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FOREWORD

ince its inception in 2017, the Sustainable Mobility for All (SuM4All) Partnership

has been advocating for sustainable mobility in international forums, with transport

decarbonization being one of the four goals for transport systems to achieve

globally. The Partnership’s 56 Member organizations were instrumental in framing
the policy knowledge around decarbonization, universal access, efficiency, and safety that
would support cities and countries on the path to achieving these goals. In recognition of the
Partnership's achievements, the United Nations Climate Change Conference (UNFCCC) in
2021 acknowledged the Partnership as a champion of transport decarbonization in climate
change action around the world.

The 27th United Nations Climate Change Conference (COP27) will take place in Egypt
between November 6 and 18, 2022. COP27 is expected to advance action on several fronts—
adaptation, the just transition toward decarbonization, and climate finance. Early in 2022,
the Partnership engaged with country decision makers at a roundtable discussion to identify
the most pressing demands for action on transport to bring forward at COP27. Appropriate
e-mobility choices, international cooperation, investing in public transport, and the business
of exporting used vehicles to the Global South, were the issues that took center stage. The
Partnership mobilized itself into working groups to delve deep into these issues, develop a
clear policy agenda for action at COP27, and influence policy debates on these matters.

We are pleased to release five important contributions to COP27 in the “GRA in Action
Series.” They include: (i) E-mobility in Low-Income Countries in Africa: Finance,
Governance, and Equity; (ii) Decision-Making Tool for E-Mobility Investments; (iii)
Electromobility and Renewable Electricity: Developing Infrastructure for Synergies; (iv)
Empowering E-mobility in the Global South: The Case of Two Cities—Cuenca and Nairobi;
and (v) and Key Strategic Areas of Action to Address in Unlocking Public Transport’s
Potential to Deliver on Climate and Sustainable Development. The products are the outcome
of a year of engagement with Member organizations, countries' decision makers, partners,
and field experts.

The "GRA in Action Series" aims at generating a better understanding of transport decarbon-
ization, collecting global experiences, and deep diving into the associated policy measures

in the Global Roadmap of Action (GRA) to make them more pragmatic for countries'
decision makers.

We thank the Sustainable Energy for All (SEforAll), the UK’s High Volume Transport
Applied Research (HVT) and the Climate Compatible Growth (CCG) Programme, the
Transformative Urban Mobility Initiative (TUMI), and the International Association of
Public Transport (UITP), for leading the preparation of this important policy paper on
Developing Infrastructure for Synergies between Electromobility and Renewable Electricity.
Focusing on Low- and Middle-Income Countries (LMICs), this paper provides guidance on
coordination needs between transport and energy decision-makers.

Sustainable Mobility for All Steering Committee
(On behalf of our 56 Member organizations)
November 2022, Washington, D.C.
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EXECUTIVE SUMMARY

lectrification of transport is a central pillar of the much-needed emission
reductions in the transport sector, along with a strong shift toward public
transport, walking, and cycling. It will require a substantial scaling up of

renewable electricity to contribute to the decarbonization of the energy and

transport sectors. While decarbonized economies have great benefits, the transition
to get there holds some challenges.

Low- and middle-income countries (LMICs) encounter more pronounced challenges,
as they often face substantial development needs in the intertwined power and
transport sectors. While countries make choices on how they use their resources,
developing renewable electricity and e-mobility together offer synergies that allow
investments to be optimized rather than allow for compromises.

It is important to explore the interdependencies and synergies of developing
e-mobility and renewable electricity. The three articles presented in this paper address
the relevance of sector modeling to inform long-term strategies for decarbonizing
energy and transport; the opportunities of integrating road transport electrification
and the development of renewable electricity; and the potential synergies between
railway electrification and grid expansion. They illustrate examples from Latin

America, Africa, and Asia.
The following conclusions and suggestions can be summarized from the articles:

“Sector modeling to inform long-term strategies for decarbonizing energy and
transport: Experiences from Latin America and the Caribbean (LAC) Regions”

Long-term strategies (LTSs) contemplating net zero emissions by 2050 are key
instruments in driving transformational changes in countries.

LTSs allow the mapping out of mid- and short-term goals that will help achieve
the long-term target. Costa Rica is a good example with a vision of nearly full
electrification by 2050 and an intermediate step of 30 percent by 2035 and is
piloting electric and hydrogen buses.

Energy modeling and strong stakeholder engagement are critical for increasing
the acceptability and transparency in LTS design.

Transformations needed to reach net zero emissions require investments that are
outweighed by the benefits that they will bring.

Decarbonizing transport would, in most countries in LAC, cause a fiscal
impact due to the high reliance of fuel-related taxes. However, the net benefits
of decarbonizing are larger. Crucially, since the fiscal impact occurs in the long

ELECTROMOBILITY AND RENEWABLE ELECTRICITY: DEVELOPING INFRASTRUCTURE FOR SYNERGIES e



run, governments can execute tax adjustments to Renewable electricity developers: Grow the
eliminate the fiscal impact while maintaining net mix with customers to optimize electricity
benefits for all actors. costs and network efficiency through

grid integration.
“Road transport electrification and renewables:

Opportunities for integration” Power exchanges: Support favorable infra-

structure and price mechanisms to allow

Road transport and renewable electricity sectors a round the clock renewable electricity and

considerable opportunity for capturing synergies EV integration.

that can decarbonize and improve access to
electricity and transportation. “Exploring the potential synergies between railway

electrification and grid expansion”
Improving business models and financial invest-

ments in both sectors need suitable integrated Railway transport must take a central part in the decar-
policy measures, funding mechanisms, and gover- bonization of the transport sector, as it is more efficient
nance structures to flourish, especially in LMICs in the use of resources than road-based modes.

with unstable grid infrastructure and limited

Reaching the full potential of environmental benefits
access to finance.

that railways can bring also depends on the shift away
Actions for effective e-mobility and renewable from diesel toward low carbon energy sources.

electricity integration:
Railway electrification, the most traditional way

Governments: Drive renewable electricity to decarbonize operations, poses a significant
and electric vehicle (EV) demand and supply economic challenge due to the considerable capital
with a clear vision and a road map toward investment required.

long-term commitments.
Challenges related to railway electrification may be

Power utilities: Add renewable electricity to accentuated in countries of the Global South.

production capabilities and support solar

rooftops and smart charging solutions for The synergies between the energy and the railway

customers, encouraging the use of renewable steeitos: vy ol e By 5o by prss e el

lectricity for EV charging, en-and-egg paradigm and unlock the economic

justification for such investments.

Manufacturers: Build affordable and locally

suitable, high quality EVs integrating Railway electrification is only viable when suffi-

renewable electricity through efficient and cient electricity supply already exists or if the

. electrification of railways and expansion of the
clean supply chains.
grid can be combined to promote wider transport

Operators: Establish valued, scalable business and electricity access for economic growth.
models that can solve the affordability and

o Electrified railway services create a new and
productivity challenge.
known demand for electricity and the joint devel-
Financiers: Provide easy access to low cost opment of electrified rail and renewable electricity
financing and scalable financing instruments. infrastructure can optimize investments in

both sectors.
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INTRODUCTION

BACKGROUND

Electrification of transport is a central pillar of the much-needed emission reduc-
tions in the transport sector, along with a strong shift toward public transport,
walking, and cycling It will require a substantial scaling up of renewable electricity to
contribute to the decarbonization of the energy and transport sectors. Countries can
increase their energy independence through locally produced renewable electricity.
They can free up resources spent on fossil fuel imports and subsidies for investments
in their economies. In the medium- and long-term, countries can benefit from the
lower overall cost of a decarbonized economy.

Yet, these transitions come with their challenges. Higher shares of intermittent
renewables such as wind and solar electricity require a greater grid and storage
capacity flexibility. Charging for a growing fleet of electric vehicles (EVs) needs to be
managed so that it does not threaten the grid’s stability or compromise other sectors'
energy needs. Likewise, electrifying railways comes with large additional capacity
requirements. And both sectors, transport, and energy need substantial investments
to initiate and accelerate their shift into a low carbon development pathway.

Low- and middle-income countries (LMICs) encounter even more pronounced
challenges, as they often face substantial development needs in both the power and
the transport sector. In the transport sector, the development of electromobility
(e-mobility) should be aligned to support other aspects of sustainable transport
systems such as accessibility, air pollution, and congestion. In the electricity sector,
generation capacity and grids may be insufficient to satisfy already existing needs,
and people may still lack access to energy. Providing more people with reliable,
clean, and affordable electricity must be at the center of the energy sector’s devel-
opment effort.

While countries make choices on how to use their resources, developing renewable
electricity and e-mobility together also offers synergies that allow investments to be
optimized rather than allow for compromises.

OBJECTIVES

Prepared under the umbrella of the Sustainable Mobility for All (SuM4All)
partnership and as a joint product of the working groups “Energy and Mobility”
and “E-mobility”, this paper intends to raise awareness about the need for more
cross-sectoral exchange between transport and energy. The paper also seeks to
stimulate and enrich the discussion on the ways both sectors can collaborate and
coordinate to help overcome the challenges and make use of the opportunities that
e-mobility entails.

ELECTROMOBILITY AND RENEWABLE ELECTRICITY: DEVELOPING INFRASTRUCTURE FOR SYNERGIES e



The paper aims to inform policy makers at the
national and local levels from transport, energy and
environment, urban and rural development, and
industry. It equally aims to serve utilities, energy
producers, public and private transport fleet and
infrastructure operators, investors as well as the inter-

national finance and development community.

The paper's working groups also wish to contribute
meaningfully at the United Nations Climate Change
Conference 2022 to the much-needed acceleration of
climate action in transport and energy.

CONTENT AND STRUCTURE

In this paper, we explore the interdependencies and
synergies of developing e-mobility and renewable
electricity. With a focus on LMICs, we discuss joint
development of electric ground transport—road
vehicles, ranging from two-wheelers to heavy duty
vehicles, and rail—and renewable electricity.

The paper comprises three independent yet comple-
mentary articles:

The first article “Sector modeling to inform long-term
strategies for decarbonizing energy and transport:
Experiences from Latin America and the Caribbean”
looks at the necessity and value of modeling and
long-term planning as strategic tools to guide decision
making in the energy and transport sector. Examples
from Latin America and the Caribbean illustrate the
benefits and the approaches governments can take.

The second article “Road transport electrification

and renewables: Opportunities for integration”
focuses on the potential to combine developments of
e-mobility in the road vehicle sector and expansion of
renewable electricity generation. It explores different
business models, provides considerations on their
benefits, limitations, and suitability for LMICs,

and gives recommends how key actors can support
their development.

The third article “Exploring the potential synergies
between railway electrification and grid expansion”
sets the focus on rail electrification, and the challenges
and opportunities to expand rail and grid networks for
mutual benefit. The paper introduces examples from
Africa and India.

RELATED WORK UNDER SUMA4ALL

As part of the “GRA in Action” series' the paper

adds to the body of GRA publications dedicated to
sustainable electrification of the transport sector. It is
the first paper that sets a particular focus on the inter-
section of transport and energy. Other related papers of
the GRA in Action series include:

E-mobility in Low-Income Countries in Africa:
Finance, Governance, and Equity (SuM4All 2022)

Empowering the City of Cuenca Towards
Transport Decarbonization: A Vision for Electric
Mobility (SuM4All 2022)

Empowering E-mobility In the Global South:
The Case of Two Cities—Cuenca and Nairobi
(SuM4All 2022)

Decision-Making Tool for E-Mobility Investments
(SuM4All 2022)

Unlocking Public Transport’s Potential to Deliver
on Climate and Sustainable Development:

6 Strategic Areas of Action to Address

(SuM4All 2022)

Sustainable Electric Mobility: Building Blocks and
Policy Recommendations (SuM4All 2021)

Electromobility in the Global South: An Equitable
Transition toward Road Passenger Transport
Decarbonization (SuM4All 2021)

The Digital Toolkit for Energy and Mobility
(SuM4All 2021)

1. The GRA in Action series contains actionable guidelines developed from the recommendations made in the
Global Roadmap of Action toward Sustainable Mobility (GRA) - a Policy Tool developed by the Sustainable
Mobility For All (SuM4All) initiative. Drawing from the Catalogue of Policy Measures, these papers take a deep

dive into policies and global experience available to enable policymakers to take action on the ground. Available:

https://www.sum4all.org/publications/gra-action-series.
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SECTOR MODELING TO INFORM
LONG-TERM STRATEGIES FOR
DECARBONIZING ENERGY AND
TRANSPORT: EXPERIENCES
FROM LATIN AMERICA AND
THE CARIBBEAN REGIONS

Jairo Quirds-Tortos and Luis F. Victor Gallardo

KEY TAKEAWAYS

Long-term strategies (LTSs) contemplating net-zero emissions by 2050 are key
instruments in driving transformational changes in countries.

LTSs allow the mapping out of mid- and short-term goals that will help achieve
the long-term target. Costa Rica is a good example with a vision of nearly full
electrification by 2050 and an intermediate step of 30 percent by 2035 and is
piloting electric and hydrogen buses.

Energy modeling and strong stakeholder engagement are critical for increasing
the acceptability and transparency in LTS design. In Costa Rica, the Ministry
of Environment and Energy led their LTS design with technical support from
the University of Costa Rica. Similar examples can be cited from Peru, Chile,
Guatemala, and other Latin America and the Caribbean (LAC) countries.

Transformations needed to reach net-zero emissions require investments that
are outweighed by the benefits that they will bring. The net benefits in Costa
Rica are estimated to be US$41 billion (Groves et al. 2020), US$7 billion in Chile
(Benavides et al. 2021) and US$140 billion in Peru (Quirds-Tortds et al. 2021)

Decarbonizing transport would, in most countries in LAC, cause a fiscal impact
due to the high reliance of fuel-related taxes. However, the net benefits of decar-
bonizing are larger. Crucially, since the fiscal impact occurs in the long run,
governments can execute tax adjustments to eliminate the fiscal impact while
maintaining net benefits for all actors.

Decarbonizing would also bring other benefits not discussed in detail in this
article. The LAC region could see a net creation of 15 million jobs in 2030 by
speeding up decarbonization and providing the necessary re-skilling (Saget et al.
2020).
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INTRODUCTION

The Paris Agreement calls on countries to devise
long-term strategies (LTSs)' contemplating low
greenhouse gas (GHG) emissions (Waisman et al.
2016) to limit the global average temperature rise
above pre-industrial levels to well below 2°Celcius,
preferably 1.5°Celcius. LTSs should aim to reach and
sustain net-zero global anthropogenic carbon dioxide
emissions to halt global warming (IPCC 2021). While
the world is not on track to reach the 1.5°Celcius
temperature limit (Matthews and Wyne 2022), 11
countries in Latin American and the Caribbean (LAC),
of 50 worldwide, have already set targets to reach
net-zero carbon or GHG emissions (Fazekas et al.
2022). While only six countries in LAC have submitted
their LTSs, multilateral development banks (MDBs)
are working with governments to design and present
their LTSs soon. In many cases, these LTSs are being
developed using well-known and established method-
ologies and robust decision making (Lempert 2019).
The LAC region could be an example to other countries
on approaches to design LTSs (Calfucoy et al. 2022).

Increasing renewable energy generation and reducing
fossil fuel consumption from transport are key trans-
formations to achieve net-zero emissions. While the
price tag on decarbonizing a country's economy in LAC
can range between 7 to 19 percent of their annual gross
domestic product (GDP) (Galindo et al. 2022)—about
half of it in the energy sector—the benefits of doing so
will outweigh the costs, as studies in the region have
shown. The net benefits in Costa Rica are estimated to
be US$41 billion (Groves et al. 2020), US$140 billion

in Peru (Quirds-Tortds et al. 2021), and US$7 billion in
Chile (Benavides et al. 2021). The transition to net-zero
emissions will also bring challenges. Switching to
renewable energy sources and e-mobility will lower
government revenue as their tax income is highly
dependent on fossil fuels and internal combustion
engine (ICE) vehicles. On the other hand, diversifying
the economy in the region will open new sources of
revenue and bring more jobs.

Executing the transformation will require addressing
technological, financial, social, and policy challenges.
LTSs are an important instrument for guiding action,

anticipating and managing trade-offs, and designing
policies and investments that enable the transition
(IDB & DDPLAC 2019; Victor-Gallardo 2022). We
explore two desirable features of LTS elaboration:

(i) the importance of modeling and stakeholder
engagement when it comes to estimating the impact
of sectoral transitions and identifying implementation
actions; and (ii) the possible fiscal implications and
responses of the decarbonization process in LAC and
their link to LTSs.

MODELING AND STAKEHOLDER
ENGAGEMENT FOR BETTER LONG-TERM
STRATEGIES

Energy modeling—using mathematical models to
generate insights about the future of energy systems—
can provide policy support when based on rigorous
analytics and good governance (Howells et al. 2021).
When applied in conjunction with close stakeholder
collaboration and consultations through workshops
or bilateral meetings, energy modeling can help actors
gain perspective, clarity, and agreement about the
transformations needed to reach decarbonization and
inform a county’s LTSs. The range of stakeholders
varies per country, but generally, energy modeling
involves the ministers of energy, environment,
transport, finance, and planning.

Energy modeling must capture the synergies between
sectors. Without this sector coupling, the models
may not be able to represent the true transformation
needed. For instance, modeling electricity and
transport sectors together can lead to understanding
power grid requirements from ongoing electrification
of the vehicle fleet. Thus, combined sector modeling
for energy and transport necessitates engaging a
country’s transport stakeholders. For example, the
design of the energy component of the National
Decarbonization Plan of Costa Rica was led by the
Ministry of Environment and Energy and involved
stakeholders from the Ministry of Public Works and
Transport, the Costa Rican Refinery of Petroleum, the
Costa Rican Institute of Rails, members of the eight
power utilities, the transmission system operator,
civil society, academia, and the private sector. Similar
groups were, or are being, created in Chile, the



Dominican Republic, Guatemala, Peru, and Uruguay.
Close stakeholder engagement also increases modeling
transparency and enables good representation of the
system under analysis.

The LTS-related development opportunities for each
country will vary. However, some recommendations for
better coupling LTS and energy modeling efforts are:

LTSs respond to international requirements and
identify development opportunities for national
actors. Without a linkage to a development
strategy, an LTS can become irrelevant as an

inert policy formality (Calfucoy et al. 2022). For
that reason, models must continually improve

and address the questions and knowledge gaps of
the policymaking community and stakeholders
(Howells et al. 2021). Moreover, modeling and LTS
targets must be transparent. The cases of Costa
Rica and Chile are notable examples. Their LTSs
were then used to align all other policy instru-
ments as with the national development plan and
increase their respective relevance. In addition, the
University of Costa Rica continually improves and
updates the models used for the design of energy
policy based upon new feedback or requests from
stakeholders and international data.

LTS efforts need to increase the understanding of
measures needed to achieve the transformations.
The measures should link to country-specific
opportunities that increase competitiveness
(Calfucoy et al. 2022). Hence, alignment with
broader socio-ecological objectives and striving for
equity should be LTS features (Fankhauser et al.
2022). Once again, the case of Chile and Costa Rica
are outstanding examples. Their energy transition
modeling highlights key transformations with
relatively low investment and high benefits that
could then be used to promote other policies.

The institutions responsible for implementing
LTSs should maintain continuous stakeholder
engagement (Calfucoy et al. 2022), supported with
rigorous technoeconomic analytics. For instance,
the Ministry of Environment and Energy in Costa
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Rica works closely with the University of Costa
Rica to improve the model and provide additional
insights continuously. They continue to work

to understand the ecosystem needed to enable
hydrogen for heavy transport in the country by
2030 and 2050. At this stage, institutions respon-
sible for executing LTSs will define investments
and policy reforms that are concrete and viable.

While energy modeling offers policy insights for
strategic planning, other challenges, such as integrating
renewable energy sources and zero emission vehicles
(ZEVs), will also have to be dealt with other tools. An
example would be those that can facilitate the study
of grid operation that includes system balancing and
security services. With adequate technologies and
tools, the transport sector can support balancing grid
operations such as through vehicle-to-grid, smart
charging, and dynamic end user pricing to encourage
users to charge and provide their electric vehicle (EV)
battery in line with the grid’s balancing needs. Energy
modeling can help understand this integration.

Countries in LAC have used models to primarily
study their electricity systems. Integrated models were
adopted to understand the synergies between systems,
such as electricity and transport, electricity and gas,
and electricity, transport, and gas. Chile Costa Rica,
and Peru used integrated models to investigate the
transformations needed to achieve net-zero emissions
by mid-century (Benavides et al. 2021; Groves et al.
2020; Quirds-Tortos et al. 2021). Some countries are
working on the development of models to support

the creation of their LTSs, including the Dominican
Republic, Ecuador, Guatemala, Honduras, Panama,
and Uruguay. These models are commonly developed
by local universities with international collaboration
including the financial support of MDBs. They are built
using local data and stakeholder engagement. While
some countries use licensed software for developing
their LTSs, there is an ongoing appetite in the region
to move toward open source and free tools (Allington
et al. 2021) as these increase transparency, lead to
co-development with the international community,
and reduce costs.



ASSESSING THE FISCAL IMPACT AND THE
NEED FOR REFORMS AS PART OF LONG-TERM
STRATEGIES

Transport decarbonization reduces the overall
economic cost of the transport sector for societies but
substituting ICE vehicles for ZEVs erodes a category
of fiscal revenues that governments have relied on

for decades (Rodriguez et al. 2021; van Dender 2019).
In the LAC region, taxes on energy and transport
activities amount to one percent of GDP (OECD

2022). Some countries in the LAC region depend on

oil and gas revenues for their fiscal revenue as energy
producers and exporters (Solano-Rodriguez et al.
2021). In a future where fossil fuels are in less demand
and considering decreasing oil and gas reserves, failing
to diversify revenue can jeopardize fiscal sustain-
ability and cause stranded asset risks. The COVID-19
pandemic that lowered oil prices in 2020 illustrated this
vulnerability. Bolivia, Colombia, Ecuador, Mexico, and
Trinidad and Tobago had a fall in government revenue
0f 0.9, 1.2, 3.4, 0.9 and 3.3 percentage points of GDP
respectively in 2020, relative to 2019 (OECD 2022).

Governments may face losing direct revenue from the
transport sector. But they must contrast this against the
possible benefits of transition. They should also account
for indirect revenue resulting from non-transport
related activities. One metric to measure the benefits

of decarbonization are the avoided costs relative

to not decarbonizing or a business-as-usual (BAU)
scenario. An energy model coupled with a cash transfer
estimation model can help understand the overall
financial impact of decarbonizing the transport sector.

For example, in Costa Rica—a country with an early
LTS—the benefits of road transport decarbonization
were estimated using modeling tools. An integrated
model on the open source energy modeling system
(OSeMOSYS) that represents the entire electricity,
transport, industrial, residential, and commercial
sectors was used to evaluate the costs, investments and
operations, of two possible pathways: decarbonizing
and BAU. When contrasting the two scenarios, it was
found that decarbonizing the transport sector would
bring a financial benefit of 1.49 percent of GDP—yearly

average in the 2023-50 period (Rodriguez et al. 2021.
This magnitude corresponds to the cost avoided by
decarbonizing—including vehicle purchases, fuel
purchases, maintenance, and transport-related taxes—
which households and firms could redirect or save.
The country then assessed the fiscal impact defined

as the tax revenue difference between scenarios of
decarbonizing the transport sector. This was done
using a transfer estimation model connected with the
energy model to capture all transfers between actors:
households, firms, retailers, and government. The
study shows that as the decarbonization of transport
unfolds, mainly in the mid- and long-term, decarbon-
izing road transport in Costa Rica could cause a fiscal
impact or unperceived revenue of 0.41 percent of GDP
in the country—yearly average in the 2023-50 period
(Rodriguez et al. 2021).

In the case of Costa Rica, the good news is that the
fiscal impact is lower than the financial benefit, and an
opportunity presents itself to reform the tax structure
and have a fiscal-neutral decarbonization transfor-
mation in the transport sector (Rodriguez et al. 2021).
In the future, reforms could include taxing kilometers
traveled, property, import, fuel, and electricity. The
advantage of taxing distance is that externalities can
be managed (van Dender 2019), that is, who drives
pays. Also, property taxes can be more progressive, as
wealthier individuals owning expensive vehicles would
pay higher taxes than low-income citizens (Rodriguez
et al.2021).

The magnitude of the reform does not need to be
significant: the benefits from more efficient energy
and transport systems can trigger higher economic
activity, increasing the tax base from the rest of the
economy. Owing to this effect and the new indus-
tries and business models, the LAC region could see
a net creation of 15 million jobs in 2030 by speeding
up decarbonization and providing the necessary
re-skilling (Saget et al. 2020). Construction and
manufacturing jobs would produce the most jobs
(UNEP 2019). The possibility of fiscal and job sustain-
ability through decarbonization policies will make
them viable.
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KEY TAKEAWAYS

Road transport and renewable electricity sectors provide considerable oppor-
tunity for capturing synergies that can decarbonize and improve access to
electricity and transportation.

Improving business models and financial investments in both sectors need
suitable integrated policy measures, funding mechanisms and governance
structures to flourish, especially in LMICs with unstable grid infrastructure and
limited access to finance.

Actions for effective e-mobility and renewable electricity integration:

Governments: Drive renewable electricity and electric vehicle (EV)
demand and supply with a clear vision and a road map toward
long-term commitments.

Power utilities: Add renewable electricity to production capabilities and
support solar rooftops and smart charging solutions for customers, encour-
aging the use of renewable electricity for EV charging.

Manufacturers: Build affordable and locally suitable, high quality EVs
integrating renewable electricity through efficient and clean supply chains.

Operators: Establish valued, scalable business models that can solve the
affordability and productivity challenge.

Financiers: Provide easy access to low-cost financing and scalable
financing instruments.

Renewable electricity developers: Grow the mix with customers to optimize
electricity costs and network efficiency through grid integration.

Power exchanges: Support favourable infrastructure and price mechanisms
to allow round the clock renewable electricity and EV integration.
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ROAD TRANSPORT AND RENEWABLE
ELECTRICITY’S POTENTIAL FOR SUSTAINABLE
AND LOW-CARBON DEVELOPMENT

Transport and energy are essential levers for economic
growth and social development. At the same time, both
sectors are among the biggest emitters of greenhouse
gas. Globally, transport contributes 23 percent of all
energy-related carbon dioxide emissions, whereas the
power industry—including coal, gas, and oil gener-
ation—accounts for 40 percent (IEA 2021a). In 2021,
energy-related carbon dioxide emissions reached a new
record high of 36.3 where transport accounts for (IEA
2022a). Decarbonizing both sectors is key to limiting
global warming.

In low- and middle-income countries (LMICs),

both sectors have yet to grow so they can support
their countries’ development needs. In transport, a
combination of insufficient public transport systems,
poor roads, lack of safe infrastructure for walking
and cycling, and low rates of vehicle ownership

have resulted in reduced access to services for large
parts of the population. In the energy sector, many
LMICs continue to have relatively low access rates to
electricity. While globally the last two decades have
seen some progress, 730 million people still lack access
to electricity. Sub-Saharan Africa has low rates with
78 percent of people in urban areas and as meagre as
28 percent of people in rural areas having access to
electricity.!

Growth of both sectors, however, can translate into
increased fossil fuel dependency and greenhouse gas
(GHG) emissions. Making low-carbon electricity

and transport a supporting element of a country's
sustainable development will help mitigate emissions
and spending on fossil fuel technologies that may
become a stranded assets well before their end of life.
While renewables—notably solar, wind, hydro, and
geothermal energy—will play a central role in shifting
the power industry to a low-carbon pathway, the
electrification of transport has evolved as a key strategy

for reducing transport’s carbon dioxide emissions.

Renewables and electrification of transport offer several
benefits in carbon dioxide reduction and beyond.
With electric vehicles being more energy efficient

than internal combustion engines, EVs contribute to
emission reductions even if the grid is not fully decar-
bonized. In 95 percent of countries in the Global South,
EVs are able to reduce emissions (SuM4All 2021). The
cleaner the grid becomes, the higher the emissions
savings will be. In addition, renewable electricity

and electrified transport increase a country’s energy
independence if imported fossil fuels are replaced by
nationally produced renewable electricity. Financial
resources spent on fossil fuels become available for
investments in a country’s own economy. As EVs have
zero tailpipe emissions, they contribute to improved air
quality and public health. Both renewable energy and
electromobility (e-mobility) have the potential to be
drivers for national and local economic development
and for the creation of green jobs.

Yet, these transitions come with their challenges.
Electrification of transport will create a new
demand for which the power sector will have to
cater without compromising other electricity
needs. Similarly, e-mobility must fill gaps in access
rather than widen them. And both sectors require
substantive investments.

Using synergies of renewable electricity and e-mobility
can be an important opportunity to develop both
sectors in parallel, and with greater efficiency of public
and private financial resources. In the following
section, we investigate the potential synergies for
integrating electric vehicles across different segments
of road transport with renewable energy. We

examine different business models with potential for
adoption in LMICs and recommend how to support
their deployment.

TRENDS AND CHALLENGES IN
ELECTROMOBILITY IN LMICS

The transport sector and its modal share in LMICs

are, in general and for reasons of low affordability,

less car-centric than in high-income countries. For
example, in Asia—Pacific nations like India, the
Philippines, Indonesia, and Thailand, two-wheeler
scooters and motorcycles are popular modes of
transportation (Goldstein Market Intelligence 2021).
Across LMICs, paratransit—a form of shared transport



services offered by private operators of minibuses, availability of charging, as well as suitable EV models

motorcycles, three-wheelers, or non-motorized pedal on the market, largely determine the trends and the
bikes—play a significant role and fill in gaps of insuffi- potential for EV adoption. EV sales are increasing
cient or even non-existent public transport systems. In globally and across segments. Nearly 10 percent of
South Africa, among motorized road vehicles, cars and global car sales were electric in 2021, sales of electric
taxis have become the prominent mode of transpor- two- and three-wheelers reached 10 million, and the
tation (Department of Statistics South Africa 2021). global electric bus stock is at 670,000 (IEA 2022b.

However, their adoption in LMICs is still low, with the

Local circumstances, such as mode shares, cost advan- exception of China as the leading EV market (tables 2.1

tages, and affordability, regulations and incentives, and 2.2).

TABLE 2.1. STATE OF EV ADOPTION

China dominates with about 57
million electric bicycles sold in 2021

China leads the e-car market with a share In May 2020, more than 420,000

of 50% of the global e-car sales electric buses were in China, about
and a total stock of 300 million on the 99% of the global fl

! . . global fleet
(e Eleilbe g 207 Latin America registered nearly 25,000

EVs sold in 2021, more than doubling the  As of April 2022, 3,209 electric
In many LMICs, electric 2- and 2020 level. From Mexico to Chile, EVs buses operated across Latin America
3-wheelers are not registered, so were 0.7% of total car sales in 2021, with ~ (Sustainable Bus 2022).
rates varying by country. Brazil saw the
most units sold, with 13,000, and Costa
Rica led on a percentage basis with 2.7%

official data are difficult to obtain.

. Additionally, electric trolley buses
However, large fleets of such vehicles Y y

have been reported in Bangladesh are bel.ng .deplo?/ed n man.y A5|én
(e-bikes = 0.6 million; e-rickshaws countries including Armenia, China,

= 0.5 million) (IDCOL 2019), India,

Nepal, and Vietnam (262,000 e-2 EVs, which it also targets as exports to
wheelers). the U.S (BloombergNEF 2022).

of all cars sold with a plug. Mexicoisthe ... ihstan and Mongolia.

only LATAM country that manufactures

TABLE 2.2. EV ANNOUNCEMENTS OF SELECTED COUNTRIES TO DEVELOP E-MOBILITY

Indonesia expects 20% EVsalesby  goyuth Africa accounted for 0.04% of India has established demand

2025 and has decreased EV taxes car sales. By 2050, 50% of Cape Town's  and supply side strategies for EV

and eliminated BEV luxury taxes automobiles will be electric vehicles. The adoption, including FAME (Faster

in preparation. Customs taxes and South African Master Plan (2021-2035) Adoption and Manufacturing
levies have been reduced to aid auto  4ims to produce 1% of the world's EVsin  of Hybrid and Electric Vehicle),
and battery manufacturing. South Africa. NEMMP (National Electric Mobility

Mission Plan), and production linked

incentive.
Malaysia has plans to establish Pakistan plans to capture 30% of car Sri Lanka plans to replace all
125,000 charging stations by 2030. and truck sales by 2030 and 90% by state-owned vehicles with electric
Thailand has introduced a long-term 5040 |t aims for 50% of 2- and 3-wheeler or hybrid models by 2025 and all
EV policy with the aim of having 1.2 ;e by 2030 and 90% by 2040. private vehicles by 2040.
million operational EVs by 2036 and
690 charging stations.
Zambia aims to capitalize on the Nepal announces plans to replace all Fiji intends to fully operate EVs by
growing EV market by increasing fuel-based vehicles with EVs by 2030. 2030, at the earliest.

its Cobalt production and refinery
industries, thereby aiding the overall
EV battery production.

Source: SLOCAT,2020
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With the adoption of e-mobility, LMICs face specific
local challenges in addition to the common challenges
faced by all countries. Among the common challenges
are the continued higher cost of EVs and the devel-
opment of charging infrastructure. These may be
exacerbated in LMICs due to their limited financial
resources. Additional local challenges may relate to

an insufficient and unreliable electricity supply, which
could, with increased demand from EVs, widen the
energy poverty gap. As well, the eventual and relatively
high cost of electricity compared to household
income—similar to the high cost of fossil transport
tuels in many LMICs—poses a barrier to the adoption
of e-mobility. Lastly, transport in general is not suffi-
ciently available or affordable for many people.

E-mobility can be an opportunity for the adoption of
less expensive and more efficient modes of transpor-
tation. With greater energy efficiency, the operational
cost of EVs is lower than for ICEs. If the gap in
upfront cost is reasonable, this will lead to lower cost
of e-mobility overall. For example, in many African
markets, electric motorcycles are already commercially
attractive (Toukam 2022). E-bikes have conquered

the Chinese market (Suzhou Shengyi Motor Co., Ltd.,
SHIMANO INC) and are gaining market share in
India (Okinawa, Hero Electric) and other countries as
they are more affordable than larger vehicles. E-bikes
come with additional benefits of access and mode
shift as they allow longer distances to be covered more
comfortably and reduce car dependency. Similarly,
shared mobility services that provide transport for a
greater number of people or goods are more cost-effi-
cient modes of e-mobility.

The transition to e-mobility should therefore be accom-
panied by nationally and locally appropriate policies
and priorities. Without planning and investment
principles that focus on access, and without consid-
ering the respective context, electrification of transport
may lead to setbacks for LMICs, especially their lower
income groups.

ELECTROMOBILITY IMPACT ON ELECTRICITY
SUPPLY

The ability to electrify road transport in LMICs is also
determined by the power sector’s capacity to provide
reliable electricity at an affordable cost. With access to
electricity as well as sufficient and reliable supply still
being a concern in many LMICs, integrated planning
and the joint development of both sectors becomes
even more important.

Beyond the need for additional capacity and grid
extension, two typical challenges of the electricity
sector in LMICs are grid reliability and high losses
in transmission and distribution. They often result
in either higher consumer prices or higher public
expenses to cover utilities’ forgone revenue. In some
countries like Benin, Haiti, Togo, and the Republic
of Congo these losses are above 40 percent. Losses
can be exacerbated with increased load because of
EV charging.

Grid reliability is another critical factor and may

pose a challenge if many EVs are being charged at the
same time. The experience of countries with advanced
adoption of EVs shows that users charge vehicles
predominantly during night hours from 8 p.m. to 4
a.m. and afternoon hours from 11 a.m. to 4 p.m.

Figure 2.1 illustrates the impact of EV charging on the
peak power demand of a distribution company in New
Delhi, India and the electricity demand from 10,000
EVs —which include two-, three- and four-wheelers—
and 100 e-buses in summer (Das 2020). It shows that
the EV charging load curve exceeds the demand load
curve without EV charging by approximately seven
percent. Night charging can be attributed to home
charging preferences, while afternoon charging can be
attributed to workplace and public charging.

EV charging loads are anticipated to be very dynamic,
with spikes in the demand curve. This can impact

the distribution network, especially in distribution
areas with low available hosting capacity, leading to
issues such as voltage instability, harmonic distortion,
power losses, and unreliable supply. Similar issues

with renewable electricity are discussed in the next
section. Therefore, good monitoring of connected loads



FIGURE 2.1. SUMMER DAILY AVERAGE EV CHARGING LOAD OF A DISTRIBUTION COMPANY IN
NEW DELHI.
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is required at the distribution and transmission level other linked loads should be prioritized. The expected
(box 2.1). The impact on the grid can be minimized growth of demand for both transport and electricity
by introducing discounted tariffs for charging during require integrated policy actions like (i) mandating
non-peak hours like time- of use (ToU) or time of day deployment of smart meters and allowing commercial
(ToD). Additionally, other EV charging management use of EVs for grid services; (ii) collaborative planning
solutions like battery energy storage system (BESS), for electricity demand and infrastructure; and (iii)
smart charging, and vehicle-grid integration (VGI) investment in both electricity and transport.

can be used to mitigate the negative impacts of uncon-
But e-mobility, as a productive load, is also a new

trolled EV charging.

business case for the electricity sector. It gives
In the early stages of EV adoption, grid stability utilities and independent power producers (IPPs) the
may not be a major problem for utilities due to the opportunity to serve a new demand that can act as
limited number of EVs. However, as EV penetration a base load and strengthen the financial viability of
increases, it can pose considerable risks. To reduce investments in grid expansion and additional gener-
these risks, load balancing between EV loads and ation capacity.

BOX 2.1: EXAMPLE OF INCREASED LOAD AS A RESULT OF EVS

Consider a small household with basic lighting and cooling requirements for which the load sanctioned by the

utilities was 5 kilowatts (kW). Now, assume that this household has a new power requirement, which is to charge
an electric two-wheeler. For fast charging of an electric two-wheeler, a typical charger power rating is 3 kW. As
a result of this charge, the load requirement has increased from 5 kW to 8 kW which is 160% of the original load
sanctioned by the utilities. Similarly, for slow charging of electric four wheelers, a typical charger power rating
is 7 kW. The load requirement owing to this charge would increase from 5 kW to 12 kW which is 240% of the
original load sanctioned by the utilities. This additional load because of EV charging may be difficult to moni-
tor by utilities at a distribution transformer (DT) level. In simpler words, each EV (electric 2-, 3-, or 4-wheelers)
connected for charging is the equivalent of one new household connection. In such a scenario, it is advisable
that load extension should be considered by the consumer; however, in LMICs, consumers may be unwilling to
apply for load extension due to associated costs and efforts. Therefore, proper guidelines need to be notified
and implemented by the utilities for EV connections to manage grid supply and stability.
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It is also an opportunity for the electricity sector to
participate in the industry with new business models
along the EV value chain. For example, EV manufac-
turers can deploy renewable electricity at their
facilities, operators, and service providers at charging
stations, among others. With this, the entire EV value
chain from manufacturing to recycling can be further
decarbonized by using renewable electricity sources.
The smart integration of energy storage systems with
renewables such as solar and wind can increase the
grid’s flexibility, minimize fixed demand charges,
and make business propositions more attractive by
supplying consumers with low carbon, reliable, and
affordable energy.

These types of collaborations between the power

and the transport sector would also contribute to
improving electricity availability, particularly in rural
areas, where the development of renewable-powered
microgrid solutions may be coupled with new demand
for electric vehicles.

TRENDS IN RENEWABLE ELECTRICITY

Since 2010, power consumption in LMICs has
increased by approximately 4.5 percent per year.
According to estimates, the generation of renewable

electricity has nearly doubled over the past decade,
resulting in 6.6 percent annual growth. Hydropower
has been the primary renewable electricity source,
followed by solar and wind. Solar has the potential to
be the greatest source of renewable electricity gener-
ation by 2030. LMICs provided about 8.2 percent of
worldwide renewable electricity generation in 2021
(Our World in Data 2021).

Globally, solar, wind, hydro, geothermal, wave, tidal,
and contemporary biofuels provide for more than a
quarter—27.9 percent—of the world's electricity. In
LMICs, the proportion of renewable electricity is less
than one-fifth or 18.1 percent, whereas shares across
countries vary from 1 to 100 percent. For example,
Bangladesh's renewable energy share is 1.2 percent,
Malaysia is 20 percent, Sri Lanka is 50 percent, the
Democratic Republic of Congo is 99.7 percent, and
Bhutan is 100 percent. A number of factors influence a
country's share and potential of renewable electricity,
such as geography, availability of resources, policy
support, finance channels, and economic priorities. For
various areas and countries, the installed capacity of
power plants that generate electricity from renewable
energy sources, measured in watts per capita, is
displayed (figure 2.2).

FIGURE 2.2. RENEWABLE ELECTRICITY-GENERATION CAPACITY (WATTS PER CAPITA)

Renewable electricity-generating capacity, 2011 to 2020
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Renewable electricity production per capita has
doubled since 2010. Bhutan, which stands out with
the highest electricity production per capita in the
world at 3,026 watts, sells one hundred percent of their
hydropower to neighbouring nations. China, the most
populous country in the world, leads the renewable
electricity sector. Its capacity per capita is 621 watts

in renewable electricity, which is 2.5 times the global
average. China has six times the renewable electricity
capacity per capita as India. In Sub-Saharan Africa,
renewable electricity capacity per capita is at 38 watts.

As aresult of ambitious renewable electricity legislation
and falling solar and wind costs, adoption and share in
renewable electricity have increased. In a decade, solar
and wind electricity costs have decreased by 85 percent
and 50 percent, respectively. Depending on the local
context, renewable electricity has become the cheaper
option in many places.

The COVID-19 pandemic and the Russia-Ukraine war
supply chain problems have reversed the cost decline.
With an increase in commodity prices and transport
and freight expenses, 25-30 percent more have been
spent globally on utility-scale solar PV and onshore
wind projects in 2021 than in 2019 (IEA 2021b). In
India, for example, the impact of these increased costs
has been exacerbated by: (i) a trade policy established
to encourage domestic production of solar photo-
voltaic cells and modules; and (ii) an increase in the
goods and services tax (GST) on renewable energy
equipment and projects. These issues have jeopardized
the sector's near-term prospects and necessitated more
active government policy support to meet climate
change objectives.

SYNERGIES OF RENEWABLE ELECTRICITY
AND ELECTROMOBILITY

Increasing renewable electricity integration to the grid
comes with challenges for the system's stability, such as
boosting grid voltage—hampering performance of the
connected power equipment like DTs by overloading—
injecting harmonics, and so on. As a result of the
intermittent nature of wind and solar generation,
investments in equipment like inverters and storage
are needed to reduce peak load, enhance power quality,
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and store excess power. Integrating storage with
renewable electricity will increase implementation
costs, which could impede the widespread deployment
of renewable electricity in LMICs. Furthermore,

using renewable electricity for EV charging requires
additional grid infrastructure, leading to an increase in
grid upgrade costs.

Conversely, integrating a greater proportion of
renewable energy sources into the grid for EV charging
results in benefits like greater carbon dioxide emission
reductions. As a productive use case for the electricity
sector, e-mobility can be an anchor load—a new
demand that provides the operators of renewable
electricity generation and grid infrastructure with
additional revenue and thus an incentive to invest
(SuM4All 2021).

Integrating the development of renewable electricity
and e-mobility can also help minimize grid impact
challenges: renewable electricity with a battery energy
storage system (BESS) can act as ancillary support

to the grid by storing energy during high renewable
electricity output hours, supplying power during
oft-peak hours, and enhancing system reliability and
resiliency. It also provides reactive power that helps
with voltage control, thereby improving grid stability
and minimizing technical and commercial losses.
When using vehicle-to-everything (V2X)?® technology,
batteries from EVs can act as BESS, supporting
renewable electricity by storing power and reducing
additional storage investments.

The commercialization of renewable electricity has
existed longer than that of EVs, with significantly
greater investments and planning. Many LMICs
have grid-scale renewable energy deployments

and distributed renewable electricity projects with
documented cost advantages over fossil generation.

Integration and use of synergies of EVs and renewable
electricity requires the development of an ecosystem
capable of handling the increase of EVs and renewable
electricity from the beginning of their transformation
journeys. The technological maturity of renewable
electricity, energy storage, smart grid, and electric
vehicles can be a gateway for LMIC:s to increase the
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efficiency of their transport and electrical supply chains
through proper integration.

The proper integration of renewable electricity with
EVs and synergies with the grid on the technical,
commercial, business model, and policy sides can be an
opportunity for LMICs to optimize their grid modern-
ization and charging infrastructure investments.

With this, e-mobility can be a pathway to transition
from a high carbon and unreliable electricity system
to a low carbon, reliable system. This should enable
countries to boost their ability to reduce GHG
emissions, air pollution, and fossil fuel dependency,
while simultaneously improving access to affordable
and high quality power.

FIGURE 2.3. AREAS OF BUSINESS MODELS.

Business

OPPORTUNITIES FOR GROWING
ELECTROMOBILITY AND RENEWABLE
ELECTRICITY IN SYNERGY

This section outlines opportunities at the intersection
of both technologies and presents various EV charging
business models integrating renewable electricity.
While some of them are being prominently used,
others are being piloted. The business models discussed
examine different electricity generation models,
different charging models, vehicle segments, and appli-
cations (figure 2.3). Five of the most relevant business
models (figure 2.4) for LMICs are presented in more
detail, and sequential to their potential priority.
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The business models are built on the experiences

from LMICs moving forward with developing
e-mobility. They comprise different parameters: (i)
growth rationale that clarifies the need and compet-
itive advantage of the business model; (ii) benefits of
the model for the electricity and the transport sector;
(iii) limitations of the model that could hinder its
scalability; and (iv) suitability of the model to LMICs,
determining its relevance and potential for deployment
in an existing ecosystem. Eventually, for each business
model, we recommend options that can support

their development.

The business models are ordered based on the afford-
ability, scalability, and sustainability of developing
specific e-mobility segments and associated charging

infrastructure using renewable electricity. For instance,
captive fleet' charging with renewable electricity
integration is a more affordable model compared to
others like battery swapping, which involves high
capital investment for battery swapping stations

and renewable electricity integration. The order also
considers gains in sustainability, for example, the
electrification of public transport buses or commercial
transport service vehicles have a higher potential for
GHG mitigation—and thereby air pollution—than
individual private vehicles. Commercial vehicles
represent a relatively small share of approximately 20
percent of the global on-road fleet but contribute to a
disproportionate share of on-road fuel consumption
and emissions of nearly 70 percent.

FIGURE 2.4. FIVE DIFFERENT BUSINESS MODELS FOR E-MOBILITY AND RENEWABLE

ELECTRICITY INTEGRATION.

Captive fleet Green Public Utilities as Battery DRE based
charging with EV charging integrated Swapping Mini-/
RE integration with RE and RE and EV for light EVs Microgrid
for PT e-Buses, BESS (including charging-as-a- Charging powering rural
ride-hailing kerb-side Service provider areas and EVs
taxis (2W, 3W & charging) for homes
4W) and freight and offices

BUSINESS MODEL 2.1. CAPTIVE FLEET CHARGING WITH RE INTEGRATION FOR PUBLIC
TRANSPORT E-BUSES, RIDE-HAILING TAXIS (2-, 3- AND 4-WHEELERS), AND FREIGHT VEHICLES

GROWTH RATIONALE

ELECTROMOBILITY AND RENEWABLE ELECTRICITY: DEVELOPING INFRASTRUCTURE FOR SYNERGIES o 19

e Globally, the shift to public transport (PT) bus systems is increasing with a drive for
operational and financial efficiency and to increase fleet size with a transition to
e-buses. Also, the ride-hailing freight services market is growing globally and making
an economic case for their electrification.

e Publictransport e-buses, ride-hailing taxis, and freight vehicles having access to a
dedicated depot in strategic city locations with ample spaces would provide an easy
charging opportunity with renewable electricity integration.

e Asthe push for freight electrification grows, warehouses make the most sense for
charging points, considering the typical logistics profile of hub-and-spoke or point-to-
point models, and vehicle layovers of ~5-6 hours during loading and unloading.
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BENEFITS

LIMITATIONS

SUITABILITY TO LMICS

RECOMMENDATIONS

Charging fleets with large battery capacities (for buses, trucks) demands more energy,
which makes a case for integrating with renewable electricity to help reduce the load
on the grid.

Big rooftops as well as ground space in depots and warehouses provide opportunities
for renewable electricity integration for charging. However, given the size of fleets and
the required high megawatt-level charging loads, especially in case of e-buses, captive
renewable electricity—produced for an entity’s own consumption—alone may not be
sufficient; additional supply from grid-connected installations, eventually off-site and
with rights to use the grid for remote consumption may be needed and require open
energy access

Support peak shaving (reducing load on the grid during peak hours) using renewable
electricity with BESS for charging, thereby reducing the grid investment costs required
to manage peak demand.

Reduce impact on the grid by reducing harmonics and voltage instability and thereby
reduce losses in the system.

e-bus or e-truck batteries provide good stationary renewable energy power backup
storage (as BESS) at lower costs given higher daily distance runs and battery utilization,
thereby undergoing faster replacement.

High investment costs when using batteries to store renewable energy to charge a fleet
overnight.

Scheduling a fleet to match charging pattern and renewable energy generation
requires suitable locations to install renewable electricity on site or, alternatively,
remote access to the national grid.

e-buses provide higher GHG abatement per passenger-kilometer compared to other
vehicle segments. Hence, they are often a high priority for LMICs to extend fiscal incen-
tives and low cost financing from development finance institutions (DFls) and climate
funds.

Already a high share of private operators is managing intracity and intercity bus sys-
tems in LMIC cities, and the right initial support can bring investments in e-buses.

Apart from e-buses, ride-hailing taxis or fleets, and freight are also a prominent use-
case for renewable electricity integration for captive fleet charging.

Government Fleet Operator

Support deployment of fleet electrification through ¢  Open fleet charging loca-
fiscal and non-fiscal incentives. tion for private users (may
be for some hours of the
day) to add profit to the
business.

Provide additional incentives for charging captive
fleets by renewable.

Support solar leasing (a business model where the cli-
ent has the photovoltaic unit installed on site, yet the
unit remains in the provider's possession) to reduce
capital expenditure for the client.

Allow renewable electricity units to transmit power
through the grid to an off taker (open access).



BUSINESS MODEL 2.2. GREEN PUBLIC EV CHARGING INTEGRATION WITH RE AND BESS
(INCLUDING KERBSIDE CHARGING)

e Public charging stations (PCSs) give visibility and confidence to EV users and help curb
range anxiety.

e Increasingly, more PCSs are getting integrated into existing matured commercial loca-
tions like fuel stations (intracity and highway), malls, restaurants, and parking. These
locations typically have real estate for renewable electricity integration.

e With many users resorting to planned home or office charging, rising PCS use cases,
including kerbside charging, are moving toward quick opportunity or top-up charging.

e  Real estate space at PCSs and prevailing high electricity commercial tariffs makes a
GROWTH RATIONALE business case for renewable electricity integration. Depending on space availability at
the site, 100 percent renewable electricity can be supported with a mix of onsite and
remote generation with open access to the electricity grid or the right to trade in pro-
duced renewable electricity for deferred consumption.

e Renewable electricity plus BESS combined with a grid makes PCSs greener. It also
reduces both the electricity and demand charges. This, further integrated with smart
chargers, will allow PCS operators to align pricing signals with utilities given ToU or ToD
(time of use or time of day) tariffs and to drive EV charging users’ behavioral change.

e  BESS using repurposed batteries from EVs could further make its deployment with
renewable electricity more economical.

e  Provides better grid stability and reliability by supporting peak load shaving (reducing
load on the grid during peak hours), thereby reducing the required grid investments in
BENEFITS equipment like inverters.

e  BESS at PCS will provide the necessary back-up power system at the time of grid failure/
outages and act as an ancillary support to the grid.

e Requires considerable land or space for deployment, which is a constraint in urban
areas.

LIMITATIONS e Need for smart charging solutions to better manage multiple EV charging demands,
which also calls for high investments.

e Low utilization of PCSs affects the business economics.

¢ Most LMICs are in the early stage of EV adoption and have very low and scattered
demand at their PCSs, posing a viability challenge for private investments without high
capital subsidies.

e Typically, the real estate cost in urban cities is high in LMICs, meaning that PCSs incline

SUITABILITY TO LMICS

more toward fast charging than long-time parking and slower charging.

e High voltage and high-power lines typically cost more in electricity infrastructure setup
costs. As well, electricity commercial tariffs in LMICs are usually higher. The high sanc-
tioned load for PCSs and lower utilization results in very high monthly demand charges.

Government Operators

e  Provide capital subsidy to set-up public charging stations ®  Deploy smart
(PCSs) and kerb-side chargers. solutions to manage

e  Plan to make grids smart through deployment of smart uncontrolled EV

RECOMMENDATIONS charging at PCS.

meters and pre-paid meters to monitor and manage
renewable electricity generation and EV charging.

e  Provide additional discounted tariffs to PCS deploying
renewable electricity.
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BUSINESS MODEL 2.3. UTILITIES AS INTEGRATED RENEWABLE ELECTRICITY AND EV CHARGING
AS-A-SERVICE PROVIDER FOR HOMES AND OFFICES

GROWTH RATIONALE

LIMITATIONS

SUITABILITY TO LMICS

The economics of renewable electricity and EV are becoming attractive for end users
and their fast proliferation high grid impact. Progressive utilities have hence started
facilitating their customers to improve energy efficiency, behavioral or automated
demand response (i.e., devices which connect during low demand on the grid and
disconnect during high demand) through use of ToU or ToD charging, and solar rooftop
generation.

In many countries there is a growing trend of providing solar rooftop (SRT) as-a-service
(long-term power purchase agreements or PPAs) to residential and commercial cus-
tomers as a RESCO (renewable electricity service company) model. Private utilities are
playing increasing roles in extending this service to their customers.

Many utilities in developed countries are extending the charging-as-a-service (CaaS)
model to home and office customers; they are extending investment or rebates or offer-
ing both, and hence optimizing national cost on public charging infrastructure.

During high renewable electricity output hours, EV charging shifts—for relatively low
power electric 2 wheelers and e-cars at home and offices—through appropriate ToU and
smart charging can optimize further end user economics and also utility costs for grid
expansion.

LMICs tend to have a high share of inverter and battery power backup systems at
homes and offices. These storage assets can be leveraged to charge from captive solar
rooftops and then support EV charging later in the day or night. Increasing new power
backup systems would allow high loads (air conditioners, EVs) to be run through renew-
able electricity.

In LMIC rural areas, where rooftops are weak, the deployment of solar panels over utility
poles and pooling the power can be used for charging EVs.

Managed and controlled charging can reduce impact of EV charging on the grid.

High investment required by utilities to deploy smart technological solutions to monitor
real-time integration of renewable electricity and EVs.

Many LMICs struggle with electricity availability challenges, and most public utilities are
unable to bring enough investments in grid upgrades. The economics of solar rooftop
systems that are connected to the grid are increasingly favorable to end users and there
is rising adoption. The right fiscal incentives for solar rooftop investment and favorable
net metering policy can bring mass distributed renewable electricity adoption and
democratized investment in grid generation capacity.

Slow alternating current (AC) charging at homes and offices is the most-used type of EV
(2 wheelers and cars) charging worldwide (more than public charging), offering addi-
tional load and revenue opportunity to utilities.

Utilities in LMICs can take on a higher renewable mix (via renewable purchase obliga-
tions or RPOs) and EV targets in their customer base. They can also leverage external
investments in solar rooftops and EVs to their advantage through innovative tariff and
settling mechanisms (like ToU/ToD/net metering) and driving appropriate demand
responses, including EV charging, during renewable electricity rich time and avoiding
bunching of grid peaks.



Government Utility/Operator

e  Mandate utilities by setting targets forrenew- ®  Provide solar rooftops to custom-
able electricity deployments in the country ers eligible for subsidies, which

e Incentivize users to use solar rooftops for the government can support with

charging EVs rather than exporting electricity a one-time subsidy; for example,

to the grid in the agricultural sector, and

provide further incentives for
RECOMMENDATIONS maintenance.

e  Reduce the power purchase
rate of feed-in-tariffs for con-
sumers to encourage the use of
generated renewable electric-
ity power in-house rather than
exporting.

BUSINESS MODEL 4.4. BATTERY SWAPPING FOR LIGHT EV CHARGING

e  Battery swapping allows users to charge (swap the battery) quickly.

o Lo\ it LJNfle) L= * Batteryswapping charging stations are solely allocated to batteries that will be used in
swapping. This allows renewable electricity integration, including captive systems; fuel
stations could be key locations to host battery swapping.

e s attractive for vehicle operators as swapping does not require the same amount of
time as charging.

e In commercial fleets, it can increase fleet utilization, improve logistics and delivery
timelines, and save time.

e Allows separation of batteries and EVs ownership, thereby reducing the upfront cost of
EVs for the end user.

BENEFITS ®  Provides an attractive business model for new energy operators through improved
battery life, grid responsive charging, and renewable electricity integration.

e  Reduces investments in charging networks and centralizes electricity consumption.

e Allows the use of batteries as storage (in a managed manner) and the ability to put
power back into the grid.

e Addresses space constraints in urban areas as multiple batteries can be stacked, using
less space than parking for charging.

e High investment cost, high degree of technical requirements, and high inventory of
batteries.

e  Battery swapping stations demand high energy from the grid to keep the batteries

LIMITATIONS

charged round the clock.

¢ Need for standardization of batteries (with different technologies) for interoperability
without hampering technology upgradation.
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e  Battery swapping fits best for commercial and fleet-operated electric 2-wheelers,
3-wheelers, light 4-wheelers (particularly commercial vehicles) which run a high daily
distance and have certainty in the routes to allow optimizing the network of battery
swapping stations.

SR e test o Many LMICs have a dominant vehicle share of 2-wheelers, 3-wheelers, and light
4-wheeler commercial vehicles, with increasing fleet adoption in these segments.

e  The Asia-Pacific region dominates battery swapping applications in 2-wheelers,
3-wheelers, and light commercial vehicle segments, namely China, Japan, India,
Indonesia, the Philippines, and others.

Government Operators

e Provision of capital subsidy and access to space at pref- e  Provide additional
erential rates to set up battery swapping stations and discounted rental/
the extension of additional subsidies for integrating with leasing rates when
renewable electricity. using battery swap-

e Define interoperability standards to ensure safety and ping with renewable

compatibility of battery packs. electricity.
RECOMMENDATIONS g8 Allow higher foreign direct investment in this segmentto ~ ° Use identical (singular

attract global investors when setting up battery swapping type) of battery for

systems. swapping in multiples

) ) . based on application.
e  Provide a single point of contact for clearances and

approvals for battery swapping projects. *  Automate the process

of battery swapping

e Allow usage of waste lands, provide spaces or offer both
system for faster

to set up such battery swapping stations. O —

BUSINESS MODEL 2.5. DISTRIBUTED RENEWABLE ELECTRICITY-BASED MINI- OR MICRO-GRID
POWERING RURAL AREAS AND EVS

e Distributed renewable electricity-based mini or micro-grids are a solution for supplying
electricity all day to many communities without adequate grid service.

e  The financial viability of most mini or micro-grids requires strategies to increase elec-
tricity sales.

e Mini/micro-grids' need demand loads that can be time shifted to periods when
renewable electricity is available, otherwise balancing the demand-supply will require
substantial storage facilities.

GROWTH RATIONALE BEGAE with large on-board energy storage can provide a base load to distributed renew-
able electricity mini or micro-grids and potentially help mini/micro-grid operators
improve their business cases and expand energy services.

e Distributed renewable electricity based mini/micro-grids can potentially be used as EV
charging stations, like a battery swapping station that charges batteries during renew-
able electricity generation and then leases out these batteries to the EV drivers during
operations. This would allow drivers to top up their EVs.

e Distributed renewable electricity based mini/micro-grids can use sources like solar, bio-
gas, or even hybrid sources of energy (like grid plus distributed renewable electricity).




BENEFITS

LIMITATIONS

SUITABILITY TO LMICS

RECOMMENDATIONS

Provides access to affordable and reliable electricity and transport in underserved
areas.

Reduces loss and wastage of farm produce because there is increased access to
transport.

Provides a base load to minigrids improving the business cases for the operator and
reducing costs for the end user.

Encourages rural entrepreneurship in providing renewable electricity to productive
applications, like EVs for transport services, grain milling, rice hulling, cold storage,
sewing machines, and food processing.

Ensures safety by providing power during night using battery storage.

Supports education by providing access to affordable transportation to schools or
colleges.

Ensures seamless delivery of essential services such as healthcare, education (online
learning), and internet connectivity, which have become vital owing to pandemic-like
situations.

High investment costs for deploying minigrids and lack of financing support.

Requires regular local maintenance support (skilling) to keep minigrid workings for
e-mobility applications.

Access to both affordable and reliable electricity and transportation continues to be a
challenge in LMICs. 238 million households will need to gain electricity access in Sub-
Saharan Africa, Asia, and island nations by 2030 to achieve universal electricity access.

Diesel generator sets are used as an energy source, which is a highly polluting technol-
ogy (including in island countries).

Distributed renewable electricity based minigrids offer an opportunity to power remote
rural areas of LMICs. Minigrids can serve almost half of the total rural population—an
estimated 111 million households.

Transport facilities are also limited in rural remote areas, and the modes of trans-
port that exist are primarily 2-wheelers, 3-wheelers, and light 4-wheeler commercial
vehicles. Hence this model will fit primarily for electric 2- and 3-wheelers but can be
extended to light commercial vehicles depending on the size of the minigrid.

Government Minigrid operator (private/

Mandate that minigrids be considered part of formal power utility

energy planning processes and help support them with e  Encourage and incen-
financial resources and incentives where required. tivize charging of EVs
during off-peak hours
to help improve mini-
grid economics.

Support community-based minigrid projects as part of
national rural electrification programs and poverty reduc-
tion efforts.

e  Supportthe deploy-
ment of EVs through
rental models and
create alternate
livelihood oppor-
tunities for rural
entrepreneurs.

Provide financial and fiscal incentives to encourage mini-
grid development and keep electricity tariffs affordable.
Fiscal incentives include customs waivers and tax breaks
for investors. Financial incentives include grants, low-inter-
est loans, and loan guarantees.

Provide incentives to independent power producers to sell
surplus power from minigrids to the national grid.

Encourage small power producers with innovative busi-
ness models to use minigrids to electrify rural communi-
ties and use them for charging EVs.
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ACTIONS FOR INTEGRATED DEVELOPMENT
OF BOTH SECTORS

The foundation to develop practical solutions for
LMICs and address its barriers requires actions as
enumerated in this section. These measures would
address high investment costs, lack of economies of
scale, silos of operation between stakeholders, and
unreliable power supply.

Governments: Drive renewable electricity and EVs
demand and supply with a clear vision and a road
map toward long-term commitments

Define e-mobility and renewable energy roadmaps
with clear targets in adoption and production
across different market segments. This will provide
businesses with more certainty to plan.

Stimulate demand and develop the supply-side
ecosystem through fiscal and non-fiscal incentives
and the creation of funds for e-mobility market
development. While most LMICs already have
renewable energy roadmaps, higher renewable
electricity targets in NDCs require defining

for decarbonized e-mobility—extending green
electricity across EV life cycle from mining,
manufacturing, logistics, and charging to reuse

or recycle.

Form clear institutional structures and allocate
clear responsibilities between different minis-
tries to collaboratively implement and invest in
e-mobility and renewable electricity.

Develop standards and provide regulatory support
for EV and renewable electricity integration.

Strengthen power utilities with a suitable structure
to drive investments in efficiency, improving
electricity access or oft-grid development, and
overall smart integration of renewable electricity
and EVs.

Drive investments to strengthen domestic
manufacturing units and efficient supply
chains. Establish a circular economy to promote
sustainable local supply chains.

Explore the potential of reducing import tariffs on
key renewable electricity—photovoltaic modules,
cells —and e-mobility battery components to
accelerate adoption by lowering cost barriers.

Expedite transition by defining and enforcing
end-of-life timeframes for old thermal power
plants and vehicles. Align end user renewable
electricity and EV incentives with scrappage of
old technologies. To complement this, provide

or extend facilities that would help operators to
mitigate unintended environmental consequences.

Extend support, including guarantees, for
early donor-based funding from DFIs and
climate funds.

Establish new financial instruments and markets
to reduce systemic risks associated with invest-
ments in renewable electricity and EVs, such as
carbon markets.

Support commercialization of low cost climate
financing for retail and business users to allow
easy access to low cost finance.

Ensure that savings from renewable electricity
and e-mobility—from high taxation, penalties

or carbon tax on ICE vehicles, and reductions

of subsidies on fossil fuels—are channeled to
renewable electricity and e-mobility to support the
growth of both sectors.

Incentivize the entire e-mobility value chain of
local manufacturers, operators, and end users
using renewable electricity to support sustainable
deployment of e-mobility.

Provide additional incentives such as subsidies for
charging stations be they public, private, or captive
using renewable electricity and thus encourage
service providers to adopt more and more
renewable electricity.



Power Utilities: Start adding renewable electricity
production capacities and support solar rooftops
and smart charging solutions for customers,
encouraging the use of renewable electricity for
EV charging

Undertake strong network and system planning
and define clear renewable electricity limits at
distribution level, like peak shaving, reactive
power (voltage) control, grid loss minimization,
grid upgradation cost optimization by avoiding
additional infrastructure costs —distribution
transformers, low- and high-voltage lines. Such
measures can be designed to help to leverage
renewable electricity and EV benefits. Re-invest
savings from aggregate technical and commercial
loss reduction to reduce financial stress and to
incentivize renewable electricity and e-mobility
load management.

Support customer-friendly settlement incentives
for solar rooftop systems that are connected to the
grid. Introduce time of use (ToU) or time of day
(ToD) tariffs to discourage EV charging during
peak-hours and encourage charging during high
renewable electricity output hours, maximizing the
utilization of renewable electricity sources. Provide
incentives for flexible charging and vehicle-to-ev-
erything from charge points or battery swap
stations to incentivize shared use of resources.

Support the development of DRE based mini-grids,
independently or with renewable electricity devel-
opers, to provide access and improve the reliability
of electricity in remote areas.

Invest in making the grid smart through smart
metering across elements and effective bidirec-
tional communications and controls. This will
need support from government and technology
providers to drive improved energy efficiency,
behavioural/ automated demand response, smart
charging, and vehicle-to-everything services to
customers and also to replace diesel generators
as a back-up power supply. Use such technologies
to enhance resilience and adaptive potential to
respond to natural disasters brought about by
extreme climate events.
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Manufacturers: Build affordable and locally
suitable, high quality EVs (allowing renewable
electricity integration) through efficient and clean
supply chains

Build high quality EVs, following standards
defined by regulators and accounting for user
friendliness—in payments, communications—
safety, durability, affordability, and the ability

for end users to integrate renewable electricity to
accelerate uptake of renewable electricity and EVs.

Provide high quality renewable electricity

systems with the appropriate size or capacity

and adherence to standards that support grid
stability from harmonics to reactive power when
integrating with EVs and operating as an ancillary
support to the grid.

Develop efficient and clean supply chains by lever-
aging country resources, using renewable energy
sources for electricity generation, and including
re-used or recycled products to reduce the environ-
mental impact from the production of EVs.

Operators: Establish valued, scalable business
models which can solve the affordability and
productivity challenge

Install renewable electricity for different EV
charging technologies—including battery
swapping, portable charging, and fixed charging—
with technical support from power utilities and
financial support from government either state

or federal.

Develop different charging-as-a-service scalable
business models—subscription model, pay per use,
charging per session—to provide EV charging at
affordable rates by using renewable electricity.

Financiers: Provide easy access to low-cost
financing and scalable financing instruments

Include renewable electricity and EV related
businesses in priority sector lending to enable
access to financing for businesses and end users.

Dedicate green funds to grow the renewable
electricity and EV market for innovative solutions.



Provide finance for businesses to set up and scale Develop distributed renewable electricity based
EVs and renewable electricity production. mini-grids for off-grid customers and develop

business models supporting the installation

Provide consumer finance to purchase or ) .
and maintenance of renewable electricity and

lease EVs, batteries, and renewable electricity . .
e-mobility integration systems.

production units.

Work with insurance providers and businesses to Power Exchanges: Support infrastructure and price
mechanisms that allow round-the-clock renewable

mitigate technology risk.
8 &Y electricity and EV integration

Support the development of reuse or recycling to . o
facilitate environmentally safe disposal of vehicles, Develop appropriate grid-tied storage s.ystems—
batteries, and renewable electricity. pumped, battery, others—and appropriate
mechanisms to build a market for round-the-clock

RE Developers: Grow the renewable electricity renewable electricity supply.
mix with customers to achieve the best price for ) .
delivered electricity and high network efficiency Develop peer-to-peer (P2P) trading mechanisms

with grid integration to enable customers to unlock revenue by selling

Support the growth of renewable electricity power from both renewable electricity and EVs.

deployments at affordable rates—with financial
support from government or financing institu-
tions—and provide high network efficiency with

grid integration.

1. For more information on electricity access rates and other energy trends see: https://trackingsdg7.esmap.org/time.

2. Electric power transmission and distribution losses https://data.worldbank.org/indicator/EG.ELC.LOSS.ZS?ocations=XO

3. Vehicle-to-everything is a technology that enables an electric vehicle to exchange energy and information with a
connected entity of its environment; in this case, the entity can be an electricity grid, a local network (e.g., of a building), or a
storage system.

4. Commercial vehicle fleets with regular and known duty cycles and a depot.
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EXPLORING THE POTENTIAL
SYNERGIES BETWEEN RAILWAY
ELECTRIFICATION AND GRID
EXPANSION

Marcelo Blumenfeld

KEY TAKEAWAYS

Railway transport must take a central part in the decarbonization of the transport
sector, as it is more efficient in the use of resources than road-based modes.

Reaching the full potential of environmental benefits railways can bring also depends
on the shift away from diesel toward low-carbon energy sources.

Railway electrification, the most traditional way to decarbonize operations, poses a
significant economic challenge due to the considerable capital investment required.

Challenges related to railway electrification may be accentuated in countries of the
Global South that often face financial constraints, and where the national power grids
may need to be expanded considerably to cater for the additional demand from the
operation of train.

The synergies between the energy and the railway sector may hold the key to
bypass ‘chicken-and-egg' paradigm and unlock the economic justification for

such investments.

Railway electrification is only viable when sufficient electricity supply already exists
or if electrification of railways and expansion of the grid can be combined so that
these infrastructure systems promote wider transport and electricity access to the
population and for economic growth.

Electrified railway services create a new and known demand for electricity and
the Joint development of electrified rail and renewable electricity infrastructure
can optimize investments in both sectors; this will require a holistic and integrated
approach in planning, financing, and operations.



RAILWAYS AS AN ENERGY-EFFICIENT AND
HIGH-VOLUME MODE OF TRANSPORT

As avital part of the response to the climate emergency,
railways offer great potential. This is because, despite
being infrastructure heavy, railways are one of the
safest and most environmentally sustainable modes

of transport. Rail transport is highly efficient in use

of space and energy, as it can carry 40 times more
passengers per square meter, and it consumes only

a third of fuel, relative to road transport, to carry a
ton-kilometer. Rail freight produces between 75 and
85 percent less greenhouse gas emissions per transport
unit when compared to articulated trucks. When we
factor congestion, safety, and air quality, rail transport
has the potential to reduce external costs of transport
by at least 82 percent per passenger—kilometer, and

87 percent per ton-kilometer when compared to road
modes (AfDB 2015).

RAILWAY'’S LOW CARBON ENERGY OPTIONS

Powered with low carbon energy such as renewables,
railway emissions are further reduced. Railway decar-
bonization can be achieved mainly in three ways: (i)
electrification through catenary—overhead wires;(ii)

a third rail through batteries; or (iii) with hydrogen
fuel cell systems. Traditionally, electrification through
catenary lines has been the primary choice for systems
around the world. They provide, compared to other
traction systems, substantial power at low noise levels
and the ability to accelerate rapidly and operate at
greater speeds. Yet, catenary electrification carries

the highest costs associated with the construction

of required infrastructure, where costs, depending

on the local context, can range from US$250,000 in
Egypt) to more than US$2 million in the UK) per
track-kilometer (Blumenfeld et al. 2020). In Europe,
the European Commission (EC) found a range between
€100,000 and €1.5 million (EC 2018).

Where full electrification of the line is unfeasible, alter-
native traction solutions can offer ways to decarbonize
railway operations without the need for trackside
infrastructure. One of these options is the use of
battery-powered trains. Ever lower charging times are
making battery systems more applicable to the needs of
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railway services. Yet, these systems offer a limited range
of approximately 100 kilometers (Railway Technology
2020) and may be better suited for urban or suburban
passenger lines. As with the use of electric batteries

for the decarbonization of road transport, standards
and regulations for recycling, reuse, and disposal of
batteries are needed to mitigate environmental risk and
ensure efficient use of resources.

Finally, hydrogen as a fuel source for hybrid systems
has gained prominence as an eventually clean and low
carbon solution. These systems can become a compet-
itive alternative, because they have a significantly
higher range than battery electric trains due to the
higher energy density of hydrogen. Other than battery-
electric systems, hydrogen fuel cells do not carry social
and environmental concerns regarding resources and
end-of-life management. However, hydrogen fuel cell
trains are under development and are challenged by
the requirements of heavier freight traffic. They also
require an entire supply chain in place with local
production capability as well as the logistics and infra-
structure to supply the fuel to filling locations along the
railway network.

While all three technologies—full electrification,
battery power, and hydrogen power—come with

zero carbon emissions at their point of use, they

will, eventually, need to be coupled with electricity
production from renewable sources to support the
transport and energy sectors’ decarbonization further.

CHALLENGES AND SYNERGIES OF DIRECT
RAIL ELECTRIFICATION

Even though electric batteries and hydrogen fuel cells
may become solutions in specific cases, direct electrifi-
cation of rail is likely to remain a central approach for
its decarbonization. Electrified railways can generate
greater traffic densities, which in turn improve the
financial viability of those investments. Yet, funding
of investments in electrified rail seems to be at the
core of a chicken and egg situation. On the one hand,
railway electrification is more financially justifiable
where grid and production capacities already exist. On
the other hand, a certain level of electricity demand

is needed to make investments in grid expansion and



capacity financially viable. This points to the potential
synergies between the investments required for energy
and railway infrastructure. Combining both protago-
nists under a holistic view may open doors to develop
production capacity and unlock grid expansion and the
attendant overall social and economic benefits.

In many countries, both sectors, energy, and railways,
are vertically integrated under public ownership.
Within each sector, separate entities overlook planning,
construction, and operation of the systems. However,
energy and transport should be planned together as
they are practically interdependent. This requires, in
the first place, close coordination between the public
entities in charge of electricity and the railways and
enabling private operators to invest and participate

in the development. In the energy sector, a known

and stable demand in electricity for rail could attract
private investments from independent power producers
(IPPs) to produce and sell in the relevant ranges of
capacity and voltage.

Adequate legal frameworks are essential prerequi-
sites to unlock maximum potential of synergies that
enable public and private stakeholders to collaborate
effectively, to build on existing and potential demand,
and to support national plans for expansion of both
networks, rail and electricity. When railways and
energy are understood and planned jointly, the large
investments required can be more easily justified
and made attractive to public and private initiatives.
Therefore, a cohesive and synergistic approach across
sectors is a need rather than a choice.

EXPERIENCES IN THE GLOBAL SOUTH

Countries of the Global South are showing a renewed
interest in building modern standard gauge railway
(SGR) networks under the African Union’s flagship
Agenda 2063 to increase connectivity in the continent.

These plans would also contribute to the decarbon-
ization of transport by their lower emissions per
transport unit, However, to further reduce their
emissions, low carbon energy must increasingly replace
the use of diesel and of fossil fuel generated electricity.
In Africa, for example, most railways run on diesel.

The continent is far from its future vision for 2063 of
a continental network of electrified railway corridors.
Less than 15 percent of the almost 80,000 kilometers
of railway lines in Africa are electrified, spread across
only eight countries (UIC 2021). If South Africa is
not counted, then only six percent of the railways

are electrified.

The electricity sector is facing its own challenges.
According to data from the World Bank, less than half
of the population in Sub-Saharan Africa has access

to electricity (World Bank 2022a). As a result, should
some low-income countries with high railway traffic
densities—ton-kilometer per route-kilometer—such as
Guinea and Liberia want to electrify their railways, it
could require up to almost 80 percent of their existing
electricity generation capacity (BP 2020; UIC 2019).

These cases of gaps in energy and railway infra-
structure highlight the potential to address the
development needs of entities together. A good
example of how the synergies between sectors can

be explored is illustrated by the construction of the
Ethio-Djibouti Railway (EDR), which opened in 2018.
The planning of the fully electrified 760-kilometer line
connecting the two countries was conducted in parallel
with works on new hydroelectric plants to increase
the national power generation infrastructure. The

new electrified railway required additional generation
capacity, and the government saw the potential to
expand the national electricity production capacity
and grid to cater to both the country’s development
needs and the new rail connection. This guaranteed
that the national grid would be able to supply enough
power over the entire length of the line, comprising

19 stations in Ethiopia and three in Djibouti. In
return, the power plant gained a new consumer, with a
constant and sizable electricity demand.

In total, the investment of almost US$4 billion was
considerable for the Ethiopian economy and was not
free of contention. However, the large capital costs
should not be seen as a barrier when considering the
vast benefits that electrification brings, as Tebebu
Terefe, Chief Safety Officer at Ethio-Djibouti Railway
stated in an interview to inform this article. First, the
increased demand in gigawatt-hour reduced overheads



and the unit cost of electricity, making the operation
of railways, and other uses of electricity, more cost
efficient. EDR now pays as little as Ethiopian 0.79
birr (US$0.015) per kilowatt-hour, which makes
operations largely competitive against diesel
powered lorries.

Second, the savings in fuel costs and the reduced fuel
dependency are considerable and were the principal
line of reasoning for EDR’s railway electrification
program. The line now carries more than two million
tons of freight per year, including the important
economic export of coffee. Each of the 1,900 freight
trains operated this year has replaced 53 lorries,
which equates to savings of more than 114,000 tons of
carbon dioxide emissions in the country and reduces
the other important externalities associated with
road transport.

Finally, the physical displacement of railway assets
can help bring the grid to rural areas where access
to electricity is needed and where the low demand in
electricity from rural communities alone would not

justify investments in grid expansion.

Ethiopia is not alone in the list of countries prior-
itizing investment in appropriate infrastructure
for the long-term benefits that it provides. In
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Africa, Tanzania is rapidly advancing its plans for a
standard gauge railway network of more than 2,700
kilometers electrified lines at a total cost of US$6
billion. These run alongside the country’s Tanzania
Rural Electrification Expansion Program (TREEP),
a US$200 million initiative with support from the
World Bank, which is dramatically widening access
to electricity (World Bank 2022b). Both countries,
Tanzania and Ethiopia, have placed their projects
under a holistic national plan that allowed them

to secure investments that build on the synergies
between both sectors. With the new railway lines, not
only will carbon emissions be cut, but freight costs
are expected to be reduced by 40 percent (IR] 2021).

In Asia, India has more than doubled the number

of electrified route-kilometers, and it is on track to
have its network—one of the largest in the world,
—fully electrified by 2024 (CORE 2022). Coupled
with the electrification program, Indian Railways are
partnering with solar plant operators to construct
additional renewable capacity in and along railway
spaces and feed the energy directly into the traction
power. With 51,000 hectares of vacant land, Indian
Railway has potential for an estimated 20 gigawatt of
solar electricity, and the will to make use of it.
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