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1. Introduction

• Various organizations such as IPCC, IEA, and IRENA are announcing global 1.5°C net 
zero scenarios, and major countries such as the US, EU, China, and Japan have also 
announced carbon neutral scenarios.

• This paper comprehensively compared and analyzed 8 documents about Korea’s 
carbon-neutral scenarios of 2050 CNC (2021) and other organizations. 

• The new government which took office in 2022 is changing the policy direction for 
energy mix (nuclear power, RE, etc.), but the carbon neutral scenario of the new 
government has not been announced, so it was not reflected in this presentation.
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1. Introduction

Source
IPCC 

(2018)
IEA 

(2020)
IEA 

(2021)
IRENA 
(2021)

Shell 
(2021)

BP 
(2020)

BloombergNEF
(2021)

DNV 
(2021)

Net zero scenarios P1, P2, P3, P4
Sustainable 

Development
-

Net-Zero 
Emissions 
by 2050

1.5℃ Sky 1.5 Net zero -
Green 

(RE based)

Red 
(Nuclear 
based)

Gray 
(CCS 

based)

Pathway 
to Net 
Zero

Target year
Around 2050

(for CO2)
2070 2020 2050 2050 2058 After 2050 2019 2050 2050

Sector All sectors Energy-related sector
Energy-relate

d sector
Energy-relat
ed sector

Energy-related 
sector

Energy sector
All 

sectors
Greenhouse gases CO2eq. CO2 CO2 CO2 CO2 CO2 CO2 CO2

Final energy chang
e in target year

-11%~+22% 
in 2050 

relative to 
2010

-8% 
relative to 2019

-
-21% 

relative to 2019

-8% 
relative to 

2018

+42% 
in 2060 

relative to 
2019

- -
-6% relative 

to 2019

-6% 
Relative
to 2019

-5% 
relative 
to 2019

-12% 
relative 
to 2019

Electricity share in 
final energy 

in target year
- 47% 20% 49% 51%

50% 
in 2060

52% 
in 2050

19% 49% 49% 49% 51%

Non-fossil (RE) 
share in electricity 

generation 
in target year

(69-86%)
95% 
(86%)

(29%)
98% 
(88%)

(90%)
96% 
(86%) 

in 2060

94% 
(83%) 

in 2050
27%

100%
(89%) 

90%
(44%)

About 76
% (72%)

96%
(86%)

Non-fossil (RE) 
share in primary 

energy 
in target year

-
74% 
(65%)

78% 
(67%)

-74%
68% 
(59%)

in 2060

78% 
(69%)

in 2050

RE 12%, 
Nuclear

5%

90% 
(85%)

93% 
(27%)

47% 
(42%)

-
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• Commonly suggested technological measures in the global 1.5°C net zero scenarios are  
reduction of final energy demand, decarbonization of electricity, electrification, use of carbon-
free fuel (hydrogen, ammonia etc.) in areas that are difficult to electrify, and CCUS. 



2. Methodology and Data

• Comparative analysis was done focusing 
on the carbon neutrality scenarios 
among the long-term scenarios listed in 
8 literature.

• Emission pathways, final energy 
consumption, electricity generation and 
power plant capacity, and primary 
energy supply were compared and 
analyzed.

• For quantitative comparative analysis, 
numerical data has been secured from 
the authors  of the research if the 
numerical data is not provided in those 
documents.
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3.1. Emission pathways
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• Emissions will be reduced as much as possible by 2050, and the remaining emissions will be offset 
to net zero emissions using bioenergy with carbon capture, utilization and storage (BECCUS) or 
direct air capture (DAC), expansion of sinks, and the reduction efforts in developing countries.



3.2. Final energy outlook
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• As a result of comparing the final energy consumption in 2050 with the reference year of their 
documents, final energy consumption will be decreased by at least 5% (2050 CNC, 2021) to a 
maximum 50% (GESI, 2021).

• The share of electricity in the final energy was 19% in 2018 (2050 CNC, 2021). In 2050 it will be 
at least 35% (KEEI, 2022) to 76% (GESI, 2021).



3.3. Electricity generation outlook
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• The electricity generation in 2050 will increase from a minimum of 69% (KEI·KEEI, 2019) to a maximum of 164% 
(GESI, 2021) compared to the those reference year. 

• They reflect the phase-out of nuclear power plants after their lifespan. 

• The share of renewable energy and others was 8% in 2020 (KEEI, 2022), and from a minimum of 77% (KAIST·SFOC, 
2021) to a maximum of 94% in 2050 (GESI, 2021; Plan A of 2050 CNC (2021); NEXT Group et al., 2022; GSES SNU, 
2022)

• The generation share of RE in 2050 is 70.8% to 60.9% (2050 CNC, 2021).

• In 2050, solar and wind power capacity will partially exceed the domestic RE market potential (solar power 369 GW, 
onshore wind 24 GW, offshore wind 41 GW), but will be much lower than technological potential (MOTIE·KEA, 2020).



3.4. Primary energy outlook
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• Primary energy supply in 2050 compared to the reference year will be between  decrease of 
22% (Next Group et al., 2022) and increase up to 30% (KEEI, 2022). 

• The share of RE and others in primary energy is 7% (KEEI, 2022) in 2020 and will be increase to 
at least 45% (KAIST·SFOC, 2021) up to 71% (KEEI, 2022).



3.5. Comprehensive comparison
• In the reviewed literature flexibility options to maintain the stability of the power system include 

pumped storage, energy storage system (ESS), electrolysis and hydrogen storage, gas power 
generation, carbon-free turbine, Northeast Asian grid etc.

• The literature analyzing the cost of carbon neutrality is very limited.
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4. Discussion
• Various carbon-neutral pathways are challenging but possible to achieve net zero 

greenhouse gas emissions in Korea by 2050. 

• RE would occupy the largest share in the electricity generation in 2050. Flexibility 
options need to be strengthened.

• Capacity of solar and wind power in the 2050 is far below the technological potential 
of domestic renewable energy. 

• Literature analyzing the cost required for carbon neutrality is very limited. Economic 
analysis needs to be strengthened.

• It is necessary to continuously upgrade the carbon-neutral scenario modeling by 
reflecting technological development of energy technologies and flexibility options. 

• Common format for describing the main results of research will contribute to 
comparing and understanding the future image of carbon neutrality (Thimet and 
Mavromatidis, 2022).
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Thank you very much.
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