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This paper examines the implications of chariging of operating mode or duration of contract of independent
power producers in power sector planning in Indonesia. In particular, an approach is developed to assess the
contributions of supply- and demand-side effects to the changes in COq, SOs and N O, emissions from the
power sector due to changing of operating mode or duration of contract of independent power producers.
The results show that the supply side effect would increase the COs, SOy and NO, mitigations, however,
the demand side effect would act in the opposite direction. The results also show that the COg, SO and
NO, emission mitigations would increase if the operating mode or duration of contract is increased from 60

to 80% or from 5 to 15 years respectively. .
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1. Introduction

Recently, power sector restructuring has received sub-
stantial impetus in the Asian developing countries. One
of major components of power sector restructuring is the
participation of independent power producers (IPPs).
Though the participation of IPPs is increasingly consid-
ered desirable by Asian developing countries, the envi-
ronmental implications of participating IPPs in power
sector planning with demand side management (DSM)
options are not yet known in the case of most Asian
Countries.

Changes in pollutant emissions with the inclusion of
IPPs in electricity planning with DSM options can take
place through both supply- and demand-side responses.
The supply side response takes place in the form of
changes in the fuel- and technology-mixes (hereafter
called as “supply side effect”). The demand side re-
sponse occurs in the form of the change in electricity
demand due to the adoption of DSM options (hereafter
called as “demand side éffect”).

There are a number of studies examining the implica-
tions of considering IPPs in the power sector (see e.g.,
Ref. (1)~(3)). However, all of them are related to in-
dustrialized countries. Furthermore, none of the existing
studies separate the individual contributions of supply-
and demand-side options to total changes in pollutant
emissions.

This study analyzes the implications of changing of op-
erating mode or duration of contract of IPPs for power
sector planning in Indonesia — a developing country —
during 2003-2017 in terms of capacity-mix, generation-
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mix, DSM mix, overall thermal generation efficiency,
and reliability of the power system from a long term
power sector planning with DSM options perspective.
It also examines the supply- and demand-side contri-
butions to total changes in COy, SOy and NO, emis-
sions due to changing of operating mode or duration of
contract of IPPs in the power sector. Furthermore, it
computes electricity prices due to changing of operating
mode or duration of contract of IPPs.

This chapter is organized as follows. A brief descrip-
tion of the power sector in Indonesia is presented in
Section 2, followed by a description of the methodol-
ogy in Section 3. Section 4 discusses input data and as-
sumptions used. Utility supply side- and demand side-
implications, the roles of supply- and demand-side ef-
fects on COs, SOy and NO, emissions as well as the
economic implications of changing of operating mode or
duration of contract of IPPs are discussed in Section 5.
Finally, major findings are presented in Section 6.

2. Power Sector in Indonesia

Power demand in Indonesia recorded an annual av-

.erage growth rate of over 13% during 1993-1999 ¥ ®)

The Java-Bali Islands account for approximately 80%
of the total electricity generation and 70% of the total
generation capacity in the country. The total installed
capacity in the Java-Bali Islands in 1999 was 15,512 MW
which comprised of 86.4% thermal power plants and
13.6% hydropower plants. Of the total thermal gener-
ation capacity, coal based power plants had the largest
share (46.0%), followed by oil-, gas- and geothermal-
based power plants with shares of 29%, 21% and 4%
respectively (.

-Candidate power plants for the Java-Bali Islands are
mainly those based on gas and coal. Oil-based power
plants would not be considered as a matter of national
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policy while hydropower plant potential is limited. Nu-
clear power is likely to be fiercely opposed by environ-
mentalists and is not yet considered as an option ™.

The Government of Indonesia is now restructuring its
power sector ®. One of the restructuring forms is to
purchase electricity from IPPs. The government views
IPPs as a new source of generation capacity to meet the
increasing demand for electricity. This view is based on
the Government Regulation No. PP10/1989 Article 8,
private is allowed to provide electricity supply. The de-
tail explanation of the regulation is issue in the President
decree No. 37/1992 and then renewed with the president
decree No. 38/1998. Since the regulation, many privates
have invested in providing electricity supply. At present,
there are 3,185 MW of IPP plants connected to the sys-
tem, while 1,320 MW would be committed in year 2004.
There is no candidate IPP plant in the present case.
The plant types of the existing and committed IPPs are
hydro-, geothermal-, gas turbine-, and steam coal-power
plants. The IPPs sell power to the existing utility, i.e.
P.T. PLN (Persero).

In 1999, the residential and industrial sectors ac-
counted for about 36% and 52% of total electricity de-
mand respectively in the Java-Bali Islands, with the
commercial sector accounting for the rest ™. In 1996,
approximately 58% of electricity consumption in the res-
idential sector was for lighting. Approximately 59% of
lamps used were incandescent while the rest used fluores-
cent tubes. In the industrial sector, about 70% of total
electricity consumption was used by standard motors 7.
Clearly, this indicates significant potential for electric-
ity savings from the residential and industrial sectors
through energy efficiency improvement programs.

3. Methodology

Changes in pollutant emissions from the power sector
due to changing of operating mode or duration of con-
tract of IPPs in the power sector could take place due
to either supply-side changes (i.e., changes in fuel- and
technology-mixes) or changes in electricity demand if
adoption of efficient options becomes cost-effective with
the changing of operating mode or duration of contract
of IPPs. Hereafter, changes in emissions purely due to
the supply-side changes is called the “supply-side effect”,
while the changes solely due to changes in electricity
demand due to adoption of DSM options is called the
“demand-side effect”.

The total change of a pollutant emission with the
changing of operating mode or duration of contract of
IPPs is equal to the summation of emission changes due
to the supply- and demand-side effects. The total change
of emission (in tons) of pollutant j in year ¢ with the
changing of operating mode or duration of contract of
IPPs (A €]) is defined as:

Aet_EOt

where Ej, p, and E}, are total emissions (in tons) in
year t of pollutant J from the power sector with and
without changing of operating mode or duration of con-
tract of IPPs respectively.
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The total emission change A 6{ can be decomposed
into supply side-, demand side- and joint-effects, i.e.:

A cl= AE.g‘St + AE?)St O
where AE%St and AEDSt represent changes in the
emission (in tons) of pollutant j due to supply- and
demand-side effects in year ¢, respectively, while (53 rep-
resents the joint effect of supply- and demand—side fac-
tors of pollutant j in year ¢ (in tons). In some studies,
the joint effect was also called the interaction of effects
[18] or the residual [19].

The change in emission of pollutant j due to the
supply-side effect AE],; (i.e., the change in emission
due to changes in generation mix and generation effi-
ciency) can be expressed as:

<GIPP,i,t Z GIPP,i,t))
i=1

(3)

where, EOt = total pollutant j emission (in tons) with-
out changlng of operating mode or duration of contract
of IPPs in year t, Go:= total electricity generation (in
MWh) without changing of operating mode or duration
of contract of IPPs in year ¢, Grpp, = electricity gen-
eration (in MWh) of plant type ¢ with changing of op-
erating mode or duration of contract of IPPs in year t,
and €;;= emission factor (in tons/MWh) for pollutant j
of plant type .

The demand-side effect in total emission mltlgatlon

(AEDSt) can be expressed as:
(Gom/ZGow)
(4)

where, Grpp: = total electricity generation (in MWh)
with changing of operating mode or duration of contract
of IPPs in year ¢, and Go,;+= electricity generation (in
MWh) of plant type ¢ without changing of operating
mode or duration of contract of IPPs in year ¢.

The joint effect (§7) can be derived as:

ABgg,

n
(Eﬂ,t — Go,¢ Z Eiy

i=1

[I>

ABps,

(GOt_GIPPt ZEU
=1

=Aéel -

(AESSt + EDS ¢

The framework for analyzing the implications of
changing operating mode and duration of contract of
IPP plants in generation expansion planning considering
DSM options is presented in Figure 1. The model de-
termines the least cost mix of supply- and demand-side
options during a planning horizon. The proposed gen-
erating units are represented by integer variables while
their end-use electricity using devices are represented by
continuous variables.

The objective function of the model used is total cost
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Fig.1. Flow chart for assessing the implications of changing of operating mode and duration of

contract of IPPs in power system planning with DSM options ®

which is the sum of supply- and demand-side costs.
The supply-side cost consists of capacity costs of can-
didate power plants, as well as fuel-cost and operation
and maintenance-costs of existing, committed and can-
didate power plants of the existing utility and IPPs. The
demand-side cost represents the cost of energy efficient
end-use appliances/equipments net of the cost of the
end-use appliances/equipments that would be replaced.
The model includes the following constraints:

a. Power demand constraints: Total power generation
from all existing and candidate power plants, and
power generation avoided by energy efficient end-
use appliances/equipments cannot be less than the
sum of total power demand and transmission and
distribution losses in all periods (“blocks”), seasons
and years of the planning horizon considered.

b. Plant availability constraints: Power generation
from each power plant at any daily period, season
and year cannot exceed its available capacity.

c. Reliability constraints: The sum of installed power
generation capacity of all plants and generation ca-
pacity avoided by energy efficient end-use options in
any year can not be less than peak power demand
plus a reserve margin in that year.

d. Hydro energy constraints: Total energy generation
from a hydropower plant cannot exceed the level of
hydro energy available to the plant in each season
and year of the planning horizon.

e. Annual thermal energy generation constraints:
Electrical energy generation from each thermal
plant cannot exceed an upper limit that corresponds
to the installed capacity and .availability of the

plant. ,

f. Efficient end-use device constraints: The level of en-
ergy efficient device selected in a year cannot exceed
the maximum feasible level of such device in the
year.

g. Maximum capacity constraints: Total number of
generating units of each type in the planning hori-
zon cannot exceed the maximum permissible (i.e.,
feasible) number of units. That is, total installed
capacity of a type of power plant cannot exceed the
maximum allowable capacity of that type of plant.

h. Fuel availability constraint: Flectricity generation
by a thermal power plant cannot exceed the level
corresponding to the maximum available quantity
of the fuel used by the plant.

The optimal (i.e., the least cost) outcomes of the gener-
ation expansion planning model are obtained by using
CPLEX — a mathematical programming software .

In this study, a 15 year planning horizon (i.e., 2003-
2017) has been considered. Each year is divided into 2
seasons and the daily chronological load curves are di-
vided into 12 blocks in order to capture variations in
electrical power demand and usage patterns of end use
devices over different periods of a day.

4. Input Data and Assumptions

The data on existing hydro and thermal power plants
are presented in Tables 1 and 2 respectively, while the
data on technical characteristics and costs of candidate

. power plants are presented in Table 3. The data of the
IPP plants (existing and committed) are presented in
Table 4. There is no candidate IPP plant in the present
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Table 1. Technical characteristics data of existing hydro power plants

Plant name Pant Fuel Total capacity Emission factor (g/lkWh)
Type type MW) CO, SO, NO,

Cirata Hydro - 1,000 - - -
Saguling Hydro - 700 - - - -
Mrica Hydro - 180 - - S
Sutami- Hydro - 105 - - ’ -
Plengan Hydro - 2 - - -
Cikalong Hydro - 19.2 - - -
Prakan Hydro - 10 - - -
Jelok Hydro - 5.1 - - -
Timo Hydro - 12 - - -
Garung Hydro - 26.4 - - -
Wonogiri Hydro - 12.4 - - -
Sempor Hydro - 1 - - -
W. Lintang Hydro - 18.4 - - -
K. Ombo Hydro - 26.5 - - -
W. Lingi Hydro - 54 - - -
Lodoyo Hydro - 4.5 - - -
Mendalan Hydro C - 174 - - -
Siman Hydro - 72 - - -
Selorgjo Hydro - 45 - - -
Madiun Hydro - 8.1 - - -
Sengguruh Hydro - 29 - - -
Tulung Agung Hydro - 36 - - -

Source: Ref. (4)

Table 2. Technical characteristics data of existing thermal power plants
Plant name Plant Fuel Total capacity Heat rate Emission factor (g/kWh)

type type MW) (kcal/kWh) CO, SO, NO,
Priok CC Gas 1,180 1,997 416 0.002 1.192
Priok Diesel Diesel 6 2,857 825 2.587 7.081
M. Karang CcC HSD 509 1,880 543 1.702 4.659
M. Karang Steam Gas 300 2,999 624 0.003 1.790
M. Karang Steam. Gas 400 2,699 562 0.002 1.611
M. Tawar CC HSD 620 2.067 597 1.872 5.124
M. Tawar GT HSD 290 3,147 908 2.851 7.802
T. Lorok CcC HSD 1,028 2,034 587 1.842 5.041
T. Lorok Steam MFO . 300 © 2,955 966 16.803 3.001
Grati CC HSD 488 1,866 539 1.690 4.625
Grati GT HSD 342 2,799 808 2.535 6.938
Suralaya Sieam Coal 1,600 2,532 1,276 4.617 3.723
Suralaya Steam Coal 1,800 2,433 1,226 4.436 3.578
Paiton Steam Coal 800 2,380 1,171 4.237 3.417
Gresik cC Gas 1,580 2,047 426 0.002 1.222
Gresik Steam MFO 200 2,661 870 15.134 2.702
Gresik Steam MFO 400 2,529 827 14.381 2.568
Gresik GT HSD 100 4,230 1,221 3.831 10.486
Bali Diesel HSD 25 2,268 654 2.053 5.618
Bali GT HSD 43 4,683 1,352 4241 11.607
Bali GT HSD 84 3,423 988 3.101 8.486
Bali GT HSD 145 3,448 995 3.123 8.547
Fajar GT Gas 100 3,699 792 0.002 6.806
Gilimanuk GT HSD 133 2,996 865 2.713 7.426
Salak Geoth. - 165 - - - -
Kamojang Geoth. - 140 - - - -
Drajat Geoth. - 55 - - - -

Source: Ref. (4)

case. The data on peak power demand and electrical
demand profile used in this study are based on Ref. (4).
The cost and caloric value of fuel used by power plants
are presented in Table 5. Emission factors used for the
calculation of emissions of COz, SOs and NOx from
power generation are based on Ref. (10)~(12).

Five DSM options are considered in this study. They .

involve replacing inefficient appliances in residential
and industrial sectors with the efficient ones. Only

THE B, 123 %35, 2003 &

residential and industrial sectors are considered due to
more than 82% of the electricity was consumed by these
two sectors. The DSM options considered in residential
and industrial sectors are replacing incandescent lamps
with compact fluorescent lamps and standard motors
with energy efficient motors respectively. This is because
in residential and industrial sectors, most electricity was
consumed by lamps and motors respectively. The five
DSM options considered in this study are:
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Table 3.

Technical characteristics and cost data of candidate power plants

Plat name Plant type Fuel No. of Unit Heat rate Capacity Emission factor (g/kWh)
type units capacity  (kcal/kWh) Cost at 2000 CO, SO, NO
(MW) prices
(US$/kW)
Rajamandala * Hydro - 1 55 - 1,482 - - -
Kesamben * Hydro - 1 33 - 2,835 - - -
Lesti® Hydro - 1 11 - 2,296 - - -
Jawa PS® Hydro - 1 1,000 - 539 - - -
New location Geothermal - 15 55 - 1,196 - - -
New location Steam coal Coal URP 400 2,287 1,122 1,152 4.1 3.4
New location IGCC Coal UR® 540 1,911 1,400 963 0.004 0.3
New location PFBC Coal UR® 400 1,911 1,220 963 0.180 0.6
New location CCGT Gas UR® 600 1,699 625 354 0.0 1.0
New location Gas turbine Gas UR® 100 2,457 500 511 0.0 1.5

* Firm energy availability {rom Rajamandala, Kesamben, Lesti and Jawa PS hydro plants are 120 GWh,
96 GWh, 28.9 GWh and 1,460 GWh respectively.
" UR= Unrestricted

Source: Ref. (4)

Table 4. Existing and committed IPP plants

Name of plant Plant type Fuel type Total capacity (MW)  Heat rate (kcal/kWh) Status
Jatiluhur Hydro - 180 - Existing
Wayang Windu Geothermal - 110 C - Existing
Drajat Geothermal - 70 - Existing
Dieng Geothermal - 60 : - Existing
Salak Geothermal - 165 - Existing
Cikarang Gas turbine Gas 150 2,047 Existing
Paiton I Steam Coal 1,230 2,324 Existing
Paiton II Steam Coal 1,220 2,324 Existing
Tanjung Jati B Steam Coal 1,320 2,324 Committed in 2004

Source: Ref. (4)
Table 5. Cost and caloric value of fuel used by power plants
Fuel type Fuel cost (US$/Gceal) Caloric value (kBTU/kg)
MFO ' 11.44 39.08
HSD 17.33 43.82
* Coal (P.T. PLN) 3.54 20.24
Coal (IPP) 6.60 20.24
Natural Gas 11.85 59.03

Source: Ref. (4)

Table 6. Technical characteristics and cost data of existing and efficient end use equipments
Sector Existing end-use equipment DSM option to replace the existing equipment
Appliance  Ratings® Cost® Life® Applidnce Ratings® Cost® Life®
type® (Watt)  (US$ at 2000 type® (Watt) (USS at
prices) 2000 prices)

Residential L 40 0.55 1,000 hrs CFL 9 9.37 8,000 hrs
L 60 0.58 1,000 hrs CFL 18 9.78 8,000 hrs

IL -100 0.63 1,000 hrs CFL 25 10.34 8,000 hrs

Industrial SM <7.5hp 385.00 15 years EEM® <7.5hp 516.25 15 years
SM >7.5hp 1,125.00 15 years EEM® >7.5hp 1,696.00 15 years

IL = Incandescent Lamp; SM = Standard Motor; CFL = Compact Fluorescent Lamp; EEM = Energy Efficient Motor.
® Source: Ref. (16). ‘
*EEM of size below 7.5 hp are considered to require 4.8% less electrical energy than standard motors of the same, size,
while EEM of size above 7.5 hp are considered to require 3.4% less electrical energy.

® replacing 40 W incandescent lamps with 9W com-
pact fluorescent lamps (CFL) in the residential sec-
tor (hereafter “DSM-17),
¢ replacing 60 W incandescent lamps with 18 W CFL
in the residential sector (“DSM-2"),
¢ replacing 100 W incandescent lamps with 25 W CFL
in the residential sector (“DSM-3"),
* replacing standard motors of size below 7.5 hp with
energy efficient motors (EEMs) in the industrial sec-

tor (“DSM-4”) and

¢ replacing standard motors of size 7.5 hp or above in
the industrial sector with EEMs (“DSM-5”).
Data on DSM options and the existing electrical equip-
. ments/ appliances they would replace are presented in
Table 6. '

The hourly residential end-use patterns were derived
from a sample survey of 500 households belonging to
four different tariff categories *®. The survey was con-
ducted in four areas of Java-Bali islands ie., Jakarta,
West Java, Central Java and East Java. In the case of
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the industrial sector, the hourly utilization profiles of
electric motors were based on Ref. (14).

A number of cases or scenarios are considered in thlS
study. There are three major cases are considered, i.e.,
Base case, operating mode cases and duration of con-
tract cases. It should be noted that DSM options are
considered under all cases (Base-, operating mode- and
duration of contract-cases). Totally, there are seven
cases are considered, and each cases are explained as
follows.

® Base case. In this case, only the existing and can-

didate plants of the existing utility, i.e., P.T. PLN
(Persero), are considered and IPPS are ignored in
the planning.
Operating mode cases. Same:as the Base case, ex-
cept the IPPs are considered in the planning. In
these cases, the IPPs sell power to the existing util-
ity, i.e., P.T. PLN (Persero), with three scenarios of
minimum operating capacity, i.e., 60, 70 and 80%.
The characteristics of the IPP plant, such as unit
size, minimum load, forced outage rate, and sched-
uled maintenance are also incorporated in this case.
Hence, there are three cases under the operating
mode cases.

® Duration of contract cases. Same as the Base case,

except the IPPs are considered in the planning, and
the duration of contract between the existing utility
and the IPPs is set to 5, 10 and 15 years. The min-
imum operating capacity of each duration of con-
tract is maintained to 80%. Same as operating mode
cases, the characteristics of the IPP plant, such as
unit size, minimum load, forced outage rate, and
scheduled maintenance are also incorporated in this
case. Hence, there are three cases under the dura-
tion of contract cases.

Normally, imposition of higher operating mode or du-
ration of contract would result in a change in electricity
generation cost. This would lead to a change in elec-
tricity price and consequently a change in electricity de-
mand and the selection of DSM options. However, the
effects of a change in electricity price on the electricity
demand and the selecuon of DSM options are ignored
in this study.

5. Results and Discussions

5.1 Supply Side Implications Changing of op-
erating mode or duration of contract of IPPs in the
power sector planning with DSM options would affect:
(a) the level of generation requirements (as it depends
upon the level of power demand avoided by the opti-
mal DSM options selected under the generation expan-
sion planning, (b) generation capacity additions, and (c)
generation-mix (the share in power generation of differ-
ent plants). Furthermore, there would also be changes
in overall efficiency of thermal generation, reliability of
power generation, capacity utilization and load factor
with the changing of operating mode or duration of con-
tract of the IPPs.

Changing of operating mode or duration of contract of
IPPs in the power sector planning could affect installed

BHFH B, 12343 5, 2003 F ,
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Table 7. Generation capacity in year 2017 at se-
lected operating modes and duration of contracts,
MW

Scenarios Existing utility’s plants IPP  Total
Hydro Coal Gas Geoth. Oil planis

~Basecase 3439 36,775 9759360 4863055216
Operating 60% 3,279 30,600 11,609 360 4,863 4,505 55,216
mode 70% 3,279 29,800 12,509 360 4,863 4,505 55,316
_____________ 80% 3279 29,000 13,209 360 4,863 4,505 55216
Duration 5yrs 3,279 33,000 13,709 360 4,863 0 55211
of 10yrs 3,279 33,000 13,709 360 4,863 0 55211
contract 15yrs 3,279 29,000 13,209 360 4,863 4,505 55,216

Table 8. Electricity generation during 2003-2017
at selected operating modes and duration of

contracts
Scenarios Share in tolal eleciricity generation, % Total
Existing utility’s plants PP (TWh)

Hydro Coal Gas Geoth. Oil plants

 Bascme 47 843 54 06 50 028408
Operating 60% 4.5 645 6.2 0.9 52  18.7 2,841.8
mode 70% 45 621 7.1 0.9 53 201 2,844.0
_____________ 80% 45 588 7.5 0.9 54 229 2,842.0
Duration 5yrs 4.7 75.1 7.1 1.0 5.0 7.1 28412
of 10yrs 46 651 74 1.0 52 167 2,842.7
contract 15yrs 4.5 58.8 7.5 0.9 54 229 238420

generation capacity. Table 7 presents the installed gen-
eration capacity at the end of the planning horizon at
selected operating modes and duration of contracts. As
can be seen in the table, the installed generation ca-
pacity would not change significantly due to changes in
operating mode or duration of contract.

The structure of electricity generation would also
change if changing of operating mode or duration of con-
tract of IPPs are considered in power sector planning.
As can be seen from Table 8, the share of electricity
generation from coal-fired power plants of the existing
utility would decrease from 84.3% in the Base case to
58.8% at the operating mode of 80%. However, the share
of electricity generation from gas-, geothermal- and oil-
fired power plants would act in the opposite direction.
Changes in the duration of contract would also decrease
the share of electricity generation from coal fired power
plants of the existing utility, i.e., from 75.1% at the du-
ration of contract of 5 years to 58.8% at 15 year duration
of contract, but the share of electricity generation from
gas-, geothermal- and oil-fired power plants would act
in the opposite direction.

The weighted average overall thermal generation effi-
ciency changes due to changes in generation-mix asso-
ciated with the operating modes and duration of con-
tracts can be seen in Table 9. The weighted average
overall thermal generation efficiency during the planning
horizon is defined as the sum of annual thermal power
generation efficiencies weighted by the corresponding an-
nual shares in total thermal generation during the plan-
ning horizon. The table shows that the weighted aver-
age thermal generation efficiency would decrease from
43.93% in the Base case to 40.80% at operating mode
of 80%. This is because the contribution of electric-
ity generation from the IPPs (which are less efficient



Table 9. Weighted average thermal generation ef-
ficiency 'during 2003-2017 at selected operating
modes and duration of contracts (%)

Scenarios Weighted average thermal
generation efficiency (%)
_______________ Basecase . 4393 .

Operating mode 60% 40.89
' 70% 40.83
e B0% 40.80
Duration of 5 years 42.14
contract 10 years 41.34
15 years 40.80

power plants in the present case) would increase while
the electricity generation from new power plants (which
are more efficient power plants) would decrease with the
operating modes considered. In the case of changes in
the duration of contracts, the longer the duration of con-
tracts, the lower the weighted average thermal genera-
tion of efficiency would be (the weighted average thermal
generation efficiency would decrease from 42.14% at the
- duration of contract’ of 5 years to 40.80% at the 15 year
duration of contract). This is because the longer the du-
ration of contracts, the higher the electricity generation
from the IPPs (which are less efficient power plants in
the presence case), and hence, the lower the electricity
generation from the new power plants (which are more
efficient power plants). ‘

How would operating modes and duration of contracts
affect the utilization of power generation capacity? To
answer this, the calculated values of weighted average
capacity factors (WACFs) of the power system during
the planning horizon at selected operating modes and
duration of contracts are presented in Table 10. Capac-
ity factor (CF) is the ratio of total electricity generation
during a period to the maximum potential generation
during the period with the total installed capacity. The
weighted average capacity factor (WACF) is calculated
from annual capacity factors with weights being the an-
- nual shares in cumulative electricity generation during
the entire planning horizon. As can be seen, the WACF
under operating mode cases and duration of contract
cases would be higher than the Base case. However,
changes in the operation modes or duration of contracts
would not change the WACF significantly, and the fig-
ures are in the range of 65:30 to 65.43%. This is because
. introducing operation mode or duration of contract to
the IPPs would not change the total installed capacity
significantly but would shift the electricity generation
based on the fuel use. It should, however, be noted that
the generation expansion planning model in this study
has not considered the cost of decommissioning or aban-
donment of an existing plant. The results could vary if
such costs were also considered.

As total installed generation capacity and plant-mix
change with the operating modes and duration of con-
tracts, so would the reliability of electricity generation
system. Table 11 presents the values of weighted average
loss of load probability (LOLP) and total expected en-
ergy not served (EENS) during the planning horizon as
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Table 10. Weighted average capacity factor dur-
ing 2003-2017 at selected operating modes and du-
ration of contracts (%)

Scenarios Weighted average capacity
factor (%)
_______________ Basecase 6508

Operating mode 60% 65.40
70% 65.38

Duration of 5 years 65.30
contract 10 years 65.40
15 years 65.43

Table 11. Weighted average loss of load probabil-
ity and expected energy

Scenarios Weighted average  Expected energy
LOLP (%) not served (GWh)

______ Basccass________ 01783 ______ 619 ____
Operating 60% 0.1780 6.07
mode 70% 0.1785 6.25
__________________________ 80% 0.1789 6.37
Duration of 5 years 0.1696 5.76
contract 10 years 0.1727 5.98
15 years 0.1789 6.37

Table 12. Cumulative electricity generation

avoided through DSM programs during 2003-2017
at selected operating modes and duration of con-
tracts (GWh)

Scenarios DSM options Total
DSM-1 DSM-2 DSM-3 DSM-4 DSM-5 DSM

__Basccasc 48540 38869 21,297 102,885 46,670 258,261
Operating 60% 48,540 38,869 21,297 101,885 46,670 257262
mode 70% 48,540 38,869 21,297 100,105 46,318 255,128
o _____80% 48540 38869 21,297 101,899 46437 257,042
Duration Syears 48,490 38,869 21,297 102,846 46,437 257,939
of 10 years 48,540 38,869 21,297 101283 46,437 256,426
contract 15 years 48,540 38,869 21,297 101,899 46,437 257,042

alternative measures of the generation reliability at se-
lected operating modes and duration of contracts. Loss
of load probability (LOLP) is the proportion of time
when the available generation is expected to be unable
to meet the system load. Expected energy not served
(EENS) is the expected amount of energy not supplied
during a period (see, for example, Ref. (17)). Weighted
average LOLP is calculated from annual LOLP with
weights being the annual shares in cumulative electric-
ity generation during the entire planning horizon. The
table shows that the weighted average LOLP and total
EENS during the planning horizon do not change signif-
icantly associated with the change in operating modes
and duration of contracts and almost the same with the
Base case.

5.2 Demand Side Implications ~ Table 12
presents figures of electricity generation avoided by dif-
ferent DSM options at selected operation modes and
duration of contracts. The table shows that the level
of electricity generation avoided by DSM-1, DSM-2 and
DSM-3 remain constant in the case of the selected op-
erating mode cases. This is because all the DSM op-
tions mentioned above are selected to their maximum
level. In the case of 60% operating mode, DSM-5is also

IEEJ Trans. PE, Vol.123, No.3, 2003
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Table 13. Electricity savings by DSM options as a
percentage of potential saving during 2003-2017 at
selected operating modes and duration of contracts

(%)

Scenarios Electricity savings (%) Total
DSM-1 DSM-2 DSM-3 DSM-4 DSM-5 DSM

___Basgomse ___1000__1000_ 1000 966 _100.0_ 986
Operating 60% 100.0 1000 100.0 956 100.0 982
mode 70% 100.0 100.0 100.0 94.0 992 974
_80% 1000 100.0 100.0 957 995 98.1
Duration 5 years 999 100.0 100.0 966 995 985
of 10years 100.0 100.0 100.0 951 995 979
contract I5years 100.0 1000 1000 957 995 98.1

Table 14. Weighted average load factor during
2003-2017 at selected operating modes and dura-
tion of contracts (%)

Scenarios Weighted average load factor
(%)

eeevee......Basscase . ____ 8173 -
Operating mode 60% 81.73
70% 81.74
______________________________________ 80% 81.73
Duration of 5 years 81.73
contract 10 years 81.73
15 years 81.73

selected to its maximum level. In the case of duration of
contract cases, only DSM-2 and DSM-3 are selected to
their maximum level. DSM-1 is also selected to its max-
imum level, however, only for 10 and 15 year duration
of contracts.

Table 13 presents the optimal (i.e., cost-effective) level
of electricity savings from the selected DSM options dur-
ing the planning horizon. The table shows that it would
be cost effective to use the selected end-use options to
their maximum potential level except DSM-4 at the Base
case and operating mode cases of 60, 70 and 80%. In the
cases of 10 and 15 year duration of contracts, it would be
cost effective to use DSM-1, DSM-2 and DSM-3 to their
maximum level. However, at 5 year duration of contract,
only DSM-2 and DSM-3 would be cost effective to use
to their maximum level.

With the change in the mix of DSM options, the
system-wide power demand profile could also be af-
fected. The changes in power demand profile at the
selected operating modes and duration of contracts are
reflected by changes in the weighted average load fac-
tor (WALF) of the power system during the planning
horizon. Load factor is defined as the ratio of average
load during a period to the maximum load during the
period. Weighted average load factor (WALF) is calcu-
lated from annual load factors with weights being the
annual shares in cumulative electricity generation dur-
ing the entire planning horizon. Note, however, that
WALF figures would not change significantly associated
with the change of operating modes and duration of con-
tracts (see Table 14). This is because the total DSM op-
tions are almost selected to their maximum level under
all cases.
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Table 15. Shares of supply-side, demand-side- and
joint effects in total CO2, SO2 and NO, mitigations
during 2003-2017 at selected operating modes and
duration of contracts (10° tons)

Pollu-  Compo- Operating mode Duration of contract
tant nent (%) (years)
60 70 80 5 10 15
CO, SS_Eff 40,710 54,131 71,619 38,701 59,727 71,619
DS_Eff -2,311 -3,125 -1,197 -5,353  -6,915 -1,197
JEE 4 00 . 30 74 146 30
_______ Tot Mit 38433 51,066 70452 _ 33,422 52,958 70452
SO, SS_Eff 210.1 2634 3413 2213 3066 3413
DS_Eff 98  -12.1 -4.9 2205 <257 49
JER 0203 01 04 08 01
_______ Tol Mt 2005 2516 3365 30123817 3365,
NO,  SS_Eff 1009 1334 176.2 117.8 1626 1762
DS_Eff -7.1 9.5 -3.3 -174 216 =33
JJEf£ ol ol ol 02 .04 01
Tot Mit 93.9 1240 173, 100.6 1414 1733
5.3 Environmental Implications Table 15

presents the contributions of the supply-side effect (i.e.,
change in emissions due to changes in generation-mix
and generation efficiency) and the demand-side effect
(i.e., change in emissions due to the change in electric-
ity demand resulting from the use of DSM options) to
the change in total cumulative emissions of COg, SOq
and NOx at selected operating modes and duration of
contracts during 2003-2017. The table shows that as
the minimum operating capacity of the IPP plants is in-
creased, the COg, SOz and NOx emission mitigations
would increase from the power sector. Furthermore, if
the length of contract is increased, the COgy, SO9 and
NOx emission mitigations would increase also from the
power sector. These two conditions indicate that the
existence of the IPP plants considered in this study is
quite effective to reduce the COq, SO, and NOx emis-
sions. The table also shows that the supply side effect
would contribute towards the reduction of COs, SOq
and NOx emissions, while the demand-side effect would
act towards the opposite direction under operating mode
and duration of contract cases considered in this study.
This is because the total electricity generation under the
Base case is lower than that of the duration of contract-
or operating mode-cases as a result of the total electric-
ity generation avoided through DSM options under the
Base case is higher than that of the duration of contract-
or operating mode-cases. This is because less DSM pro-
grams are selected under the duration of contract- or
operating mode-cases than that of the Base case.

5.4 Economic Implications The operating
mode and duration of contract of IPP plants would af-
fect the total cost. The incremental in the total cost
would increase with the operating modes. The total
cost would increase by 0.45, 0.70 and 0.99% from the
Base case if the operating mode is increased to 60, 70
and 80% respectively. Unlike the operating mode cases,
the incremental in the total cost would decrease with the
duration of contracts. The total cost would increase by
4.37, 2.30 and 0.99% from the Base case if the duration
of contract is increased to 5, 10 and 15 years respectively.
The increase in the total costs with the operating modes



or duration of contracts is due to the increase in electric-
ity generation of IPPs, which in turn would increase the
fuel and O&M cost due to the inefficient and the high
fuel cost of the IPP plants in the present case. Electric-
ity price would increase from 7.81 USc/kWh in the Base
case to 7.83, 7.87 and 8.06 USc/kWh with the operating
modes of 60, 70 and 80% respectively (the methodology
of electricity price calculation is provided in Appendix).
That is, electricity price would increase by about 0.26 to
3.20% when the operating mode is increased from 60 to
80%. Electricity price of the duration of contracts of 5,
10 and 15 years would be 7.86, 7.91 and 8.06 USc/kWh
respectively, or, the electricity price would increase from
0.64 to 3.20% if the duration of contract is increased
from 5 to 15 years. The increase in the electricity price
is due to the fuel cost of IPP plants is higher than the
fuel cost of power plants belongs to the existing utility.
Furthermore, the thermal generation efficiencies of the
IPP plants are lower than that of the existing utility.

6. Conclusions

- This paper has assessed the total changes in emissions
of key pollutants (COs, SO and NO,) due to chang-
ing of operating mode or duration of contract of IPPs
in power sector planning with DSM options (as com-
pared to the emissions without IPPs). An approach has
been developed to examine the factors that affect the
total changes in emissions of pollutants when electricity
sector development considered the changing of operat-
ing mode or duration of contract of IPPs. There are
two major components that affect the total changes in
emission, i.e.: supply side effect (i.e., change in emis-
sion due to changes in fuel- and technology-mixes) and
demand-side effect (i.e., change in emissions associated
with changes in electricity demand due to the adoption
of DSM options).

This study shows that with the changing of operating
mode or duration of contract of IPPs in the power sec-
tor of Indonesia, the share of electricity generation from
coal based power plants would decrease, while that of
gas, geothermal and oil would increase. The weighted
average overall thermal generation efficiency is found to
decrease if the operating mode or the duration of con-
tract is increased from 60 to 80% or from 5 to 15 years
respectively.

The total COq, SO5:and NO, mitigation would in-
crease if the operating mode or the duration of contract
is increased from 60 to 80% or from 5 to 15 years re-
spectively. Decomposition analysis show that, of the to-
tal mitigation, the supply side effect would act towards
the reduction of the COs, SO4 and NO,, emissions, how-
ever, the demand side effect would act in the opposite
direction. ‘

Electricity price would increase from 0.25 to 3.19% if
the operating mode is increased from 60 to 80% in the
case of Indonesia. However, if the duration of contract
is increased from 5 to 15 years, electricity price would
increase from 0.77 to 3.19%.

It should be noted here that we have not considered
the feed-back effects (also called “rebound effect”) of
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changes in electricity price resulting from changes in the

operating mode and the duration of contract are not con-

sidered in this study. Clearly, the findings of the study

could be improved by considering the two cases men-

tioned above and the effects of electricity price changes.

Further research in this area would be interesting.
(Manuscript received February 27, 2002, revised Au-
gust 19, 2002)
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Appendix

1. Electricity price calculation

Electricity price is expressed as the sum of the aver-
age incremental cost of generation (AIC,) and long run
marginal cost (LRMC) of the transmission and distri-
bution. The long run marginal cost of transmission and
distribution (LRMCrgp) is taken from [15], while AIC,
corresponds to the least cost generation expansion plans
derived from the generation expansion planning model.
AIC, is calculated as follows [8]:

) T
TC_ —ZVCl/(LM)i

AIC, =
i=1
T
x 1 Z(Ez—El)/(l‘f'T)l
=2 )
............... (Al)
where T'C' == present value of total cost of power genera-

tion during the planning horizon, C; = present value of
capital cost in year 1, V(' = total fuel, operation and
maintenance and DSM costs in year 1, F; = electricity
generation in year ¢, £y = electricity generation in year
1, r = discount rate, and T = planning horizon.
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