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Abstract: The Government of Pakistan has established clean energy transition goals in the national
Alternative and Renewable Energy (ARE) Policy. The goal of this policy is to increase the 30%
capacity of green energy in total energy mix by 2030. In this regard, the aim of this study is to
develop a de-carbonization plan for achieving net zero emissions through the deployment of a green
energy system for the period 2021 to 2040 by incorporating the ARE policy targets. The Low
Emissions Analysis Platform (LEAP®) software is used for finding the unidirectional causality
among gross domestic product, population within the country, energy demand, renewable energy
production and CO: emissions for Pakistan. The results revealed that energy production of 564.16
TWh is enough to meet the energy demand of 480.10 TWh with CO2 emissions of 22.19 million metric
tons, having a population of 242.1 million people and GDP growth rate of 5.8%, in the year 2040 in
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Pakistan. The share of green energy production is 535.07 TWh, which can be utilized fully for
meeting energy demand in the country, and almost zero emissions will produce till 2040. CO2
emissions produced by burning natural gas were 20.64 million metric tons in 2020, which then
reduced to 3.25 million metric tons in 2040. CO2 emissions produced by burning furnace oil are also
reduced from 4.19 million metric tons in 2020 to 2.06 million metric tons in 2040. CO2 emissions
produced by burning coal were 24.85 million metric tons in 2020, which then reduced to 16.88
million metric tons in 2040. Energy demand is directly related to the population and GDP of the
country, while renewable utilization is inversely proportional to carbon emissions. The declining
trend of carbon emissions in Pakistan would help to achieve net zero emissions targets by
mid-century. This technique would bring prosperity in the development of a clean, green and
sustainable environment.
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Abbreviations: LEAP®: Low Emissions Analysis Platform; SDG: Sustainable Development Goals;
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1. Introduction

Governments of developing nations are not doing enough to address the issue of growing
emissions [1]. According to the most recent Sustainable Development Goals (SDG) development
report, Pacific countries and the Asia region must address the growing emissions issues [2]. While
advanced countries are making enormous gains toward a future powered by clean energy and a cleaner
environment, they are simultaneously seeing a rise in emissions and dealing with issues related to bad
climate change. The effective fossil fuel-based economic boom patterns in several countries have been
identified as one of the main sources of climate problems [3]. Many countries are being pressured to
achieve SDG 13's targets for climate action and reduce their ongoing reliance on fossil resources. By
evaluating the financial boom patterns of bad environmental nations, the SDG development
document 2019 found that the countries bordering Southwest and South Asia are the stragglers in
fulfilling the goals of SDG 13 [4]. These states have made some improvement toward achieving SDG 7's
objectives (affordable and easy access to green supply) but are also lacking in arranging financial
investments [5]. This issue has been highlighted in the most recent United Nations report on the
achievement of the SDG, which also discusses how these nations choose to invest in renewable
systems rather than fossil fuel related activities [6]. Developing countries are mostly running on fossil
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fuels, given their greater willingness to pursue economic growth at the expense of environmental
protection. These countries continue to lose their natural resources, so this enables harnessing the
maximum production of renewables [7]. The continual depletion of natural resources could have a
detrimental impact on the economic growth of the country. Reaching the goals of SDG 13, or
accountable consumption and production, might become problematic due to the depletion of natural
resources and typical green policy myopia in these nations [8]. These challenges are mentioned in the most
current energy security assessment report for Asian countries by the Asian Development Bank (ADB),
which considers the important role that natural resources play in guaranteeing power security and also
discusses that alternative energy sources have been explored as a possible option for fossil fuel
alternatives, leading these nations toward a future with sustainable energy [9]. As a result, domestic
energy assets are considered as a policy tool for ensuring sustainable climate change (SDG12) and
making electricity affordable and accessible (SDG7). In order to properly state this, the policy
framework must be created in a way that allows SDG 12 and SDG 7 to be addressed [10]. This study’s
emphasis is to combine SDG7 and SDG12 under a unified regulatory framework.

The United Nations Economic and Social Commission for Asia (UNESCAP) and Asian
Development Bank (ADB) have clearly written in their report that Pakistan will overcome difficulties
in achieving sustainable development goals through the implementation of successful financial and
technical policies [11]. On the other hand, Pakistan is a growing country that always seeks to supply
through conventional forms of energy that are needed to power the entire country [12]. In Pakistan, the
price of gasoline fluctuated from 97.63 rupees per liter in December 2018 to 113.90 rupees per liter in
December 2019 to 102.04 rupees per liter in December 2020 [13]. Since 1991, the total imports of
oil into the nation have increased at a rate of 3.8% annually. In 2016, the total amount of fossil fuels
consumed was 74 million tons of oil equivalent (MTOE), up from 28.6 million tons of oil
equivalent (MTOE) in 1990 [14]. Around 61% of Pakistan's power is generated thermally, which is
essential for baseload production and grid dependability [15]. Furnace oil still plays a significant role
in the energy mix, accounting for 5,958 MW of all connected capacity in the power industry, followed
by coal at 5,332 MW and natural gas at 3,536 MW [16]. The percentage of energy produced by coal
is even higher since it has consistently provided over 30% of the electricity sent to the national grid
since 2019 [17]. This could be a costly bet for Pakistan in the energy transition mechanism and coal
retirement facility. Around 6.5 GW of thermal generation is projected to retire by the end of 2022 [18].
So, the Government of Pakistan must take serious action on the precise measurement of the energy
transition mechanism [19]. Also, care must be taken for ensuring the lower production of carbon
emissions (SDG12) for the affordable and accessible supply of green electricity (SDG7) and also for
sustainable implementation of an energy transition mechanism. In this regard, the Government of
Pakistan has set the target for achieving 20% green energy capacity addition by 2025 and 30% green
energy capacity addition by 2030 through the ARE policy of 2019 [16]. So, this study develops an
integrated energy policy for clean energy transition in Pakistan for deploying the ARE policy targets
and checked the renewable energy generation pattern from 2021 to 2040. This study also investigates
the dynamic impacts of techno-economic factors on the net zero carbon emissions in relation to the use
of fossil assets and clean energy sources (renewables).

This study is structured into five sections. Section 2 presents literature on unidirectional causality
among gross domestic product (GDP), population within the country (PP), energy demand (ED),
renewable energy production (REP) and CO2 emissions (CE) at a global level. Section 3 presents the
empirical method of investigating the unidirectional causality of techno-economic factors and net zero
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emissions in Pakistan. Finally, results, discussion and conclusion are given in section 4, section 5 and
section 6.

2. Literature review

It may be difficult to review all relevant work on the Environmental Kuznets Curve (EKC), but a
substantial summary of the important studies is provided below. Pao H-T, et al. [20] checked EKC
using yearly GDP and CO: emission information for Brazil. An autoregressive distributed lag (ARDL)
technique demonstrated that GDP had a fantastic coefficient, whereas GDP square had a bad
coefficient. Saboori B, et al. [21] investigated the reliability of EKC for Malaysia using economic
growth, CO2 emissions and energy use. They did not check the accuracy of EKC when overall power
consumption reaches a higher level. However, they did establish the EKC proof at the disaggregated
strength. Furthermore, they failed to use novel methodologies to find any immediate evidence of EKC,
classifying it as a longer-term phenomenon. However, a causal relationship of a bi-directional nature
between CO2 emissions and economy was identified. Pao H-T et al. [22] examined the connection
between COz emissions, the financial boom and power consumption for Russia from 1990 to 2007.
They stopped finding EKC evidence and recommended energy conservation as a way to fight
environmental contaminants for Russia. Nasir M, et al. [23] examined the connection among power,
economic growth, foreign alternatives and CO2 emissions with the help of Johansen cointegration for
Pakistan, and they eventually verified the EKC technique.

Wang SS, et al. [24] looked at the U-shaped relationship for 28 Chinese provinces among energy
consumption, CO2 emissions and economic growth which supported the conclusion that EKC is
invalid in China. Another recent observation was made with the help of [25], who looked at the
presence of an EKC for China's consumption of coal. Twenty-nine provincial facts were utilized
between 1995 and 2012, and they obtained the cubic shape among economic factors and confirmed the
validity of EKC. Saboori B, et al. [26] discovered the causality of a unidirectional nature between CO2
emissions and economic growth, and a U-shape curve was obtained using the ARDL method for long
and short terms. Granger causality was absent in short term and present in long term between CO2
emissions and economic growth for Malaysia. Ozturk I, et al. [27,28] examined the relationship among
COz2 emissions, employment, financial growth and energy consumption with the ARDL method. In
that study, CO: emissions became disastrous because of greater energy consumption, and they
summarized that conservation of electricity and CO: reduction coverage will not have a damaging
impact on Turkey’s economic growth. Apergis N, et al. [29] observed the relationship among CO2
emissions, economic growth and energy consumption for eleven commonwealths nations, and they
found that EKC was genuine. They came to their conclusion by stating that environmental issues can
be addressed through economic growth. Jaunky VC [30] used panel co-integration and Gaussian
mixture model (GMM) to evaluate the EKC in the thirty-six high-income international localities. He
determined the validity of EKC for some nations, but the author was unable to identify the validity of
EKC during panel analyses. Additionally, Acaravci A, et al. [31] inspected the connection among
energy consumption, CO2 emissions and economic development for nineteen countries of Europe and
identified that EKC had ceased to be valid in the majority of nations. The relationship among economic
growth, energy consumption and CO2 emissions was uncovered by Saboori B, et al. [32] for five
Association of Southeast Asian Nations (ASEAN) countries. They discovered using the ARDL
technique that the EKC is valid for Thailand and Singapore and is not valid (insignificant) for Malaysia.
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For the years 2005 to 2013, Zaman K, et al. [33] looked at EKC for varied regions, including
Organization for Economic Co-operation and Development (OECD) and non-OECD nations, East
Asia, the Pacific and the European Union. The study examined the connection among electricity trade,
economic growth and CO2 emissions for fifteen transitioning countries.

According to Shahbaz M, et al. [34], there is a dynamic connection found using ARDL in
Romania's carbon emissions, economic growth and energy consumption. The correlation between
India's coal consumption, GDP growth, CO2 emissions and trade openness was examined by Tiwari
AK, et al. [35]. They confirmed the effectiveness of EKC using the ARDL technique. Yavuz NC [36]
used information on CO2 emissions, economic development and energy usage from 1960 to 2007 to
investigate the reliability of the EKC for Turkey. The study reiterated the durability of EKC. The
authors of [37] discovered a significant monotonic association between Turkey's CO2 emissions and
economic growth and came to the conclusion that economic expansion is not always sufficient to
reduce environmental degradation. The under-consideration study leads to a variety of findings based
on different variables like time, the examination procedure and the financial state.

All the above stated studies suggest a link between economic factors and CO2 emissions, but none
of the studies incorporated all the techno-economic factors. In contrast, this study focused on the
unidirectional causality among all techno-economic factors including gross domestic product,
population within the country, energy demand, renewable energy production and CO2 emissions at the
national level.

3. Material and methods

This study used the LEAP® model for finding the relationships among the key variables GDP, PP,
ED, REP and CE for Pakistan. This study took as input data from the year 2000 to 2020 and made
future estimations for the year 2021 to 2040. The research flow diagram for this study is given in
Figure 1 for economic and environmental planning using the LEAP® software. The International
Energy Agency (IEA) suggested energy models for developing energy policies. Initially, the Wien
Automatic System Planning package (WASP) was the first model recommended by IEA. The WASP
model can be utilized for predicting power generation potential based on the technical parameters, but
this software has some limitations. For example, it cannot handle the complete spectrum of variables
and is unable to predict the CO2 emissions. Some other models also suggested by IEA include the Energy
and Power Evaluation Program (ENPEP), LEAP®, Model for Analysis of Energy Demand (MAED),
Simplified Approach for Estimating Impacts of Electricity Generation (SIMPACTS) and Model for
Energy Supply Systems and General Environmental Impacts (MESSAGE). This study was conducted
on the LEAP® model. LEAP® can be used to track energy consumption based on the
techno-economic parameters, and it also estimates future energy production based on the domestic
energy resource extraction and assesses the climate change externalities for sustainable development.
LEAP® software has the capability to do planning of regional, national and provincial energy systems,
and it is available free of cost for the non-developing and developing countries around the globe. It is a
vital and genuine fact that efficient energy policy requires some high level of consideration in relation
to the economic facts. The empirical model representing the key relationship is defined in Eq (1) as
follows:

REPct = Bot + B1CO2ct + B2GDPct + B3PCct + Ret (1)
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(1A

here, REPct is production of green energy for a country “c” at time “t”; COzct was the carbon dioxide
emissions in million metric tons for a country “c” at time “t”’; GDPct is the real GDP per capita for a

[1P2) [P

country “c” at time “t”; PPct is the population for a country “c” at time “t”; Rct is the residual for a

country “c” at time “t”. Beta coefficients for long term planning of economic growth and CO:2
emissions are Po, 1, B2 and Po.

Energy modelling

v

Low Emissions Analysis Platform Software

Economic and Environmental Planning

v

Future prediction of Gross Domestic Product,
Population, Energy Demand, Renewable Energy
Production, and Carbon Emissions for the period 2021
to 2040 based on the past data from 2000 to 2020

Figure 1. Research flow diagram of economic and environmental planning.
4. Empirical results

Results were calculated using the LEAP® software for finding the relationship among GDP, PP,
ED, REP and CE. We got input data from the available literature and also from the research
publications. Data was collected for the year 2000 to 2020, and we used this data as input for the
LEAP® model for future prediction of GDP, PP, ED, REP and CE for the year 2021 to 2040.

GDP of the country identifies the economy size and also suggests how the economy is performing.
Sectorial GDP of the country is depicted in Figure 2 from the year 2000 to 2040. Growth of industrial
GDP is recorded as higher (1.5% in 2000, 1.4% in 2010, 10% in 2020, 9% in 2030 and also 9% in 2040)
as compared with the others, followed by growth rates of residential sector (4.8% in 2000, 3.2% in
2010, 5.5% in 2020, 4.2% in 2030 and also 4.2% in 2040) and agriculture sector (6.1% in 2000, 0.2%
in 2010, 4% in 2020, 3% in 2030 and also 3% in 2040). The overall growth rate of GDP in the country
increases from 2.6% in 2010 to 5.8% in 2040. PP refers to the number of people in the specific country,
region and area. PP of Pakistan is depicted in Figure 3. PP of the country increases from 150.9 million
in 2000 to 210.1 million in 2020 and then increased to 242.1 million in 2040.

ED is also forecasted for the study period 2021 to 2040 on the basis of the past consumption data
from 2000 to 2020. ED of the country is depicted in Figure 4. The residential sector consumes greater
power as compared with the other sectors. The residential sector is highly dependent upon the PP or
urbanization of the country. Demand of the residential sector is greater (23.20 TWh in 2000 to 55.13
TWh in 2020 and further increased to 257.72 TWh), followed by the industrial sector (15.10 TWh in
2000, 25.64 TWh in 2020 and 140.04 TWh in 2040), another sector for public services (3.94 TWh in
2000, 8.65 TWh in 2020 and 32.09 TWh in 2040), the agriculture sector (5.60 TWh in 2000, 9.75 TWh
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in 2020 and 30.09 TWh in 2040) and the commercial sector (3 TWh in 2000, 7.87 TWh in 2020 and
20.16 TWh in 2040), respectively.

Energy production status of Pakistan from the year 2000 to 2040 is given in Figure 5. Energy
production from hydro sources is 27.48 TWh in 2000, 37.43 TWh in 2020 and 223.32 TWh in 2040. Coal
produces 0.20 TWh in 2000, 25.97 TWh in 2020 and 17.64 TWh in 2040. Natural gas produces 39.02
TWh in 2000, 47.24 TWh in 2020 and 7.43 TWh in 2040. Oil produces 12.27 TWh in 2000, 8.16 TWh
in 2020 and 4.01 TWh in 2040. Nuclear produces 1.61 TWh in 2000, 9.70 TWh in 2020 and 5.12 TWh
in 2040. Wind, solar and biomass start producing electricity from the year 2015. Energy production from
wind sources is 0.46 TWh in 2015, 38.46 TWh in 2030 and 155.36 TWh in 2040. Solar produces 0.03
TWhin 2015, 7.88 TWh in 2030 and 60.07 TWh in 2040. Biomass produces 0.31 TWh in 2015, 13.97
TWh in 2030 and 91.20 TWh in 2040, respectively.

14.0 AR GDP growth_rate
[ GDP_Agriculture

/ \ — GDP_Industry

120 ! \ — GDP_Services

GDP of the Country (%)
®
s

2000 2005 2010 2015 2020 2025 2030 2035 2040

Figure 2. Sectorial growth rates of GDP in Pakistan from the year 2000 to 2040.
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Figure 3. Population of Pakistan from the year 2000 to 2040.
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Figure 5. Energy production of Pakistan from the year 2000 to 2040.

CO:2 emissions are also forecasted over the study period 2021 to 2040, with input from the
emissions from the year 2000 to 2020. CO2 emissions for fossil assets are given in Figure 6. CO2
emissions for coal are 0.19 million metric tons in 2000, 24.85 million metric tons in 2020 and 16.88
million metric tons in 2040. CO2 emissions for natural gas are 17.05 million metric tons in 2000, 20.64
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million metric tons in 2020 and 3.25 million metric tons in 2040. CO2 emissions for furnace oil are 6.30
million metric tons in 2000, 4.19 million metric tons in 2020 and 2.06 million metric tons in 2040.
Energy production of 564.16 TWh is enough to meet the energy demand of 480.10 TWh with CO2
emissions of 22.19 million metric tons, having a population of 242.1 million people and GDP growth
rate of 5.8%, in the year 2040. REP is 535.07 TWh, which can be utilized fully for meeting ED of the
country for the year 2040. If full REP is exploited, then almost zero emissions will be produced, so
there is a direct relationship between REP and CE. However, ED is directly related to the PP and GDP
of the country.

30

Coal Bituminous
— Natural Gas
25 — Qil

20

Carbon Emissions (Million Metric Tonnes)
I

2000 2005 2010 2015 2020 2025 2030 2035 2040
Years

Figure 6. Carbon emissions of Pakistan from the year 2000 to 2040.

Some of the other research, as shown in Table 1, suggests a link between economic factors and
CO2 emissions, but none of the studies incorporated all the techno-economic factors. However, this
study focused on the unidirectional causality among all techno-economic factors including GDP, PP,
ED, REP and CE at the national level.
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Table 1. Studies on unidirectional causality among GDP, PP, ED, REP and CE at the global level.

Country and Ref

Method and study period

Variables and causality among variables

South Africa [38]

BRICS [39]

China [40]

Thailand [41]

25 Asian Countries [42]

74 Nations [43]

65 Countries [44]

24 MENA
Countries [45]
Sweden [46]
France [47]
China [48]
Pakistan [49]

India [50]

United Arab
Emirates [51]

Algeria [52]

Malaysia [53]

Italy [54]

Pakistan
(This study)

ARDL method, 1971 to 2017

Panel Co-integration method

(PC), 1992 to 2013

Granger Causality Analysis (GCA)
method, 1952 to 2012

PC and GCA models, 1971 to 2013
GMM model, 1990 to 2015
Westerlund Bootstrap Co-integration
(WBC) model, 1990 to 2015

Panel Data Analysis

(PDA) model, 1960 to 2003

Panel Vector Autoregressive (PVA)
model, 1980 to 2015

Dynamic Ordinary Least Square (OLS)
method, 1970 to 1997

ARDL method, 1960 to 2000

PVA method, 1960 to 2007

ARDL method, 1971 to 2008

ARDL method, 1971 to 2008

ARDL and PVA method, 1975 to 2011

ARDL method, 1971 to 2009

Meboot method, 1975 to 2013

PVA method, 1970 to 2006

LEAP® model, 2021 to 2040

Economic growth reverses the environmental
degradation

Use of renewable sources reduces CO, emissions
and vice versa

Feedback hypothesis between GDP and CO;
emissions and causality of unidirectional nature is
found between GDP and renewables

GDP increases the use of fossil fuels and CO;
emissions

Renewables reduce the CO, emissions and
depleting of fossil fuels

Positive and negative impacts of fossil fuels and
renewables were identified

GDP has no effect on the degradation of the
environment

Unidirectional causality of renewables with
environment and GDP

Causality of unidirectional nature is found
between GDP and CO, emissions

Causality of unidirectional nature is found
between GDP and CO, emissions
Unidirectional causality between electricity and
CO; emissions

Unidirectional causality of CO, emissions with
GDP, population and trade

Unidirectional causality of CO, emissions with
GDP, and electricity use

Causality of unidirectional nature is found
between CO, emissions and GDP, electricity use
and urbanization

Unidirectional causality of CO, emissions with
GDP, and population

Unidirectional causality of CO, emissions with
electricity use

Unidirectional causality of CO, emissions with
GDP and electricity use

Unidirectional causality among gross domestic
product, population within the country, energy
demand, renewable energy production and CO,

emissions at the national level.
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5. Discussion: Study limitations, policy implications and future research directions

The main aim of this study was to increase the share of renewables and decrease the share of fossil
fuels with appropriate unidirectional causality among techno-economic factors such as gross domestic
product, population within the country, energy demand, renewable energy production and CO2
emissions at the national level. The adoption of policy volatility in the biomass, hydro, wind and solar
market given the abrupt changes in unidirectional causality of techno-economic factors in many
countries in recent years [55-57]. The need for improved accuracy in volatility forecasting for
renewable energy capacity and techno-economic factors is evident in the increasing implementation of
investment decision-making methodologies that move away from static discounted cash-flow
techniques, towards non-static models that include the value of flexibility in the decision-making
process, such as real options [58,59]. In order to accurately harness green energy through a potential
investment using these methodologies, a reliable estimate of the volatility of the future cash flows is
essential [60]. Uncertainty in the electricity prices, greater cost of green energy projects
implementation and greater fluctuations of dollar rate would affect the policy implications for
renewable investment decisions in biomass, hydro, wind and solar [61,62]. We used biomass, hydro,
wind and solar renewable energy credits as a proxy for policy uncertainty and applied our analysis to
Pakistan’s electric network. We used the LEAP® model to model the volatility of the biomass, hydro,
wind and solar sources of uncertainty over a study period of 2022 to 2050. By focusing on the
increased share of biomass, hydro, wind and solar sources in the total energy mix and also through the
computation of unidirectional causality of techno-economic factors for renewable energy policy, we
reached several important conclusions. First, by implementing a LEAP® model, we were able to
obtain superior forecasts for a greater share of green energy for policy volatility. Second, a
unidirectional causality among techno-economic factors compared to the majority of individual
models, with results that are robust to a smaller sample range. Our findings were that individual
models under-predict volatility. While several previous studies, as shown in Table 1, consider only one
green energy source and forecast few techno-economic parameters, this is the first study, to our
knowledge, that finds the unidirectional causality among all techno-economic factors such as gross
domestic product, population within the country, energy demand, renewable energy production and
CO:2 emissions at the national level for green energy policy volatility which considers the biomass,
hydro, wind and solar sources.

Our study has important implications for both policymakers and investors. We have shown that
there is significant need for development of sustainable green energy policy. Despite the rapid decline
in the cost of solar, wind and other renewable technologies, recent reports suggest that investment in
renewable energy is slowing. Traditionally, in order to attract investment in renewable energy, policy
supports are introduced to make such investment attractive and competitive with non-renewable
energy sources. Consequently, a large part of the return investors receive is based on the revenue
generated from these policy supports. In markets that use wind, biomass, hydro and solar renewable
energy credits, these credits provide a large incentive for investment. Due to the reliance on such
policy supports to drive the investors’ return, uncertainty that these incentives will persist over the
lifetime of the investment will be factored into the investors’ required rate of return. Previous examples
of abrupt and significant policy changes from around the world suggest that investors are absolutely
correct to be concerned about policy instability. When more uncertainty exists, the investment will be
perceived to be riskier. As a result, higher policy volatility will lead to a higher risk premium and hence
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a higher cost of capital for renewable energy projects. This will lead to lower investment in such
projects, slowing the move towards alternatives to fossil fuels. Governments around the world have
been unveiling incredibly ambitious strategies for combating climate change, the majority of which
include plans to significantly increase the amount of energy sources from renewables. For example, Ireland
plans to generate 70% of electricity from renewable sources by 2030, while Spain has targeted 100%
generation from renewables by 2050. Canada plans to phase out coal by 2030 and triple renewable
energy generation over the same time period, and the United Kingdom has planned to achieve a 57%
reduction in greenhouse gas emissions over 1990 levels. Each of these countries has also unveiled a
series of policies to assist in achieving these ambitions. What is clear is that implementing appropriate
policy is essential, and the stability of policy is of considerable importance in order to attract sufficient
investment to achieve these targets. For policymakers, it is clear that in order to move towards reaching
CO2 emissions reduction targets, keeping policy uncertainty to a minimum will foster further
investment in solar, wind, biomass and hydro by reducing perceived risk and attracting more capital at
a lower required rate of return.

One potential tool for policymakers to reduce policy uncertainty, in the case of Pakistan,
uncertainty in the electricity prices, greater cost of green energy projects implementation and greater
fluctuations of dollar rate, is setting a price ceiling and a price floor in order to reduce the large
volatility in Pakistan. In Pakistan, there should be a penalty for non-compliance with the biomass, hydro,
wind and solar renewable energy credits system called the Alternative Compliance Payment (ACP). The
ACP sets the maximum amount of incentive receivable for the particular year, and if the price goes
above the ACP, suppliers will simply pay the penalty price. However, there is currently no price floor
in the biomass, hydro, wind and solar renewable energy credits market, leaving investors exposed to
downside price uncertainty. Inserting a price floor could ensure a minimum biomass, hydro, wind and
solar renewable energy credits inflow. For potential investors, we have identified improved forecasts
for the major sources of uncertainty surrounding investment in green energy projects, namely,
electricity price uncertainty, uncertainty in implementation of green energy projects and dollar rate
uncertainty. This information can be combined and incorporated into real options valuation, allowing
for a more accurate valuation of green energy projects. Alternatively, investors can utilize the volatility
estimate to alter the discount rate of the investment. The discount rate applicable to projects can change
over time as the risks facing a firm change. Investors could express the discount rate as a function of
volatility, so that in periods of high volatility, the discount rate can be increased to reflect the higher
risk, and vice versa.

6. Conclusions

This study explored the unidirectional causality among the gross domestic product, population
within the country, energy demand, renewable energy production and CO2 emissions using the Low
Emissions Analysis Platform (LEAP®) software. We have discussed and provided a set of
recommendations in this paper, and we have applied this framework to the instance of Pakistan.
Pakistan is a developing country in South Asia with less developed economy. The country is facing an
electricity shortfall since 2004, and a huge dependence on imported fossil fuels has increased the
problem of environmental degradation. Also, the cost of imported fossil fuels has been raised. To
overcome these issues, this study has developed a de-carbonization plan for achieving net zero
emissions by incorporating the alternative and renewable energy policy which was announced by the
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Government of Pakistan. The goal of this policy is to increase the 30% capacity of green energy in total
energy mix by 2030. In this regard, LEAP® software depicts the pattern of renewable energy
generation over the period 2021 to 2040 for reducing the carbon emissions based on the
techno-economic factors. The results revealed that Pakistan, with a population of 242.1 million people
and a GDP growth rate of 5.8%, can consume 480.10 TWh of energy against the energy production
of 564.16 TWh with CO2 emissions of 22.19 million metric tons in 2040. The share of green energy
production from domestic energy sources can contribute 535.07 TWh units in the total energy mix,
which is greater than energy demand till 2040 with net zero contribution of carbon emissions. Energy
demand is directly related to the population and GDP of the country, while renewable utilization is
inversely proportional to carbon emissions. The declining trend of carbon emissions in Pakistan would
help to achieve net zero emissions targets by mid-century. This technique would bring prosperity in the
development of a clean, green and sustainable environment.
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