
E N E R G Y

Workshop on Attaining Carbon 
Neutrality in the ECE region –
Framework on Carbon Neutrality
Day 1
23 November 2020



2

Housekeeping rules

Select your language channel: English, Russian, French

Mute your microphone if you are not speaking

Switch off your camera if you are not speaking

Use “Raise hand” function to request the floor

Use “Chat” function to ask questions and share comments 
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Item 1: Approval of Agenda

Provisional Meeting Agenda – ECE/ENERGY/GE.5/2020/1

1. Adoption of the agenda.

2. Opening remarks.

3. Election of officers.

4. Attaining carbon neutrality.

5. Roundtable on carbon capture and storage.

6. Subregional workshop on attaining carbon neutrality.

7. Activities and priorities of the United Nations Economic Commission for 
Europe and its Committee on Sustainable Energy.

8. Preparations for the seventeenth session of the Group of Experts.

9. Any other business.

10. Adoption of the report and close of the meeting.



ENERGY

4

Item 2: Opening Remarks

Vladimir Budinský 

Acting Chair, Group of Experts on Cleaner Electricity Systems

Scott Foster

Director, Sustainable Energy Division, UNECE
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Item 3: Election of Officers

New Nominations: 

For Chair:

Jim Robb

President and Chief Executive Officer, North American Electric Reliability 
Corporation, United States

For Vice-Chairs:

Georgy Popov 

Deputy Director, Department of Development od Electric Power, Ministry of Energy 
of Russian Federation 

King Lee

Director Harmony Programme, World Nuclear Association 

Vice-Chair Group of Experts on Resource Management, UNECE

Andrew Minchener 

General Manager, IEA Clean Coal Centre 
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Item 3: Election of Officers

Bureau of the Group of Experts on Cleaner Electricity Systems

Jim Robb Chair, United States

Vladimir Budinský, Acting Chair for Session 16, Vice-Chair, Czech Republic

Jon Gibbins, Vice-Chair, United Kingdom

Sergey Katyshev, Vice-Chair, Kazakhstan

King Lee, Vice-Chair, World Nuclear Association

Andrew Minchener, Vice-Chair, IEA Clean Coal Centre 

Georgy Popov, Vice-Chair, Russian Federation 

Aleksandar Puljević, Vice-Chair, Serbia
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Item 4: Attaining Carbon Neutrality

From Pathways to Sustainable Energy to Carbon Neutrality Project 

Vladimir Budinský, Acting Chair

Framework on Carbon Neutrality

Vladimir Budinský, Acting Chair

CCUS Technology Brief and a paper on electricity market models for carbon neutrality

Jon Gibbins, Vice-Chair

Nuclear Energy Brief

King Lee, Vice-Chair

Interplay of technologies including between flexible clean coal, natural gas and renewable 
energy

Andrew Minchener, Vice-Chair 

Discussion
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Pathways to Sustainable Energy – Policy Recommendations

Pathways to Sustainable Energy – policy recommendations by the Group of Experts –
ECE/ENERGY/GE.5/2020/3 

Purpose: to review Pathways project findings related to electricity sector and revisit policy 
recommendations provided by Group of Experts in the context of ongoing energy transition 
and COVID-19 pandemic

Summary of Policy Recommendations:

 Pursue energy efficiency and productivity as the core of the future energy system. Improve 
efficiency of production, transmission, distribution and consumption of energy;

 Prevent excessive fugitive methane emissions in the energy sector. Deploy & disseminate 
best practice guidance on methane management in extractive industries and natural gas system;

 Embrace solutions that allow reduced and negative carbon emissions to bridge the gap until 
innovative, next generation low-, zero-, or negative-carbon energy technologies are 
commercialized;

 Modernise and optimise existing fossil fuels-based infrastructure and integrating renewable 
energy-based infrastructure. Mitigate negative socio-economic implications of energy transition;

 Improve the legal, regulatory, and market structure frameworks to enable further 
transformation and digitalisation of the energy system. 
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Pathways to Sustainable Energy – Policy Recommendations

Pathways to Sustainable Energy – policy recommendations by the Group of Experts –
ECE/ENERGY/GE.5/2020/3

Taking Action & Implementing Recommendations: Carbon Neutrality project builds on some 
immediate policy recommendations from the Pathways project and takes actions on the following:

 Pursuing systemic efficiencies across power and energy intensive industries;

 Exploring the role of zero (nuclear energy, hydrogen), low (fossils with CCS / CCUS) and 
negative carbon technologies (BECCS and DAC) to attain carbon neutrality in ECE region;

 Modernising and optimising the existing fossil-based infrastructure and integrating 
renewable energy-based infrastructure and innovative technology solutions such as CCS / 
CCUS.
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Project Objective: Attaining carbon neutrality across power and energy 
intensive industries in the UNECE region. 
Key question: What is the available carbon budget (% total GHG target by 
2050) for power and energy intensive industry in the UNECE region?

Carbon Neutrality across Power and Energy Intensive 
Industries

Balance 

Cut 90Gt of CO2
emissions by 2050 
& meet quality of 
life aspirations

Develop & deploy zero 
and negative carbon 

technologies
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Taking whole system approach. 
Attaining carbon neutrality through balancing emissions with carbon removal –
through natural systems, sector coupling and integrated approach. 

Holistic Energy System Approach

Source of 
Energy

Processing,  
Transmission & 

Distribution 

Supply Side Demand Side

Industry sector

Transport sector

Buildings sector

Natural carbon 
sinks (e.g. soil, 

forests and 
oceans)
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UNECE countries must cut/capture at least 90Gt of CO2 by 2050 to meet 
2°C. There are variety of pathways to attain carbon neutrality in the UNECE 
region.

Defining common objective and timeline
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Various 
pathways 
for carbon 
neutrality 
by 2050

Decreasing environmental 
footprint of energy sector by 
deploying low and zero carbon 
technologies  

Increasing capacity of natural 
carbon sinks

Deploying technologies that 
increase negative carbon 
emissions, BECCS and DAC



ENERGY

13

 Defining Carbon Neutrality Framework

 Develop technology briefs: 
 Role of CCUS in attaining carbon neutrality 
 Role of nuclear energy in attaining carbon neutrality
 Role of innovative solutions  (e.g. hydrogen) in attaining carbon neutrality and 

decarbonizing energy intensive industries 

Carbon Neutrality Project

Drafting carbon 
neutrality 

framework

Develop narratives 
for assumptions 

and key questions 
for model to 

answer

Strengthen 
assumptions that 
feed into model

Modelling exercise Results and policy 
recommendations

Apr

Defining Framework 
on Carbon Neutrality 

Workshop I

Aug Sep
Present Carbon 

Neutrality Framework to 
the Group of Experts on 

Cleaner Electricity 
Systems and the  

Committee on 
Sustainable Energy

Task Force Mid-term Objectives :
May Jun Jul Oct Nov

Finalising Framework 
on Carbon Neutrality 

Workshop II
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Framework for Attaining Carbon Neutrality

Framework for attaining carbon neutrality in the ECE region by 2050 –
ECE/ENERGY/GE.5/2020/8 

This document was prepared by the Task Force on Carbon Neutrality.

Purpose: to develop a tool for the UNECE region to attain carbon neutrality and to initiate a 
dialogue about the challenges in delivering on the 2030 Agenda. The framework will serve as 
the basis for the modelling exercise and entire further project implementation. 

What does this framework do? It defines:

1. “Carbon Neutrality”

2. Elements of the carbon neutrality framework for the energy sector and selected 
energy intensive industries 

3. Objectives for the region 

4. Subregions 



Technologies
renewable energy nuclear energy (incl. large scale reactors, SMR, advanced reactors) fossil fuel (coal, gas, oil) 

HELE CCS/ CCUS hydrogen (from RE, nuclear and fossil fuels w CCS)
energy storage (batteries, power-to-X, hydro)  biomass w CCS direct air capture 

Attaining carbon neutrality in the UNECE region by 2050 !

ENERGY

What are the elements of the carbon neutrality framework?

Energy Supply Energy DemandEnergy Infrastructure

Policy measures and tools: 
• Available resources
• New technology 

deployment 
• Energy self-sufficiency 
• Diversity of energy 

supply
• Free trade of energy 

resources 
• Availability of capital
• Standardization
• Regulatory systems
• …

Policy measures and tools: 
• Interconnecting 

infrastructure (pipelines, 
LNG terminals, HV lines)

• Energy storage
• State of existing energy 

infrastructure; 3rd party 
access

• New and planned energy 
infrastructure projects

• Availability of capital
• Standardization 
• …

Policy measures and tools: 
• Energy access
• Energy affordability
• Monetizing emissions & 

incentivizing emissions 
cuts 

• Efficiency improvements
• Post-Covid-19 behavioral 

changes
• …

Scenarios to attain carbon neutrality based on different technology options and across all UNECE subregions

Carbon sinks

Policy measures and tools: 
• reforestation
• Use of land
• Oceans
• Sustainable use of biomass
• …

Targets for power sector and energy intensive industries to cut carbon emissions
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Taking sub-regional approach

Extent of emissions reductions and technologies to be deployed to 2050 will vary 
across subregions. 
We need your help to analyze these differences at the sub-regional level.

North 
America

Russian 
Federation

Central Asia

South Caucasus

Central and 
Eastern Europe Belarus, 

Moldova and 
UkraineWestern 

Europe

Western 
Balkans
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Workshop on Attaining Carbon Neutrality in the 
ECE region –
Carbon Capture, Storage and Use (CCUS) –
technology & policy brief
Day 1
23 November 2020

CCUS Technology Brief and a paper on 
electricity market models for carbon neutrality
Jon Gibbins, Vice-Chair of the Group of Experts on Cleaner Electricity Systems
Director, UK CCS Research Centre
Professor of CCS, University of Sheffield
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UNECE countries must cut/capture at least 90Gt of CO2 by 2050 to meet 
2°C. There are variety of pathways to attain carbon neutrality in the UNECE 
region. Without CCUS deployment we will not get to the destination.

How big is the gap?
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Various 
pathways 
for carbon 
neutrality 
by 2050

Role of energy technologies –
renewable energy, nuclear 
energy, fossil fuels and 
energy vectors such as 
hydrogen and electricity to 
attain carbon neutrality 

Role of climate technologies -
carbon, capture and storage - to 
allow low/zero emissions from 
fossils fuels and negative carbon 
emissions by deploying BECCS 
and DACCS



ENERGY

19

IPCC Special Report: Global Warming of 1.5 ºC
For 1.5 ºC  warming, global CO2 emissions need to reach net zero by 
around 2050.  Net negative CO2 emissions after that also offset other GHGs

How big is the gap?
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 Role of CCS and CCUS in attaining carbon neutrality 
 Technology focus 

 Policy focus 

CCS/ CCUS Brief - Deliverables and Next Steps

Carbon neutrality 
framework

Technology Briefs: 
Role of CCS in 

attaining Carbon 
Neutrality

Strengthen 
assumptions that 
feed into model

Modelling exercise Results

Apr

Task Force decided to 
do a deep-dive into 

CCS/ CCUS 
technologies

Aug Sep

Roundtable on carbon 
capture and storage 
23 November 2020

CCS Team Mid-term Objectives :
May Jun Jul Oct Nov

Workshop on CCS/ CCUS
25 September 2020

Building a case for 
CCS/ CCUS Policy dialogue Policy plan
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Portfolio of CCS / CCUS Technologies

Identification 
of CO2 source

CO2 capture 
and 

separation
Purifying and 
compressing

Transport of 
compressed 

CO2

Utilization and 
storage

Technologies 
for storage

Saline aquifers

Technologies 
for utilization

Enhanced oil recovery

Enhanced oil recovery

Biochar

Cement production 
Synthetic fuels 

Chemicals 

Engineered 
technologies 
for capture Direct Air Capture & Storage

Biomass Energy with CCS 
(BECCS)

Traditional CCS

Natural 
carbon sinks

Forests
Oceans

Soil

Enhanced 
natural 

processes

Enhanced Weathering (EW)

Need to consider permanence of storage 

Need CCS on produced oil for neutrality
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Solutions for carbon utilization

Need CCS on produced oil for neutrality

Only utilization that stores 
the CO2 for centuries can give 
climate neutrality for fossil 
fuel CO2.

Other utilization routes, that 
release CO2 to the air,  need 
to use CO2 taken from the air, 
by DAC or from biomass.
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CO2 Storage Prospectivity
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Problems and market measures to support CCS electricity

1. Liberalized electricity market prices may not reflect full costs, plus unabated fossil power plants 
remain more competitive than CCS plants with weak carbon emissions charges/regulations
As for renewables, provide long-term support for CCS power with a reliable counterparty to 
minimize project risks and reduce financing costs

2. Negative emissions are still not recognized and rewarded for BECCS
Provide an additional payment for validated lifecycle negative emissions

3. All power plants face more erratic operating patterns as more intermittent renewables deployed
Give a two-part payment for flexible CCS power – fixed + variable component - and optimize 
operation for grid stability and security

4. Deployment of CO2 capture, transport and storage presents technical and permitting challenges 
for first movers
Accept higher initial costs for the early tranches of CCS power to encourage learning by doing 
and establish a supply chain 

5. Access to secure geological CO2 storage is also an issue in some locations
Facilitate the implementation of shared, regional CO2 transport and storage infrastructure, 
including via CO2 shipping 
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Nuclear Energy Technology & Policy Brief 

King Lee

Director Harmony Programme, World Nuclear Association & Vice-Chair Group of 
Experts on Resource Management & Group of Experts on Cleaner Electricity 
Systems
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 Role of nuclear energy in attaining carbon neutrality 
 Technology focus 

 Policy focus 

Technology Brief on Nuclear Energy

Carbon neutrality 
framework

Technology Briefs: 
Role of nuclear 

energy in attaining 
Carbon Neutrality

Strengthen 
assumptions that 
feed into model

Modelling exercise Results

Apr

Task Force decided to 
do a deep-dive into 

nuclear energy 
technologies

Aug Sep

Workshop on Nuclear 
Energy 

23 November 2020

CCS Team Mid-term Objectives :
May Jun Jul Oct Nov

Building a case for 
nuclear energy Policy dialogue Policy plan
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Nuclear power in ECE region today

Nuclear energy provides the largest 
contribution of low carbon electricity 
in ECE.

20 ECE Member States currently operate nuclear 
power plants. These nuclear countries produce 85% 
of ECE total electricity generation.  22 ECE countries 
have new reactor under construction or planning 
new nuclear development. 

Fossil Fuels
53%

Nuclear
20%

Hydro 
15%

Wind
8%

Solar
3%

Geothermal
0.4% others

1%

ECE electricity generation 2019

0% 10% 20% 30% 40% 50% 60% 70% 80%

Netherlands
Germany

Canada
United Kingdom

Russia
Romania

United States of America
Spain

Armenia
Finland
Czechia

Switzerland
Slovenia
Bulgaria
Sweden
Belgium
Hungary
Ukraine
Slovakia

France

Nuclear electricity generation 2019

Source: Data from EU Electricity Generation Statistics 2020 and 
IEA Electricity Information 2020 Source: Data from EU Electricity Generation Statistics 2020 and 

IEA Electricity Information 2020
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Nuclear reactor technologies

Nuclear energy is a mature technology that provides reliable low 
carbon source of electricity today.

Source: Generation IV International Forum (GIF) 
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Nuclear energy applications 

Current and future nuclear technologies 
can support all three energy vectors of 
electricity, heat (low grade and high 
temperature) and hydrogen production. 

Source: IAEA 2020 Advances in Small Modular Reactor Technology Developments Source: Nuclear Innovation and Research Advisory Board (2020) Achieving Net 
Zero: The role of Nuclear Energy in Decarbonisation
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Beyond power generation

Source: http://fnpp.info/

District heating
The new floating nuclear power plant Akademic Lomonosov 
started operation in 2019 provides power and heat to the 
Pevesk district.  

This month the Haiyang nuclear power plant started China’s 
first commercial nuclear district heating project to the 
Shandong surrounding area. 

Industrial process heat
China high-temperature gas-cooled reactor plant (HTR-PM) 
demonstration unit, with reactor outlet temperature of 750°C, 
completed cold testing and due to start operation in 2021. 

Poland is progressing with use of HTR for industrial heat 
application such as to meet the demand from 13 large 
chemical plants for 6500 MW of heat at 400-550°C. 

Hydrogen production
EDF led Hydrogen to Heysham (H2H) study concluded the 
nuclear electrolysis production of hydrogen is technical and 
commercially viable. 

Japan VHTR with reactor outlet temperature of 950°C, 
demonstrated thermochemical iodine-sulfur (IS) processes 
production of  hydrogen over 150 hours of continuous 
operation in 2019. 

The HTR-PM demonstration project (Image: CNNC)

Haiyang units 1 and 2 (Image: SPIC)

Source: Generation IV International Forum (GIF) 
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Cost effectiveness of nuclear energy

Source: IEA/NEA (forthcoming) with cost of capital of 7% and CO2 price @ 30 USD/tCO2

Key results from the forthcoming IEA/NEA Projected Cost of Electricity 2020 report.
Lifetime extensions of existing nuclear power plants are generally the lowest cost option. 
New nuclear remains cost competitiveness in OECD countries with the right policy 
framework.
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Cost effectiveness of nuclear energy - financing 

Affordable financing is key for the 
economic of nuclear energy. 

For example, UK government is 
currently exploring the Regulated 
Asset Base (RAB) model for the 
financing of nuclear projects.

Construction cost of Sizewell C is 
estimated to be 20% lower than 
Hinkley Point C, cost reduction from 
fleet effect, saving from ‘One off’ 
First of a kind cost, and lessons 
learned from previous build.

EDF has stated that the all-in cost for 
Sizewell will be between £40-
£60/MWh versus the £92.5/MWh 
(2012 prices) for Hinkley Point C.

Source: National Audit Office 2017 Hinkley Point C
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Health and environmental impacts 

Life cycle impact assessment allows to consider all 
impacts across the life cycle and a wide range of 
impact categories.

All electricity technologies have environmental 
impacts, transitioning away from fossil fuels will 
lead to trade offs.

Source: Luderer, G., Pehl, M., Arvesen, A., Gibon, T., Bodirsky, B. L., de Boer, H. S., ... & Mima, S. (2019). Environmental co-benefits and adverse 
side-effects of alternative power sector decarbonization strategies. Nature Communications, 10(1), 1-13.

Results based on UNEP  
International Resource 

Panel “Green Energy 
Choices” report
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Health and environmental impacts 

Low-carbon 
technologies offer co-
benefits (lower air 
pollution) but some 
technologies may entail 
higher land and 
material requirements.

Nuclear energy health 
and environmental 
impacts remains low 
over all categories 
(including land use and 
materials) with 
moderate water use.

Source: Gibon T, Hertwich EG, Arvesen A, et al (2017) Health benefits, ecological threats 
of low-carbon electricity. Environ Res Lett 12: . doi: 10.1088/1748-9326/aa6047
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Policy recommendations 

Draft list of recommendations:
• Encourage investment in all low-carbon technologies by establishing a level playing field 

that does not discriminate against nuclear technologies. In creating sustainable low-
carbon electricity systems, all low-carbon technologies will need to play a role.

• Support the long-term operation of existing nuclear power plants within acceptable 
safety and economic parameters as an urgent climate priority. 

• Implement carbon pricing, as an efficient approach to decarbonising the electricity 
supply.

• Value system reliability and resilience. Electricity prices should internalise system costs 
and remunerate electricity generated at its system value.

• Create a predictable pricing market that enables investment in capital-intensive and 
long-term low-carbon energy infrastructure from a range of investors and set financing 
frameworks that reduce the cost of capital.

• Accelerate the development and commercialization of Advance Small Modular Reactors 
(SMRs) to support decarbonisation of electricity, heat and hydrogen production.

• Engage with the Environmental Social Governance finance community and multilateral 
banks on the sustainability of nuclear energy in supporting climate mitigation and 
sustainable development goals.
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Paper on interplay of technologies including between flexible clean coal, natural gas 
and renewable energy

Andrew Michener, Vice-Chair of the Group of Experts on Cleaner Electricity 
Systems

Interplay of selected technology options within the carbon 
neutrality concept 

Carbon neutrality 
framework

Technology 
interplay within the 
carbon neutrality 

concept

Strengthen 
assumptions that 
feed into model

Modelling exercise Results

Nov Mar Apr

Kick-off with technology 
interplay discussions

23 November 2020

Dialogues on technology interplay:
Dec Jan Feb May Jun

Awareness raising Policy dialogue Policy plan

Series of dialogues on technology interplay within the 
carbon neutrality concept
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Discussion
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13h00 – 14h30 Lunch Session - Workshop on role of Nuclear Energy in Attaining Carbon 
Neutrality (via Webex)

Join to discuss & learn about:
• Nuclear technology & applications 
• Economic & cost curves
• Environmental & health impact of nuclear energy
• National perspectives on the future of nuclear energy

15h00 – 14h00 Roundtable – Achieving Carbon Neutrality with Carbon Capture, Use and 
Storage (via Interprefy)

Join to discuss & learn about:
• Raising awareness about the potential of CCUS across the UNECE region
• Identifying policy barriers and proposing solutions 
• Directing resources & developing financing instruments 
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Background Information



Target : Attain carbon neutrality in the UNECE region by 2050 !

ENERGY

Mirroring Carbon Neutrality Framework with Pathways to 
Sustainable Energy Framework 

Energy Supply Energy DemandEnergy Infrastructure

55

Carbon sinks

Elements of the Carbon Neutrality Framework

Pillars of the Pathways to Sustainable Energy Framework

Energy and Security Quality for Life

Energy and Environment



Energy Supply Policy Tools 
• New technology deployment 
• Energy self-sufficiency 
• Diversification of energy supply
• Free trade of energy resources 
• Availability of capital

ENERGY

OUTPUT

• Price of energy
• Energy imports/exports
• Electricity access
• Energy/GDP

Energy 
Security

• GDP per capita
• Energy services per capita
• Share calories from non-

staples
• Water stress

Quality of 
Life

• SO2 NOx O3
concentrations

• Deforestation/
• afforestation
• Avg. Earth surface temp
• Water 

withdrawals/recharge

Environmental 
Sustainability

MODEL Targets/GoalsMetric
examples

• Population by regionDemographic

• GDP per capita by 
regionProductivity

•Power plant conversion 
efficiency

•Transport fuel economy
Technology

•Fossil fuel, uranium, solar, 
wind, geothermal, land, 
water and other

Resources

•Pollution control
•NDCs
•Water use

Policies

INPUT Examples

Integrated 
Model

• Resource 
extraction, 
exports-imports, 
energy  
transformation 
and use

• Markets
• Capital
• Labor
• Agriculture
• Land use
• Carbon cycle
• Atmosphere
• Hydrology
• Oceans

Energy Infrastructure  Policy Tools 
• Interconnecting infrastructure
• State of existing energy infrastructure
• New and planned energy infrastructure 

projects 
• Availability of capital

Energy Demand  Policy Tools 
• Energy access
• Energy affordability
• Monetizing emissions & incentivizing 

emissions cuts 
• Efficiency improvements
• Post-Covid-19 behavioral changes

Carbon sinks Policy Tools
• Reforestation projects 
• Sustainable use of land 
• Sustainable use of biomass
• Enhancing potential of oceans to sink 

carbon 
• Deployment of engineered carbon sink 

solutions

Incorporating “Carbon Neutrality” in existing integrated 
climate and energy assessment model?
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Preparation for the modelling exercise – verifying data and 
technology assumptions 

Verifying assumptions for different technology options across all UNECE subregions

MODEL

Environmental impact assessment

Cost curves and lead times
Technology readiness level (TRL)

renewable energy – solar, wind, hydro, geothermal

nuclear energy – large scale reactors, SMR, advanced reactors

fossil fuels (coal, gas, oil)

advanced fossil fuels (coal, gas and oil with CCS and CCUS)

biomass with CCS

direct air capture

energy storage (batteries, power-to-X, hydro)

hydrogen (from RE, nuclear and from fossils with CCS) 

Market readiness level / societal readiness level

energy efficiency

other
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What is our “ideal” mix? 
No single solution to reach carbon neutrality

What factors need to be taken into account?
- Cost, access to technology and expertise, environmental impact
- Socio-economic factors – priorities vs. needs vs. would be nice to have 



E N E R G Y

Sustainable Energy Division
UNECE
Date 22 I 11 I 2020, Geneva
Scott Foster, Director, scott.foster@un.org
Iva Brkic, Project Lead, Iva.Brkic@un.org

mailto:scott.foster@un.org
mailto:Iva.Brkic@un.org
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