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1. INTRODUCTION 

Electricity sector in developing countries is generally facing with the high losses in transmission and distribution (T&D). 

Fig. 1 shows the T&D losses in several developed and developing countries. In 2003, according to the World Bank 

report [1] most of developing countries such as Indonesia (ID), India (IN), Vietnam (VN) and the Philippines (PH) had 

T&D losses more than 10% of total electricity output as compared to developed countries such as Japan (JP), Australia 

(AU), Singapore (SG) and United States (US) were less than 10%. However, several developing countries such as 

Thailand (TH), Malaysia (MY) and China (CN) had T&D losses less than 10%.  

 

 
Fig. 1 The T&D losses in selected developed and developing countries in 2003 

 

Indonesian T&D losses have fluctuated during 2000 to 2006.  In 2000, Indonesian T&D losses were 11.65% and 

increased to 16.88% in 2003. Furthermore, in 2006 the T&D losses reduced to 11.45%. Fig. 2 presents T&D losses in 

Indonesia from 2000 to 2006. 

The State Electricity Company (PLN) monopolizes the power sector in Indonesia. PLN conducts the national electricity 

authority. Total installed capacity was 30 GW in 2006. Nearly 70% of it was located in Java-Madura-Bali (Jamali) 

islands. Jamali areas consumed almost 79% of total electricity production. The T&D losses in Jamali system were 

slightly higher than national losses, in 2006 the T&D losses in Jamali system were 15%, consist of technical and non 

technical losses with 11% and 4% respectively. 
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power sector becomes the main focus in recent years. Indonesia as one of the developing countries has problem with 

high losses in electricity transmission and distribution (T&D). In 2006, the T&D losses as percentage of total electricity 

generation were 15%. Reduction losses in T&D would give impact on power generation saving and emission reduction 

as well. On this paper we examined the T&D loss reduction effecting on power generation in the long term electricity 

planning by using Long-range Energy Alternatives Planning (LEAP) model from the period of 2006 to 2025 for Java-

Madura-Bali (Jamali) islands. We used two scenarios of T&D losses reduction: the low loss reduction scenario, and the 

high loss reduction scenario. By using the low loss reduction scenario, T&D losses reduce to 1% per five years from the 

BAU scenario and by using the high loss reduction scenario, T&D losses reduce to 2% per five years started from the 

base year. We found that the capacity generation in the low loss reduction scenario would save 1.1% from the BAU 

capacity generation in 2025, while the high loss reduction scenario would save 5.6%. We also found that 3.38 million 

tonnes of CO2 equivalent are reduced from the BAU scenario by the low loss reduction scenario in 2025, while the high 

loss reduction scenario would reduce 16.22 million tonnes of CO2 equivalent or emission reduction of 6.1% from the 

BAU emission.   
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Fig. 2 The T&D losses in Indonesia 2000-2006 

 

This paper analyzes effect of T&D loss reduction in Jamali system for electricity generation planning from 2006 to 

2025. It also analyzes the environmental effect of power generation due to T&D loss reduction. The study is developed 

by using the Long–range Energy Alternatives Planning (LEAP) model. 

 

2. CONCEPT OF T&D LOSSES  

Theoretically, the T&D losses can be divided into two different groups depending on their nature [2, 3]:  

1. Technical losses: losses caused by current flowing through the network. These losses include resistive losses of the 

primary feeders, the distribution transformer losses (resistive losses in the windings and core losses), resistive 

losses in secondary networks, resistive losses in service drops, and the losses in kWh meters. 

2. Non-technical losses: losses caused by theft, fraud and administrative errors. 

The total losses are measured by calculating the differences between power generation output and consumer’s 

electricity consumption. The total losses include technical and non technical losses. 

 

 (1) 

where ETL is total electricity losses, ES is electricity output measured at the beginning of electricity output from power 

generation, ER is electricity consumed by consumers and consumption of the power utility’s own facilities. 

The non-technical losses can be measured from the difference of the total losses and technical losses, or in other word: 

 

 (2) 

where  is electricity losses caused by non-technical factor and is electricity losses caused by technical factor, if 

ETL in equation (2) is substituted into equation (1), gives: 

 

 (3) 

Generally the technical losses have dominant share in total system losses, Gustafon and Baylor [4] and Marpaung et al. 

[5] reported the share of technical and non-technical losses in a power system to be 80% and 20% respectively. 

 

3. METHODOLOGY 

3.1. Modeling tool  

The LEAP is a scenario-based energy-environment modeling tool developed by Stockholm Environment Institute (SEI). 

Its scenarios are based on comprehensive accounting of how energy is consumed, converted and produced in a given 

region or economy under a range of alternative assumptions on population, economic development, technology, price 

and so on. With its flexible data structures, LEAP allows for analysis as rich in technological specification and end-use 

detail as the user chooses [6].  

 

3.2 Final energy demand analysis 
In the LEAP, energy demand analysis is calculated as the product of the total activity level and energy intensity at each 

given technology branch. Energy demand is calculated for the current account year and for each future year in each 

scenario. 

 

 (4) 

where D is energy demand, TA is total activity, EI is energy intensity, b is the branch, s is scenario and t is year (ranging 

from the base year to the end year). Energy intensity is the annual average final energy consumption per unit activity. 

The total activity level for a technology is the product of the activity levels in all branches from the technology branch 

back up to the original demand branch. 
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3.3 Electricity transformation 

The planning reserve margin is used by LEAP to decide automatically when to add additional endogenous capacity. 

LEAP will add sufficient additional capacity to maintain the planning reserve margin on or above the value we have set. 

Planning reserve margin is defined as follows: 

 

 (5) 

where PRM is the planning reserve margin (%),  is the module capacity in MW and PL is the peak load in MW. 

Module capacity for all process in the module is defined as: 

 

 (6) 

Exogenous capacity values are used to reflect existing capacity as well as planned/committed capacity additions and 

retirements, while endogenous capacity values are those which are internally calculated by LEAP in order to maintain a 

minimum planning reserve margin. Endogenous capacity additions occur in addition to the exogenous level of capacity 

specified on the exogenous capacity. 

Peak system power requirements on the module are calculated as a function of the total energy requirements and the 

system load factor. 

 

 

(7) 

where PR is peak requirement in MW, ER is energy requirement in MWh, and LF is the load factor.  

The reserve margin before the addition of endogenously calculated additions is calculated as follows: 

 

 

(8) 

where RMBA is the reserve margin before additions and CABA is capacity before additions. The amount of endogenous 

capacity additions required (ECAR) is calculated as follows: 

 

 (9) 

 

3.4 Emission from electricity generation 

The LEAP uses the most up-to-date global warming potential (GWP) factors recommended by the IPCC 

(Intergovernmental Panel on Climate Change). The emission calculated as  

 

 (9) 

where t is the type of technology (fuel), y is the year, and p is the pollutant. The LEAP contains data on the GWPs for 

carbon dioxide, methane, nitrous oxide and the most common non-energy sector gases with high GWPs (SF6, CFCs, 

HCFCs and HFCs). 

 

4. SCENARIO DEVELOPMENT 

4.1. Business as usual (BAU) scenario 

In this study, the BAU scenario starts from 2006 as the base year. The data on existing, committed and candidate power 

plants and electrical demand profile used in this study are based on [7, 8]. The population growth rate is assumed to be 

1% per year and the electrification ratio is expected to be 93% in 2026. The demand sector was divided into four 

categories; household, commercial, public and industry. The electricity demand in 2006 and expected growth of each 5 

year period are given in Table 1. 

 

Table 1 Electricity demand in 2006 and expected growth until 2025 in Jamali system 

Sector 
Electricity demand 

2006 (GWh) 

Growth rate/year (%) 

2006-2010 2011-2015 2015-2020 2021-2025 

Household 32,334 8.9 8.2 7.1 6.2 

Commercial 14,595 9.6 8.5 7.8 7.2 

Public 4,932 10.7 11.1 10.7 10.7 

Industry 39,661 4.0 3.5 3.6 3.8 

The efficiency of transformation and distribution branches was calculated by using losses. In 2006 the losses were 15% 

and assumed to be reduced by 1% per five year. Table 2 shows expected losses in transmission and distribution from 

2006 to 2025. 
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Table 2 Expected losses in transmission and distribution 

Year Losses (%) 

2006 – 2010 15 

2011 – 2015 14 

2016 – 2020 13 

2021 – 2025 12 

 

In Jamali system the current total installed capacity is 19,615 MW. Due to lack of data, the total installed capacity in the 

study is only 19,531 MW. The difference is caused by unavailability data of small scale power plants. All power plants 

(PPs) are operated base on their ascending merit order. Table 3 shows operation of power plant based on merit order. 

Merit order 1 indicates power plant for base load, merit order 2 indicates power plant for middle load, and merit order 3 

indicates power plant for peak load. 

 

Table 3 Operation of power plant based on merit order 

Type of power plant Merit order 

Steam PP 1 

Geothermal PP 1 

Combined Cycle PP 1 

Hydro PP 2 

Gas Turbine PP 2 

Diesel PP 3 

 

Table 4 shows committed power plants in Jamali system from 2006 to 2011 includes coal steam power plant 

acceleration project. The supply planning was based on required reserve margin. For Jamali, the projected reserve 

margin is 35% until 2019, and then from 2020 onwards the reserve margin is reduced to 30%. 

 

Table 4 Committed power plants in Jamali system from 2006-2011 

Type Capacity (MW) 

Gas Turbine PP 790 

Geothermal PP 470 

Steam PP 9,810 

Total 11,070 

 

The next committed power plant after 2010/2011 is only nuclear power plant. It is expected that nuclear power plant 

will feed into Jamali system in 2016, 2017, 2023 and 2024 by each additional capacity of 1,000 MW. Since there is no 

more data for committed power plant, the other additional power plant would be calculated as the input in endogenous 

capacity variable, and the power plant operation follow the government’s intention in order to promote using coal 

resources optimally. The additional power plants after 2011 are given in Table 5. 

 

Table 5 Additional power plants from 2011-2025 

Additional 

 Order 
Type 

Additional 

Size (MW) 

Fuel 

Type 

Merit 

Order 

1 Steam PP 150 Coal 1 

2 Combine cycle PP 100 NG 1 

3 Gas turbine PP  100 NG 2 

Note: NG stands for natural gas 

 

4.2. T&D loss reduction scenario 

Two scenarios of T&D losses reduction are considered: the low loss reduction (LLR) scenario and the high loss 

reduction (HLR) scenario. In the LLR scenario, T&D losses are reduced by 1% per five years from the BAU scenario 

and in the HLR scenario, T&D losses are reduced by 2% per five years started from the base year. Table 6 shows T&D 

loss reduction scenarios of each period.  

 

Table 6 T&D loss reduction scenarios 

Scenario 
Loss reduction (%) 

2006-2010 2011-2015 2016-2010 2021-2025 

LLR 14 13 12 11 

HLR 13 11 9 7 
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The loss reduction scenarios consist of technical and non-technical losses. As mentioned that generally shares of 

technical and non-technical losses in a power system to be 80% and 20% respectively. Details of each reduction 

scenario are given in Table 7. 

 

Table 7 Type of loss reduction  

Scenario 
Total loss reduction from the BAU scenario 

(%/period) 

Loss reduction by 

 (%)  (%) 

LLR 1 0.8 0.2 

HLR 2 1.6 0.4 

 

5. RESULTS AND DISCUSSION 

Table 8 presents electricity generation capacity of each scenario. All scenarios show that electricity generation capacity 

in the end of period would increases more than three times compared to the base year. Total electricity generation in the 

BAU scenario is almost 66 GW in 2025 increased from 19.5 GW in 2006. The T&D loss reduction scenarios give effect 

to electricity generation saving. In the LLR scenario the generation capacity would be saved by 700 MW or accounting 

for a reduction of 1.1% compared to the BAU scenario in 2025, while the HLR scenario would save 5.6% or 3.5 GW in 

the end of period. 

 

Table 8 Electricity generation capacity of each scenario 

Scenario 
Electricity generation capacity (GW) 

2006 2010 2015 2020 2025 

BAU 19.501 28.821 37.771 49.271 65.971 

LLR 19.501 28.521 37.171 48.571 65.271 

HLR 19.501 28.121 36.371 47.171 62.471 

 

The T&D loss reduction scenarios do not only give effect to the electricity generation saving but also to the emission 

reduction. The simple reason is that, the electricity generation will emit emission more when the generation capacity 

increases and vice versa. Table 9 shows total emission of each scenario. In 2025, the LLR scenario would reduce the 

emission around 3.4 million tonnes of CO2 equivalent from the BAU scenario, and the HLR scenario would reduce 

about 16 million tonnes of CO2 equivalent in the end of period or emission reduction of 6.1% from the BAU emission. 

 

Table 9 Total emission of each scenario 

Scenario 
Total emission (million tonnes of CO2 equivalent) 

2006 2010 2015 2020 2025 

BAU 82.609 117.023 167.154 216.352 282.532 

LLR 82.609 116.06 165.256 213.768 279.152 

HLR 82.609 114.247 161.566 206.465 266.317 

 

6. CONCLUSION 

Recently, the high T&D losses become general problem for the power sector in the developing countries. Reduction of 

losses in T&D would give impact on power generation saving and emission reduction as well. For electricity company, 

the T&D loss reduction is a good opportunity to increase their income. 

This paper analyzed the T&D loss reduction scenario, namely the low loss reduction (LLR) scenario and the high loss 

reduction (HLR) scenario. Two kinds of T&D losses are considered in this study; technical losses and non-technical 

losses. The scenarios are projected from 2006 to 2025. 

The results show that the capacity generation in the LLR scenario would save 1.1% from the BAU capacity generation 

in 2025, while in the HLR scenario would save 5.6%. We also found that 3.38 million tonnes of CO2 equivalent are 

reduced from the BAU scenario by the LLR scenario in 2025, while the HLR scenario would reduce 16.22 million 

tonnes of CO2 equivalent or emission reduction of 6.1% from the BAU emission. 
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