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ABSTRACT 

Planning to come across the future electricity demand at household level is indispensable 

requirement for the scheduling the power system growth. The present study provided the 

framework of current and future electricity demand at rural and urban domestic level in 

Pakistan.  Electricity demand in urban and rural areas was simulated by using data of 2010 

which was taken as base year by using LEAP model. Projection up to next 30 years was 

calculated and results were compared for future demand. LEAP was run under three 

scenarios. Business-as-usual scenario was taken as reference and other two were renewable 

energy scenario; wind and solar energy, as alternative for electricity production. Pakistan has 

greater wind and solar energy potential for electricity generation. The results have 

repercussions with respect to future electricity demand and extension. Energy demand in 

2010 was 25 thousand GWh which extrapolated up to 170,000 GWh in 2036 by using LEAP 

model. Conferring to the results and suggested constructed alternative energy scenario in the 

study maxiumum energy could be save 6% and 18% by integrating solar and wing energy 

respectively in future along hydro and thermal power energy. Assessment of electricity 

demand in Pakistan was also compared with other studies on electricity growth in other 

developing countries. This study provides the corridor to the planners for power system 

growth and development towards sustainability in order to meet high electricity in future in 

Pakistan. 

Keywords: Electricity demand, LEAP, Solar energy, Urban Rural consumption, Wind 

energy 

Corresponding Author: drsaeed@fjwu.edu.pk 

 
 

INTRODUCTION 

In any country’s development energy is forethought to be the sustenance. For emerging high 

population growth rate, it is important to retain a balance between energy supply and demand. 

The intensification of world energy demand has rose up queries regarding energy safety and 

amplified the expansion, generation and efficient allocation. The solution lies in the realization 

of energy optimization through energy substitution by promoting the renewable energy 

sources. During 2010-2011, energy outages in Pakistan sustained to be the leading constraint 
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in its development. An electricity shortage is considered to be the primary cause of constrained 

production activities. Almost three eighty billion rupee per year (2% of GDP) was the assessed 

cost of power crises to the economy. Whereas the subsidies cost given to the power sector in 

the preceding four years from 2008 to 2012 was 2.5 % of GDP [1]. Thus the consumption of 

electricity has greater than before at an average of 4.8 percent per year for last ten years [2]. 

Electricity generation in Pakistan is provided by three sources i.e, Thermal, hydel and nuclear 

[3]. The contribution of Hydel in electricity generation increased to 33.6 percent in 2010-11. 

Water and Power Development Authority (WAPDA) continued the main contribution to the 

electricity generation with 48.7 percent and Independent Power Producers (IPPs) have 

contributed almost 25 percent [2]. According to National Transmission and Dispatch 

Company Ltd, during 2011-2012 demand was 18,86MW and supply remained 20,986 MW 

thus creating deficit of almost 6, 000 MW[4]. In 2010 electricity generated by hydropower 

36.02% and by thermal 63.9% [5]. The number of consumers has been increasing due to rapid 

expansion of electric network to villages and other un-electrified areas. During July-March 

2010-11, the growth of consumers stood at 4.3 percent as it reached 20.1 million consumers as 

compared to 19.3 million in same period last. The share of domestic consumers remained 85.3 

percent followed by the commercial and agricultural sectors having 11.9 and 1.4 percent share, 

respectively.  In 2011-2012 numbers of consumers were 20,123,000 out which 17,157,000 

were domestic consumers [4]. Overall the electricity consumption increased by 2.8 percent 

during July-March 2010-11 against the comparable period last Year [2]. Electricity crisis 

worsens in Pakistan since 2008 as shortage of Electricity has increased up to 6000MV. The 

year 2010 started with the electricity scarcity and worst load shedding of all time. Whereas 

summers were the worst period for the Pakistani people, 16 to 18 hours were experienced load 

shedding by Pakistani nation in summer season.   

In   present    study   rural and urban electricity household energy demand and supply was 

analyzed by using energy based model named “LEAP”. Up until now numerous research 

studies have been conducted on identifying different alternatives as fuel future energy 

demand and its emissions. 

Present study was conducted with the following objectives 

 To analyze the demand for electricity at rural and urban growth level 

 To forecast the future demand for electricity  

 To suggest the wind and solar energy as alternative power sources  

MATERIALS AND METHODS 
 

The present study was conducted to forecast the future demand for electricity at rural and 

urban level and possible shortfall of electricity which the Pakistan may emanate from across 

in coming future. The study was focused on electricity demand at household level. In this 

study domestic electricity consumption in rural and urban household  was divided into 

household consumption items like Fans, Lighting, Water pumping, Refrigeration and Air 

conditioning.  

Model Framework: Objective of present study was accomplished by the use of energy based 

software named Long- rang Energy Alternative Planning System (LEAP) model.  This model 

was used to analyze and forecast electricity demand under alternative strategies at household 

level for the planning period of 2010-2030. The basic concept in LEAP was scenario based 

analysis. LEAP model required data of two years. By extrapolation electricity demand 

estimated for following future. 

Data Collection: Secondary data was collected from the economic survey of Pakistan 2010 –

2011, national statistical report and World Bank report. Total population and GDP for year 

2010 was taken from the World Bank Report for Pakistan, and used to project the future GDP 
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by using growth rate of 3.1%. The demand projection for electricity was calculated as 

function of GDP and share of electricity consumption. Year of 2010 was taken as base year 

so data of electricity consumption was taken of year 2010 at domestic sector. However the 

percent consumption of electricity in different appliance /in end use devices in urban and 

rural domestic level was taken on the base of study conducted in 2009 by Asian Development 

Bank[6] given in Table 2.1. 

Scenario Construction:  In order to foresee future electricity for rural and urban households, 

three scenarios were built i.e. Business-as-Usual (BAU) or Baseline scenario and two 

alternative scenario. 

Scenario 1: Business-as-Usual 

This scenario constructed as reference scenario in which 2010 was taken as base year. BAU 

was continuation of value without any change from base year upto end year 2030. Values 

were projecting by extrapolating the base year data upto 2030. 

Scenario 2: Wind Energy 

Whereas wind energy was taken as alternative scenario.  In wind energy scenario it  was 

assumed on the basis of integrated energy planning 2009-2022 reported by Ministry of 

Finanace, Government of Pakistan that Pakistan has potential of 346000MW of wind energy 

as renewable source for electricity production and propose to utilize 5%  wind energy for 

generating electricity[7]. So BAU would be reduced by 5% as whole and 1% by each branch 

of electricity consumption. 

Scenario 3: Solar energy  
Solar energy was taken as another alternative energy source for electricity production.  

whereas potential for solar energy is more than wind energy that is 2.9 million MW and it has 

been reporeted in energy year book 2010 that proposed consumption of energy generated by 

solar power energy in 2010 was about 1% [3].  

 

Table 2.1: Electricity consumption at household level in appliances  
 

Energy type Energy consumed 

  -------------------------------------- 

                                                                                     (GWh)                     Percentage (%)                  

Lighting  5641 20.60% 

Refrigeration 4524   16.5% 

Water pumping 1258 4.6% 

Air conditioning 5845 21.35% 

Fans  10105 36.95% 

Total  27373 100% 

 

RESULTS 

 

Under two alternative scenarios model of LEAP was run in order to estimate the electricty 

demand since 2010 base year to 2030. Energy demand was calculated as the product of the 

total activity level and energy intensity for the base and future year in each scenario by 

Equation-I developed in LEAP software[9].  

 D(b,s, t ) = TA X  EI……………………………………………………..…..( I )  

Whereas D stands for Demand, TA stands for Total Activity and EI stands for Energy 

Intensity 
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Results of BAU scenario: As metioned that 2010 was taken as base year and forecast for 

electricity demand  simulate for future year 2030. BAU Scenario reults revealed that total 

electricity consumption by urban and rural households from 2010 to 2030 that was 25.8 and 

161 thousand Gigawatt respectively represented in Fig.3.1. The energy demand in 2030 was 

more than six time than the energy demand in 2010 mentioned in Table 3.1.

 

Table 3.1: Household Electricity Demand  

Electricity demand per year in Urban and rural  (Thousand GWH) 

   --------------------------------------------------------------------------------------------- 

 Area 2010 2015 2020 2025 2030 Total 

Urban 14 16 18 21 24 94 

Rural 11 13 15 17 20 76 

 

 

 
 

Fig 3.1. Rural and  urban electricity demand projection for future year developed by LEAP 

 
 

Comparision of BAU and Alternative Scenario: 

In order to analyze the potential of wind and solar energy as alternative to generate electricity 

to fulfill domestic demand in future, Business-as-Usual was taken as reference because the 

efficiency of present energy technology keep on unchanged in future time. Wind and solar 

energy alternatives were compared with BAU scenario. The aim of comparison was to 

estimate that how much these alternatives have potential to fulfill the household demand for 

electricity. The present study estimated electricity generation with emphasis on usage of 

renewable energy alternatives like wind and solar power in future time period. By this load 

for electricity demand at household level could achieve by generating renewable sources of 

energy. Fig. 3.2 depicted that the total energy demand in BAU was higher and in future year 

it has projected, increased with the increase of population. Whereas contribution of 

alternative power scenario has little contribution but still their percentage found to be 

decreased from baseline scenario representing in Table 3.2.   
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Fig 3.2 Total Energy Demand (TED) by comparing scenario developed by LEAP

 

Table 3.2 Comparison of different scenarios for energy consumption

 

These results revealed that 6% and 18% energy could be saved by integrating wind and solar 

power energy in future. However if utilization of these renewable sources increase by the 

Government, then more energy can be save, which would be sufficient to meet the demand of 

growing population. 

 

 

 

 

 

Units: Thousand GWH Energy demand results 

Scenarios  Years 

  -------------------------------------------------------------------------------------------- 

  2010 2015 2020 2025 2030 

       

BAU  25.8 29.1 33.4 38.4 44.1 

Solar Energy 25.8 28.7 32.5 36.7 41.6 

Decrease 0 0.4 0.9 1.7 2.5 

% Decreased 0 1.37 2.69 4.42 5.67 

Wind Energy 25.8 27.7 30.3 33.1 36.2 

Decrease 0 1.4 3.1 5.3 7.9 

% Decreased 0 4.80 9.28 13.80 17.90 

      

The bold values highlight the percentage change   
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DISCUSSION

For future sustainability of country, optimization of country’s energy demand is one of the 

part of country management. In future years many household will demand more electricity 

for  consumption. But data indicated that electricity consumption rate per household has 

decresed from the past. Because pakistan has no efficient resources of dams and coals to 

produce electricity in order to meet growing population rate. That’s why population in 

Pakistan facing Loadsheding issue of many hours espacially in summer season. In light of the 

present research results government must going towards sustainable renewable energy 

production by utilizing wind and solar power. As it will be significant to have more 

households using electricity as more lives will be improved. So the energy policies in the 

Pakistan should be coxswained towards renewable energy production and consumption. One 

study conducted in 2012 in Iran on energy demand in household secor by using LEAP model. 

In this study reserchers took base year of 2011 and end 

year for prediction of energy demand was 2036. Seven scenarios in alternative form were 

constructed. Results of study revealed that gas consumption increased upto 2036 while 

electricity consumption rate grew 21,084 Million KWh over studied time period. Findings of 

this research study also revealed maximum 23% energy saving  by suggesting energy 

alternatives [8].  Similar to this study, present study was based on electricity consumtion and 

its  future demand prediction at houshold level. Likely to Iran’s casestudy, base year in 

present study was 2010 and end year was 2030 for simulation of energy demand. With 

growing population in Pakistan. It suggested that Pakistan has potential of wind energy in 

Balochistan and Sindh province whereas more than 300 sunny days in a year. So if propose 

energy integrating program by Government of Pakistan is implemented and follow up 

effectively then Pakistan not only will save its energy but will also fulfill its population’s 

increasing future demand. Present study directed policy makers towards captivating 

appropriate direction, in order to manage country’s growing electricity demand in sustainable 

way. It could be achieved by utilizing more renewable wind and solar energy for electricity 

production. 

 

CONCLUSION 
 

The electricity demand will increase with the population growth in the future as indicated by 

the results. The implication of electricity generation by hydro and thermal power will be 

insufficient irrespective of the new dam construction in Pakistan. On the other side, besides 

having the great potential for Solar and Wind energy in the country, no significant energy 

contribution was currently made by these two power sources in total energy generation. But 

in coming future with lot of project and proposed planning Pakistan can produce electricity 

from renewable sources i.e. wind and solar energy. 
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