, bul they mostly lock approprate
inshtubonal mechanisms to address ownership issues and thus suit locol condi-
fions.

There is o generl tendency for users 1o shift towords using higher grade energy
forms as their lving conditions improve. No senous effort is being made to develop
technologies that con upgrode the quality of biomass fuels. Al the same time, the
possibility of develoging and producing green energy, for example, through the
extrachion of ol {jatopa, ‘chiun’ bulter) and alcohal fuels has remained marginal in
terms of research and development, In the HKH region, development of micro-
hydropower has been considered primarily as o woy of fulblling the illumination
needs of mountain communities, and the possibilities for lmking it with the produc-
trée secior in order to improve the economics of power production hove been ne-
glected.

7.1.2 Inharmonious Energy Transitions

There cre two distinct phenomena opparent in the HKH mountoin arecs. First,
thers is o movement from luelwood towards other non-monetised low quolity en-
ergy forma, This has happened becouse the cosh resources of the mountain popu-
lation and their willingness lo poy are low, if fuelwood is scorce most of the popula-
tion shart consuming ‘other’ biomass fuels for which the associoted cos® is only that
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Box 7.1: Examples of Unsustainable Patterns of Energy Supply
and Demand

In Nepal overall, only about two-thirds of the demand for fuelwood are met by
the sustainable supply. The fuelwood balance ot district level varies. There is o
surplus of fuslwood in some districts in Western Nepal, but it is in short supply
in the central hills. In Pokistan, the foial sustaincble supply of fuelwood is less
than 40 per cent of the total demand, and mare than 70 per cent of the supply
is in the Northern Mountains [NWFR FATA, AJK, Northern Areas). In the Norih-
orn Mountaing alone the fuelwood supply exceeds demand by o foctor of 1.6.
However, fuelwood is extrocted fo mest the demands of the ploins where it
fatches o good price. Tredifional stoves are effective as heating devices but less
afficiant {or coaking. The direct smoke emissions are o health hazard for house-
hald mambers, Tha improved stoves disseminated in Mepal were efficient in
terms of pol utilisation, but were not suitable for meeting the room heating
requiremants of mountain households. There ore several locafions in Mepal,
India, and Pakisian where fourism is baing promoted. The energy demands of
lourists are high compared 1o those of local residents. Most of these demands
ara in the form of heat energy and are being met by fuelwood in the obsence of
oppropriate infarmalion and because of the prohibitive cost of RETs. Increased
agricullural and cottage industry activities leads to grecter demands for both
heat energy and motive power which require high-grede mechanical and elac-
trical energy. The energy options available for the provision of high grade en-
ergy are limited.

Sowmes Rigl 1997a; Bomsaol 1597, Bonkoto ond Sharme 1997; Abdullah 1997 Mangpe ot ol.
1997

ol lobour for collection. Second, there i3 o irend fowards vse of non-renswoble
tossil buels. This is becouse those mountain people who con offord fo pay for energy
services fend to buy commercial fuels such o3 kerosene and LPG, partly becouse
there ore no reliable renewable energy technologies avoiloble os on obernative. The
moin facion aggrovaning these trends are:

™

price distortion - the price of fushwood even when it s morkeled does not reflect
the reol cost of the resource. The cost reflected i the collechon cosl, which
vories widely from locotion to locotion depending on the opportunity cosl of
labour; subsidies on commercial fue's, such as kerosene, diesel, ond electricity,
lead to o wrong choice of energy mix not only in the mountaing but aho in the
ploins; ond

lack of technological innovatons since chowces were mode on an od hoc bosis

{Box 7.2}
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Box 7.2: Making the Wrong Cholce

The decrease in ovailability of fuelwood is making itself falt in many parts of the
HKH region and is reflecied in such things as uprooting of vegelotive cover, an
increase in the ime token for collection of fuelwood, ond increasing use of
‘other’ biomass fuels. There is no visible impact of technological innovation
even though the crisis is being felt. There are three maoin reasons for this: o)
women are responsible for cooking and managing the fuel supply, but are not
involved in household decision-making; b) the resource cost of fuelwood is
never reflected in making choices for this fuel; and ¢) the opportunity cost of
collecting fuelwood is never reglised and thus fuelwood is trealed as o “free’
gift of noture.

Souwnce: Rijgl 19970

7.1.3 lack of o Perspective for Energy Quality and Quanlity

Mozt of the ime no distinction 18 mode between the availability of fuelwood and the
availability of hydropower. They ore considerad as freely substitutoble for ane an-
other under all circumstances, with the choice of which to use based primarily on
the (linancial) cost. The lack of any perspectve related to energy quality and energy
quantity has led not only to the wrong chaice of energy resources and technologies
but also o the scale of energy technologies and institutions.

Ma initiative is being taken by demand side institutions on the choice of anergy mix.
Planning for provision of anergy is seen os the responsibility of energy inshiutions
and therefore locks o damand side perspective in most cases. The comparalive
odvantages of energy synergism are not understood, Energy resources and tech.
nologies are chosen without properly studying the social and cultural factors that
could affect the level ond type of energy services demanded. Vary litle is known in
terms of these factors and they do not receive adequate atention when the energy
supply infrostructure i designed

7.1.4 Lock of a Long-term Vision

Development of energy has never been viewed as o means of alleviating poverty
and reducing drudgery in mountain communities. [t hos alwoys been viewed simply
as on input for enhancing productivity and income and for divenificotion ol the
economy. On the one hand, most of the development policies in tha HKH moun.
tains foil to understand the role of energy in reducing human drudgery and gener-
aling income 1o enhance employment, thereby leading to diversification of the
mountain economy. On the other hand, the corventional wisdom that the way lo
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provide electricity s by extension of the gnd network (Sharma et al. 1997) ossumes
electricty to be o wellore pockoge. As o result electricity tarfy are olways subsi-
dised without considering the high cost of grid estension, ond this has senoutly
homperad the secrch for aliemative opfions for providing elecirialy in the moun-
toin areas that might provide sufficient power for productive applications.

7.1.5 Ignoronce of Biclogical and Physical Aspects of Mountain Areos

lgnoronce of the specific biologicol ond phyticol charactersics of the HKH region
hos led to the opplication of inoppropriale energy technologies and institutional
and hinoncng mechanisms. For emample, the scafered saflement pattern means
there 15 o low populgton densty, ond the manly subsistence economy means there
i5 0 low level of economic octraty and o low level of social and physical infrastruc-
ture [reduced accessibility to markets and physicol and copital resources).

these result in o low density of energy demand (Rijal 19794a) linked with o concen-
trzted dmﬂhfﬂmrmlu‘!pﬂrﬁnﬂnr timas of the day and year The exponsion of
tronsmission lines ossociated with the prevailing low load foctors in the mountain
areas reduces the overall load foclor of the power supply system - making these
investments costly. The emphosis is always on expansion of the supply. The poten-
tal economic and social benefits of decentralised renewable energy technologies
are not recognised. Meither is the fact that community-based participalory instifu-
tions are more sustainable for managing and operating decentrolised energy sys-
tems in the mountains.

7.1.6 Choice of Technology and Disseamination

A greater interest in the development of renewable energies emerged at the global
lavel after the oil crisis in the 1970s. Mountain people, however, have olways relied
on renewable energies, mostly in their natural form, although the era of cheap
fossil fuels during the 1980s prompled many to shy oway from renewable energy
development. The situation has worsened with donors viewing technical assislance
as o marke! promaotion effor! and governmenis fending lo view subsidies as a social
obligation, neither party understanding properly the dynamics of technology trans-
fer processes in the context of mountain orecs. Renewable energy technologies
aimed ot resalving the enargy crisis in the HKH mountain areas have been demon-
strated ond disseminated without any standerdisation of components and parts,
|¢|;|d|11g o o weak local manufacty ring bose and limited service mpnl:ﬂlﬂu. Al the
same lime, these lechnologies were not designed to meet mulfiple user needs at
alfordable prices. In general, the new technological interventions introduced into
mountain areas were only able to fulfill o porticulor need, in contrast to the trods-
tional technologies thot were able to fulfil multiple needs. For example, troditional
cooking stoves fulfill cocking, space heating, and drying needs, whersas improved
cooking stoves only meet cooking needs (Rijal 1994b). Reseorch ond development
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into renewable energy technologies never received the attenton it deserved and no

technalogical innovations eccumred. This & particularly unfortunate in the HKH re-
gion where thera are tremendous resources of renewable enargy.

Maost of the time energy technologies have been duseminated in the mountains
balore they have had fime o mature, and mountain pecple have baen forced to
accept unknown risks, The role of the government was naver clear lo the consumi-
ers or the developers. They were not sure whether the government was tryping 1o
minimise their risks or provide mechanisms that offered opportunities for govern-
ment employees to fullill their vesied interests.

Economic and financial ossessments ond calculabons ore needed belore making
technalogical chosces 3o that the synergy of seclonal linkage con be oplimised ond
sustainability achieved. The econemic costs of alermative anergy options have rever
been considered properly, however, rather a blanket approach to disseminating fech-
nology has been followed. Most of the time, government organizahions wene scephcal
of initiotives laken by the prvote seclor, and there wos o lock of confidence betwsen
the vonous stokeholders, eoch of them viewing the other parfies with suspicion. Thus
there has been no chance for insfitutional innevation to toke ploce.

7.1.7 Gender, Participation, and Sociocultural lssues

The rola of the different stakeholders involved in the davelepment and use of energy
is nol properly recognised and no emphasis has been given fo ensunng the aclive
porficipation of women in the design and implemeniation of energy programmes.
The energy lechnologies being promoted do not recognise the sociocultural impli-
cotions of technology adoptation. It seems, for example, thal no pronty is given to
the specific needs of the users and communities when promoting small-scale de-
centrolised energy systems. Indigenous knowledge ond insfitutions run by locol people
are not used properly in managing energy systems (Rijal 1997a). There is no mecha-
nism fo ensure proper mobiksation of locol resources in order to reduce depend-
ancy on outde knowledge ond resources. The development of energy technolo-
gles is based primarily on the needs os parceived by experts and plonners instead of
as percerved by the local residents - who are tha direct beneficiaries. No atention
hos been given 1o ensunng thal women are included when promoting new and
renewable enargy lechnologies in mountoin communities, aven though they are the
people who manage household energy systems.

7.1.8 Institutional lssues
The evoluthon of energy decision-making as o supply side achvity has led to the

creation of centralized planning Institutions [Rijal 1 798). This has resulted in a lack
of decentralised instituions for manoging the energy secior, so that no institutional
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copability exsts of local level. However, the quantity ond quality of energy required
for the HKH mountain communities, and the type of energy resounces available ot
locol level, fovour decentrolised renewable energy systems. These requirs local level
decentrolised insttubons. Demand side ogencies (urban and rural

bodies) operafing at local level do not see their role in terms of managing the en-
ergy sector and believe that this falls under the purview of energy-related inatitu-
tions such o3 government cwned elecinicity and lorest depariments, fushwood sup-
ply depots, and ail depots (Rijal 17%7b). The private sector and NGOs do not have
any $ay in the energy decision-making process cs the provision of energy i the
prime responsibility of governments. Thus rural electrification and renswable &n-
ergy programmes are dominaled by centralized public monopolies,

7.1.9 Cost, Financing, and Investmeni lssues

The high up-front costs of renewable energy technologies, the existing subsidies on
convanfional commercial fuals (i.e., petreleum fuels and electricity), and tha low
purchasing power of mountain consumers make RETs unatiractive. Althaugh oper-
ating costs may be lower than those of conventional technologies, consumers are
unaware of the difference between energy costs and life-cycle costs, so that their
choice is based on up-front cost and energy costs.

Mast of the time the choice of energy technology is bosed on a an m‘hn:hllr
‘least cost” opproach mlhuui laking info consideration the |mp|i:nHﬂH’-&'  f
income groups and the poorest of the poor (Rijal 19%4a). This approach favours
non-renewable sources of anergy as options for supplying eleciricity since social
and environmental costs ore not taken into account.

Bilateral and multiloteral donors are biosed tovwards hnunung mrﬁuiﬂﬂm sup-
phies rather than multiple decentralised energy projects, because of the increased
burden imposed by the latter in terms of fund disbursements (Rijal 1997h). This sifu-
ation i worsened by the foct thot nationol and intemationol finoncing instifutions
have conservative lending proclices and avoid risks ossocialed with ﬂw mcir=
kets. Thus it is difficult for an entrepreneur lo acquire venture copifal o financing for
initval market creation. The credit policies in most of the mmiﬁﬁlﬁﬁ;gﬁp HKH
region are not sensitive to low-income groups, since financing insfifufions require
some collateral for financing projects. Mast of these instifutions ore guided

principles of commerciol lending, ond there is o lock of financing instiul
cater 1o the development needs of HKH mountain communifies.

7.1. 10 Environmental lssues

The produchon, contumption and distnbution of energy — primarily fuelwood,
large-scabe hydropower and fossil fusls — add o the numerous couses of the over-

-
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oll degrodation of anvironmental condtons in the HKH mountain areas. The main
eflects are summarised in Box 7.3 and discussed further below

Deforestation and use of biomaoss fuels contribute significantly o the environmental
problems in the HKH mountains. Deforesiation not only resulls from wood-cutling
far buming, however, nomodic ogro-pastoralism, conversion ol forest lands o

Box 7.3: Envirenmental Implications of the Preduction

and Use of Energy
Energy Sector  Activity Effact on the Environment
Fuelwood/ Burning indoor air polluion and healih effects;
twigs/bushes deforestotion; ecological impocts resuliing

from loss of wildlife hobitat; ercsion and
walershed dsturbance; increased flooding;

low flows in dry season,
Agriculivral ond ~ Burning 03 Loss of organic matter, reduchon of sail
pollution animal  fuel fertility; locol air
wisie
Electricity Lorge hydre lond submergence; displocement  of

people; resource use conflicts; eflects on
natural aquatic and riverine hobitots; locol
climate change; ecologicol impocts;

erosion aond watarshed disturbance.
Tronsmissio Displocement of people olong right of way;
nf potential rodialion impact on humans from

distnbution  high voliage lines.

Thermal Sulphur  dioxide ond nitrogen oxide
amizgions with humon health effacts and
possible crop damoge; increased CO,
emissions ond thus global warming when

using coal.
(Zas and oil Production/ Water pollufion; tomc air emissions; air
[mainly gos) combustion  pollution in cities ond fowns (lead and CO;

respirofory dissases; lead poisoning)

Coal mining Production lond disturbance, resetfling of residents;
dust emissions; acid mine droinage and
pollution of streams; destruction of wildide
hobitor

Sources: PGOS 1995: PEP 1995; Bonsal 1997, Bonskots & Sharma 1997, Mangie 1997, Risl 19978
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permaneant pasture ond agnculture, commercial logging, ond e
o role, Inefficient buming of biomass on open fires, EMW“#
ventilation, represents o serious health hazord - especially to women, The use of
ogriculturol end animal wastes as fuel is olso depriving the soil of much-nesdad
organic fertlizer, with o resultant loss in soil fertility and lond productivity.

The construction of large resarvoirs for imgation and power generation in hilly ar-
eas can have o profound impact on the environment and acosystem i appropriate
mitigation measuras are not token during the planning sfoges. Large dams, which
impound large volumes of water, pose several environmenial and ecological prab-
lems such as reservoir siltation, deforestalion, population displocement, dedine in
wildlife population, loss of biodiversity, increase in incidence of londshides from steep
hill slopes, woter-logging and salinty, increase in geological harords - mainly in-
duced seismicity after the impoundmaent, and chenges in precipitation rates (Shama
et al. 1997)

The mining of coal and petroleum fuels as well as their increasing use in the indus-
tnal sector give nise to o number of environmental conseguences. For mmp[g_
mining of coal in Sichuen in China and Balochistan in Pokistan couses land distur-
bance, resatling of residents, pollution of rivers, and destruction of wildlife habilats,
as well a3 giving rise %o sulphur and porticle emissions from mining as well os from
combustion posing hazards o human health, [Abdullah 1997; Mengjie 1997).

Similarfy, the combuation of fossd fuels generates pollutants such as lead, sulphur-
omides, carbon monaxide, and other greenhouse gases thal are principal couses of
local air pollution [sulphur ond particulate matter); regional problems such os acid
rain, and globa! dimate change. I::U':r is one of the principal greenhouse gases
generated by human octivibes. The main concerns with regard o global warming
in the contest of mountoin areas are the increcsing roie of deforesiotion and the
inefficient buming of biomass fuels. Examples include: i) the increasing use of fossil
fuels 1o genernle power in Balochistan in Pakistan ond the Sichuan and Yunnaon
Provinces of China [Abdullah 1997, Mengjie 1997}, and i) coal being amployed
in the brck indusiries of Kathmandu in Mepal, Dehradhun in Indin, ond Balochiston
and Peshawar in Pokistan (Banskota & Sharma 1997, Bansal 1 997 ; Mengjie 1797).

In most cases commercial luels are subsidised and no appropriate incentives are
ovailoble to encouroge the use of ranewoble energy resources. Thus the use of
non-renewable fuels will increase even though this is environmentally unsustain.
able. There 5 o need to estimate the environmental costs of energy development
and use and to internalise them when evaluating the best energy mix fo be used in
mouniain areos. Development of a form of energy may create environmental haz-
ards al any level from production to user, and these different hozords should all be
taken into occount, For example, solor photovolioic systems inslalled in the maun.
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toins are free of air polluton bul the systems may génerate polluhon af the produc-
ton level

Some energy resources such as micre-hydropower, solor and wind power, and spe-
cific biogos options ore more environmenially friendly than others such as combis-
tion of fossil and biomass fuels, But increosing forest area and crown density through
afioresiation ond forest enrichment in order to provide fuelwood could hove a car-
bon sink odvontage to offset global warming.

7.1.11 Methodological Dilemma of "How to Value the Environment’

A number of valid environmental concerns has been roised by experts in the context
ol mountain areas. The most prominent omaong them are: a) the increasing rale of
deforestation; b) indoor air pollution resulfing from inefficient buming of biomass
fuals which resulis in significant health hazards, particularly lor women and chil-
dren; c) increasing outdaor air pollutien in some urban areas in the mountaing as
a result amongst others of inefficient burning of biomass, coal, and petraleum fuels
in brick kilns and bakeries as well os in the fronsporation sector; d) decreasing soll
ferhility and increasing scil erosion as a result of the diversion of agricultural residues
and animal dung from the farm to stoves; and &) increasing concern aboul global
warming; alihough the HKH mountain areas de not contribute significantly to the
problem ol present they may contribute substantially in the future if develapments
in the energy secior are left unchecked.

Mo generally applicoble or occepted robust methodology exshs for the valuation of
environmental resources. In the HKH region of best o mitigating approach is being
adopled in project development which is not sufficient to copture the environmenta!
concarns in a holistic manner. Box 7.4 hfmﬂydgamhuumlmdyhghbghhng
the foct that proper eshmation of total benelits and costs may show that large
dams do not necessonly ensure o net benefit to the economy. A number of op-
proaches fo estmating full costs, including environmental ond sociol costs and
benebts have been proposed at various lavels of analyts, but the debate sl contn.
ves. Such opproaches include: o} the concept of o ‘green’ net national product by
which GNP s odjusted for depreciofion of human-made copifol assets ond natural
copital; b} an Environmentolly Adjusted Net Benefit, defined o3 the difference be-
tween the net beneht and the cost of environmental domoge; and ¢ the concep! of
lower discount rates jo infroduce o bics towords renewable resources (Rijal 1997¢)

7.2 Approach to the Development of Sustainable Energy
Conceptually, energy development in the HEKH mountain areas can be considered

sustoinable if the provision of energy sohshies the services required to fulhll the ob-
jectve of susioinoble humon development. Towards this end, indigenous renewable
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Box 7.4: Estimating Costs and Benefits: For Whe

Paronjpye (1988) performed a micro study on the Tehri dam, h:lu, o o
discrepancies in the statistics used in working out the M[ﬂﬁ[‘ atio. Fo
exampla: J

» the ‘pecking’ was colculated ot B7 per cent, os against the Indian Planning
Commission Review volue of 70 per cent; P

¢ the cost benefit rafio was estimated withou! considening fronsmission and
distribution losses; ond

» the cost ol ramsmission and dismbution were not token imo comsideration.

Palmer (1782} reviewed the study conducted by Willlams on energy occounts for
the New Melones Dam in California and noted that net loss of energy may result
from dam constrection. Critica may argue that the New Melones Dam was an
excephion, or that Williom's methodology &= debatable, but there i no arguing
that anergy accounting should be done for a proper colculation of the cost ben-
efil rafio, and thol possible cost escolation, delays, ond forgets nnlhﬂﬂm
should be token inte occount, Locking ot large doms from o :trl-:lr
paint of view, there is enough evidence fo suggest that they ore o ul
inveLimant.

Sewrcar: Singh 1990; Bal 1997

resources should be exploited in such o way that the sociol benefits are optimised
giving due recognition Io the effects and implications of the specific charactenstics
ol mouniain areas on the energy sector. There is o need not only lo understand the
type of energy services reguired and the emaronmental implications of esploiting a
parficular source of energy, but also to understand the concept of sustainable hu-
man developmaen! and the effects and implications of the specific characteristics of
mouniain areas on the energy sector [Rajal 19%94a). Examination of thess issues will
lead towards the identfication of suitable anangy fesoUrces in these mouniain ar-
eas, not only from the point of view of environmental sustainability but also from
that of financial sustainability, Inskiufional sustenability will also be vital 1o the suc-
cess of the energy progromme.

7.2.1 The Concept of Development of Sustainable Enargy
The concept of sustainable development hos been brought to the lorelront by the

Brundtland report (WCED 1987) which emphasised meeting basic needs and con-
serving environmaental resources by incorporaling inter-generational equity, The Hu-
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man Development Report, 1994 [(UNDP 1994) intbduced the concept of susiain-
able human development, which suggests incorporation of intra-generafional eq-
uity with emphaia on the ‘univenicliam of life claims’ - meaning “the right of oll
human beings %o o jusl opporiunity to moke use of their potential copabilities’.
These concerns siress that development ol sustainable anergy can only be achieved
if the energy s seen both as o means o salisty basic human needs and os an input
o economic transformation, os well being o source of environmenial degrodatfion
(os suggested in Agenda 21, Chapler %] (Rijal 19950, Rijal 1997b). This meons
that energy is required not only to meet the increasing demand created by promo-
tional actrities to support the on-going process of dvenification and intensification
of agricultural and sconamic activibies and to meet the basic needs of poor people,
but also that the available renewable energy resources should be treated as on
econamic commadity with o potental to enhonce the income levels of mountain
communites and reduce human drudgery, particularly that of women and chil-
dren, while ensuring environmaenial sustainability (i.e., without degrading the envi-

ranment),

7.2.2 The Specific Characterisiics of the HKH Mountain Areas and the
Effects on and Implications for the Energy Sector

The extremely slow pace of development of the energy system In the HKH moun-
tains can be attributed fo the slow growth rate of economic activities os o resull of
the prevailing plains biosed development paradigm which is unsuitable for the
mountain situation, Thus it is important fo understond the effects and implications
of the specific chaorocteristics of the HKH mountain areas on the energy sector prior
to formulating strategies for the development of the energy sector in this area,

The specific charocteristics of the mountain oreas, inoccessibility, marginality, and
fragility, shown in many ICIMOD stedies (Rijal 1996a) have many implications for
the energy sector (Box 7.3). Inoccessibility induces isolation which means high costs
for energy supply systems. This in turn forces local residents 1o modify their needs o
what they hove and develop o better undersionding ol sectorol links (that is, how to
maintain the delicate bolance between fuel, fodder, and food reguirements)

Fragility reflects the vulnerobility of energy resources. The low productivity and low
resource capability result in dispersed settlements ond thus high costs for
infrostructural systems for the supply of energy.

Marginality results in the exploitofion of ovoiloble energy resources by people living
neor them. The ropid process of ‘destrucion of the margin’ is o visible phenomenon
resulting from the exlensive use of marginal oreas by people without easy occess o
other resources. Furthermore, people residing in the mountains do not have much
say in the development process since the cost of not doing anything for the moun-
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Box 7.5: The Specific Charocteristics of the HKH

and Their Effects on and Implications for the Ener ..-T.'JJ or

Specific Char-  Primarny Altributes Mﬂp-mﬂ-u
ocharaiion

actariilics

tHects on The :
Enargy Secior _ A

inaccwsslblilvy holotion; high cosf of Mulfiphs use of
supply syvioma; im:  reiources ond
fad occess; imsibility technologies
o problams

Wood resource
highly vulnarobls o
ropid deforestotion;
lovw perosd wctivity &
resownced; daparsad

Fragiling High eammunity
paricipation; pes-

ing barar sybem
Limitwd rescarces ond Exploniotion of
praductyvity; minimal - polential by
conuderabon of o~  populohon of core
#oa/ people; subsa-  oreas, use of mar-
hences gcoesomy ginal areas by
ofhen; depend-
ency; bow rik bok-
ing copobskty
Divwse resoufces Flalsipls cropping.
ond opprooch; large: dversihed up-and
scole micro-vorations and |owland
in physicol/biclogical forming systems
atiribiutes
Small-scale speciali- Emphasa an oe-
paton kecalion and  fivities Fat are
oeren specihc com- oy of an ea-
porofes pdvantoges; inoclive noture e
kncoticn specibcity of  logging and by-
producton and con-  droslectnicity
srmplon

Source @ Ripal 1994

Marginalirty

tain people does not ofect the power equation

Hghcowm ol Augment snengy
hughor level of  affscsency of conver-
snargy npud slon
Procens of de-  Encournge korest
wrirchon of mor- fo
gin slow poce of provide fodder, fusl
disserination  ond Smber Link
energy and incorme
e olion
increass in en-  odop, noed-bosed
orgy inputs,  opproachs divensly
incrmmed de-  Fuel use
pandancy oA 0
specitic fusl
Decertrolzed  Indigenous techrical
e e
a
m
wibar whsoly

Thus the region remains oulside

the key development negotiohons and subsequent energy lechnology interventions.

Diversity means thal the cost of extroction of energy resources in usable form is
high, and also that it is not possible fo realise economy of scale becouse of the
diverse noture of economic outputs (in terms of quality ond quantity). In order to
negate the disadvantoge associated with economic oulputs, paricular resources
ond tachnologies tend o be used for multiple applications.
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The cpportunities that exist in the mounialns indude the huge poteniial for renewoble
energy and the existence of indigenous technical knowledge systems used io operoie
traditional imttutions and technologies and to maintain an ecologicol balance

7.2.3 Suitability of Energy Resources in the Mountains

The opproprioteness of energy resource, tachnology, and instilution needs to be
judged not only on the basis of the quality and quontity of energy services required,
but also on the physical environment. For example, the quality of energy senices
required dictates the choice of energy rescurce and technology [luelwood, bioges,
electricity), whereas the quaniity required diclotes the scale of energy lechnology
[decentralised, centralized) ond type of institution needed (private, public, partici-
patory]. These in lurn determine the suitability of particular types of finoncial infra-
structure [commarcial or development bank, community schemes),

At the same time, the surtobility ond relevance of a porticular farm of energy nesd
to be examined not enly from the point of view of the energy demand structures
and their associoted environmental impacts, but also from the point of view of the
imphicafions for income redistribution ond income from the produechion of enegy
Box 7.4 summarises these concermns and examines the suilability of particular en-
ergy resources and technalogies in the HEH mountain areas

As an exaomple, in dry mountain areas, mini-gnid systems run by diesel generators
pravide both hght and motive power bul have a limiled impoct on income redistri-
bution. The fuel fo opermate generalors is imported from outside the orea. In wet
mountain areas, small hydropower developmant is most relevant for the same pur-
pose, but has o strong impact on income redisiribution. Here only the equipment i
imported, the actuol resource is available locolly.

The provision of energy hos comsiderable implicohons for income redistribution,
especially when it becomes ovailable to some ond not to athers (indvidusl families,
selected valleys) ond when it is supplied at o subsidised rate, o1 s especially the
cose with electncty from the gnd which is not only cheoper than subsidised petro-
leumn fuels, such as kerosene ond LPG, but is alse much more convenien!. Another
imporiant aspect is income generafion from the production of enargy (Box 7.7).

The energy required in the HKH mountains is primarily low guality energy, in ather
words energy to provide heat. Thus renewable energy resources [primarily bromoss)
will confinue to play @ dominant role in the region. It is imporiant fo realise that
biomass can be a renewable fuel if it s exploited and used judiciously. This means
thot the rale of extroction of biomass for fuel should not exceed the rote of replen-
shment, so that only o sustainoble yield is consumed and the resource is not ex-
ploited rampantly.
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Box 7.7: Mountain Energy Resources: Vehicle for
Income Generaotion

A case in point is the hydropower genarated in the northern mountain areos of
Pokistan, which could be o major source of revanue for the province or siole
through the development surcharge.  Similarly, infraduction of the wheeling
charge concept has prompled many entreprensurs fo explod the avallable wa-
ter resources in Himochal Predesh in Indio o supply elactricity to adjoining
states with o high industrial infrostructure. This results in odditional income for
the Himachal Siote which con be used 1o meat the developmant aspirations of
the population residing in the Siote.

Source: Rijal 1996

An appropriate choice of institubons will be necessary in order to ensure thal de-
centrolised renewable energy systems can become operational in mountain areas;
the scole of the institvhions s likely to be crucial. Community-based porticpatory
inshitutions are more suitoble for the promotion and development of decenirolised
renewable energy syttems,

Thus the developmen! process in the mountains should be occompanied by enargy
technology intervenhions that inclede, but are not limited 1o- i) increased availability
of reneviable energy and energy-technology supply infrostructures; i) introduction
and/or increcsed use of energy conversion devices to olleviate human drudgery
and boost produchvily; iii] productivity increase which locilitates off-farm employ-
ment; bv] improved efficiency of energy uvse; v) higher value use of energy forms;
and vi) increased use of efficient devices.

7.3 Energy Developmeni Strotegies for the Mountains

Given the present pattern of energy use and the associated impact, energy policy in
mouniain aneas should consider three moin foctors. First, biomoss fuels [primarily
fuelwood] might still be the dominant source of energy in the foresesable future in
the HKH region. Deforestation could be o senous problem il the present trend con-
tinues. This paftern of energy consumption will lead o increased greenhouse gas
emission, Second, the demand for fossil fuels is rising at an occeleroted rote and
this trand needs to be reversed. Third, the development of hydropower is expected
to play o mojor role in the mix of energy consumed becouse of the large hydropower
polential. Hydropower, however, although the cleonest source of enangy in terms of
pollution (Ryal 1997h), hos extensive environmental impacts
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Thus energy development in the HKH mountan oreas thould mvolve g

strategy (Ryal 1997¢). First, progrommes musi be geared towards increas wood
resources on a large scole and to upgroding the quality of biomass g > moet
cooking and heafing needs o such unmmtﬁmhimmmhm
children in collection is reduced. Second, energy policies for mountain “"-M
emphaosise decentrolised produchon using new and renewable resources and tech.
nologies (vio rurol electrificotion or motive power generation). Energy should be
used not only to suskain end increase economic activibes, but olso fo reduce or
alleviate human drudgery, particularly that of women and children. Third, eficiant
energy technologies should be promoted so that there is significant improvement in
the physical quality of life without any increase, or even with o decrease, in the
amount of primary energy used. Al the same lime these technalogies should help 1o
raduce the release of pollutants inside the kitchen and into the environment 5o that
the health hazards to household occupants, particularly women, are reduced sig-
nificantly. Faurth, large-scole development of hydropower should be initiated so as
to generote revenue to alleviate the existing poverty of mountain communities and
to develop suitable social and physical infrastructures. Care must be taken, how-
ever, not only to internalise the assecioled environmental costs in these projects, but
also to see that such development results in the overall development of the moun-
tain ansas.

The 1nl|uw|ng programme level interventions are considered necessary for the sus-
tainable development of the energy sector in the HKH region.

7.3.1 Programme-level Interventions

Augment Fuelwood Supplies ond Upgrode the Qualily of Biomass Fuels

In the HKH region, the energy supply is needed primorily 1o meet cooking and
heoting needs. Since biomass fuels remain the main supplier of energy.
overaxploitation of forest resources has become o critical source of ecologicol deg-
radation, The possibilities far substifuting fuslwood with ::mnrﬂll'dﬂl fuels in moun-
tain areas ore limited. Ropid deforestation, besides causing an acule shorloge of
fuelwood and fodder, is disrupting the ogricultural production process and degrod-
ing the ermaronment Therefore, manogement and development of forest resources
must be considered seriously. :

It is possible Yo increase the supply of fuelwood WMW planta-
tions (private, sociol, and public) ond improvements in hﬂm&‘ resource
extrochion. The following foresiry programmes Mhmh'M'
tohon

[y F*g;ﬁ
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A programme of social/community and agro-lorestry e.g.. in which user communi-
lies are given control of the forest resource and encouroged o practice inlegroted
agroforesiry, needs to be promoted, especially in areas where it is too costly (or the
benelits are higher) to keep forests under governmeni conirol, or where privatisa.
fion is nol worth aflempling.

1 ntah

Private plontations should be encouraged through supportive activities in the form
of o packoge [including such things o3 loans and nursery services) in amsas where
the scarcity of fuelwood is severe and market access for fuelwood and woad prod-
uchs is eqsior,

Govarnmant Forests

Public forests should be managed by governments lor two reasons. On the one
hand, fuslwood ond smber requirements need to be fulfilled. On the other, the
{orest hos fo be conserved o protec! the ervironment and biodiversity, to reduce
the emission of greenhouse gases, and to reduce the rate of scil ercsion. Although
overoll guidebnes for manogement should be farmuloted by governments, and overall
control should lie with them, government agencies are notoriously incapable of
actually managing forests in such o way that the lwo needs are fulfilled. Thus these
needs don't actually provide o reasan why governments should manoge the for-
ests. Delailed programmes for forest management should be developed taking the
following inlo consideration: i) reforestation mus! be concentrated on marginal
lands and encroached loresh in oreas where the fuelwood demand is high; i)
managemen! prachces lo increase productivity of the existing biomass should be
promoted; and i) forest development and manogement should be laken as part of

walershed monogement.

There is a general tendency for users fo shift fowards employing high grode energy
forms as their living condilions improve. In order to meet the demand for high
grode energy, 0 programme needs fo be established to develop technolegies ta
upgrode the quality ol biomass fuels. There are severol feasible technologies
[briguetting, biomoass gosification) available in the market thal need to be tested
under mountain conditions. Al the same fime, the possibility of developing and
producing green energy, lor esample by extracting ol [Jotropa, *Chiun® butier) or
producing alcohol fuels, should receive priority ottenfion in research ond develop-

mani,
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Develop Decentralised New ond Renewable Energy Systems

50 far it has not been possible to develop decentrolsed new and renewable energy
sysierns on o sustainable basis lo any significant extent. This is mainly becouse: i)
tuelwood and other bvomass are available to o large proportion of the mountgin
population eflectively “free of cost', ot the some fime these people hove limited
purchasing power and cannol afford 1o pay for much if any fuel; i) the mountain
population doe: not have sufficient finoncial resources for the initial investment in
efficient renewable energy devices; and i) various other bormen alsocated with
decentralsed renewable energy sources and technologies such o3 inconveniance
and conflict with social hobits and tradtional proctices.

Programmes and projects should include the promotion and development of new
and renewable energy resources and technologies as on integral part of averall
mountain development actaties, since meaningful development in the mountain
areas connol be achieved in isolation, Af the same time, lotal infrasiruciure pock-
ages should be developed 1o include such things as road, water, rural electrifica-
fion, increased occesubility do markels, ond proper linkoge betwean urban and
rurcl areas as well os between the plains ond the hills. Deceniralised new and
renewable energy systems (rural elecinlication, motive power applications) should
be internalized in development projects for roads, dnnking waler, imgalion, com-
munity development, formal and non-dlormal education programmes, women's
development, environmaenial protection and preservation, ond cotloge industries.
Thus it is essenhal to lormulote oppropricte policies to promote the development of
decentralised renewable enargy systems in the context of the HKH mountain areas.

he Effici [ £ . :

i s useful energy that determines the extent fo which energy needs are fulfilled and
the quality of life improved, not just the amount of pnmary energy available. For
example, the efficiency of radtional sloves using biomass fuels is low, on average
anly about 10 per cent, while tha efficiancy of those based on commaerciol energy
sources, such os natural gas, con be as high as 70 per cent (World Bank 1993).
improving the efficiency of energy use, therefore, will enable significont improve-
ment in the physical quality of life withoul any increase being required in the amount
of primary energy used. There may even be a decreose in the total primary energy
needed. At the some fime incroasing efficiency will lead to a reduction in the amount
of pollutants released into the environment. Also, when o particular energy carrier
is used efficiently, or o shifi is mode towords more efficient energy carriers, then
inafficiently used sources will be ovailoble for other uses. For emomple, lorge-1cale
distnibution of improved biomass stoves in the mountain areas could lacilitate the
use of ogricultural residues as fodder ond animal dung as formyard manure, At the
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same fime, the introduction of energy efficient devices, such as light bulbs, im-
proved cocking stoves, electric cooken, and eleciric molors, offers the possibility of
reducing the overall energy demand. Similorly, improving the eficency of heating
equipment employed in colioge indusirles, such os fumaces and dryers, and infro-
ducing solar and other renewable enargy lechnologies are important elements of o
strategy fo meet the energy needs of the HKH mountain areas.

Lorge-scole Development of Hydropower

Large-scale development of hydrepower can not only generote revenue for moun-
tain areas but will also minimise the increasing dependence of the region on im-
ported fossil fuels. The hydropower development policies prepared by the govemn-
ments of the region have emphosised energy production, rather than improving the
guality of life of the mountain people. A long-term strotegy for the development of
bydropower should be doveloped which gives due emphasis to the people and
ecology of the mountains,

Risrad Etecirificat Maiaaiini Davad | P

Rural elecirification, properly planned and implemented, can be an impartant com-
ponent of @ comprehensive mouniain development programme. The purpose is 1o
meel energy needs of least-cost. For this, alternative eleciricity supply options must
be considered pricr to grid exdension, and the choice of on approprate system
should be made on the basis of the economic, social, ond amvironmental merits.
For exarhple, ophions for providing electricity from cantrolized and/or decentrolised
energy sysiems must be compared keeping the aspect of affordobility in mind, and
cost-affective technological options thot use energy efficiently and are envirenmaen-
tally frendly must be considered.

7.3.2 Policy and Institutional-level Interventions

The following palicy end institulional level interventions ore required 1o create o
conducive environment for the progromme inlerventions suggested above, and thus
ta achieve sustoinoble development of the energy sector in the mountaing,

Removing Exisling Price Digtortong: There is o big difference between the market
price and economic price of various energy forms {for example traditional versus
ranewoble energy; renewoble energy versus fossil fuels). As long as this distortion in
anergy prices auils, there will ba litle scope for renewable enargy farms aond efi-
cwent technologies that are economically cost effective to find thesr ploce in the
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mountaing. Pricing policies ond regulations should be directed 1o reducing existing
distortions in the pricing of different fueh and in the rantaction cost of fuslwood.

Encouroging Entrepreneyrs: MNohonal ond internobional hnancing agencies are
hewtant to invest in new energy markets becouse of their atttude of risk oversion,

Innovative entrepreneurs are thus nol able o ocguire venlure copilal and financing
for inihicl market creation. Existing credit policies do nol address or cater for low-
mncome groups and the londless since they require collateral for financing. The
design of appropriote credit policies with proper lood development strategies will
encourage otherwise diffident entreprensurs to take part in the developmaent of
renewable enargy fechnologies. The high up-front costs of renewable energy lech-
nologies, fogether with the prevailing subsidies on commercial fuels, also hinder
innovations in renewable energy resources and technalogies. The role of financing
mshtutions should be fo lessen the burden of the up-frant copital costs of renaw-
able energy tachnologies 1o vsers by designing suitable financing schemes.

Technology Tronsfer and More Efficient Fuel Use: Technology transfer ond eco-
nomically justified fuel switching do not occur overnight. Adoption of environmen.-
tol foxes and regulations as an incentive for energy consumers to adopt cleanar
fuels and polivtant abatement lechnologies is an effective means of pramaling the
iransler of aHficiant technologies tor production and consumplion. Thera is a polen.
tial for large efficiency gains using technalogies readily ovailable in international
markets. The provision of tax incentives for the import of efficient lechnologies, and
impaosition of higher tax rates for inefficiant technologies, should be considerad.

Infermation Dissemingtion: Information on technological options ond the avail-
obility of such things as efficient cooking stoves, light bulbs, motors, and kerosene

stoves must be disseminaied so that energy companies ond consumers are kep!
aware of recen! developments. In the long run, the dissemination of such knowl-
edge will promote enargy efficiency, and information dissemination should be a
government responsibility,

Stondards ond Codes: The intfroduction of standards ond codes, such os air pollu-
tion stondords, building codes, ond minimum levels of efficiency, is an appropriate
ool for promoting energy efficiency. However, core must be taken when introduc-
ing standards and codes. The provision of economic incentives to achieve goals ol
elticiency should be prefered to attemphing legislotion of behaviour without chang -
g the underlyng structure of privote incentives.

Research and Development: In the context of the HKH mountain areas, it is clear

that o greater emphasis will have to be placed on research ond development [RAD)
of renewoble energy forms if they ore to moke o meaningful contrbution to the
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eusting energy systems. The overoll thrust of RAD should be on developing low-
cost, efficient technologies suited o locol conditions. Efforts should be made to
develop mountain region specific renewable energy technologies.

(natitutionol 2

The evolution of energy decision-maoking as o supply-side octivily has led to the
formulation of centralized snergy plonning irsttutions, and now there is no plan-
ning copability of the local level. Al the some fime, there is o lock of owareness
about energy among demand-side ogencies, especially omong development bod-
ies operating of the locol level. The voices of the limited number of specialised ogen-
cies for renewable energy development are marginalised. The privale sector and
NGOs have litlle say i the energy decision-moking process. it is absolutely neces-
sary o remove these barmers in order o promale the development of decentralised
renewable energy ond efficent technologies.

Social/communily and agroforestry programmes should be developed lo encour-
oge achive parficipation of communities in forest monogement and other activifies
o meet their basic energy needs. A mechanism hos fo be developea by which
villagers are encouraged to manoge governmeni-owned forest using o commu-
nity-based approach. To some extent this s already in progress in some countries in
the region. The design ol agro-lorestry programmes should toke into occount the
need to encourage participation of the population in the planiting of trees around
homesteads and in farmers’ lields by including necessary incentives and support to
the lanrers. Similarly programmes related to decentralised renewable energy sy3-
terms and efficient energy technologies must ensure the parficipation of locol ben-
eliciaries to enhance the sustalnability of the programmaes,

An independent ond outonomous apex body solely responsible for oll aspects of
decentralised new and renewable anergy development programmes is needed. Such
an institution is a prerequisite for the effective development, promotion, and dis-
seminafion of new ond renewable energy technologies in o well coordinated and
sustainable monner. The pramary respansibility of this insttution would ba fo estab-
lish proper and meaninghul nkoges between governmenl research insfitulions, tech-
nology manufociurers, supphbiers/promoten, and INGOs/donor agencies/financ-
ing institutions, Other responsibilities might inclede standardisation of equipment
and quality conirol, saleguarding the interests and nghts of the consumers/users,
devising alfective and opproprote incentive machanisms, chonnelling subsidwes and
other financial incentives, and coordination belween the vanous aclors involved in

promaoling decentralised new ond renewable energy technologies.
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Womens' Porticipation_in Energy Programmes

Gathering of fuelwood is time consuming and exhousting wark that is

the responsibility of women — who ore thus diverted from other activities, such as
educobon and Fnrmmg that could eventually improve thesr pmducﬁuh and i'l'il'lﬂ
condiions. Similarly, the combustion of biomais, which is the main source of an-
ergy for cooking ond heating in rurol areos, produces pollulont gases that are
hozardous to human health, ond these offect women more because they are the
ones mostly involved in cooking. Al the some fime, new technologies will only be
veed il they ore accepioble o the people actually using tham H'H!ll"llli women. Thus
women must be involved in programmes on forest development ond utilisation,
development of efficient and-use energy devices, and development of decentrolised
renewable energy systems,

Humaon Resource Development

Forest development ond manogement programmes have complex organizational
and technical requirements. It is essential to arrange stoff troining so that those
involved con design and implement forestry policies ond programmes, Successful
implementaton of such progrommeas can be occomplished only ﬂﬂmugh erfengwe
training progrommes._ Similarly, fraining should be provided on the application of
energy technologies, as well as on the need to change energy use behaviour and
proctices in order fo ochieve efficient use, At the some time, the decentrolised elec-
tric power systems should be operoted by efficient skilled and/or semi-skilled locol
people and prolessionals rather thon outsiders, and on appropriole froining pack-
age needs fo be developed for this.

Lock of oppropriate data on the local manulaciuring copability for deceniralised
renewoble energy fechnologies and ignorance ol the technalogy transler process
hinder the enhancement of technelogical capability. To counter this, it is essential to
provide oppropriate incentives for manulacturers ond NGOs by Inifiating pro-
grammaos for human resource development,
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Annex A

Methodological Guidelines
for the Preparation of
an Enerqgy Database

by
Kamal Ryal

A.1 Introduction

Given the ropedly declining costs of compuling power and dota storoge spoce, the
volume of data that can be compiled in o dotobase employing compulers is limited
anly by the capacity lo collect it and the noture and sources of the infarmation. The
capacity o collect data and sources of informaton u determined by the resources
availoble. Sources of information can be classified as primary and secondary. The
collection of primary information requires a huge omount of resources, whereas
the collection of secondary information requires less ime and money.

Designing an appropnate datobase for energy requires that certain steps be fol-
owed. The steps involved are described in the following.

A.2 Basic Design Consideration

The following design considerafions offer o set of useful references o highlight the
central issues related to the energy datobase.
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Quontifiohility: Most aspects of the energy syatem “are quantifioble, although the
degree of quontification may vary from one data item fo another. A good example is
that of fuelwood supplies to villoges. These can be quontified by volume (bundle,
head-load, or similor measures) or weight (kg or fonnes). Quanificafion by weight
would dlearly be more useful lor planning purposes as these values con be converled
into heat values if the moisture content and fuel type (wood species) are known.

Relighility: The reliobility of information depends on foctors such as the dalo
source, method ol dota collechon and enumeration, ond eccurocy of the dolo.
These factors can only be improved through experience goined over o period of
time. It is desiroble thol on oppropriate system of dota volidation should be built
into the design of the dojobase. For example the tolal esimated supplies of kero-
sene may not tolly with the fokol estimoted demand when supply ond demand dota
are drown from different sources. If this i3 50, then either one of the two esfimotes is
incorrect, or doto is missing. The two estimales con be reconciled if o dato valida-
tion procedure i incorporated info the dotabose.

Comparghility: The doto must be comparoble ocross different geogrophical ar-

eas and fime periods. In the absence of geogrophical comparability, it will not be
possible to make uselul oggregotions. For esaomple, aggregation of information
from severcl districts and/or sioles into regional information will only be possible if
oll dota are classified according to the same delinitions and entered into the data-
base in the same form. For this it is necessary to develop o stondardised format for
the energy datobase.

Ability to Collect and Update: The operotional feasibility of o dotabase de-
pends on the extent lo which the dota specified can aclually be collected and up-
dated on a regular basis. For this, information should be comsidered that con be
provided by an oppropriate institution thal already performa collection and regular
updating. For example, the information avoiloble from public utilities related to
elactricity demand forecosts might ba used.

A.3 Establishing Boundaries

The boundaries of on energy dotobase related to the HKH area may be different
from the physical boundaries of the energy systemn itsell. The physical boundaries of
tha anergy system are determined by energy flows. For example, oil products ond
grid electricity imported into the HKH orea are estrocted and processed culside the
physical boundaries of the region. Their point of ongin should not be considered
when determining the physical boundaries of the HEH energy system. They should
be included in the form of ‘importy”. i.e., os onginaling from outside the boundary.
A more proctical way to delermine the boundaries of on energy dotabase in the
context of the HKH orea would be to estimate or compile the energy requirement
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dota and then 1o assess to what extenl these energy requirements could be
the enargy supplies avoiloble within the physical boundaries of the area, o by

A.4 Elements of the Energy Database

Energy datobases should be cotegorised into different dato modules based on the
energy flows from rescurces to end-use applications and further classified an the
basis of the institufionol sel-up lor energy planning. In the context of the HKH area,
state-level inlormation together with ogro-chimatic classification may be appropri-
ate, but this classificotion depends primarily on the availability of such information.
Data modules classified on the basis of energy Bow, however, are quite distinct from
one ancther. The contents and boundories of these modules are described briefly
below (Codonl of ol 1985).

_Rezources Data: Dato on energy resources are required to
assess their ovailability over o periad. In tha case of non-renewable energy sources,
availability is indicated not only by the physical reserves of the resource bul alse by
the economics of its extroction from various sites. The ovailability of renewable en-
ergy scurces, such as hydropower, solar, and wind is perpetual, their exploitation is
determinad by the economics of preduction costs. The ovoilability of centain renew-
able resources such os biomass is determinad by the perspective of susiainability,
which is generally dofined in terms of production to regeneration ratios, foking into
consideration the need lo balonce the omount of resource extrocied ogainst ifs
natural replerishment rale, The moin cotegories in the module are os follow.

a. Primary Energy resources
a.1 Traditional energy Forms
¢ Fuslwood
Agricultural Residues
Animal Dung
Industrial Waste
Other Biomass
Animal Labour
Human Lobour
0.2 Non-conventional Energy Forms
s Solar
& Wind
* Smaoll Hydro
*  Geothermal
0.3 Conventional Energy Forms
* Coadl
s Crude Oil
s Molural Gas
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b. Secondary Energy Forms
b.1 Non-conventional Energy Forms
o Gaseous Fuels
- Biogos
- Producer Gos
= Ohthers, if any
* Liquid Fuels
Ethanol
Methanol
- Othars, if ony
# Saolid Fuels
Charcoal
Briquettes
Bogosse
- Chhers, if any
k.2 Conventional Enargy Forms
agal

s Kerosens

e Motor Spirit ond Aviation Turbine Fuel
e Fumace Oil

s Othar Oil Products

g¢.  Final Energy Forms
£. 1 Mon-conventional Energy Forms
¢ Decentralised Electricity
= Solar Pholovolioic Systems
= Wind Ganeralors
= Others, if any
o (nd-fed Electricity Generation
= Wind Generalors
- Bogaosse-based generation
c.2 Conventional Energy Forms
#  Gnd Electricity
- Tharmal
- Hydropower
- Muclear
- Coal
= Others, if any

The data items needed for each category are:
* theoreticol reserves or yreld,
s  exploitoble reserves or yield,

* location of reserves,
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areas/regions of shorffall/surplus,

quality of the resource (by type, grode,

overage energy content per unit of the resource,

main end-uses of the resource (incleding non-energy end-uses),
price per unit [by different markets, indicating subsidies, if any),
non-price barter arrangements, if any, and

principal data sources for the lems mentioned above.

Energy Technology Data: Energy technologies cover a wide range as all the
sleps in the energy chain from production to the point of end use employ technolo-
gies, Technology doia should include technical specifications, life-cycle durations,
perdormonce foclors, fuel consumplion, reliability, cost, source of origin, share of
lecal components, and other factors, It is advisoble o mainlain technology data in
o separate module for reasons including: a) the some resource con be exploited
using a variety of technologies fo produce the same useful energy or a differant
form of useful energy; and b) technological characteristics change over lime de-
pending on new innovations and odaptations as well as R & D efforts, and thus
technology date require frequent updating.

Broodly 5|:|eu|:|ng, anergy tachnologies can be dassified as: {) process technologies
that convert primary energy into secondary energy forms; il) conversion technolo-
gies that convert primary,/secondary energy into final energy forms; and iii) end-use
devices or demand devicés that convert primary/secondory/final energy info useful
energy in ferms of heat, pawer, or illumination. These technologies can be further
classified, but the list below should be taken as indicative anly, as lechnologies may
vary depending on the locations.

a. Process Technologies

¢ Chaorcoal Kilns
Biogos Digesters
Micra-, Mini-, and Small Hydro Turbines
Briquetting Technologies
Internal Combusfion Engines
Transmission and Distribution Syslems
Solor Air/Woter Healing Systems
Wind Turbines and Others, if any

b. Conversion Technologies

Wind Generators

Hydro Generolors

Solar Photovaltaic Systems
Diesel Generators

Others, if any

® & & = &
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c.& Elecirical appliances
¢.7 Molive power
Tracton

Power Tillers

Irrigation Pumps
Cor/Jeeps/Busses/Trucks
Asroplones, lets

Roadeay

Troliey, Trams

- 8 ® ® & & ®
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The data items needed for each category ore:

- &8 8 8 & 8 8 ® 8 8 8 8 @

Status of

that opplicobility and replicobility of o pariiculor

& & 8 8 ® 8B 8 & @&

Ropeways
Tredifional Ploughs
Bullock Cors
Portery

Others, if any

Technicol Specifications
Capaocity and Rated Performance
Energy, Malerial, and Labour Input
Energy and Material Output
Eﬁﬁunlﬂ\rd'Enu‘m

ciancy
Life
Financiol Cost Porameters
Capital Costs
Fined O & M
Variable O & M Costs
Cost of Row Materials

Cost of Energy Input

[Nate: IHMMHMM
H-uurmdh:nlmdh#‘l] [ _
2. Level of subsidy and fype of subsidy shauld bain

ndwnuﬂhrun:hh:huhw

Commercial Feasibility Status
Research and Development
Demonstranan ond Duseminanon

Commercially Viable
Technological Maturity
Obsolete

Mumber of Existing Installations
Installed Numbers

Numbers in Operation
Qualitative data on reasons for perfarman:
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an end-use activity is not the sole determinant of demand and data on many other
factors (like energy prices, supply scorcities, income levels, and technology effi-
ciency) will also be required fo develop relioble energy demand estmates. The main
use of the dota is to estimate the volume and potlern of energy demand in the
economic sector and lo provide o basis for projections of future enargy demand.
The brood categories of demand seclors with energy consuming end-use achvities
are listed below.

a. Household Sector Energy Demand
e Rural
s Urban

For each of the above sub-sectors quantify the following.
o Ussful energy consumphion for
. Coolung

Lighting
Water Heating
Space heating/Cooling
Motve power
Orthers, if any

. Applrnn:u Ownership

- Radio, TV, Cassetie Recorder

Electric Iron

c Other devices should cover best

* Income level

+ Fomily Size

[Hole - Idensly oppropricte socoeconomic pancmehen for
pach suh-secior that cam be employed 1o peac! el

b. Industrial Sector Energy Demond
» Coftoge Industries
- Agro-bosed
Forest-based
Minerol-bosed
Service-onentad
Weaving/Carpets, eic
- Others, if ony
* Modem Industries
Food, Beveroge and Tobocco
Textiles and Leather
Chemical Engineering

A — Methodologreal Gudelines for T Preparaton of an Energy Dntabase,




+ Mechonical
«  [Hlectrical Engineering

For each of the above sub-secton quontify the
. lh-iﬂlnuggcnnnumphunlu

Lighting
Space condifioning
Others, if any

Miote  ldentdy aporopeote cutped pororerens lor soch tub-
wecios ot con be emgioped o peecdect usshad sreegy
]

¢ Tromaport Sector Energy Demand
e  Rurol Tronsporiation
o  Other Transporiation

For each of the obove sub-seciors quantify the following.
. lh!ﬁlun-gr:nnnmnpluniu - Goods ond Possengers
Roil Tronsport

it

«  Bullock Cors
«  Orhers, if ony

Mok . idestify oppropnots porameten for sach sub-secios
Pt en b wrempiop hrﬂﬂqm

d  Commercial/Institutional Energy Demand
o Rural
s Urbon
. C sol Acieit

Fusertal Retal
Mon-essenthal Retad

Prepared by A Agsl
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Restaurants
Hotels and Lodges
Private Institubons
Ohhers

- lruhluhnm1

Hospitals and Health Posts
Public Insttutions
Chthers

For each of the above sub-sectors quontify the fallowing.
e LUseful energy consumption for

L] 1 ' . - "

Cooking

Lighting

Water Heating

Space heating/Coaoling
Molive powaer

Others, # any

. Applinnnt Ownership

Rodio, TV Cossette Recorder

Rice cookers

Electric iron and nce cookers if needad
Other davices

(Mole ;  Idently appropriole paramaten for eoch sub-secior

e Agricultural Sector Energy Demand

Cersal Crops
Cash Crops
Irigated Land
Mon-irigated land

For soch of the above sub-sectors quontify the following.
s LUseful energy consumption for

— Memodological Gudednes fov the Praparaton of an Enerpy Oetabase

lond Preporation

Tilling

Ploughing

Sowing

Crop Production and Processing
lerigation

Harvesting

Threshing

Post-horvest Activities
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- Applicotion of fertilizens, pesticides, insecticides, eic
Crop Yield ond Residue Preduction
Crop production by crops
= Yiald per unit of land area
- Ratio of crop o retidue production
Dngru of Mechanaahon
Mumber of iractors, tllers, and other mechanical equipment
Number ond types of irrigation pumpsets (electric, diesel)
Contribution of animal pewer
Contributon ol human lobour

(Mote  iderthy oppaopeiabe poroemehes ke esch pub-tecier
et com e emploped o predact usslul ensvgy demand |

Economic Dota: Economic dala are inlended o provide o set of indicalors of
development. Besides this, it should also include dota on the economic and finan-
cial prices of primary, secondory ond final energy based on quality. The brood
‘categories are as follow.

a. Mocro-economic dala including the hﬂﬂmnﬂ-

Aggregate, sectorol, and sub-sectoral economic output {GDF)

Eural and urﬁ?un per copila income

Aggregate ond averoge household income

Aggregate ond overnge housshold expenditure (clothing, energy, food,
efc]

Summary of ongoing development projects

Summary of copital investment [govarnment, public, private sector)
Aggregate volume of loans by instifutions (banks, rura! credit sociaties,
othars)

Ratio of rural inflation rote to national inflation rote

Any other relevant information

b. Economic and Financial Energy Prices

Prices of conventional energy supplies sold in rural and urban markets
Prices of traditional energy supplies 1old in rural and urban markets
Naoture ond extent of pricing subsidies

Energy quota and rations

Fracol ond financial incentives for privote sector investimant

Any other relevant informaotion

Social Datg: Social sector data items are needed to provide a set of indicotors for
sociol development. Broadly these include the following.

Preparad by K Rijal
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Demogrophic Indicators
- Population sire

- Population growth rate
- lLobour force

- Population denasity
- Population of tribas and other isolated groups
Humaoan Deprivation Indicotors
Populafion in obsolute poverty
Population without occess fo safe drinking water
Populafion without occess to health services
Population without access o minimum nulriion
Mumber and percentage of malnounshed children
Infant marality rote
Mumber and percentoge of illitlerate odults
Mumber ond percentoge of illiterate females
Number and percentage of children not in primary school
Number and percentoge of unemployed odulls
- Indlmhn of Social Services/Infrasiructure Suppeort Provided (per “000

Pﬂwlﬂﬁun'l

Mumber of Schools

= Mumber of Clinics

- Mumber of Doctors and Poramedicals

- Mumber of Post OHices

- MNumber of Telephonas
v - MNumber of Automobiles

Kilometres of Road Length
lndlcninn of Rural-Urban Dusparities
«  Rural population as percentoge of total population
«  Rural-urban migration rate
- Populafion with occess lo health services
- Population with access to safe water
Energy Consumer Profile
- Population with access 1o grid elecinicity
- Population with occess 1o decentralised electricity
- Energy source preferences
- [Energy lechnology preferences

Environmental Dglo: Environmental dota items ore needed io provide environ-
mental status indicotors. Broadly these include the following.

L] L] L ] | ] ¥ L L L L]

s Climate (Hills, Mountains, Terai)
- Meon Temperoture (yearly, by seoson)
- Temperature Range (ysarly, by season]
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Precipitation
Humidsty
¢ Deforestation
Owverall forest loss ond annual depletion rote
Primary lorest cover (with some classification based on crown cover)
- Area of shrub lond
- Others, if any
Land Quality
Mineral confant
Toxic chemical content
Organic mater content
Frequency of londslides
Frequency of floods
Frequency of droughts
Alr quality
Sulphur oxides
Nitrogen oxides
Carbon dioxide
Carbon monoxides
Particulale malter
- Organic compounds
Others, i any
Wutur Qluality
Suspended solids
Dissolved solids
Organic compounds
Salinity
Alkalinity
Turbidity
. Humun Health
Incidence of airbome diseases
Incidence of walerbome diseases
Indoor air quality
Noise level

Other Relgvant Data: Those data items not covered in the above dota modules
but important for the energy sector foll under this category. For exomple, informa-
tion on rural electrification is important from the perspective of the energy sector.
The cotegories are indicated broadly below.

# Rural Electrification

- Ne. ol villages electrified/unelectrified
- Mo. of households slecintied/unelecirified

Prepared by: K. Ryal




Level of household soturofion [rofio of villoge elecirfication o house-
hold electrificotion)
- Averoge eleciricily consumphon per copilo

A.5 Collecting the Data

Development of on energy dotobase requires that dota be collected from vanous
sources. There are o number of woys to collect data. Thete con be broadly clossi-
fied as: i) primary data collection; and i) secondary doto collechon methods. Sec-
nmhqdnhminﬂmﬂrmmmnfﬂufulnﬁnglmﬂufmmm.

o Nanhonal/Slote Stotstical Agencies/Bureaus
s Mational/Slate/Provincial Planning Bodies
* Sectoral Ministries/Departments

(Forestry/Agriculture/Industry/Enwvironment/Others)
¢ National/State/Provinciol Electric Utilities
s Ministries/Departments/Specialised Agencies for New and Renewable energy

Davelopment

¢ Central Bonk/Development Finance Institutions/Rural Development Banks/
Commercial Banks/Rural Credit Organizations

o  Government Research Establishments/Private and Autenomeous Research

Institutions/ Regionol/Inlernational Research Instifutions
National and Public Libraries

Univarsities

Private Sector Energy Equipment Vendors

Natonal and International NGOs
Regional/International Mulfilateral Development Banks
Bilateral Development Assistance Agencies.

I is important 1o reolise that for many types of dolo there may be more than one
source. In general, it would be prudent to restrict the number ol sacondary data
sources, especially for the same date ilems. However, for cenain types of data hav-
ing more thon a single source could be advantogecus as it encbles cross-checking
and vahidation. There can be no strict guidelines on the number of secondary dota
sources, nor for the octuol process of collecting secondary data. These should be
decided by the sxperts themsalves bosed on the humaon resource copabilty and
funds avarlable. It is preferable that ofl doto collechion octrvities should ot leas! con-
form %o two basic requirements; regularity of occess and consistency in types of
daota collected.

Annen A — Momodiogeeal Gudeines for e Preparaton of an Energy Database
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A.6 Energy Terminology

The anergy terminology currenily in use con be quite confysing because of mulhple
definifions of the same resource, technelogy, process, or demand. Table A1 pro-
vides an illustrafion of energy resource classificotion using four diferent commenly
employed criteria, nomely reproductability, familiarity, monetisation, and settlement
paftierm.

Modaem

sattemant Pafiam

HMan- Rural | Usan/

cial

Com:-

Using Different Classifications
Trodi- | Conven-|Renew-| Mon.

tianod | Bsgnal | homol obls |renesuobls| mercial | Commar-
]

[

Table A.1 : An lllustrative Example of Energy Terminology

Resourcen/Technologies | Fomiliarity | Nom- | Reproducibity Monetisation

E
;
- 13
ﬁgz i ‘i%
R 38
_..zgaf%&éislﬂé%a;s
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Many rescurces or lechnologies bt info more than one clossificabon and con thus
have more than one definition depending on the situgtion in which they are used, In
soma cases, the production lechnology or process defermines the classificafion
rather than the nofure of the resource. Fuelwood is 0 good exomple of possible
multiple definitions; it con be delined os “rodiional’ becouse of histone familiarity
with it as a fuel source, ‘renewoble’ becouse of its reproductive nature, “rural en-
ergy’ becouse of its prevalence in rural sotflements, and ‘non-commercial’ becouse
it is normally not traded in @ market. But none of these delinitions can be lollowed
rigidly under all circumsiances. For example, # advonced technologies such as o
wood gasihers are used, fuelwood con be @ “non-conventional’ fuel source; i ur-
bon markets where it has 0 monefary price it is o ‘commaerciol’ resource; and
fuelwood can be o 'non-renewable’ resoures il i1 is extrocied at a level grealer than
the sustainable supply. Energy technologies can also be clossified in number of
ways such os rurol, modern, and olternative energy technologies.

The use ol different lerminology for energy demands can olso be confusing. The
differant types of clossification are summarised below.

In general, classilicaton of energy demands based on the physical process is more
occepted by energy planners than classificotion by sociceconomic process. The
main odvonioge of the physical process classificofion is that it provides o set of
coherent connecting links betwesn energy resources and energy end uses which i

Classification by Physical Process

Primary Enargy  The amount of energy required in its natural lorm prios

Demand: to hransformation into any other form [e.g., fuelwood,
agricultural residues, onimal dung, solor ensrgy, wind,
crude ail, natural gos, coal).

Secondary The emount of energy required ofter tronsformation from

Energy Damand: ik notural stole %o a higher form of energy (eg.,
charcoal, producer gas, biogos, pefrol, diesel, LPG,
kerosane, not woter fram solar water heaters.

Final Enargy The amount of energy required just prior fo it utilisotion

Demand: in an end-use device. The final energy demand excludes
all energy lost in the wonslormation of primory fo
secondary energy, energy used within the fransformation
industries, ond energy lost in the distribution process

Useful Energy The amouni of energy required in the form of heat, hight,

Demand: or work ond actually made avallable to the finol wser of
the energy (industry, fromsport, housshold, efc.) alier
rarmiformaton in an end-use device.
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Classification by Socioeconomic Process

Expressed Demand thot is expressed in relalion

Demand: availabilily ond the user's purchasing p:“nrm;grp:;pﬁ
capacity 1o acquire If,

Effective or Demand thal is actually fulfilled (energy consumed) according

Sotisfied to energy supply cvailability, even though the user may be

Demand: able 1o aHord or acquire more i the resource availability were
ﬂ!’l&ﬂ'ﬂ!l’

Unsatisfied The difference between the expressed demand and the

Demand: effective demand.

Suppressed Cemand that is hidden even from the user because o cerain
Demand: energy source is nof available of all [for example, the absence
ol electricity demand in unelecirified villages),

Energy Meed: The octual end need for which energy = required
{illumination, mability, etc) which is measured in non-energy
tarms (e.g., lumens, kilomatres)

Energy The combinafion of energy rescurces, lechnologies, ond

Service: processes which result in the fulfilment of energy needs.

net so readily apparent under the sociceconomic process classification. The physi-
cal process clossification is bosed on the concept of energy chains as depicled in
Figure A1, wheraby each primory energy source is froced from ils orginal stote
through o series of octivifies which process, convert, transport, and fransform the
energy source unfil it reaches its eventual poinl of end use os useful energy after
passing through an end-use device, If should be noted that all transfermations of
primary energy to useful energy entail a certain foss, the exent of which depends
on the efficiency of the transformation process and/or technology.

Each set of energy terminologies seems seli-consistent within o cerain clossifica-
tion, but difficulhies arize in actual usage as different clossifications are offen used
in an overlopping way. However, os long as consistency is maintained within the
energy database in the usage of data items across the various modules and layers,
there is no need to panic.

Far genwine comparability, it is necessary that all dala in the dala set are classified
according to the some definifions and units. This applies not only fo ph]l!il:|:|| quan-
fities, it olso opplies to the way in which such words as "forest’, 'safflement’, rerol vs.
urban, cottoge vs. modern industrias, restaurants vs. lodges, obsolute poverty, hills
vi. mountains, roads, and many others are defined. Although it will be almost im-
possible to stondardise thase in o data set drawn from o wide variaty of sources, it
iz necessary to be aware oz far as possible of the definitions used in compiling the
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ongnal sources, ond o bear ony differences in mind when making overall com-
B pon

Figure 1: The Energy Chain

| Haotural Rewources I

Losses p&

J o - i

I’ End-usa Dovices Ir

T e e
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A.7 Energy Measurement and Conversion Units

Energy is defined as the copocity for doing work producing heat. It can ba re-
garded os ‘stored work'. Energy con manilest itself in many forms such as heat,
light, motive force, and chemical change induced by or resulting in eleciricity.

Energy is not needed as o physical commedity but in specific forms and qualities
which are substitutoble. It is necessary to quantily the energy content of vanous
resources by some common unit of measurement when preparing a dotobase for
accounhng, aggregation, comparison, and/or evoluation purposes. Primary en-
ergy con be physically quantilied in diflerent ways depending on the type of energy
resource a3 indicoted below.

moss (fonnes of solid fuels such as fuelwood, coal)
volume (cubic matres of biogos and LPG, and litres of petroleum fuels)
rate of work (horsepowesr, Mewton)

valocity (km per hour of wind speed)

Some energy resources require a combenation of more than one of the above meas-
ures, 8.g., the water head lor hydropower is o combination of volume ond velocily
or pressure heod. Many traditional energies ore measured in non-standard units,
such os bundles ond heodloods, and these must irst be converled into stondard
physicol units before further conversion info an energy measure. Converling phys:-
cal quantities of various resources inlo o commaon unit of energy requires appropri-
ote conversion factorn such os those shown in Tobles A2, A3, ond A4,

It should be remembered thal no energy resource (or commaodity) provides an an-
tirely homogeneous heat value or commaon unit of meosure. The some physical
guanhtes of ditferent types of luelwood or grades of crude oil often result in differ-
ent heat values o3 @ result of foctons such as density and moisture content. Widely-
vsed moosurement units, such as colorific valve, can be distinguished os gross
colorific value and net calorific value. The difference betwaesn the two is the amount
of latent heot obsorbed duning the evoporation of the moisture presant in the fuel ot
the lime of combustion, whether present belore the combustion took place or pro-
duced during the chemical process of combustion.

It is more difficult 1o measure the energy content of cnimate energy (including hu-
man enargy) both concepluolly ond empirically, but animate energy i the main
provider of motive power in HKH areas. There are varying views o3 to whaether
animate energy is o factar of produciion that is subshtutable by energy, or a form of
energy tha! is substituioble by other forms of energy. Althowgh the majority view
oppears o be ogainst freating animate energy as an energy source, there is a need
to hove some brood estimote of wha! demand is being met by humaon ond animate
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Table A.2: Basic Energy Conversions

(TT] Gigasulm |Gl Tonnes of Coal Tonnss of Cool
_ Equivalent [fonnes)
Tonne of eool eguivalent 29307600 1.000000 0.4B0272
Tonnes of ci eguiealant 43082300 |4 000 1 D000

Sources . ADE 1992 WECS 19%4; PEP 1905

Table A.3: Energy Content of Traditional Fuels

physheal o e tow Other
I!nl
- Fuabwood Ten 187 0.57 Q.39 1 4imd
Cir.im .7 .4 027 JO0 kg
Charcoal Ton 289 | 099 0.87 285 m3
., 161 035 .23 350 hg
- Al IJW‘ * | Ton [ K] 0ar 0.25 .
= Biogas 000 24.2 0.a3 0.56
[T 1
| = Agric. Waste Tan 124 [ 043 029
S ety e tos = 10,000 000 besl o ice = 0.7 100
dgre = agricuihiral

Sorrma | AL 1RFL WECS 1FR; FER IRFS

energy, 10 fhat the energy needed to reploce or minimise human drudgery by pro-
wislon of alternative sources of energy con be estimated. It is not possible 1o provide
any uniform conversion factors for animaote energy, but some methods described in
the [terature ore provided for illustration.

It s estimated that an odult male working eight hours per doy would preduce an
averoge energy equivalent of B0 W. The energy equivalent of on adult male working
for 1-2 hours without any mechanical aids can be calculated using the following
formula (Ramani ot al. 1995}

P=1053-logt
whare, f = [limein minules and
P = energyin kW

Thus, in the first minute, the energy equivalent of human lobour is 0.392kW ond,
gffer 100 minutes, it decreoses fo 0. 203EW
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Table A.4: Energy Content of Commercial Fuels

l Matural Unet | G [
Dosal = 379 1.2¢ 088 0.824 ton
[ 44 1.57 1.07 1210
. DO K lire 39.3 1.34 0.91 0.85
| o T 157 .07 1172 ] S
Pygl k bty 334 114 0.78 0.70% tan
b 472 141 1.1 1411 |
Korcsens | bkt 343 L4 0.84 0.778 fan
s T 1.59 .08 1285
- A, Tur b e 36.3 1.23 0.84 0.776
= Ty D) .08 ﬁﬂm__
F. O b lerm 413 141 0.9& 0.934 jon
| le= id :I___ 1.51 1.03 101 |
- IPG o Y7 | 148 .14 .
. Coal ton 8.2 084 0.59
- Blocinicity | hiwWh 3.4 QI2386 | -
b 48 8 1 57 1,07 1210
| Matural Ges | 1 000m" 34 1.56 .09

DO = gt chomred ol A, Tur, = 32
*  dey bova, one lormedung yaleh 190 =" sagoy o 15 50
*  Soms ety e e = | 0,000 000 kil o e = 0 T los

Socrces:  ADE 1992; WECS 1994; PEP 1995

The pulling force of draught animal labour can be estimaled in the lollowing man-

ner:

for a bull : P= 11-20M

forchose: P = 14-25M

where, P = pulling force in Newlons
M = mass of onimal inkg

Cine methad fo convert animate energy 1o fuel equivalent is to estimate the quantity
of diesel that would be required i all animal labour were fo be reploced by traciors
end irmigation pumps. Table A5 shows the estimated trackon power of several
types of animal when operating farm equipment ol different speeds,

A.B Assembling the Data

All energy dato tems need to be organized occording o ﬂmﬂuﬂuwﬂﬂuduh
base. Dato ossembling tokes ploce within eoch madule of the dalobase. The main
tasks involved ore os follow,
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Table A.5: Traction Power of Draught Animals

Type of Animol | Weight | Speed | Low Speed Traction | Speed High Speed
Trochion

5 [eg) [km/h) | [Hawton] W (km/h] [{Mowton)| (W]

- Light 210 2.4 330 220 4.0 198 220

- Miedwm 450 2.4 640 440 4,0 44 520

- Heavy $00 24 [1215 Bi0 40 Béd P40
Woler Bullalo

- Light 400 24 | 550 370 32 | ©16 | 370

- Madium 450 2.4 BBS 590 3.2 H654 590

« Heavy 900 2.4 1215 810 3.2 211 BlD |

Sourcs : Wu ond Lu wma.w-dh-w # ol 1995

Velidation: All dota have to be validoted through cross checks and use of pre-
defined error ranges, Cross checks should be done to ensure internal consistency
and plousibility, while the lotter has more to do with comparing similar data from
varnious sources. The aim of all validation is to achieve os much accuracy es possi-
ble subject to the practical limits of fime ond cost,

Compilation and Collation: Compilation involves the preparation of individual
data sets info standardised dota expressions (cggregotion ond calculotion of per-
centages and ratios). Collation involves the maiching of individual data sets into
homogeneous groups.

Tobulation: Tebulation involves the organization of processed date into fables
occording to pre-defined formats (columns and rows). The most significant aspect
of tebulotion in an energy database is the preparation of energy commodity ac-
counts which follow the energy chain of each primary energy source up 10 its frans-
formation inte final energy. The order of columns and rows in an energy commod-
ity account will be similar fo those in an energy balance table (which will be dis-
cussed later]. The principal difference between the two is that energy sources ore
measured in their original units in an energy commodity account, whereas they ore
converted info o common energy measure in an energy balonce table. The last link
in the energy chain, i.e., transformation of final energy info useful energy by end-
use oppliance, is not shown in en energy commodity account.

Interprefation: Interpreting the assembled data is preparatory to final presenta-

fion. Interpretation requires the applicotion of statisticol and econometric tools,
besides having a “feel’ {or the plausibility of the data.

Annex A — Mathodologecal Gusdelines for the Preparation of an Energy Dalabase
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A.9 Presenting the Data

The main summary outputs of the energy dotobose con be presented in sobular or
prophic form, The tabular summery is known os on energy balance table, while the
latter it 0 reference energy system Both have their mmﬂw

Energy Bolonce Table

An energy balonce table i o tabular presentation of all the energy flows in o chosen
area (such o3 the HKH region) fram pnmary energy through infermediate transfor-
mations to final energy. A simpliied energy balance table is shown in Table A 4. The
logic of the table, i.e., the arrangement of columns and rows, con be mome readily
undersiood by miumng to the energy chain concep! illustrated in Figure A1, Some
of the distinctive features are as follow.

* Energy sources ore represenied by the column headings.

o [Energy flows (including transformations and final allocations to demand sec-
tars) are represented by the row headings. )

* Energy sources are first divided into primary and secondary energy, with some
energy sources being consumed in direct form as primary energy uelwaod,
animal dung) as well os baing iranslormed into higher |nﬂg-,r{amﬁ‘°—'i;|r con-

sumphion o3 secondosy energy.

= Primary energy is clossified into conventional tradifional, and non-conventional
energy and then further disoggregated into individual enargy sources,

* Secondary energy s clossitied into convenfional and mmmmﬂml anergy.
All convantional energy, including grid electricity, is treated as :mn&mj en-
ergy. Mon-conventional energy is divided info decentralised electricity, gasecus
fuels, liquid fuels, and solid fuels.

»  All grergy sources thal are impored from cutside the Hmmm under
imparts, and those exported from the HKH oreas are shown under esports
(fuelwood and hydroelectnicity supplies o the urban plains).

The energy balance table o the most widely-used maethod of presenting the energy
sitvation of o particular area or country. its main odvanioge s that i provides o
numaerical summary of the enfire energy siluahon and offers an excellent boti for
compiling fime-senes doto. its principal discdvonfoges ane: ﬂﬂ'h not explicitly
dentfy the extent of loss ot each stoge of the energy chain and con also hide the
lewes of eFicency of indrndug! ransfarmotion actvites; and i) energy supply sources
and enérgy demand sectors cannot be hully duoggregoted i the numbers of rowa
and columns are o be kept within manogeable limite. Fﬂ'mmm
resources of significance may be shown under ‘other biomass® and energy end
uses may be ignored.
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Table A.6: Typical Energy Balance Table (case example for Nepal, FY 1994/95)
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Reference Energy System (RES)

The reference energy system [RES) provides a physicol representafion of energy
flows from exfrachion to final consumption by end-use technologies, through graphic
presentotion. The medel helps o provide an insight into energy resaurce allocation
and the mix of technologies needed 1o sotisly o specified set of energy demands.

The starting point for creating a better understanding of an energy sysiem is the
siructure of the energy system, This struciure, which describes the parts of the en-
ergy systern and their interactions, is best represented by an RES. The RES includes
all the energy sources thal are exploited, all the intermediale forms inlo which these
sources are tronsformed o enhance the converence with which they ore utilised,
and the end-use devices that are uted 1o cbiain the services provided — cooking,
lighting, process and spoce heating, shalt power. Moreover, the RES must include
both the qualilative ond guantitative descriphions of the energy system. A fypical
RES emphasising traditional energy sources is shown in Figure A 2.

The main calculations needed for developing o reference energy system are:

for each link point: sum of energy flow in = sum of enargy flow out

energy output = 1) * energy input

This process con be clearly undersiood fram Figure A2 whaere the sum ol anergy
flow equals the number indicaled for each resource under ‘production’. Transfor-
mation (osses are shown only under conversion for the sake of simplicity, but they
could also be shown under other intermedsote sloges of the energy chain jrefining
and processing, ramportation and distribubon). The losses egual the number against
a diagonal line minus the number against the lollowing horizontal line. Further, the
efliciency coellicients ol end-use opphonces/technologies ore indicated under ‘con-
sumphon’. For exomple, the loss incurred in tronslorming nine units of luelwood
info charcool equals seven units. When the remaining fweo units are used in o cook-
ing stove in the form of chorcool, the useful energy derived would equal 05 units
since the efficiency coellicient of the cooking stove i 0.25,

Figure A 3 illustrates how this fechnique con be extended fo incorporate vonous

types of end-use equipment/appliances. It also shows how each energy source con
be linked to multiple end uses.

Annex A — Mothodologeal Guidalines for ihe Preparation of an Energy Distatase,




Figure A.2: Reference Rural Energy Systom: Traditional Energy Sources
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Figure A 3 Reference Rural Energy System: Tradibonal Energy Sources
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The reference energy system is useful for visualising the- o
flows. The main advantoge of the RES is that Inuﬂ nm...

energy choin con be frocked with o view to -dmhhmg imprc
Furthermore, by linking sach energy source to all its end uges, |
allows energy substifution opportunities to be identified. The main ¢
the technigue is that it can become quite complex and possibly incomp
all possible disaggregations by energy source and end-use activily an
thair limit. This problem can be oddressed by hoving supplementary di
sub-processes.
From the above discussions it is clear that both a reference energy qrjuim and
energy balonce table ore needed in order 1o ormive of sufficent umlmlandh' ol
the energy situation in @ parbeular localion.
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