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Sunmmar y

Nepal is one of the |east developed countries of the world
depending on an econony that is very nmuch agrarian. The nmajor
energy consumng sectors can be clearly disaggregated into
domestic, transport, industrial, comercial and agricultura
sectors. Mdire than 90% of the energy supply is from traditiona
sources (fuelwood, agricultural residue and aninal waste), the
rest is from comercial fuel such as petroleum products and
electricity. Donestic sector accounts for nore than 95% of the
energy consunption, whereas the transport sector consunes nost of
the commercial fuel i.e. petroleum products. Using the MARKAL
nodel, the total em ssion of carbon-di-oxide in tons of carbon as
well as in Ggagramis estimated to increase from around 770 (&g
(209,689 tons of carbon) in 1990 to around 7,590 & (2,070,725
tons of carbon) in 2030 for the baseline scenario. For 1990 the
| PCC net hod gi ves 858 &g of CCR.

The petrol eum products nost wi dely consuned in Nepal are kerosene
and diesel and these two have been found to emt the highest
amount of CO2. During the later years of the study period, LPGis
used nore and is the major contributor to the CO2 emssion. The
total carbon em ssion for the baseline scenario is 209,689 tons in
1990 and 2,070,725 tons in 2030 of which kerosene accounts for
88,843 tons in 1990 and 461, 138 tons in 2030. Simlarly the carbon
emssion from diesel for 1990 is 93,691 tons and for 2030 it is
299,970 tons. LPG which starts off with zero value in 1990 and
reaches 1,219,823 in 2030 which is the highest CO2 emtter.

The per capita GHG em ssion of Nepal is estimated at 42.6 Kg of
C2 in 1990 and 220.6 Kg of C®2 in 2030 which is far below the
emssion levels of other developing countries. As expected the
domestic sector is responsible for nost of the GHG gas em ssion,
nost of which cones from the use of LPG in later years. On the
whole the overall emssion level of Nepal is negligible as
conpared to other devel opi ng nei ghbouring countries. It is quite
clear that Nepal's devel opnental effort will be hanpered if energy
consum ng activities are checked; that is, the devel opnent process
will be slowed down as energy consum ng sectors are the corner
st ones of its overal | devel opnent . In particul ar,
industrialization is its key policy objective at present and this
will eventually lead to increased use of fossil fuels. The trend
towards increased fossil fuel consunption seens al nbst unavoi dabl e
such that any relevant long-term GHG mitigation policy initiatives
may be expected to reduce the rate of increase in carbon
em ssions, but not |lower them Sone |ong and short term measures



such as hydro power devel opnent, afforestation prograns, and use
of energy efficient technol ogy have been recommended to reduce GHG
emssions, but it would be very costly as well as detrinental to
the country's devel opnental efforts if strict mtigation nmeasures

were to be appli ed.



1. | nt roducti on

During the 1980's the idea of global warmng received nuch
exposure by the nmedia who often presented their stories in
association with lurid imges of disaster or a climate out of
control. This left the public and governnments disturbed but not
necessarily better inforned. In response to this general concern
and the lack of clear objective, authoritative statenent on the
probl ens on which policy mght be based, the Wrld Meteorol ogi ca

Organi zation (WO and the United Nations Environnental Program
(UNEP) jointly established in 1988 the Inter-government Panel on
Cimate Change (I1PCC) who was charged with the responsibility of
assessnent of available scientific information on clinmate change
and the environnental and Soci o- Econom c inpacts and formnul ation
of response strategies.

The |1 PCC has been remarkably successful in engaging the world's
| eadi ng experts in various field related to the science of climte
and climate change to its inpacts, and to possible options for
adaptation and mtigation. For instance, the first IPCC scientific
assessnents submitted to the second clinmate conference in 1990 a
conbi ned contribution from 170 scientists from 25 countries and
was reviewed by a further 200 scientists. The nunber of scientists
involved in later | PCC assessnent has been even greater. The first
| PCC reports of 1990 acknow edges the |arge degree of uncertainty
still associated with the climte change issue. Nevertheless the
overal |l nessage that nmany human and natural system are vul nerabl e
to the magnitudes and or rates of clinmate change likely over the
next century added inpetus to the negotiation of the UN Franework
Convention on dimate Change which was initially signed in June
1992 in Ro De Janeiro, Brazil by nore than 150 countri es.

The signing of the United Nations Framework Convention on dinmate
Change (UNFCCC) and the adaptation of Article 4 e.g. Al parties
t aki ng into account their conmon but differentiated
responsibilities and their specific national and regional
devel opnment priorities objectives and circunstances shall

- Devel op periodically update, publish and nake available to
the conference of the Parties National inventories of
ant hr opogeni ¢ (nman nmade) em ssions by sources and renoval s by
sinks of all green house gases not controlled by the Mntrea
Prot ocol, using conparabl e net hodol ogi es to be agreed upon by
the conference of the Parties;

- Formul ate, inplement, publish and regularly update nationa
and where appropriate, regional prograns containing nmeasures
to mtigate climate change by addressing anthropogenic
em ssions by sources and renoval s by sinks of all green house



gases not controlled by the Montreal Protocol and neasures to
facilitate adequate adaption to climte change;

- Pronote and co-operate in the devel opnent, application and
diffusion, including transfer of technol ogies, practices and

processes that control, reduce or prevent anthropogenic
em ssions of green house gases not controlled by the Mntrea
Protocol in all relevant sectors including the energy,
transport, i ndustry, agricul ture, forestry and waste

managenent sectors;

At the United Nations Conference on Environnment and Devel opnent
(UNCED) in Ro De Janeiro marked a turning point in internationa
efforts to protect the atnosphere and provided a new focus for the
climate related activities of international organizations and
nati ons of the world.

Nepal is joining forces with the world to conbat the green house
effect. The signing of United Nations Framework Convention on
climate change shows the commtnment and intense desire to
contribute in sone way in this respect. In February 1992, the
United States announced an initiative to provide funds to help
countries to address climate change. The Departnent of Hydrol ogy
and Meteorology (DHM took a keen interest and initiative for the
country study Programma. Qut of the four objectives of climte
change proposal "To identify and evaluate technical options for
mtigating climte change through reducing emssions of green
house gases (GHG s) and expandi ng sinks for these gases"” is one of
t hem

2. Model Description

A need to nmake substantial future reductions in green house gases
em ssions actually requires mgjor changes in the energy system
The ability of Nations to respond to this requirenent depend
entirely on the technology as well as strong policy. To assist
policy decisions, the potential of technology and the cost of its
applications nust be estimated. Sustainable devel opnent require
consideration of the interrelationship anong society, energy,
econony and environnent as well as technology. Wthin this context
and to the extent practicable, quantitative nmethods are needed to
conpare possible national responses. In order to eval uate em ssion
control neasures as well as clinmate changes, the use of simulation
nodels have to be enployed. These nodels nake it possible to
explore a wade range of alternatives that would be alnost
i mpossible to be tested in reality.

The use of one such simulation nodel called MARKAL has been
enpl oyed to conduct this study on mtigation of green house gas



em ssions in Nepal. MARKAL which stands for MARKet ALl ocation was
devel oped by ETSAP ( Energy Technol ogy Systens Anal ysis Program
an International research program under International Energy
Agency, IEA ). ETSAP's main purpose is to provide systens anal ysis
capability to assist the I EA and the nmenber countries in exploring
|l ong termenergy futures and the role for new energy technol ogi es.

MARKAL builds on the concept of Reference Energy System (RES). A
reference energy systemis a network di agram showing the flows of
energy through the building blocks of an energy system from
primary resources through denmands for energy services. MARKAL
basically consists of software that can represent a w de variety
of energy system configurations. The energy systemis represented
by a set of energy technol ogies that range fromthe extraction of
inportant fuels to final consunption by end use devices that neet
demands for projected energy services.

MARKAL is provided with a menu of candidate technologies -
existing or anticipated - from which it selects those that neet
t he energy demands at |east cost while satisfying such constraints
as a limt on carbon-di oxi de em ssi ons.

MARKAL results in optimal choice of energy technologies, their
total cost, and the marginal cost of constraining factors. Wth
the allowable |evel of carbon-dioxide emssions restricted, for
exanple, the marginal cost is the increase in cost that would
occur if one less ton of carbon-di oxide em ssions were permtted.
A carbon tax set at this marginal cost would lead to the sane
restricted | evel of carbon-di oxi de em ssions.

MARKAL cal cul ates the technol ogi cal choices that woul d best enable
a society to reach a desired future. MARKAL identifies the optinm
response to external stresses given the assunptions, as opposed to
a simulation nodel intended to predict the future. Odinarily, a
range of scenario assunptions is examned with nunerous runs of
the nodel to determne how the choice of technol ogies changes
under different circunstances. In a reference scenario wthout
em ssion restrictions any "no regrets" technol ogies that are cost
effective in any case coul d be adopt ed.

In a typical national MARKAL nodel, there are several hundred
candi date technol ogi es from which the nodel unanbi guously chooses
t he opti mal conbi nati on. These i ncl ude ener gy sour ces,
conservation neasures, generators of electricity and/or heat fue
conversi on processes, emssion controls, and end-use devices to

neet the demands for industrial, residential, comercial and
transportation services. Technologies are characterized by their
performance, costs, service life, and the nmaxinmm rate of

penetration. To neet the nodel requirenents each MARKAL user keeps



hi s own database. The advantage of using this nodel is that "data
can be directly conparable fromone country to another”. MARKAL is
now encapsuled in software shell MJSS, the MARKAL User Support
Systens used by the ETSAP partici pants and MARKAL users around the
world on 486 conputers. MJSS automates the activities needed to
prepare data and analyze the results of MARKAL run, thus greatly
i ncreasing the productivity of the anal yst.

MARKAL a bottom up |inear programm ng energy nodel was chosen for
this study to generate scenarios mainly for the followng three
reasons :

- Firstly, large nunber of international community have been
using this nodel therefore results and findings of the
various countries can be easily available for conparison
pur poses.

- Secondly, MARKAL being an engineering nodel, it yields not
only information about the abatement costs but also
technol ogi cal details about how mtigation targets can be
obt ai ned.

- Thirdly, MARKAL can al so be an useful analytic tool to policy
makers for Jleast <cost planning and integrated resource
managenent .

MARKAL behaves as if it had full knowl edge of the past and
present; it uses existing facilities nost efficiently and can plan
ahead for new investnents. MARKAL is used internationally to
anal yze national, state or province, and |ocal energy systens. It
was originally witten as a nmain frane conputer nodel (Fishbone
and Aleilock, 1981). A standardized PC version is now avail able
(CGol dstein, 1991).

3. Scenari o Assunptions and | nput Data
3.1 General Scenario Assunptions

Macro Econom ¢ Background: Nepal is one of the |east devel oped
countries of the world with a per capita incone of |ess than 200
US dollars. It has a predom nantly agrarian econony with nmajority
of its population depending on agriculture and living in rural
communities with very small |and holdings. As a snmall, nountai nous
and | andl ocked country, Nepal ' s devel opnent efforts are
circunscri bed by her geographical |ocation along with other socio-
cultural factors. Despite planned devel opnent efforts of 40 years,
Nepal remains as one of the poorest countries of the world with
nore than half of the population living below the poverty I|ine
The country is facing severe devel opnent chal | enges on account of



di verse factors |like stagnating agriculture, the mainstay of the
econony, growing population at a higher rate of 2.1 percent,
social indicators renmaining well below the average for South Asian
regi on, under devel oped infrastructure facility - mai nly
irrigation, electricity and transportation - and deteriorating
envi ronment and ecol ogi cal balance. A country with poor natura
endowrent, Nepal has to inport not only fuel and capital goods but
also primary and consunption goods. D sadvantages generated by
geography and other factors nake it difficult in maintaining
international conpetitiveness and hence an edge in the export
market due to high transportation cost. The insulation of
enpl oynent opportunities and protecting domestic industries
agai nst conpetition from Indian products is virtually difficult.
To top it off, the long open border with India has circunscribed
country's independent economc policies related wth | abour,
trade, interest rate, pricing and exchange rate.

Real GDP grow h stood on average, at 5.0 percent in the 1980's and
the first half of 1990's as conpared with just 2.0 percent during
1970's. The introduction of structural adjustnent neasures in the
|l ater 1980's did not show marked inprovenent in the CGDP growth
rate, it stood at 4.8 percent during 1986-90 conpared with 5.0
percent during 1981-85. The growth rate, stagnated to 4.9 percent
during 1991-95 as well.

Agricultural sector perfornmed an average growth rate of |ess than
3 percent during the |ast decade. Neverthel ess, the growh of sone
of the subsectors renmmined encouraging. The price signals
emanating from deregulation as well as exchange rate incentives
wor ked to sone extent to pronote the production of those itens.

Agricultural production is growing at a very |low rate reduci ng per
capita availability of foodgrains. Nepal has recently turned into
a food deficit country from surplus and food itenms constitute
about 10 percent of total inports. Agricultural productivity |evel
is, on an average, below that of two decades back. Pl anned
devel opnment efforts have failed to increase production and
productivity in the agricultural sector, despite that each and
every plan laid first priority to agricultural sector either
t hrough budgetary provision or through policy orientation. Mre
than three-fourths of the arable land is still rain fed and even
the provision of irrigation facility to about 25 percent of the
arable land is not effectively served because of underutilization
of mnost large scale iirigation, poor nmaintenance, and weak
institutional support for managing irrigation investnents. Energy
use of the agricultural sector is critically low, equivalent to
466 TJ in 1990. This accounts for just 0.2 percent of the tota
energy use of the country.



The country has w tnessed massive deforestation in the 1980's
resulting in soil erosion and environment degradation. Human as
well as livestock population pressure on forest for search of
cultivable I and, energy, fodder, agricultural tools, and pastures
has reduced forest cover fromnore than one-third in the 1970's to
| ess than one-fourth of the land area. Institutional support for
forestry developnment has also remained weak due to frequent
national i zati on-privatizati on noves.

The industrial sector remained highly protected till the end of
1980’ s. H gh custom duty, addi ti onal char ges, sales tax,
overval ued exchange rate, and various tax and non-tax concessions
to donestic industries resulted in a high effective rate of
protection. Consequently, the country w tnessed proliferation of
assenbly type industries which enjoyed highest protection due to
high tariff for final goods and low tariff for raw materials and
capi tal goods.

Despite liberalization of foreign investnent policy, the inflow of
direct foreign investnent has been low, worth Rs 8.6 billion so
far. Manufacturing sector has so far been able to provide
enpl oynent opportunity to a very small nunber of people and its
share on GDP has remained less than 10 percent. The industrial
base is weak but is picking up, very slowy. The |evel of
industrialization is self evident fromthe nagnitude of energy use
by this sector equivalent to 2294 TJ of energy in 1990. This
accounts for just 1 percent of the total energy use in 1990. Power
shortage, |oad shedding and other barriers to snmooth supply of
energy is also partly responsible for poor performance of the
i ndustrial sector.

Li beralization of the econony and restructuring has had narked
effect on services sector. Transport and comrunication, trade,
restaurants and hotels, and financial & real estate observed nore
than five fold increase in nomnal ternms during the | ast decade as
conpared with agricultural sector growing by les than four fold.
Particularly, liberalization of the econony showed encouraging
signs in civil aviation, road transportation, financial sector
expansi on, and other services. The effect has been a grow ng share
of services sector to GDP, nentionably from 36 percent in 1981 to
49 percent in 1995. This may be attributed to the liberal policies
adopted in the process of restructuring and adjusting the econony.

The policy reforns in the external sector were the npbst extensive
and fastest anong all the sectoral reformneasures in the econony.
Starting from inports |iberalization and nore flexibility in the
exchange rate policy in md-1980's, Nepal attained full
convertibility of the NRs in the current account in early 1993 and
set free the determnation of the exchange rate of NRs vis-a-vis



convertible currencies by mar ket forces. However, trade
| i beralization has not substantially changed the structure of
inports. In 1985, Nepal's inports consisted of 16.2 percent of
food itens, 14.5 percent of intermediate goods, 13.2 percent of
fuels & lubricants, 18.1 percent of machinery and transport
equi prents and the rest 38 percent of manufactured goods. In 1990,
the share of food itens and fuels slightly cane down to 12.6
percent and 8.3 percent respectively whereas the share of
i nternedi ate goods, and nmachinery & transport equi pnent increased
to 23.9 percent and 20.6 percent respectively. But the trend again
reversed after 1992. By 1995, the share of both internediate
goods, and nmachinery & transport equipnment in total inports
declined to 17.6 percent and 12.7 percent respectively whereas the
share of manufactured consumer goods increased to 43.6 percent.
| mport of petroleum products which stood at 22 percent of tota
exports value in 1974/ 75 increased to 29.2 percent in 1984/85 and
further to 30 percent in 1994/95. For fossil fuel, Nepal is solely
dependent on inports. Inports of such fuel is swelling up due to
expanding transportation services and gradually picking up
i ndustrial activities.

External sector liberalization has failed to reduce trade deficit.
This is because even with a sharp depreciation of the NRs by about
70 percent during the last decade, inports increased, on an
average, by 24 percent in rupee terns and by 12 percent in dollar
ternms during 1986-96 as against the growh of exports by 23
percent and 10.2 percent respectively. As a result, trade deficit
increased from 10.7 percent of GDP in 1995 to 12.7 percent in 1990
and further to 21.5 percent in 1995. Such a huge trade gap is
obvi osly unsustainable and is posing a heavy pressure on current
account bal ance.

After a few years of conpletely opening the current account, the
bal ance of paynents situation has shown unhealthy sign. This is
mai nly because of poor export performance followed by higher
imports in high trade and current account gaps. As trade deficit
has increased from 10.7 percent of GDP in 1985 to 24.5 percent in
1995, service and transfer earnings are unlikely to match this
deficit in the foreseeable future. Thus, the sustainability of the
country's external sector balance has cone under question. The
huge deficit in current account (8.4 percent of GP in 1995
excluding grants) and shy nature of long term capital inflow
signals that the country's balance of paynents may not remain
favourable if corrective neasures are not imediately taken up.
Exports of the country have remained highly vulnerable due to
concentration of export trade to a few commodities and limted
market. The structure of inports has remained alnost unchanged
with high share of manufactured consunption goods in total
i nports.



The growi ng resource gap in the public sector has been the nmajor
problem in macro econom c nmanagenent. Fiscal deficit (defined as
total resources mnus total expenditure) has been w deni ng and has
been reflected in current account gap in the external sector of
the econony. The resource gap in the public sector stood as high
as 7.0 percent of GDP, on average, during 1990's so far. The
underlying factor behind such a resource gap is low tax effort.
Tax CGDP ratio in Nepal is one of the lowest in South Asian
countries. In the expenditure front, there are too many projects
with poor inplenentation. The quality of investnment program is
quite | ow because of poor inplenentation, weak project screening,
poor nonitoring, financial reporting and budgetary control. Mbst
of the devel opment projects face tine and cost over runs due to
delay in aid nobilization because of |ack of counterpart fund for
aided projects and delay in conpleting adm nistrative procedures
for launching the projects. Low aid absorptive capacity has
danmpened the devel opnent prospect of the country along wth
i ncreasi ng unnecessary financial burden.

External debt of the country has increased to 51 percent of GDP in
1995 from less than 20 percent in 1985. Including donestic debt,
total debt of the governnent stood at 65 percent of GDP in 1995.
Debt service problem is also enmerging as one-third of regular
budget has to be earmarked for principal and interest paynents

The problemis likely to exacerbate in the near future as nore of
the long termborrowing is getting matured in that course.

One resource that Nepal is blessed with is the abundance of
hydr opower potential. Ilronically, the country faces acute power
shortage and industrial activities suffer due to frequent power
interruptions and | oad shedding. At present only about one percent
of the total economcally viable hydro-potential has been utilized
and it is likely to remain unutilized unless foreign/ private
participation in hydro power sector takes place. The CGovernnment is
serious about devel oping this national resource and is encouragi ng
even i ndependent power producers partici pation in its
devel opnental efforts.

In the transportation sector, Nepal has less than ten thousand
kilonmeters of roads, only one third of which is black-topped. It
has virtually no railways and navigation and very few airports

Road is the main node of transport and petrol eum the nmjor source
of energy in this sector. Sonme of the problens faced by the
transport sector are insufficient budgetary provisions for
mai nt enance, weak inplenmentation of projects resulting in |ow
quality construction and high cost of road construction due to
difficult hilly terrain. The East-Wst highway, the only road
integrating the country's east to west borders is under



construction for the last 35 years. Feeder roads to East-Wst
hi ghway are either of low quality or not developed at all. There
are still many places which can only be accessed by nmany days of
trekking along foot trails. Low quality of fuel, poor naintenance
of vehicles, absence of stringent anti-pollution |aws and plight
of low quality vehicles in the street has caused heavy air
pollution in the growing cities in general and the capital city
Kat hmandu i n particul ar

Tourismis Nepal's major source of foreign exchange earnings. It
was equivalent to 44 percent of her total foreign exchange
ear ni ngs from nerchandi se exports in 1994/95. An industry based on
natural endownent, tourismin Nepal has recently been thwarted by
the deteriorating environmental factors, mainly the pollution in
big cities and trekking routes.

Maj or sources of traditional energy in Nepal are fuelwood, agro by
products and animal products. The share of such source in tota
energy supply has marginally declined fromnore than 95 percent in
the 1980's to a little nore than 90 percent in the 1990's. The
comercial sources of energy - petroleum coal and electricity -
contribute |less than 10 percent of the energy consunption. O the
traditional sources of energy, fuelwod shares nore than three-
fourths whereas agricultural and aninmal waste products contribute
| ess than one-fourth of the energy consunption. O the commercia
sources of energy, petroleum contributes nore than three-fourth's
whereas coal and electricity contribute the rest. The share of
electricity in comercial energy source has slightly increased
from 9 percent in 1984/85 to 12 percent in 1994/95, whereas the
share of coal has declined from 32 percent to 12 percent during
the sanme period. The foregoing discussion reveals that Nepal is
still heavily dependent on traditional sources of energy and
comercial energy has very little contribution to total energy
supply. Al so, of the commercial energy, the share of electricity
is just one percent of the total energy consunption. Traditiona
sources of energy are mainly used in household consunption I|ike
cooking, |lighting, heating and processing agro-products. The
commercial sources of energy are used mainly for industrial,
transport and donestic sectors wth negligible use in the
agricultural sector. This is because agriculture in Nepal is yet
in a subsistence level; it is still highly |abour intensive with
insignificant nechanization. 1In the industrial sector also,
cottage industries are highly |abour intensive as are carpet,
garnents and handicraft industries. Heavy use of energy is thus
concentrated in large industrial establishnments such as cenent,
iron and steel, plastic, and netal industries.

In order to assess the mtigation options for the energy sector,
the follow ng assunptions have been nmade for nodelling the energy



system of Nepal

In engineering optimzation nodel |ike MARKAL, the nodel itself
provides a nunerical assessnment and conparison of different
policies. This nodel is a |inear programm ng energy nodel in which
the nost basic criterion is total cost of providing econony- w de
energy services under different scenarios; when this criteria is
used the structure of this type of nbdel as used in mtigation
anal ysis can be represented schematically as

Mnimze total cost of providing energy and satisfying end use
demand subj ect to:

- energy supplied >= energy dermanded
- end use demands satisfied
- avail abl e resource limts not exceeded

The validity of the results depends very nuch on the follow ng
assunpti ons:

- future prices of fuels
- useful energy denmands (projected)
- Technol ogi cal characteristics

Technol ogi cal characteristics neans the rate of emssion of
carbon- dioxide, costs, efficiency, the upper and | ower bounds on
mar ket penetration.

The key assunptions used in the baseline and mtigation scenarios
are:

- G owi ng education level and literacy, provision of famly
pl anni ng services, changing attitudes towards boy or girl
child, econom c developnent and social security provisions
are likely to reduce the fertility rate in future course of
tinme. Based on these assunptions the population is projected
to grow at the rate of 1.9% per annumin the 1990's, by 1.7%
in the 2000's, by 1.5% during 2010's, and by 1.3% during
2020's. Accordingly, total population of the country 1is
estimated at 21.9 mllion in 2000 A D., 26.0 mllion in 2010
A D, 30.2 mllion in2020 AD., and 34.4 mllion in 2030 A D
(Table 3.1).

- Based on past perfornmances the national GDP is projected to
grow, on an average by 5.0% per year till 2000 A D., by 4.5%
till 2015 and by 4.0% thereafter (Table 3.1). The growh of
non-agricultural sector is expected to pickup in the com ng
years. But for the agricultural sector, as the size of arable
|l and holding is limted with very slow growh of extension
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and support services, the growh rate is expected to
stabilize in the long run

By 2030 all district headquarters will be electrified and

about 50% of the population wll have access to electricity
by then.
In future the existing thermal plants will be retired and be

repl aced by hydro electric plants.

Petrol eum prices have witnessed large volatility during the
| ast two decades and a half. After touching 35 US$ per barre

in 1980, it stabilized at less than 20 US$ per barrel during
the 1990's. Assumi ng no serious supply shock and sudden shift
in the demand, the crude POL prices is projected to increase
by a nodest rate of 1.5 percent per annum through the review
period. The crude oil price change is assuned to be fully
reflected in donestic supply price of refined POL products.

Assum ng depreciation of Nepalese currency at a rate of 3-4
percent per annum POL prices in donestic market is projected
to grow by about 6 percent during the sane peri od.

| ndi genous renewabl e resources (w nd, solar and bionmass) w ||
be tapped but their contribution is negligible.

For the mtigation scenarios a 10% and 20% reduction in GHG
em ssion fromthe baseline | evel is considered.

The national inventory of GHG em ssion considers that the net
bal ance of emission fromtraditional fuel source is zero.

The di scount rate taken into consideration in the projections
and cost calculations was nostly the inflation rate.
Particularly for deriving electricity cost of production at
1990 prices, an inflation rate adjusted for exchange rate
depreciation and foreign price rise was taken into account.
For deriving real GDP and its conponents, GDP deflector was
taken as the di scount factor.

Projection of major macroeconom c variables is done with the
help of time series regression analysis. Projection of
international prices, donestic prices, real GDP and its
conpostion, supply prices of energy was done with regression
techni ques using the explanatory variable (s), the trend
variable dummes wherever necessary. For nmany of the
projections, the tine period taken into consideration was
1966 through 1995. For a few projections like that for
fuel wood, the sanple period was quite short (1985 through
1995) .
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Assum ng the aforesaid growh in real incone and popul ation,
energy demand is projected to increase from5.6 mllion tons
of oil equivalent in 1990 to to 19.5 mllion tons of oil
equivalent in 2030 A D (Table 3.1). This exhibits a growth
rate of energy demand at 3.0 percent per annum
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Table 3.1: Projection of Energy Demand and Popul ati on G ow h

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

It is obvious
assunpti ons used,

Rea

(MRs)

56151.

59768.

62531.

64586.

69282.

71695.

76095.

79899.

83894.

88089.

92493.

96656.
101005.
105551.
110300.
115264.
120451.
125871.
131535.
137454.
143640.
150104.
156858.
163917.
171293.
179001.
186162.
193608.
201352.
209406.
217783.
226494.
235554.
244976.
254775.
264966.
275565.
286587.
298051.
309973.
322372.

t hat

the results

t her ef ore when

P
(MI1lion)

00 18. 10930
00 18. 49000
00 18. 84131
00 19. 19930
00 19. 56408
00 19. 93580
00 20. 31458
75 20. 70056
73 21.09387
47 21. 49465
95 21.90305
17 22. 31921
70 22.69863
00 23. 08451
80 23. 47695
30 23. 87606
20 24. 28195
50 24. 69474
70 25. 11455
80 25. 54150
30 25. 97571
10 26. 41729
80 26. 81355
40 27. 21576
70 27.62399
90 28. 03835
00 28. 45893
50 28. 88581
80 29. 31910
90 29. 75888
20 30. 20527
50 30. 65835
30 31. 05690
50 31. 46064
60 31. 86963
60 32.28394
30 32. 70363
90 33.12878
40 33. 55946
40 33. 99573
40 34. 43767

are very much dependent

5622.
5824.
6133.
6356.
6517.
6701.
6873.
7084.
7304.
7534.
7775.
8005.
8241.
8486.
8741.
9007.
9284.
9572.
9872.
10184.
10509.
10848.
11197.
11559.
11937.
12331.
12701.
13084.
13481.
13893.
14321.
14765.
15220.
15692.
16182.
16690.
17218.
17767.
18336.
18926.
19539.

Popul ati onEner gy Denmand
(' 000 TOE)

000
000
000
000
000
000
280
235
650
976
688
911
447
616
834
537
180
237
205
600
970
870
090
900
940
870
040
020
340
570
290
110
070
240
310
980
980
070
040
700
920

on the

the assunptions are nodified or
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changed then the results too get changed accordingly.

Data Used in the Anal ysis

For the study of mtigation options of G een House Gases (GHG s)
Em ssions the foll ow ng data have been used :

- Base year for the energy supply and denand data is taken as
1990. In both supply and denmand sector data of non -
petrol eum products ( e.g. fuelwood, agricultural residue,
dung and electricity ) as well as data of petrol eum products
viz. LPG ATF, kerosene, high speed diesel, light diesel,
fuel oil etc. have been used.

- SSmlarly, total output or value added or physical units (
e.g. tonnes ) produced with regard to measures of industria
out put, 1990 CDP, expected GDP growh rate, current
popul ati on including projected growh rates, expected changes
in residential energy demand, expected changes in per capita
transportation demand, |abor force ( 1990 size, expected
growmh rates and expected changes in |abor productivity )
commercial activity ( neasures of current activity, expected
changes ) also has been used in the mtigation analysis.

- Li kewi se, electricity generated from existing major hydro
projects and diesel power stations including the 1990's
actual generation by power plant has been used.

As said earlier the MARKAL energy nodel is built on the concept of
Ref erence Energy System (RES). The reference energy system of
Nepal is illustrated in Figure-3.1. The RES is "a network diagram
showing the flows of energy through the building blocks of an
energy services".

Figure-3.1 depicts the useful energy demand of the Nepal Reference
Energy System The energy denmand has been split into four main
categories requiring the energy services nanely Industry,
Resi dential/ Commercial, Transport and Agriculture. The right side
of the figure shows the types of the inported energy while the
various fornms of energy carriers are shown on the lines wth
arrows. The demand technol ogi es which uses the energy carriers for
providing the final energy services is showmn as a dot (.) in the
figure. Also this figure shows the four min demand sectors
divided into 25 demand categories. The final energy demand has
been projected fromthe base year (1990) to the year 2030 for each
of the categories. Note that a dot not seen in Figure-3.1 could
appear at a later year indicating the use of new technol ogy.
Seventeen different types of energy carriers have been shown in
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this figure.

3.2 Projection of Energy Intensities

It is obvious that energy demand is determ ned by several factors
| i ke the gromh and structure of gross domestic product, choice of
t echni ques of production, technol ogi cal changes, popul ation growth
and the pace of wurbanization and nodernization. The Nepal ese
econony has been gradually transformng from subsistence,
agricultural to industrial and nodern econony; and techniques of
production has al so been shifting from|abour intensive to capital
intensive. Along with this, rapidly grow ng popul ati on, expansion
of residential areas and urbanization, and advanced |evel [|iving
conditions nhas led to higher demand for energy in the country.
This is reflected in the growh of energy consunption in relation
to GP growth. During the |ast decade, real CGDP grew at a conpound
rate of 4.8 percent whereas energy consunption also went up at a
compound rate of 2.8 percent. The quantity of energy consunption
which stood at 4.9 TJ (114 TOE) equivalent per each one mllion
rupee GDP in 1984/85 declined to 4.2 TJ (100 TOE) equival ent per
one mllion rupees worth of GDP in 1989/90 and further to 3.6 TJ
(94.5 TCE) equivalent in 1994/95. This inplies a |l ess than unitary
elasticity of energy consunption to GDP. Such a declining
intensity of energy consunption to GDP indicates that demand for
energy in Nepal would increase less than proportionally with the
growth in national incone. The present trend shows that intensity
to decline to 2.1 TJ per one mllion rupees worth of GDP in 2010
and further to 1.2 TJ in 2030 A D

Such inference has, however, to be taken with caution. The above
analysis inplicitly assunes that demand for energy is inelastic to
price changes and the market for energy is in equilibriuminplying
that consunption demand for energy is identical to supply. If
supply is constrained due to availability factor and/or denand
suppressed by price factor, then the above statenent m ght give
i ncorrect inference about energy demand with respect to economc
gr ow h.

3.3 Description of Technol ogi es and Energy Resources

Ener gy Resources

Nepal is endowed with a vast hydroel ectric potential, however only
a fraction of this potential has been tapped so far. Nepal is not
so fortunate in terns of other sources of energy as it has no
known natural gas, petrol eum and coal reserves.

The ever growing energy demand in Nepal by its various sectora
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activities has been so far catered through internally avail able
energy resources as well as those inported from outside. Nepal's
traditional indigenous energy resources are:

- f uel wood
- bi omass: agriculture residue and ani nal waste

Apart from these traditional sources Nepal has a vast potentia
for electricity.

Since Nepal does not have its own deposits of the follow ng fuels
it inports them in order to neet the demand from various end-
users:

- fossil fuels: diesel, gasoline, Kkerosene, |liquified petroleum
gas (LPG
- mneral fuels: coal, coke

Nepal's sources of supplying energy is predomnantly from
traditional energy sources which account for nearly 95% of the
total supply whereas electricity on the other hand accounts for
not even 1% The energy supply for 1989/90 are shown in Table 4.1.

Regardi ng the consunption of energy, donmestic sector accounts for
an overwhel m ng 95.68% of the total, followed by transport sector
2.2% industrial sector 0.98% comercial sector 0.89% and
agricultural sector 0.19% The detail ed breakdown of the nationa

energy demand for 1989/90 is shown in Table 4. 2.

Description on energy resources of Nepal wll not cover the
inmported fuels. In the follow ng paragraphs attenpts are nade to
present the brief descriptions on the status of the donestic
energy resources.

1) Fuel wood:

Fuel wod had been the perennial source of energy from tine
imenorial for heating, cooking, and lighting purposes. This
resource is still predom nant over the others and the grow ng
energy demand of Nepal is currently being met by over-exploiting
i ndi genous forest resources for basic household cooking needs as
well as industrial and commercial fuelwod requirenents. It
provides 71.69 % of the total energy used in Nepal. Over 70 % of
fuel wod cones from accessible forests, shrubs and grasslands,
over 20 % from non-cultivated inclusions, and the renaining from
farm and. Total accessible forest area (located within a radi us of
3 km by road/trail) for fuelwood supply in 1990 was estinmated to
be 4,634 thousand hectares, with a sustainable yield of 7.49
mllion tonnes against annual consunption of about 11.2 mllion
t onnes.
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During the past decade, the persistent efforts of HV5 to better

manage the forest through various projects with assistance from
donor agencies have brought the forest depletion rate to an all

time mninmum However, the population growh and associated
proportional growh in demand for fuelwood, unless shared by ot her

substitutes, remain a threat to the country's econony and its
envi ronment .

1) Agriculture Residue:

The second nmj or source of energy in Nepal cones fromagriculture
residue frommjor crops (paddy, sugarcane, naize, wheat and jute)
which yielded about 11 mllion tonnes in 1990 of which about 3.2
mllion tonnes is used as fuel. Anong the residues, rice husk is
also used to produce briquettes. Bagasse, the residue from
sugarcane processing, is used as fuel for boilers in the sugar
factory.

[11) Animal Wste:

Fam |ies who do not have access to an adequate supply of fuel wood
and crop residue use animal dung as fuel. The use of round-shaped
hand nade dung cakes and stick-shaped dried dung m xed with straw
for cooking food is common in lower hills and terai respectively.
The total anount of dung available as fuel is estinated to be 4.4
mllion tonnes in 1990. It is partly used for the production of
bi ogas.

V) Electricity:

Hydropower is the main source of electricity in Nepal. Al though
electricity accounts for less than 1 % in the overall energy
bal ance of the country in 1990 it is expanding at a fast rate as
nore and nore electrification schenes are being carried out
t hroughout the country. Wth no other |ong-term viable resources
available in the country, hydropower is no doubt, the energy of
the future in Nepal. The theoretical potential of the river
systens of Nepal for generating electrical power is estimated to
be over 83,000 MN based on average river flows as foll ows :

R ver Courses

R ver basin Maj or (*) Snal | (#) Tot al
Sapt a Kosi 18, 750 MWV 3,600 MAR2, 350 MW
Sapt a Gandaki 17,950 MWV 2,700 MA20O, 650 MWV
Karnali & Mahakal i 32,680 MWV 3,500 MAB6, 180 MW
Sout hern Rivers 3,070 MV 1,040 MWV 4,110 MV

Tot al : 72,450 MWV 10, 840 MWV 83,290 MW

NOTE: (*) with catchnment area above 1000 sq. km
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(#) with small catchnent area

For the sake of conparison of the hydro potential available and
the actual installed capacity, in 1990 the peak electricity demand
was 176 MWV and the available energy was 773.842 GM. The total
installed capacity of the plants generating electricity (hydro +
thermal) was 150 MV In the sane year the total sales was 548. 069
GWh.

Ener gy Supply Technol ogi es

So far Nepal has adopted the conventional nethods of producing the
energy she is endowed with. Unlike in other devel oped countries,
no conplicated and sophisticated energy extraction processes are
i nvol ved here.

In the follow ng paragraphs the nodern technol ogies enployed in
the production of electricity, fossil fuels, etc. are described in
ternms of investnent costs, variable and fixed operation &
mai nt enance costs, efficiency, emssion coefficients, maxinmm
mar ket penetration rates, installed capacity, etc.

As the main source, fuelwood, is being supplied in traditional way
i.e. it is readily available in unrestricted quantities close to
poi nts of consunption, it has no direct cost other than the tine
and effort spent in collecting it and it requires no major capital
i nvest nent nor advanced technology in its exploitation and use.

Electricity is the only natural resource Nepal is bestowed with in
abundance. Mddern day technology is involved in harnessing the
hydr opower potenti al .

Installed capacity: By the end of 1990, the total installed
capacity was 150 MW of which 140 MN was contributed by 7 nedium
si zed hydropower plants and 20 snall sized ones and 10 MV was from
diesel plants. Furnace oil fired multi-fuel plant came into
operation only in post 1990. There is one photo voltaic (solar)
station and one wi nd power plant, the conbination of which can
produce maxi mum 500 kWof electricity.

Most of the hydropower plants are of the run-of-river type. For
| oad managenent as well as for seasonal peaking purposes the
national integrated grid system has so far only one storage type
hydr opower stati on.

Market penetration rate: In the fiscal year 1989/90 the total
nunber of electricity consunmers in the country was 290,015 which
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inplies that about 10 % of the population had access to
electricity. As far as the consunption of electricity is concerned
it enconpasses nore than 50 districts covering all types of
terrain. In order to benefit the nmaxinmm population, the
electrification schemes adopted in Nepal is usually to start first
from the urban areas and the district head quarters and then to
slowy cover the other outlying areas.

In order to assess the real penetration of electricity use in
different sectors a breakdown of the consumers by their categories
and their respective consunption |evels has been done. For the
year 1989/90 the category-w se consuner and consunption are shown
as follows:
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Consuner Consunpti on

Consuner category (no.) ( MAAr)
- Donestic 274,921 231, 396
- Non- commer ci al 4,506 47, 433
- Contrer ci al 1, 758 33,712

- | ndustri al 7,482 178, 321

- Wat er supply 112 11, 928
- Irrigation 382 11, 965

- Street |ight 517 7,295
- Tenporary supply 123 403
- Transport 9 2,060
- Tenpl e 205 270

Based on the previous 5 years' data the growh rate of consuners
is about 10 % and that of consunption is 15 %

I nvestnment costs: Regarding the investnment costs of various
hydropower plants it is difficult to come to a figure because sone
of them were built wunder grant projects, sonme were constructed
many years before, small hydropower plants were constructed in
di fferent topographical areas. Al so, hydropower developnent is
very site specific as well as it depends on the design paraneters
(tunnel length, geological conditions, transmssion line |ength
run-of -river or storage etc.). The proper benefits from the
projects have to be assessed rather than going by only the
i nvestnents required.

Variable and fixed O&M costs: Variable operation and naintenance
costs are attributed to the fuel consunption in the thermal power
stations. The consunption of fuel depends upon the actual therma
generation. In Nepal in order to avoid the inport and dependence
on petrol eum products the use of thermal power stations are only
made during the peak demand tine and during the dry nonths when it
is not possible to get the full output fromthe run-of-river hydro
plants. For the study the annual variable operation and
mai nt enance cost is taken as 2.6 $/ MM.

Fi xed operation and mai ntenance costs, both in hydro and therna
plants, conprise of salary, wage, allowance, operation and
adm nistration. In general these constitute about 5% of the tota
capital cost for thermal plants and about 1.5% for hydro plants.
The costs taken for the study are 63.6 $/ kw year for thernmal and
25.2 $/ kw year for hydro.

Efficiency: The overall efficiency of the diesel plants operating

in Nepal grid is taken to be 60 % whereas that of the hydro plants
are considered to be operating at nore than 85 %
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There exists a potential for solar powered generation as the
country has a lot of sunshine throughout the year except for the
nonsoon nont hs. Sol ar powered generation plants could be set up in
areas where it would be difficult to take transm ssion |ines and
to populated renote areas. However due to lack of efficient
technology in this field there has been very little success in the
use of solar energy. Only in the urban areas there is limted use
of solar energy for water heating purposes. The harnessing of w nd
power has al so not proved very successful so far.

4, Scenari o Definitions
4.1 Baseline Scenario

The reference scenario corresponds to the |east cost planning
wi t hout carbon-di oxi de (CO2) em ssion constraints. On the basis of
the assunptions and the final energy demands MARKAL finds an
energy system that leads to the least discounted total system
cost. This linear programmng optimzation nodel also determ nes
the optimal fuel mx and the set of technologies to be used for
each period based on the relative cost conpetitiveness of fuels
and energy technologies. The CO2 emssion trend of this optinm

energy systemis cal culated by the | PCC net hodol ogy.

As nentioned earlier the energy demand and supply structure of
Nepal is such that it is met nostly by fuelwod, however the
indiscrimnate use of this fuel source has lead to deforestation
which is causing ecological inbalance in nmany areas. The use of
fuel wod woul d decrease as it is becomng nore and nore difficult
to obtain it, also the governnment is taking steps to discourage
the indiscrimnate collection of wod from the forest and
shrubl ands. As Nepal |acks other energy resources it is foreseen
that electricity will play a vital role in the devel opnent of the
nations's econony and that it will becone the main source for the
energy supply sector. The hydro potential of the nation is al nost
i nexhaustible as far as its needs are concerned, however, it needs
a lot of capital for investnment and it wll take sone tine before
such developnment will materialize. To sone extent solar and w nd
power could be wutilized for energy supply, but this is not
expected to anount to nuch.

The devel opnent of the base line scenario for analyzing GHG
mtigation options within Nepal's energy supply and demand system
is started with the proper understanding of the energy network
whereupon the flow of energy from primary resources to useful
energy demands in end-use sectors is traced. The demand side
represents all the major end-use sectors which are residential

comerci al , non- comer ci al , i ndustri al, transportati on,
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agricultural and exports. The network diagram for the generalized
energy of system of Nepal is presented in the follow ng Figure-
1.
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Fig.- 4.1 : Energy Network in Nepal
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1) Energy supply in base year 1990:

In the base year 1989/90, the energy supply as shown in Table 4.1
has gone into the above energy network for the fulfilnment of the
nati onal energy demand in that year. According to Table 4.1 the
basic energy requirenent is fulfilled through the donestic
resources as well as inport. In the donmestic resources Nepal has
nostly non-comerci al type of energy nanely, fuelwood, agriculture
residue, and dung. The only comercial form of energy Nepal
produces on its own is electricity. Al the other conmercial
energy such as coal, notor spirit, ATF, kerosene, HSD, |ight
di esel, fuel oil, and non-energy are inported into Nepal.

Table 4.1: Energy Supply for Nepal, 1989/90

Resour ce x1000 &J Per cent

Fuel wood 171, 796 71.45 %
Agricul ture residue 34, 000 14.14 %
Ani mal waste 21, 328 08.87 %
El ectricity 2, 696 01.12 %
H gh speed di esel 4,700 01.95 %
Li ght di esel 32 00.01 %
Motor spirit 561 00. 23 %
Ker osene 4, 487 01.87 %
ATF 453 00.19 %
Coal 312 00.13 %
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Fuel oil 1 00. 00 %

Non- ener gy 75 00.03 %
TOTAL 240, 441 100. 00 %

2) Energy consunption in base year 1990:

The summary of energy consunption for each sector and the
percentage of energy consunption by each demand sector are shown
inthe followng Table 4.2. It is evident that the donestic sector
overwhelns all the sectors in consumng the energy (95.68 % . The
next energy consum ng sector is transport which consunes 2.20 % of
the total available energy for consunption. The other energy
consum ng sectors nanmely industrial, comercial and agricultural
sectors together contribute less than 3% of the total energy
consunption. This energy consunption pattern shows what an early
stage of devel opnment Nepal is really in, in fact it is rated to be
one of the least of the | east devel oped countries of the world.

Tabl e 4.2: Energy Consunption for Nepal, 1989/90

Consunption sector x1000 GJ Per cent age
Donesti ¢ 229, 271 95.68 %

| ndustri al 2,339 0.98 %

Commer ci al 2,127 0.89 %
Transport 5, 280 2.20 %
Agriculture 466 0.19 %
O hers 76 0.03 %
Non- ener gy 75 0.03 %

Tot al 239, 633 100. 00 %

Electricity demand: The dermand of electricity is forecasted by the
concerned |ine agency, NEA as shown in Table 4.3. According to
this forecast, the peak demand of the NEA system including the
conpul sory export to India increases annually by 9.5 % on an
average over a 20 year period from 1996 to 2015, resulting in the
peak demand growing from 281 MVin 1996 to 413 MNin 2001 and 676
MAN by 2006 within a span of ten years.

24



Tabl e 4.3: NEA Load Forecast

Requi red Load Peak
CGeneration Factor Load

Y (GM) % (MY

1996 127251. 7% 281
1997 139252. 4% 303
1998 153053. 3% 328
1999 168854. 4% 354
2000 186055. 5% 383
2001 204756.6% 413
2002 226157. 1% 452
2003 250057. 3% 498
2004 276757.5% 549
2005 306557.4% 610
2006 339257.3% 676
2007 375757.3% 748
2008 415357.5% 824
2009 459357. 7% 909
2010 508157.9%1002
2011 561758. 1%1104
2012 621658. 491215
2013 687958. 6%1340
2014 764158. 8941483
2015 848759. 091642
2016 942759. 391815
2017 1047159. 592009
2018 1163259. 592232
2019 1292159. 592479
2020 1435359. 692749

Various generation expansion plans are being conducted by the
Nepal Electricity Authority (NEA) a governnment wundertaking
responsible for the generation, transm ssion, distribution and
devel opment of electrical power. Least cost generation expansion
pl ans have been carried out for a period upto the year 2015. The
expansion plans for electricity are based on the demand for
electricity which is growing with an average rate of around 10%
The demand for electricity is minly in the donestic and
i ndustrial sectors. The load forecast for the electricity demand
as supplied by NEA is presented in Table 4.3. It should be noted
that the forecast has been prepared taking in view that not enough
supply is available to neet the demand, we thus have a situation
where the demand is suppressed. |If enough capital could be raised
and if the demand for electricity was left to grow at a natura
rate then the actual demand woul d probably be much higher this is
because only around 10% of the population is having access to
electricity. The growh in electricity demand will thus be very
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high in the initial stage of its developnent. The generation
expansion plan as envisaged by NEA is provided in Table 4.4. It
should be noted that several studies are being conducted to
identify nore attractive hydro projects thus the generation

expansion plan will be updated as better and cheaper projects are
f ound.
Expansion plans for electricity generation: Generation addition

of 29.5 MW during the plan period (1991/92-1996/97) were as
fol |l ows:

Jhi nr uk - 12.0 MV
Trishuli-Devi ghat Refurbi shnent - 12.5 MV
Smal | er hydro plants - 5.0 W

The expansion plan of capacity additions to match the supply with
the forecast demand is a challenging task for NEA Because of the
financial resources constraints NEA has to look for the private
participation in the hydropower developnent. To this end there has
been sone positive devel opnent already achieved; for Khinti HEP
(60 MN and Bhotekosi HEP (36 MAN power purchase agreenents
(PPA s) have been signed between NEA and concerned parti es.

In order to determine the |east cost generation expansion plan
nunmer ous conbi nati ons of generating plants in conjunction with the
existing ones are to be examned. Because of technol ogical
limtations of the present system future generation options are
limted to hydro, nultifuel, and gas turbine plants only. The
resulting plan is subjected to various sensitivity tests to assess
its robustness to changes in inportant input parameters such as
| oad forecast, delay in inplenmentation of critical projects, cost
overruns, etc.

The envi saged generation expansion plan is shown in Table 4.4, but

is subject to change as better and cheaper projects wll be
included as further studies are carried out:
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Table 4.4: Electricity CGeneration Expansion Pl an

FY 1996 - 30 MV Inport fromlndia

FY 1997 - 13 MW Ml tifuel PIant

FY 1998 - Puwa HEP (6.2 MN + Chilinme HEP (20 MW
FY 1999 - Modi Khola HEP (14 MN

FY 2000 - Khinti | HEP (60 MAN

FY 2001 - Kal i Gandaki A HEP (144 MN

FY 2002 - -

FY 2003 - Bhot ekosi HEP (36 MA

FY 2004 - Upper Marsyangdi HEP (43 MN

FY 2005 - 3 x 12.5 MNGas Turbines + Chanelia HEP (30 MA
FY 2006 - Upper Karnali HEP (240 MN

FY 2007 - -

FY 2008 - 1 x 12.5 MN Gas Tur bi ne

FY 2009 - Arun-3 Phase | HEP (201 MN

FY 2010 - -

FY 2011 - Upper Arun HEP (335 MA

FY 2012 - -

FY 2013 - Arun-3 Phase || HEP (201 MW

FY 2014 - 1 x 12.5 MN Gas Tur bi ne

FY 2015 - West Seti HEP (360 MWN

4.2 Mtigation Scenarios

Two scenarios were studied for mtigation, these are 10% and 20%
reduction in carbon em ssion by the year 2030.

5. Resul t s
5.1 GHG Em ssi ons

Based on the assunptions and definition of baseline scenario of
the energy consunption during the period 1990-2030 the |evels of
GHG em ssion from the various types of energy used in different
sectors are ascertained in this section. Since only the actual use
of energy, both indigeneous and inported, contributes towards the
evolution of GHG e.g. C2 gases the primary production |evels,
exports & bunkers, stocks, and |losses are not considered
separately. Using the IPCC convention for em ssions associated
with the types of fuels the following Table 5.1 shows the woul d-
be-trend of GHG emi ssion |levels by conmercial fuel types from 1990
t hrough 2030. Figure 5.1 also shows the total em ssion |level for
t he study peri od.
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Tabl e 5.1: Baseline Em ssion Levels by Commercial Fuel Types
( Tons of Carbon )

Year Kerosene Coal (LS) Coal (HS) Gas ATF D esel LPG Tot a
1990 88843 3985 3704 10496 8970 93691 0 209689
1995 65111 24390 5875 13395 9000 121222 93556 332549
2000 85962 7663 7663 14840 9515 154485 205784 485912
2005 81680 8514 9791 15636 9104 178732 365484 668941
2010 201529 9365 11920 29938 9955 202980 434173 899860
2015 208500 10217 14048 33680 10578 227227 630860 1135110
2020 340174 11068 16177 37422 11130 251475 756727 1424173
2025 433449 11920 18305 41164 11407 275722 936366 1728333
2030 461138 12771 20434 44906 11683 299970 1219823 2070725
TOTAL 9831928 499448 539575 1207318 456707 9027517 23213866 44776359
Em ssion Rate (tons of Carbon per TJ)
19. 8 25.542 25.542 18. 71 19.8 19.998 17. 028

Note: 1. Total emssion includes the emssion during the
i nterveni ng years too.
2. Emssion from electricity and traditional fuels is
assunmed to be zero.

As seen from the above Table 5.1, nmaxinmum em ssions in tons of
carbon wll be contributed due to the
consunption of LPG (23213866) and least is
from ATF (456707) . The GHG em ssion
contribution from kerosene, diesel, gasoline,
and coal wll be 9831928, 9027517, 1207318
and 1039023 respectively. Hence, the total
level of GHG emtted from the comercia
fuels for the study period of 40 years wl|
anount to 2070725 tons of carbon. In the base
year 1990 GHG emission |level is 209689 tons
of carbon and then it grows annually at the
rate of 12.28 % The national inventory of
GHG em ssion considers that the net balance
of emssion from traditional fuel source is
zero.

Tabl e 5.2: Baseline Em ssion Levels by End-Use Sectors

Year Donestic Commerc. | ndustr. Transpo. Agri cul
1990 66627 22216 8328 104314 8459
1995 129456 29211 30584 120265 7366
2000 253216 38530 15325 133393 6433
2005 401200 45965 18305 139714 5499
2010 579977 55725 21285 146178 5999
2015 776665 62695 24265 156834 6499
2020 1025841 71060 27245 166597 6999
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2025 1289461 80355 30225 175704 7332
2030 1590847 90114 33205 182337 7665

As expected, the energy consunption pattern for the baseline study
period shows that the donestic sector 1is responsible for
contributing the nost GHG emi ssion as it consunes nore than 95% of
the total energy consunption. The GHG em ssion from the transport
sector is next followed by the comrercial sector and only then by
the industrial sector. Although the share of agriculture in GDP is
nore than any other sectors taken individually the GHG
contribution is far low due to Iless involvenent of energy
consum ng activities in this sector

For the mtigation scenario 10% and 20% reduction in GHG em ssion
fromthe baseline level is targeted.

5.2 Inpact on Energy Use

The inpact of the mtigation prograns on uses of primary and final
(useful) energy including electricity shall be nore visible when
conpared with the woul d-be-usual trend of energy uses in the
basel i ne scenario. Therefore, the sectoral consunption by final
energy type are also dealt in detail in the baseline scenario
before the levels of use of those energy are ascertained during
the various mtigation scenarios.

Primary and Fi nal Enerqgy:

It will be appropriate to reiterate the list of primary energy
that has gone into the reference energy system of Nepal as
fol | ows:

- Fuel wood

- Agricul ture residue
- Ani mal wast e

- Hydr o

- Sol ar

- W nd

- Coa

- Gasol i ne

- Avi ation turbine fuel
- Ker osene

- D esel oi

- Fuel oil

In Nepal except for fuel oil and agriculture residue (bagasse and
rice husk) all the other primary energy go into the process
directly as useful (final) energy. Fuel oil, bagasse and rice husk
are sonetines used even as primary energy for boiler to produce
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steamto generate electricity which in turn is used for other end-
use activities. But the anmpbunt of primary energy converted into
secondary energy is negligible. Therefore, the pattern of only the
final energy consunption by each sector is analysed in the
fol | owi ng paragraphs.

Residential Fuel Use: For donmestic purpose the fuels used as its
end-use are fuelwood, agriculture residue, aninmal waste, kerosene,
electricity and LPG Evidently the bulk of energy consunmed is
supported by fuelwood. In the base year 1990, the residential
sectoral consunption is broken down as fuelwod (75.27%, agri-
residue (14.9%, dung (9.44%, kerosene (0.02%, and electricity
(0.37% . Therefore, nmuch of the energy demand is net through
traditional form of energy. Electricity is negligibly snall.
Throughout the study period fuelwood renmains the nost dom nantly
used energy anong all.

Table 5.3: Residential Fuel Use

Year Fuelwood Agri-residue Dung Kerosene Electricity LPG
1990 170103. 00 33686. 0021328 50. 00 833. 00 0

1995 178730. 29 37662. 5024250 50.00 713.94 5494. 2
2000 177900. 37 40875. 0027500 50.00 598. 18 12085. 0
2005 177470. 38 44062. 5028750 50.00 489. 00 21463. 7
2010 177028. 31 47250. 0031000 50.00 533. 46 25497. 6
2015 176719. 88 50437.5033250 50.00 581. 59 37048. 4
2020 176380. 81 53625. 0035500 50. 00 635. 87 44440. 1
2025 176041. 74 56812. 5037750 50.00 679. 28 54989. 8
2030 175702. 60 60000. 0040000 50. 00 727.10 71636. 3
Until some drastic neasures are taken up commercial form of energy
will not be in the position to replace the traditional one in a
substantial manner. Unlike kerosene the other conmercial energy,
electricity, wll be growng even in the rural residential areas

because of sone efforts towards rural electrification. The above
Table 5.3 shows clearly that a lot of roomfor inprovenent is left
for electricity to penetrate into the real mof traditional enerqgy.
This will be one of the challenges into the next century.

Commercial Fuel Use: As a comercial fuel kerosene (1122 TJ) tops
in the list in the base year 1990 whereas electricity (335 TJ)
even trails behind the fuelwood (620 TJ). Agriculture residue,
considered to be traditional formof energy, is still used by the
commercial sector with annual consunption of 50 TJ. In 1995 the
use of both the bio-nmass, fuelwood and agriculture residue, have
dropped to respective halves and from 2000 onward they are not
used at all. This is the indication of the shift to the conmercia
form of energy conpletely for the comercial sector consunption.
Because of the limtation of the supply of the commercial energy
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and the pre-dom nance of the traditional energy in the Nepal ese
society the earlier years see the use of later even in the
commercial activities e.g. cooking in the rural hotel s/shops and
| odges. From the beginning of the next century onward it 1is
assuned that for commercial activities traditional fuels shall be
compl etely replaced by comercial fuels. Electricity and LPG shal

repl ace fuelwood for cooking in the |odges and restaurants wth

the assunption that by those years all the conmercial areas
(specially district head quarters) in all the region shall be
electrified. For lighting purpose kerosene shall per vade.
Therefore, it is seen, in the followng Table 5.4 that the

consunption of electricity and kerosene have grown steadily. As is
normal |y expected the growth of indigenous electricity is faster
than i nported kerosene.
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Tabl e 5.4: Commerci al Fuel Use

Year El ecticityKerosene Agd.Resi dueFuel wwod

1990 335.00 1122. 00 50. 00 620. 00
1995 637. 13 1475. 28 25. 00 310. 00
2000 1095. 88 1945. 95 0. 00 0. 00
2005 1593. 80 2321. 47 0. 00 0. 00
2010 2281.91 2814. 37 0. 00 0. 00
2015 2880. 52 3166. 42 0. 00 0. 00
2020 3624. 57 3588. 89 0. 00 0. 00
2025 4221. 32 4058. 33 0. 00 0. 00
2030 4847. 80 4551. 20 0. 00 0. 00

I ndustrial Fuel Use: For the industrial purpose final energy used
are fuelwood, electricity, coal, and diesel oil. In the base year
1990, the consunption stays at the levels of 1319 TJ, 642 TJ, 301
TJ, and 32 TJ of fuelwod, electricity, coal, and diesel oil
respectively (Table 5.5). In this sector also fuelwod is consuned
at its maxi num Even though nodern industries (large, medium and
small) do not enploy fuelwdod as their inputs but the w de spread
rural and cottage industries still rely on fuelwod until they are
repl aced by other commrercial energy in the process of adopting new
technol ogy. As is obvious, electricity is going to be used in al

spheres of industrial activities in the years to cone. Therefore,
the demand of electricity as the final energy is ever increasing
in intensifying and replacing the other energy in the industria

sectoral consunption. Electricity will be exclusively used by al

the nodern industries except cenent industries whereby coal/coke
will also be used. The consunption of electricity by this sector
shall grow steadily from 642 TJ in 1990 to 2593.6 TJ in 2030
Di esel oil shall be phased out from 2000 onward. Coal wll reach
at the level of 1300 TJ by the year 2030 whereas fuelwod shall
still remain the main input of rural and cottage industries and

t hey shall consunme 4347.3 TJ in 2030.
Table 5.5: Industrial Fuel Use

Year El ectricity Di esel Coal Fuel wood
1990 642. 00 32.00 301. 00 1319. 00
1995 915. 37 16. 00 1184. 88 983. 46
2000 1188. 73 0. 00 600. 00 2127. 13
2005 1458. 90 0. 00 716. 67 2560. 87
2010 1729. 07 0. 00 833. 33 3006. 69
2015 1945. 20 0. 00 950. 00 3318. 87
2020 2161. 33 0. 00 1066. 67 3661. 69
2025 2377. 47 0. 00 1183. 33 4004. 51
2030 2593. 60 0. 00 1300. 00 4347. 30
Transportation Fuel Use: Barring kerosene, |light diesel, and non-
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energy fuel all the other petroleum products inported in Nepal in
the base year 1990 are consuned by the transport sector alone.
This sector hardly uses the traditional energy. Only a fraction of
its energy demand is met through electricity because of limted
technol ogi es which enmploy electricity as their driving fuels such
as ropeways and trolley bus system For 1990, 99.26% of what this
sector demands as its end-use energy is petroleum products. In
this year the transport sector consunes high speed diese
(80.07%, gasoline (10.62%, ATF (8.57%, electricity (0.55%, and
coal (0.19%. During the entire tine horizon of baseline study
i.e. 1990-2030, no new technology is envisaged to be introduced in
this sector therefore, the pattern of end-use consunption shall
remai n unchanged. Even in 2030 high speed diesel will be used the
nost (6444.8 TJ) and coal the least (18 TJ). There is not nuch
increment in ATF (590 TJ) whereas the rate of consunption of
gasoline (2208 TJ) and electricity (118 TJ) is growi ng faster than
ot hers.

The consunption of the final fuels by transport sector from 1990
t hrough 2030 are shown in Table 5.6.

Tabl e 5.6: Transport Fuel Use

Year D esel Gasoline ATF El ectricity Coal

1990 4230. 04 561. 00 453. 02 29. 11 10. 00
1995 4879. 97 715. 86 454, 56 36.72 11.01
2000 5445, 60 784. 07 480. 56 45. 01 12. 00
2005 5750. 59 816. 57 459. 79 53. 77 13. 00
2010 5352. 05 1541. 18 502. 79 63. 28 13. 99
2015 5690. 70 1714. 08 534. 22 73.99 15. 00
2020 5992. 08 1882. 85 562. 13 86. 65 16. 01
2025 6278. 35 2047. 46 576. 11 102. 42 17. 00
2030 6444. 80 2208. 00 590. 00 118. 00 18. 00

It is clear from above Table 5.6 that nost of the GHG emtting
fuel s are consuned by transport sector. Therefore, this sector is
at the centre of focus to be addressed nost in view of any future
action of GHG mtigation.

Agriculture Fuel Use: As the electrical infrastructure is not
built in many parts of terai, the agriculture base in Nepal,
energy consumng activities in the agriculture sector still use
hi gh speed diesel instead of electricity. Diesel punps, thrashing
machi nes and tractors using diesel are enployed across this part
of the country. Only in sonme parts irrigational facilities are
associated with electricity. In the base year 1990, 423 TJ of high
speed diesel and 43 TJ of electricity are consunmed in this sector.
It is assuned that in the years to cone terai wll have electrica
distribution networks installed in nmny parts such that
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agricultural equipnments will use electricity nore and nore even by
replacing diesel driven notors. Therefore, by 2030, electricity
has steadily grown to 189.2 TJ whereas by that year diesel has
finally dropped to the level of 383.3 TJ. It is interesting to
note in the followng Table 5.7 that in the first half of the
study period diesel consunption by this sector has drastically
been cut down in spite of the growth in this sectoral GP | eading
to the conclusion that fuel switching mght have taken place in
favour of electricity. Then in the later half the devel opnent pace
in this sector just could not be matched enough by electricity
al one such that diesel persistently remains as notive power.

The consunption of the final fuels by agriculture sector from 1990
t hrough 2030 are shown in Table 5.7.

Table 5.7: Agriculture Fuel Use

Year D esel El ectricity
1990 423. 00 43. 00
1995 368. 33 75. 26
2000 321. 67 105. 52
2005 275. 00 135.78
2010 300. 00 148. 13
2015 325. 00 160. 47
2020 350. 00 172. 81
2025 366. 65 181. 04
2030 383. 30 189. 20

Electricity Generation: Even in the baseline scenario |atter years
have seen the gradual replacenent of diesel and nulti-fuel plant
by the hydro plant. This is very understandabl e because of the
fact that Nepal has enornmous hydro potential as well as large
nunber of big and snmall candidate projects are ready to be
undertaken. It is customary to introduce the thernmal and nulti-
fuel electricity generation for two reasons: i) when the i medi ate
supply and demand gap has to be net and ii) when the peaking is
failed to be addressed by the conbination of hydros. NEA has
envi saged, in its |least cost generation expansion plan, to utilize
the conbination of big and small hydro power plants and also to
construct the hydro plants with storage facility. This wll |ead
to a mnimum use of thermal generated electricity. Phasing the
thermal plants out is a national dictumas the inportation of fue
nmeans the sinking of hard earned foreign currency reserves.

Therefore, much effort is given to introduce hydros in the
mtigation scenari os above and all for the follow ng reasons:

- neeting the needful energy demand through clean source of
energy;
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- rate of depletion of forest, the inportant sink for GHG
emssions, is slowed down when the denmand of fuelwod for
domestic consunption is substituted by hydro generated

electricity to a greater extent in |lighting, cooking and
heat i ng;

- substitution of petroleum products, the main source of GHG
em ssi ons;

- i ndi genous source of energy.

The annual electricity production for 1990 shows that out of a
total of 773.842 GM, hydro accounts for 712.312 GM, while
thermal generation is a nere 0.858 GM with 60.672 GM comng from
inports. Wth the demand for electricity increasing at a rapid
rate and with little hydro additions in the |ast decade there has
been nore contribution fromthermal plants, even then hydro stil
accounts for 75% of total generation in 1995. It is expected that
hydro will contribute nore and nore to the total generation in the
future with thermal generation used only in energency peak |oad
conditions when hydro generation is insufficient to neet the
demand.

There is a power ecchange agreement with India whereby upto 50 MWV
can be exchanged between the two countries. Between 7% and 10% of

Nepal 's electrical energy is net by inporting energy from India,

but at the same tinme Nepal also exports energy to India during its

of f peak tine, these exports anount to 25-85 GM per year. There
is a large potential for export of electrical energy as India is

facing | arge power and energy shortage.

5.3 Cost of em ssion abat enent

Regarding cost of emssion abatenment, a projection of relative
costs per unit of different sources of energy is nmade (Table 5.8).
Table 5.9 shows the projection based on specific assunptions
regarding international (inport) prices, exchange rate, and
donmestic prices revealing the cost of coal to increase fromRs 49
thousand per TJ in 1990 to Rs 232 thousand per TJ in 2030.
Simlarly, the cost of inported petroleumis projected to increase
from Rs 90 thousand per TJ in 1990 to Rs 966 thousand per TJ in
2030. Alternative scenario gives the petroleum price at Rs 565
thousand per TJ in 2030. The price of fuelwod is estinmated to
increase from Rs 132 thousand per TJ in 1990 to Rs 1240 thousand
in 2030. The past trend, however, indicates that by 2030 A D., the
price of fuelwood may be as high as Rs 11028 thousand per TJ.
Regarding the cost of hydro-power, the average supply price is
supposed to increase by 7 percent per annum The cost is estinated
to be Rs 10.97 mllion per TJ of electricity in 2030 from Rs 283
thousand in 1990. The projection of emssion |level reveals that
from 209689 tons of carbon in 1990, the emi ssion |level would rise
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to 2070725 tons in 2030. A 10 percent reduction in carbon em ssion
woul d require reduction in either 10458 TJ of kerosene, or 10355
TJ of diesel, or 12161 TJ of LPG or 8107 TJ of coal. To nmake up
this energy loss, either hydro-electricity (which is non-carbon
emtting source of energy) has to be added up, or fuelwood which
is assumed to have zero balance em ssion has to be supplied in
additional anount. The cost involved in such a substitution is,
however, exorbitantly high particularly in case of kerosene or LPG
replaced by electricity. As donmestic supply price of electricity
is conservatively estimated to increase at a rate of 7 percent,
the net cost of electricity for a 10 percent reduction in carbon
em ssion (through reduction on kerosene use) would be as high as
Rs 105 billion in 2030. Simlarly, for a 20 percent reduction in
carbon em ssion, the net cost for electricity is Rs 209 billion

I f em ssion abatenment is to be adopted by substituting electricity
for LPG the net cost involved would be Rs 122 billion for 10
percent reduction in carbon emssion and Rs 243 billion for 20
percent reducti on.

Tabl e 5.8: Specific Cost of Energy by Sources

Year Coal POL1 POL2 Fuel woodl Fuel wood2 Hydro
1990 1229. 23 3238. 04 3238. 04 2211.78 2211.78 1020
1995 2133. 65 4393. 02 4393. 02 3765.21 3765.21 3700
2000 2462. 74 5903. 85 5414. 69 7589. 71  4805. 47 5189
2005 2842. 54 7924. 29 6751. 38 12920.30 6133.13 7278
2010 3280.84 10663.02 8418. 05 21994.81 7827.61 10208
2015 3786.66 14330.21 10496. 16 37442.72 9990.22 14318
2020 4370. 38 19258.59 13087.28 63740. 46 12750.34 20082
2025 5043.97 25881.94 16318.05 108508.20 16273.02 28165
2030 5821.27 34783.16 20346.38 184718.30 20768.95 39503
CPI N- - > 7%

Not e:
Coal = Projection of coal prices on past trend basis (Rs/ M)
POL1= Projection of POL prices based on an assuned
international price rise of 3% for crude oil (Rs/'000

It)
POL2= Projection based on past trend of price increase
(Rs/"' 000 It)

Fuel wood1= Projection of fuelwod based on past trend (Rs/ M)

Fuel wood2= Projection of fuelwod based on assumed price rise
of 5% (Rs/ M)

Hydro= assuned el ectricity price rise of 7% per year

Tabl e 5.9: Cost of Energy by Sources in MRs/TJ

Year Coal POL1 POL2 Fuel woodlFuel wood2 Hydro
1990 0. 049 0. 090 0. 090 0.132 0.132
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0. 283

1995 0. 085 0. 122 0. 122 0. 225 0. 225
1.028

2000 0. 098 0. 164 0. 150 0. 453 0. 287
1. 442

2005 0. 113 0. 220 0. 188 0.771 0. 366
2.022

2010 0.131 0. 296 0. 234 1.313 0. 467
2. 836

2015 0. 151 0. 398 0. 292 2.235 0. 596
3.977

2020 0.174 0. 535 0. 364 3. 805 0. 761
5.578

2025 0. 201 0.719 0. 453 6.478 0.972
7.824

2030 0. 232 0. 966 0. 565 11. 028 1. 240

10. 973
Fact or 25. 1236 36 16. 75 16. 75 3.6

of Conversion (Heat Content)
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Tabl e 5. 10: Em ssion Abatenent Cost (Case A)

Case A Kerosene replaced by Electricity
Reduction by : 10%

Reducti on Ker oseneReduct i on Addi ti on Net
Year Level (TC) Reduced(TJ) Cost (MRs) Cost (MRs) Cost (MRs)
1990 20969 1059 95 300 205
1995 33255 1680 205 1726 1521
2000 48591 2454 402 3538 3135
2005 66894 3378 744 6831 6087
2010 89986 4545 1346 12887 11541
2015 113511 5733 2282 22801 20519
2020 142417 7193 3848 40123 36275
2025 172833 8729 6276 68293 62017
2030 207073 10458 10105 114760 104655
Tabl e 5.11: Em ssion Abatenent Cost (Case B)
Case B: LPG replaced by Electricity

Reduction by :

Reducti on LPG Reducti on Addi ti on
Year Level (TC) Reduced(TJ) Cost (MRs) Cost (MRs) Cost  (MRs)
1990 20969 1231 111 349 238
1995 33255 1953 238 2007 1769
2000 48591 2854 468 4114 3646
2005 66894 3928 865 7943 7078
2010 89986 5285 1565 14985 13420
2015 113511 6666 2654 26512 23859
2020 142417 8364 4474 46654 42180
2025 172833 10150 7297 79410 72113
2030 207073 12161 11750 133441 121692
Tabl e 5.12: Em ssion Abatenent Cost (Case O
Case C. Kerosene replaced by Electricity

Reduction by : 20%

Reducti on Ker oseneReduct i on Addi ti on Net
Year Level (TC) Reduced(TJ) Cost (MRs) Cost (MRs) Cost (MRs)
1990 41938 2118 191 600 410
1995 66510 3359 410 3452 3042
2000 97182 4908 805 7075 6270
2005 133788 6757 1487 13661 12174
2010 179972 9089 2692 25775 23083
2015 227022 11466 4564 45601 41037
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2020 284835 14386 7696 80246 72550
2025 345667 17458 12551 136586 124034
2030 _ 414145 20916 20209 229519 209310

Tabl e 5. 13: Em ssion Abatenent Cost (Case D)

Case D LPG replaced by Electricity
Reduction by : 20%

Reducti on LPG Reducti on Addi ti on Net
Year Level (TC) Reduced(TJ) Cost (MRs) Cost (MRs) Cost (MRs)
1990 41938 2463 222 698 476
1995 66510 3906 477 4014 3538
2000 97182 5707 936 8227 7291
2005 133788 7857 1729 15885 14156
2010 179972 10569 3131 29971 26840
2015 227022 13332 5307 53025 47718
2020 284835 16727 8949 93309 84360
2025 345667 20300 14594 158820 144226
2030 414145 24321 23499 266883 243383

5.4 Contribution of Technol ogy Options to GHG Abat enent

Generation of electricity is mainly from hydro electric power
plants. Thermal plants are pressed into service only during the
peak | oad hours (between 6:00 pm to 8:00 pm when supply from
hydro plants are insufficient to nmeet the demand. Energy is also
inported from India to supply sone border towns. For 1990 the
total supply of electrical energy was 773.842 GM of which hydro
power supply was 712.312 GM, thermal supply was only 0.858 GM
and 60.672 GM was frominports.

6. Macr oeconomi ¢ | npact s

The demand for energy derived through the MARKAL nodel indicates
that energy intensity of economic growh wll be declining in
future course of tinme. This inplies that t echnol ogi cal
advancenent, cost effective use of various energy sources and
hi gher productivity of the factors of production including energy
will lead to higher output growmh per unit of energy used. But the
rel ati onship between economc growh and energy use is not
unidirectional as projected in this study. Increased supply of

energy wll definitely enhance the rate of economc growh,
al t hough such a feedback is not very nmuch strong in the present
context. But in future course of tine, energy will be one of the

maj or determnants of growh due to these reasons: (i) gradual
shift of economc activities fromagricultural to industrial ones
would require nore energy, as energy intensity of industrial
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activities is higher than that of agricultural activities, (ii) in
t he process of nodernization and nmechani zation of farmactivities,

demand for energy even by the agricultural sector wll go up,
(iii) foreign investnent in large industries will conme only if
there is prospect for sufficient power supply, and (iv) enhanced
power supply wll help automation, nechanization and hence

i ncreased productivity of other factors of production leading to
hi gher economic growh rate. The present study, however, being
based on enpirical results derived from standard nodel cannot
capture the effects of energy shocks to the econony in general
Al though a separate causality analysis could be done by using
econonetric tools, absence of historical data for a relatively
| onger period has constrai ned such study as well.

The macro-economc inpact of emssion mtigation program wll
depend upon what type of energy substitution we opt for mtigation
purpose. If em ssion reduction has to be done through replacenent
of fossil fuel by electricity, heavy additional cost will have to
be bourne, as discussed earlier provided that the electricity
generation requires inport of machinery and plants and also
foreign technology, the foreign exchange involvenent would be

substantially high. Increased use of indigenous technology and
| ocal machinery would, however, reduce the foreign exchange
i nvol venment. Further, if residential demand for energy is nmnet

through increased use of fuelwod for kerosene and LPG and if
afforestation program is operated effectively, the country could
even save foreign exchange involved in financing the inport of
kerosene and LPG Assuring that consunption of fuelwod is nmade up
by new plantation, the addition to emssion level wll supposedly
be zero. This would be the nost cost-effective em ssion abatenent
strategy which has no foreign exchange invol venent at all

Regar di ng bi o- mass sources of energy, the expected declining share
of agricultural sector to GDP inplies that the supply of agro-
byproducts will also be limted in futurecourse of tine. Dung, a
maj or source of traditional energy would not be sufficiently
available for this purpose in future because of the heavy
opportunity cost involved. As the price of chemcal fertilizers is
likely to shoot-up due to governnment policy not to keep on
subsidizing it, in the long-run, dung is very likely to be used as
substitute for chemcal fertilizers. In this perspective, it can
be inferred that even if cattle population does not decline not
much dung woul d be avail able for energy purposes. Hence, the need
for an alternative source of energy arises.

7. Policy Options

Prior to deciding what types of mtigation policy option should be
adopted for Nepal it will prudent to first |ook at the options
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avai |l abl e:

- Em ssion Reduction Targets: CO2 em ssion |levels are pre-set
for various years such that these targets are at reduced
| evel by certain percentage of the baseline level of the
respective years.

- Options up to a Certain Cost per Ton of Em ssions Reduction
This type of scenario is the "bottomup" equivalent to a
"top-down" carbon tax scenario. In the bottomup approach,
all technology and policy options that are expected to cost
|l ess than or equal to a given cost per tonne of em ssions
reduction woul d be entertained.

- "No Regrets" Scenario: This scenario is a common variant of
t he previous type of objective, where the screening threshold
is essentially zero cost per tonne of GHG reduced. In other
words, such a scenario would include only those options that
appear econom c or otherw se desirable.

- Specific Options or Packages of Options: Exanples of this
type of scenario mght be a "natural gas" scenario, a
"renewabl e energy"” scenari o, or a "nuclear"” scenario.

Nepal is one of the |east devel oped countries and its energy
consum ng devel opnent al activities are very | ow.
Consequently, its share of global GHG em ssions is also
negligible. The conparative total CO2 em ssions of sone of
the representative countries of Asia are as foll ows:

Table -7.1: CO2 Em ssions of Sone Asian Countries

Total Em ssions

Country tons of Carbon cx2

Nepal 0.210 mllion ton 771 &g

Japan 320.000 mllion ton 1,173,000 &g

Vi et nam 98.117 mllion ton 359, 762 (g
Republ i ¢ of Korea 69.900 mllion ton 256, 300 &g
Mongol i a 5.325 mllion ton 19,524 g
Fiji 0.203 mllion ton 743 &g
Bangl adesh 4.004 mllion ton 14,680 g

It is quite clear that Nepal's developnental effort wll be

hanpered if energy consumng activities are checked and sl owed
down as energy consumng sectors are the corner stones of its
overal |l developnent. In particular, industrialization is its key
policy objective at present and this wll eventually lead to
i ncreased use of fossil fuels. The trend towards increased fossi
fuel consunption seens al nost unavoi dable such that any rel evant
long-term GHG mtigation policy initiatives may be expected to
reduce the rate of increase in carbon emssions, but not |ower
t hem
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Therefore, the second objective - the "top-down" carbon tax and

its "bottomup" equivalent - is not suitable at all in the
Nepal ese context. However, the government will have to fornulate a
proper plan as it will have to consider the peoples affordability
and willingness to pay such taxes. This possibility should be

explored in depth to assess the benefits.

As far as the fourth objective is concerned, only "renewable
energy"” scenario is relevant and other two scenarios are of
di stant possibilities. Substitution of fossil fuels by clean and
i ndi genous renewabl e resources is the potential policy option for
Nepal

"Em ssion reduction target" objective is relevant to Nepal.
1. Long- Term Prom sing Mtigation Qptions

Hydr opower Ceneration: Unarguably the cleanest source of energy is
the hydro-generated electricity, fortunately Nepal 1is richly
endowed with this form of energy. Harnessing this hydro-energy to
its fullest extent wll be the nost attractive and promsing
mtigation option fromCO2 em ssion point of view HMS should give
top nost priority for electricity generated from hydro-energy
anong all the other energy sources in its future five year plans.
In order to stop the outflow of hard earned foreign currency
t hrough inport of fossil fuels and to reduce the GHG em ssions | ed
t hrough burning of these fuels substitution of themby electricity
can be obtained particularly in industrial and transport sectors.
By providing cheaper (cross-subsidized electricity tariff) and
reliable electricity to the industries spread across the country
will help reduce the fossil fuel consunption. Having established a
national transport network supplied with electricity (such as
electric trolley bus in nost part of Kathnmandu valley, electricity
run railways along the East-Wst highways, ropeways in difficult
hilly terrain, battery driven vehicles, etc.) the GHG em ssion
will definitely drop down because the transport sector alone
consumes substantial portion of the fossil fuels.

Af forestation: Expanding the em ssions sink base is also equally
inportant as far as CO2 emssion is concerned. It is achievable
through afforestation program For the |last few decades a |ot of
forest area had been encroached by grow ng popul ati on and i nproper
forest nmanagenent. In the baseline scenario, the fuelwood
consunption is significantly used by the rural population for
domesti c purpose. Hence the cutting of trees will continue even in
FY 2030 in spite of the expansion of electrical networks in the
country. In order to counternmeasure the em ssion of CO2 due to
burni ng of fuelwod plantation of trees by sone amount will result
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into a definite absorption of CQ2.
2. Short-Term Promi sing Mtigation Qotions

Energy Efficient Technology: By enploying the energy efficient
equi prents instead of ordinary type of equipnments in the existing
as well as new systemthe CO2 emssions will be reduced to sone
extent although this neasure does not form a part of a climate
change country plan. The use of conpact flourescent |anp (CFL)
which is much nore energy efficient than the general incandescent
lanp will help reduce the total energy demand and therefore, wll
eventually reduce the consunption of diesel by thernmal power
stations.

| nproved cooking stoves (ICS) have a potential to save fuel wood
uses for household cooking in Nepal. At present, 90% of total 11
mllion netric tonnes of fuelwod is burnt in cooking alone.
Theoretically, it is possible to reduce the fuelwod consunption
for cooking by 90% ICS have an efficiency in the range between
15% and 30% conpared to traditional nud stoves whose efficiencies
vary between 3% and 15%

Briquettes are conpacted form of the rice husk and saw dust
prepared under the technique of mass densification with or w thout
pyrolization. The density of these briquettes is nore than 1000
kmin8 and gross calorific value is about 4000 kcal/kg which is
conparable to that of air dried fuelwbod. Briquettes can produce a
maxi mum tenperature of 500 degree C at 6% noisture content. The
shape, calorific value, and maximum burning tenperature of
briquettes are favourable to be a substitute for fuelwod. Thus
the wuse of Dbriquettes wll sonewhat help in slowng the
def orestati on process.

I nproved vehicle efficiency for autonobiles, light and heavy
trucks, and buses wll also be a mtigation option for the
transport sector. Inproving the efficiency of vehicle fleets or
switching fuels (for exanple "Safa Tenpo") require long lead tines
to have substantial effect, but they are nuch nore likely to
persist in their inpact. Even if economc growh leads to an
increase in the anount of transportation, em ssions will be |ower
if the vehicle stock has higher fuel econony, or if it wuses
cleaner fuels than present petroleum fuels. In general, the

followng five (5) broad <categories of mtigation options
enconpass a | arge nunber of specific actions in this sector:

- | mprove vehicle technical efficiency

- Swtch to fuel systens with | ower em ssions

- | nprove system efficiency

- Encourage shifts toward nodes with | ower em ssions
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- Manage transport demand
3. Possi ble Barriers

Sone of the major problens associated with the mtigation option
analysis are : Country's lack of resources and its poor economc
conditions; very unstable political situation (four governnments in
just five years); and limted reliable data.

Al so, the investnent in the hydro-electricity generation is very
capital intensive and to nmake matters even worse the capita
outlay is heavily/unevenly required in the starting years. The
problem is further compounded by the fact that the plants and
machi neri es are not produced in Nepal and have to be procured from
outside resulting in a financial resource crunch.

As the initial capital investnment for conpact fluorescent |anp
(CFL) is nmuch higher the market price can be nade conpetitive by
| owering the custom duty charged on it and with sone incentive
schenes to consuners for switching to CFLs.

The expansion of sink by forestation has certain difficulties as
fol | ows:

- | ong gestation period

- limtation of land for forestation because of cultivation and
habi tation for ever grow ng popul ation

- | ack of awareness of GHG em ssion probl em

- limtations on government resources to carry out |arge scale
af forestati on progranmes.

From the discussions it can be concluded that Nepal, no doubt
understands the inplications of global warm ng and the effects of
greenhouse gases emssions on our environnent and thus is
commtted towards conbating the polluting effects of these gases.
It has started anti-pollution drives specially in the urban areas
and all developnental projects have to have an environnental
i npact assessnent study done before they can be taken up for
i npl enentati on. However, at present, the reduction of carbon-di-
oxide is not a matter for serious concern for Nepal (as it is a
very mnor contributor). It is still struggling with its efforts
for developing its overall economc conditions and is |agging far
behind the rest of the world. The governnent is hard pressed with
nore urgent nmatters such as econonmi c devel opnent, infrastructure
devel opnent (roads, educati onal , heal t h, and irrigation
facilities, etc.), reducing unenploynent, inproving trade deficits
thus inproving foreign exchange situation, and 1in genera
inmproving the quality of life of its people.
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On the whole the overall em ssion |evel of Nepal is negligible as
conpared to other devel opi ng nei ghbouring countries. It is quite
clear that Nepal's devel opnental effort will be hanpered if energy
consum ng activities are checked; that is, the devel opnent process
will be slowed down as energy consum ng sectors are the corner
st ones of its overal | devel oprnent . In particul ar,
industrialization is its key policy objective at present and this
will eventually lead to increased use of fossil fuels. The trend
towards increased fossil fuel consunption seens al nbst unavoi dabl e
such that any relevant long-term GHG mitigation policy initiatives
may be expected to reduce the rate of increase in carbon
em ssions, but not |lower them Sone |ong and short term measures
such as hydro power devel opnent, afforestation prograns, and use
of energy efficient technol ogy have been recommended to reduce GHG
emssions, but it would be very costly as well as detrinental to
the country's devel opnental efforts if strict mtigation nmeasures
were to be appli ed.
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