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I. INTRODUCTION

I.I' PURPOSE AND SCOPE

Initial analysis of the National Electric Vehicle Policy (NEVP) of Pakistan was undertaken by
an integrated energy planning’ team from November 2019 through August 2020. This
technical reference document seeks to present the background, inputs and assumptions,
methodology, and results of the policy analysis in detail. The intended audience is the technical
modeler, analyst, or reviewer who seeks to understand specifically the modeling effort within
this initial analytical phase, with the end-goal of interpreting, re-producing, or modifying the
simulations or extending the models to conduct follow-on studies subsequently. These studies
may examine in greater detail the energy sector, impacts to emissions, charging station
infrastructure needs, and overall benefits-cost trade of the policy, among other areas of
interest.

.2 BACKGROUND

The National Electric Vehicle Policy (NEVP) was approved by Pakistan’s National Assembly
as part of the Finance Bill 2020 in June 2020 with various procedural and fiscal incentives for
imports, local production, and charging infrastructure related to electric vehicles (EVs). The
NEVP covered two- and three-wheelers, buses, and trucks, but deferred formal approval of
policy provisions for cars and light duty vehicles (LDVs). The incentives would be available for
five years, starting July 1, 2020. Implementation would be overseen by the Engineering
Development Board (EDB) under the Ministry of Industries and Production. Meanwhile, the
Automotive Development Policy (ADP) 2016-2021 and its subsequent amendment
notification (May 2018) allows imports of completely built-up plug-in hybrid electric cars,
SUVs and light vehicles (PHEVs) at a reduced customs duty of 25%. Detailed NEVP provisions
are to be announced (except for cars and LDVs) and for the purpose of this study, it is
assumed that they will as per the draft NEVP 2019.

Introduction and penetration of EVs will have a significant impact on Pakistan’s energy supply
chain due to additional electricity consumption for charging electric vehicles (EVs) and the
corresponding fuel savings due to displacement of internal combustion engine vehicles (ICEVs)
by EVs.

This study provides an indicative assessment of the volumetric and economic impact of policy
measures and EV penetration goals on the national energy supply (production, imports and
consumption) over the following ten years (2021-2030) and the corresponding costs or
savings due to EV penetrations. The study also presents an initial high-level assessment of the
impact on environmental emissions resulting from EV penetrations. A more detailed, future
assessment will take into consideration changes in the marginal thermal power generation mix
(to meet EV charging loads), lower fuel consumption by ICEVs, current Pakistan-specific
emission controls and fuel quality standards.

The results presented here are based on EV modeling and analysis conducted specifically for
Pakistan during November 2019 to July 2020 by an inter-organizational team' at the direction
of the Prime Minister’s Task Force on Energy Reforms (TFER) under multiyear technical

I' The study was conducted jointly by staff from USAID office of Energy, USAID’s Sustainable Energy for Pakistan (SEP)
project and the U.S. DOFE’s Pacific Northwest National Laboratory (PNNL), National Renewable Energy Laboratory
(NREL) and Argonne National Laboratory (ARL), in collaboration with the Planning Commission of Pakistan and several
government stakeholders and academic institutions.
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assistance on integrated energy planning (IEP)? provided by the United States Agency for
International Development (USAID) and U.S. Department of Energy (DOE) to the Energy
Wing of the Planning Commission, Ministry of Planning, Development and Special Initiatives,
Government of Pakistan.

This EV study is part of the initial phase of USAID support under IEP (‘Track I’), while follow-
on work and further support on EVs will be provided as part of ‘“Track II’ technical assistance,
subject to agreement between the Government of Pakistan and USAID.

.3 INDUSTRY TRENDS

The transport sector accounts for a fourth of global greenhouse gas (GHG) emissions, with
road transport accounting for more than half of all transport-related emissions (Clarke, et al.
2015; Edelenbosch, et al. 2017). Road transport is also a major cause of air pollution,
contributing about 10% of global black carbon (BC) emissions and 27% of nitrous oxides
(NO,) emission in 2015 (Crippa, et al. 2018). Private ownership of road vehicles is projected
to increase with increases in both population and income (McCollum, et al. 2013; “Transport
— IPCC” 2014). Switching to EVs, when coupled with power sector decarbonization efforts,
is an effective strategy to lower GHG and air pollutant emissions and improve health (Zhang
and Fujimori 2020a; McCollum, et al. 2013; Kyle and Kim 2011). Increasing EVs also reduces
overall energy consumption as a result of improved efficiencies and can help increase energy
security by reducing dependence on oil imports.

Costs of EVs are rapidly falling and several projections show cost parity with traditional
internal combustion engine vehicles (ICEVs) between 2025-2030 (Schmidt, et al. 2017; Jadun,
et al. 2017; Richardson 2013). In the meantime, various governments are adopting a range of
incentives to encourage faster adoption of EVs in their transport fleets along with support for
required infrastructure and shifts in electricity demand profiles. These include measures such
as subsidies for EV consumers, taxes on ICEVs, government procurement of electric vehicle
fleets, building networks of charging stations, and reinforcing the electricity grid (VWWappelhorst
2018; Yang 2016; Hao, Wang, and Ouyang 201 1). Several cities, including Paris, London, Los
Angeles and Bangalore, have signed pledges with the intent to completely electrify their public
bus fleets (Parik 2016).

With the large uncertainty in cost projections and the range of policy measures to incentivize
EV adoption, several studies have explored different transport system transformation
pathways. McCollum, et al. (2013) analyze several combinations of global technological
advancements, availability of different fuels, and emissions targets and find that transport
electrification frees up valuable resources, such as biomass, diversifies the primary energy mix
in transport and increases energy security. Other studies investigate EV pathways in a range
of countries including Colombia (Gonzalez Palencia, Furubayashi, and Nakata 2014), China
(Hao, Wang, and Ouyang 201 |), India (Mittal, et al. 2017), and across Europe (Mersky, et al.
2016; Egnér and Trosvik 2018; Seixas, et al. 2015; Hawkins, et al. 2013), while others compare
the impact of policies across different nations (Wu and Zhang 2017; Sierzchula, et al. 2014).
These studies in general find that EV costs are dropping and widespread adoption can have
numerous benefits, such as reducing direct transport emissions, conserving fuel, and lowering
the cost of achieving climate stabilization targets (Zhang and Fujimori 2020b; McCollum, et al.
2013; Kyle and Kim 201 I; Hao, Wang, and Ouyang 201 1). However, large-scale transport
electrification still requires significant policy support and investment in technological

2 |EP consists of an organizational process to facilitate energy planning and decision-making. Its implementation is being
supported by a joint effort of the Planning Commission, USAID, SEP, and U.S. DOE laboratories.
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advancement to make EVs a cost-effective mobility option for consumers (Seixas, et al. 2015).
While the high capital cost of EVs is a barrier to widespread adoption, measures such as fiscal
incentives, public charging infrastructure, road priority, and public vehicle procurement can
be effective policy levers to increase EV penetration (Wang, Tang, and Pan 2019; Egnér and
Trosvik 2018; Mersky, et al. 2016; Lévay, Drossinos, and Thiel 2017). Nonetheless, a range of
additional measures, including low carbon fuel mix, fuel economy improvements, and
increased mass transit will be needed for effective decarbonization of the transport sector
(Mittal, et al. 2017; Hao, Wang, and Ouyang 201 I).

Lifecycle analysis indicates that EVs have lower impacts on global warming, increase in
cumulative energy demand, particulate matter formation and fossil resource depletion
compared to conventional ICEVs (Lombardi, et al. 2017). EVs have zero tailpipe emissions,
which reduces localized air pollution in urban areas. Emissions associated with EV use shift to
the electricity sector; the net impact of EVs on GHG emissions is sensitive to the fuel mix in
power generation, while emissions of air pollutants are also sensitive to electric sector air
pollution control policies. Ellingsen, Singh, and Stremman (2016) found that compared to
ICEVs, lifecycle emissions for EVs powered by electricity from natural gas are 12-21% lower,
while lifecycle emissions for EVs powered by wind generation are reduced by 66-70%. In
contrast, EVs powered by coal-fired power plants have higher emissions than ICEVs powered
by gasoline or diesel (Ellingsen, Singh, and Stremman 2016; Hawkins, et al. 2013; Wolfram and
Lutsey 2016). This sensitivity underscores the importance of pairing EV incentives with efforts
to decarbonize the electric grid if GHG reductions are a policy goal. While emission from the
use of EVs can be much lower than that of ICEVs, they are higher for the production phase,
with GHG emissions due to EV manufacturing roughly twice that of a comparable ICEV
(Hawkins, et al. 2013). EV production is currently also more environmentally intensive in
terms of mineral resource depletion and human, freshwater, and terrestrial toxicity potential
(Hawkins, et al. 2013).

While EVs increase demand for electricity, they also provide an opportunity to balance the
load curve, which is particularly valuable for integrating use of intermittent renewable sources,
such as wind and solar, into the grid (Hu, et al. 2016; Richardson 2013). EVs can charge when
excess electricity is available and potentially also provide electricity back to the grid when
generation is insufficient to meet demand. Off-peak charging can also reduce the lifecycle
emission of EVs compared to on-peak charging (Rangaraju, et al. 2015). However, this requires
smart charging systems so that EVs can be utilized as a stabilizing force rather than additional
load on the electric grid (Hu, et al. 2016; Tan, Ramachandaramurthy, and Yong 2016).

Developing countries are expected to see the largest growth in both population and incomes
and a corresponding increase in transport service demand (Sims, et al. 2014; Dargay, Gately,
and Sommer 2007). Pakistan’s population is expected increase from 207.7 million in 2017
(Pakistan Bureau of Statistics, 2017 Census) to 279 million in 2050 (Planning Commission of
Pakistan), while per capita income is expected to grow from about $1,300 in 2020 to $6,500
in 2050 (Planning Commission of Pakistan). Corresponding vehicle ownership is projected to
increase by 18.3 million vehicles between 2021 and 2030 (SEP 2020). Although Pakistan has
developed significant local manufacturing capability of conventional ICE vehicles, there is
currently no local production of electric vehicles (Pakistan Business Council 2018). Thus, in
contrast to countries like China which have domestic EV production (Ou, et al. 2017), Pakistan
is much more susceptible to EV technology costs and advancement pathways as these will be
largely determined by global trends. This would require the government to take a flexible
approach when responding to the uncertainties in technology growth trajectories in order to
achieve its EV penetration targets. However, Pakistan’s electricity generation mix is projected
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to expand with commissioning of new gas and coal generation plants which could counteract
desired decarbonization efforts due to transport sector electrification and cause adverse air
quality and health impacts (Zhang & Fujimori, et al. 2020). This current work expands on
existing efforts and supports exploration of the effectiveness of a suite of policy measures to
meet EV penetration goals and the corresponding emission improvements within the context
of electricity sector transformation in Pakistan, which faces large uncertainties in projections
of its future growth and energy mix.

.4 TRANSPORTATION POLICIES IN PAKISTAN

Pakistan has been facing severe energy shortages, with energy demand increasing faster than
supply. Reasons for this include high population growth, technological and industrial
development, inadequate infrastructure, lack of financial resources and delayed policy
implementation (Aized, et al. 2018; Anwar 2016). Although Pakistan has large renewable
resource potential, the country remains largely dependent on fossil fuels, which supply nearly
80% of primary energy (Rehman and Deyuan 2018; Anwar 2016). One third of the oil supply
is imported, resulting in high expenditures and vulnerability to shocks in the global oil market
(Anwar 2016; Malik, Ajmal and Zahid 2017). The transport sector is the largest consumer of
petroleum products (Aized, et al. 2018; Memon 201 |). The Government of Pakistan has made
efforts to reduce oil use in the transport sector by promoting alternative fuels. Beginning in
the 1990s, government incentives and regulations achieved widespread conversion of vehicles
to run on compressed natural gas (CNG), as this fuel was cheaper and had transmission and
distribution infrastructure in place. The number of CNG vehicles increased from 50,000 in
1999 to over 3 million in 2012, the second highest number in the world (Khan and Yasmin
2014). However, demand for natural gas from the power and industrial sectors has increased,
and indigenous gas production has declined since 2012; this has resulted in natural gas
shortages and increasing gas imports (EIA 2016). The government has since taken measures
to limit additional adoption of CNG vehicles (Khan and Yasmin 2014). More recently, the
focus has turned to EVs as a way to reduce fossil fuel use in transport, dependence on fuel
imports and GHG and air pollutant emissions. The Automotive Development Policy (ADP)
2016-2021 primarily covers ICEVs and also specifies lower customs duties for import of
hybrid and plug-in electric vehicles. The policy aims to provide policy consistency and
predictability for investors (with a mid-term review) to cater for emerging developments,
lower the threshold for new investments for assembly and manufacturing facilities of a make
not already being assembled/manufactured in Pakistan and for revival of existing
assembly/manufacturing facilities; provide an enforcement mechanism for quality, safety and
environmental standards; ensure consumer welfare through provision of quality, safety, choice
and value for money; promote enhanced competition and better quality with latest
technology; and improve financing options by commercial banks.

The NEVP sets targets for EV penetration by vehicle type and defines incentives to lower
barriers to EV adoption. Policy objectives, as stated in the NEVP, are as follows:

e Mitigate climate change through a reduction in emissions from transport sector

e Create a pivot to industrial growth in Pakistan and encourage auto and related industry
to move towards local EV manufacturing

e Forge links with the global EV value chain for export potential of EVs and their parts
e Meet the objective of generating employment through ‘green economy’ initiatives

¢ Reduce oil import bill
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e Use electricity in off-peak times for useful purposes
e Develop affiliated industry, such as battery manufacturing, charging infrastructure, etc.

In May 2019, the Prime Minister’'s Committee on Climate Change approved minimum
mandated targets for guiding EV penetration in the country as per Table I, along with
expected penetration timeframes. These targets are mentioned in the draft NEVP 2019 and
have been modeled under this study to assess the impact on Pakistan’s energy supply chain.

The carbon intensity and reliability of Pakistan’s electric grid will be an important factor in
evaluating the impact of EV policies. Pakistan faces challenges in meeting electricity demand,
with rolling blackouts common throughout the country (Aized, et al. 2018; Rehman and
Deyuan 2018). Total power system capacity increased by 37% between 2012 and 2018 (draft
IGCEP 2019-2047) and large capacity additions are planned in the future as the government
aims to increase supply, diversify the fuel mix and reduce reliance on fuel imports. As of 2018,
Pakistan’s electricity generation was 74% thermal (mainly natural gas and oil), 24%
hydropower, and 2% renewables (draft IGCEP 2019-2047). Pakistan has significant indigenous
coal resources (Aized, et al. 2018). Until recently, these have not been exploited, but the draft
IGCEP 2019-2047 includes plans for new coal-fired power plants that will increase coal
capacity from 2,790 MW in 2018 (mainly imported coal) to about 30,000 MW in 2040 (mainly
local coal) and generate 45% of electricity. This will largely replace electricity generated from
oil and natural gas. Oil-fired power plants are planned to be phased out over the next few
years, decreasing from 30% of generation in 2018 to nearly zero by 2025 (draft IGCEP 2019-
2047; NEPRA 2017). There are large hydropower projects planned over the next 20 years
with combined capacity of about 29,000 MW. Renewables are a small but growing share; solar
and wind generated 2% of electricity in 2017-2018, projected to grow to 9% by 2040 (draft
IGCEP 2019-2047).

Table I: Electric vehicle penetration targets under NEVP

EV Penetration Targets Medium-term Long-term Ultimate
Targets Targets Targets

Five Years’ 2030 2040
Cumulative

Cars (including vans, jeeps and 100,000 30% of new sales 90% of new sales

small pickups) (approx. 60,000/yr)

Two-, three-wheelers & four- 500,000 50% of new sales 90% of new sales

wheelers of UNECE ‘L’ category (approx. 900,000/yr)

Buses 1,000 50% of new sales 90% of new sales

Trucks 1,000 30% of new sales 90% of new sales

The cost of providing financial incentives for EV adoption is an area of significant concern for
the government of Pakistan (GoP). The proposed tax, duty, and fee reductions for EVs will
reduce government revenues from fuel and vehicle taxes. It should be noted that with the
introduction of EVs, savings on fuel imports, use of off-peak electricity and associated
reduction in idle capacity payments, charging revenues, and reductions in socioeconomic costs
related to GHG and air pollutant emissions (for example, through improvements in health)
will contribute to offsetting these expenses.
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2. RESEARCH QUESTIONS

As discussed above, transport electrification in Pakistan will have implications for other
sectors. We employ several models to represent potential transport development pathways
and explore the interactions between transport, fuel use, electricity generation, emissions,
and costs. In this analysis, we aim to address the following questions:

How effective are various policy instruments in incentivizing EV adoption compared to
a ‘no-policy’ base case?

What are the penetration, economic and energy impacts of policy incentives for EV
adoption?

What is the sensitivity of EV adoption to technological and cost development?

What are the impacts on power supply requirements and fuel consumption (for both
ICEVs as well as electricity generation for EVs)?

What are the impacts on vehicular and power sector emissions?

What is the overall cost to the Government of Pakistan? How does foregone revenue
to incentivize EV adoption compare to savings on fuel imports and other downstream
costs (healthcare, productivity, etc.) due to lower emissions?

All of the above questions, with the exception of the last one, are the focus of the initial Track
| phase of EV modeling and analysis conducted by SEP and DOE under USAID assistance on
IEP to the Government of Pakistan (the results of which are summarized in a three-part series
of policy briefs issued on September 25, 2020 by the Planning Commission). The financial and
revenue impact of EV adoption, as well as more detailed assessment of corresponding
emissions impacts, will be conducted subsequently by the Energy Planning and Resource
Centre (EPRC), with continuing assistance from USAID under Track Il IEP support.
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3. METHODOLOGY

The detailed assumptions and data sources for the study in the SEP and GCAM models are
given in ANNEXURE A and ANNEXURE B, respectively, while the main points are
summarized below.

e All data and projections presented are based on Pakistan’s fiscal year (July | to June
30).

e Vehicle categories are defined in Table 2 below consistent with current on-road
vehicle fleet.

Table 2: Vehicle categories

Category Description

Two-wheelers (2W) Motorcycles, scooters and mopeds™

Three-wheelers (3W) Autorickshaws

Cars and light duty Passenger cars, 4WDs, taxis, delivery vans, pickups (0-1 tonne cap.) and
vehicles (LDVs) light utility vehicles (ambulances, etc.)

Buses Buses and minibuses

Trucks Freight trucks (>| tonne cap.), tankers and heavy construction vehicles

*Motorcycles constitute the dominant fuel vehicle in the two-wheeler category in Pakistan. However, potential sales
of new fuel motorcycles can be replaced by electric motorcycles, scooters and mopeds.

e Vehicle growth projections: Published historical ‘registered’ and ‘on-road’ vehicle
data (e.g. National Transport Research Centre statistics) was found to be not clearly
defined. Projections for incremental category-wise vehicle population growth during
2021-2030 were instead based on growth trends derived from previous five years’
information on sales of locally manufactured vehicles [Pakistan Automobile
Manufacturers Association (PAMA)] and imports [Federal Bureau of Revenue (FBR)].
Data for FY2019 shows a reduction in vehicles added (compared to FY2018) due to
economic slowdown and rupee devaluation, and the slump increased in the second half
of FY2020 as a result of the COVID-19 lockdowns. With respect to future vehicle
populations, two scenarios were developed:

o Standard Scenario: This assumes that healthy growth trends in vehicle additions
(seen during FY2016 to FY2019) will resume from FY 2021 following the COVID-
|9 induced slump in sales during FY 2020 as the economy recovers. In this scenario,
the robust historical growth rates for 2Ws (average of around 10% p.a.) have been
halved to reflect eventual market saturation.

o Alternative Scenario ‘a’: This assumes a continued downturn in the economy
due to COVID-19 during FY202| and a modest recovery from FY 2022 onwards
with a further approximately 50% reduction in overall vehicle growth rates
compared to the standard scenario.

e EV adoption rates. Future market penetration of EVs is estimated as a percentage of
new vehicle sales (in five-year time steps, interpolated to an annual basis):

o Market cases: EV/ICEV upfront and discounted lifetime cost comparisons were
carried out using Pakistan-specific customization of DOFE’s Global Change Analysis
Model (GCAM). Please see Section 3.1 on GCAM.
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o Target case: Linear EV penetration growth is assumed, starting from zero in 2020,
to meet stated NEVP category-wise EV targets as percentage of all new vehicles sold
by 2030.

¢ Vehicle data: Estimates for average vehicle category characteristics are based on
published and web-based sources, academic research, limited local market surveys and
comparison with GCAM’s default global base assumptions (updated to 2015). Category-
wise assumptions include:

o Average annual distances travelled, validated against annual retail fuel sales data for
cars/LDVs.

o Energy consumption rates, factoring in vehicle conversion efficiencies and calorific
content of fuels (gasoline, diesel and CNG) and electricity.

o Composition of ICEVs by fuel type. The current fuel mix (gasoline, diesel or CNG)
for ICEVs is based on high-level estimates, e.g., 2Ws use gasoline only, 3Ws
predominantly use gasoline with limited CNG, cars and other LDVs predominantly
use gasoline with some using diesel or CNG, buses primarily use diesel with some
running on gasoline and CNG, while all medium to large trucks (>1 tonne carrying
capacity) use diesel.

e EV charging loads and fuel savings: Based on the projection of total new vehicles
to be added between FY2021-2030, EV market penetration rates and vehicle
assumptions given above, the electricity demand (in GWh/year) for EV charging and the
corresponding savings in fuels (in tonnes) due to ICEVs displaced were estimated for
various scenarios/cases (defined below).

e Cost of electricity supply for EVs: For the additional electricity required to charge
EVs, natural gas and local/imported coal based thermal, grid-connected wind and solar
plants and residential rooftop solar photovoltaic (PV) generation are assumed to be the
marginal generation sources that can be readily added or made available.

o The costs for additional thermal power generation required to service EV charging
loads are based on NEPRA® tariff determinations (assumed to reflect full generation
costs) and allowable thermal plant heat rates. Fuel cost reflect full supply costs to
power stations (not price or tariff, which includes additional taxes). Capacity charges
can be applied selectively, depending on whether new or existing surplus power
generation capacity is assumed to meet EV loads (in this brief, based on NTDC’s
IGCEP 2018,* no additional EV generation capacity has been assumed).

o Rooftop solar PV costs are derived from local vendor information for a 5 kW-system
consisting of PV panels, inverters, batteries (including one-time replacement), cabling
and other equipment over a 25-year life.

o For grid supplied power, average transmission and distribution (T&D) losses are
taken from NTDC,’ while T&D costs are based on use-of-system charges (UOSC)
obtained from the Central Power Purchasing Agency Guarantee (CPPA-G). Auxiliary
consumption at plant is assumed as per NEPRA allowance.

3 National Electric Power Regulatory Authority.
4 Integrated Generation Capacity Expansion Plan developed by the National Transmission and Despatch Company (NTDC).
5 Power System Statistics, NTDC.
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o Cost of commercial EV charging stations is based on capital cost (at 10% IRR over
I5 years) and operating cost of charging stations derived from international web
sources. It is assumed that an average of 20% of grid electricity used for EV charging
over 2021-2030 will be supplied through commercial charging infrastructure (Levels
2 and 3), while the rest would be based on home charging (Level I). This cost is
added on to commercial electricity supply costs.

o The relative mix of RLNG, coal, wind and solar generation used to supply EV loads
is based on plant-wise grid-connected generation projections for the entire country
(i.e., the NTDC, K-Electric and Makran regional transmission systems), taking into
account current technology-wise average plant capacity factors and plant-wise
derating/retirement to 2030.

¢ Fuel supply cost to power stations and ICEVs: Fuel supply costs are based on the
medium-term outlook for oil prices (taking into account the recent post COVID-19
volatility), T&D losses, and other supply chain costs and margins. Supply chain cost data
are sourced from recent Oil and Gas Regulatory Authority (OGRA) tariff
determinations for gas and refined products.

o Liquefied natural gas (LNG) import is assumed as the marginal source of gas supply,
with contract price assumed as percentage of Brent crude oil as per market outlook
for long-term contracts.

o Re-gasified LNG (RLNG) supply cost to gas utilities includes port charges, import
terminal charges, retainage, and other fees/margins. RLNG supply cost to power
stations adds on T&D cost/loss, while CNG supply cost adds on T&D cost/loss and
CNG stations costs/margins.

o For petroleum product pricing at the filling pump, the following approach has been
used:

o Brent crude oil price (FOB Sullom Voe) is based on the medium-term price
outlook, while Dubai crude price (FOB Fateh) is based on assessed market
differential with respect to Brent.

o Arabian Gulf market price assessments for refined products are based on refining
economics balanced to Dubai crude.

o Import prices of refined products at Karachi add on premium/freight and port
costs to Arabian Gulf market prices (ex-refinery prices are assumed at parity with
import prices). Inland freight and margins of oil marketing companies/dealers for
gasoline and diesel are added to obtain fuel supply cost at pumps.

e All costs are converted to U.S. dollars at the time of data compilation. Thereafter, U.S.
dollar costs are corrected to 2019 base year using U.S. dollar inflation rate.

3.1 GLOBAL CHANGE ANALYSIS MODEL (GCAM)

Market-based EV penetration assessments were made using DOFE’s Global Change Analysis
Model (GCAM). GCAM is a global, multi-sector, market equilibrium model. It represents the
behavior of, and interactions between, the global energy, water, agriculture and land use,
economy and climate systems. There are 32 geopolitical regions in GCAM, one of which is
Pakistan.
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The model runs in five-year time steps through to the end of the century and is calibrated to
historical data through 2010 in GCAM 5.1.3, the base version used in this study. Exogenous
model inputs include population, labor productivity, technology costs and characteristics,
resource availability, policies, and other variables. GCAM is a dynamic recursive model; agents
are assumed to act in order to maximize their own interests, but do not know future
conditions when making decisions in each period. In each period, agents in the model interact
with each other through markets, indicating their intended supply or demand for goods and
services based on market prices. Prices are then adjusted in an iterative process until supply
and demand are equal across all markets.

Model outputs include energy use, commodity prices, land and water use, global trade and
emissions.

EV adoption is assessed by GCAM at five-year intervals (2025 to 2050) based on the following:

e Estimates of upfront vehicle manufacturing and purchase costs, which assume updated
costs of EV components based on market research and subsequent updates to cost
projections and accounting for battery augmentation and battery cost improvements.
Vehicle purchase costs also include purchase/lease payments, taxes, duties, fees,
registration charges, etc.

o Vehicle purchase costs are affected by incentives under the NEVP, localization
assumptions, and technology pathways.

e Levelized costs for vehicles include above purchase costs (amortized over the vehicles’
lifetime), repair and maintenance costs, fuel costs based on energy intensity, distances
travelled and applicable fuel tariffs (electricity, gasoline, diesel and compressed natural
gas), annual token fees, road tolls and residential charging infrastructure costs.

o Energy intensity is affected by technology pathways.
e Consumer preferences:

o Share weight assumptions which factor in non-cost characteristics, such as
availability, functionality and other consumer preferences.

o Implicit discounting of future savings which factor in greater consumer sensitivity to
higher initial costs versus any future lifecycle savings.

Details of GCAM model assumptions and analysis are given in ANNEXURE B.

3.2 SEP EV ENERGY IMPACT ASSESSMENT MODEL

Market penetration scenarios for EVs developed by GCAM provide an input to the SEP EV
Energy Impact Assessment Model which is a spreadsheet tool designed to estimate the
quantitative energy use and economic impact of EV penetration on Pakistan’s power and fuel
sectors. The model’s approach and outputs are described briefly below:

e The SEP model uses published historical vehicle data to project growth in Pakistan’s
total vehicle fleet segregated by main vehicle categories: two-wheelers, three-wheelers,
cars and light duty vehicles, buses and trucks. These projections factor in recent
economic growth trends and the impact of COVID-19 under various scenarios. Given
the market penetration scenarios developed by GCAM and the government’s NEVP
penetration targets (as percentage of new vehicles added), the SEP model estimates new
EVs (on road) for each year from 2021 to 2030.
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¢ Vehicle data for EVs and ICEVs (average distances travelled, energy consumption rates,
conversion efficiencies, etc.), and replacement of ICEVs (by fuel type) with EVs, is an
input to SEP’s model based on published data, web sources, local information and market
surveys, which are calibrated against GCAM’s customized regional and default global
base assumptions. Technical, commercial, and cost assumptions related to the supply
and logistics of power and fuels are also an input to SEP’s model, drawn from local
published data by regulators and other agencies. The SEP model estimates oil and gas
import and supply costs based on market practices and medium-term international
crude oil price outlook.

e Based on estimated future EVs (on road) and the input data and assumptions described
above, the SEP model computes the electricity demand (in GWh/year) for EV charging,
the corresponding power generation requirements and the savings in fuels (in tonnes)
due to ICEVs displaced under various scenarios/cases.

e The SEP model assumes a marginal generation mix to meet EV loads (drawn from
IGCEP) and computes the cost of electricity supplied for EV charging (comprising
marginal generation costs, transmission and distribution costs and losses) and fuel
savings (comprising imports or ex-refinery supply, transportation and retail) for each
scenario. The SEP model also estimates additional fuels required for power generation
(gas and coal) depending on the projected generation mix and cost of future fuel imports
(gasoline, auto diesel, LNG, and coal).

The economic analysis uses energy supply cost estimates (and not tariffs). Economic savings
reflect the net lower cost of energy supply to the economy due to the higher efficiency of EVs
relative to ICEVs for the same service (motive power). The SEP model also quantifies the
impact on foreign exchange outlays due to decreased fuel imports for automobile use net of
fuels imported for additional power generation to meet EV loads, e.g., liquefied natural gas
(LNG) and coal. Any additional foreign exchange requirements for the import of EVs or
related parts and charging equipment have not been calculated.

3.3 APPROACH AND CASE DEFINITIONS

Given the projections of total vehicles, EV penetrations and EV population on road, electricity
required for EV charging and fuels by ICEVs and the supply cost of electricity and fuels, the
study projects savings in fuels supply and costs of additional electricity supply. The economic
savings reflect net lower cost of energy supply to the economy due to the higher efficiency of
EVs relative to ICEVs for the same service (motive power). The analysis also quantifies the
impact on foreign exchange outlays due to decreased fuel imports for automobile use net of
fuels imported for additional power generation to meet EV loads, e.g., liquefied natural gas
(LNG) and coal. Additional foreign exchange requirements for the import of EVs or related
parts and charging equipment have not been computed.

Several entities and models were involved for this analysis, as illustrated in Figure I.
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Figure I: Integrated approach used for EV modelling
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e GCAM is primarily used to assess market-based EV adoption rates as a percentage of

new vehicles added.

e The SEP model is a spreadsheet which assumes EVs (on the road) based on penetration
curves obtained from the GCAM model and calculates their impact on additional
electricity demand (and the corresponding EV charging loads) and fuels saved from lower

use of ICEVs.

e The projected EV charging loads from the SEP model were provided to the National
Transmission and Despatch Company (NTDC), Pakistan’s national grid operator, to
estimate the marginal power generation mix from existing and new capacity to serve EV
demand under different scenarios. However, in order to derive marginal generation mix
projections, IGCEP 2018 was adjusted based on de-rating, retirement, capacity factor,
and generation addition data available at the time of the analysis (2020).

e The SEP model incorporates the estimated marginal generation mix (comprising of
RLNG;, coal, solar and wind plants assumed appropriate to service the additional EV
loads) and computes the cost of electricity supplied for EV charging (comprising marginal
generation cost, transmission and distribution costs and losses) and fuel savings
(comprising imports or ex-refinery supply, transportation and retail) for different
scenarios. The SEP model also estimates additional fuels required for power generation
(gas and coal), depending on the projected generation mix and value of future fuel
imports (gasoline, auto diesel, LNG, and coal).

e The impact on environmental emissions (due to EVs) based on lower fuels consumption
in ICEVs, additional fuels used for power generation, quality of fuels for automotive use
and power generation, and emission controls in place is estimated by GCAM using global
or regional emission factors; a more detailed, Pakistan-specific emissions impact
assessment will be conducted subsequently by EPRC under Track Il support.
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Various vehicle growth cases have been modeled to cover a broad range of possible
uncertainties in base data and forecast assumptions, as follows:

Base cases (market-based EV penetration assessment without NEVP 2019 incentives):
Business-as-usual with duties and taxes as per the existing Automotive Development
Policy (ADP) 2016 and Statutory Regulatory Order (SRO) 644 (1)/2018, with no EV-

specific incentives, rebates, or exemptions assumed.

o Case Al: EV penetration based on market factors under gradual localization of
manufacture and slow technology advancement (i.e., slow decline in battery prices).

o Case A2: EV penetration based on market factors under accelerated localization of
manufacture and rapid technology advancement (i.e., rapid decline in battery prices).

Target case (EV penetration assumed to meet targets for 2030 as defined in NEVP
2019): EV specific incentives, rebates, or exemptions taken as per NEVP 2019. All other
fiscal incentives assumed as per ADP 2016 and SRO 644 (1)/2018.

o Case BO: EV penetration to linearly increase from zero in 2020 to the category-
wise target percentage of new vehicle sales by 2030.

Reference cases (market-based EV penetration assessment with NEVP 2019
incentives): EV specific incentives, rebates, or exemptions taken as per NEVP 2019. All
other fiscal incentives assumed as per ADP 2016 and SRO 644 (1)/2018.

o Case BI: EV penetration based on market factors under gradual localization of
manufacture and slow technology advancement.

o Case B2: EV penetration based on market factors under accelerated localization of
manufacture and rapid technology advancement.

Case Al represents lowest market penetration of EVs, while Case B2 represents the highest
market penetration of EVs. The above cases are run for the Standard Scenario and Scenario
‘@’ mentioned earlier.

The following table summarizes the key parameters used to distinguish between base, target
and reference scenarios in GCAM.

Table 3: EV penetration scenarios

Scenario Key Assumptions

Baseline Updated ICEVs and EV manufacturing and purchase costs, available

EV technology, infrastructure costs, discount rate, implicit discount
rate assumption and share weight assumptions

Policy No policy No policies to incentivize EV imports, local production and
adoption
NEVP NEVP incentives in effect 2020-2030
Localization Gradual Local production of EVs increases gradually
localization
Accelerated Local production of EVs increases at an accelerated rate
localization
Technology Slow EV costs drop slowly due to slow reduction in battery cost and
advancement  advancement slow energy intensity improvement
Rapid EV costs drop rapidly due to rapid reduction in battery cost and
advancement rapid energy intensity improvement
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The GCAM scenarios/cases were run in various combinations as follows (bolded items were
linked directly to the SEP model, others were retained for reference):

No Policy - Gradual localization - Slow technology advancement

No Policy — Gradual localization - Rapid technology advancement

No Policy — Accelerated localization - Slow technology advancement

No Policy — Accelerated localization - Rapid technology advancement
NEVP - Gradual localization - Slow technology advancement

NEVP — Gradual localization - Rapid technology advancement

NEVP — Accelerated localization - Slow technology advancement

NEVP - Accelerated localization - Rapid technology advancement

The above scenarios provide a range of EV market penetrations (as percentage of new
vehicles) which are then applied to different growth scenarios for total vehicle additions for
road transport (ICEVs plus EVs) in Pakistan.
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4. ENERGY SECTOR IMPACTS OF EVS

The results of the model presented below are indicative and subject to the input data,
assumptions and scenarios considered. A summary is provided in Table 5 & Table 6 and
Figure 2 & Figure 3 for the Standard Scenario for the following cases:

Table 4: EV penetration cases modeled

Case Description

Al: No NEVP-GradlLoc-SlowTech No policy — Gradual localization, slow technology advancement
A2: No NEVP-AcclLoc-RapidTech No policy — Accelerated localization, rapid technology advancement
B l: NEVP-GradLoc-SlowTech NEVP — Gradual localization, slow technology advancement

B2: NEVP-AcclLoc-RapidTech NEVP — Accelerated localization, rapid technology advancement
BO: NEVP Targets NEVP targets as per policy

Detailed results for the standard scenarios are presented in ANNEXURE C. Results of
Scenario ‘@’, other scenarios or follow-on sensitivity cases/scenarios are not included here.
Comparative total energy consumption figures for Pakistan are provided in Table 7.

The main takeaways of the EV analysis are as follows:

e The volumetric impact on the energy supply chain for EVs can be sizeable and can vary
in a broad range depending on the scenario and assumptions. This will need to be
continuously updated as more information becomes available to facilitate decision-
making for long-term energy supply planning and capacity investments.

e There will be a significant overall economic benefit to the country due to the intrinsically
higher efficiency of EVs compared to ICEV equivalents, since EVs use approximately 32%
of the energy consumed by ICEVs (in BTU terms) for the same transportation service.
The cost of additional power generation required is expected to be more than offset by
the savings in automotive fuels alone.

e Significant foreign exchange savings will result due to reduced imports of transportation
fuels.

e The adoption of EVs will reduce the flow of fuels and consumption by ICEV fuels and
corresponding government revenues from taxes associated with those hydrocarbon
products. Similarly, the incentives provided under the NEVP will reduce tax and customs
revenues accruing from the import, production, sales, registration and use of
ICEVs/parts. The use of electricity for EVs, particularly using domestic connections, will
also increase the already unsustainable retail tariff subsidy burden on the government
treasury. The financial impact on government revenues of EV adoption in the country
has not been computed here and demands a separate analysis. Once quantified, this can
be compared with the overall economic benefit to the country due to EVs in terms of a
reduction in the cost of energy supply for road transport, reduced transportation costs
and higher savings for citizens, reduced greenhouse gases and other emissions from the
transportation sector and the industrial and employment opportunities generated by the
new technology.
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Table 5: Summary of cost savings under Standard Scenario

Vehicles added Cumulative Addl. Energy Additional Foreign Exchange
Million Supply (Cost)/Savings (Cost)/Saving at Import Level
Million $ Million $
Total ICEVs EVs Cost of Saving Net Gasl. Diesel LNG Coal Net
Power in Fuels  Saving
2021 to 2030 2021 to 2030 2021-2030

Al: No NEVP-GradLoc-SlowTech 18.26 16.57 1.70 (594) 924 330 778 6 (128) (37) 619
A2: No NEVP-AccLoc-RapidTech 18.26 1469  3.57 (1,271) 1,978 707 1,634 45 (273) (79) 1,327
B1: NEVP-GradLoc-SlowTech 18.26 1459  3.68 (1,420) 2,210 790 1,859 I5 (305) (88) 1,481
B2: NEVP-AccLoc-RapidTech 18.26 1228  5.98 (2,299) 3,583 1,284 2,946 92 (491) (143) 2,404
BO: NEVP Targets 18.26 13.11 5.15 (2,022) 3,145 1,123 2,367 320 (437) (126) 2,124

Table 6: Summary of energy savings under Standard Scenario

AddI. Elect. ICEV Fuels Saved Net Energy Saved Additional Fuel Supply for Power
Consumed by EVs Generation (for EV Charging)
LNG Import Coal Local Coal
(Net of CNG) Import Prod.
2030 2030 2030 2030 2030 2030 2030 2030 2030
GWh  Trillion BTU ’000 Tonnes Trillion BTU Trillion BTU  Million TOE MMCFD ’000 Tonnes ’000 Tonnes
Al: No NEVP-GradLoc-SlowTech 1,872 6.4 421 18.9 12.5 0.29 15.6 141.4 450.1
A2: No NEVP-AccLoc-RapidTech 4,030 13.8 909 40.7 26.9 0.62 332 304.5 969.2
B1: NEVP-GradLoc-SlowTech 4,068 13.9 916 41.0 27.2 0.63 33.6 307.4 978.2
B2: NEVP-AccLoc-RapidTech 6,828 233 1,543 69.1 45.8 1.06 55.9 515.9 1,641.9
BO: NEVP Targets 6,338 21.6 1,434 64.1 42.5 0.98 52.6 478.9 1,524.2

Note: |tonne of oil equivalent (TOE) = 43.30 million BTU.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 28



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Table 7: Comparative total energy consumption in Pakistan

Energy Supply Consumption in 2018

Total electricity 107 TWh
Fuels (gasoline, diesel, CNG) for land transportation 7.2 MTA
Total energy 55 MTOE

Source: Pakistan Energy Yearbook, 2019, Hydrocarbon Development Institute of Pakistan
(HDIP).

Figure 2: Summary of key results under Standard Scenario (base, target and reference
cases)
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Figure 3: Summary of key results under Standard Scenario (base, target and reference
cases) — cont.
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5. IMPACT OF EVS ON ENVIRONMENTAL EMISSIONS

GCAM simulations indicate that the transportation sector makes up about 20% of Pakistan’s
CO; emissions. NEVP incentives with accelerated localization can reduce transport sector
CO; emissions although additional fuel usage in thermal power generation (for EV charging)
is likely to offset some of this advantage.

Transport electrification can also reduce air pollutant emissions, a major problem in Pakistan’s
urban centers (llyas 2007) and a policy goal of the NEVP. EV adoption reduces emissions of
all non-CO, greenhouse gases and air pollutants with the highest impact on black carbon (BC),
carbon monoxide (CO), non-methane volatile organic compounds (NMVOC), nitrogen
oxides (NO,) and organic carbon (OC), as a significant share of these emissions are from the
transport sector. EV adoptions will reduce particulate matter (PM) emissions (approximated
by summing BC and OC). Heavy duty vehicles have higher PM emissions factors than light
duty vehicles, so there will be larger emissions reductions under scenarios with significant
electric bus and truck adoption.®

A proper quantification of the environmental impacts due to the penetration of EVs will
require the following data to be tabulated:

¢ Quantification of reduced fuel usage in ICEVs (gasoline, auto diesel, and CNG) over the
study period.

¢ Quantification of higher natural gas/coal consumption for additional power generation
to meet EV loads over the study period.

e Pakistan-specific fuel quality parameters over the medium term:

o Natural gas for power generation (predominantly methane) and compressed natural
gas (CNG) for transportation vehicles.

o Imported coal (sub-bituminous) for power generation.
o Local coal (lignite) from Thar coal field for power generation.
o Gasoline and diesel for transportation vehicles.
e Projections of vehicle information (ICEVs types and numbers) and types of fuel burning.

e Current emission controls in place for stationary equipment (at power plants) and
transportation vehicles.

The above data tabulation would need be carried as an extension of this study by the EPRC,
with Track Il IEP assistance from SEP/DOE subject to agreement between the Government
of Pakistan and USAID. In the meantime, a high-level assessment is included here based on
default global and regional assumptions used in GCAM for the data parameters enumerated
above.

Key results of the preliminary emissions impact assessment for EVs in Pakistan are
summarized in ANNEXURE D. The main takeaways are:

6 Emissions factors are assumed to decrease over time, based on the general understanding that pollutant control
technologies will be increasingly deployed as per capita GDP rises. Energy intensity of ICEVs is also assumed to decrease
over time due to technological advances.
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e Pakistan’s transportation sector CO, emission will decrease with higher EV adoption.
Direct emissions are reduced 3-8% beyond reductions in total emissions by 2050.

e Indirect emissions (originating from generation of electricity to power EVs) will,
however, also increase with higher transport electricity demand.

e The net effect of transport electrification on CO, emissions is negative, i.e., total CO,
emissions will decrease with higher EV adoption.

e However, the total effect will be relatively small, as the transportation sector makes up
only about 20% of Pakistan’s CO, emissions.

¢ PM emissions will decrease with higher EV adoption, with larger reduction in PM under
scenarios with significant electric truck adoption.

e EVs will reduce transport emissions of all non-CO, GHG and air pollutants.

e The scale of impact on total non-CO, emissions is a function of the share of total
emissions that are from the transportation sector: reductions in CH,, NH;, N,O and
SO, due to transport electrification will be overshadowed by emissions from other
sectors.
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ANNEXURE A. SEP MODEL DATA AND ASSUMPTIONS

A.l STUDY PERIOD

A.l.l Base Year
All data and projections presented are based on Pakistan’s fiscal year (July | to June 30).

Base year FY2019; EV penetration assumed to start in FY 2021.

A.l1.2 Assessment Period

2021 to 2030.

A.1.3 Integrated Modeling Responsibilities
Sustainable Energy for Pakistan (SEP)

Assessment of the impact of EV adoption on Pakistan’s energy supply chain and associated
costs/savings using custom-designed spreadsheet model.

U.S. Department of Energy (DOE) Laboratories (PNNL, NREL and ARL)

Assessment of category-wise EV market penetration based on EV/ICEV levelized cost-parity
and consumer preference factors using customized Global Change Analysis Model (GCAM).

National Transmission and Despatch Company (NTDC)

Marginal electricity generation/supply mix to meet EV charging loads using Indicative
Generation Capacity Expansion Plan (IGCEP) model in PLEXOS.

A.2 VEHICLE CHARACTERISTICS

A.2.1 Vehicle Categories

Pakistan’s motorized vehicle population is classified according to the following main
categories:

Table 8: Vehicle categories

Vehicle Description

Category Pt

Two-wheelers (2W) Motorcycles, scooters and mopeds™

Three-wheelers (3W) Autorickshaws

Cars and light duty Passenger cars, 4WDs, taxis, delivery vans, pickups (0-1 tonne cap.) and light
vehicles (LDVs) utility vehicles (ambulances, etc.)

Buses Buses and minibuses

Trucks Freight trucks (>| tonne cap.), tankers and heavy construction vehicles

*Motorcycles constitute the dominant fuel vehicle in the two-wheeler category in Pakistan. However, potential sales
of new fuel motorcycles can be replaced by electric motorcycles, scooters and mopeds.

A.2.2 Vehicle Projections

There are significant discrepancies between ‘on road’ and ‘registered’ vehicle data provided
in National Transport Research Centre (NTRC) reports (as well as inexplicably large year-
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on-year variations). This may be due to the methodology used in each case, e.g., annual token
fees paid by ‘on road’ vehicles, which would underreport numbers or be subject to changes
in provincial token collection practices, retirement of old vehicles not captured in total
‘registered’ data, etc.

SEP has estimated annual incremental vehicle additions instead of the total vehicle population
for calculating future vehicle projections. Recent incremental data is available in the form of
more reliable total domestic vehicle production from the Pakistan Automobile Manufacturers
Association (PAMA) plus import statistics for the last five years from the Federal Bureau of
Revenue (FBR) which are summarized below.

Table 9: Historical vehicle sales growth by category

Two-, Three-wheelers Cars and Light Duty
Vehicles (LDVs)
Vehicles Growth Vehicles Growth
Added % pa. Added % pa.
Local Sales Local Sales
Plus Imports Plus Imports
2015-16 1,358,852 267,027
2016-17 1,631,204 20.0% 269,357 0.9%
2017-18 1,931,713 18.4% 325,327 20.8%
2018-19 1,782,176 —7.7% 277,084 —14.8%
2019-20% 1,306,389 —26.7% 116,560 -57.9%
Average FY 2016-FY 2019 (4 years) 1,675,986 9.46% 284,699 1.24%
Average FY 2016-FY 2020 (5 years) 1,602,067 —-0.98% 251,071 —-18.72%
Vehicles Growth Vehicles
Added % pa. Added
Local Sales Local Sales
Plus Imports Plus Imports
2015-16 1,251 5,865
2016-17 1,183 —5.4% 8,282 41.2%
2017-18 848 —-28.3% 9,804 18.4%
2018-19 1,099 29.6% 6,091 —37.9%
2019-20% 643 —41.5% 3,098 —49.1%
Average FY 2016-FY 2019 (4 years) 1,095 —4.23% 7,511 1.27%
Average FY 2016-FY 2020 (5 years) 1,005 —15.33% 6,628 —14.75%

*Data available for || months (to May 2020) extrapolated for entire FY 2020.

p-a.: Per annum.

The growth rates of ‘vehicles added’ do not show any consistent trend across years and
vehicle categories. However, two-wheelers show a healthy growth rate averaging around 9.5%
p.a. (FY2016 to FY2019), while FY2019 shows a marked downturn in vehicle additions (for all
categories except buses). FY2020 shows a significant downturn driven primarily by the
COVID-19 situation across all vehicle categories.
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In Feb 2020, SEP had developed an initial projection of ten-year growth rates for ‘vehicles
added’ which preceded the impact of COVID-19 during the second half of FY2020. Since data
for FY 2020 were based on provisional reporting available at that time, SEP took into account
actual historical data for four years (FY 2016 to FY 2019) and assumed moderate trend-based
rates with a decrease by 50% (tapering off by 2030) in the case of two-wheelers to reflect

eventual market saturation, as shown in Table 10.

Table 10: Projected vehicle growth rate assumptions

Vehicle Vehicles Added
Category % p.a.
Starting Ending
2020 2030
Two-wheelers 5.0% 3.5%
Three-wheelers 3.0% 3.0%
Cars/LDVs 3.0% 7.0%
Buses 1.0% 3.0%
Trucks 4.0% 7.0%

The projected growth rates were revisited in July 2020 based on actual data for FY 2020.
Following discussions with the PC and TFER, two main modeling scenarios were defined as
follows:

e Standard Scenario: This assumes that healthy growth trends in vehicle additions (seen
during FY2016 to FY2019) will resume from FY 2021 following the COVID-19 induced
slump in sales during FY 2020, i.e., resumption of healthy growth rates (as witnessed in
February 2020) from FY202| onwards, with a one-year time gap as the economy
recovers to pre-pandemic levels (Table 11).

Table | I: Projected vehicle growth rates under Standard Scenario

Vehicle Vehicles Added
Category % p.a.

2020 (Actual) Starting 2021 Ending 2030
Two-wheelers —26.70% 5.00% 3.50%
Three-wheelers —26.70% 3.00% 3.00%
Cars/LDVs —57.93% 3.00% 7.00%
Buses —41.45% 1.00% 3.00%
Trucks —49.13% 4.00% 7.00%

e Alternative Scenario ‘a’: This assumes a continued downturn in the economy due to
COVID-19 during FY2021, with the slump in continuing till mid-2021, followed by
moderate growth reaching around (or slightly less than) the growth rates assumed for
the Standard Scenario by 2030 (Table 12).

Table 12: Projected vehicle growth rates under Scenario ‘@’

Vehicle Vehicles Added

Category % p.a.
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2020 (Actual) 2021 Starting 2022 Ending 2030
Two-wheelers —26.7% —20.0% 2.0% 3.5%
Three-wheelers —26.7% —20.0% 2.0% 3.0%
Cars/LDVs —57.9% —10.0% 2.0% 6.0%
Buses —41.5% —-10.0% 2.0% 3.0%
Trucks —49.1% —10.0% 2.0% 6.0%

These vehicle population growth rate projections are applied to the actual vehicles added in
the base year FY2019 (summarized in

Table 13 below) to estimate total vehicles added between FY2020 and FY 2030. Two- and
three-wheelers are assumed split into two-wheelers (98%) and three-wheelers (2%) based on
historical vehicle data.

Table 13: Vehicle sales by category in FY 2019

Vehicle Vehicles Added in FY 2019

Category (Imports + Local Sales)

Two-wheelers 98.0% 1,746,532

1,782,176

Three-wheelers 2.0% 35,644
Cars/LTVs 277,084
Buses 1,099
Trucks 6,091
Total 2,066,450

To verify projected vehicle populations for the dominant two-wheeler and cars/LDVs
categories, SEP has compared current per capita vehicle additions in similar Asian economies
with the Pakistan estimates for 2020 and 2030, which are plotted in Figure 4. The Pakistan
estimates for the 2020-2030 period are found to be well within the range observed elsewhere,
taking relative per capita GDP into account.

Figure 4: Regional per capita GDP and sales of two-wheelers and cars
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A.2.3 Vehicle Use

The following average annual mileage has been assumed for each vehicle category, based on
estimates of average daily distance traveled and days per year of vehicle use. This information
has been corroborated through spot surveys conducted by LUMS as well as consultation with
industry. The assumptions have also been cross-checked, where possible, against historical
annual ICEV fuel consumption figures for the country. Finally, SEP estimates of the total annual
vehicle mileage have been verified against GCAM’s base year transportation service demand
(passenger- and freight ton-km) computation for Pakistan, which also helps calibrate the DOE
and SEP models. Close agreement with the figures assumed in Table 14 was found in all such
independent checks.

However, as model results are sensitive to such key assumptions, further
corroboration/refinement of these figures should be undertaken through more detailed field
research. Other factors, such as lower cost of operation of EVs, income and infrastructure
growth, CPEC-related trade, etc., are also expected to influence future mileage projections.

Table 14: Annual mileage assumptions by vehicle category for Pakistan

Vehicle Avg. Distance Duty Avg. Distance
Categor Travelled/Vehicle Cycle Travelled/Vehicle
gory km/Day Days/Year km/Year
Two-wheelers 40 300 12,000
Three-wheelers 100 320 32,000
Cars/LTVs 35 300 10,500
Buses 240 300 72,000
Trucks 240 300 72,000

Note: Based on SEP and LUMS estimates, regional data and informal market surveys. Validated against annual
OMC retail fuel sales data for 2Ws/cars (LTVs) and GCAM transportation service demand
calculations.

A.2.4 ICEVs Displaced by EVs

Table 15: ICEVs displaced by EVs as percentage of new vehicle sales/year

Vehicle Percentage ICEVs Displaced by Fuel Type
Category Gasoline Diesel (@\[¢]
Two-wheelers 100%

Three-wheelers 90% 10%
Cars/LTVs 85% 5% 10%
Buses 10% 85% 5%
Trucks 0% 100%

Note: Estimates based on the following assumptions:
Two-wheelers use gasoline only.
Three-wheelers predominantly use gasoline. The displacement assumed is 90% gasoline and 10% CNG.
Passenger cars and other LTVs predominantly use gasoline, with some diesel vans, jeeps and station
wagons. According to the Pakistan Economic Survey (2010-2011), around 20% of LTVs in Pakistan at the
time were using CNG, which has now declined because of gas shortage.
Buses primarily use diesel, with some running on gasoline and CNG.

All medium to large trucks in Pakistan use diesel.
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A.2.5 Vehicle Energy Use

Table 16: Energy consumption by vehicle category

Avg. Consumption/Vehicle

Vehicle Electricity Electricity Gasoline Gasoline Diesel Diesel
Category (GCAM) (GCAM) (GCAM)
km/kWh km/kWh km/liter km/liter km/liter km/liter
Two-wheelers 12.0 20.02 40.0 59.11 - - -
Three-wheelers 9.9 10.58 30.0 24.65 - - 42.9
Cars/LDVs 5.1 6.64 15.3 16.01 18.4 - 22.0
Buses .1 1.70 3.3 - 4.0 3.88 4.7
Trucks 0.9 1.22 2.7 - 3.2 5.28 -

Note: Estimates based on SEP literature search and LUMS inputs. Cross-checked through informal market surveys
conducted by LUMS in Lahore.

EV electricity consumption calculated relative to gasoline engines based on conversion efficiency and calorific
content.

Diesel consumption derived from gasoline engines based on relative engine efficiencies.

CNG consumption based on weight equivalence of gasoline to CNG (as CNG is sold by kg) and heat value of
CNG relative to gasoline.

A.3 EV PENETRATION

The SEP model takes inputs on EV penetrations by GCAM as percentage of new vehicle sales
(which are provided by vehicle category). Any variations in vehicle definitions versus SEP’s
model assumptions are accommodated via adjustments in EV adoption rates (GCAM output),
e.g., EV penetration for cars/LDVs are corrected to include pickups/trucks of 0-1t capacity
while all other data/assumptions for calculation of energy sector impacts are based on SEP’s
model.

A4 EXCHANGE RATE AND INFLATION
All costs are converted to U.S. dollars at time of data compilation, and therefore fluctuations
in PKR/USD exchange rate are not applicable.
e PKR I55/USD (Sep-Nov 2019) applicable to most of the compiled cost data.
e PKR/USD (for other periods) is the applicable rate during that period.
USD costs are corrected to 2019 base year based on USD inflation rate as follows:
Year 2015 2016 2017 2018
USD inflation (based on CPI) % p.a. 0.7% 2.1% 21% 1.9%

A.5 POWER SUPPLY CHAIN

A.5.1 Power Generation Mix

Provisional power generation mix projections were employed for the SEP model as NTDC’s
IGCEP 2019-2047 was not available for simulating EV loads in NTDC’s PLEXOS model. Plant-
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wise 2019 and 2030 energy mix (GWh) across NTDC and K-Electric grids was estimated
using de-rated (available) generation capacities and weighted-average technology-wise
capacity factors. No new generation capacity additions to service EV loads assumed as
sufficient planned new and existing capacity is projected to 2030.

Figure 5: Projected national power generation capacity and mix
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The marginal additional generation required to service EV loads is assumed to be catered for
by idle off-peak system capacity available during 2021-2030. Only energy charges are
considered as additional electricity production costs for EVs, as capacity payments are already
committed for the committed capacity under the existing IGCEP. On-grid generation sources
supplying EV loads at the end-consumption level are taken to be RLNG, imported coal, local
coal, solar and wind IPPs, as these represent readily available or additional generators for the
marginal and peaking electricity supplies required compared to other sources that have long
gestation periods, high upfront costs or baseload allocations (e.g., nuclear, hydro, etc.).
Additionally, for residential EV charging, rooftop PV systems are also considered.

The median 2019-2030 relative mix of above generation in the national electricity mix is
assumed to service EV loads during 2020-30 (Figure 6). These provisional marginal

generation mix assumptions can be subsequently further verified through the NTDC IGCEP
model.
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Figure 6: Marginal generation mix to service EV loads during 2021-2030
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A.5.2 Power Generation Costs

Key power generation assumptions for supply of electricity to EVs are provided in Table 17.
SEP assumes thermal (RLNG and coal), solar and wind IPPs as viable options for the additional
electricity required, given projected capacity availability, relatively short capacity addition
timeframes and expected EV load profiles. Other principal generation sources (e.g., hydro and
nuclear) have long gestation periods or high upfront costs that do not make them viable
candidates as marginal additional sources for servicing gradually increasing EV demand.
Rooftop solar PV has also been considered for residential/self EV charging.

Table 17: Generation cost by source

Heat Rate Fuel Cost Energy Var. Cap. Total Thermal
Charge Cost Charge Cost Efficiency
Centralized
S OUTCe BTU/ BTU/ $/ $/ ¢/kWh ¢/kWh ¢/kWh ¢kWh @LHV @HHV
kWh kWh MMBTU MMBTU NEPRA
@LHY @HHVY @ LHV @ HHV
RLNG (grid) 6,092 7.80 4.755 0.318 1.651 6.724 62.02% 56.01%
Imp. coal (grid) 8,751 5.34 4,678 0.467 3.748 8.893 38.99%
Local coal (grid) 9,223 4.19 3.863 0.992 3.969 8.825 37.00%
Solar (grid) 5.362 5.362
Wind (grid) 4209 4209
Distributed Source Rs/kWh ¢/kWh
Solar (rooftop PV) 10.10 6.516

Note: LHV, HHV: Lower, higher heating value; MMBTU: Million British thermal units, kVWh: Kilowatt-hours.

Generation costs based on NEPRA tariff determinations assumed to reflect full generation costs: RLNG (Haveli
Bahadur/Balloki), Imported Coal (Sahiwal), Local Coal (Sindh-Engro Thar), Wind (Master Energy), and Solar PV
(HNDS/Meridian/Herlious).

All generation costs are converted to $/kWh based on the PKR/USD assumption in NEPRA determination;
thereafter it is assumed that costs will increase with dollar inflation.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 40



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Fuel cost reflect delivered costs at power plant.

Capacity charge includes fixed O&M, WC, insurance, ROE, debt repayment and interest charges divided by 'annual
plant availability' (92% for RLNG, and 85% for coal). Capacity charge is selectively applied in SEP’s model depending
on new or surplus power generation capacity to meet EV loads (assessment based on NTDC IGCEP generation mix
and surplus capacity).

RLNG is priced in $/MMBTU at HHV. Imported and local coal are priced in $/tonne and in $/MMBTU at LHV.
NEPRA quotes thermal efficiency at LHV for RLNG/coal.

Rooftop solar PV costs derived from local vendor information for a 5 kW system consisting of PV panels, inverter,
batteries (including one-time replacement), cabling and other equipment over a 25-year life.

Auxiliary consumption assumed as per NEPRA allowance as follows: RLNG: 2.01%; Imported coal: 8.0%; Local coal
(Thar): 9.0%.

A.5.3 Power System Losses

Power system losses have been assumed as shown in Table 18 to arrive at the final energy
delivered to EV charging stations/outlets.

Table 18: System transmission and distribution losses

System Average Loss

Transmission losses (% of electricity sold to NTDC) 2.4%
Distribution losses (% of electricity sold to DISCOs) 17.6%
Total system T&D losses 20.0%

Note: Average system T&D losses taken from NTDC Power Systems Statistics, 2018. K-Electric
T&D losses are comparable.

A.5.4 Power T&D Costs

Costs associated with transmission and distribution of electricity (wheeling) have been based
on current average use of system charges, as shown in Table 19.

Table 19: System transmission and distribution costs

Average Use of System Charge (UOSC)

Rs/kWh ¢/kWh
Transmission cost 0.44 0.284
Distribution cost 1.60 1.032

Note: Average T&D costs (capex, opex, margins) are based on UOSC forecast by CPPA-G
for transmission and distribution for 2020-21.

A.5.5 Charging Infrastructure Cost

Cost of commercial EV charging stations is estimated 0.023 $/kWh based on capex (at 10%
IRR over |5 years) and opex of charging station cost derived from web sources. It is assumed
that 20% of grid supply used for EV charging will use commercial charging infrastructure. This
cost is added on to commercial electricity supply cost.

A.6 GAS SUPPLY CHAIN

Natural gas supply chain cost assumptions and add-ons are detailed in Table 20 below for
imported LNG-based supplies, as there is no additional domestic gas available in the country
due to depleting reserves.
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Table 20: Gas supply chain assumptions

Brent (FOB Sullom Voe) price: $55.0/BBL (SEP assessment based on medium-term outlook).

BTU/Ib MMBTU/t @ BTU/scf SCF/tonne
HHV
LNG quality 21,500 47.40 1,000 47,400
Cost Item Rate Basis & Units
LNG contract price 1.0 As % of Brent crude oil (FOB Sullom Voe)
Port charges 0.07 Port charges in excess of limit paid by supplier in $/MMBTU
Terminal charges 0.43 Paid to terminal owner (capex and opex) in $/MMBTU
PSO/PLL costs 0.55 Import-related costs borne by PSO/PLL in $/MMBTU
PSO/PLL margin 2.5 PSO/PLL margin as % of DES
LSA fee (SSGCL/PLTL) 0.025 LSA fee in $/MMBTU
Retainage 0.60 Retainage as % of DES
Gas transmission loss 0.55 As % of RLNG supplied to gas utilities
Gas transmission and distribution loss 12.1 As % of RLNG supplied to gas utilities
T&D (utilities) cost 0.45 Average T&D charges paid to gas utilities in $¥MMBTU
CNG station costs 1.549 Expenses at CNG stations in $/MMBTU of CNG (basis
Rs 11.38/kg as per OGRA)

CNG station margin 0.682 Margin of CNG stations in $/MMBTU of CNG (basis

Rs 5.01/kg as per OGRA)

Note: LNG import assumed as marginal source of gas (contract price as % Brent) assumed as per market trend for LT
contracts.

RLNG supply cost to gas utilities assessed from recent OGRA tariff determinations for RLNG cost to gas utilities,
which includes port charges, LNG DES, terminal charges, PSO/PLL costs and margins, LSA fee (SSGCL/PLTL) and
retainage.

RLNG supply cost to power stations include average gas T&D costs and transmission losses (in addition to RLNG
fuel cost) based on recent OGRA tariff determinations (breakdown by transmission and distribution separately not
available).

CNG supply cost includes average gas T&D costs, losses, and CNG stations costs (in addition to RLNG fuel cost)
based on recent OGRA tariff determinations. T&D losses assumed as an average of SNGPL and SSGCL system
losses.

A.7 COAL SUPPLY CHAIN

Coal supply costs, both for domestic lignite (Thar) and imported sub-bituminous coal, are
provided in Table 21 below.

Table 21: Coal supply chain assumptions

Type Calorific Content
MMBTU/t @ LHV

Imported coal (subbituminous) 25.556

Local coal Thar (lignite) 11.005
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Imported Sub-bituminous Coal Value Basis
A International market FOB price, 70.0 Average FOB price S. Africa, Australia,
$/tonne Indonesia), medium-term outlook (web
sources)
B Marine freight, $/tonne 20.0 NEPRA's tariff determination for HSRPEL
C Cargo insurance @ 0.1% FOB price 0.1% of A (Sahiwal imported coal plant), Mar. 2015
D Other costs @ 10% FOB price 10% of A
E Jetty charges, $/tonne 9.5
F CIF (landed) price A+B+C+D+E
G Inland transportation loss @ 2% 2% of CIF
quantity
H Inland transport cost 2.73 ¢/t/lkm Rs 3/t/km as per NEPRA Feb. 2018 freight
determination for Sahiwal coal-fired plant,
converted to $/t based on PKR | 12/USD (Feb.
2018), adjusted for dollar inflation in 2018
| Supplied to power plant F+H Adjusted for quantity loss

Thar lignite Variable  Fixed Total Basis

$/tonne $/tonne $/tonne

Coal price at plant 14.3 31.8 46.1 Based on NEPRA’s levelized tariff for EPTPL Mar.
2015. Coal price is not linked to market trends and

any revisions are assessed and announced by
Thar Coal Energy Board (TCEB)

A.8 PETROLEUM SUPPLY CHAIN

A.8.1 Gasoline and Diesel Transportation Costs

Table 22: Gasoline and diesel inland transportation costs

Component Gasoline 92 Diesel 0.05 Gasoline 92 Diesel 0.05
Rs/liter Rs/liter $/BBL $/BBL

Inland freight equalization margin (IFEM) 3.37 0.95

OMC margin 2.64 2.64

Dealer commission 3.47 293

Total 9.48 6.52 9.72 6.69

Note: For petroleum product pricing at pump, the following approach was used:
Dubai crude price FOB Fateh based on assessed market differential v Brent.

AG Platts product price assessment based on refining economics of hydro-cracking refinery on Dubai crude (positive
margin after cash costs).

Landed prices at Karachi (AG Platts + premium/freight + wharfage at Karachi port) based on recent OGRA reports
for kerosene (assumed ex-refinery prices at parity with import prices).

Wharfage at Karachi port based on web sources for oil imports at Pakistani ports.
Ex-refinery prices assumed at parity with imports.

Inland freight and distributor/dealer margins for gasoline and diesel, based on average T&D costs and margins of oil
marketing companies, added to obtain fuel supply cost at pumps (data from OGRA website and web sources).
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A.9 RETAIL ENERGY PRICES

Retail energy prices are not used in the SEP energy supply and cost impact analysis, as these
include externally determined taxes and margins that are not reflective of the true economic
cost to the country of the energy supply. However, GCAM computes fuel and electricity price
projections internally for use in the levelized operational cost comparison between EVs and
ICEVs. Table 23 below shows a comparison of the actual average retail energy prices in

Pakistan and GCAM computed values.

Table 23: Average retail energy tariffs in Pakistan (July 2020)

Average Retail Price

Product

$/kWh $/liter
Electricity 0.11-0.16 -
Gasoline (92 RON) - 0.60
Auto diesel - 0.6l

GCAM Computed Value

Product

$/kWh $/liter
Electricity 0.146 -
Refined liquids - 0.80

A.I0EV CHARGING LOAD PROFILES

Two representative EV charging profiles were devised by SEP (Figure 7), based on recent
data from the U.S. and Australia (DOE and web sources). EV charging profile is assumed to

remain unchanged throughout the year.

e EV Load Profile A assumes primarily home/off-hour charging (Level ), with a current

TOU tariff-based peak between || pm and 7 am.

e EV Load Profile B assumes a mix of home/off-hour (LI) and commercial/daytime (L2 &

L3) charging with current time-of-use (TOU) tariffs.

Figure 7: Representative EV load profiles for a total daily requirement of 40 GWh

Profile A: Home Dominant Charging Profile B: Home Plus Commercial Charging
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Hour Hour

Note: Based on these load curves, SEP provided NTDC with hourly EV load profile
data for different modeling scenarios, along with total annual EV GWh
requirements, as an input to PLEXOS for determining the generation MW mix
required to serve EV demand (existing and new capacity needed).
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A.10.1EV Load Profile Evolution

Initially, as EVs are introduced, predominantly nighttime LI charging has been assumed. This
could evolve into increasing levels of daytime commercial L2 & L3 charging once significant
EV penetration has been achieved and charging infrastructure developed.

Table 24: EV load profile assumptions

Load Profile EV Charging Timeframe
A Home dominant To 2025
B Home & work/commercial Beyond 2025

Note: Load profiles A & B are based on current TOU retail electricity tariffs
(commercial and domestic), with peak hours ranging between 5 pm and
I'l pm, depending on the season. Alternative TOU tariff scenarios
proposed specifically for EVs will require suitable modification of the
profiles.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 45



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

ANNEXURE B. GLOBAL CHANGE ANALYSIS MODEL (GCAM)
AS APPLIED TO NEVP STUDY

GCAM is a global, multi-sector, market equilibrium model. It represents the behavior of—
and interactions between—global energy, water, agriculture and land use, economy and
climate systems. This section provides details with regards to the baseline structure of GCAM
as adapted for analysis of the NEVP.

B.I SOCIOECONOMIC ASSUMPTIONS

GCAM’s default projections for Pakistan were adjusted to better align with projections made
by stakeholders in Pakistan. Population and GDP assumptions are based on Shared
Socioeconomic Pathway (SSP5),” as this aligned with the Government of Pakistan’s own
projections better than the default of SSP2. Near-term GDP growth rate assumptions were
updated based on historical data and projections from the IMF. Long-term projections for
population, gross domestic product (GDP), and GDP/capita are given in Figure 8 below. The
base year for GDP is 2010, and GDP in future years is a function of population and GDP per
capita growth rates. GDP is given in constant 1990 dollars.

The GDP and population growth rates provide the basis for assessment of passenger-km and
freight ton-km demand in the transportation sector, as transportation service demands (D) in
region r and time period t are determined according to the following equation:

Dr,t = Dr,t—l [(Yr,t)/( Yr,t—l)] a (Pf,t)/(Pr,t—l)] B [(Nf,t)/(Nr,t—l)]

where Y is the per capita GDP, P is the total service price aggregated across all modes, N is
the population, and a and B are income and price elasticities, respectively.

7 Shared Socioeconomic Pathways (SSPs) are scenarios of projected socioeconomic global changes up to 2100. They are
used to derive greenhouse gas emissions scenarios with different climate policies. These scenarios include SSPI:
Sustainability (Taking the Green Road); SSP2: Middle of the Road; SSP3: Regional Rivalry (A Rocky Road); SSP4: Inequality
(A Road Divided); SSP5: Fossil-fueled Development (Taking the Highway)

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 46



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Figure 8: Pakistan socioeconomic assumptions

Pakistan GDP
(Market Exchange Rate)

1,200

1,000

Billion 1990 US$
g 8 8

g

o

2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Pakistan Population

270
250

230

N
o

190

Population (Million)

170
2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Pakistan GDP per capita
(Purchasing Power Parity)

Thousand 1990 US$
[oe]

1990 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS

47



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

B.2 TRANSPORTATION SECTOR

GCAM has a high level of detail represented in the transportation sector:

The sector is divided into four final demands: passenger, freight, international aviation,
and international shipping.

The demand for transportation services (in passenger-kilometers or ton-kilometers) in
each region and time period is driven by GDP, population, cost of transport services,
and income and price elasticities. The final demands are further broken down into
different modes (e.g., road, rail), sub-modes (e.g., bus, light duty vehicle), size classes
(e.g., compact car, moped), and technologies (e.g. liquids, hybrid liquids, battery electric).
The modal split depends on the vehicle technologies available in each region and time
period; if a certain mode or vehicle class is excluded, the service demand shifts to other
modes.

At the passenger subsector level, a time value, determined by the wage rate (per-capita
GDP divided by the number of working hours in a year) and exogenously specified
vehicle speed, is incorporated into the competition between transport modes. This
causes a shift towards faster modes of transportation as incomes increase.

Non-fuel costs, such as capital and maintenance costs, are exogenously specified for each
transport technology. Fuel costs are endogenously calculated based on global demand and
regional supply curves, which include technological change. Consumer prices are a function
of the endogenously calculated global prices for all primary fuels, plus the costs of
transformation (for example, oil refining) and cost adders for distribution costs. For some key
values, such as global oil price, prices are calibrated in the base year (2010) to match historical
benchmarks.

Table 25 shows fuel costs for electricity and refined liquids in the transportation sector
under several scenarios as calculated by GCAM.

Table 25: Energy costs calculated under GCAM Pakistan EV scenarios (1975%/G))

Scenario Fuel 2020 2025 2030

Slow_GradLoc_noPolicy Electricity 11.3548 11.3628 10.9203
Rapid_AccelLoc_noPolicy Electricity 11.3550 11.3644 10.9232
Slow_NEVP_GradLoc Electricity 11.3550 11.3641 10.9217
Rapid_ NEVP_AccellLoc Electricity 11.3552 11.3664 10.9255
Slow_GradLoc_noPolicy Refined liquids end use 5.77107 5.87201 5.95218
Rapid_AccelLoc_noPolicy Refined liquids end use 5.76658 5.85273 5.8948|
Slow_NEVP_GradLoc Refined liquids end use 5.77086 5.87133 5.95050
Rapid_ NEVP_AccellLoc Refined liquids end use 5.76635 5.85185 5.89323

Older road vehicles are retired over time and new vehicles are added in each future
model year.

Transport service demands for each GCAM region are calibrated in the base year (2010
in the model version used for this analysis) so that transportation energy consumption
matches |IEA energy balance data. IEA data provides total fuel consumption in the road
transportation sector; detailed breakdowns beyond this level (e.g., between passenger
and freight, modes, and size classes) are based on regional data and assumptions. The
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default assumptions and sources for the transportation module of GCAM are
documented in Mishra, et al. (2013). However, some assumptions were updated to
capture more recent data on EV technological development, as well as Pakistan-specific
transport characteristics (discussed later).

e These cost elements are totaled and levelized to a single monetary cost per passenger-
kilometer or ton-kilometer. The choice amongst modes of transportation is a function
of the cost of travel, the time it takes and income. Kindly refer to the GCAM system
representation in Figure 9 below. The model calculates market shares for each
transport technology based on a logit choice specification. This is a choice function that
calculates market shares for each technology based on its cost and share weight and
avoids a ‘winner-take-all’ result for the lowest cost option.?

¢ As non-fuel costs and other parameters, such as fuel intensity, are exogenous, consumer
choices do not influence the characteristics of the transport technologies themselves.
For example, higher EV adoption rates would not result in faster technological
improvement and cost reduction.

Figure 9: GCAM transportation system
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B.3 PAKISTAN-SPECIFIC TRANSPORTATION MODELLING

Refer to schematic for Pakistan’s transport sector representation in GCAM shown in Figure
10. For this EV study, the focus of the GCAM runs is on road transportation up to 2050.
Pakistan’s road technologies in GCAM include two-wheelers (mopeds, motorcycles, and
scooters), three-wheelers (e.g., autorickshaws), cars (mini cars, subcompact cars, compact
cars, multipurpose vehicles and light delivery vehicles), buses, and trucks (0-2 tons, 2-5 tons,
5-9 tons, and 9-16 tons). All of these transport classes have the capability to include both

8 https://jgcri.github.io/gcam-doc/energy.html#transportation,
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conventional liquids and BEV technologies. Cars additionally can have hybrid liquids and fuel
cell electric vehicle technologies.

Figure 10: Transportation modes in GCAM for Pakistan
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GCAM uses vehicle cost assumptions based on data from NREL (Jadun, et al. 2017) adjusted
for battery costs (see below). Energy intensity comes from Jadun, et al. (2017) and other
assumptions, such as load factor, annual distance traveled and base year energy use, come
from Mishra, et al. (2013). When possible, these were adjusted in line with SEP assumptions
and market research based on Pakistan-specific data (ANNEXURE A).

Each region in GCAM has a specific set of vehicle classes, and classes have different input
assumptions. Pakistan’s vehicle classes and their assumptions are summarized in Table 26

below.

Mode
2-wheel LDV*

Table 26: Pakistan vehicle assumptions

Size classes

Technologies

Moped Liquids
Motorcycle (50-250cc) Battery electric
Scooter vehicle (BEV)

Input assumptions

Annual travel per vehicle

Base year energy use

Intensity

Load factor

Speed

Capital costs (purchase)
Capital costs (other)

Capital costs (infrastructure)
Operating costs (maintenance)

Operating costs (registration and
insurance)

Operating costs (tolls)
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Mode Size classes Technologies Input assumptions
3-wheel LDV Three-wheeler Liquids Annual travel per vehicle
Natural gas Base year energy use
BEV Intensity
Load factor
Speed
Capital costs (total)
Operating costs (total non-fuel)
4-wheel LDV* Mini car Liquids Annual travel per vehicle
Subcompact car Hybrid liquids Base year energy use
Compact car Natural gas Intensity
Multipurpose vehicle BEV Load factor
Fuel cell electric Speed
vehicle (FCEV) Capital costs (purchase)
Capital costs (other)
Capital costs (infrastructure)
Operating costs (maintenance)
Operating costs (registration and
insurance)
Operating costs (tolls)
Bus Bus Liquids Base year energy use
Natural gas Intensity
BEV Load factor
Speed
CAPEX (annualized purchase
cost) and non-fuel OPEX
Freight truck* Truck (0-2t) Liquids Base year energy use

Truck (2-5¢t)

Natural gas’

Intensity

Truck (5-9¢t) BEV Load factor
Truck (9-16t) CAPEX (annualized purchase
cost) and non-fuel OPEX
Walk Walk N/A Base year service output
Speed
Cycle Cycle N/A Base year service output
Speed
Rail Passenger Rail Coal (freight only) Base year energy use

Freight Rail

Electric
Liquids
Tech-adv electric

Tech-adv liquids

Intensity

Load factor

CAPEX and non-fuel OPEX
Operating subsidy

Speed (passenger only)

Air domestic
Air international

Air domestic
Air international

Liquids

Base year energy use
Intensity

Load factor

Speed

CAPEX
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Mode Size classes Technologies Input assumptions
Non-fuel OPEX

Ship domestic Ship domestic Liquids Base year energy use
Ship international Ship international Intensity

Load factor
CAPEX and non-fuel OPEX

* SEP assumes trucks O-It as part of cars/LDVs and an appropriate adjustment is made in the EV penetration curves by
GCAM.

T In Pakistan, ICE trucks consume mainly diesel, as per SEP assumptions.

B.4.1 Vehicle Capital Costs

The current updated GCAM version contains vehicle assumptions for all model years (in 5-
year timesteps). Battery electric technologies were added for trucks and buses in all regions.
Purchase cost assumptions for both BEV and liquids cars, trucks, and buses from 2020 to 2050
were updated based on NREL’s Electrification Futures Study (Jadun, et al. 2017).” BEV costs
and energy intensity vary between technology advancement scenarios as discussed below.

Capital cost assumptions in GCAM are defined as:
e Purchase cost: Ex-factory cost or import cost before applying government duties/taxes
e Other capital costs: Duties and taxes added to purchase costs.

In the core version of GCAM, only car and truck technologies are vintaged. This feature was
added for buses, two-wheelers and three-wheelers by adding lifetimes and retirement
functions. For buses, these were copied from light trucks, which have a lifetime of 25 years.
For two-three wheelers, the maximum lifetime was assumed as 10 years. The definitions of
vehicle vintage parameters are given below:

e Retirement function: Phased retirement function, for technologies whose assumed
lifetime is greater than one model timestep. Output is calculated using the following
equation:

I + eSteepness x (t — Half-life)

Output fraction

Note: Lifetime: maximum lifetime of cohort
Half-life: number of years at which 50% of the cohort is retired

Steepness: shape parameter used by the s-curve-shutdown-decider retirement function

Table 27 gives a summary of key assumptions in GCAM for all vehicle categories.

Table 27: Vehicle parameters assumed in GCAM modeling

Category Lifetime Half Life Steepness
Two wheelers 10 7 0.45
Three wheelers 10 7 0.45
Cars/4-wheel LDVs 25 12 0.193

9 For cars, NREL’s cost data was pegged to the UCD size class of U.S. midsize car. The ratios between vehicle costs in the
original UCD database were used to scale the updated U.S. midsize car costs to other size classes and regions. For trucks,
a cost per ton was calculated and used to scale costs to all truck size classes (determined by the midpoint of the load
factor). Truck costs do not vary by region.
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Buses 25 12 0.193
Trucks (0-2T) 25 12 0.193
Trucks (>2T) 40 20 0.122

Pakistan-specific manufacturing and purchase costs are illustrated later after applying regional
correction factors, assumptions for local production (localization) and technology pathways
with revised battery costs.

B.4.2 EV Technology Advancement Pathways

As future battery technology development remains quite uncertain, three EV technology
advancement cases are represented in GCAM:

e Slow: Slow advancement in EV capital costs and fuel intensity
¢ Moderate: Moderate advancement in EV capital costs and fuel intensity
¢ Rapid: Rapid advancement in EV capital costs and fuel intensity.

The slow and rapid advancement cases represent the full range of possibilities for future EV
development. EV penetration is influenced by the technology pathway assumed, as illustrated
in Figure |1 below.

Figure | I: EV penetrations versus technology pathways (no policy, no localization
scenarios)

EV share in new sales
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Recent data shows that battery pack costs have fallen faster than widely projected (Nykvist
and Nilsson 2015; Berckmans, et al. 2017; Holland 2018; Kittner, Lill, and Kammen 2017). For
example, according to Bloomberg New Energy Finance, battery costs in 2019 had dropped to
$156 per kWh (“Battery Pack Prices Fall as Market Ramps Up with Market Average at
$156/kWh in 2019” 2019), which NREL’s Electrification Futures Study (EFS) projected would
be only be reached by between 2025 and 2030 in the rapid case and not until after 2050 in
the slow case (Jadun, et al. 2017).
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Table 28 shows previous and recent battery cost projections. Under the new projections,
for slow advancement, battery costs drop from $156/kWh in 2018 to $68/kWh in 2050, while
under rapid advancement battery pack costs reach $29/kWh in 2050.

Table 28: Projections of vehicle battery costs

EFS (NREL) Battery Cost

New Battery Cost

2018 $/kWh 2018 $/kWh
Slow Moderate Rapid Slow Moderate
2016 285 285 285 2019 156 156 156
2020 269 257 242 2020 146.3 140.5 123
2025 248 222 188 2025 97.5 84.9 57.1
2030 229 188 136 2030 87.8 62 50
2035 209 167 93 2035 78.1 55 44
2040 200 159 83 2040 74.7 50.8 38
2045 191 149 83 2045 71.3 46.3 334
2050 183 140 83 2050 67.9 42.1 28.9

Updated battery cost curves and sources are given in Figure 12 below for the three
technology advancement pathways.

Figure |2: Battery cost projections

Battery Pack Cost Projections

400
350
300
250
=
2
® 200
S
o~
“
150
100
S0
0
2010 2015 2020 2025 2040 2045
= Slow Advancement = Moderate Advancement s Rapid Advancement
O Imerpolated © BNEF2019 A McKinsey 2019

X Baketal (2019)
- @ Isham, etal, 2018 (scaled)

O Hdland (2018)
—&8— Historical, BNEF (2019)

+ Berckmans, etal (2017)

B.4.3 Battery Vintaging Factors

A battery vintaging factor is calculated to account for batteries not lasting the full vehicle
lifetime (Table 29). It is assumed that batteries last 10 years and then take the weighted
average of battery packs needed over a vehicle’s lifetime, using the retirement function to
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estimate the share of vehicles still in use after certain timesteps. The cost of battery
replacement is assumed as part of the vehicle manufacturing cost.

Table 29: Battery replacement cost assumptions

Percent of Market Year Battery Packs Weighted Average of Augmented Battery
% Packs to Last Vehicle Lifetime
4W LDVs and buses (starting in (2020)
0.6 2030 I
0.18 2040 2 1.17
0.07 2045 3
Freight trucks (starting in (2020)
0.65 2035 I
0.23 2050 2 1.35
0.08 2060 3

For cars, buses, and light duty trucks (vehicles with 25-year maximum lifetime), the battery
vintaging factor is |.17 and for medium and heavy-duty trucks (vehicles with 40-year maximum
lifetime) it is 1.35. For two-three wheelers, it is assumed that no battery replacement is
necessary.

The battery portion of the manufacturing cost of the vehicles is multiplied by the vintaging
factor.

B.4.4 Impact of New Battery Costs on BEV Purchase Costs

Vehicle purchase costs (ex-factory) were updated to reflect the new battery cost curves for
each vehicle category. While these assumptions are aggressive, they are based on recent data
and projections considering the unexpectedly fast drop in battery costs recently witnessed.
The battery share of total purchase cost was estimated (or derived) from published cost
projections for vehicle components. An additional battery vintaging factor is added to account
for batteries not lasting the full vehicle lifetime; this was not included in the old purchase cost.
Purchase costs represent the ex-factory cost, excluding duties and taxes applied later to the
costs. For each vehicle category, the new purchase cost is computed as follows:

Old battery cost OlId (from EFS data) purchase cost x Battery share of purchase

cost

New battery cost = Old battery cost x (New battery $/kWh)/(EFS battery $/kWh) x
Battery vintaging factor

New purchase cost= Old purchase cost — Old battery cost + New battery cost
A brief discussion on the approach is given below.

e For 2-wheelers, in the absence of data on battery share of cost from Autonomie
(Moawad, et al. 2016), it was assumed that the battery is 37.5% of vehicle cost in 2020.
This is based on assumption that 50% of the total cost of two-three wheelers are due
to EV components and batteries constitute 75% of the EV component cost, which is
generally true for compact cars from the Autonomie data. It was assumed that the
battery share of purchase cost decreases at the same rate as it does for compact cars,
from Moawad, et al. The costs were updated based on the new battery curves after
scaling for cost parity with ICEVs in 2020 and creating slow, moderate and rapid curves
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using NREL’s battery costs and the same battery cost share as described above. Instead
of the percent change from NREL, we decrease future costs based on the scaled 2020
value and percent change from 2020 battery costs.

Old battery cost

New battery cost = Old battery cost x (New battery $/kWh)/(2020 battery $/kWh)
x Battery vintaging factor

2020 purchase cost x Battery share of purchase cost

New purchase cost= Old purchase cost — Old battery cost + New battery cost

e For 3-wheelers, the purchase costs were modified. New costs were calculated the same
way as for two-wheel and cars/LDVs, but since the assumption is purchase costs rather
than manufacturing, an extra factor was added for the manufacturing cost share of
purchase cost. Therefore, costs are calculated as:

Old battery cost 2020 capital cost x Battery share of purchase cost x Purchase

cost share of total capital cost

Old battery cost x (new battery $/kWh)/(2020 battery $/kWh)
x Battery vintaging factor

New battery cost

New capital cost = Old capital cost — Old battery cost + New battery cost

Taxes and fees for the Southeast Asia region in the default GCAM assumptions are 35%
of the price (Mishra, et al. 2013), so 65% of the total capital cost is assumed to be
purchase cost.

e For trucks, CAPEX and non-fuel OPEX ($/vehicle-km) were modified by estimating the
battery share of the levelized cost. Due to lack of data on the cost components of
medium and heavy-duty truck classes, the battery share of manufacturing cost for BEV
100 pickup trucks was assumed from the Autonomie data (again using the average non-
battery tech curve) for all truck classes. The manufacturing cost share of non-fuel
levelized cost was based on the component cost shares for compact cars using 2020
moderate advancement costs. Thus, the new costs were calculated as:

Old (NREL) CAPEX/non-fuel OPEX x Purchase cost share of
CAPEX/non-fuel OPEX x Battery share of purchase cost

Old battery cost x (new battery $/kWh)/(EFS battery $/kVVWh) x
Battery vintaging factor

Old CAPEX/non-fuel OPEX — Old battery cost + New battery
cost
non-fuel OPEX

Old battery cost

New battery cost

New CAPEX/

e Similar to trucks, the battery share of cost was estimated based on recent electric bus
prices in China, the battery size of Proterra’s 440 kWh e-bus, and the 2019 battery pack
price of $156/kWh. Based on this, the share is 12.5% of cost in 2020, which was
decreased over time at the same rate as the battery share of cost for BEV 100 pickup
trucks from Moawad, et al. (2016). The capital cost share of non-fuel levelized cost
comes from the EFS report. New costs are calculated as:

Old (EFS) CAPEX/non-fuel OPEX x Purchase cost share of
CAPEX/non-fuel OPEX x Battery share of purchase cost

Old battery cost x (New battery $/kWh) / (EFS battery $/kVVh)
x Battery vintaging factor

Old battery cost

New battery cost
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= Old CAPEX/non-fuel OPEX — Old battery cost + New battery

cost

non-fuel OPEX

B.4.5 Energy Intensity

Infrastructure costs also vary between the technology advancement scenarios based on
the NREL EFS data but are left unchanged and only manufacturing (capital) costs are
updated based on the new battery cost curves below.

Energy intensity of EVs varies with technology advancement scenario. Intensity under rapid
advancement is on average 12-23% lower than intensity under slow advancement, as shown
in Figure 13.

Figure 13: Energy intensity comparison by EV advancement pathway

Intensity
Mini Car Subcompact Car Compact Car Multipurpose Vehicle
N 150N 2097~ 3 '~
1.0 N N 1.54 A Mool
] P A Rl TN R R Sl KR )
1.01
—_— |V | e | | ——
0.0 0.0+ 0

2020 2030 2040 2050

2020 2030 2040 2050 2

020 2030 2040 2050

2020 2030 2040 2050

Scooter

Moped

Motorcycle (50-250cc)

Three-Wheeler

- —— 067 =, _ ——
— — " — , o—,

T r=lo6 - - = -

0.41 1.0

0.4

_— e | () D | e | 0.5
_ | ——xru 02— &

0.0 0.0+ 0.0

2020 2030 2040 2050

2020 2030 2040 2050 2020 2030 2040 2050

2020 2030 2040 2050 '

Truck (0-2t) Truck (2-5t) Truck (5-9t) Truck (9-16t)
r~. o 51" ~. o 81"~ NN
3 S - 4 .\~___ 64 \'\ —_— 9 Sea -
3
2 4 o 6 —_
2 _—
1 ———— |, 21 8

0

0

04

0

2020 2030 2040 2050 2020 2030 2040 2050 2020 2030 2040 2050

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS

Year

2020 2030 2040 2050

Advancement

- Slow
== Moderate
= Rapid

Technology

- BEV
+ Liquids

57



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

B.5 PAKISTAN-SPECIFIC TRANSPORTATION CHANGES

A number of updates were made to the assumptions for Southeast Asia, including Pakistan:

BEV three-wheelers were added as a technology to reflect locally available vehicle types.
Based on SEP assumptions, the three-wheeler annual travel per vehicle was increased
from 8,478 kilometers per year to 32,000 kilometers per year.

The purchase cost assumptions for two-three wheelers in Southeast Asia were updated
based on market data in Pakistan. A typical gasoline-powered motorcycle model in
Pakistan costs about $800, about 59% of the purchase cost assumption in the UCD
database, so all liquids two-wheeler purchase costs were scaled by this percentage.
Assuming electric two-wheelers are already at levelized cost parity with conventional
ICE two-wheelers in Pakistan, purchase costs for BEVs in 2020 were estimated using
ICEV cost assumptions and assuming equal levelized costs. Duties/taxes in Pakistan
under the ADP and NEVP are then applied to the purchase cost.

As Pakistan-specific cost data is limited in GCAM, the BEV three-wheel purchase costs
in 2020 were estimated using the ratio of liquids motorcycles to three-wheelers in
Southeast Asia in the original UCD database. This ratio (1.37) is then multiplied by the
BEV motorcycle purchase cost to calculate three-wheel BEV purchase costs under the
assumption of levelized cost parity between ICEVs and EVs in 2020. After 2020, purchase
costs decrease according to the battery costs given in the three technology advancement
pathways.

The BEV mini car manufacturing costs and fuel intensity were updated to match the
assumptions for India. This was the only car class and technology where assumptions
did not match those in India, for unclear reasons, so this discrepancy was corrected.

In addition, market survey data provided by ANL indicated that purchase costs for ICE
light trucks and buses are significantly lower in Pakistan than the U.S. Based on the data
available, vehicles in Pakistan were about 40% of the cost of comparable U.S. vehicles,
so the purchase costs for ICE buses, 0-2 ton trucks, and 2-5 ton trucks were scaled
down from their U.S. values to represent this regional knockdown factor.

Cost assumptions for ICE buses and trucks are given as levelized non-fuel cost (per
vehicle-kilometer traveled); Based on cost assumptions for compact cars, purchase costs
constitute about 76% of non-fuel levelized costs, and after applying the 40% capital cost
regional knockdown factor to that share of the levelized cost, the purchase costs for
ICE buses and trucks are estimated. This applies to all technology pathways within these
classes. The cost difference appears to be less significant for heavy-duty trucks, so these
costs are left unchanged at par with U.S. costs. Duties/taxes in Pakistan are then applied
to the assumed purchase costs.

In GCAM, bus costs are levelized by dividing by annual distance traveled of 51,708
km/year, while SEP assumes buses travel 72,000 km per year. For consistency, the bus
levelized costs were scaled by 51708/72000 to implicitly change annual distance traveled.

BEV truck load factors are set to 80% of liquids load factors in 2020 and linearly increase
to be equal with liquids trucks in 2050. This change was made for Southeast Asia only.

The charging infrastructure cost assumptions for BEVs come from Jadun, et al. (2017),
but these were based on costs in the U.S. A large portion of these costs were for labor
associated with installation and upgrades to residential electrical systems. However,
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labor costs are much lower in Pakistan and many households have electrical service with
a higher voltage compared to the U.S. It was assumed that one charger is required per
vehicle for a typical residential power plug with 230V/10A and 100-35 km of driving
daily. Based on market data in Pakistan, a Level 2 charger costs $350-500, installation
cost is $50-100, and residential electrical service upgrades cost $80-135. It was assumed
that an average charging infrastructure capital cost will be $580 for 4W LDVs. Charging
infrastructure costs were not applied for two-wheelers, as vehicle specifications indicate
two-wheeler batteries are sufficiently small that no additional charging infrastructure for
residential use is required. However, the $580 charging infrastructure cost was applied
to three-wheelers because of the high annual distance travelled per vehicle.

e SEP collected information on typical maintenance costs for company and staff vehicles,
as well as information from an informal survey of auto workshops, vehicle drivers, etc.,
around Islamabad. This was used to adjust vehicle maintenance cost assumptions for
LDVs. Actual average maintenance costs could be much lower than the data collected,
as many owners tend to pay for maintenance only when unavoidable (llyas 2007).
Therefore, the values were scaled to 70% to represent more realistic maintenance
practices.

e The GCAM data system uses a default discount rate of 10% for consumer vehicle
purchases. It should be noted that this value is only used to calculate a fixed charge rate,
which converts capital costs to annualized costs as part of the levelized cost calculation.
The discount rate was changed to 5%, based on loan rates of 20-21% in Pakistan'® and
inflation of 5.5% over the past five years.''

B.5.1 Localization Assumptions

There are principally two localization scenarios which have been used to develop EV
penetration assessments: gradual localization and accelerated localization. Scenarios for
gradual and accelerated localization are used to quantify imported EV-specific material and
parts in locally manufactured/assembled electric vehicles which decline over time and help
reduce vehicle purchase costs. Imported EV-specific content assumed is illustrated in Figure
14 below for the two localization scenarios.

10 https://www.mawazna.com/loans/carLoanSteps/2?car_value=2980000&loan_amount=2533000&loan_period=7&
model_year_value=&banks_included=1%2C10%2C11%2C15%2C19%2C20&city=Islamabad&model_year=2020&car_mak
e=|&down_payment=|5&loanTerm=7&source_of_income=|&income_value=25000&bank= | &bank=10&bank=1 | &bank
=1 5&bank=19&bank=20.

I https://www.statista.com/statistics/383760/inflation-rate-in-pakistan.
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Figure 14: Projected imported EV-specific content in locally manufactured vehicles
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For the two localization scenarios, composition of EV-specific imports in various vehicle
categories are given in Figure 15 for the following: local vendor imports of parts and raw
material; completely-knocked-down (CKD) subassemblies; and completely-built-up (CBU)

components.
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Figure 15: Composition of EV-specific imports under different localization scenarios by
vehicle category
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B.6 Policy Scenarios

Table 30 summarizes the various EV policy scenarios modeled. These are run in combination
with Slow and Rapid Advancement cost pathways (see below), for a total of eight scenarios.

Table 30: EV policy scenarios modeled

Scenario
Shorthand

No. Scenario

Description

Applies to

[ Reference NoPolicy Noloc No policies supporting EV adoption
EV duties/taxes/registration based on

assumption of no local manufacturing

Consumer vehicles (2,
3, 4-wheel LDVs)
Buses

Freight trucks

NEVP recommendations for

2 NEVP EV Duty
Reductions, no
EV localization

NEVP_NolLoc

duty/tax/registration reductions for
EVs, with no development of local
manufacturing

Consumer vehicles (2,
3, 4-wheel LDVs)
Buses

Freight trucks

3 NEVP EV Duty

NEVP_GradlLoc

NEVP recommendations for

Consumer vehicles (2,

Reductions, duty/tax/registration reductions for 3, 4-wheel LDVs)
gradual EV EVs, with gradual development of Buses
localization local manufacturing Freight trucks

4 NEVP EV Duty  NEVP_AccellLoc NEVP recommendations for Consumer vehicles (2,
Reductions, duty/tax/registration reductions for 3, 4-wheel LDVs)
accelerated EV EVs, with accelerated development Buses
localization of local manufacturing Freight trucks

B.7 DUTIES AND TAXES

Pakistan’s vehicle taxes and duties are notified as a percentage of the vehicle purchase price.
For ICEVs, these are based Pakistan’s Automotive Development Policy 2016-2021, along with
data on local manufacturing and imports of conventional liquids vehicles (Pakistan Business
Council 2018). Table 31 below illustrates the duty, taxes, and registration provisions for EVs
in Pakistan under NEVP (2019) and ADP (2016).

Table 31: Vehicle duties and taxes in Pakistan under the NEVP

Category Year Comment
YI Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO YII+
A. NEVP
Al Import of used EVs 15% CD

‘CKD’ applies to whole
vehicle (LUMS
clarification)

A2 Imported CKDs 1% GST, nil registration fee

Import of CBUs (I:/E) ‘CBU’ refers to complete
A3a with EV-specific 1% ’ EV subassemblies (LUMS
parts G;T clarification)
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Year

Category

Yl

Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO

Y+

‘CBU’ refers to complete
EV subassemblies

Import of CBUs caini e that
A3b  with localized EV- 25% CD, 1% GST containing parts that are
. otherwise being
specific parts
manufactured locally
(LUMS clarification)
Refers to EV-specific
Import of EV- parts or components of
A4 specific components 1% CD, 1% GST subassemblies not being
and modules manufactured locally
(LUMS clarification)
B. Two- & three-wheelers
B.1 Imported EVs 1% GST
Locally o
B2 manufactured EVs < 1%GST
B.3 All 2W/3W EVs Nil registration fee and annual token
Import of EV
specific parts and
1% CD
B4  components (not Differs from A.4
manufactured 1% GST
locally) complying
with intl. standards
Not clear if three-
wheelers covered under
B.5 Imported EVs 25% CD PCT Code 8703-8090
(‘Other vehicles, with
only electric motor’)
For import of first
20,000 CBUs and related
charging infrastructure
Import of 2W 1% CD. 1% GST by manufacturers who
B.5 CBUs with ' demonstrate setup for
swappable batteries local manufacture of such
units and battery
charging infrastructure
(no timeline specified)
C. Cars/LTVs
Locally o
cl manufactured EVs < 1%GST
Locally . . .
C2 manufactured EVs Nil registration fee and annual token
c3 Imported EVs Nil registration fee and
annual token
Import of EV
specific parts and
1% CD
C4 components (not Contradicts with A.4
manufactured 1% GST

locally) complying
with intl. standards
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Category

Import of up to 3-

USAID Sustainable Energy for Pakistan (SEP) Project

Year

YI Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO YII+

U.S. Department of Energy

>3-year old imports not
allowed under ADP 2016

C5 car old used EVs Allowed for both ICEV & EV. 5%
y CDin A.l not
mentioned here
o SRO issued subsequent
C.6 Imported EVs 25% CD to ADP 2016
o InEo For engine sizes
C7 HEVs 50%(25% below/above 1,800 cc
Ccs8 PHEVs 50%
D. Buses
GoP will purchase 1,000
| ced/locall Import of first 200 electric buses at 1% CD, 1% GST EVs and out-source to
mported/loca .
D.I malzufactured E)</s with the agreement that the other 800 buses will be commercial operators
manufactured in Pakistan (no timeline specified) CD on additional EV
imports not specified
Import of EV e
specific parts for 1% CD App|.lcabl|lt)' t|me||n.e not
D.2 locally manufactured 1% GST specified (to be defined
EVs ° in ADP 2021)
Applicability timeline not
D.3 All EVs (buses) Nil registration fee and annual token specified (to be defined
in ADP 2021)
o Only HEVs mentioned in
D.4 Imported HEVs 1% CD ADP 2016
E. Trucks
GoP will purchase 1,000
| ced/locall Import of first 200 electric trucks at 1% CD, 1% GST EVs and out-source to
mported/loca .
E.l malzufactured E)</s with the agreement that the other 800 trucks will be commercial operators
manufactured in Pakistan (no timeline specified) CD on additional EV
imports not specified
Import of EV T
specific parts for 1% CD App|.lcabl|lt)' t|me||n.e not
E.2 locally manufactured 1% GST specified (to be defined
EVs ° in ADP 2021)
E.3 All EVs (trucks) Nil registration fee and annual token APPI.Icablhty timeline not
specified (7 years?)
E4  Imported EVs 1% CD on HEVs Only HEVs mentioned in

ADP 2016

National EV Policy (NEVP), 2019 (Fig. I, Page 12)

Automotive Development Policy 2016-2021 (ADP 2016)

SRO 644(1)/2018 (May 24, 2018)

Note: CKD: Completely knocked-down; CBU: Completely built-up; CD: Customs duty; GST: General sales tax; HEV:
Hybrid electric vehicle; PHEV: Plug-in hybrid electric vehicle
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As the GCAM model is resolving multiple subclasses of EVs, as would be needed to capture
fully the duty and tax structure in the above table, assumptions are made in support of a
weighted average cost multiplier for each vehicle mode and class and fuel type. Simplified
general assumptions related to vehicle duty and taxes used in the GCAM model are shown in
Table 32.

The common goals of the NEVP and ADP are to accelerate local manufacturing of EVs.
Accordingly, GCAM cost inputs assume increasing local manufacturing of EVs from 2020 to
2030, which modulates overall duties over the decade. Assumed percentages of the new sales
market due to local production, CKD imports, and CBU imports are provided in the table
below.

Table 32: Simplified duty, taxes, and registration assumptions for EVs in Pakistan as
implemented in GCAM model

Item 2020 2025 2030 2035 2040 2045 2050
Duti CBU 50% CD 50% CD 50% CD 50% CD
uties on s

(a" types all 1% CD 25% CD 50% CD + 1% addl. + 2% addl. + 3% addl. + 3% addl.

vehicles), CD on CD on CD on CD on
imports imports imports imports
30% CD 30% CD 30% CD 30% CD

Duties on CKDs 1% CD on 1% CD on

(a” types all EV EV 30% CD + 1% addl. + 2% addl. + 3% addl. + 3% addl.

vehicles) components components .CD on .CD on .CD on .CD on
imports imports imports imports

Taxes (all 6.33% GST 10.67% GST 17%GST

vehicles unless 1% GST N N .

otherwise noted) 0.93% FED (cars) 1.87% FED (cars)  2.8% FED (cars)

Registration 0.33% (2/3W, 0.67% (2/3W, 1% (2/3W, cars)

all vehicles cars cars

( 0% 2% (buses ‘frei ht

unless otherwise 0.67% (buses, 1.33% (buses, ° trucI;s) 3

noted) freight trucks) freight trucks)

Pakistan’s vehicle taxes and duties are given as a percentage of the vehicle purchase price. For
ICEVs, these are based on Pakistan’s Automotive Development Policy 2016-2021, along with
data on local manufacturing and imports of conventional liquids vehicles (Pakistan Business

Council 2018). The final duties, taxes, and fees are assumed to be constant over time for
ICEVs (Table 33).

Table 33: Final duty, tax and fee assumptions for ICEVs in GCAM model

Duty, Tax & Fees for ICEVs

Category (% of purchase price)
Two-wheelers 27.2%
Three-wheelers 29.6%
Cars 35.6%
Buses 35.1%
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B.8 LOCALIZATION OF EV MANUFACTURING

The NEVP proposes varying taxes, duties, and fees for imports and local production. For
imports, duties differ depending on whether materials and parts are EV-specific or not, and
whether whole vehicle imports are completely built up (CBU) or complete knocked down
(CKD) units. To model the NEVP, assumptions are made about the level of EV production
localization for each vehicle class. This presented a challenge for representing the policy in
GCAM. For each vehicle category, taxes, duties, and fees (under the NEVP incentives) for EVs
are calculated for the two localization scenarios as a percentage of the vehicle purchase cost.
Only EV costs vary by policy scenario; costs and all other assumptions for ICEVs are equal
across scenarios. In addition, ICEV tax, duty, and fee multipliers are constant over time, as
they are not affected in the planned NEVP measures. Taxes, duties and fees on EVs under
NEVP and localization scenarios are given in Table 34 and illustrated in Figure 16.

Table 34: Final duty, tax and fees for EVs

Duties, Taxes, & Fees for EVs

Category % of Purchase Price

Scenario 2025 2030

2/3Ws

NEVP, No Localization 3% 19% 35% 58%
NEVP, Gradual Localization 4% 15% 19% 39%
NEVP, Accelerated Localization 9% 13% 10% 28%
No Policy 58% 58% 58% 58%
Cars

NEVP, No Localization 3% 19% 35% 63%
NEVP, Gradual Localization 7% 18% 31% 58%
NEVP, Accelerated Localization 8% 13% 14% 37%
No Policy 63% 63% 63% 63%
Buses

NEVP, No Localization 2% 19% 36% 60%
NEVP, Gradual Localization 2% 18% 32% 55%
NEVP, Accelerated Localization 2% 17% 29% 51%
No Policy 60% 60% 60% 60%
Trucks

NEVP, No Localization 2% 19% 36% 60%
NEVP, Gradual Localization 2% 17% 31% 54%
NEVP, Accelerated Localization 2% 16% 25% 47%
No Policy 60% 60% 60% 60%

Note: Duties, taxes and fees above are based on assumptions of shares of EVs and EV-specific parts that are imported
and locally produced over time.
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Figure 16: Duties and taxes on EVs/ICEVs by category
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B.9 EV MANUFACTURING COST MULTIPLIERS

The resulting manufacturing cost multipliers for each vehicle category are shown in Figure
17. The duty/tax multipliers are applied to the manufacturing cost (ex-factory) to estimate
purchase cost for consumers. The dip for the two- and three-wheelers and cars are a result
of aggressive transitions to local manufacturing ahead of 2030 and the resulting reductions in
duties. After the NEVP period, duties are assumed to gradually approach the levels of ICEVs
by 2045, though differences in imports versus local production continue to drive smaller
differences in duties in 2045 and beyond between EV and ICEVs for all vehicle classes. Since
GCAM runs in five-year time intervals, NEVP incentives are quantified for 2025 and 2030.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 67



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Figure 17: Duties, taxes, and fees cost multipliers as implemented in GCAM study
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Since vehicle classes have different types of capital cost assumptions, we implement the cost
multipliers based on Pakistan’s taxes, duties, and fees in different ways. For 2-wheel and 4-
wheel LDVs, we simply change capital costs (other), which represents sales tax and other
costs not included in the manufacturer-suggested retail price, to the given percentage of the
purchase price. For 3-wheelers, taxes are included in capital costs (other), and for Southeast
Asia average 35% of purchase price (Mishra et al. 2013). We adjust that 35% to the given
taxes, duties, and fees multiplier for each scenario. For buses and trucks, the cost assumption
is levelized CAPEX and non-fuel OPEX. We use the cost assumptions for multipurpose
vehicles (under the Moderate Advancement scenario) to estimate the purchase cost share of
levelized cost. This is about 54% for ICEVs and 58% for BEVs, because of the higher capital
costs of BEVs. We use these shares to apply taxes, duties, and fees multipliers to truck and
bus costs.

In 2020, the NEVP incentives are more generous for imported EVs and EV-specific parts in
the absence of localized production, so the tax, duty, and fee multipliers are lower in the
scenarios with lower localization since imports make up a larger share of EVs. In 2025 and
2030 this is reversed; taxes, duties, and fees are lower in scenarios with higher localization
because the NEVP incentives are aimed at incentivizing local production. Beyond 2030, after
the NEVP is no longer in effect, these costs remain lower for vehicles with higher levels of
local production.

B.I0ICEV AND BEV COSTS

The manufacturing cost of ICEVs and EVs are based on GCAM estimates localized to Pakistan
for gradual and accelerated localization and slow and rapid technology advancement factors
for each category of vehicles. These are given in Figure 18 below for 2018 $/vehicle.
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Figure 18: GCAM projections for BEV manufacturing costs in Pakistan
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Purchase costs of ICEVs and EVs are estimated after applying duties and taxes applicable under
Pakistan’s auto and EV policies to the manufacturing costs. These are given in Figure 19 for
2018 $/vehicle.

Figure 19: GCAM projections for BEV purchase costs in Pakistan
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Levelized purchase cost of vehicles is defined as:
Cost per vehicle-km = (Capital costs x vehicle fixed charge rate) + Annual operating costs

Annual distance traveled
The vehicle fixed charge rate is used to amortize capital costs and is defined as:
Fixed charge rate = Discount rate + Discount rate

(I + Discount r,a-te)Amortization period __ I)

Levelized vehicle costs include:

e Capital cost amortized over 10 years at 15% real discount rates based on Pakistan
vehicle finance lending rates (20%) adjusted to remove inflation (5%).

e Operating (fuel and non-fuel) costs after factoring in vehicle distances travelled, fuel
intensities, and domestic charging infrastructure costs.
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Levelized costs by vehicle type are illustrated in Figure 20 (2018 $/vehicle-km) for the
gradual/accelerated localization and slow/rapid technology advancement factors for each
category of vehicles. Lifecycle cost parity of ICEVs and BEVs is based on the levelized vehicle
costs shown.

Various cases/scenarios are assumed for localization and technology advancement factors
which influence vehicle costs. EVs reach purchase cost parity with ICEVs on a levelized basis
sooner under accelerated localization and rapid technology advancement scenarios compared
to gradual localization and slow technology. This is because the equivalent taxes, duties, and
fees (as a percentage of the purchase cost) reduces for accelerated localization, while vehicle
manufacturing cost reduces with rapid technology advancement. The range of possible costs
is wider for large vehicles, such as freight trucks, as the battery makes up a larger share of the
total cost for these vehicles and electrification of heavy-duty vehicles is subject to higher
uncertainty.

Figure 20: Levelized BEV cost projections by category and scenario
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B.I' I CONSUMER PREFERENCES FOR BEVS

GCAM accounts for non-cost related consumer preferences in vehicle purchase decisions via
two methods explained below.

B.11.1 Share Weights

Transport technologies in GCAM each have a share weight value, which generally represents
non-cost factors influencing adoption, such as product availability, supply chain and service
network maturity, and consumer preferences. Share weights serve as a representation of
consumer preferences in two ways: first, to calibrate the model to historical IEA energy
balance data and absorb regionally specific preferences in historical years, and second, to allow
new technologies to be phased in gradually. EV share weights for all vehicle types are
calibrated to 0 in the base year (2010) and gradually increase to |, on par with conventional
liquids vehicles. To reflect current levels of EV penetration, the share weight assumptions
were modified to show near-zero EV penetration in 2020. Share weights increase to |
(indicating parity with conventional liquids vehicles on all non-cost characteristics, such as
availability, functionality and consumer preferences'?) in 2030 for light-duty vehicles and 2040
for buses and freight trucks. Share weights increase more rapidly for two-three wheelers to
reflect lower barriers to adoption for these smaller vehicles. While it is difficult to choose an
exact share weight value in a given year to represent consumer preferences, the values
represent a gradual phasing in of new technologies and increasing consumer acceptance; when
share weights reach |, EVs compete with ICEVs for market share based only on cost.

Table 35: EV share weights

Category 2010 2015 2020 2025 2030 2035 2040
2/3W LDV 0 0.025 0.05 0.6 1.0 1.0 1.0
4W LDV 0 0.025 0.05 0.4 1.0 1.0 1.0
Truck, bus 0 0.025 0.05 0.4 0.6 0.8 1.0

B.11.2Implicit Discounting of Future Cost Savings

Research has shown that consumers considering energy efficient technologies with higher
capital but lower operating costs, including EVs, consistently discount the future savings they
will receive (Lee and Lovellette 201 |; Gallagher and Muehlegger 2011). To highlight the
importance of accurate perceptions of the cost advantages of EVs, for instance to demonstrate
the effect of informational campaigns, some selected scenarios were run with higher EV
operating costs. These new operating costs for each LDV size class were tailored to represent
a 30% discounting of future operational cost savings. lIdeally this would be done by discounting
both maintenance and fuel costs at a 30% rate, but as fuel costs are modeled endogenously,
GCAM uses the fuel costs from the model output to calculate new maintenance costs that,
when levelized, encapsulate higher discounting of all operating costs.

This method is used to model consumer behavior in addition to the share weights, as research
shows discounting of future savings is a persistent effect even with mature technologies.

12 Note that share weights do not include consumer behaviors like a higher discount rate applied to future costs savings,
which persists even with mature technologies.
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Implicit discounting decreases EV penetration, as upfront capital costs are more salient to the
consumer than future cost savings.

B.12POWER SECTOR CHANGES

Default GCAM power sector projections for Pakistan were adjusted based on the draft
Indicative Generation Capacity Expansion Plan (IGCEP) 2019-2047 (April 2020). The key
elements are explained below:

e Hydro fixed output was adjusted based on the generation projections in the IGCEP.

e The half-life of existing oil-fired power plants (time in which 50% of the cohort is retired)
was reduced to reflect plans for their early retirement in the IGCEP.

e Share weights for coal, natural gas, and nuclear generation were adjusted to
approximately match the fuel mix in electricity generation from 2020-2030 assumed by
SEP.

The IGCEP provides an overview of Pakistan’s existing power system, forecasts future
electricity demand, and presents the results of expansion planning studies conducted by the
Load Forecast and Generation Planning (LF&GP) of Power System Planning (PSP), National
Transmission and Despatch Company (NTDC). In addition, GCAM utilizes updated capital
costs for intermittent and dispatchable renewable technologies based on NREL’s Annual
Technology Baseline 2018 edition.

B.12.1 Fossil Fuel Based Generation

As the IGCEP does not include plans to expand generation from refined liquids, the refined
liquids share weight in electricity generation in GCAM is set to 0 after 2020. Coal share
weights are also increased to reflect plans in the IGCEP to expand coal-fired power
generation. However, GCAM does not fully match IGCEP in this case because of feedback
that the Government of Pakistan aims to revise the coal generation plan from |IGCEP
downward in the next version.

Table 36: Refined liquids-fired generation share weights

Year 2010 2015 2020 2025 2030 2035 2040 2045 2050
Default | 0.95556 0911111 0.866667 0.822222 0.777778 0.733333 0.688889 0.644444
Adjusted | 0 0 0 0 0 0 0 0

Table 37: Coal-fired generation share weights

Year 2010 2015 2020 2025 2030 2035 2040 2045 2050
Default 0.00081317 0.00856 0.010038 0.01179 0.013864 0.016317 0.019215 0.022637 0.026672
Adjusted 0.00081317  0.250407 0.15 0.25 0.5 0.7 0.8 0.7 0.6

B.12.2 Hydroelectric Generation

Hydropower electric generation in GCAM is given as fixed output. Hydro generation for
2020-2040 has been based on the hydro generation projections given in the IGCEP. From
2040-2050, a constant linear increase in hydro generation has been assumed at the 2020-2040
average rate. Hydro generation is held constant beyond 2050, as the analysis in this study only
goes through to 2050.
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Table 38: Hydro generation share weights

Year 2010 2015 2020 2025 2030 2035 2040 2045 2050
Default 0.117706  0.120892 0.124078 0.127264 0.13045 0.140089 0.149728 0.159367 0.117706

Adjusted 0.117706  0.143935 0.238579 0.422274 0.530093 0.573574 0.66302 0.749482 0.117706

B.12.3 Nuclear Generation

Share weights for nuclear technologies were increased between 2015 and 2050 to align
nuclear generation in GCAM with IGCEP plans. For 2020-35, generation is calculated based
on capacities of committed nuclear plants in the IGCEP, assuming a capacity factor of 0.8."
The nuclear share weights are then iterated to get generation close to the IGCEP projections.

Table 39: Nuclear generation share weights

Year 2010 2015 2020 2025 2030 2035 2040 2045 2050
Default 0.024771 0.05 0.05 0.058333 0.066667  0.075 0.083333 0.091667 0.1
Adjusted 0.024771 0.05 0.5 I I I 0.1 0.1 0.1

B.I3INDUSTRY CHANGES

After making these adjustments to the power sector, electricity generation was found to be
significantly higher in GCAM in early years compared other sources. In particular, GCAM
industrial electricity in 2015 was higher than reported by the Pakistan Energy Yearbook and
International Energy Agency. An industry electricity fuel preference elasticity of -0.5 was
added and industrial income elasticity decreased by 50% to tune industrial and total electricity
consumption closer to these data sources.

B.14 GCAM BASELINE MODELING RESULTS

This section presents GCAM'’s baseline representation of Pakistan’s energy and transportation
sector as applicable to assess EV penetration rates. However, for estimation of energy sector
impacts (savings in auto fuels and consumption of electricity for EV charging), vehicle data are
based on SEP’s model.

In the baseline GCAM results, energy consumption increases over time along with population
and GDP. Traditional biomass use declines and is replaced with electricity and natural gas.
Demand for electricity increases from 159 TWh in 2020 to 630 TWh in 2050, an average of
4.7% per year, largely driven by the building sector. The industrial sector sees increased
demand for all fuels, particularly natural gas. Refined liquids use increases, with consumption
concentrated mainly in the transportation sector.

13 http://world-nuclear.org/getattachment/Our-Association/Publications/Online-Reports/World-Nuclear-Performance-
Report-2018-Asia-Edition/world-nuclear-performance-report-asia-20 1 8.pdf.aspx.
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Figure 21: GCAM final energy consumption for Pakistan
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The electricity fuel mix is adjusted to approximately reflect plans in the IGCEP 2019, so
generation from oil decreases, while coal, hydropower, solar, and wind electricity all increase.
CO; emissions nearly triple by 2030, with increases in all sectors. Industry and electricity are
the highest-emitting sectors. The largest percentage increase is from the electricity sector
due to increased coal use, resulting in increased carbon intensity.

Figure 22: GCAM electricity generation by technology
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Figure 23: GCAM CO, emissions by sector

Transport service output in Pakistan is expected to grow significantly over the time frame
considered in this study (Figure 24). Passenger service output is projected to grow by 130%
from 2020 to 2050 while freight service output triples. Modal shift is observed over time, as
demand shifts to faster modes along with increasing per capita GDP. The share of passenger
service provided by cars increases from 10% to 23% between 2020 and 2050, while the share
provided by two-wheelers decreases from 9% to 3%. The share of walking and cycling similarly
decreases from 8% to 1% of passenger transport. The largest share of passenger service
demand, about 70%, is met by buses, and this share remains relatively constant over the time
frame considered.'* Within freight transport, most service demand (about 97%) is met by
trucks rather than freight rail, predominantly by the larger truck classes (5-9 tons and 9-16

tons).

Figure 24: Pakistan transport service output
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14 There are indications intracity bus travel was significantly reduced in Pakistan compared to India and China, due to cultural
preference. While our data were not conclusive enough to modify share weights determining modal split, bus travel in
some cities has been unreliable enough and two- and three-wheelers offer a cheaper travel mode that many have chosen.
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ANNEXURE C. STANDARD SCENARIO MODELING

This section provides a detailed overview of the EV adoption projections, the costs and
savings, and the energy supply and demand impacts which result from potential outcomes of

the NEVP.

C.I GCAM PAKISTAN EV/ICEV COST PROJECTION INPUTS

Figure 25: Levelized costs of transportation technologies by vehicle category without
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Levelized cost of EVs are comparable to ICEVs for cars/LDVs, lower for two/three wheelers
and higher for buses/trucks, except for rapid advancement/NEVP case where EVs are
competitive (Figure 26).
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Figure 26: Levelized costs of transportation technologies by vehicle category with NEVP
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Levelized costs for EVs are lower, but purchase costs much higher, than ICEV versions of
two/three-wheelers (Figure 27).

Figure 27: Vehicle purchase and levelized cost inputs for two- and three wheelers
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Note: BEV two-wheeler purchase costs calculated on assumption of levelized cost parity with
ICEVs in 2020, based on market trends. BEV three-wheeler costs based on adjusted BEV
two-wheeler costs and cost difference between ICEV two-wheelers and three-wheelers.

Levelized and purchase costs of EVs are higher than ICEV versions of cars/LDVs, but approach
cost parity in some cases (Figure 28).
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Figure 28: Vehicle purchase and levelized cost inputs for cars/LDVs
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Note: Future development of EV costs and technology is uncertain. The three cost advancement
pathways aim to account for this uncertainty and provide a range of possible scenarios.

Levelized and purchase costs for EVs are higher than ICEV versions for trucks and buses,
except for <2t trucks in rapid advancement case beyond 2026 (Figure 29).

Figure 29: Vehicle purchase and levelized cost inputs for trucks and buses
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C.2 GCAM PAKISTAN EV MARKET PENETRATION

C.2.1 EV Adoption Projections
EV adoption is assessed by GCAM at five-year intervals (2025 to 2050) based on the following:

e Estimates of upfront vehicle manufacturing and purchase costs, which assume updated
costs of EV components based on market research and subsequent updates to cost
projections, and accounting for battery augmentation and battery cost improvements.
Vehicle purchase costs also include purchase/lease payments, taxes, duties, fees,
registration charges, etc.

o Vehicle purchase costs are affected by incentives under the NEVP, localization
assumptions, and technology pathways.
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e Levelized costs for vehicles include purchase cost (amortized over the vehicles’ lifetime),
repair and maintenance cost, fuel costs based on energy intensity, distances travelled
and applicable fuel tariffs (electricity, gasoline, diesel and CNG), annual token fees, road
tolls and residential charging infrastructure costs.

o Energy intensity is affected by technology pathways.
e Consumer preferences:

o Share weight assumptions which factor in non-cost characteristics, such as
availability, functionality and other consumer preferences.

o Implicit discounting of future savings which factor in greater consumer sensitivity to
higher initial costs versus any lifecycle savings.

The EV adoption (or penetration) rates computed by GCAM are illustrated in Figure
30Error! Reference source not found. for all vehicle categories for the following four
cases which cover the range from low to high:

¢ No Policy — Gradual Localization - Slow Technology Advancement
e No Policy — Accelerated Localization - Rapid Technology Advancement
e NEVP — Gradual Localization - Slow Technology Advancement

e NEVP — Accelerated Localization - Rapid Technology Advancement

Figure 30: Share of EVs in new vehicles added
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C.2.2 Discussion

NEVP duty/tax reductions increase EV penetration (Figure 30). The effect decreases by
2030-2045 as incentives taper off. NEVP encourages in-country manufacturing of
EVs/components, which further decreases duties 2020-30. Two/three-wheelers show high EV
penetration in all scenarios, as they are already at or near cost parity. NEVP buys 5-15% higher
penetration by 2030. Once BEV capital costs drop enough, high truck energy intensities give
EVs a large fuel cost advantage. This only occurs in the rapid cost advancement scenario.
Vehicle costs are exogenous in GCAM, so there are no feedback resulting from higher EV
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adoption (e.g., cost reduction due to economies of scale, learning by doing). Because of this,
the NEVP and no policy penetration curves converge as EV benefits under the NEVP are
reduced.

EV market penetration is highly sensitive to the technology advancement pathway assumed.
Policy and cost scenarios result in a wide range of EV adoption outcomes. EV penetration also
differs greatly by vehicle class, as the smaller EVs reach cost parity with their ICEV
counterparts much sooner than larger vehicles. For example, two- and three-wheelers are
expected to reach lifecycle cost parity with their ICEV counterparts earlier. Similarly, EV share
in certain size classes of new car sales reach cost parity sooner, such as compact cars. Electric
buses have somewhat higher EV penetration than cars owing to high passenger capacity. For
freight trucks, there is especially high uncertainty regarding future technology advancement.
Once BEV capital costs drop enough, BEV trucks have a fuel cost advantage and the share of
electric trucks in new sales rises.

The tax, duty, and fee reductions under the NEVP are more effective in incentivizing EV
purchase for vehicles where EV and ICEV costs are closer to parity. For all vehicle classes,
the share of EVs in new sales decreases after the NEVP benefits phase out in 2030. However,
this may not be realistic; a limitation of GCAM is that it does not capture feedback to vehicle
costs or adoption rates, such as economies of scale, learning-by-doing, or shifts in consumer
preferences due to increased familiarity with EVs. It is possible that policies to support EV
purchase and manufacturing would have longer-lasting impacts than those shown in the model
results.

For electric two- and three-wheelers, which are already cost competitive with ICEVs, the
NEVP incentives are effective in increasing penetration by making EVs cheaper than their ICEV
equivalents. Between 2020 and 2030, after which the policy incentives phase out, the NEVP
benefits increase the EV share in new sales and, when combined with higher localization and
rapid technology advancement, the effect is even larger. Service demand for two-three
wheelers decreases over time, as it shifts to faster modes with growth in per-capita GDP.
However, faster EV cost improvement and NEVP incentives both increase two- and three-
wheeler usage in the near term.

Buses and trucks see a smaller bump in EV penetration as a result of the NEVP, since EVs are
relatively more expensive than their ICEV counterparts and adoption is low between 2020
and 2030. In addition, the NEVP only affects purchase costs, and operating costs, including
fuel and maintenance, are a larger share of total levelized costs compared to smaller vehicles.
NEVP incentives along with accelerated localization increase EV bus share while for trucks,
the NEVP has little effect on EV penetration as it cannot make up for the large difference in
costs between EVs and ICEVs.

The EV adoption projections shown in Figure 30 serve as inputs to the SEP model to
compute the corresponding energy sector impacts. The SEP model takes inputs on EV
penetrations by GCAM as percentage of new vehicle sales (which are provided by vehicle
category). Any variations in vehicle definitions versus SEP’s model assumptions are
accommodated via adjustments in EV adoption rates (GCAM output), e.g., EV penetration for
cars/LDVs are corrected to include pickups/trucks of O-It capacity while all other
data/assumptions for calculation of energy sector impacts are based on SEP’s model.
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C.2.3 Sensitivity of EV Penetration to Elevated Perceived Cost Pathway (EPCP)

For two- and three-wheelers, share of new EV sales in 2030 ranges from 20% to 65% of the
total, while for four-wheelers, the market share ranges from 3-4% at worst and 24% at best
without the NEVP incentives under the assumed elevated perceived cost pathway (EPCP)
criterion (Figure 31), in which future maintenance and fuel savings of EVs over ICEVs are
discounted at 30% over the vehicle lifetime, based on 2030 costs and fuel intensities to reflect
consumer sensitivity to upfront EV purchase costs over potential future lifetime savings.

Figure 31: EV market penetration under ECPC without NEVP by vehicle category
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With the NEVP incentives, two- and three-wheeler share of new vehicle sales in 2030
increases to between 36% to 75%, and for four-wheelers to 14%-47% under ECPC
assumptions (Figure 32).

Figure 32: EV market penetration under ECPC with NEVP by vehicle category
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C.2.4 EV Penetration Utilized Under Various Cases Modeled

EV penetration levels under EPCP computed by GCAM were used in the SEP EV Energy
Impact Assessment Model for the period 2021-2030 as shown in Figure 33 below.

Figure 33: EV penetration levels assumed for base, target and reference case energy impact
modeling

Vehicle EV Penetration Scenarios (% of New Vehicles Added) Under EPCP
Category

Al: A2: BO: Bl: B2:
Low High Target Low High
No NEVP No NEVP NEVP Targets NEVP NEVP

2025 2030 2025 2030 2025 2030 2025 2030 2025 2030

Two- 8.1% 172% 17.0% 35.5% 25.0% 50.0% 22.0% 302% 332% 5I.1%
wheelers

Three- 185% 28.8% 31.4% 50.1% 25.0% 50.0% 41.6% 442% 523% 64.1%
wheelers

Cars/LDVs 1.4% 4.4% 4.4% 19.4% 15.0% 30.0% 7.5% 128% 158% 40.6%
Buses 2.2% 42% 157% 227% 25.0% 50.0% 5.2% 6.6% 235% 28.1%
Trucks 0.0% 0.0% 0.4% 1.9% 15.0% 30.0% 0.0% 0.1% 2.0% 4.6%

C.3 TOTAL VEHICLE PROJECTIONS

Figure 34: Annual EV additions under under base, target and reference cases
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Figure 35: Total EVs on road under base, target and reference cases
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Figure 36: Total EV and ICEV additions during 2021-2030 under base, target and reference
cases
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C.4 IMPACT OF EVS ON PAKISTAN’S ENERGY SUPPLY CHAIN

C.4.1 ICEV Fuel Savings Due to EV Adoption

Figure 37: Annual ICEV fuel savings due to EVs under base, target and reference cases
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Figure 38: Total ICEV fuel savings due to EVs during 2021-2030 under base, target and
reference cases
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C.4.2 Electricity Consumed by EVs

Figure 39: Annual electricity consumed by EVs under base, target and reference cases
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Figure 40: Total electricity consumed by EVs during 2021-2030 under base, target and
reference cases

Total Electricity Consumed by EVs (2021-2030)
30

Base Reference
A: No NEVP B: NEVP o7

25

20
=
< s 167
= 15.0

10

7.0
5

I: LOW 2: HIGH 0: TARGET I: LOW 2: HIGH

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 85



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

C.5 ENERGY SUPPLY COST SAVINGS DUE TO EVS

Figure 41: Total fuel savings/(costs) due to EVs during 2021-2030 under base, target and
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Figure 42: Foreign exchange savings/(costs) on fuel imports due to EVs during 2021-2030
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C.6 SUMMARY RESULTS OF CASES MODELED

Figure 43: Vehicle and energy impacts of EV adoption under base, target and reference
cases for 2021-2030

Vehicles Added Cumulative Addl. Energy Additional ICEV Addl.LNG Addl.
Million Supply Cost/Savings Power Fuel Import Coal
Million $ Consumed Savings (for Power Import
by EVs Net of  (for Power)
CNG)
Total ICEVs EVs Costof ICEV Energy GWh ’000 MMCFD ’000
Vehicles Power  Fuels Supply Tonnes Tonnes
Saved  (Cost)/
Savings
2021 to 2030 2021 to 2030 2021 to 2030 2030 2030
Case Al 18.26 16.57 1.70 594 924 330 6,997 1,575 15.6 141.4
Case A2 18.26 14.69 3.57 1,271 1,978 707 14,971 3,374 332 304.5
Case Bl 18.26 14.59 3.68 1,420 2,210 790 16,722 3,766 33.6 307.4
Case B2 18.26 12.28 598 2299 3,583 1,284 27,080 6,114 55.9 515.9
Case BO 18.26 13.11 5.15 2,022 3,145 1,123 23,818 5,389 52.6 478.9

Figure 44: Vehicle and energy impacts of EV adoption under base, target and reference
cases in 2030

Net Foreign o
Total EVs on ICEV Eeiee Additional Power Addl. Energy
. - Consumed Supply
Road Fuel Savings  Savings on Fuel .
by EVs Cost/Savings
Imports
Million Million Million $ GWh Million $
TOE
Case Al 1.70 0.44 166 1,872 88
Case A2 3.57 0.94 357 4,030 190
Case Bl 3.68 0.95 360 4,068 192
Case B2 5.98 1.60 606 6,828 324
Case BO 5.15 1.48 565 6,338 299
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Figure 45: Net energy saved due to higher efficiency EVs relative to ICEVs in 2030 under
base, target and reference cases

Additional ICEV Fuels Saved Net Energy Consumption Savings
Electricity
Consumed
Trillion BTU/year Trillion BTU/year Trillion BTU/year Million TOE/year
Case Al 6.4 18.9 12.5 0.29
Case A2 13.8 40.7 26.9 0.62
Case Bl 13.9 41.0 27.2 0.63
Case B2 233 69.1 45.8 1.06

Note: | tonne of oil equivalent (TOE): 43.3 million BTU basis imported crude oil [EYB]

Total energy end consumption: 55.0 MTOE (2017-18) [Pakistan Energy Yearbook]

C.7 KEY OUTCOMES OF EV MODELING AND ANALYSIS

C.7.1 General Takeaways

NEVP incentives can more than double no-policy EV penetration rates; the effect
decreases by 2030-2045 as incentives taper off.

EV penetration more than doubles even without policy incentives if BEV prices decline
rapidly and local manufacture is accelerated compared to slow price decline and gradual
localization case.

NEVP 2030 targets fall between high and low market-driven EV projections.

NEVP encourages in-country manufacturing of EVs/components, which can help
decrease vehicle purchase costs further.

Twol/three-wheeler EVs already at levelized-cost parity. However, higher capital costs
may require concessional financing/swappable batteries under rollout strategy for
facilitating early adoption.

NEVP targets for buses and trucks are likely not realizable under cost-based market
forecasts. However, major future BEV cost reductions could significantly impact truck
fuel savings.

C.7.2 Standard Case Outcomes

By 2030, under NEVP, additional electricity consumed by EVs ranges between 4.1-6.8
TWh, with corresponding ICEV fuel savings of 0.9-1.6 MTOE (compared to 18.2 MTOE
of gasoline, diesel and CNG consumed for transportation in 2018).

Under NEVP, ten-year additional electricity supply would cost between $1.4-2.3 billion
depending on the scenario considered, while fuel supply savings in the range of $2.2-3.6
billion are possible, resulting in net energy supply savings of $0.8- 1.3 billion for the period
2021-2030.

Under NEVP, ten-year fuel import savings would fall in the range of $1.5-2.4 billion for
automotive use, net of additional power generation fuel needs, depending on the
scenario considered.
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e Ten-year ICEV fuel supply and forex savings reduce by 45-58% without NEVP, depending
on the scenario considered.

e Carbon emissions reductions due to EVs partially offset by increased thermal power
generation to service vehicle charging.

¢ Non-CO, vehicular emissions reduced due to EVs, with corresponding improvement in
urban air quality levels.
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ANNEXURE D. PRELIMINARY GCAM IMPACT ASSESSMENT

OF EVS ON TRANSPORTATION EMISSIONS

D.lI ASSUMPTIONS

This section provides an initial assessment of emissions impacts of the NEVP which is based
on energy intensity assumptions detailed in Section B.4.5, the generation supply mix provided
in Section B.14, and the following non-Pakistan-specific emissions controls assumptions:

Pollutant emissions SO,, NO,, CO, non-methane volatile organic compounds
(NMVOC), ammonia (NH;), methane (CH,), and N,O are derived from the EDGAR
model."”” BC and OC particulates are derived from Lamarque et al. (2010).'* Though
these data capture fuel and combustion characteristics, they are aggregated across the
transportation and power sectors and gas/diesel (as ‘refined liquids’ fuels) in mass
units.

Emissions factors (in units of mass/energy) are derived from these sector-wide
emissions normalized by IEA energy balance data by the same sectors. As energy
consumption varies according to service output, emissions trends follow through the
emissions factors.

Emissions controls are assumed as a function of GDP growth per the expression
provided in the GCAM documentation'” with a steepness factor of 3.5. CO, emissions
are defined exogenously as 19.6 kg/GJ and are not assumed to be mitigated over time.

I5 https://edgar.jrc.ec.europa.eu/methodology.php.

16 https://acp.copernicus.org/articles/10/7017/2010/.

17 http://jgcri.github.io/gcam-doc/emissions.html.
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Figure 46: Passenger (top) and freight (bottom) non-CO, emissions controls
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D.2 EMISSIONS PROJECTIONS UNDER NEVP SCENARIOS

Figure 47: CO, emissions from Pakistan’s electricity and transportation sectors under
various EV scenarios
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Figure 48: Direct and indirect CO, emissions from transportation under various EV
scenarios

Transportation sector CO2 emissions

*+ No EV adopton
| == Diect emissions
¢+ Total (drect + ndwect) emssions

Year

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 92



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Figure 49: Transportation electrification impacts on total CO, emissions under various EV
scenarios
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Figure 50: Particulate matter emissions from transportation under various EV scenarios

Transportation sector PM 2.5 emissions

.......v-ll'lII!"[A.....‘.

0061

0044

T

0021 * RapdAdy NEVP_Accaloc

0.004

2020
2000
2080
2060

Year

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 93



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Figure 51: Non-CO, emissions from transportation under various EV scenarios
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Figure 52: Transport electrification impact on total non-CO, emissions under various EV

scenarios
Total non-CO2 emissions
[ [ | ou [ o |
- -— 2 — 8 S—_
0.061 '“"'""u-g,-\.. " \‘-«N\\
9 ’_-‘ 4
- ’
004 & &0
2.
0.02- ]
3 o
0004, . L el : . J oL . . J
2020 2030 2060 2050 2020 2000 2040 2050 2020 2090 2040 2080
025+ L L L) l NOC |+ No EV adoption
— - — | 100 o
0204 // 10¢ // . \\ scanano
uou-_,-’ — v Stow_NoPolcy_Nol.oc
- 0.50+ + Slow_NEVP_Noloc
a0 05 * Siow_NEVP_Geadloc
0051 0.25¢ * Slow_NEVP_Acosloc
0.004 00: 0.004 ~ Ragis_NEVP_Nokoc
020 2000 2040 200 2020 N0 2040 200 N0 00 2040 290 o Ress NEVP Gradloc
| NOw | oc ! 8022 |+ Raga NEVP_Accalloc
—— ——
154 /’ 0.15- \\ 4
- N\ 3
10'.“ 0.10+ S
A —
051 0.08¢ o
0.04 0.00- 0-
2020 2000 2040 2050 2020 2000 2040 2050 2020 2000 2040 2050
Year

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 94



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

REFERENCES

e Aized, Tauseef, Muhammad Shahid, Amanat Ali Bhatti, Muhammad Saleem, and Gabrial
Anandarajah. 2018. “Energy Security and Renewable Energy Policy Analysis of Pakistan.”
Renewable  and  Sustainable ~ Energy = Reviews 84 (March): 155-69.
https://doi.org/10.1016/j.rser.2017.05.254.

e Anwar, Javed. 2016. “Analysis of Energy Security, Environmental Emission and Fuel
Import Costs under Energy Import Reduction Targets: A Case of Pakistan.” Renewable
and Sustainable Energy Reviews 65 (November): 1065-78. https://doi.org/10.1016/
j.rser.2016.07.037.

e “Battery Pack Prices Fall As Market Ramps Up With Market Average At $156/KWh In
2019.” 2019. BloombergNEF. December 3, 2019. https://about.bnef.com/blog/battery-
pack-prices-fall-as-market-ramps-up-with-market-average-at- | 56-kwh-in-2019/.

e Berckmans, Gert, Maarten Messagie, Jelle Smekens, Noshin Omar, Lieselot
Vanhaverbeke, and Joeri Van Mierlo. 2017. “Cost Projection of State of the Art Lithium-
lon Batteries for Electric Vehicles Up to 2030.” Energies 10 (9): 1314.
https://doi.org/10.3390/en 100913 14.

e “BYD K9.” 2020. In Wikipedia.
https://en.wikipedia.org/w/index.php?title=BYD_K9&oldid=
941473263.

e Clarke, Leon E., Kejun Jiang, Keigo Akimoto, Mustafa Babiker, Geoffrey ]. Blanford,
Karen Fisher-Vanden, Jean-Claude Hourcade, Volker Krey, EImar Kriegler, and Andreas
Loschel. 2015. “Assessing Transformation Pathways. In: Climate Change 2014: Mitigation
of Climate Change. Contribution of Working Group Il to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change.” Pacific Northwest National
Lab.(PNNL), Richland, WA (United States).

e Crippa, M., Guizzardi, D., Muntean, M., Schaaf, E., Dentener, F., van Aardenne, |. A,
Monni, S., Doering, U., Olivier, J. G. J., Pagliari, V., and Janssens-Maenhout, G.: Gridded
emissions of air pollutants for the period 1970-2012 within EDGAR v4.3.2, Earth Syst.
Sci. Data, 10, 1987-2013, https://doi.org/10.5194/essd-10-1987-2018, 2018.

e Dargay, Joyce, Dermot Gately, and Martin Sommer. 2007. “Vehicle Ownership and
Income Growth, Worldwide: 1960-2030.” The Energy Journal 28 (4).
https://doi.org/10.5547/ISSN0195-6574-EJ-Vol28-No4-7.

e Edelenbosch, O. Y., D. L. McCollum, D. P. van Vuuren, C. Bertram, S. Carrara, H. Daly,
S. Fujimori, et al. 2017. “Decomposing Passenger Transport Futures: Comparing Results
of Global Integrated Assessment Models.” Transportation Research Part D: Transport and
Environment 55 (August): 281-93. https://doi.org/10.1016/j.trd.2016.07.003.

e Egnér, Filippa, and Lina Trosvik. 2018. “Electric Vehicle Adoption in Sweden and the
Impact of Local Policy Instruments.” Energy Policy 121 (October): 584-96.
https://doi.org/10.1016/
j.enpol.2018.06.040.

e EIA. 2016. “PAKISTAN.” U.S. Energy Information Administration. August 2016.
https://www.eia.gov/international/analysis/country/PAK.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 95



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

e Ellingsen, Linda Ager-Wick, Bhawna Singh, and Anders Hammer Stremman. 2016. “The
Size and Range Effect: Lifecycle Greenhouse Gas Emissions of Electric Vehicles.”
Environmental Research Letters 11 (5): 054010. https://doi.org/10.1088/1748-
9326/11/5/054010.

e Gallagher, Kelly Sims, and Erich Muehlegger. 2011. “Giving Green to Get Green!?
Incentives and Consumer Adoption of Hybrid Vehicle Technology.” Journal of
Environmental Economics and Management 6l (h): [-15.
https://doi.org/10.1016/j.jeem.2010.05.004.

e Gonzilez Palencia, Juan C., Takaaki Furubayashi, and Toshihiko Nakata. 2014. “Techno-
Economic Assessment of Lightweight and Zero Emission Vehicles Deployment in the
Passenger Car Fleet of Developing Countries.” Applied Energy 123 (June): 129-42.
https://doi.org/10.1016/
j-apenergy.2014.02.059.

¢ Hao, Han, Hewu Wang, and Minggao Ouyang. 2011. “Fuel Conservation and GHG
(Greenhouse Gas) Emissions Mitigation Scenarios for China’s Passenger Vehicle Fleet.”
Energy 36 (11): 6520-28. https://doi.org/10.1016/j.energy.2011.09.014.

e Hawkins, Troy R., Bhawna Singh, Guillaume Majeau-Bettez, and Anders Hammer
Stromman. 2013. “Comparative Environmental Life Cycle Assessment of Conventional
and  Electric  Vehicles.” Journal of Industrial Ecology 17 (l): 53-64.
https://doi.org/10.1111/j.1530-9290.2012.00532.x.

¢ Holland, Maximilian. 2018. “$100/KWh Tesla Battery Cells This Year, $100/KWh Tesla
Battery Packs In 2020.” CleanTechnica. June 9, 2018. https://cleantechnica.com/
2018/06/09/100-kwh-tesla-battery-cells-this-year- 1 00-kwh-tesla-battery-packs-in-2020/.

e Hu, Junjie, Hugo Morais, Tiago Sousa, and Morten Lind. 2016. “Electric Vehicle Fleet
Management in Smart Grids: A Review of Services, Optimization and Control Aspects.”
Renewable and Sustainable Energy Reviews 56 (April): 1207-26. https://doi.org/10.1016/
j.rser.2015.12.014.

e llyas, S. Z. 2007. “A Review of Transport and Urban Air Pollution in Pakistan.” Journal of
Applied Sciences and Environmental Management 11 (2). https://doi.org/10.4314/
jasem.v| 1i2.55004.

e Jadun, Paige, Colin McMillan, Daniel Steinberg, Matteo Muratori, Laura Vimmerstedt,
and Trieu Mai. 2017. “Electrification Futures Study: End-Use Electric Technology Cost
and Performance Projections through 2050,” 108.

e Khan, Muhammad Imran, and Tabassum Yasmin. 2014. “Development of Natural Gas as
a Vehicular Fuel in Pakistan: Issues and Prospects.” Journal of Natural Gas Science and
Engineering 17 (March): 99-109. https://doi.org/10.1016/j.jngse.2014.01.006.

e Kittner, Noah, Felix Lill, and Daniel M. Kammen. 2017. “Energy Storage Deployment
and Innovation for the Clean Energy Transition.” Nature Energy 2 (9): 1-6. https://doi.org/
10.1038/nenergy.2017.125.

e Kyle, Page, and Son H. Kim. 201 I. “Long-Term Implications of Alternative Light-Duty
Vehicle Technologies for Global Greenhouse Gas Emissions and Primary Energy
Demands.” Energy Policy 39 (5): 3012-24. https://doi.org/10.1016/j.enpol.2011.03.016.

e Lamarque, J.-F.,, Bond, T. C,, Eyring, V., Granier, C., Heil, A, Klimont, Z., Lee, D., Liousse,
C., Mieville, A., Owen, B., Schultz, M. G., Shindell, D., Smith, S. J., Stehfest, E., Van

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 96



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

Aardenne, J., Cooper, O. R., Kainuma, M., Mahowald, N., McConnell, J. R., Naik, V.,
Riahi, K., and van Vuuren, D. P.: Historical (1850-2000) gridded anthropogenic and
biomass burning emissions of reactive gases and aerosols: methodology and application,
Atmos. Chem. Phys., 10, 7017-7039, https://doi.org/10.5194/acp-10-7017-2010, 2010.

e Lee, Henry, and Grant Lovellette. 201 I. “Will Electric Cars Transform the U.S. Market?”
SSRN Electronic Journal. https://doi.org/10.2139/ssrn.1927351.

e Lévay, Petra Zsuzsa, Yannis Drossinos, and Christian Thiel. 2017. “The Effect of Fiscal
Incentives on Market Penetration of Electric Vehicles: A Pairwise Comparison of Total
Cost of Ownership.” Energy Policy 105 (June): 524-33.
https://doi.org/10.1016/j.enpol.2017.02.054.

e Lombardi, Lidia, Laura Tribioli, Raffaello Cozzolino, and Gino Bella. 2017. “Comparative
Environmental Assessment of Conventional, Electric, Hybrid, and Fuel Cell Powertrains
Based on LCA.” The International Journal of Life Cycle Assessment 22 (12): 1989-2006.
https://doi.org/10.1007/
s11367-017-1294-y.

e Malik, Kashif Zaheer, Haram Ajmal, and Muhammad Umer Zahid. 2017. “Qil Price Shock
and Its Impact on the Macroeconomic Variables of Pakistan: A Structural Vector
Autoregressive Approach” 7 (5): 10.

e McCollum, David, Volker Krey, Peter Kolp, Yu Nagai, and Keywan Riahi. 2013.
“Transport Electrification: A Key Element for Energy System Transformation and
Climate Stabilization.” Climatic Change 123 (3-4): 651-64. https://doi.org/10.1007/s10584-
013-0969-z.

e Memon, Dr A R. 201 I. “Status of Petroleum Sector in Pakistan - A Review,” 10.

e Mersky, Avi Chaim, Frances Sprei, Constantine Samaras, and Zhen (Sean) Qian. 2016.
“Effectiveness of Incentives on Electric Vehicle Adoption in Norway.” Transportation
Research Part D: Transport and Environment 46 (July): 56-68. https://doi.org/10.1016/
jtrd.2016.03.011.

e Mittal, Shivika, Hancheng Dai, Shinichiro Fujimori, Tatsuya Hanaoka, and Runsen Zhang.
2017. “Key Factors Influencing the Global Passenger Transport Dynamics Using the
AlM/Transport Model.” Transportation Research Part D: Transport and Environment 55
(August): 373-88. https://doi.org/10.1016/j.trd.2016.10.006.

e Moawad, Ayman, Namdoo Kim, Neeraj Shidore, and Aymeric Rousseau. 2016.
“Assessment of Vehicle Sizing, Energy Consumption and Cost Through Large Scale
Simulation of Advanced Vehicle Technologies.” ANL/ESD-15/28, 1245199.
https://doi.org/10.2172/1245199.

e Nykvist, Bjorn, and Mans Nilsson. 2015. “Rapidly Falling Costs of Battery Packs for
Electric Vehicles.” Nature Climate Change 5 4): 329-32.
https://doi.org/10.1038/nclimate2564.

e Ou, Shiqi, Zhenhong Lin, Zhixin Wu, Jihu Zheng, Renzhi Lyu, Steven V. Przesmitzki, and
Xin He. 2017. “A Study of China s Explosive Growth in the Plug-in Electric Vehicle
Market.” ORNL/TM--2016/750, 1341568. https://doi.org/10.2172/1341568.

e Parik, Gunjan. 2016. “C40: Cities Are Leading An Electric Bus Revolution.” C40.
September 9, 2016. https://www.c40.org/blog_posts/cities-are-leading-an-electric-bus-
revolution.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 97



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

e Poon, Linda. 2019. “The Electric Bus Is Running Late.” CityLab. July 20, 2019.
https://www.citylab.com/transportation/2019/06/electric-bus-china-grid-ev-charging-
infrastructure-battery/591655/.

e “Proterra: U.S. Record for Electric Bus Battery Capacity - Sustainable Bus.” 2019. March
23, 2019. https://www.sustainable-bus.com/news/proterra-set-a-new-us-record-for-
electric-bus-battery-capacity/.

e Rangaraju, Surendraprabu, Laurent De Vroey, Maarten Messagie, Jan Mertens, and Joeri
Van Mierlo. 2015. “Impacts of Electricity Mix, Charging Profile, and Driving Behavior on
the Emissions Performance of Battery Electric Vehicles: A Belgian Case Study.” Applied
Energy 148 (June): 496-505. https://doi.org/10.1016/j.apenergy.2015.01.121.

e Rehman, Abdul, and Zhang Deyuan. 2018. “Pakistan’s Energy Scenario: A Forecast of
Commercial Energy Consumption and Supply from Different Sources through 2030.”
Energy, Sustainability and Society 8 (1): 26. https://doi.org/10.1186/s13705-018-0167-y.

e Richardson, David B. 2013. “Electric Vehicles and the Electric Grid: A Review of
Modeling Approaches, Impacts, and Renewable Energy Integration.” Renewable and
Sustainable Energy Reviews 19 (March): 247-54.
https://doi.org/10.1016/j.rser.2012.11.042.

e Schmidt, O., A. Hawkes, A. Gambhir, and I. Staffell. 2017. “The Future Cost of Electrical
Energy Storage Based on Experience Rates.” Nature Energy 2 (8): 17110.
https://doi.org/10.1038/
nenergy.2017.110.

e Seixas, J., S. Simoes, L. Dias, A. Kanudia, P. Fortes, and M. Gargiulo. 2015. “Assessing the
Cost-Effectiveness of Electric Vehicles in European Countries Using Integrated
Modeling.” Energy Policy 80 (May): 165-76. https://doi.org/10.1016/j.enpol.2015.01.032.

e Sierzchula, William, Sjoerd Bakker, Kees Maat, and Bert van Wee. 2014. “The Influence

of Financial Incentives and Other Socio-Economic Factors on Electric Vehicle Adoption.”
Energy Policy 68 (May): 183-94. https://doi.org/10.1016/j.enpol.2014.01.043.

e Sims R, R. Schaeffer, F. Creutzig, X. Cruz-Nunez, M. D’Agosto, D. Dimitriu, M.
Figueroa Meza, L. Fulton, S. Kobayashi, O. Lah, A. McKinnon, P.Newman, M. Ouyang, J.).
Schauer, D. Sperling, and G. Tiwari, 2014: Transport. In: Climate Change 20[4:
Mitigation of Climate Change. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Edenhofer, O.,
R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S.
Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlomer, C. von Stechow, T.
Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA.

e Stromsta, Karl-Erik. 2019. “Proterra Rolls Out $200 Million Electric Bus Battery Leasing
Program With Mitsui.” April 16, 2019. https://www.greentechmedia.com/articles/read/
proterra-rolls-out-bus-battery-leasing-program-with-mitsui.

e Tan, Kang Miao, Vigna K. Ramachandaramurthy, and Jia Ying Yong. 2016. “Integration of
Electric Vehicles in Smart Grid: A Review on Vehicle to Grid Technologies and
Optimization Techniques.” Renewable and Sustainable Energy Reviews 53 (January): 720-
32. https://doi.org/10.1016/
j.rser.2015.09.012.

e “Transport — IPCC.” 2014. 2014. https://www.ipcc.ch/report/ar5/wg3/transport/.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 98



USAID Sustainable Energy for Pakistan (SEP) Project
U.S. Department of Energy

e Wang, Ning, Linhao Tang, and Huizhong Pan. 2019. “A Global Comparison and
Assessment of Incentive Policy on Electric Vehicle Promotion.” Sustainable Cities and
Society 44 (January): 597-603. https://doi.org/10.1016/j.scs.2018.10.024.

e Wappelhorst, Sandra. 2018. “Using Vehicle Taxation Policy to Lower Transport
Emissions: An Overview for Passenger Cars in Europe,” December, 54.

e Wolfram, Paul, and Nic Lutsey. 2016. “Electric Vehicles: Literature Review of
Technology Costs and Carbon Emissions,” July, 23.

e Wu, Ya, and Li Zhang. 2017. “Can the Development of Electric Vehicles Reduce the
Emission of Air Pollutants and Greenhouse Gases in Developing Countries?”
Transportation Research Part D: Transport and Environment 51 (March): 129-45.
https://doi.org/10.1016/
j.trd.2016.12.007.

e Yang, Zifei. 2016. “Principles for Effective Electric Vehicle Incentive Design,” June, 43.

e Zhang, Runsen, and Shinichiro Fujimori. 2020a. “The Role of Transport Electrification in
Global Climate Change Mitigation Scenarios.” Environmental Research Letters |15 (3):
034019. https://doi.org/10.1088/1748-9326/ab6658.

e |bid. 2020b. “The Role of Transport Electrification in Global Climate Change Mitigation
Scenarios.” Environmental Research Letters 15 (3): 034019. https://doi.org/10.1088/1748-
9326/ab6658.

Electrification of Pakistan’s Transport System
MODELING EV PENETRATION AND ENERGY SUPPLY CHAIN IMPACTS 99





