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ABSTRACT

In this study, indicators that can quantify a company’s carbon neutrality level were developed by investigating previous
studies and related data. A total of 27 indicators were developed and divided the indicators into five categories, and a survey
of AHP experts was conducted to determine weights for each indicator. Carbon neutrality scores were derived for 15
manufacturing companies using the developed indicators, and based on the total score, the maximum score was 71.7 points
from a minimum of 38.5 points, and the average score was 54.0. Based on the results of the company’s carbon neutrality
score, Monte Carlo simulation was performed to derive the distribution of the company’s carbon neutral score, which was
reflected by dividing it into five grades in a certain percentile (20%). As a result of the that, it was found that there were
3 companies in the 5th grade, 4 companies in the 4th grade, 3 companies in the 3rd grade, 2 companies in the 2nd grade,
and 3 companies in the 1st grade. In this study, the rating criteria were calculated for only 15 manufacturing companies, but
if the number of companies increases in the future and it is possible to classify them by industry, it is expected that the

rating criteria reflecting the characteristics of the industry can be prepared by calculating the rating criteria for each industry.
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Table 1. List of previous research studies for indicator development
Classification Related content
| Industry Climate Change A study on climate change competitiveness of companies through a survey
Competitiveness Index Survey conducted by the Korea Chamber of Commerce and Industry in 2014
ESG reporting is the disclosure of information about business operations in
2 ESG Report . . .
relation to environmental, social and governance
3 National Green-house Gas A system that supports the establishment of national greenhouse gas reduction
Management System policies
L . . A system that registers and manages the allocation company’s emissions
4 Emission Trading Registry System : .
trading and change history
A system that manages and supports external business methodologies that
5 Offset Registry System reduce, absorb, or remove greenhouse gases and the amount of greenhouse
gas reductions.
Emissions Exchange designated in accordance with Article 22 of the Act on
6 Korea Exchange

Allocation and Trading of Greenhouse Gas Emission Permits
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Fig. 1. Analytic Hierarchy Process flow chart
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Fig. 2. Monte Carlo simulation flow chart
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Table 2. Indicator development results (Climate risk)
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No. Indicators Measure level Ref.
1 Greenhouse gas emissions increase trend over the past 5 years (exceeding +5%)
| Greenhouse gas emissions 2 No trend in greenhouse gas emissions over the past 5 years (within +5%)
- Trends

-5%)

Greenhouse gas emissions decreasing trend over the past five years (less than

1 Energy usage increase trend over the past 5 years (exceeding +5%)

Energy usage

2 - Trends 2 No trend in energy usage over the past 5 years (within £5%) 1
3 Energy usage decreasing trend over the past five years (less than -5%)
Proportion of greenhouse gas 1 Greenhouse gas emissions exceeded +5% compared to the previous year This
3 emissions compared to sales 2 Greenhouse gas emissions proportion within +5% compared to the previous year study
in the previous year 3 Greenhouse gas emissions exceeded -5% compared to the previous year
Greenhouse gas emissions per | Greenhouse gas emissions per energy usage: over 50 This
4 energy usage in the previous 2 Greenhouse gas emissions per energy usage: 30~50 study

year(tCO,eq/TJ) 3

Greenhouse gas emissions per energy usage: less than 30
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Table 3. Indicator development results (Climate performance)

No. Indicators Measure level Ref.
Presenting environmental 1 Environmental management goals not presented h
is
1 management goals and 2 Present short-term, mid- to long-term goals for environmental management md
L study
directions 3 Establishment of environmental management roadmap
1 No greenhouse gas reduction goals are being established
Greenhouse gas reduction : . -
2 ) Short-term greenhouse gas reduction goals are being established 2
goals
3 Mid- to long-term greenhouse gas reduction goals are being established
| A company-wide governance system has been established to promote
environmental management
3 Environmental Management 2 the necessary resources is invested to implement environmental management tasks
Promotion System The status of environmental management task implementation is reflected in the
3 performance evaluation indicators (KPIs) of relevant members, including
management
1 Less than 1%
Ratio of renewable energy This
4 2 1~5%
use (%) study
3 Exceeding +5%
Scope 3 reduction 1 Scope 3 category not recognized
5 This
management 2 Recognizing the Scope 3 category of the workplace oud
study
Scope 3 emissions 1 Not measuring the organization’s Scope 3 emissions
6 .
calculation 2 Measuring the organization’s Scope 3 emissions
This
Scope 3 emissions 1 No third-party verification of Scope 3 emissions oud
7 . . study
verification 2 Third-party verification of Scope 3 emissions
1 Greenhouse gas emission projections are not being calculated
Establishment of greenhouse ) . .
o 2 Calculating short-term greenhouse gas emissions forecasts This
8 gas emission forecast
calculation system 3 Mid- to long-term (more than 3 years) greenhouse gas emissions forecasts are study
being calculated
1 Less than 1%
Greenhouse gas intensity
9 . 2 1~5% 1
improvement rate
3 Exceeding +5%
1 No plans to introduce own energy management system
Introduction of own energy ) -
10 2 Own energy management system applied to some business offices 2
management system
3 Own energy management system applied to all business offices
1 Does not set own reduction goals
Self-reduction target - -
11 X Self-reduction target achievement rate less than 50% 1
achievement rate
3 Self-reduction goal achievement rate of 50% or more
SCOPE 3 113 o7 T @23Y Aol &2 vA= AH-dY FE2 715 W gis 3 & @89
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Table 4. Indicator development results (Market opportunity)

No. Indicators

Measure level Ref.

Ratio of climate change

Less than 1%

1 response business sales to 2 1~5% 1
average sales (past 3 years) 3 Exceeding +5%
| Emission certificate sales compared to greenhouse gas emissions: 1% or more but
less than 10%
2 Emissions sales (tonCO»eq) Emission certificate sales compared to greenhouse gas emissions: 10% or more 4
but less than 20%
3 Emission certificate sales compared to greenhouse gas emissions: 20% or more
Develop and identify new 1 No new business plans related to greenhouse gas reduction have been established
3 businesses related to 2 Establishment of new business plan related to greenhouse gas reduction 2
greenhouse gas reduction 3 New projects related to greenhouse gas reduction are in progress
1 Not disclosed
Green taxonomy disclosure — — - This
4 Eligible Activity Disclosure
level study
3 Eligible & aligned Activity Disclosure
Table 5. Indicator development results (Policy-Cooperation)
No. Indicators Measure level Ref.
Only in-house policies and principles related to climate change response are
Climate change response introduced
Information disclosure level Introducing the current status of climate change response projects and products
Financial information of climate change response projects and products is disclosed
Compliance with No violation of related laws in the past year
environmental laws and . .
2 . No violation of related laws in the past 2 years 1
regulations related to carbon
neutrality No violation of related laws in the past 3 years or more
Conflicts with stakeholders occur repeatedly due to direct influence of the company.
Stakeholder complaint Complaints from stakeholders are being raised and efforts are being made to
3 handling and prevention fundamentally resolve them 1
activities No complaints from stakeholders have been raised and cooperation activities with
stakeholders are being carried out on a regular basis
There are no outside directors with climate change-related expertise and experience
Outside director expertise in There is one outside director with climate change-related expertise and experience  This
climate change There are two or more outside directors with climate change-related expertise and ~ study
experience
No technical support for partners related to climate change
. Presenting strategic directions for climate change-related support for partner .
Support for climate . This
5 companies
change-related partners study
We are preparing investment resources to achieve performance management
indicators (KPIs) related to partner support
Cooperation and participation No history or plans to participate in carbon neutrality-related events
6 in carbon neutrality-related Planning to participate in carbon neutrality-related events 2

events (private, government)

Participating in carbon neutrality-related events
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Table 6. Indicator development results (Climate adaptation)

No. Indicators Measure level Ref.
1 Risks related to climate change adaptation are not identified during corporate management
Conduct climate - - - - .
. Risk analysis related to climate change was conducted, but was not reflected in overall This
1 change adaptation 2
. management study
projects
3 Climate change-related risks are reflected as an important factor in management
1 There is no policy related to climate change adaptation within the company
Adaptation ) . . . .
Short-term adaptation measures are established based on risk analysis for climate change
2 measures related to 2 .
. adaptation
climate change level
3 Long-term climate change adaptation measures are being established
Table 7. Status of experts for AHP
Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 Expert 7 Expert 8
Consistency Index 7% 9% 2% 7% 7% 9% 7% 6%
Field Academia Industry Industry Industry Academia Academia Academia Industry
Career (year) 5~10 5~10 15~20 5~10 5~10 5~10 15~20 15~20
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Table 8. Weights for each indicator calculated through AHP survey

o] 9]

Climate risk (37 points) Weight for each indicator
1 Greenhouse gas emissions - Trends 11
2 Energy usage - Trends 7
3 Proportion of greenhouse gas emissions compared to sales in the previous year 9
4 Greenhouse gas emissions per energy usage in the previous year (tCO,eq/TJ) 10

Climate performance (23 points) Weight for each indicator
1  Presenting environmental management goals and directions 2
2 Greenhouse gas reduction goals 1
3 Environmental Management Promotion System 2
4 Ratio of renewable energy use (%) 2
5 Scope 3 reduction management 2
6 Scope 3 emissions calculation 2
7 Scope 3 emissions verification 2
8 Establishment of greenhouse gas emission forecast calculation system 2
9 Greenhouse gas intensity improvement rate 3
10 Introduction of own energy management system 3
11 Self-reduction target achievement rate 2
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Table 8. Weights for each indicator calculated through AHP survey (continued)

Market opportunity (10 points)

Weight for each indicator

Ratio of climate change response business sales to average sales

! (past 3 years) 2
2 Emissions sales (tonCO,eq) 3
3 Develop and identify new businesses related to greenhouse gas reduction 2
4 Green taxonomy disclosure level 3

Policy-Cooperation (13 points)

Weight for each indicator

1 Climate change response Information disclosure level 3
2 Compliance with environmental laws and regulations related to carbon neutrality 2
3 Stakeholder complaint handling and prevention activities 1
4 Outside director expertise in climate change 2
5 Support for climate change-related partners 2
6  Cooperation and participation in carbon neutrality-related events (private, government) 3

Climate adaptation (17 points)

Weight for each indicator

1 Conduct climate change adaptation projects 8
2 Adaptation measures related to climate change level 9
Total 100
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Table 10. List of evaluated companies

(manufacturing)

Sales Green house gas
H7F 7192 2021 7]—‘_r_~ ESGEIA A& 7|9 = 4 Corporate o o &
_ (¥, million) emission (tCO,eq.)
Z0], 2A7}A So] =9 y|de Ao g Tastgomn,
A 279,604,799 14,494,447
ESG H1A, YAA & 37ME A=E E-&5to] A3
B 117,610,626 1,508,866
gHA| g7ys
- S S 73,908,000 407,528
719 e A A3 B9 71E k385 FolA A ¢ 208 :
— D 69,862,400 730,585
717 o2 Uehgon, W@ 540 o Uehgrk » 6. ’
E 52,836,069 99,766
F 46,853,400 20,491
Table 9. List of evaluated companies (manufacturing) G 42.997.800 4,521,594
. . Number of companies H 42.599.300 9.018.983
Classification bmitti 5977, Ols,
submitting I 41,702,184 173,416
Manufacturi 64
anwactinne J 29,878,043 4,783,715
Finance and Insurance 27
K 27,463,918 10,036,497
Wholesale and Retail 12
R N L 22,849,921 28,489,305
Information and communication "
industry M 18,120,462 7,059,734
Etc. 17 N 17,851,906 301,282
Total 131 (0] 14,945,609 325,816

http://www.jccr.re.kr



8 EF - A
Table 11. Corporate scoring results
Corporate Climate risk Climate Market' Policy-. Climate adaptation Total
performance opportunity Cooperation
A 153 143 2.3 6.0 8.0 46.0
33% 31% 5% 13% 17% 100%
B 27.7 18.8 2.3 7.0 8.0 63.8
43% 29% 4% 1% 13% 100%
c 34.7 14.0 3.0 6.0 14.0 71.7
48% 20% 4% 8% 20% 100%
15.7 14.8 1.7 3.7 2.7 38.5
P 41% 38% 4% 10% 7% 100%
. 243 17.5 4.0 10.0 5.3 612
40% 29% 7% 16% 9% 100%
. 33.7 18.8 1.7 9.0 8.0 712
47% 26% 2% 13% 11% 100%
18.3 13.8 3.7 3.7 2.7 422
N 43% 33% 9% 9% 6% 100%
" 243 16.2 1.7 6.0 8.0 56.2
43% 29% 3% 1% 14% 100%
253 18.5 2.7 3.7 2.7 52.8
! 48% 35% 5% 7% 5% 100%
28.0 16.2 3.0 6.0 53 58.5
! 48% 28% 5% 10% 9% 100%
183 15.5 3.0 6.0 8.0 50.8
K 36% 31% 6% 12% 16% 100%
L 183 15.5 3.0 6.0 8.0 50.8
36% 31% 6% 12% 16% 100%
v 243 16.5 4.0 6.0 53 56.2
43% 29% 7% 11% 9% 100%
N 15.7 12.7 2.7 5.0 2.7 38.7
41% 33% 7% 13% 7% 100%
o 27.7 12.8 2.7 5.0 2.7 50.8
55% 25% 5% 10% 5% 100%
Ave 23.4 15.7 28 5.9 6.1 54.0
43% 29% 5% 11% 11% 100%
B Ao AE ARG 157 719e ez g3ady 2 Uehgom, Normal 225 H-8st] ZHIIEE A&
W52 22SAE, 25 241 7)Y el Soltn dlolde St
JF 2] 7FesHA HHE dFE 5442 v 7HA Az 157 7192 HAY 2= Normal EEE 4-8-5}of
£ Htgste] ok AEA Sl AEE A8T S U= A HH7EE Algdlolde saet 43, 2+ £810 si3s]
o= yodct = A9E 25T & AT AR O 1571 719 o
B2 519 10%°] SHFoh= A= 40.7 Ho2 YERy
34. S8 4% an ou], 4391 10% (90%)°] HFoHe Aot 672 o= 1}
o ANE EY2 AT AL T AT Nomal B AT SIS SOl YRS A5 540 o2
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(b) Monte Carlo simulation

Fig. 3. Result of Monte Carlo simulation

Table 12. Corresponding scores for each quantile
using Monte Carlo simulation

Quantile Score
10% 40.7
20% 453
30% 48.5
40% 51.3
50% 54.0
60% 56.6
70% 59.4
80% 62.7
90% 67.2
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Table 13. Corporate scoring results

Rate 5 Rate 4 Rate 3 Rate 2 Rate 1

Above 45.3 Above 51.3 Above 56.6
45.3 (20%) (20%) but  (40%) but  (60%) but Above 62.7
or less below 51.3 below 56.6 below 62.7 (80%)

(40%) (60%) (80%)
Corporate Rate
A 4
B 1
C 1
D 5
E 2
F 1
G 5
H 3
I 3
J 2
K 4
L 4
M 3
N 5
(0} 4
Rate 5 Rate 4 Rate 3 Rate 2 Rate 1

3 corporates 4 corporates 3 corporates 2 corporates 3 corporates

= 7199, 715485 A71E], A g, 7]
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