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Abstract. Household sector has been ranked the largest electricity share over decades in 
Indonesia. As response to the ever growing power demand in this sector, corresponding 
energy policies should be appropriately formulated based on the understanding of the past 
electricity consumption in household sector. This paper presents a study of factors 
decomposition of Indonesia’s household annual electricity consumption for the period 
2000 – 2010 using Additive-Logarithmic Mean Divisia Index (Additive – LMDI) method 
considering current and constant pricing reference. Given a total of 29,285.2 GWh 
electricity consumption, production effect contributed for 75.2%, under the constant price 
or far less compared with that obtained under current price, or with 224.3%. 
Contributions of the electrified household to the total output of national economy were 
19.5% and 13.7%, using constant price and current price, respectively. Meanwhile, the 
efficiency effect was also contributed for a total positive electricity consumption growth 
with 5.3% under the constant price. In contrast, the same effect was contributed an 
opposite direction with a decrease of 138% under the current price. Nevertheless, the 
intensity effect was still contributed toward a positive household’s electricity growth, given 
the efficiency improvement was failed to decrease the total change during the study period. 
 
Keywords: Factors decomposition, household electricity consumption, activity effect, 
structural effect, intensity effect. 
 
 

ENGINEERING JOURNAL Volume 17 Issue 2 
Received 23 August 2012 
Accepted 14 November 2012 
Published 1 April 2013 
Online at http://www.engj.org/ 
DOI:10.4186/ej.2013.17.2.19 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Engineering Journal (Faculty of Engineering, Chulalongkorn University, Bangkok)

https://core.ac.uk/display/235706032?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


DOI:10.4186/ej.2013.17.2.19 

20 ENGINEERING JOURNAL Volume 17 Issue 2, ISSN 0125-8281 (http://www.engj.org/) 

1. Introduction 
 
For many countries, energy sector development and economic growth is interdependence. A well-developed power 
sector in terms of improving power supply facility as well as increasing demand are commonly triggered by the 
positive changes of economic macro indicators. The immediate concern is then how to allocate sufficient resources 
to powering the needs of electricity demand, which is in turn supporting economic growth. The needs of having a 
clear understanding on how electricity is consumed in each sector are unavoidable due to global economic 
competition. Resources scarcity is one of prominent driving factor that spur efficiency in using resources on power 
sector. The appropriate policy could be ascertained to match the needs only if the indicators’ effect toward the 
demand growth could be revealed. Household is seen as one of important power sector customer that highly 
contributes to the ever growing energy utilization and power sector expansion.  

Only few studies related with the factors decomposition in the household energy utilization have been reported. 
Haas [1] used the Laspeyres decomposition method to find the energy intensity indicators of the residential sector. 
Later on, Pachauri and Muller [2] used the index decomposition method to understand the relative importance of 
changes in the size of population and households, increases in connectivity, and changes in level of consumption 
per connected household in rural and urban sector across India. In 2009, Achão and Schaeffer [3] applied the 
LMDI decomposition technique to explain the electricity evolution of the Brazilian residential sector in terms of the 
activity, structure and intensity effects. In 2011, Lotz and Blignaut [4] conducted a decomposition analysis to 
determine the significance of production changes, changes in the structure of economy and the efficiency 
improvement of the South Africa’s total electricity consumption. The annual changes in the contribution of the 
factors to total electricity consumption were first considered, followed by a sectoral decomposition analysis.  
Meanwhile, a four – term of energy intensity decomposition of Hong Kong residential sector is conducted by 
Chung, et al. [5] using LMDI method. They evaluated the respective contributions of changes in the number of 
households, share of different types of residential households, efficiency gains, and climate condition. Australian 
energy intensity in the residential sector in terms of decomposition of changes in energy consumption is reported 
by Petchey [6]. Wang et al. [7] developed extended decomposition models based on LMDI to study energy-related 
carbon emission in the household sector of Guangdong Province, China. It is concluded from the study that the 
two most effective approaches to reduce carbon emissions for Guangdong province are by optimizing the 
energy mix and developing low-carbon technologies. Important findings revealed from those studies may give 
ideas on how electricity consumption in the respective country is influenced and developed. Although LMDI 
method is currently used in most of the factor decomposition studies, none of the aforementioned papers 
employed different based price to observe the contributing effects obtained from the analysis. 

A factors decomposition analysis of Indonesian household annual electricity consumption for the 
period 2000 – 2010 using Additive – LMDI method is conducted in this study to find factors affecting 
Indonesian power sector evolution, particularly in the household sector. Both constant and current price 
are used in the analysis. Moreover, although there are numerous energy decomposition studies, this paper is 
the first paper focused on the case of Indonesia’s household electricity use. This paper is organized as follows. 
Overview of Indonesian power sector is briefly described in section 2, including the elaboration of electricity in the 
household sector and its comparison with other countries. Section 3 describes research methodology in terms of 
proposed LMDI formulations for production, structural, and efficiency effects. Subsequently, result and discussion 
are presented in section 4. This paper is concluded in section 5. 
 

2. Indonesia’s Power Sector 
 
2.1. Overview 
 
The generation and supply of electricity in Indonesia are conducted through a state-owned enterprise called 
PLN (Perusahaan Listrik Negara). PLN has responsibility to operate generation, transmission, distribution, 
planning and construction, and other equipment and electricity facilities, as well as operating other 
supporting electricity energy business. In 2009, the Regulation No. 30 governing national electricity has 
been issued. The law stipulated the regional government enterprise will be welcomed to involve into 
services, as well as enterprise formed by Non-Government Organization (NGO). The electricity tariff will 
be decided differently by region. However, up to now, the regulation is yet facing some problems to be fully 
implemented. Hence, in the years to come, PLN will still play significant role in provisioning electricity 
services throughout the country. In 2010, the national installed capacity derived from PLN power plants 
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was 26,895 MW, with the total production and grid losses of 169,786 GWh and 9.7%, respectively [8]. The 
PLN installed capacity in 2010 based on the plant type is presented in the following table.  
 
Table 1. PLN’s power plants installed capacity in 2010 [9]. 

Power Plant Type Installed Capacity (MW) 

Geothermal 438.75 
Gas turbine 3,223.68 
Diesel + Diesel gas + Sun + wind 3,307.16 
Hydro 3,522.57 
Combined cycle 6,951.32 
Steam 9,451.50 
Total 26,894.98 

 
Besides, Independent Power Producer (IPP) has strengthened the national capacity with 4,761 MW. 

The 2010 PLN electricity sales of 147,297 GWh was a 9.45% increase from 2009’s 134,581 GWh. It rose 
significantly in all customer groups, particularly household and industry [8]. Among which, 113,400 GWh 
or 77% are consumed by the most populous islands, Java-Madura-Bali, which belong to the largest grid 
interconnection system in Indonesia. Indonesian electricity customers are divided into four groups, in addition to 
household and industry sector, others are commerce and public. As reported, commercial sector ranked first with 
average growth of 10.45% on 2006 – 2010 electricity sales, followed by household and industry with 9.14% and 
3.86%, respectively [8]. In 2010, the largest source of the electric power sales revenue still comes from the 
industry and household.  
 
2.2. Household Electricity  
 
As of 2010, the number of PLN’s household customer was 39.32 million or 92.67% of the total PLN’s 
customers. The household sector consumed 59,824 GWh or nearly 41% of the total national electricity 
consumption. Household customers are divided into three sub-sectors based on their tariff category, since 
1999. The “R-1” category are those with connected capacity up to 2,200 VA whereas “R-2” and “R-3” are 
those with connected capacity up to 6,600 VA and beyond, respectively. The “R-1” category is dominated 
with almost 90% of electricity consumption among other categories. With the growth of total number of 
household customers from 39.32 million at the end of 2010 to 45.83 million at the end of 2011, the 
electrification ratio reached around 71.23% at the end of 2011 [10].  

Countries’ household electricity consumption can be compared based on [11] and [12]. Selected South 
East Asian household electricity-final consumption in 2009 and per capita electricity consumption in 2005 
are presented in Fig. 1 and Fig. 2, respectively. 
 

 
Fig. 1. Selected South – East Asian countries’ household electricity consumption in 2009 (Million kWh). 
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Fig. 2. Selected South – East Asian countries’ household electricity consumption in 2005 (MWh per 

capita). 
 

From Fig. 1 and Fig. 2, we can see that despite of the large amount of Indonesia’s household electricity 
consumption due to the largest number of electrified households, its per capita electricity consumption is 
relatively low among most other South East Asian countries. 
 

3. Research Methodology 
 
3.1. Proposed Equation and Data  
 
In order to conduct factors decomposition of electricity consumption in the Indonesian household sector, 
the general equation for household energy decomposition is initially constructed as follows: 
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Here, tY is GDP for year t, expressed in million Rupiah. In Indonesia, GDP is officially determined in two 

ways, by using output approach or expenditure approach, all of which, in principle, give the same result. 
Regarding to the household electricity consumption, using expenditure approach shall be more appropriate 
than using output approach because electricity is purchased as part of household expenditure that in turn, is 
determined by the total household income, which is also quite commonly used in other country. The 
Indonesian Statistical Office as well as Central Bank defines household expenditure as household final 

consumption expenditure. Hence, using the expenditure approach itY is defined as the household final 

consumption expenditure for year t. 
it

it

Y

E
is energy intensity of household sector for year t, expressed in 

MWh/million Rupiah, 
t

it

Y

Y
is the ratio between household final consumption expenditure for year t and 

Gross Domestic Product (GDP). Nevertheless, for the whole country, Eq. (2) would be suitable with a 

precondition that the country’s electrification ratio is 100%. In GDP calculation, itY  is determined from all 

households; regardless they are electrified or not whereas household electricity consumption is calculated 

solely based on electrified household.  In this sense, all electricity consumption itE  is accounted from all 

household in that country, where all households are powered. Here, ite  will be affected, which is household 

electricity intensity. The proper ite  should then be determined based on household electricity consumption, 

which is taken from electrified household only, and from “electrified-household final consumption 
expenditure”. 
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Problem may occur in determining household electricity intensity for country’s holding electrification 
ratio less than 100% like Indonesia. Household electricity consumption is accounted from households 
connected to the utility grid only but on the other hand, household final consumption expenditure is 
calculated based on all households, whether electrified or not. Therefore, a slightly modification in terms of 

itY is proposed for household sector with less than 100% electrification ratio as: 
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Thus, applying the term itYadjusted  , Eq. (2) becomes 
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In Eq. (3), household final consumption expenditure as part of household energy intensity is adjusted. It 

should be noted that the adjusted itY is used to represent the fact that not all households in a country are 

electrified. Since there is no measurement or data of “electrified-household final consumption expenditure” 

officially provided,  the term adjusted itY is used as approximation purpose to represent electrified-household 

final consumption expenditure, which is here defined as the ratio between the number of PLN’s household 

customer for year t  tHelect and the total number of household for year t  tH  or country’s rate of 

electrification ratio multiply with GDP for year t. In its physical meaning, adjusted itY can be understood as 

the proportion of household expenditure taken into account electrified-household final consumption 
expenditure which is, also serve as share of total household income represented electrified-households.  

In accordance with Eq. (3) and Eq. (4), several data of which consists of annual household electricity 
consumption, GDP, private expenditure, total number of household, and number of PLN’s household 
customer, are presented in Table 2. Both GDP and household final consumption expenditure are taken as 

current price. Based on available data, adjusted itY is then calculated according to Eq. (3). 

 
 
Table 2. Data required for conducting Indonesian household electricity decomposition. 

Year 

Household 
Electricity 

Consumption 
(MWh)[8] 

GDP 
(million 

Rupiah)[13] 

Household final 
consumption expenditure 

(million Rupiah)[13] 

PLN’s 
Household 

Customer[8] 

Total  
Number of 

Household[8] 

2000 30,538,269 1,389,769,900         856,798,300           26,796,675   52,008,300 
2001 33,318,312 1,646,322,000           1.039,655,000           27,905,482   53,560,200 
2002 33,978,744 1,821,833,400           1,231,964,500           28,903,325   55,041,000 
2003 35,697,122 2,013,674,600           1,372,078,000           29,997,554   55,623,000 
2004 38,579,255 2,295,826,200           1,532,888,300           31,095,970   58,253,000 
2005 41,181,839 2,774,281,100           1,785,596,400           32,174,924   59,927,000 
2006 43,748,580 3,339,216,800           2,092,655,700           33,118,262   55,942,000 
2007 47,321,668 3,950,893,200           2,510,503,800           34,684,540   57,006,400 
2008 50,182,040 4,948,688,400           2,999,956,900           36,025,071   57,716,100 
2009 54,944,089 5,606,203,400           3,290,995,900           37,099,830   58,421,900 
2010 59,823,487 6,436,270,800           3,643,425,000           39,324,520   61,363,100 

 
GDP and household final consumption expenditure expressed in constant price 2000 as presented in 

Table 3 are also taken into account as input in accordance to Eq. (2). Output resulted from both pricing 
reference are then compared and discussed, accordingly.  
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Table 3. GDP and household final consumption expenditure expressed in constant price 2000. 

Year 
GDP 

(million Rupiah) 
[13] 

Household final 
consumption expenditure 

(million Rupiah) [13] 

2000 1,389,769,900            856,798,300 
2001 1,440,405,700            886,736,000 
2002 1,505,216,400            920,749,600 
2003 1,577,171,300            956,593,400 
2004 1,656,516,800         1,004,109,000 
2005 1,750,815,200         1,043,805,100 
2006 1,847,126,700         1,076,928,100 
2007 1,964,327,300         1,130,847,100 
2008 2,082,456,100         1,191,190,800 
2009 2,178,850,400         1,249,070,100 
2010 2,313,838,000         1,308,272,800 

 
The study period is decided for ten years as this is to reveal factors that contribute to the household 
electricity consumption over the past decade. Moreover, determination in the study period refers to the ten 
years basis of planning on electricity provision, which is annually published by PLN. 
 
3.2. Additive-LMDI 
 
Index decomposition analysis can be done through two broad methods: those linked to Laspeyres index 
and those linked to Divisia index. The Divisia index is a weighted sum of logarithmic growth rates, where 
the weights are the components’ shares in total value, given in the form of a line integral [4]. LMDI method, 
of which belong to methods linked to Divisia index, is preferred to be applied in this study. As the key 
references originally proposed by Ang [14] and further explained in [15], this method is later on used by 
many researchers in the study of energy and carbon decomposition because of several advantages 
compared with other methods, such as derived from a solid theoretical foundation, well adapted, ease of 
use, perfect decomposition, among others [4, 16, 17]. Specifically, additive-LMDI is chosen in this study 
because its “difference” change is decomposed. The method presents symmetry between decomposition of 
changes in terms of ratio or differences, which means that it gives the same results. Moreover, additive-
LMDI is applied due to ease of use and ease of result interpretation. Using additive-LMDI, change in 
household electricity consumption between year t and year t – 1 can be determined as [15]: 
 

     actstrinttot EEEtEtEE  1  (5) 

 

where intE  denotes change in energy intensity, strE  indicates structural change, and actE  indicates 

change in activity, which is changes in output or GDP. Changes in energy intensity can be represented by 
the efficiency effect, which may be related with the household’s energy efficient-technology implementation 
effect. Structural change refers to the change of electrified household output share against the whole output. 
If the change of the number of electrified household increased in proportion to other power sector 
customers, then the change is in turn contributing to the increase of household electricity consumption. 
Meanwhile, change in activity, which is reflecting production output of the whole sector, can be expressed 
as production effect. In additive-LMDI and based on Eq. (1), the above-mentioned changes are defined as: 
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4. Result and Discussion 
 
It is known that Indonesia’s household electricity consumption has significantly increased from 2000 to 
2010, which amounts to a total increase of 29,285,218 MWh, or nearly 100%. Results of the decomposition 
analysis using Additive – LMDI are presented in Table 4 and Table 5, based on constant price (2000) and 
current price, respectively. Despite the difference of pricing reference, activity changes have shown its 
dominant contribution toward the total increase of household electricity consumption, using both constant 
and current based price, respectively. Meanwhile, Fig. 3 and Fig. 4 depict share of production, structural, 
and efficiency effect, for the case of constant and current price, respectively. 
 
Table 4. Indonesia’s household electricity consumption decomposition: 2000 – 2010 (constant price 

2000). 

Year 

Change in 
Electricity 

Consumption 
(ΔEtot in MWh) 

Production 
effect  

(ΔEact in MWh) 

Structural effect  
(ΔEstr in MWh) 

Efficiency effect  
(ΔEint in MWh) 

2000 – 2001     2,780,043.00     1,141,883.23     309,526.68   1,328,633.09 
2001 – 2002       660,432.00     1,480,886.94       50,145.68    -870,600.62 
2002 – 2003     1,718,511.00     1,626,474.03     631,653.48    -539,616.52 
2003 – 2004     2,882,000.00     1,821,984.83    -402,493.68   1,462,508.86 
2004 – 2005     2,602,584.00     2,207,179.66    -431,139.75     826,544.08 
2005 – 2006     2,566,741.00     2,273,310.50  3,200,869.38 -2,907,438.88 
2006 – 2007     3,573,088.00     2,799,816.81     668,882.18     104,389.00 
2007 – 2008     2,860,372.00     2,846,202.09     932,684.29    -918,514.38 
2008 – 2009     4,762,049.00     2,376,818.57  1,021,079.97  1,364,150.46 
2009 – 2010     4,879,398.00     3,447,272.77   -268,611.14  1,700,736.37 
2000 – 2010   29,285,218.00    22,021,829.44  5,712,597.10  1,550,791.46 

     75.2%   19.5%  5.3% 

 
 
Table 5. Indonesia’s household electricity consumption decomposition: 2000 – 2010 (current price). 

Year 

Change in 
Electricity 

Consumption 
(ΔEtot in MWh) 

Production 
effect  

(ΔEact in MWh) 

Structural effect  
(ΔEstr in MWh) 

Efficiency effect 
(ΔEint in MWh) 

2000 – 2001     2,780,043.00     5,405,409.54      1,122,481.53        -3,747,848.07 
2001 – 2002       660,432.00     3,408,474.61      2,566,723.24        -5,314,765.85 
2002 – 2003     1,718,511.00     3,487,191.87      1,192,583.01        -2,961,396.89 
2003 – 2004     2,882,000.00     4,867,543.67      1,133,654.44          -851,756.23 
2004 – 2005     2,602,584.00     7,546,662.53     -1,232,769.51        -3,711,309.02 
2005 – 2006     2,566,741.00     7,868,302.06      3,016,064.11        -8,317,625.17 
2006 – 2007     3,573,088.00     7,655,321.68      1,875,322.08        -5,957,555.76 
2007 – 2008     2,860,372.00    10,974,836.01    -1,048,740.59        -7,065,723.42 
2008 – 2009     4,762,049.00     6,552,815.88       -783,506.80        -1,007,260.09 
2009 – 2010     4,879,398.00     7,918,522.94    -1,561,252.87        -1,477,872.07 
2000 – 2010   29,285,218.00    65,685,080.80     4,013,249.76      -40,413,112.55 

     224.3%       13.7%   -138% 
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Fig. 3. Production, structural, and efficiency effect in the period 2000 – 2010 (constant price 2000). 
 
 

 
Fig. 4. Production, structural, and efficiency effect in the period 2000 – 2010 (current price). 
 
Applying two pricing references, results obtained from the analysis have shown the huge differences in 
terms of the share of three effects to the total change in electricity consumption as well as changes of 
electricity intensity level. Production effect contributed for 22,021,829.44 MWh (or 75.2%) to the total 
increase of household electricity consumption, under the constant price reference, or far less compared 
with that obtained under current price, which account for 65,685,080.80 MWh (or 224.3%).  If we take a 
closer look into the household sector itself, we find that the contribution of electrified household to the 
total output of national economy, here defined as structural effect, were 19.5% and 13.7%, using constant 
price and current price, respectively. Furthermore, the efficiency effect, under constant price, was also 
contributed for a total positive electricity consumption growth with 5,712,597.10 MWh, or 5.3% share. In 
contrast, the same effect was contributed an opposite direction with a decrease of 40,413,112.55 MWh or -
138% under the current price, in the total change for the period 2000 – 2010. 

In the case of Indonesia’s household electricity decomposition, proportion of the results is highly 
dependence on how the monetary outputs are expressed and then applied in the analysis. Using the current 
price reference, the share of production effect was found three times larger compared to the same effect 
resulted by the constant price. Nevertheless, this does not have any relationship with other effects as the 
structural as well as efficiency effect resulted by using the two pricing reference are not following the same 
ratio. Applying constant price reference, none of the effects are shown negative contribution, in terms of 
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the role to slowing down the total change of household electricity consumption. The positive but rather 
slow growth rate of GDP as well as private expenditure has caused the changes both in structural and 
efficiency effect having a positive growth share, in aggregate. Meanwhile, the growth rate of energy intensity 
using two different pricing methods are both mathematically correct although it may lead into different 
interpretation. 

Based on current based price as used in Eq. (2) to Eq. (4) and from Table 2, the ite is found gradually 

lesser over the study period, started with 0.0692 in 2000 and finally 0.0256 in 2010 resulted consistent 
negative values of ΔEint. Here, the results should be carefully interpreted as we should see that that the 
energy intensity is becoming worsened as more money have to be spend in consuming electricity yet in 
higher growth rate compared to that shown by the electricity consumption growth itself. Hence, we can’t 
simply consider that the total negative changes in intensity effect were due to efficiency improvement 
although it shares a decreasing growth towards the total electricity change. Using analysis involving constant 
based price, we can see that the values of ΔEint is found considerably small-positive in total, as it consists of 
mixed positive as well as negative ΔEint over the study period. Based on Table 4, the energy intensity is 
found quite well in some years as it is marked with negative values. In this regard, we can imply that, in 
general, the role of efficiency improvement such as in household’s appliances and lighting system to lower 
electricity consumption is quite insignificant since the ΔEint was still positive. In other word, the intensity 
effect was still contributed toward a positive Indonesia’s household electricity growth, given the efficiency 
improvement was failed to decrease the total change during the study period. 

Pro or contra may arise from using different based price, especially when comparison between two 
different periods is made like what presented in this paper. It is difficult to directly compare the 
consumption and grasp the change because consumption consists of two variances, price and quantity. It is 
therefore indices are generally used to compare prices or quantity at different periods by fixing quantities or 
prices. Constant price GDP measures value expressed in the prices of a particular year, known as the base 
period. It is calculated by adjusting nominal values for price changes. By expressing current price series in 
constant prices, the price and volume components can be analyzed separately. In the case of energy 
decomposition, changes in volume as well as in relative prices are captured through the analysis using 
current price based – LMDI whereas only volume changes can be captured using constant price based. 
However, due to price change, comparing energy consumption change over two periods can be misleading. 
For instance, negative value of intensity effect can be occurred due to inflation. Since the current based 
price is essentially used to construct nominal GDP i.e. to determine the total value during a particular year, 
factors decomposition using current based price is applied to determine factors affecting household energy 
consumption in that particular year. On contrary, comparison of household energy consumption changes in 
one year with past years and determination of total effect contributed toward the energy changes over a 
study periods, is focused on volume, i.e. amount of energy changes. Therefore, the use of constant based 
price – LMDI should be more appropriate. 
 

5. Concluding Remarks 
 
This paper presents the factors decomposition of Indonesia’s household electricity consumption during 2000 – 
2010. The Additive-LMDI has been used as the preferred analysis method considering the constant and current 
pricing reference. Based on the results considering the two pricing reference, it is obvious that the positive 
household electricity consumption growth is affected by three factors. Unlike other countries, Indonesia’s 
household electricity decomposition was characterized by a small-positive growth on the intensity effect, under the 
constant price-economic data. Moreover, it is revealed from the analysis that the contribution of energy efficient-
technology should be increased for the case of Indonesia’s household sector so that the electricity consumption 
could substantially be reduced. Regarding to power sector policies, some strategic programs such as power system 
expansion, efficient-technology deployment, and electrification ratio improvement shall become a primary focus. 
Nevertheless, comparison of results obtained by Additive-LMDI with other decomposition method is not 
discussed in this paper since the main focus of the study is to obtain factors effecting total household’s electricity 
changes using the preferred method. 

As Indonesia’s household sector is grouped into three sub-sectors based on their contracted kVA rating, in 
depth examination on factors affecting electricity consumption growth in each household sub-sector will be further 
conducted using the proposed factors decomposition analysis described in this paper. By conducting further study, 
it is expected that the dominant effect contributed toward each household’s sub-sector demand growth could be, in 
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turn, revealed and compared each other. In turn, power sector strategy related to the household electricity utilization 
could be better planned. In addition, failure of efficiency changes to decrease the total electricity change will be 
further examined. 
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