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Abstract: In the developing world, the energy needs of the household sector have grown manifold,
due to rapid urbanization and the introduction of affordable technology. However, constraints in
the power supply and underutilization of renewable resources, coupled with inefficient fuel use
and obsolete technology, have increased the average energy usage cost and emissions. Hence, the
current study provides a long-term sustainable energy management plan for the urban household,
in terms of energy savings, social cost, and greenhouse gas (GHG) mitigation. To address energy
security and climate change challenges, a demand-side management scenario (DSM) is proposed
through integration of efficient policies and nationally determined contributions. On the basis
of policy analysis and energy consumption patterns, macro-economic modeling was carried out
for the period 2011–2050, using the Long-range Energy Alternative Planning (LEAP) modeling
tool. Results show that the “efficient water heating” scenario offers the maximum energy-saving
potential (up to 270 M.TOE) whereas “efficient space cooling” is the lowest-cost scenario. To achieve
the best-fit mitigation scenario (MIT), targets for renewable energy supply were also incorporated.
Findings were weighed against the reference scenario (REF), which reveals a huge GHG reduction
under the DSM. Moreover, the cost required to implement MIT is estimated to be 3.4 US $/tonne of
carbon dioxide-equivalent, less than the REF.

Keywords: nationally determined contributions; energy policy scenarios; GHG mitigation

1. Introduction

Rapid urbanization and the desire for luxurious lifestyles have increased energy demand in the
household. The situation is most apparent in the developing world, due to growing energy needs
of an increasing population. The future of world energy hence relies upon developing countries,
especially those in Sub-Saharan Africa and Asia. Among these countries, Pakistan has one of the
highest electrification rates [1]. However, more than a quarter of its population does not have access to
modern energy. Moreover, the rate of access to clean cooking fuels and technologies is only 43.32% [2].

Currently, out of a total 32.205 million households in Pakistan, 12.192 million are urban. The major
share of the electricity and natural gas supply is consumed by urban households [3,4]. However, these
resources remain supply-constrained, due to multiple factors that have compromised the sustainability
of energy systems. While growing energy consumption is a positive indicator for the economy, it is
also responsible for increased greenhouse gas (GHG) and particulate emissions.

As per global estimates, indoor air pollution from the use of unsafe cooking fuel and inefficient
appliances causes 4 million causalities annually [5]. Such low consideration towards clean energy is
directly linked to global environmental quality. The International Energy Agency (IEA) estimated
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that carbon dioxide emissions from non-Annex I countries will exceed Annex-I’s by 61% in 2030 [6].
A country analysis of GHG emission from 1994 to 2015 indicates that the energy sector is responsible
for 51% of the total emissions from Pakistan. These emissions rose from 85.8 million tonnes of carbon
dioxide equivalent (M.T.CO2e) in 1994 to 185.97 M.T.CO2e in 2015 [7].

According to the World Bank 2018 estimates, energy conservation and efficiency in households
can reduce energy needs by 15% [2]. Many developing nations started implementing demand-side
management, energy efficiency, and renewable energy initiatives during the 1970s. In the case of
Pakistan, the only step taken was the formulation of the Renewable Energy Policy in 2006, with few
outcomes up until now.

The consequent power crisis in Pakistan caused prolonged load-shedding. This directly impacted
the economy and societal peace. To deal with supply shortfall, different short-term efforts were made
by government. These efforts included an increase in indigenous fuel supplies, varying fuel imports,
and encouraging inter-regional collaborations like the China–Pakistan Economic Corridor (CPEC).
This resulted in considerable cuts in the frequency of load-shedding in urban areas—i.e., 6 h during
2015–2016 compared to 12 h in 2013 [8].

Studies from developing countries have identified various factors affecting energy demand in
households [9–15]. The main factors that have been identified are agro-climatic set-up, socio-economic
conditions, literacy, gender roles, religion, and psychological factors. Other variables include consumer
choice, lack of efficiency standards for electric goods, employment, safety risks, social acceptability,
reliability, and resource potential. In addition to these, policy design and governmental roles also play
a significant part in determining fuel inequity and equipment availability among different income
groups. Figure 1 shows the factors affecting the uncontrolled rise in the energy demand of the urban
household sector of Pakistan.
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The importance of considering the household sector in overall energy planning and emissions
policies is evident from a literature review. Various energy models are being used worldwide to explore
energy systems’ sustainability. However, their applicability and outcomes differ from local to regional,
developed to developing economies, time horizon, energy importers to producers, technique used,
data requirement, level of disaggregation, and validation. The models are also influenced by planners’
own interests and uncertainties related to modeling techniques [16,17]. One such energy model is the
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Long-range Energy Alternative Planning (LEAP) tool, which has been applied in numerous studies of
developing countries to explore energy transition pathways and GHG assessments [18].

Various international studies have assessed the benefits of household energy optimization
through the integration of renewable options, energy storage systems, load scheduling, etc. Benefits
include high-performance smart grids, reducing the demand–supply gap, and CO2 mitigation [19–28].
The mitigation plan of Pakistan’s Nationally Determined Contributions also emphasizes the potential
of energy savings in the residential sector [29]. However, no local or community level disaggregated
plan exists for the sustainable management of energy demand in the household sector of Pakistan.

With the aim of controlling excessive energy demand and consumption in the household, the
current study provides a long-term energy demand side management plan for the household sector
of Pakistan. This includes sustainable policies that represent Nationally Determined Contributions
(NDCs), a mix of efficient and conventional technologies, and targets for renewable energy. By using
the LEAP modeling tool, proposed policies were analyzed in terms of socioeconomic value and GHG
emissions. The findings were further optimized to reach a final mitigation scenario for the study period
2012–2050. Consideration of socioeconomic and climate change variables makes this study applicable
to other developing economies in achieving their NDCs related to the energy–GHG nexus.

2. Materials and Methods

A detailed review of the energy policies of Pakistan and international energy sector reports formed
the basis of this study. To determine the current domestic energy consumption patterns in Pakistan,
the findings of the Pakistan Social and Living Standards Measurement (PSLM) survey reports [30]
were used. In Pakistan, most of the population belongs to the middle income level. Therefore, the
energy demand of a common middle-income urban household was chosen in this study to represent
the energy needs of the highest proportion of households.

2.1. Mathematical Calculations

To carry out the simulation and optimization functions, bottom-up energy modeling software
LEAP was selected, due to its strong accounting and evaluation capabilities. The base and end years of
the study were selected as 2011 and 2050, respectively. The database acquired for energy modeling is
detailed in Table 1. This data was statistically aligned and converted into time-series data.

Table 1. Database for energy modeling.

Socio-Economic Characteristics: • GDP/value added, population, no. of households, household size

Energy Demand Data:

• Sector and subsector totals;
• End use and technology;
• Characteristics by sector and subsector.

Fuel Use by Sector or Subsector:

• Usage breakdown by end use or device (i.e., new vs. existing
devices), device stock by type;

• Technology cost and performance.

Energy Supply Data:

• Characteristics of energy supply and
conversion facilities;

• Energy supply plans;
• Energy resources and prices.

• Capital cost, fixed and variable operational & maintenance costs,
performance factors of power plants.

• Exogenous or endogenous capacity additions.
• New capacity online dates, costs, and characteristics.
• Reserves of fossil fuels, and the potential for renewable resources.

Technology Options:

• Technology cost and performance;
• Penetration rates;
• Emission factors;

• Capital and O&M costs, foreign exchange, performance factors of
power plants

• Percent of new or existing stock replaced per year
• Emissions per unit energy consumed, produced or transported
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The annual energy demand of existing and proposed technologies was calculated as follows:

Ef = ∑ ∑ Am,h,f × Im,h,f

h m
(1)

where E is the final energy demand, A represents the activity level, I is the energy intensity, f is the
fuel type, h represents the sector, and m is the appliance.

Emission analysis of existing household appliances and proposed technologies was carried out
using the in-built “Technology and Environmental Database” of LEAP. The carbon emissions of all
fuel groups were calculated as follows:

C = ∑ ∑ ∑ Af,m,h × EIf,m,h × EFf,m,h

h m f
(2)

where C represents carbon emissions and EF is the carbon emissions factor.

2.2. Construction of Energy Policy Scenarios

This paper conducted extensive policy review [3,4,7,30–39] while considering the maximum
variables of energy demand. These variables can be broadly classified into climatic and socioeconomic
conditions, fuel prices, energy consumption patterns, trends in use of household energy appliances,
cost of the technology used, technological performance, and emissions factors. Details of these
scenarios are as follows.

2.2.1. Reference Scenario (REF)

Based upon the following hypotheses, the current and historical database was projected from the
base year of study (2011) to the end year (2050), using extrapolation and growth rate functions:

• Rapid urbanization and excessive population growth in developing countries has resulted in
haphazard and unplanned growth of big-city settlements. Under the usual scenario, the urban
households are expected to increase at an annual growth rate of 3%.

• Increased access to electricity and natural gas will gradually decrease biomass and liquefied
petroleum gas (LPG) consumption.

• With increasing income levels and government incentives for energy-efficient devices, people will
shift toward less energy-intensive devices. This is interpreted as reduced energy intensities of
existing devices per household.

• Transmission and distribution (T&D) losses will decrease.

2.2.2. Demand-Side Management Scenario (DSM)

In this scenario, alternative policies were introduced into the model to explore their potential in
comparison with the findings of the REF. These policies are in line with the Nationally Determined
Contributions of Pakistan for mitigation across the energy sector. Descriptions of these policies is given
in Table 2.
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Table 2. Alternative energy policies for the demand-side management scenario (DSM).

Policy Measure Description

Efficient Lighting
• Modern lighting standards will cut down 1% of existing energy intensity annually.

The remaining share of existing lighting devices targeted for incandescent bulbs (IBs)
and fluorescent tube lights (FTLs) is 15% and 30%, respectively, by 2050.

Efficient Cooking

• Introduction of retrofits for stoves is already in place by natural gas transmission and
distribution companies in the country. This is expected to reduce the energy intensity
of cooking per household by 70% in 2050.

• Increased access to natural gas will also decrease the household share of LPG and
bio-fuel cooking devices by 20% and 10%, respectively.

• Increased future adoption of electric stoves is assumed to increase the household
energy intensity at 0.3% per year.

Efficient Space Heating • Household efficiency standards will lower biomass consumption for space heating
through reducing its share to 7% of households by 2050.

Efficient Water Geysers
• High-efficiency heating appliances will be promoted to replace 40% of household

shares of existing natural gas geysers by 2050. It will reduce households’ major
energy consumption by 70% in 2025 and 90% in 2050.

Efficient Cooling

• Efficient-energy labels will reduce average intensity to 5% in 2020 and 20% in 2050,
and 20% for air conditioners.

• Conventional refrigerators and air-conditioners will be replaced with high-efficiency
ones by 75% and 40% respectively, by 2050.

T&D Loss Reduction • Power losses will decline up to 18% by 2025 and 14% by 2050. In addition, natural gas
pipeline losses will be reduced to 2%.

2.2.3. Mitigation Scenario (MIT)

The final scenario, the mitigation scenario (MIT), was developed by linking the findings of REF
and DSM and the integration of a new supply-side scenario (SSS). The SSS exhibits existing energy
supply in addition to a target of 10% renewable electricity generation by 2025. Hence, MIT is a
combination of energy-efficient household devices and renewable energy options from hydel solar,
wind, and biomass. Further refining of MIT was done at the “valuation step” by incorporating a cost
benefit analysis of those policies.

2.3. Economic Valuation of Scenarios

An integrated cost-benefit analysis of the proposed policies was done from a societal perspective.
DSM policies were compared in terms of the costs of proposed technologies, their performance, and
penetration in households. The activity cost method was used to calculate annualized demand cost
of efficient devices per household over a lifetime. Data on device costs was gathered from a market
survey. All calculations were done in cumulative terms, discounted at 5% to the year 2011 value.
For cost-benefit analysis of renewable options, plant performance characteristics were evaluated in
the model.

3. Results and Discussion

Despite rapid urbanization and accessibility to modern technologies, about 1.3 billion people in
the developing world still lack access to electricity. Additionally, 2.5 billion people lack access to safe
cooking fuels [40]. However, more than 80% of the power generated dissipates due to irresponsible
consumer behavior [41].

The past several years of planned and unplanned electricity and gas load-shedding has affected
the economy and society of Pakistan. The consequences are huge in the urban household sector,
which is expanding at an annual growth rate of 2.4% with average size of 6.45 persons. This calls for
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immediate measures to meet the energy needs of the urban household sector. However, such measures
must be sustainable, and recognize all aspects of residential energy demand.

Hence, this study was undertaken with the aim of proposing an efficient and effective demand-side
management plan for adoption into the policy-making of Pakistan. It has been observed that primary
electricity demand comes from lighting, cooling, and electrical goods. Cooking and heating consumes
natural gas and liquefied petroleum gas (LPG). Accordingly, a demand-side framework is designed in
Figure 2.

In order to analyze and forecast energy demand of urban households, along with related emissions
under alternative policy strategies, the LEAP model was used. This energy model has been applied
by many countries to study energy transition and determine policies. Some of its applications in
developing countries include India, Iran, Thailand, China, Mongolia, Panama, Korea, and nations
in Africa [42–49]. In Pakistan, LEAP has been applied in some studies at the city and national
levels [50–55]. However, no single study has been undertaken to explore the energy-saving potential
of the household sector in Pakistan, and in many developing countries.Sustainability 2018, 10, x FOR PEER REVIEW  6 of 16 

 
Figure 2. Framework for energy demand management in the urban household sector of Pakistan. 

3.1. Results of Reference Scenario 

While determining the cause of increasing energy demand, numerous studies highlight income 
level as a key determinant of energy transition in households. Studies conducted in the urban 
residential sector of China, India, South Africa, Zimbabwe, and other African countries also identify 
various sub-variables associated with the income factors that determine final energy usage [56–60]. 
The objective of such studies is low-cost energy supply though optimization techniques. Similarly, 
most of the studies conducted in Pakistan focus on the energy demand forecast and economic growth 
[61–73]. 

More recent studies suggest that income is an important variable, but its key reliance on 
achieving a sustainable demand-side system is irrational [74–77]. These studies highlight the 
importance of institutional, social, and environmental aspects of energy systems. For instance, 
evaluation of GHG contribution from household energy usage demonstrates that a 1% rise in per-
capita energy usage leads to a 1.65% increase in per-capita carbon emissions [78]. 

In terms of clean energy, renewable energy constitutes only 2.16% (i.e., 0.6 M TOE CO2) of the 
total electricity generation in Pakistan. This small proportion is made up of solar (23.6%), bagasse 
(26.7%), and wind (49.7%) energy resources. The hydropower contribution is only 9.7% (i.e., 7.7 M 
TOE CO2). On the other hand, energy losses have reached 18% [79]. The government plans to enhance 
its previous goal of renewable energy allocation from 5% to 15–20% by 2030. It also plans to increase 
the share of nuclear-based electricity by 8%, which would avoid up to 58.8 M.T.CO2e of GHG 
emissions by 2030 [29]. 

Figure 2. Framework for energy demand management in the urban household sector of Pakistan.

3.1. Results of Reference Scenario

While determining the cause of increasing energy demand, numerous studies highlight income
level as a key determinant of energy transition in households. Studies conducted in the urban
residential sector of China, India, South Africa, Zimbabwe, and other African countries also identify
various sub-variables associated with the income factors that determine final energy usage [56–60].
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The objective of such studies is low-cost energy supply though optimization techniques. Similarly, most
of the studies conducted in Pakistan focus on the energy demand forecast and economic growth [61–73].

More recent studies suggest that income is an important variable, but its key reliance on achieving
a sustainable demand-side system is irrational [74–77]. These studies highlight the importance of
institutional, social, and environmental aspects of energy systems. For instance, evaluation of GHG
contribution from household energy usage demonstrates that a 1% rise in per-capita energy usage
leads to a 1.65% increase in per-capita carbon emissions [78].

In terms of clean energy, renewable energy constitutes only 2.16% (i.e., 0.6 M TOE CO2) of the
total electricity generation in Pakistan. This small proportion is made up of solar (23.6%), bagasse
(26.7%), and wind (49.7%) energy resources. The hydropower contribution is only 9.7% (i.e., 7.7 M TOE
CO2). On the other hand, energy losses have reached 18% [79]. The government plans to enhance its
previous goal of renewable energy allocation from 5% to 15–20% by 2030. It also plans to increase the
share of nuclear-based electricity by 8%, which would avoid up to 58.8 M.T.CO2e of GHG emissions
by 2030 [29].

Current trends in energy development scenarios explore the implication of future energy
consumption and emissions. The findings of the household energy survey were also compared
and aligned with the national reports. Some key parameters were integrated into the study, for which
the projected results are shown in Figure 3. These projections are built upon the assumptions of
the REF.
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(a) population growth projection (2011–2050); (b) gross domestic product (GDP) growth rate projection
(2011–2050); (c) increase in household number (2011–2050); (d) growth in household consumers of
natural gas and electricity (2011–2050).

Results show that in the base year (2011) of the study, out of the total 10.04 million urban
households in Pakistan, approximately 9.84 million were electrified consumers that consumed
27,509 GWh of electricity in total. The findings suggest that access to electricity is quite high, but the
proportion of consumers using less than 50 units per month is equally high. This depicts unevenness
in electricity consumption among different income levels.
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3.2. Results of Demand-Side Management Scenario

The Pakistan’s NDCs aim to cut 20% of GHG emissions below its projected 2030 emissions under
business-as-usual conditions. To achieve this, targets have been set to increase energy efficiency, at
both the energy demand and supply sides. This also involves the introduction of efficient technology
in the building sector, in addition to energy standards and labels for household appliances.

As per energy usage trends, power consumed by electric home appliances represents 50% of
the total power consumed by domestic and commercial buildings in Pakistan. These appliances are
mainly refrigerators, air-conditioners, electric motors, fans, and lighting systems. It is assumed that the
introduction of efficient appliances will save energy by 10%, which makes up over 350 MW. The annual
percentage load from household devices has been estimated to be 34% from electric lighting, 33% from
fan usage, 13% by refrigerators or freezers, 7% by irons, 5% by room air-conditioners, 1% by air coolers,
and 7% from miscellaneous uses [80].

Conventional technology and inefficient electronic devices have been successfully phased out
from the households of all developed and some developing countries. Similarly, the import and sale of
incandescent light bulbs (IBs) is banned in most European countries. The United States’ Clean Energy
Act (2007) and the Australian Clean Energy Act (2011) also commit to the replacement of conventional
lighting devices with efficient ones. According to a national household survey of Pakistan [81], 40 W
fluorescent tube lights (FTLs) with an average of 11 W electromagnetic ballasts are commonly used in
Pakistan. Replacing these with 32 W FTLs with ballast losses of 1 W could achieve as much as 80% of
the technical savings potential.

With regard to energy efficiency measures in Pakistan, one such step was taken under a USAID
program for the distribution of efficient light bulbs among households. However, its benefits were
undermined due to prolonged load-shedding, which increased the sale of diesel-run generators, illegal
gas compressors, and cheap fuels for household usage. This further increased the average energy
usage cost and GHG emissions.

Recently, the World Bank and the German Financial and Technical Development Cooperation
planned to provide strategic support for promotion of energy efficiency measures. However, no
serious effort has been made until now for the sustainable management of energy demand in the
household sector.

In this study, the results of proposed policies under the DSM exhibit a marked decline in energy
demand and GHG emissions, compared to the REF (Figures 4 and 5). A major reduction in energy
demand was observed for natural gas. This is due to the introduction of efficient water heating
appliances and conical baffles. Implementation of this scenario can prevent further exhaustion of
natural gas supplies.
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Details of energy savings due to the introduction of efficient appliances are presented in Table 3.
It has been found out that air conditioner/AC is the second most energy-consumptive device, especially
in high-income-level households. However, its replacement with roof insulation technology could
save 500 million tonnes of oil equivalent (M.TOE) in year 2050, as compared to the REF.

Table 3. Energy saving potential in the household sector under the DSM (absolute values in M.TOE).

DEVICE 2011 2015 2020 2025 2030 2035 2040 2045 2050

Bio-fuel Stove 0 −0.1 −0.2 −0.3 −0.5 −0.7 −1 −1.4 −1.8
Electricity Stove 0 0.2 0.6 1 1.7 2.5 3.5 4.9 6.6

LPG Stove 0 0 −0.1 −0.1 −0.2 −0.2 −0.3 −0.5 −0.6
Natural Gas Stove 0 0 −0.1 −0.2 −0.3 −0.6 −0.9 −1.3 −1.9

Air conditioner 0 −0.1 −0.2 −0.4 −0.8 −1.3 −2.1 −3.4 −5.2
Fan 0 0 0 0 0 0 0 0 0

Refrigerator 0 −0.3 −1 −2.6 −6.1 −13.2 −27.7 −56.8 −114.6
Electric Lamps 0 0 −0.1 −0.1 −0.2 −0.2 −0.3 −0.4 −0.5

Kerosene Lamps 0 0 0 0 0 0 0 0 0
Biomass Heater 0 0 0 0 0 0 0 0 0

Gas Heater 0 0 0 0.1 0.1 0.1 0.1 0.2 0.2
Biomass Geyser 0 0 0 −0.1 −0.1 −0.2 −0.3 −0.4 −0.5
Efficient Geyser 0 0.2 0.6 1 1.6 2.3 3.2 4.4 5.8
Existing Geyser 0 −29.1 −82.6 −160.7 −195 −237.9 −291.7 −359.1 −443.3

TOTAL 0 −29.2 −83 −162.5 −199.8 −249.6 −317.5 −413.7 −555.8

Pakistan, the second-fastest urbanizing country in South Asia, continues to rank low on Yale’s 2018
Environmental Performance Index. Out of 180 countries, it ranks 169th on the scale of environmental
performance and 177th on the environmental health sub-index [82]. In view of the long-term risks
from climate change, Pakistan ranks eighth globally with regard to fatal consequences, due to extreme
vulnerability. Air pollution alone is accountable for one-fourth of the annual death toll in the country,
in addition to associated welfare losses and forgone labor.

As indicated in Figure 5, the alternative policies under the DSM exhibit remarkable potential to
successively lower GHG emissions. Figure 5b shows a marked decline of carbon-dioxide non-biogenic
emissions, followed by sulfur dioxide and methane emissions. A study of prospective electricity
analysis using 450 scenarios also found that a huge reduction in GHG emissions and water-footprint
can be achieved through sustainable measures [83]. Therefore, the importance of the pre-assessment of
energy policies has been emphasized in many studies for allotting finances to green policies [84].

3.3. Results of Mitigation Scenario

The main outcome of this study is the development of a mitigation scenario (MIT) that is
best-suited in terms of energy saving, social cost, and GHG emissions. Owing to the vast renewable
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energy potential in Pakistan, targets for the deployment of renewable energy were also introduced
in this scenario. For further refining of the findings of this study, each DSM policy was separately
compared with the REF.

Results show that among all of the proposed scenarios, maximum energy saving can be achieved
under the “efficient water heating scenario”—i.e., up to 270 M.TOE in year 2050 (Figure 6). In terms
of fuel usage, a high potential of natural gas saving is anticipated through the introduction of the
“efficient cooking stoves” and “efficient water heaters” scenarios.

Results of a cost–benefit analysis between the DSM and REF show a huge decline of GHG
emissions under DSM. In terms of social cost, “efficient space cooling” comes out to be the lowest-cost
scenario in 2050, due to roof insulation technology. Figures 7 and 8 show a comparison between the
MIT and REF, with regard to social cost and environmental benefits. Implementation of the MIT policy
options will not only lift the demand load in the household sector, but also reduce GHG emissions.

In today’s world, the strong relationship between sustainable development and environmental
quality has reshaped overall energy planning, analysis, and policy formulation. The importance of the
environmental aspect is backed with the historic highs of energy-related emissions, up to 32.5 gigatons
in 2017 (i.e., two-thirds of GHGs and 80% of total carbon-dioxide emissions). During this period, the
lowest contribution came from the United States, due to high renewable input [2].

However, the crisis needs to be dealt through a long-term integrated approach, in order to
eliminate energy poverty and supply–demand gap issues. This can be done through the integration of
energy security issues into climate and sustainable development programs. The requirement has also
been highlighted in the mitigation plan of Pakistan’s Nationally Determined Contributions, submitted
to the United Nations Framework Convention on Climate Change (UNFCCC) [29].
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3.4. Economic Valuation of Alternative Policies/Scenarios

As per the mitigation plan of Pakistan’s NDCs, the total implementation cost of the energy
sector plan is US $40 billion [29]. With the aim of increasing energy security and reducing energy
poverty, 7650 MW coal power plants are to be installed. However, implantation of this plan requires
an investment of US $27.6 billion through the CPEC.

Pakistan is home to some of the world’s largest reserves of coal and natural gas. However,
unplanned usage is rapidly causing their exhaustion. Shortages of gas supplies during winters further
add to the supply–demand gap. Due to this, the majority of power stations, which are furnace oil-based,
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are being run on expensive imported fuel. The capital and energy generation cost from these fuels is
much less than renewable; however, excessive emissions of sulfur, nitrogen, and particulate matter are
responsible for various environmental problems and reduced cost-effectiveness.

In contrast to the NDCs, which provide sectoral targets for GHG emissions reductions, this
study offers more realistic strategies to achieve maximum targets in the most energy-intensive sector.
Deployment of renewable energy will further reduce environmental emissions and promote clean
energy in developing economies. A simplified summary of cost–benefit results of these scenarios is
shown in Table 4. The overall net present value (NPV) is negative, which shows a reduction in cost
compared to REF.

Table 4. Cost–benefits analysis of the DSM versus the REF (2011–2050) (in billions of US dollars in 2010,
discounted at 5% to the year 2011).

DSM versus REF Cumulative Costs

Net Present Value −157.3
GHG Savings (M.T.CO2e) 46,932.6

Cost of Avoided CO2 (US $/Tonne CO2e) −3.4

Hence, it can be concluded that the incorporation of renewable energy targets multiplied the
benefits gained under the MIT. The capital cost incurred by these renewable alternatives is high, up
to 2300–2500 $/MW, but insignificant emissions and longer plant life covers their cost economics.
The National Renewable Energy Laboratory (NREL) in the United States estimated that the wind
energy potential of Pakistan is 346,000 MW, while the wind corridor of Gharo-Ketibander alone can
generate 43,000 MW [85]. With regard to the solar energy potential of Pakistan, irradiation of more than
5–6 kWh/m2/day has been estimated in many areas by the Alternate Energy Development Board [86].

4. Conclusions

This study provides a long-range plan for energy demand management in the household sector
of developing economies. Various policy options were proposed and analyzed to achieve maximum
energy savings in households, with the lowest cost and GHG emissions. Pakistan was chosen as case
study because of the characteristic energy crisis despite its highest electrification rate among developing
countries. The data set used in the study represents socioeconomic and environmental conditions of a
developing economy that is facing multiple challenges, including rapid urbanization, uncontrolled
population growth, technological and financial constraints, capacity issues, energy security, and climate
change vulnerability. These challenges account for shaping the future of world energy.

The findings of the study reveal that the “efficient water heating” scenario has the highest
energy-saving potential—up to 270 M.TOE by 2050. Meanwhile, the “efficient cooking stoves” and
“efficient water heaters” scenarios offer significant savings of natural gas fuel. In terms of the social
cost, “efficient space cooling” promises to be the lowest-cost scenario in 2050. A cost–benefit analysis
of the proposed policies suggests their immediate adoption in national plans. In comparison with
the usual case, the implementation cost of these policies is US $157.3 billion less, with an additional
savings of US $3.4 billion due to avoided CO2 emissions.

The final MIT is hence obtained is a triple-win in all aspects of sustainability. It also incorporates
targets to utilize the untapped renewable energy potential from the supply side. It is anticipated
that the long-term benefits of renewable energy will overcome its huge capital cost. The resultant
policy set features a best-fit sustainable management plan in terms of its energy saving potential,
social cost, and environmental impacts. Hence, the findings of this study are extremely important
for developing countries, in order to meet their energy and GHG targets under their Nationally
Determined Contributions.
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