PATHWAYS TO THE DECARBONIZATION
OF MOLDOVA'’S ENERGY SECTOR

CONCEPT PAPER
MOLDOVA ENERGY SECURITY ACTIVITY

FEBRUARY 27, 2023

This publication was produced for review by the United States Agency for International Development. It was prepared by the Moldova Energy
Security Activity (Tetra Tech ES, Inc., prime contractor)






PATHWAYS TO THE DECARBONIZATION OF
MOLDOVA’S ENERGY SECTOR

Concept Paper

Prepared for:
Ministry of Energy of the Republic of Moldova
Piata Marii Adunari Nationale |
MD 2012, mun. Chisinau
Republic of Moldova

Prepared by:
Tetra Tech ES, Inc.
1320 North Courthouse, Suite 600
Arlington, VA 22201
www.tetratech.com

Contract Number: 7200AA19D00029

DISCLAIMER
The views expressed in this publication do not necessarily reflect the views of the United States Agency
for International Development or the United States Government.

This publication was produced for review by the United States Agency for International Development. It was prepared by the Moldova Energy
Security Activity (Tetra Tech ES, Inc., prime contractor)






CONTENTS

ACRONYMS
. INTRODUCTION
2. INTERNATIONAL CONTEXT
3. NATIONAL CONTEXT
4. PATHWAY TO ACHIEVE A CARBON-NEUTRAL ENERGY SECTOR
4.1. METHODOLOGY USED TO DEFINE THE SCENARIOS
4.2. DECARBONIZATION SCENARIO RESULTS
4.2.1. CARBON-NEUTRAL ENERGY SYSTEM BY 2030 (NZ30)
4.2.2. CARBON NEUTRAL ENERGY SECTOR BY 2050 (NZ50)
4.3. SCENARIO COMPARISON

5. CONCLUSIONS AND RECOMMENDATIONS

I | PATHWAYS TO THE DECARBONIZATION OF MOLDOVA'S ENERGY SECTOR

23

26

USAID.GOV



ACRONYMS

CCUS
CO,
DCFTA
EnC
EU
GDP
GHG
GoM
GW
kt
ktoe
LEDP
LEDS
MESA
NDC
NZ30
NZ50
RE
RES
TWh
USAID

USAID.GOV

Carbon Capture, Use, and Storage

Carbon Dioxide

Deep and Comprehensive Free Trade Area
Energy Community

European Union

Gross Domestic Product

Greenhouse Gases

Government of Moldova

Gigawatt

Kiloton

Kiloton of Oil Equivalent

Low Emissions Development Program

Low Emissions Development Strategy

Moldova Energy Security Activity

Nationally Determined Contribution
Carbon-Neutral Energy System by 2030 Scenario
Carbon-Neutral Energy System by 2050 Scenario
Renewable Energy

Renewable Energy Sources

Terawatt-Hour

U.S. Agency for International Development

PATHWAYS TO THE DECARBONIZATION OF MOLDOVA'’S ENERGY SECTOR |

2



I.INTRODUCTION

According to the Government Activity Program "Prosperous, Safe, European Moldova", approved by
the Parliament Decision no. 28 as of February 16, 2023!, one of the announced objectives consists in:

“the implementation of coherent policies and measures to accelerate the transition to the circular and
green economy and to adapt all sectors to the effects of climate change, with a view to pursue
achieving the objective of carbon neutrality by 2030”.

Moldova is a net energy importer and satisfies approximately 23 percent of its energy demand with
the energy resources available on the Right Bank of the Dniester River. Such heavy dependence on
outside energy resources makes the country vulnerable to external disruptions in energy supply or
fluctuations in energy prices. This uncertainty also makes Moldova susceptible to malign influence and
delays its progress toward sustainable economic development.

In the absence of indigenous fossil fuel resources, Moldova is tapping into its renewable energy source
(RES) and energy efficiency potential to reduce its dependence on energy imports. This clean energy
transition has substantial economic and environmental advantages when it is coupled with the gradual
electrification of high-energy-consuming sectors like the transportation and building sectors. In parallel,
it is important that the above measures are supported by a more flexible energy system and an enabling
regulatory framework that ensures compliance and harmonization with the acquis communautaire of
the European Union (EU).

Achieving sustainable economic growth will be extremely challenging as long as energy supply is subject
to frequent disruptions and exposed to volatile international energy prices. While the geopolitical
context involving Russia’s invasion of Ukraine and its weaponization of energy resources has
exponentially increased energy supply risks for all EU economies, Moldova’s vulnerability to these
external shocks is higher than average and will remain so over the long term. Moldova faces the
multifaceted challenges of supporting its sustainable development objectives and responding to the
country’s international commitments—most notably, its candidature to become an EU Member State.

To achieve this paradigm shift within the narrow timeframe, the country needs to explicitly define an
ambitious but realistic pathway for a clean energy transition.

This must include the adoption of innovative technologies that expand electrification, accelerate
progress to a low-carbon economy, and enable the implementation of climate change adaptation
measures.

Decarbonizing the energy sector is part of the answer, but it is costly and requires sufficient time for
technology readiness and regulatory reforms.

In the above-mentioned context, this concept paper describes ambitious, yet realistic pathways for
Moldova to accelerate the decarbonization process to achieve a carbon-neutral energy sector by 2030
and analyzes the risks, costs, and challenges associated with implementation.

"https://gov.md/sites/default/files/document/attachments/program_de_guv-final_ro.pdf.
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2. INTERNATIONAL CONTEXT

The Paris Agreement (2015), a global commitment to urgent climate action, marked a change of
approach for long-term country development. It is a global action plan to put the world on track to
avoid the dangerous impacts of climate change by pursuing measures to limit global warming to below
2°C and maintain it at 1.5°C above pre-industrial temperatures. The Paris Agreement sends a clear
signal to investors, businesses, and policymakers that the global transition to clean energy is here to
stay and that energy resources must shift away from polluting fossil fuels. To achieve this common
goal, governments agreed to meet every five years to set new targets based on the latest scientific
evidence and to publicly report on their implementation.

The world’s largest economies, the United States, Europe, China, and other developed regions,
account for more than half of total spending needed to achieve the net zero target by 2050. This
represents about 6 percent of their combined national gross domestic product (GDP) until 2050.

While the absolute value of spending needed is lower for developing regions, the amount is much
larger when measured as a share of GDP. Spending on physical assets could amount to approximately
10 percent or more of GDP by 2050.
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Figure |. Spending on physical assets for energy and land-use systems under the Net Zero by 2050 scenario®

2McKinsey & Company, 2022. “The net-zero transition: What it would cost, what it could bring.”
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In line with the Paris Agreement commitments, in 2019, the EU overhauled its energy policy
framework to assist Member States to transition from fossil fuels to cleaner energy by adopting the
Clean Energy for All Europeans package. Subsequently, in December 2019, the European Council
endorsed the goal to make the EU climate neutral by 2050.

The long-term strategy that the EU submitted to the United Nations Framework Convention on
Climate Change (UNFCCC) in March 2020 demonstrates how Europe can lead the way to climate
neutrality by investing in technological solutions, empowering citizens, and aligning in areas such as
industrial policy, finance, or research while ensuring social fairness for a just transition.
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Figure 2. EU greenhouse gas (GHG) emissions trajectory in a |.5°C scenario (Source: consilim.europa.eu)

Although the EU’s total primary energy demand has remained constant, emissions have declined
slightly since 1990 because energy efficiency measures have offset economic growth. The underlying
energy mix has changed since 1990, with coal demand declining by 2 percent a year and biomass and
other RES increasing annually by 4 percent and 3 percent, respectively.

Energy use varies considerably by sector. The transportation sector primarily consumes oil, while the
power sector draws on a wide variety of energy sources such as nuclear, solar, wind, and fossil fuels
for electricity generation. The industrial and buildings sectors use a combination of fossil fuels. Natural
gas is more prevalent in the buildings sector for space heating and cooking purposes, and the industrial
and chemical sectors primarily use oil. This profile of fossil fuel consumption is similar across the EU.
The biggest differentiator of fossil fuel dependency between regions is the power generation mix.

By adopting the European Green Deal in January 2020, the European Parliament declared that climate
change and environmental degradation are an existential threat to Europe and the world. The Green
Deal therefore commits to transform the EU into a modern, resource-efficient, and competitive
economy by eliminating net emissions of GHG by 2050, decoupling economic growth from resource
use, and most importantly, ensuring that no person is left behind in the process. By implementing the
Green Deal, the EU aims to achieve the following primary targets:

= Be the first climate-neutral continent by 2050;
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By 2030, reduce net GHG emissions by at least 55 percent compared to 1990;

= Plant an additional 3 billion trees by 2030.

Although this accounts for only 7 percent of global GHG emissions, the EU’s achievement of climate
neutrality would have an important impact on the global climate challenge. Its success could serve as
a blueprint for other regions by encouraging other countries to take bolder action and kickstarting
the increased adoption and cost reduction of low-carbon technologies.

Five sectors emit the majority of the EU’s GHGs: transportation (28 percent), industry (26 percent),
power (23 percent), buildings (13 percent), and agriculture (12 percent). Across sectors, the largest
source of GHGs, accounting for 80 percent of emissions, is fossil fuel combustion.

Not all emissions will need to be reduced to zero, because negative emissions in some sectors can
offset emissions in sectors where abatement is more difficult. Yet, achieving the targets will require
significant changes in all sectors.
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revise the Renewable Energy Directive to increase the current EU target of 32 percent to at least 40
percent renewable energy (RE) in the overall energy mix by 2030.

The Commission has also proposed to revise the Energy Efficiency Directive, increasing the current
EU target for energy efficiency from 32.5 percent to 36 percent for final energy consumption and 39
percent for primary energy consumption.

In addition, it put forward several provisions to accelerate energy efficiency efforts by Member States,
such as increased annual energy savings obligations, new rules to decrease the energy consumption of
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public sector buildings, and measures to protect vulnerable consumers. For building energy
performance, Fit for 55 requires that all new buildings should produce zero emissions by 2030 and
that existing buildings should be transformed into zero-emission buildings by 2050.

Acknowledging that the production and use of energy account for more than 75 percent of the EU’s
GHG emissions, the European Green Deal considers it critical to decarbonize the EU energy system
to reach 2030 climate objectives and the EU’s long-term strategy of achieving carbon neutrality by
2050.

The European Green Deal focuses on three key principles for the clean energy transition, which will
help reduce GHG emissions and enhance citizens’ quality of life:

= ensuring a secure and affordable EU energy supply;
= developing a fully integrated, interconnected, and digitalized EU energy market; and

= prioritizing energy efficiency, improving the energy performance of buildings, and developing
a power sector based largely on renewable sources.

To direct the transformation of the energy sector, the European Commission released several policy
acts and strategies to guide Member States on the actions and measures that may support a just
transition. Of note are the new Trans-European Networks for Energy (TEN-E) regulation, the
Offshore Wind Strategy, the Hydrogen Strategy, the Energy System Integration Strategy, the Methane
Strategy, and the Renovation Wave Strategy.

The implementation of the European Green Deal is financially supported by the three pillars of the
Just Transition Mechanism.

= The first pillar is the Just Transition Fund (€17.5 billion), designed to finance projects that
will alleviate socioeconomic costs for communities across the EU that are heavily dependent
on fossil fuels or GHG-intensive industries and need to diversify their local economies.

= The aim of the second pillar, InvestEU, is to encourage public and private investors to finance
and invest in operations by providing guarantees from the EU budget to address failures and
sub-optimal investment situations. InvestEU will have a budget guarantee of €26.2 billion,
which will be indicatively divided between its four policy schemes: |) sustainable infrastructure
(with 37.8 percent, or €9.9 billion); 2) research, innovation, and digitalization (with 25.1
percent, or € 6.6 billion); 3) small and medium enterprises (with 26.4 percent, or € 6.9 billion);
and 4) social investment and skills (with 10.6 percent, or € 2.8 billion).

= Finally, the Public Sector Loan Facility will benefit the regions most affected by the
transition toward the EU's 2030 climate targets and climate neutrality by 2050, such as coal-
and carbon-intensive regions. It will support a wide range of sustainable investment projects
that address these regions' development needs resulting from the climate transition. This
includes projects in areas such as energy and transport infrastructure, district heating
networks, energy efficiency measures, and social infrastructure.

Additionally, the Just Transition Fund may be supplemented with funding from the
NextGenerationEU recovery plan, with a budget of €750 billion (in 2018 prices) to address the
most important challenges before Europe and to support vulnerable people.
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In 2022, the EU had to intensely accelerate the clean energy transition in response to the global energy
market disruption and hardship caused by Russia's invasion of Ukraine. With the aim of improving
Europe's energy independence by shifting away from unreliable suppliers and volatile fossil fuel pricing,
it approved REPowerEU—the European Commission’s plan to make Europe independent from
Russian fossil fuels well before 2030. Ending the EU’s reliance on Russian fossil fuels will require a
massive scale-up of renewables as well as faster electrification and replacement of fossil-based heat
and fuel in industry, buildings, and the transportation sector. The clean energy transition will help
lower energy prices over time and reduce import dependency. Thus, the Commission is proposing to
increase the EU’s 2030 target for renewables from the current 40 percent to 45 percent. The
REPowerEU Plan would bring the EU’s total RE generation capacities to 1,236 gigawatts (GW) by
2030, in comparison to the 1,067 GW envisaged under Fit for 55 for 2030.

To address the challenges caused by Russia’s unprovoked military aggression on Ukraine, the
Commission proposed to reinforce the Recovery and Resilience Facility? by including new chapters
dedicated to REPowerEU, which means that EU Member States will need to change their recovery
and resilience plans to contribute to energy security, the diversification of the EU’s energy supply, an
increase in the uptake of renewables and energy efficiency, an increase in energy storage capacities,
and the necessary reduction of dependence on fossil fuels before 2030.

REPowerEU comes with a set of medium-term measures to be completed before 2027 that will give
an additional boost to the work to achieve climate neutrality goals, namely:

= New national REPowerEU Plans under the modified Recovery and Resilience Fund to support
investment and reforms worth €300 billion;

= €3 billion of frontloaded projects under the Innovation Fund to boost industrial
decarbonization;

= New legislation and recommendations for faster permitting of renewables, especially in
dedicated ““‘go-to areas” with low environmental risk;

= |nvestments in an integrated and adapted gas and electricity infrastructure network;

= Increased ambition on energy savings by raising the EU-wide target on efficiency for 2030 from
9 percent to |3 percent;

= Anincrease in the European renewables target for 2030 from 40 percent to 45 percent;
=  New EU proposals to ensure industry has access to critical raw materials;
= Regulatory measures to increase energy efficiency in the transport sector; and

= A modern regulatory framework for hydrogen and a hydrogen accelerator to build 17.5 GW
of electrolyzers by 2025 to fuel EU industry with the homegrown production of 10 million
tons of renewable hydrogen.

3 Regulation (EU) 2021/241 of the European Parliament and of the Council of 12 February 2021 establishing the
Recovery and Resilience Facility
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3. NATIONAL CONTEXT

Moldova’s economy is tightly integrated with the EU’s. The EU is Moldova’s largest trading partner,
accounting for about 66 percent of its total exports, well above its regional peers, and around 45
percent of its total imports in 2021. Along with this growing economic interdependence, Moldova has
made a clear commitment to closer political integration with the EU.

In 2010, Moldova became a member of the Energy Community (EnC), pledging to bring its national
energy legislation in line with the EU‘s acquis communautaire.

In 2014, the country signed an Association Agreement with the EU, with the Deep and Comprehensive
Free Trade Area (DCFTA) an integral part of it. The agreement was fully enforced in 2016, and
subsequent Association Agendas between the EU and Moldova aimed to further facilitate trade
through the gradual transposition of Moldovan legislation, rules, and standards in alignment with the
EU.

In March 2022, in the wake of the Russian aggression against Ukraine, Moldova applied for EU
membership. Following a positive Opinion by the European Commission, on June 23, 2022, the
European Council granted candidate status to Moldova and invited the Commission to monitor the
fulfillment of the conditions specified in the Opinion so the Council can decide on further steps
regarding Moldova’s EU membership application.

Moldova’s geopolitical and economic course is thus clearly set. The EU and the processes linked to
fulfilling the Association Agreement, the DCFTA, and EU membership negotiations will be decisive for
the development of the country in the years to come. The aspiration of becoming a full EU Member
State will set the framework within which the energy sector will develop.

As a Signature Party to the Paris Agreement, Moldova submitted its intended Nationally Determined
Contribution (NDC 1.0) in 2015 and its updated NDC (NDC 2.0) in 2020, in which it has committed
to an unconditional emission reduction of 70 percent compared to 1990 levels by 2030 and a
conditional reduction of 88 percent. These ambitions have been translated into reality through the
Low Emission Development Strategy until 2030 and the Action Plan for its implementation, approved
through the Government Decision no. 1470 as of December 30, 2016, which is to be replaced by the
Low Emission Development Program of the Republic of Moldova until 2030 and the Action Plan for
its implementations, to incorporate more ambitious emission reduction commitments from the
updated NDC (NDC 2.0).

The Government of Moldova (GoM) intends to establish a competitive and environmentally sustainable
energy sector, integrated into European infrastructure and energy markets, that will provide an
adequate level of energy security for consumers to access energy when needed at affordable prices.

To fulfill these objectives, Moldova has committed to align its policies, as much as possible, with overall
EU energy and climate policy goals as defined by recent EU legislative packages (Green Deal, Fit for
55, REPowerEU), the Paris Agreement, and EnC commitments.é

4 https://www.legis.md/cautare/getResults?doc_id=140002&lang=ro

* https://www.madrm.gov.md/ro/content/anun%C8%9B-privind-ini%C8%9Bierea-elabor%C4%83rii-programului-
de-dezvoltare-cu-emisii-reduse-republicii

¢ https://www.energy-community.org/legal/decisions.html
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At the last EnC Ministerial Council in December 2022, Moldova agreed on the following energy
efficiency, RES, and GHG emission reduction targets for 2030:

= Total consumption of primary energy no higher than 3,000 kilotons of oil equivalent (ktoe)
and final consumption of energy no higher than 2,800 ktoe;

= At least a 27 percent share of RE in the energy balance; and

= GHG emissions reduced by 68.6 percent or 9.1 Mt CO, equivalent compared to the baseline
in 1990.

Today, the energy sector accounts for more than two-thirds of national GHG emissions and must
therefore be treated as a priority sector for future actions.
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Figure 4. Share of the energy sector in Moldova’s GHG emissions (Source: clima.md)

Moldova has a relatively low level of domestic sources in its primary energy supply. In 2021, local
primary energy constituted only 76| ktoe (petroleum products—5 ktoe, electricity—14 ktoe, biofuels
and waste—742 ktoe), or approximately 26 percent of gross energy consumption, which was 3,115
ktoe. Most of the final consumption of energy (74 percent of the total value) is covered by the import
of natural gas, petroleum products, and coal; electricity imports; and MGRES.

Although the structure of the mix of primary energy resources has evolved in a positive direction
during the reporting period, Moldova still depends almost entirely on importing natural gas, coal, and
approximately 99 percent of its petroleum products. In 2021, petroleum products comprised 48.78
percent of imported primary energy resources and natural gas made up another 46.99 percent.
Moldova’s dependence on imported primary energy resources far exceeds that of other EU countries.

Final energy consumption between 2010 and 2021 increased from 2,345 ktoe to 2,942 ktoe, a 24.69
percent rise. The largest share belonged to oil products, which increased from 32.15 percent in 2010
to 35.64 percent in 2021, while the share of natural gas increased from 19.45 percent to 20.59 percent.
The shares of biofuels/waste and electricity remained constant with values of 21.2 percent and 12.14
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percent in 2021 respectively. The shares of thermal energy and coal decreased from 10.23 percent to
7.35 percent and from 4.82 percent to 3.08 percent, respectively.

Gross energy consumption
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Figure 5. Energy Balance of Moldova, 20102021 (Source: National Bureau of Statistics)
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Figure 6. Final energy consumption of Moldova, 2010-2021 (Source: National Bureau of Statistics)
Among all sectors, Moldova’s residential sector had the largest share of energy consumption in 2021 —

46.79 percent, which is much higher than the EU average.

The share of energy consumption in the transport, trade, and public services sector of Moldova is
comparable to its share in the EU. Moldova’s energy consumption in the industrial sector was only
8.38 percent.
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Moldova’s climate change mitigation and energy sector development policies consist of the Low
Emission Development Strategy until 2030 (LEDS 2030) and its Action Plan (2016)7 as well as the
Moldova Energy Strategy 2030 (2013).8

Unfortunately, Moldova did not meet several of the strategy targets because until 2020, approximately
$2 billion had to be capitalized, and the necessary investment volume was disproportionate to the
country’s economic situation.

Strategies developed for other sectors have had a similar fate. The primary reason that sector
development policies are not impactful is that there are no feasibility studies substantiating the
objectives formulated in the policy documents. Often, the objectives are wishes rather than evidence-
based targets justified through analysis of social, technical, economic, and environmental impacts.

The current GoM is willing to change this approach and is working on developing a new set of public
policies that will define the evolution of the country.

In particular, the GoM is developing a new Energy Strategy to establish a long-term general plan
through 2050 to advance the energy sector.

The goals of the new Energy Strategy 2050 are the following:

= Create a competitive and sustainable energy sector that considers the environment and the
overall development of the country;

= Integrate the energy system into the energy markets of the EU;

= Create a clear, transparent, and predictable regulatory framework to increase the confidence
of potential international and private energy investors; and

= Create tangible benefits for market participants, final consumers, and the economy at large.

To achieve the Energy Community goals specified above, the GoM is developing the National Energy
and Climate Plan for the period 2025-2030 (NECP), according to Regulation 2018/1999 on the
Governance of the Energy Union and Climate Action, that will define the actions and measures to be
implemented until 2030.

For Moldova, the clean energy transition represents the solution to challenges in the energy sector: it
will decisively contribute to increasing energy security, lowering dependence on imports, and reducing
carbon emissions. Thus, fostering a just energy transition will be one of the primary national goals. But
reaching net-zero emissions will require a transformation of the national economy and social behavior.

7 Government Decision No. 1470 as of 30.12.2016 on approving the Low Emission Development Strategy of the
Republic  of Moldova untii 2030 and the Action Plan for its implementation.
https://www.legis.md/cautare/getResults?doc_id=129232&lang=ro.

8 Government Decision No. 102 of 05.02.2013 on approval of the Energy Strategy of the Republic of Moldova
until 2030. https://www.legis.md/cautare/getResults’doc_id=68103&lang=ro.
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4. PATHWAY TO ACHIEVE A CARBON-NEUTRAL ENERGY
SECTOR

Although achieving net-zero carbon emissions will require sustained effort across sectors, there are
practical pathways for governments to achieve carbon-neutral energy systems through technology
interplay.

Carbon-neutral energy systems consist of:
= Adequately diversified primary energy supply and final consumption;
= Accelerated phase-out of unabated fossil fuels;

= Sufficient electrified energy consumption, including in heat and transportation sectors, making
use of a decarbonized generation mix involving RE, storage, and potentially nuclear power;

= Sizable and commercially mature, yet innovative, low- or zero-carbon technologies (for
example, to deal with hard-to-abate emissions or hard-to-electrify services); and

= Optimally utilized distributed energy resources involving RE and storage, appropriately
enabled by energy system digitalization.

While the above drivers and technology options can be combined in multiple ways and provide
numerous paths toward carbon neutrality, there are three undisputable features that appear to be
most common across the portfolio of alternative pathways:

I) development of green technologies at the local level,
2) increased energy efficiency, and
3) and use of carbon capture technologies.

This paper explores feasible pathways that consider technology, implementation schedules, and
necessary regulatory reforms that, combined, can move the country toward a cost-optimal net-zero
target.

The transition to net-zero carbon emissions will have significant socioeconomic implications, from
redistribution of income, altered employment modes, and re-skilling to alternative energy trade and a
diversified energy supply.

Achieving net zero carbon emissions will require the GoM to set a clear direction and provide
adequate support to enable businesses to become the engine of innovation and delivery. Because the
impacts of the transition will be unevenly distributed and create challenges for companies and actors,
policy and regulatory changes are necessary to support immediate commercialization consistent with
the energy market design and the technical stability of the energy system.

This paper’s exploration of reaching net zero carbon emissions in the energy sector focuses on
macroeconomic implications based on costs, risks, and opportunities arising from the altered modes
of energy trade and production. Specific implications and challenges that the net-zero energy transition
may create for individual economic operators as well as any socioeconomic implications, such as those
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indicatively mentioned, were not included in the determinants and variables considered in this
exploration, and it is recommended that these be a subject for a future study.

Notwithstanding the limitations of this first investigation, its conclusions provide a sound basis to
further consider the energy sector’s decarbonization prospects for two primary reasons:

[) it provides an adequate orientation and roadmap that are quantifiable and time-bound and that
encompass the current best measures and technologies for decarbonization; and

2) it begins a dialogue and provides a basis to further explore socioeconomic challenges and
opportunities.

4.1. METHODOLOGY USED TO DEFINE THE SCENARIOS

This study analyzed Moldova’s energy system through multiple decarbonization trajectories (ranging
from immediate decarbonization by 2030 to an EU-like decarbonization horizon by 2050°), using an
energy system model. Strengths and weaknesses of the trajectories were assessed and compared to
support decision makers to identify the effort required and understand the trade-offs of
decarbonization objectives in order to make timely and impactful actions.
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Figure 7. Energy sector design considered in the modelling exercise

The model of Moldova’s energy system explores the evolution of the entire energy sector—from
import and extraction to the final use of energy. It covers 2016-2050, which allows for analysis of
alternative outcomes for the national system under different emission reduction scenarios. In order
to model the time-dependent variation of key energy flows within a year and, to some extent, to
represent the intermittence of energy production from variable RES, the (model) year was represented
as if it comprised several “time slices” (24: four seasons times six intraday slots) by grouping hours

? This is not a forecast; rather, it is a “macro” view of the potential evolutions of the system subject to different
storylines.
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with similar characteristics (load). It was built based on “bottom-up reconstructed” national energy
balances and considers a high level of technology/activity explicitness (supply and demand side). In
addition, the model includes a representation of energy trades with the rest of the world by means of
exogenously defined supply/demand cost curves (and capacity constraints).

The model makes use of a partial equilibrium paradigm (TIMES-based) and has high capability to
represent technologies, mitigation measures, energy efficiency, and fuel switching options; it also
covers the GHG emissions (from combustion) reported in the national inventories. Specifically, it
determines an optimal configuration of the energy systems to satisfy service demands at a minimum
cost over a long-term horizon, while respecting GHG emissions constraints.

To evaluate the performance of the optimal decarbonization pathways determined by the model, the
evolution of key performance indicators and criteria were analyzed over time. The indicators are listed
in the table below.

TABLE I: KEY PERFORMANCE INDICATORS USED TO EVALUATE THE PERFORMANCE OF THE

OPTIMAL DECARBONIZATION PATHWAYS

# INDICATOR UNIT DESCRIPTION
| Emission offsets kt CO2 The offset of emissions per technology over time
2 Electricity generation from RES GWh RE electricity generation per technology over time
3 Final energy consumption by energy type  ktoe Final energy consumption by energy type over time
4 Energy imports ktoe Energy imports per technology over time
5 Energy investments M€ Energy investments per technology per five-year period

4.2. DECARBONIZATION SCENARIO RESULTS

To highlight the potential benefits and challenges to political decision makers, this paper presents an
outlook based on two main scenarios that explore two different timelines for the decarbonization
(net-zero carbon emissions) of the energy sector:

|I. Carbon-Neutral Energy System by 2030: Ambitious scenario of progressive
decarbonization of the energy sector.

2. Carbon-Neutral Energy System by 2050: Gradual scenario, aligned with the
decarbonization pathways of the EU.

To determine the technological transformation required to successfully transition the energy system
to net-zero carbon emissions, changes were analyzed, which also indicates economic impacts and the
behavior change of final consumers, both individuals and businesses. Both scenarios were optimized
according to the most economically beneficial energy pathway. The results of the modeling show that
both scenarios could theoretically be achieved; however, the costs, impact, and implementation risks
differ between scenarios, as detailed below.

4.2.1. CARBON-NEUTRAL ENERGY SYSTEM BY 2030 (NZ30)

NZ30 assumes the decarbonization of the entire energy system by 2030 and maintains this target
through 2050.
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Achieving this objective would be equivalent to a revolution in the energy sector by influencing the
entire value chain, starting with the import of energy sources, generation, and most importantly,
energy consumption patterns. This includes transforming the energy supply by installing carbon,
capture, use, and storage (CCUS) technologies in fossil fuel plants, scaling up RE projects, and deploying
all other technologies, including those with low technological or commercial readiness (CCUS, direct
air capture, hydrogen, and small modular reactors). To achieve a net-zero target in the energy sector
by 2030, GHG emissions would have to fall to one-sixth of the 2020 baseline in less than seven years.

The model helps depict an optimal configuration of system energy production and consumption that
is compatible with Moldova’s early transition toward decarbonization. A variety of technologies and
energy forms, as projected in 2030 and beyond, would require a rapid near-total phase-out of natural
gas and oil and the expansion of electrification for the heating, transportation, and industrial sectors.
The target could also be achieved via fast and massive development of RE, the electrification of final
uses, and compensation of hard-to-abate carbon emissions through CCUS and other expensive offsets
(e.g., direct air capture).

To achieve this target, the country needs to quickly deploy all currently available low- and zero-carbon
technologies for energy supply and enhance system efficiency. Moldova’s residential sector is its highest
energy consumer, followed by the transportation and power sectors. Therefore, the essential
structural changes will need to be made in these sectors.
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Figure 8. Evolution of final energy consumption, NZ30
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In Moldova’s transportation sector, electric vehicles are already being adopted, but it will take nearly
ten years to set up supply chains to support a switch to 100 percent electric vehicle sales. The same
applies for other technologies like fuel cells. Most of the technology required to decarbonize the
buildings sector is already available. However, renovating large portions of the building stock is a
massive undertaking. In addition, Moldova will also need to reduce gas usage in buildings by increasing
energy efficiency and switching to alternative fuels.

With wind and solar power generation technologies already available at scale, the power sector will
be the fastest to decarbonize. Because the demand for power increases as other sectors switch to
electricity and power-to-gas options, the power sector must rapidly scale renewable production and
expand its storage capacity. To meet the high electricity demand (covering more than 40 percent of
final energy consumption) and balance the reduction of generation from conventional power plants,
including electricity from the Left Bank of Dniester River, local electricity generation from RE is
projected to be approximately 12 terawatt-hours (TWh) by 2030. To cover this electricity volume, at
least 7.5 GW of intermittent RE needs to be installed within five years. Such a massive ramp-up of RE
generation will be difficult, because wind project development takes several years and the regulatory
requirements are not yet in place. Also, mobilizing funding and strengthening the grid for RE integration
in such a short time will be challenging.

NZ-30 - Electricity generation from RES (GWh)
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Figure 9. Electricity generation and installed capacity of power plants, NZ30
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In addition, CCUS projects will need to scale massively. Despite the significant deployment of RE in
the very short term, 1,200 kilotons (kt) of residual CO; emissions (mainly from transport) must be
offset by 2030. With further electrification of the transportation sector, CO; emissions will decrease
slightly, bringing the share of final electricity consumption to approximately 60 percent in 2050.

NZ30 requires high emission offsets by 2030 and 2035 to compensate for the slow buildup of clean
energy infrastructure. As carbon offset technologies are not mature enough, any deployment of these
technologies will come at a high cost. Direct air capture and CCUS solutions in power and industry
all play a role.

To decarbonize the system, especially by deploying RE generation capacities and by electrifying the

residential and partially the transportation sectors with new and very efficient options, massive
investments are needed in all clean technologies until 2030.

NZ30 - Investments (per five-year period, M€)

42,000 B Upstream Techs

39,000

36,000 B Transport Techs

33,000

30,000 m Services/Commercial Sector

27,000 Technologies
24 000 H Residential Sector Technologies
ié'ggg H Other offsets (DAC)
15,000 ® Industrial Techs
12,000
9,000 W Central Electricity Generation
6,000
3,000 B Central Heat Generation
;1B —

2025 2030 2035 2040 2045 2050

Figure 10. Investment costs to support the decarbonization pathway, NZ30

Based on the model, from 2025-2030, Moldova must mobilize approximately €40 billion in
investment to meet the short-term target. Maintaining zero emissions over the next 20 years will
require large investments, the timing of which will be driven by the lifetime of the technology options
used for 2030. Thus, the cumulative investment costs until 2050 are estimated at €140 billion.

To enable the mass use of electricity as the primary energy source and the expedited growth of RE
production, the national electricity system needs to be rebuilt and adapted to the new operating
conditions. The national grid and interconnections will require system upgrades and according with
the energy supply mix and transnational equilibrium requirements. Investment costs of grid
enforcement and new interconnections are not considered within this paper.

The model of Moldova’s energy system explores the evolution of the entire energy sector—from
import and extraction to the final use of energy. It covers 2016-2050, which allows for analysis of
alternative outcomes for the national system under different emission reduction scenarios. In order
to model the time-dependent variation of key energy flows within a year and, to some extent, to
represent the intermittence of energy production from variable RES, the (model) year was represented
as if it comprised several “time slices” (24: four seasons times six intraday slots) by grouping hours
with similar characteristics (load). It was built based on “bottom-up reconstructed” national energy
balances and considers a high level of technology/activity explicitness (supply and demand side). In
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addition, the model includes a representation of energy trades with the rest of the world by means of
exogenously defined supply/demand cost curves (and capacity constraints).

Beyond costs, to achieve decarbonization in 2030,

90.0% all structural changes in the energy sector need to
80.0% be supported by political commitments, improved
70.0% legal and regulatory frameworks, and the
60.0% development of electricity and natural gas
50.0% markets and power-to-gas options. The GoM will
40.0% need to develop support and obligation schemes
30.0% that mobilize capital for green initiatives by
removing process barriers that introduce costs,
20.0% standardize contracts, provide carbon price floors
10.0% and public guarantees, and offer tax incentives to
0.0% convince end consumers, businesses, and energy
2020 2025 2030 2040 2050 companies to align their development plans to
—8—NZ30 reduce GHG emissions.
Figure | |. Import dependency, NZ30 (%) Achieving decarbonization by 2030 requires

implementing  multiple large infrastructure

projects in the power sector, such as large-scale
RE power plants and expanded electricity transmission and distribution networks, including
interconnections with neighboring countries. This will require more specialists in the field. Therefore,
the development of human capital remains a priority. Additionally, the implementation of such projects
will take several years, and with only seven years until 2030, the window of opportunity to initiate and
complete these projects may have passed.

4.2.2. CARBON NEUTRAL ENERGY SECTOR BY 2050 (NZ50)

NZ50 assumes the decarbonization of the entire energy sector by 2050 and will allow Moldova to
align with the EU objective of achieving climate neutrality by 2050. The model demonstrates that a
longer implementation period will enable the gradual transition of the energy system, but the changes
in the energy sector will still be significant and require timely initiation.

Similar to NZ30, electricity demand will sharply increase as the residential, industrial, and
transportation sectors are electrified. However, a longer transition period will enable a gradual phase-
out of natural gas and petroleum products and potentially a smoother adjustment to the new
regulations for the economy and the population. Energy consumption will continue to be dominated
by the residential, transportation, and power sectors; therefore, actions to decarbonize those sectors
are still necessary but can be implemented more moderately. Multiple car manufacturers plan to stop
producing cars with internal combustion engines after 2030, which will make electrifying the
transportation sector much easier by gradually removing obsolete vehicles. The same may be valid for
other types of technology, like fuel cells.

With strong GDP growth, in NZ50, final energy consumption only falls from 2030 onward, then
decreases by 30 percent by 2050. A longer implementation period will mean a lower rate of renovation
of the building stock compared to previous scenarios, which will reduce the financial burden. Widely
implemented measures to increase energy efficiency will halve residential energy consumption.
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Figure 12. Evolution of final energy consumption by type and by sector, NZ50

In 2050, electricity will play an even more important role, covering close to 60 percent of final energy
consumption. Gradually reducing electricity generation from fossil sources and replacing them with
RE generation will allow Moldova to capitalize on the benefits of using different generation
technologies to ensure the stability of the electric power system. In this circumstance, the increased
demand for electricity will be covered with a lower capacity of installed RE generation (5.7 GW) than
in NZ30, which estimated production of about 10 TWh. A longer implementation period will allow
the development of other electricity generation technologies, such as small modular reactors or
hydrogen power plants, that will diversify the electricity generation mix and stabilize the electricity
system.

To support the large deployment of variable RES, the system requires battery energy storage capacity.
Installed capacity will reach almost 400 megawatts by 2050, which is double that in the NZ30 scenario.
However, the increase in installed capacity will not be followed by a proportional increase in
investment costs, because the cost of this technology will continue to decrease over the next decade.
After 2030, there will be opportunities for power-to-gas coupling. This will enable the inclusion of
green hydrogen in the electricity generation mix as an alternative to natural gas, which will increase
indigenous generation and flexibility.
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Figure 13. Electricity generation and installed capacity of power plants, NZ50

The longer use of fossil fuels as part of the smoother transition means that there will be no need for
an early and large-scale application of CCUS technologies. In NZ50, CCUS will be used to a lesser
extent and only after 2045, so that a little over 800 kt of residual CO, emissions (mainly from
transport) must be offset in 2050. In this scenario, Moldova will initially rely on more mature, cheaper
clean energy technologies.

NZ50 sees far more evenly distributed energy investments than NZ30 because the country will have
more time to mobilize private sector investment and create the regulatory conditions for
decarbonization. Investment will particularly flow into clean transportation technologies and, to a
smaller extent, into services/commercial sector technologies, residential sector technologies, and
central electricity generation.
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Figure 14. Investments costs to support decarbonization pathway, NZ50

Until 2050, the development of the energy sector will require between €18 billion and €28 billion
in total investment every five years to meet the decarbonization target. The cumulative
investments cost is estimated to be nearly €127 billion. Phased implementation will allow the
sector to benefit from lower costs for those technologies that are expected to reach maturity after
2030.

In NZ50, Moldova will maintain a heavy reliance on

Zg:ggﬁ; imported petroleum products and natural gas
70.0% resources until 2030 and then see a downward
60.0% trend of consumption of petroleum products. After
50.0% that, the implementation of decarbonization
40.0% measures and the use of alternative RES-based
28:822’ technologies will lead to the gradual elimination of
10.0% these primary energy sources from the energy mix.

0.0% The energy demand will be covered by indigenous

2020 2025 2030 2035 2040 2045 2050 RES, reducing energy imports.

=@ NZ50
NZ50 foresees a reduction of Moldova’s import

dependency by half, from 80 percent in 2020 to 40
Figure I5. Import dependency, NZ50 (%) percent in 2050. This will occur at a slower pace
and to a lesser extent than in NZ30.

The higher reliance on indigenous energy sources will reduce the costs of importing primary energy
sources. Compared to a reference case (when no GHG emissions reduction goal is considered), the
annual savings from reduced energy imports range from €355 million (in 2030) to more than €1
billion (in 2050).

Even with more gradual implementation, NZ50 is still influenced by the legal and regulatory framework
and the active involvement of political decision makers. The reorganization of the energy sector must
be initiated by establishing long-term objectives and validating them through mandated public policy
documents that provide clear signals to investors. All the actions described and attributed to the GoM
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in the previous scenario remain valid and will need to be initiated quickly to convince end consumers,
businesses, and energy companies to align their development plans to reduce GHG emissions.

As in NZ30, the primary path to decarbonization in NZ50 is through electrification combined with
increased RE generation. But in this scenario, a 25-year implementation period will provide enough
time to plan and develop the electricity transmission system.

4.3. SCENARIO COMPARISON

Both NZ30 and NZ50 will eventually achieve the decarbonization of the energy sector while still
allowing for continuous economic growth, demonstrating that in Moldova, the decoupling of economic
growth and carbon emissions is possible. Both scenarios assume the same increased economic growth,
with GDP more than tripling from €10 billion in 2020 to €34 billion by 2050.

The two pathways differ significantly in the costs of decarbonization, the speed of clean energy
infrastructure build-up, and import dependency.

In the coming years, Moldova will need to significantly invest into its energy system and land use assets
regardless of decarbonization commitments because the country’s energy assets are reaching the end
of their useful life, and any economic growth will increase energy demand.

Even without decarbonization measures, Moldova will need to invest €89 billion in its energy system
until 2050. Therefore, the best indicator to compare the cost efficiency of the two decarbonization
pathways is the extra investment needed to decarbonize the energy system.

42000
— 39000
(D]

% 36000
2 33000
2

= 30000
E’ 27000
]

g 24000
§ 21000
o

E 18000

15000

12000

9000

6000

3000

0
2025 2030 2040 2050
B NZ30 investment costs B NZ50 investmetn costs m BAU scenario

Figure 16. Required investment costs to implement the scenarios

NZ30 requires an additional investment of €48.2 billion until 2050 compared to no decarbonization
measures, while NZ50 requires an additional €37.5 billion for the same period. A more aggressive
decarbonization pathway will therefore cost an additional €10.7 billion. The cost difference is even
greater when considering stranded costs for existing energy infrastructure assets.
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The challenge of mobilizing the large investments needed for NZ30 in such a short time becomes
particularly apparent when looking at the average annual extra investment needs until 2030: €5.8
billion, or approximately 37 percent of Moldova’s 2030 GDP.

For the same period, the NZ50 requires extra annual investments of €1.7 billion, or approximately
Il percent of Moldova’s 2030 GDP, which is similar to that of other developing countries for the same
timeline.!°

It is important to specify that most of the investment costs are related to the transportation and
residential sectors and will ultimately be borne by the population and businesses. Therefore, to achieve
its objectives, the GoM must consider support schemes and subsidies that will convince the population
and businesses to change their behavior related to the use of energy sources and to choose RE sources
over support schemes. Support schemes could be financed through carbon taxes, emission trading
mechanisms, and similar obligations that will support the decarbonization pathway and affect public
perception.

Fiscally, it will be extremely challenging to mobilize sufficient Moldovan and development assistance
funding to finance decarbonization by 2030. Decarbonization by 2030 also means that the energy
system will use less RE and more carbon offsetting to achieve the decarbonization goals; using these
newer and more expensive technologies will increase the overall costs of decarbonization.

NZ30 needs multiple projects for which the technical solutions are not sufficiently mature, such as
CCS or direct air capture, together with the early inclusion of hydrogen in the energy mix.

NZ50 offers the possibility of a cost-based approach when including new technologies in the energy
mix and counts the gradual decommissioning of power plants, once their lifespans are complete, which
reduces the need to develop CCS and direct air capture.

Even if the GoM acts immediately to create the appropriate regulatory conditions, the lead times to
adopt and implement regulation and for investors to make investment decisions, conduct feasibility
studies, build RE power plants and clean transportation infrastructure, renovate buildings, and redesign
industrial processes by 2030 is too short. The current grid is also not able to integrate RE capacity at
the scale and pace that NZ30 foresees, but it could be adapted within the 2050 decarbonization
pathway.

The investment costs indicated for each scenario do not consider the necessary investments to
develop electrical networks, which are needed to advance electrification, the driving element of
decarbonization. The model also does not consider buildup times for technologies, but in practice,
attaining a vast clean energy buildup over the next seven years (as foreseen by NZ30) seems very
difficult to attain.

Beyond the financial and technical aspects, there are additional barriers that may delay the
implementation of the decarbonization agenda. Moldova does not yet produce the necessary clean
energy equipment, and its workforce is small and partly lacking skills to implement decarbonization
measures in such a brief timeframe. The country would have to rely heavily on imported equipment
and technical expertise, making it more difficult to reap the positive economic and employment effects
of decarbonization.

' McKinsey & Company, 2022.
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Figure 17. Comparative import dependency between
NZ30 and NZ50

Through faster decarbonization, NZ30 reduces
Moldova’s import dependency quickly, cutting

imports of oil, gas, and power to only 30 percent
in 2050.

For a country with high dependency on energy
imports, quickly reducing dependency is an
important indicator—particularly because it
minimizes or eliminates malign influence on the
energy system as well as economic and national
security.

The faster reduction of import dependency is a
clear advantage of NZ30.

However, Moldova’s energy security is not just
contingent on its import dependency; diversifying
toward more reliable energy exporters and
further integrating the country into the internal
European energy market will also increase
energy security.

The savings obtained by reducing imports of primary energy sources can also cover approximately half
of the investment costs, but the savings will be achieved only after the projects are implemented, which
does not help to provide the funds required for project development.
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5. CONCLUSIONS AND RECOMMENDATIONS

The analysis and simulations demonstrate that, theoretically, Moldova’s energy sector can become
carbon-neutral by 2030. However, considering the additional financial resources needed, the
implementation time for major infrastructure projects, and the lead time needed to improve the legal
and regulatory frameworks, the 2030 timeline is unlikely to be achieved.

Decarbonizing the energy system before 2050 is possible, and economic growth can be decoupled
from growth in carbon emissions. A gradual approach and an extended period to implement
decarbonization measures (at a lower cost) offer a more realistic development pathway. Therefore,
the buildup of clean energy infrastructure by 2050 could be considered to be the target timeframe
when drafting public policy measures.

In Moldova, the decarbonization pathway will also result in increased energy security caused by
reduced energy import dependency. By acting early, Moldova can capitalize on opportunities in the
green transition by investing in mature, next-generation technologies that help to enable a net-zero
future. Enhancing productivity through labor shifts brought on by new technologies—and retraining
talent where necessary—uwill bring additional social and economic benefits for the country.

If analysis considers the socioeconomic benefits generated by NZ50 in addition to the technical
aspects, reaching carbon neutrality by 2050 could be an optimal cost scenario for the Moldovan
economy.

Our analysis identified several key enablers of the decarbonization pathway:
= Clear long-term targets, enforced by political commitments;
= An improved legal and regulatory framework;
= Financial mechanisms and budgetary sources that will be used for project development;
= Market design and cross-regional cooperation; and
= Changes in consumer behavior.

The energy sector has high capitalization and high inertia in implementing and developing projects. A
sustainable transition in this sector can be effectively achieved with long-term planning, comparable to
the lifetime of energy infrastructure objectives. Therefore, even as Moldova is considering the 2050
decarbonization scenario, the time to act is now.

The decarbonization pathway needs to be initiated by establishing processes and governance practices
to measure and assess climate risk exposure. These assessments should then be integrated into
strategic and capital planning with clearly defined commitments.

Promoting a strategic narrative will be a critical first step toward a positive transition toward
decarbonization. Messaging should clearly describe the risks and opportunities that arise from climate
change and the role the GoM, stakeholders, investors, and the public should play for a successful
transition.

The political decisions and the dialogue need to be supported by financial measures that demonstrate
the GoM’s commitment to achieving the decarbonization goals. Dialogue between policymakers and
business leaders will be critical to creating win-win opportunities in the green transition.
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Policymakers will need to consult with businesses and investors to determine the requirements for
accelerating emission reductions and how they themselves can contribute to meeting decarbonization
targets. Furthermore, the GoM should help mobilize capital for green initiatives by removing process
barriers, standardizing contracts, providing carbon price floors and public guarantees, and offering tax
incentives.

State intervention alone is not sufficient to sustainably achieve the decarbonization of the energy
sector; the pathway needs to be accepted and supported by the participants in the sector. To convince
the business community to participate in achieving decarbonization goals in the energy sector, it is
necessary to ensure that Moldova has mature and functional energy markets that are deeply integrated
within the region to provide clear price signals to investors and allow the capitalization of sectoral
coupling, including new technologies (i.e., hydrogen and biomethane).

Improved energy market development for Moldova will have advantages in any development scenario,
so efforts to enhance and integrate the energy market should be continuous and consistent. The
gradual decarbonization of the energy sector over a longer period will allow the transportation sector
to benefit from the anticipated changes in the automotive industry and the natural transition toward
non-polluting means of transport, bringing investment costs even closer to the business-as-usual
scenario.

One uncertainty over the next 30 years is how human behavior will impact emission reduction efforts.
The short-term investment in improving energy efficiency in residential buildings will produce long-
term savings. However, the amount of those savings for each house will depend on the type of
technology the homeowner chooses and, on the location, and age of the house. Encouraging people
to change their behavior to reduce the demand for fossil fuels and other GHG-emitting processes
would make reaching the decarbonization target far less dependent on expensive measures, such as
implementing CCS in the industry sector.

Another critical consideration is the impact the net-zero transition will have on households. Changes
in the cost of living will depend on the details of local regulatory interventions and taxes. These
interventions could include extending subsidies, enacting stricter emission standards, and banning sales
of higher-emitting products. The financial funds for subsidies could be supported by funds obtained
from carbon taxes or emissions trading schemes that should be introduced gradually, considering the
financial burden on end users.

Comepared to transitions in countries with more pronounced components of fossil fuels in their
national economies, the energy transition in Moldova will lead to an increase in the number of jobs in
the energy field. For sustainable development, the state should focus more on adding specialists in the
energy field and on incentivizing the development of human capital; otherwise, Moldova risks having
to import this resource, which can delay the development of the sector.
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