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Abstract: Energy forecasting and policy development needs a detailed evaluation of energy assets
and long-term demand estimation. The demand forecast of electricity is an essential portion of
energy management, particularly in the formation of electricity. It is necessary to predict electricity
needs to avoid the energy deficits or a destabilization between energy demand and supply. In this
article, long-range energy alternative planning (LEAP) is used for the modeling of energy and various
sectors in Pakistan as a case study. The simulated model comprises three different scenarios, a strong
economy, a weak economy, and a medium economy as a reference scenario. The base year is 2015 and
the outlook year is 2040. Electricity demands are almost more than four times those of the outlook
year, increasing from 7.71 million tons of oil equivalent (MTOE) in 2015 to 29.77 MTOE by the end
of 2040.
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1. Introduction

Energy is considered the most important commodity of daily life. Energy utilization is
an index of a country’s economic situation because energy is an essential element of human
activities and developments. There is a co-integrated relationship between population
growth and energy consumption [1]. Every 1.07% increase in population growth rate
can cause a 2.33% increase in total global energy consumption [2]. Population growth
is not the only cause for an increasing energy demand, other factors like an increasing
poverty level and an increase in the number of devices, appliances, level of comfort, and
transportation [3–5]. Most energy is produced through fossil fuels; almost 84.7% of the total
world energy consumption come from fossil fuels, in which 39.7%, 32.12%, and 28.18% are
the shares of oil, coal, and gas, respectively.

2. Literature Review

Energy challenges are crucial, but, at the same time, they are also complex and there
are several parameters needed to assess the energy requirements and there are tremendous
options to fulfill. A deep understanding of energy, environment, technology, and integrated
policy planning is essential to address energy challenges. To estimate upcoming energy
demands or emission values, statistical forecast techniques are used [6]. Neural networks
not only help in prediction and estimation, they are also more efficient and accurate in
optimum decisions, such as in the energy modeling of a building. As shown in Figure 1
a combination of energy, statistics, and computers have developed a new field in energy
engineering known as “energy modeling”.
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Figure 1. Merging disciplines in energy modeling. 

3. LEAP 
Long-range energy alternative planning system (LEAP) is a statistical energy model-

ing tool. LEAP was developed by the Stockholm Environment Institute in Boston, USA, 
and has been used since 1980 [7]. There are four modules in the LEAP program that are 
used to perform different types of modeling. They are key assumptions, demand, trans-
formation, and resources [8]. The demand module consists of four sectors, household, in-
dustry, business, and public. In this article the main focus is on the forecasting of electric-
ity demands in various sectors of Pakistan. In this model, results were based on three 
different scenarios: strong economy, base economy and weak economy scenarios. Each 
scenario depicts a separate storyline, based on policies considered for that scenario. 

4. Results and Discussions 
In the different scenarios, electricity demands were almost four times over those of 

the outlook year, increasing from 7.71 million tons of oil equivalent (MTOE) in 2015 to 
29.77 MTOE by the end of 2040, as shown in Table 1. Residential electricity demands will 
be more than five times those of the forecast year in 2040, though the overall share of 
residential in electricity consumption will fall slightly from 54.36% in 2015 to 44.36% by 
2040. In the commercial sector, the demand for electricity will be 11.88%, slightly lower 
than 7.53%. 

Table 1. Electricity demand in all sectors. 

Sectors 2015 2020 2025 2030 2035 2040 
Agricultural 0.9 1 1.2 1.3 1.5 1.7 
Commercial 0.9 1.1 1.3 1.6 1.9 2.2 

Industrial 1.7 2.6 3.8 5.7 8.4 12.5 
Residential 4.2 5.3 6.6 8.3 10.5 13.2 
Transport 0 0 0 0 0 0 

Total 7.7 9.9 12.9 16.9 22.3 29.7 

The largest increases come from the industrial sector, as shown in Figure 2, which is 
responsible for 22.33% of the rise of electricity demand in 2015 to 42.18% in 2040. The 
demand for electricity in 2015 by reference scenario increases from 1.72 MTOE and 12.55 
MTOE in the outlook period, which is almost 7 times more than in the base year. In the 
strong economy scenario, demand increases almost 11 times more than the value of the 
base year. 
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3. LEAP

Long-range energy alternative planning system (LEAP) is a statistical energy modeling
tool. LEAP was developed by the Stockholm Environment Institute in Boston, USA, and
has been used since 1980 [7]. There are four modules in the LEAP program that are used to
perform different types of modeling. They are key assumptions, demand, transformation,
and resources [8]. The demand module consists of four sectors, household, industry,
business, and public. In this article the main focus is on the forecasting of electricity
demands in various sectors of Pakistan. In this model, results were based on three different
scenarios: strong economy, base economy and weak economy scenarios. Each scenario
depicts a separate storyline, based on policies considered for that scenario.

4. Results and Discussions

In the different scenarios, electricity demands were almost four times over those of
the outlook year, increasing from 7.71 million tons of oil equivalent (MTOE) in 2015 to
29.77 MTOE by the end of 2040, as shown in Table 1. Residential electricity demands will
be more than five times those of the forecast year in 2040, though the overall share of
residential in electricity consumption will fall slightly from 54.36% in 2015 to 44.36% by
2040. In the commercial sector, the demand for electricity will be 11.88%, slightly lower
than 7.53%.

Table 1. Electricity demand in all sectors.

Sectors 2015 2020 2025 2030 2035 2040

Agricultural 0.9 1 1.2 1.3 1.5 1.7
Commercial 0.9 1.1 1.3 1.6 1.9 2.2
Industrial 1.7 2.6 3.8 5.7 8.4 12.5

Residential 4.2 5.3 6.6 8.3 10.5 13.2
Transport 0 0 0 0 0 0

Total 7.7 9.9 12.9 16.9 22.3 29.7

The largest increases come from the industrial sector, as shown in Figure 2, which is re-
sponsible for 22.33% of the rise of electricity demand in 2015 to 42.18% in 2040. The demand
for electricity in 2015 by reference scenario increases from 1.72 MTOE and 12.55 MTOE
in the outlook period, which is almost 7 times more than in the base year. In the strong
economy scenario, demand increases almost 11 times more than the value of the base year.
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In commercial sectors, the demand for electricity was 11.88%, which falls slightly to 
7.53% over the outlook period. Figure 3 reveals that the total demand in 2015 for the ref-
erence scenario was 0.92 MTOE and in 2040 it will be 2.24 MTOE, almost 2.5 times more 
than the base year of 2015. 
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The residential sectors (urban and rural) shown in Figure 4 remain the largest con-
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falls slightly from 54.36% in 2015 to 44.36% by 2040. The total demand in 2015 by the ref-
erence scenario was 4.19 MTOE and, in the outlook period, 2040 demand will be 13.2 
MTOE. 
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Figure 5 indicates that electricity demand in the transport sector is very small as com-
pared to other sectors; at less than 1% of the total in 2040, the demand of electric vehicles 
is much less in Pakistan over the outlook year. There is no need for electricity in the 
transport sector from the base year, 2015, through to 2020. After 2020, a sudden increase 
in electricity demands occurs when the prices of fuel will be high. 

Figure 2. Electricity demand in industrial sector with different scenarios.

In commercial sectors, the demand for electricity was 11.88%, which falls slightly
to 7.53% over the outlook period. Figure 3 reveals that the total demand in 2015 for the
reference scenario was 0.92 MTOE and in 2040 it will be 2.24 MTOE, almost 2.5 times more
than the base year of 2015.
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Figure 3. Electricity demand in commercial sector with different scenarios.

The residential sectors (urban and rural) shown in Figure 4 remain the largest con-
sumers of electricity in Pakistan. The overall share of residential in electricity consumption
falls slightly from 54.36% in 2015 to 44.36% by 2040. The total demand in 2015 by the refer-
ence scenario was 4.19 MTOE and, in the outlook period, 2040 demand will be 13.2 MTOE.
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Figure 4. Electricity demand in residential sector with different scenarios.

Figure 5 indicates that electricity demand in the transport sector is very small as
compared to other sectors; at less than 1% of the total in 2040, the demand of electric
vehicles is much less in Pakistan over the outlook year. There is no need for electricity in
the transport sector from the base year, 2015, through to 2020. After 2020, a sudden increase
in electricity demands occurs when the prices of fuel will be high.

Electricity consumption by agricultural end users also falls from 11.42% in 2015
to 5.88% in 2040. As Figure 6 indicates, the demand for electricity increases over the
outlook year in the strong economy scenario. However, the overall impact on electricity
consumption is decreased compared to the base year.
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5. Conclusions 
In this study, the electricity demands of various sectors in Pakistan, from 2015 to 2040, 

are analyzed using LEAP. Different parameter, such as GDP, growth rate, and population, 
are included. Regression analyses are also used as governing equations for the forecasting 
of electricity over the outlook year. The forecast results and graphs indicate that the elec-
tricity demands increase every year, in almost all sectors. This ultimately indicates that 
the government and policy makers should make effective policies or take steps to meet 
the required demands for electricity. This article may help energy experts in Pakistan to 
find the best solutions to fulfill future energy demands. 
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5. Conclusions

In this study, the electricity demands of various sectors in Pakistan, from 2015 to 2040,
are analyzed using LEAP. Different parameter, such as GDP, growth rate, and population,
are included. Regression analyses are also used as governing equations for the forecasting
of electricity over the outlook year. The forecast results and graphs indicate that the
electricity demands increase every year, in almost all sectors. This ultimately indicates that
the government and policy makers should make effective policies or take steps to meet the
required demands for electricity. This article may help energy experts in Pakistan to find
the best solutions to fulfill future energy demands.
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