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ABSTRACT

loping countries which Is also

The Domestic Sector Is the major consumer of energy in most deve
ital and essentlal end-use

true for many developed countries. Household cooking, which Is a very v
activity in domestic sector, consumes a major portion of the total energy consumed in this sector.
The potential for fuel substitution Is also very high for household cooking energy use in domestlc
sector, speclally In urban areas where commercial energy has usually a major share in the total

energy consumption.

eveloped for energy demand projections and fuel

In this study, an analytical model has been d
The model can be used to update the electric load

substitution studies for urban domestic sector.
forecast and consequently the electricity generation expansion plan.

The model has been applied to make encrgy demand projections and fuel substitution studies for
urban household cooking in Nepal

kerosene oil with electricity In urban cooking is
forecast for Integrated Nepal power System due
avallability of vast hydropower potential makes

The results reveal that the potential for substituting
very high in Nepal The change in the electric load
to kerosene oll substitution Is very significant. The
this substitution possible.,

The total cost of supplying energy for urban household cooking in Nepal has been calculated for the
different scenarios considered. The economic viability of substitution of imported kerosene oll with
indigenous hydroelectricity depends on the price of kerosene oll vis-a-vis the cost of developing
hydroelectriclty.
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INTRODUCTION

Complex energy model development in many developing countries has been constrained
by a number of factors which include:
i. Lack of reliable and sufficient primary and/or secondary data,
ii. Lack of well established energy/economic relationships,
iii. Lack of reliable energy demand forecasting techniques,
iv. Lack of reliable data on energy pricing impacts, (i.e. income and price clasticities)
v. Lack of clear and consistent energy policies,

vi. Unavailability and/or underdevelopment of indigenous energy resources which result
in large import of fuels, particularly petroleum products, and causes fuel supply
uncertainty.

vit. Qualified and sufficient technical manpower resources.

) The domestic sector is the major consumer of energy in most developing countries which
is also true for many developed countries. Household cooking, which is a very vital and essential
end-use activity in domestic sector consumes a major portion of the total energy consumed in this
sector. Also, there exists a very high potential for fuel substitution in domestic sector, specially in
urban areas where commercial energy has a major share in the total energy consumption.

In this study, an analytical model has been developed for energy demand projections and
fuel substitution studies for urban domestic sector.

The model has been applied to make energy demand projections and fuel substitution
studies for urban household cooking in Nepal, which imports all of its petroleum products
requirements, and where the domestic sector relies heavily on petroleum products as far as the
supply of commercial energy is concerned. Even though Nepal has one of the largest
hydropower potential in the world (total hydropower potential is estimated at 83,000 MW),
imported kerosene oil consumed in urban household cooking accounts for more than 86 per cent
of the total commercial energy consumed for this purpose.

This heavy reliance of Nepal’s urban domestic sector on imported kerosene oil for meeting
household cooking energy requirements is causing the following problems at present:

e increased dependency on imported petroleum products
e considerable drainage on scarce foreign currency reserves of the country
e increasing trade deficit

e fuel uncertainty in domestic sector
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MODEL FORMULATION

ial Features of the Model
The following are some of the special features of the model developed in this study:

1. The energy demand projections arc made on the basis of per capita energy consumption
and urban population.

2. Disaggregation of total urban population has been done on the basis of physiographic
regions and the size of urban communities. A number of domestic household sector
energy use surveys conducted in Ncpal8 have shown that there is a wide variation in per
capita energy consumption in different physiographic regions urban community sizes in
Nepal.

3. Different values of per capita encrgy corsumption have been used for each physiographic
region and community size.

4. Potential for fuel substitution can be studied by varying percentage share of fuels in the
total per capita energy requirement.

5. Impacts of improving the efficiency of end-use devices on energy demand can also be
studied with the present model.

6. Energy demand projections can be carried out with the help of the present model for each
end-use activity within the urban domestic household sector or for the whole sector

depending upon the purpose of the study and the availability of data.

7. The model incorporates a separate electric load forecast updating module and a
Generation Expansion Plan updating module.

ructure of the Model

The present model consists of six basic modules namely the Demographic module, the
Energy demand module, the electric load forecast updating module, Generation Expansion Plan
updating module, electricity supply cost module, and energy cost module. The Energy Demand
Module is further decomposed into two sub-modules.

The general structure of the model is-shown in Figure 2.1. Popu.lation and population
growth rate, physiographic variation, sizes of urban communities, efficiencies of end-use devices,
and percentage share of energy types in the total per capita energy requirement are considered
tobe the determinants of urban energy demand.
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Figure 3.1. General Structure of the Model
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Mathematical Formulation of the Medel

The Demographic Module

TPOP!
UPOP!
UPOP;!

UF’Tijt

Where,
TPOP!
TPOP"!
PGR'
UPOP*
UR'

UPOP;!

UPOP;}!

Pijt

TPOP"! . (1 + PGRY)
TPOP' * UR'

pP;! * UPOP
P;j' * UPOP}'

Total national population in ycar t.

Total national population in ycar t-1.
Population growth rate (p.u.) in year t.
Urban Population in year t.

Urbanization Ratio in ycar t.

Population of physiogiaphic region i in year t

Percentage share of physiographic region i in Urban Population
inyeart

Population of community size j of physiographic region i in year t

Percentage share of community size j in the population of
physiographic i in year t

The Energy Demand Sub-module A

PERijt
PERijkt

PECijkt

PER;" + (1+IGy)
Pijkt * PEFF‘ijt
PER;ji' / EFFy
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Where,

PER$
IG
I"I:".Rijkt
Piji'
PECij'

EFFg

Total per capita energy requircment of community size j of
physiographic region i in year t

Income growth rate for community size j of physiographic region
iinyeart

Per capita requirement of fucl type k of community size j of
physiographic region i in year t

Percentage share of fucl type k in the total per capita encrgy
requirement of community size j of physiographic region i in year t

Per capita consumption of fuel type k of community sizc j
of physiographic region i in year t

End-use elficiency of fucl type k

The Energy Demand Sub-module B

EDj'
EDijt

EDy'
Where,
ot
EDuk

EDy!
EDy!

TED"

PECjj' * UPOP;!
= EDjj'

T EDi

Demand of fuel type k of community size j of physiographic regio? i
year t

Demand of fuel type k of physiographic region i in year t

Total Demand of fuel type k in year t

Total energy demand of Urban Population in year t

Electric Load Forecast Updating Module

ADE'

UDE!

DE'sc - DEth

DE'ELF + ADE!



UEGR' = UDE' / (I-LRp)

UPDE' = UEGR'/  (8.760 * LF")
Where,

ADE' Additional demand of electricity (GWh) resulting from fuel
substitution year t.

DE'sc : Demand of Electricity (GWh) from fuel substitution Scenario Case in
year t.

DE'pc : Demand of electricity (GWh) from Base Year Trend Case in year t.

UDE" : Updated demand of electricity (GWh) in year t.

DE'ELF Electricity demand (GWh) from existing electric load forecast in year t.

UEGR'! : Updated electricity generation requirement (GWh) in year t.

UPDE' Updated Peak Demand of Electricity (MW) in year t.

LR! : System Loss Ratio in year t.

LF' : System Load Factor in ycar t.

Generation Expansion Plan Updating Module

TIC' > 12 * PD'

Where,
TIC' : Total installed capacity of the electric power system in year t.
PD! : Peak Demand on the system in year t.

A system reserve margin of at lead 20 percent of the peak demand has been maintained in
Preparing the Generation Explansion Plan.

Electricity Supply Cost Module

Annual supply cost of electricity is calculated from the following equation.

89



TAC:

ASCEy = -~
AEGt
Where,
ASCE: Annual supply cost of clectricity in ycar t.
TAC: Total annual cost in year t.
AEG: Total electricity generation in year t.

Total annual cost is given by,

TAC: IC; + OMC; + FC;
Where,
(o} : Total investment cost in year t.
OMC, : Total operation and maintenance cost in year t.
FC: Total fuel cost in year t.

The annual investment cost is obtained by adding all the annuitized plant development and
construction cost and is given by,

n i+ N

IC = X [(DCCKt* --remmmommnanen ]

R=1 (1+1i)N-1

Where,

DCC! - Development and construction cost of plant Kiin year t.
nt : Number of plants in year t.
i : Annual interest rate.
N : Life of plant.

The annual supply cost of electricity has been calculated in $/KWh as well as in $/GJ.
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Energy Cost Module

The total annual cost of encrgy for urban houschold cooking is calculated from,

TEC' = S TED' * ECy'

Where,
TEC' : Total energy cost in year t.
TEDy' : Total Demand of energy type k in year t
ECy' : Economic cost of fuel type k in year t.

DISCUSSION OF RESULTS

Base Case

The base case utilizes the fiscal year 1987/88 as the base year and simul'ation is done for a
period of 23 years, or up to the year 2010/11. The base case assumes the following:

1. Distribution of urban population among the different physiographic regions and
community sizes will remain unchanged from the base year pattern.

2. Constant price GDP growth rate is used to capture the effect of income growth rate.

3. Same income growth rate has been applied to all physiographic regions and community size:

energy types in the total per capita energy requirement

4. The percentage shares of various per ! ] i
hic regions and community S1Z€S will remain unchanged

for cooking in different physiograp
from the base year pattern.

S, Urban population is disaggregated into two physiographic regions (Hills, Terai) and three

community sizes (Small, Medium, Large)

energy sources namely: kerosene oil, electricity and LP

6. Only three types of commercial
household cooking are considered.

Gas presently being used in urban

Results of base case simulation are given in Tables 3.1 and 3.2 and Figure 3.1.

91



Table 3.1 Energy Demand Projections for Urban Household Cooking
Urban-Total
Base Case Scenario

nit : ,000 OJ

fisocal Year Reczosene Rleotricity LP Gas Total

09
1087/1988 011.908 29.298 106.373 HMT. TN
10688/1%09 033.18%7 30.8358 112,282 898.274
1089/1800 938.4359 33.789 122.922 1003.170
1900/1901 1039._92¢ 37.822 138.503 1213.963
108171902 1103.3868 42.0480 152.069 1360.384
1002/1993 130S.30) 47.097 171.338 1823.730
1303/1084 14681.382 32.729 191.823 1705.938
108471993 1633.419 $9.008 214.670 1909.007
1003/1908 1828.421 83.009 240.138  2133.3578
1008/1807 2031.50) 74.021 208.208 238¢.810
188771008 2200 .873 02.078 301.482  2804.310
1008/19u9 2376.943 82.080 338.237 Jone. 182

1000/2000 20088 883 104.153 J78.012 33898.733
200072001 3220.791 118.211 422.770 3789.772
200172002 3809.0837 130.242 473.014 4213. 7113
200272003 4044.402 143.928 $30.6860 £721.210
2001/2004 4330.333 183.462 394.867 5208.402
200472008 3073.4%3 183.058 885.838 3022.468
2N0S/2008 3660.324¢ 204.933 745.8138 8n30.884
200872007 8336.3530 229.419 83¢.015  T7422.384
2007/2000 7113.760 230.748 934.038 8308.543
2008/2009 7961.727 207.271 104S.079 9284.078
2N08/2010 8008.474 321.350 1169.009 103968.922
2010/2011 961,390 339.422 1307.380 11028.373
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Table 3.2 Energy Demand Projections for Urban Household Cooking
Urban-Total
Base Case Scenario

Units t ,000 nataral eaits

Tiscal Yesr Kerosene 01} Rlectrioity LP QGas

(K1) (N¥N) (Tom)

0 100771088 22.2387 0.137 2.188

1 1008/1908 23.338 8.571 t.282

2 1189/190980 25.790 9.308 2.400

J 188071981 28.648 10.42) 2.774¢

4 1881/1992 32.104 11.680 3.108

) 180271003 J35.039 13.0083 J.482

('] 100371004 40.238 14.647 3.000

7 1084/1885 43.033 16.391 4.393

[ 1983/1908 30.388 16.338 4.081

L] 1908/1997 38.513 20.581 §.473

10 1007/1808 83.3s2 13.049 6.133
11 1000/1089 70.000 28.029 §.078
12 1000/2000 70.822 28.9032 7.701
13 2000/2001 80.727 J2.201 0.99)
14 200172002 99.440 38.178 $.630
15 2002/2003 111.418 40.838 10.780
10 2003/2004 124.803 43.408 12.087
17 2004/2008 139.764 30.049 13.338
18 2008/2008 136.483 58.6932 13.133
10 20u18/2007 175.181 63.728 18.9684
20 2007/2008 108.028 71.319 10.9084
21 200872009 219.31 79.790 21.241
22 2009/2010 243.1357 08.288 23.782
2) 201072011 274.410 89,840 28.37¢
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Table 3.3 Encrgy Demand Projections for Urban Houschold Cooking
Urban-Total

Low Scenario
8nit 1 ,000 GJ
fiscel Year HKecosene [Klaotriolity LP QGas Total
011

Q 1967/1900 611.9006 29.283 108.57)3 .7
B 1900/1080 853.187 J0.838 112.252 998.274
2 1908/1900 936.458 JJ.788 122.922 1093.170
3 1980/1091 1038.9238 37.322 138.508 1213.98)
4 1901/1982 13163.388 42.048 132.9068 1360.3684¢
S 198271983 1303.303 47.097 171.338 1823.739
[ ] 188371994 1461.382 32.72¢9 181.828 1708.838
? 100471893 1633.¢19 39.008 214.870 1009.087
[ ] 199571088 1820.43J1 88.008 240.138 23133.578
) 19v8/1097 1848.332 2068.00) 260.208 2362.501

10 1007/1008 2088.703 299. 148 J01.862 2870.712
n 186871089 2318.281 335.21) 338.2%7? 18n2.721
12 109072000 2507.999 378.502 J78.912 3352.41)
13 20nn/200%  2098.712 410.963 422.770 3740.447
1 200172002 2528.760 1146.1863 473.814 4148.739
13  2002/2003 2831.001 12086.450 330.000 46848410
18 200372004 3171.247 1441.022 S$0¢.687 $208.938
17 2004/2003 3531.417 1613.772 685.856 $831. 144
18 20ns/2008 23876.227 1608.808 743.818 8528.6480
19 2008/2007 3179.178 J3217.644 834.813 7231.833
20 2007/2008 3557.860 Jo01.138 934.038 8003.070
21 2008/2009 3880.0884 4029.208) 1045.078 #05S.228
22 20098/2010 4453.237 4507.402 1169.0089 10129.728
23  2010/2011 ¢980.893 35041.278 1307.560 11329.8531

Table 3.4 Updated Electricity Load Forccast Low Scenario

Piscal Rlect-iocity ULrss Generation Loud Pask
Teor Desand¢¥h)Y)  AwWbtiolX) (GWh) Fector(X) load(%V)

0 1007/1008 442 27.80 611 49.47 141
1 )saa;|9a9 n2 26.30 850 40.90 150
2 tooe/1080  S10 28.20 801 40.30 160
3 1ono/1991  S56 24.80 739 49.90 100
4 139171902 M7 23.00 011 $0.00 105
S 1082/1893 604 23.10 889 4y.00 204
6 1033/1994 730 22.40 077 $0.00 223
7 108471995 841 21.50 1071 49.90 245
n jJ09s/1996 832 20.00 1177 40.90 209
0 1986/1897 1089 20.70 1363 50.00 312
10 1807/,1998 1107 20.40 1504 $0.00 343
11 19808/1999 1323 20.20 1658 $0.10 370
12 1009,2000 1462 . 20.00 1820 $0.00 417
13 2000/2001 1518 19.00 2018 30.00 400
14 2001/2002 1°4) 19.70 2417 50.20 350
13 200272003 2:12 19.60 2027 $0.40 598
10 20n3/2004 2290 19.50 2050 $0.60 udA4
17 20n4,2005 2501 10.40 3104 $0.00 807
10 20n8/2008 2723 19.30 33714 51.00 759
10 2008,2007 2200 19.20 107y 81.20 01N
20 200772008 3590 10.10 4147 51.40 900
21 2008/,2008 1020 19.00 4050 51.60 1073
22 2009,2010 4201 16.90 5291 $1.80 1100
23 2010,2011 4887 16.60 5772 s2.0c 1207
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Table 3.5 Energy Demand Projections for Urban Houschold Cooking:
Urban-Total
Scenario Medium

bnlt t ,000 QJ

Fiscal Yesr Kerosene Slectricity LP Gas Total
04l
1007/1808 811.808 29.208 1068.37) 847.774
18ns/1888 853.187 an .8ss 112.23%2 000.274
18008/1800 838.458 J3.788 122.022 1093.170
1880/1991 1039.838 37.522 138.30S 1213.903
1991/1882 1185.303 42.048 132.909 1380.304
1882719082 130S.303 47.097 171.338 1523.729
180371984 1461.302 $2.728 191.823 1708.938
199471808 1835.419 $8.008 214.6/0 1800.007
1805/1908 18290.431 80.008 240.138 2135.578

1898/1997 1848.352 28R BRJ 260288 2382 .501
1887/1006 2088.703 290. 143 301.882 2070.712
10988/1840 2018.231 335.213 338.2357 2982.721
1009/2000 25387.000 373.302 378.812 J3382.413
200072001 2098.712 410.9683 422.770 J740.447
200172002 2103.784 1467.473 473.014 4127.001
200272003 2428.041 1668 .821 $30.808N 4624 . 144
2003/2004 2710.212 1080.0673 304.887 8170.75¢
20n4 /2008 IN44.072 2000.878 883.836 380N.7n4
200372008 J400.104 2340.737 743.818 8404 . 348
2006/2007 1807.303 4413.213 834.813 7158.303
200772008 2134.720 4830.918 934.038 8007 .u01
200072009 2300.510 3528.008 1043.079 80650.08)%
2008/2010 2871.9842 81u1.619 1189.008 10022.850
2010/2011 2000.417 8914.017 1307.380 11208.9HS

— et et b gt o
sszssgsauaunuocuqoubuuvc

Table 3.6 Updated Electricity Load Forecast Scenario Medium

Piscal Rleotricity Loss Generation Losd Peak
Year Desand(GVh) Ratio(X) (OVN) Factor(X) Lowd(nV)

0 1067/106868 442 27.88 611 49.47 141
1 18n8/1909 482 28.30 8ss 48.980 130
1 1809/1080 sS10 28.20 891 49.30 100
2 1990/19001 558 2¢.00 739 49.900 100
4 1981/19882 817 23.900 811 $0.00 188
S 1092/198) 884 23.10 [1.}:] 48.80 204
8 100371984 158 22.40 877 30.00 23
7 10V4/1998 841 21.50 1071 49.00 248
8 1095/1880 832 20.80 1177 48.90 289
9 19968/1097 10n3 20.70 1388 $0.00 N2
10 19987/1088 1107 20.40 1304 50.00 42
11 1998/1989 1323 20.20 1858 30.10 378
12 1998/2000 1482 20.00 1828 50.00 417
13 200072001 iR18 19.00 2018 30.00 400
{4 200172002 2038 19.70 2334 $0.20 s76
13 2002/2n03 2217 19.60 2738 30.40 825
18 2003/2004 2417 19.50 J00) 50.00 877
17 200472008 2834 190.40 J268 30.00 74
18 200372000 871 19.30 Jsse 31.00 708
18 20010/2007 8280 19.20 4400 31.20 1001
20 2007/2008 3970 19.10 4807 $1.40 1000
21 200872009 434¢ 18.00 8383 31.00 1187
22 2000/2010 4738 18.90 3864 s1.680 1292
<3 2010/2011 S207 18.80 8412 $2.00 1408
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Table 3.7 Energy Demand Projections for Urban Houschold Cooking
Urban-Total
Scenario Medium

Unite ,000 @
Pisoa) Year JRerosene Xleoctrioity LP QGas Tots)
on
" 308773000  B811.908 20.28% 106.873 047.77¢
1 1A8Y/1900 nss.187 30.8586 112.252 8868.274
2 106071800 838.458 33.789 122.822 1003.170
3  1980/3001 13039.330 37.322 130.30% 1213.883
4 18U1/1902 1185.308 42.040 152.068 1360.364
S 1992/19903 1305.30) 47.087 171.338 1523.739
[ 1003/1084 1401.3082 82.728 181.82S 1705.938
7  1904/1005 1635.419 $9.008 214.670 1809.087
L} 1995/1006 1829.431 88.009 240.138 2135.578
] 1806/1007 1336.627 338.12¢ 269,206 2364 .07
1n 110771080 1724.754 823.368 301.6882 2650.01S
11 10010/1800 1032.709 800.502 330.2%7 2000.528
12 j0n0/2000 21n4.990 762.822 370.9812 3328.433
13 2000720001 2435.80) 873.097 422.770 3711.400
14 200172002 10VU¢.0828 1820.70) 473.014 €109 .424
15 2002/20N3 2022.20) 2048.787 $30.800 450Y.870
1R 2()03/2004 2265.177 2282.726 $94.6807 $132.5872
17 200472008 2530.720  2387.581 005.858 $770.283
10 2008/2008 2040.)82 21074 .707 745.013 08460.484
10 20n8/2007 1509.387 4712.058 834.61% 7138.2580
2n 2007/2000 3778.940 5273.330 934.03S8 79806 .333
21 2000/2000 10n0.432 3000.209 1045.0790 8835.800
22 200072030 2226.818 8600.423 11688.008 8696.130
) 2010/201) 2490.348 73682.203 1307.%60 11100.110
Table 3.8 Updated Electricity LOad Forecast
Scenario High
Vimecnl Kleotrioity Lows Genorstion Losd tesk
Your Demand(G¥h) Ratio(X) (aWh) Feotor(X).omi(NY)
0 1hu7/108Y 442 27.00 "l au.47 149
1 innas/1n0Y 402 268.50 6850 40.00 150
2 10RU/1000 610 20.20 69} 40.30 100
I 1000/3081 558 24.00 7310 40.00 169
1 100121002 617 23.00 otll 50,00 105
3 100271103 064 23.10 oup 40.n0 204
8 1003/1014 730 22.40 077 80.00 223
T 100471008 04) 21.80 107 40.80 245
8 nus/1000 032 20.00 17N 40.01) ang
8 1900/1R07 1183 20.70 1408 80.00 338
10 :807/1008 1287 20.40 1617 $0.00 h o]}
11 1000/1000 1424 20.20 1785 $0.10 407
12 19n0/2000 )878 20.00 1009 8n0.00 430
13 200072001 1742 18.00 2172 80.00 4nn
14 200172002 2120 m. 70 2052 80.20 a03
1S 2h02/72003 232 10.00 20010 10,40 RY
10 200072004 2890 11,00 3160 n0.00 M1
17. 200472000 2:/00 1v.40 3412 ho 00 m
1IN 2uny /2000 Jnzv 10.30 J/42 S51.MM) LKI]]
1 200672007 371 1U.20 4500 b1, 20 1024
20 200072000 4000 19.10 8022 51.40 NN
21 2006872000 444D 19.00 8412 h1.00 1213
22 2nnus20%0 U172 18.00 sune B8t.n0 1524
23 200072018 aAl? 18.00 0472 A2.00 1443
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Table 3.9 Total Cost of Encrgy for Urban Houschold Cooking

Total Anesmal

Comt (In Current IC3)

Year f\nee Caoce Lo Hedlimm Iigh
fionnaric Hcenarlo fBerna-jo
0 31807/1908 818na78 8190076 B)DDO?6 8107070
1 1910/1889 903481y pN34019 9034910 DO3IDIB
2 198D/31890 1038343 10363430 1310383430 103034¥
S 10p0/1981 12001097 12061097 12061097 120810¢<7
4 1091/31992 14008813 14005818 14005613 140C5513
S 1892/1803 16850790 10058773 16850773 1685'7/73
6 1883/1804 10204228 10294228 18294220 10291220
7 1084/1985 22003497 2200490% 22804008 22901923
8 190%/1098 20410213 26461024 20481924 26451R24
9 1906/1807 307533040 82528718 32528718 32254650
10 3097/18998 33432210 37288G41 372800431 40007C23
11 31008/1909 407950080 42640844 42040844 45%075P°1
12 1DD9,2000 40903752 4RN07AL4  4B007014 81872430
13 2000/2001 83035710 858603508 86000008 HBNYAHITS
14 2001,2002 62040337 74078309 77173000 B112183
16  2002,2003 721063193 82147318 84732008 0UINN)37
16  2003/2004 "2070641 91201397 R3234140 PSO43RCY
17  2004,2008% 93102282 1.0R+0A 1.0R»08 1.1%K00
18 2003,2008 1.12:00 1.1K08 1.1K.08 1.2K:008
19  2008/2007 1.3200 1.5.08 1.3T:00 1.2a=.00
20 2007/2008 1.52000 1.6K+00 1.6%408 1.68:08
21  2008/2000 1.7R108 1.7X408 1.7K+08 1.A%.00
22 2008/2010 1.80:00 1.0K:08 1.0R+00 1.87.:00
23  2010,2011 2.2K+00 2.1R+08 2.0E+OH  2.0R+08

Table 3.10 Generation Expansion Plan Nepal Electricity Authority
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Figure 3.11 Total Energy Cost For Urban Houschold Cooking
(Current US $)
Case - Price of Kerosene Qil Increase by 25% in 1992/93

Scenario Cases

Substitution of kerosenc oil with electricity in urban cooking is considered for lo:,,
medium and high scenarios. In the low scenario, the share of kerosene oil in total per cﬂl 10%
encrgy requirement is reduced to 90%, 70% and 50% of the based year value in 1996/97, 20090%,
and 2006/07. In the medium and high scenarios, the share of kerosene oil is reduced 10
60%, 30% and 75%, 50%, 25% respectively in 1996/97, 2001/02, and 2006/07.

Results of scenario case simulation are given in Tables 3.3 to 3.8 and Figures 3.2 t0 3.7

Energy Cost Considerations

Cy . 11.
The results of considering energy cost are given in Table 3.9, 3.10 and Figures 3.8 10 3
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The model developed in this study is believed to be a significant contribution to the field of
energy modeling in gencral and to energy planning and policy making in Nepal in particular.

Onc of the most important features of the model, as far as Nepal is concerned, is the
disaggregation of urban population into distinct physiographic regions and urban community
sizcs.

The modecl allows different cases like changing the percentage share of different fuels in
the total per capita energy requirement, elficiencies of end-use devices, population growth rate,
Income growth rate, and percentage distribution ol urban population to be studied.

The accuracy of the computer simulation program and the dependability of the simulation
results has been validated by comparing the model results with the results estimated from an
actual survey for the base year.

The results of the simulation provide the following conclusions:

L. It has reinforeed the fact that the cooking activity in urban domestic houschold sector is a
major consumer of commercial encergy in Nepal. The base case scenario shows that the
total commercial encrgy demand for urban cooking in the year 2010/11 will be almost
cqual to the total commercial energy consumption in the whole of Nepal in 1987/88.

2. There exists a very high potential for substituting kerosene oil with clectricity in urban
cooking,
3. Substitution of kerosence oil with clectricity in urban cooking results in a significant

increase in the total clectricity gencration requirement and the pcak demand on the
Integrated Ncpal Power System. Under the scenario cons.idcrcd lh(.: peak demand
increases by morc than 58 percent of the latest Nepal Elcctricity Authority laod forecast
for 2010/11. This will require the addition of a major hydroclectric power plant of about

500 MW installed capacity.

Recommendalions

The following are recommendations for future work:

L The computer simulation program developed can be modified to include more than three
fuel types.

2. When reliable data become available, the model can be updated to incorporate the cffects
of fucl price, fucl availability, and changes in houschold behavior due to fuel switching,
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3. Economics of substituting kerosene oil with electricity in urban cooking in.Ncpal shofulC:
be studied in terms of fuel prices, prices and availability of end-use devices, and fue
supply.

4. Cost of additional electricity generation requirement and peak demand resylting frl(:n:
substitution of kerosene oil with electricity in urban cooking should bc. st.udled flll'l.e
using more accurate data. Possible increase in the price of kerosene oil in the corcrlllgi
years and the cost of storage facilities for the large volume of kerosene oil shoul
considered in the costing,
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