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Preface

Japan is internationally committed to achieving carbon neutrality (CN) by 2050. While 
this is an extremely challenging target, it is an agenda that we cannot avoid in our pursuit 
to leave a rich and sustainable economy and society for the next generation. Japan must 
engage in nationwide countermeasures to create a virtuous cycle of economy and environment 
and advance “Green Transformation (GX),” which seeks to fundamentally transform the 
entire economy and society.

A sustainable global environment is indispensable for the achievement of “Sustainable 
Capitalism,” as advocated by Keidanren. Keidanren is also unwaveringly resolved to 
take measures to achieve CN by 2050.

As a part of our efforts, in November 2021, Keidanren renewed its “Keidanren Commitment 
to a Low Carbon Society” to “Keidanren Carbon Neutrality Action Plan (CN Action 
Plan)” to increasingly promote proactive approaches by the business community. 

In our commitment to Pillars 2 and 3 of the CN Action Plan, namely, “Strengthening 
cooperation with other stakeholders” and “Promoting contribution at the international 
level,” Keidanren promotes efforts to avoid greenhouse gas emissions through global 
value chains (GVC). This is based on the perspective that focusing on how much CO2 is 
emitted from the entire life cycle of a product will lead to effective climate change 
measures; and therefore, industries and companies participating in the CN Action Plan 
are taking the initiative in contributing to emission reductions at a global scale, across 
globally spread value chains from upstream (procurement of feedstock and raw materials) 
to downstream (use, disposal and recycling). Climate change is a global agenda, and 
given potential future increases in energy consumption in emerging and developing 
economies, the Japanese businesses need to play a proactive role in reducing emissions 
overseas as well.

With an aim to have such efforts widely recognized in Japan and overseas, Keidanren 
compiled this “GVC Concept Book” in November 2018 and has continued to revise it. 

The Concept Book explains the idea and significance of avoided emissions through the 
GVC. In the second half, it also introduces case studies of various industries and companies 
“visualizing” the avoided emissions achieved through a variety of products and services. 

We hope that the efforts to achieve avoided emissions through the GVC will be taken 
around the world as an effective way to address climate change and as an effort that 
contributes to the achievement of carbon neutrality on a global scale. 

Chairman

KEIDANREN (Japan Business Federation)

TOKURA Masakazu
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Today, climate change measures by various 
actors are required.

In November 2016, the Paris Agreement came into effect as a landmark international 
framework to counter climate change with the participation of all major emitters. It 
calls for the world to accelerate its climate change measures towards the “2°C target,” 
or “holding the increase in the global average temperature to well below 2°C above 
pre-industrial levels” during this century.
Under the Paris Agreement, countries “pledge” their reduction targets in the form of 
NDCs (nationally determined contributions) which are internationally “assessed.” 
Climate change measures will be promoted at the global level by implementing a 
“pledge and review” scheme that allows countries to voluntarily review their targets 
in light of assessment results.
The Paris Agreement also places importance on the role of non-state actors, such as 
private companies, local governments, NGOs and civil society. The Paris Agreement 
takes a collaborative approach to climate change measures, involving not only 
national governments but a diversity of actors. This collaborative spirit is demanded 
of each one of us, as citizens of our precious Earth. 

What does the Paris Agreement call for ?
― Collaboration among various actors to address climate change measures ―

Keidanren Carbon Neutrality 
Action Plan

Targets raised through the PDCA cycle

Targets set voluntarily by each industry

Industry A Industry B Industry C

Paris Agreement

National ambition raised through international review

Pledges formulated voluntarily by each country

Country A Country B Country C

≒ Pledge
 &

Review 
approach

(2) Review

(1) Pledge

Pledge & review scheme under the Paris Agreement

Industries and companies in Japan have been pioneers in contributing to climate change measures 
through voluntary approaches, which date back to before the Paris Agreement was formulated. 
Their efforts began in 1997 with the Keidanren Voluntary Action Plan on the Environment (*1), 
continued by the Keidanren’s Commitment to a Low Carbon Society in 2013 (*2), and succeeded 
by the Keidanren Carbon Neutrality Action Plan (*3). We have promoted effective climate change 
measures through these voluntary approaches, soundly implementing the PDCA cycle under a 
“pledge and review” scheme, similar to that adopted by the Paris Agreement. 

column
The Japanese business community’s voluntary approach to coping with climate change

(*1)  Under the Keidanren Voluntary Action Plan on the Environment, around 61 industries, including 31 industries  from the Industrial Sector, 
3 industries from the Energy Conversion Sector, 14 industries from the Commercial Sector and 13 industries from the Transportation Sector, 
set up quantitative targets for emissions from their manufacturing process and/or service provision stage, choosing from the following four 
indices: CO2 emissions, CO2 emission intensity, energy consumption, energy consumption intensity. Every year, from 1997 through 2012, 
industries endeavored to achieve their targets. 

(*2)  Under the Keidanren’s Commitment to a Low Carbon Society, around 62 industries mainly representing the Industrial, Energy Conversion, 
Commercial and Transportation Sectors took part in efforts to reduce CO2 emissions from domestic business activities, as well as in efforts 
to contribute to greenhouse gas reductions on a global scale in line with the following four pillars:
Pillar 1: Emission reductions from domestic business operations
Pillar 2: Strengthened cooperation with other interested groups (Providing low-carbon products  and services)
Pillar 3: Promoting contribution at the international level (Transferring technologies and knowhow to developing countries)
Pillar 4:  Development of innovative technologies (Development and practical application of innovative technologies in the medium- to 

long-term)

(*3)  “Keidanren Carbon Neutrality Action Plan” considers the achievement of carbon neutrality by 2050 as its new and most important goal. 
Under the Action Plan, the same industries that participated in the “Keidanren Commitment to a Low Carbon Society” have formulated 
their visions (basic policies) toward achieving carbon neutrality by 2050 and promote the four pillars named above. 
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CO2

CO2
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1) Global CO2 emissions follow an increasing trend.

The IEA (International Energy Agency) announced that global CO2 emissions from 
energy consumptions in 2021 are forecasted to reach a record high of 36.3 billion tons. 
Population and economic growth in developing and emerging economies will be 
accompanied by further energy consumption, and therefore global CO2 emissions 
may continue to rise if we do not take action. We are faced with the urgent need to 
implement effective climate change measures on a global scale.

Country A Country B

NEW
CLOSE

CO2CO2CO2

-10,000 t

＋10,000 t

2) Global action is called for.

Climate change issues are concerns that must be addressed on a global scale.
For example, even if a factory in Country A is shut down and emissions from Country 
A are reduced by 10,000 tons, if a new factory is built in Country B, and emissions 
thus increase by 10,000 tons in Country B, then net emissions will be unchanged.
Therefore, climate change issues cannot be solved within the  borders of one country 
alone. Global action is called for.

Climate change issues are not confined to one 
single country but are a global concern.
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1) Companies engage in global business activities.

In the 21st century, people, goods, money, information and services move globally 
across national borders. Today, business activities have already become global.  
Corporate value chains are spread worldwide, crossing national borders. We propose 
spotlighting the value chain, or the entire process that creates value added, in 
considering approaches to solve climate change issues. 

2) The key approach is to reduce CO2 through the entire value chain.

We must reduce CO2 emissions to take action against climate change.

Let us look at the total CO2 emissions from the entire value chain. Materials and 
components, intermediate goods and final products, as well as services emit CO2 
during production. In addition, these materials and components, intermediate goods 
and final products, and services continue to indirectly affect the amount of CO2 
emitted even after they are provided to the recipient. This means that if various 
actors in the value chain can collaborate or join forces, they can contribute to 
reducing CO2 emissions from the value chain as a whole. 

Focusing on the entire value chain means focusing on the life cycle of a product. 
Therefore, from a different perspective, it means reducing total emissions from not 
only the manufacturing phase of a product but also product use and post-disposal 
recycling.

Given the international movement of materials, components, products, and services, 
various actors should collaborate in reducing emissions through the entire value 
chain, instead of implementing emission reduction measures in segments of the value 
chain, divided in accordance with national border. This matches the spirit of the 
Paris Agreement, which calls for “engagements of all levels of government and various 
actors.”

Let us turn our eyes to CO2 emissions from 
the entire value chain.



10 11

1) Avoiding emissions through the GVC will enable effective measures.

As explained earlier, focusing on the amount of life cycle CO2 emissions of materials, 
components, products, services, etc. is the key to implementing effective climate 
change measures. Our approach of avoiding emissions through the GVC (global value 
chain) is centered on this idea from the perspective of actual business activities.

We aim to consider avoided emissions from all stages of the value chain from upstream 
to downstream, including not only the manufacturing and provision stages of products 
and services but also the resource and material procurement, etc., distribution, end-
use, disposal and recycling stages (*1).

For example, let us suppose that a product or service that is known to be highly 
energy efficient and emits low amounts of during end-use emitted more CO2 compared 
to conventional products and services at the production stage of its development 
and manufacturing. When this product is incorporated into the final product as a 
high-function material or component, CO2 emissions can be significantly reduced 
when used by consumers. Let us also assume that the products can be recycled 
after use, thus reducing the input of new resources and consequently reducing 
life cycle CO2 emissions. This will lead to reductions in total emissions throughout 
the life cycle of the product. 

(*1)  These efforts to avoid emissions through the GVC are not directly linked to Japan’s National Greenhouse Gas Inventory and are efforts made at the 
initiative of companies and industries.

Avoiding emissions through the GVC will lead 
to climate change measures on a global scale.

＊	This figure offers an image of life cycle CO2 reductions and may differ from the calculation method 
used to estimate avoided emissions in the actual case studies introduced in the second section of this 
Concept Book.

CO2 reductions through product and service life cycles

Baseline Next-generation 
product

Raw material procurement 

Disposal & recycling

Use 

Sales and distribution

Manufacturing

CO2 emissions
 (t-CO2)

〇〇 t-CO2 avoided emissions 
per product /service

Transportation

Raw material
procurement

Manufacturing
(Materials, components,

 processing and assembling)

Sales and 
distribution Use

Disposal &
 recycling

Energy-efficient/Low-carbon technologies

Avoiding emissions through the value chain
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2)  We will promote the “visualization” of avoided emissions through the GVC.

In order to promote efforts to avoid emissions through the GVC, it is important to 
“visualize” the amount of CO2 emissions avoided by companies and other various 
actors. By “visualizing” avoided emissions, companies can acknowledge the strengths 
of their products and services in a concrete manner. Furthermore, identifying these 
realities, they will be able to implement more effective climate change measures.

What is important is that actors do not engage in “visualizing” avoided emissions for 
the purpose of claiming or fighting over credit for their contributions. The point is 
that each actor objectively evaluates the scale of environmental impact and potential 
avoided emissions based on the social characteristics of their business and quantifies 
avoided emissions through the value chain. This is in agreement with the spirit of 
voluntary approaches to be taken by various actors, as called for in the Paris Agreement. 
These efforts will further encourage cooperation among various concerned parties as 
well as stakeholder dialogue.

Promoting the “visualization” of avoided emissions through the GVC will accelerate 
the development and diffusion of low-carbon technologies, products, and services 
that take entire value chains into consideration, thus leading to climate change 
measures at the global level.

2

Case Studies
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The following case studies of “visualization” have been included to help readers  
understand the concept of avoided emissions through the GVC.

Various industries have attempted to formulate methodologies for quantifying avoided 
emissions and to propose and develop an international standard. The Ministry of 
Economy, Trade and Industry has also referred to these efforts in compiling the 
“Guidelines for Quantifying GHG emission reductions of goods or services through 
Global Value Chain.” (*1)

By referring to or following these Guidelines, the business community will quantify 
their avoided emissions and spread their efforts worldwide through communicating 
information to investors, consumers and other stakeholders; and such efforts will lead 
to emission reductions at a global level.

Each quantifies avoided emissions by employing separate assumptions and calculation 
methodologies according to the assessed goods or services. It should thus be noted 
that the quantification results of a certain goods or services may not be consistent with 
other goods or services.

Therefore, quantified avoided emissions are provided as reference values and are an 
aspect of industrial efforts. It should also be noted that the quantified results of  
assessed goods and services should not be aggregated. With regard to the nature of 
the estimations, the avoided emissions calculated for individual goods and services 
should not be compared.

Name of assessed product or service contributing to avoided emissions

Grey shade indicates the stage of the value chain the assessed product or service 
belongs to. Light blue shade represents the stage contributing to avoided 
emissions. When the grey and light blue overlap, the stage is shaded in purple. 

Brief description of the product or service and avoided 
emissions. The illustrations and graphs below are 
provided to help the reader’s understanding.

The graph presents the avoided emissions 
compared to the baseline emissions of the 
assessed product or service.

The results of the quantification of avoided emissions are explained in detail. 
Together with the details on the right, the reader can understand the 
assumptions, baseline and calculation method.

Organization or company that quantified the avoided emissions of the case study  

Guide to Case StudiesPoints to be kept in mind when reading the Case Studies

(*1) Ministry of Economy, Trade and Industry “Guidelines for Quantifying GHG emission reductions of goods or services through Global Value Chain” 
(March  2018)

URL: http://www.meti.go.jp/english/press/2018/0330_002.html

■ Avoied emissions
“Avoided emissions” is defined as the “quantified contribution to GHG emission reductions, estimated by comparing life cycle GHG 
emissions of environmentally-friendly goods or services with goods or services that represent what is most likely to occur in the absence 
of assessed goods or services (baseline scenario)”

■ Assessed goods or services
Goods or services whose contribution is counted to quantify avoided emissions

■ Baseline scenario
Hypothetical scenario that is most likely to occur in case the assessed goods or services have not become widely produced or used.

■ Baseline emissions
The estimated value of the amount of GHG emissions released from the baseline scenario

■ Flow Base Approach
An approach focusing on the avoided emissions of assessed goods or services during the entire product lifetime and calculating the  
cumulative amounts of greenhouse gas emissions avoided by  calculating cumulative amounts of emissions avoided by using the assessed 
goods or services manufactured or sold within the assessment period (e.g. one year), assuming that they are used until the end of their life 
cycle. Cumulative avoided emissions are usually calculated by aggregating the amounts of emissions avoided by the assessed goods or 
services manufactured or sold within the assessment period (e.g. one year) up to the end of their life cycle.

■ Stock Base Approach
An approach focusing on avoided emissions of assessed goods or services during a given assessment period. This methodology calculates 
amounts of avoided emissions for every unit of the assessed good or service that is produced, sold or  used (including past sales) during a 
given assessment period. Avoided emissions are usually calculated for one given year.

Source:  Ministry of Economy, Trade and Industry “Guidelines for Quantifying GHG emission reductions of goods or services through Global Value Chain” (March 2018)

Some of the terms used in the “Case Studies” section are explained below:Glossary
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Summary

Quantification results of avoided emissions

Avoided emissions at the in-use stage of high-strength steel sheets for automobiles in FY2017 were as provided below:
Domestic use 4.5 million t-CO2

Exports 8.49 million t-CO2

Total 12.99 million t-CO2 

Avoided emissions were calculated using the formula provided below. A cross-sectional assessment was conducted for 
total stock in a given year to estimate avoided emissions.
Avoided emissions = Number of new cars manufactured × Average travel distance × Fuel efficiency improvement rate / 
Average fuel efficiency of new cars × Average years in use 

(3) Assessment period

From the viewpoint of comparing CO2 emissions from a manufacturing process during one fiscal year, the case study 

performed a cross-sectional assessment of stock.

(4) References

Papers on the method of analysis have been published on the Institute of Energy Economics, Japan website:

Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Overview (Japanese) 
https://eneken.ieej.or.jp/data/pdf/462.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Study 3. Automobiles 
(high strength steel sheets) (Japanese) https://eneken.ieej.or.jp/data/pdf/465.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (1) (English) 
https://eneken.ieej.or.jp/data/en/data/pdf/165.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (2) (English) 
https://eneken.ieej.or.jp/en/data/pdf/172.pdf

(2) Scope of quantification

① Target steel sheets

  Steel sheets used domestically and exported steel. (Steel exports from 2009)

  The case study covered only steel manufactured in Japan, and excluded overseas manufacture.

  (Japanese steel manufacturers do not possess integrated steelworks overseas.)

② Target stages

  The case study assessed CO2 emission reductions due to fuel efficiency improvements at the in-use stage of 

automobiles.

  As raw material mining and transport account for a minuscule percentage of the entire life cycle of iron and steel, 

and also because the assessment involves replacing steel products, little change is seen at the manufacturing stage. 

When assessing the effect of reducing the weight of steel, CO2 emissions from raw material mining and transport  

become less than the baseline in accordance with the reduced amount of steel used, but the Federation includes 

only the in-use stage in its quantifications.

Emissions can be effectively reduced at the in-use stage by using high-function steels in components of final products. 

High strength steel sheets for automobiles are steel sheets that can be thinned out while maintaining high strength (and 

thus reducing steel product weight). Automobiles using this material are lighter than those using conventional steel sheets 

without such features, thus leading to fuel efficiency improvements that enable CO2 emission reductions during operation.

(1) Baseline scenario and assumptions

① Baseline scenario

  The case study assessed CO2 emission reductions from improving fuel efficiency at the in-use stage of automobiles 

by replacing steel sheets without special functions (normal steel), which serve as the baseline, with high strength 

steel sheets up to the current share.

② Assumptions

  High strength steel sheets can be made thinner than baseline normal steel while maintaining high strength; and 

therefore, automobiles using this material are lighter than those using conventional steel sheets without such 

properties, thus leading to fuel efficiency improvements that enable CO2 emission reductions during operation. 

(Quantifications are estimates based on actual data.)

Baseline Assessed steel sheets Assessed results 

Automobiles Normal steel High strength steel sheets (YP340) Energy savings due to reducing steel sheet weight

Cross-sectionally assessed avoided emissions in given year

Beginning of steel sheet use
(Manufacturing of automobile)

End of steel sheet use
(Disposal of automobile)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 FY

Around ten years

Image of calculations of avoided emissions (High strength sheets for automobiles)

High function steelBaseline  

Assessment of reductions 
at product in-use stage

Steel production

Product manufacturing

Steel transport

Product use

High strength steel sheets for automobiles

The Japan Iron and Steel Federation High Strength Sheets for Automobiles

Sales/Distribution Disposal/recyclingManufacturing UseRaw materials/materials
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Summary

Quantification results of avoided emissions

Avoided emissions at the in-use stage of high tensile plates for vessels in FY2017 were as provided below:
Domestic use 1.94 million t-CO2

Exports 0.61 million t-CO2

Total 2.55 million t-CO2 

Avoided emissions were calculated using the formula provided below. A cross-sectional assessment was conducted for 
total stock in a given year to estimate avoided emissions.
Avoided emissions = Fuel consumed by vessels / (1-Weight reduction rate of operating vessels × Contribution ratio to fuel 
savings) × (Weight reduction rate of operating vessels × Rate of contribution to fuel savings) × Calorific value of fuels

(3) Assessment period

From the viewpoint of comparing CO2 emissions from a manufacturing process during one fiscal year, the case study 

performed a cross-sectional assessment of stock.

(4) References

Papers on the method of analysis have been published on the Institute of Energy Economics, Japan website:

Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Overview (Japanese) 
https://eneken.ieej.or.jp/data/pdf/462.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Study 4. Vessels (high 
tensile steel plates) (Japanese) https://eneken.ieej.or.jp/data/pdf/466.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (1) (English) 
https://eneken.ieej.or.jp/data/en/data/pdf/165.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (2) (English) 
https://eneken.ieej.or.jp/en/data/pdf/172.pdf

(2) Scope of quantification

① Target steel plates

  Steel plates used domestically and exported steel. (Steel exports from 2009)

  The case study covered only steel manufactured in Japan, and excluded overseas manufacture.

  (Japanese steel manufacturers do not possess integrated steelworks overseas.)

② Target stages

  The case study assessed CO2 emission reductions due to fuel efficiency improvements at the in-use stage of vessels.

  As raw material mining and transport account for a minuscule percentage of the entire life cycle of iron and steel, 

and also because the assessment involves replacing steel products, little change is seen at the manufacturing stage. 

When assessing the effect of reducing the weight of steel, CO2 emissions from raw material mining and transport  

become less than the baseline in accordance with the reduced amount of steel used, but the Federation includes 

only the in-use stage in its quantifications.

Emissions can be effectively reduced at the in-use stage by using high-function steels in components of final products. 

High tensile plates for vessels are steel plates that can be thinned out while maintaining high strength (and thus reducing 

steel product weight). Vessels using this material are lighter than those using conventional steel sheets without such 

features, thus leading to fuel efficiency improvements that enable CO2 emission reductions during operation.

(1) Baseline scenario and assumptions

① Baseline scenario

  The case study assessed CO2 emission reductions from improving fuel efficiency at the in-use stage of vessels by 

replacing steel plates without special functions (normal steel), which serve as the baseline, with high tensile steel 

plates up to the current share.

② Assumptions

  High tensile plates can be made thinner than baseline normal steel while maintaining high strength; and therefore,  

vessels using this material are lighter than those using conventional steel sheets without such properties, thus 

leading to fuel efficiency improvements that enable CO2 emission reductions during operation. (Quantifications 

are estimates based on actual data.)

Baseline Assessed steel sheets Assessed results

Vessels Normal steel High tensile steel plates (YP315/YP355) Energy savings due to reducing steel plate weight

Cross-sectionally assessed avoided emissions in given year

Beginning of steel plate use
(Manufacturing of vessel)

End of steel plate use
(Disposal of vessel)

1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029 2032 2035 FY

25 years

Image of calculations of  avoided emissions (High tensile steel plates for vessels)

High function steelBaseline

Assessment of reductions 
at product in-use stage

Steel production

Product manufacturing

Steel transport

Product use

High tensile plates for vessels

The Japan Iron and Steel Federation High Tensile Plates for Vessels

Sales/Distribution Disposal/recyclingManufacturing UseRaw materials/materials 
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Summary

Quantification results of avoided emissions

Avoided emissions at the in-use stage of heat-resistant tubes for generating boilers in FY2017 were as provided below:
Domestic use 0.96 million t-CO2

Exports 4.30 million t-CO2

Total 5.26 million t-CO2 

Avoided emissions were calculated using the formula provided below. A cross-sectional assessment was conducted for total 
stock in a given year to estimate avoided emissions.
Avoided emissions = Fuel savings due to efficiency improvements achieved at 593℃ – 600℃-class steam power plants as a 
result of shifting from 566℃-class steam power plants × Rate of contribution of high-performance heat-resistant tubes, or 25% 
× Number of years power plants are in service

(3) Assessment period

From the viewpoint of comparing CO2 emissions from a manufacturing process during one fiscal year, the case study 

performed a cross-sectional assessment of stock.

(4) References

Papers on the method of analysis have been published on the Institute of Energy Economics, Japan website:

Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Overview (Japanese) 
https://eneken.ieej.or.jp/data/pdf/462.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Study 2. Generating 
boilers (heat-resistant tubes) (Japanese) https://eneken.ieej.or.jp/data/pdf/464.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (1) (English) 
https://eneken.ieej.or.jp/data/en/data/pdf/165.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (2) (English) 
https://eneken.ieej.or.jp/en/data/pdf/172.pdf

(2) Scope of quantification

① Target steel tubes

  Steel tubes used domestically and exported steel. (Steel exports from 2009)

  The case study covered only steel manufactured in Japan, and excluded overseas manufacture.

  (Japanese steel manufacturers do not possess integrated steelworks overseas.)

② Target stages

  The case study assessed CO2 emission reductions due to improved fuel consumption at the in-use stage of boilers.

  As raw material mining and transport account for a minuscule percentage of the entire life cycle of iron and steel, 

and little change is seen at the manufacturing stage because the assessment involves replacing steel products, the 

Federation includes only the in-use stage in its quantifications.

Emissions can be effectively reduced at the in-use stage by using high-function steels in components of final products. 

Heat-resistant high strength steel tubes for generating boilers can resist higher temperatures than conventional heat-resistant 

steel tubes, and can thus improve the power generation efficiency of steam power plants. This leads to CO2 emission  

reductions from fuel consumption savings.

(1) Baseline scenario and assumptions

① Baseline scenario

  The case study assessed CO2 emission reductions attributable to savings in fuel input due to replacing baseline 

heat-resistant tubes for supercritical (SC) 566℃-class steam power plants with high alloy steel boiler tubes for  

ultra-supercritical (USC) 593℃– 600℃-class steam power plants.

Baseline Assessed steel sheets Assessed results

Heat-resistant high 
strength tubes for 
boilers

Steel tubes for supercritical 
(SC) 566℃-class steam 
power plants

High alloy steel tubes
(improved steel allow 

9Cr-5Mo/heat-resistant tube)

Energy savings due to enhanced heat-resistance and strength 
(higher steam temperatures = higher power generation efficiency)

② Assumptions

  High alloy steel tubes can resist higher temperatures compared to the baseline steel tubes for supercritical (SC) 

566℃-class steam power plants. Therefore, steam power plants equipped with high alloy steel tubes can operate 

under higher ranges of steam temperature compared with those using steel boiler tubes for supercritical (SC) 

566℃-class steam power plants, thus improve power generation efficiency which will result in energy savings. 

(Quantifications are estimates based on actual data.) 

1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029 2032 FY

40 years

Cross-sectionally assessed avoided emissions in given year

Beginning of steel profuct use 
(Manufacturing of boiler)

End of steel product use
(Disposal of boiler)

Image of calculations of avoided emissions (Generating Boiler (Heat-resistant Tubes))

High function steelBaseline

Assessment of reductions 
at product in-use stage

Steel production

Product manufacturing

Steel transport

Product use

Heat-resistant tubes for generating boilers

The Japan Iron and Steel Federation Generating Boiler (Heat-resistant Tubes) 
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(2) Scope of quantification

① Target steel sheets

  Steel sheets used domestically and exported steel. (Steel exports from 2009)

  The case study covered only steel manufactured in Japan, and excluded overseas manufacture.

  (Japanese steel manufacturers do not possess integrated steelworks overseas.)

② Target stages

  The case study assessed CO2 emission reductions due to iron loss reductions at the in-use stage of transformers.

  As raw material mining and transport account for a minuscule percentage of the entire life cycle of iron and steel, 

and little change is seen at the manufacturing stage because the assessment involves replacing steel products, the 

Federation includes only the in-use stage in its quantifications.

(3) Assessment period

From the viewpoint of comparing CO2 emissions from a manufacturing process during one fiscal year, the case study 

performed a cross-sectional assessment of stock.

(4) References

Papers on the method of analysis have been published on the Institute of Energy Economics, Japan website:

Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Overview (Japanese) 
https://eneken.ieej.or.jp/data/pdf/462.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Study 5 Grain-oriented 
silicon steel sheets for transformers (Japanese) https://eneken.ieej.or.jp/data/pdf/467.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (1) (English) 
https://eneken.ieej.or.jp/data/en/data/pdf/165.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (2) (English) 
https://eneken.ieej.or.jp/en/data/pdf/172.pdf

Emissions can be effectively reduced at the in-use stage by using high-function steels in components of final products. 

Current grain-oriented silicon steel sheets for transformers can reduce iron loss (energy loss) during transformation; and 

therefore contribute to efficient electric power transmission, and thus CO2 emission.

(1) Baseline scenario and assumptions

① Baseline scenario

  The case study assumed that transformers have a durable life of 30 years, and assessed CO2 emission reductions 

attributable to iron loss due to replacing silicon steel sheets for transformers from 30 years ago, which serve as 

the baseline, with current silicon steel sheets for transformers.

② Assumptions

  Current silicon steel sheets for transformers can reduce iron loss (energy loss) compared conventional silicon steel 

sheets for transformers (from thirty years ago), and can thus contribute to efficient electric power transmission  

and distribution as well as achieving CO2 emission reductions during operation as a result of improving electric 

power consumption accompanying iron loss. (Quantifications are estimates based on actual data.) 

Baseline Assessed steel sheets Assessed results

Transformers Silicon steel sheets for transformers 30 
years ago

Current silicon steel sheets for 
transformers Energy savings due to reducing iron loss

30 years 

Cross-sectionally assessed avoided emissions in given year

1996 1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029 2032 2035 FY

Beginning of steel sheet use
(Manufacturing of transformer)

End of steel sheet use
(Disposal of transformer)

Image of calculations of avoided emissions (Grain-oriented Silicon Steel Sheets for Transformers)

Quantification results of avoided emissions

Avoided emissions at the in-use stage of grain-oriented silicon steel sheets for transformers in FY2017 were as provided below:
Domestic use 2.15 million t-CO2

Exports 6.51 million t-CO2

Total 8.66 million t-CO2 

Avoided emissions were calculated using the formula provided below. A cross-sectional assessment was conducted for total 
stock in a given year to estimate avoided emissions.
Avoided emissions = minimum value*
× (Transformer no-load losses per unit capacity in an assessment year - Transformer no-load losses per capacity 30 years ago)
× Hours of use

*Comparing the amount of transformers produced in the assessment year and 
that of thirty years ago, if [production in the assessment year] > [production 30 
years ago], then was assumed that all transformers produced thirty years ago 
have been replaced and the minimum value is represented by production 30 years 
ago. In contrast, if [production  30 years ago] > [production  in the assessment 
year], then it was assumed that transformers produced thirty years ago have not 
been completely replaced but have only been replaced by those produced in the 
assessment year; and therefore, the minimum value is represented by production 
in the assessment year.

High function steelBaseline

Assessment of reductions 
at product in-use stage

Steel production

Product manufacturing

Steel transport

Product use

Grain-oriented silicon steel sheets for transformers

The Japan Iron and Steel Federation Grain-oriented Silicon Steel Sheets for Transformers

Sales/Distribution Disposal/recyclingManufacturing UseRaw materials/materials 
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Quantification results of avoided emissions

Avoided emissions at the in-use stage of stainless steel sheets for railway cars in FY2017 were as provided below:
Domestic use 0.27 million t-CO2

Exports 0 t-CO2

Total 0.27 million t-CO2 

Avoided emissions were calculated using the formula provided below. A cross-sectional assessment was conducted for 
total stock in a given year to estimate avoided emissions.
Avoided emissions = Energy saved during operation per unit railway car weight reduced per unit distance travelled per 
car × Weight reduced per car × Annual distance travelled per car × Number of stainless steel railway cars produced annually 

(3) Assessment period

From the viewpoint of comparing CO2 emissions from a manufacturing process during one fiscal year, the case study 

performed a cross-sectional assessment of stock.

(4) References

Papers on the method of analysis have been published on the Institute of Energy Economics, Japan website:

Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Overview (Japanese) 
https://eneken.ieej.or.jp/data/pdf/462.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives: Study 6. Railway cars 
(stainless steel sheets) (Japanese) https://eneken.ieej.or.jp/data/pdf/468.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (1) (English) 
https://eneken.ieej.or.jp/data/en/data/pdf/165.pdf
Research on Contribution of Steel Products to Society-wide Energy Conservation from LCA Perspectives (2) (English) 
https://eneken.ieej.or.jp/en/data/pdf/172.pdf

(2) Scope of quantification

① Target steel sheets

  Steel sheets used domestically and exported steel. (Steel exports from 2009)

  The case study covered only steel manufactured in Japan, and excluded overseas manufacture.

  (Japanese steel manufacturers do not possess integrated steelworks overseas.)

② Target stages

  The case study assessed CO2 emission reductions due to fuel efficiency improvements at the in-use stage of railway 

cars.

  As raw material mining and transport account for a minuscule percentage of the entire life cycle of iron and steel, and 

also because the assessment involves replacing steel products, little change is seen at the manufacturing stage. When 

assessing the effect of reducing the weight of steel, CO2 emissions from raw material mining and transport become 

less than the baseline in accordance with the reduced amount of steel used, but the Federation includes only the in-

use stage in its quantifications.

Emissions can be effectively reduced at the in-use stage by using high-function steels in components of final products. 

Stainless steel sheets from railway cars are steel plates that can be thinned out while maintaining high strength (and thus 

reducing steel product weight). Railway cars using this material are lighter than those using conventional steel sheets 

without such features, thus leading to fuel efficiency improvements that enable CO2 emission reductions during operation.

(1) Baseline scenario and assumptions

① Baseline scenario

  The case study assessed CO2 emission reductions from improving fuel efficiency at the in-use stage of railway 

cars by replacing steel sheets without special functions (normal steel), which serve as the baseline, with stainless 

steel sheets up to the current share.

② Assumptions

  High strength sheets can be made thinner than baseline normal steel while maintaining high strength; and therefore, 

railway cars using this material are lighter than those using conventional steel sheets without such properties, thus 

leading to fuel efficiency improvements that enable CO2 emission reductions during operation. (Quantifications are 

estimates based on actual data.)

Baseline Assessed steel sheets Assessed results

Railway cars Normal steel Stainless steel sheets Energy savings due to reducing steel sheet weight

30 years 

Cross-sectionally assessed avoided emissions in given year

1999 2002 2005 2008 2011 2014 2017 2020 2023 2026 2029 2032 2035 2038 FY

Beginning of steel sheet use
(Manufacturing of railway car 

made from stainless steel)

End of steel sheet use
(Disposal of railway car 

made from stainless steel)

Image of calculations of avoided emissions (Stainless steel sheets for railway cars)

High function steelBaseline

Assessment of reductions 
at product in-use stage

Steel production

Product manufacturing

Steel transport

Product use

Stainless steel sheets for railway cars

The Japan Iron and Steel Federation Stainless Steel Sheets for Railway Cars

Sales/Distribution Disposal/recyclingManufacturing UseRaw materials/materials 
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Avoided emissions of 
1.08kg-CO2 per kg PET

Disposal Polymerization
Resource-EG production TPA production
Resource-PX production
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PX production
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production

Polymerization
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material production 

PX 
production

TPA production
(Japan)

Product 
manufacturing, 
distribution, use

Incineration, 
disposal
(Japan)

Reference product

PET

Japan Chemical Industry AssociationPolyethylene terephthalate from biomass

Summary

Quantification results of avoided emissions

GHG emission reductions were calculated based on the difference between two types of polyethylene terephthalate (PET), 

materials used in fiber. The assessed product is a 100% biomass-based PET; and the reference product is a petroleum- 

based PET. The production, distribution and use phases of the final product were not considered. GHG emissions in the 

baseline case were 1.08kg-CO2e/kg. Across the entire scope, the process from resource extraction through terephthalic 

acid (TPA) production emit the most GHG.

(3) Other

① Extent of contribution
  The assessed product is made from plant materials that absorb CO2 during its cultivation; and therefore, it reduces the same 
amount of CO2 emissions as that emitted upon disposal. Fiber products made from biomass-based materials contribute to CO2 
emissions, and the avoided CO2 emissions are attributable not only to the chemical industry but to the entire value chain. 

② Points to be noted in assessment
  The study results present the environmental burden reduced by resin feedstock of the final fiber product. Therefore, life cycle 
emissions are largely variable depending on variations in the phases excluded from the study; for example, the characteristics 
(applications, categories, and design) of the final product manufactured from the assessed product or reference product. 

③ Links to further information
  “Domestic and global life cycle assessment of chemical products -4th edition-” Case study 12 refers to current product.  
 https://www.nikkakyo.org/upload_files/global_warming/clca/jirei/4thEdition/CaseStudy12_Bio-DerivedPET.pdf

④ Verification 
 In December 2020, consultations were made with specialists on the abovementioned report.

⑤ References
*1 : Wood Mackenzie, Fibres Global Supply Demand Report (2020)

(1) Baseline scenario and assumptions

① Assumptions Assessed product: 100% biomass-based PET 
 Reference product: petroleum-based PET
The assessed product (100% bio-based PET) and the reference product (petroleum-based PET) can be polymerized after the 
same manufacturing process. The physical characteristics and applications are exactly the same; and therefore, they can be 
used in fiber products for the same application, categories and design. Therefore, life cycle emissions are affected by the 
differences in the raw material manufacturing processes. 

② Baseline scenario, etc.
·  Baseline case: The baseline scenario was calculated based on the assumption that PX, the raw material for the assessed 
product was made from ethanol comprising 80% corn and 20% sugar cane. 

· Temporal and geographic conditions
   This study was conducted using 2011-2016 as baseline years. The baseline years are 2015-2016 for TPA manufacturing and 
PET polymerization processes using primary data. Reference material published in 2011 and 2013 were cited. The scope of 
the study covers the U.S, Brazil, India, and Japan. The PET polymerization process is assumed to be done in Japan

· Effects of global deployment
  Global polyester fiber demand in 2030 is forecasted to be approximately 78 million tons *1.
   If 3% of polyester fiber demand in 2030 were to be replaced with 100% biomass-based PET, the approximately 2.34 million 
tons of 100% biomass-based PET fiber would be used, resulting in estimated avoided emissions of 2.53 million t-CO2e. 

  78 millions tons × 3% = 2.34 million tons
  2.34 million tons × 1.08 kg-CO2e/kg = 2.53 million t-CO2e 

(2) Scope of quantification

Assessed product: Raw materials/materials > Manufacturing > Sales and distribution > Use (Aviation) > Disposal/recycling
Reference product: Raw materials/materials > Manufacturing > Sales and distribution > Use (Aviation) > Disposal/recycling
The manufacturing, distribution and use phases of the final fiber products was assumed to be the same between the assessed 
product and reference product,and were excluded from the study. 

Avoided emissions per kg-PET（kg-CO2e/kg-PET）
a. Assessed product b. Reference product

Resource-PX production 2.29 0.94
TPA production 0.1 0.1

Resource-EG production 0.37 0.5
Polymerization 0.67 0.67

Final product manufacturing, distribution, and use - -
Disposal 0 2.29

Total 3.42 4.5
Avoided emissions (b-a) 1.08

Assessed product: 100% biomass-based PET
Refernce product: petroleum-based PET

Disposal phase covers offsetting of carbon of biomass origin
・Avoided CO2 emissions: 4.5kg-CO2e/kg-PET － 3.42kg-CO2e/kg-PET＝1.08kg-CO2e/kg-PET
・Esimated global avoided CO2 emissions in 2030 

Forecasted polyester fiber demand: 78 millions tons
When 3% of demand is replaced with 100% biomass-based PET: 78 million tons × 3％＝2.34 million tons
Avoided CO2 emissions: 2.34 million tons × 1.08kg-CO2e/kg-PET=2.53 millions t-CO2e

Sales/DistributionManufacturing Disposal/recyclingRaw materials/materials Use
New in the fifth edition
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RO membranes (reverse osmosis membranes) pass only water and reject other impurities, thus separating water and salts. 

Reverse osmosis can be used to obtain fresh water. Water flows through the membrane to the low concentration solution 

side by applying pressure greater than the osmotic pressure to the salt water (high concentration solution) side. In this 

case study, a desalination process using a RO membrane process was compare with an evaporative desalination 

process requiring heating. Global avoided CO2 emissions were calculated to be 131.2 million tons, taking a flow based 

approach assuming that the product installed in a desalination plant in the target year (2030) would be used until the 

end of its service life.

Quantification results of avoided emissions

Assessed technology: RO membrane seawater desalination technology

Reference technology: evaporative desalination technology

・Life cycle amount of water desalinated by one RO membrane element: 26,000 m3

・Calculated CO2 emissions (per t-CO2/26,000 m3-water; per membrane element)

(t-CO2) Assessed technology Reference technology
Raw material procurement/  2 . 31 12 . 4Manufacturing
Use (Desalination)  41 . 9 323 . 5
Disposal  0 . 15 −                    
Total  44 . 36 335 . 9                 

・Avoided CO2 emissions: 335.9 t-CO2 − 44.36 t-CO2 = 291.5 t-CO2/element

・Estimated avoided emissions by seawater desalination plants constructed worldwide in 2030

　Projected RO membrane element demand: 450,000 elements

　Avoided CO2 emissions: 291.5 t-CO2/element × 450,000 elements = 131.20 million t-CO2

(1) Baseline scenario and assumptions
①  Assumptions

・Input unit: 26,000 m3 (Life cycle amount of desalinated water of one RO membrane element)
・Service life of product: 5 years (average use of RO membranes)
・The product is not exchanged from at least five years since its installment in the desalination plant.

②  Baseline scenario
・ Baseline case: Assuming that no changes will occur in the future, 2009 data was used with the exception of the CO2 emission 

coefficient for electric power used during product use (desalination). The projected 2030 global average electric power 
emission coefficient was used to calculate CO2 emissions in 2030 as the baseline case.

・Compared products: Assessed technology: RO membrane seawater desalination technology
 Reference technology: evaporative desalination technology
 The functions of the water produced are equivalent 
・Temporal and geographic conditions
    CO2 emissions were calculated using data from 2009.
     2009 data was used to calculate CO2 emissions. Global average data projections for 2030, compiled in 2018 based on 

global power mix projections were used to calculate the CO2 emission coefficient for electric power used during product 
use (desalination).

・Effects of global deployment
     Seawater desalination plants are not deployed on a large scale in Japan and the majority of deployment is overseas; and 

therefore, the assessment was performed for global deployment. Data regarding the scale of deployment in 2030 were 
estimated substituting 2030 data with 2020 data (the nearest projections) for the ratio of water recharge/desalination in 2020 
and the projected market scale for the evaporative desalination process, and based on the projected market scale for water 
recharge and desalination in 2030.

    Estimated avoided CO2 emissions by seawater desalination plants constructed globally in 2030 
    ① New global RO membrane desalination capacity in 2030: 2,321,400,000 m3/y
          = RO membrane desalination capacity 6,360,000 m3/day ×365 days /y
    ② Amount of water processed during the service life of 1 RO membrane element: 5,200m3/element/year
          = 26,000m3 (Amount of water processed during the service life (5 years) of 1RO membrane element) ÷ 5 years
    ③ RO membrane element demand: approximately 450
          = 2,321,400,000 m3/y ÷ 5,200m3/membrane elements/y
    ④  Avoided CO2 emissions per 26,000m3 freshwater (amount of water processed during the service life of 1 RO membrane 

element (5 years): 291.5 t-CO2/element 
    ⑤ Avoided CO2 emissions: 131,200,000 t-CO2
          = [Avoided CO2 emissions per 26,000m3 freshwater] × RO membrane element demand 
          = 291.5 t-CO2/elements × 450,000 elements

(3) Other
①  Extent of contribution

  The assessed technology, seawater desalination by means of the RO membrane process is based on RO membrane rejection 
characteristics for ions, salts and other impurities at the molecule level. The RO membrane process uses less energy along its 
entire life cycle compared to the evaporative desalination process; and therefore, it contributes to CO2 emissions reduction. 
However, avoided CO2 emissions are not attributable solely to the chemicals industry but to the entire value chain, including 
raw material procurement, desalination, and disposal.  

②  Points to be noted in assessment
  This case study evaluates a desalination technology using RO membrane elements (processing 26,000m3 during the element 
service life) and an evaporative desalination technology. Future projections were made based on 2030 demand projections 
were estimated from market projections for 2020 and 2030. Based on this avoided CO2 emissions were calculated. Therefore, 
different technologies or equipment with significantly different processing capacities must be assessed individually; and 
avoided CO2 emissions may be varied depending on assessment results.

③  Links to further information
  “Domestic and global life cycle assessment of chemical products -4th edition-” Case study 13 refers to current product.
  https://www.nikkakyo.org/upload_files/global_warming/clca/jirei/4thEdition/CaseStudy13_SeawaterDesalinationMaterial.pdf

④  Verification
  Presented abovementioned report to experts in December 2020 to seek their opinions.

⑤  References
*1: GWI.「GLOBAL WATER MARKET 2017 VOLUME 1: COMPANIES AND MARKETS」(2016), Figure 2.80, Figure2.84  
*2: GWI.「GLOBAL WATER MARKET 2017 VOLUME 1: COMPANIES AND MARKETS」(2016), Figure 2.73

(2) Scope of quantification
Assessed technology: Raw materials/materials > Manufacturing > Sales/Distribution > Use > Disposal & recycling 
Reference technology: Raw materials/materials > Manufacturing > Sales/Distribution > Use > Disposal & recycling 
It was assumed that RO membrane elements would be disposed as industrial waste in order to assess the CO2 emitted during use. 
Waste disposal processes of plant components other than RO membrane elements were not included in the scope of quantification, 
nor was the transportation of material; however, the CO2 emissions from these process are small and ignorable. 

Desalination plant by means of the RO membrane process Japan Chemical Industry Association
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(RO membrane desalination)
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(3) Other

① Extent of contribution
  Using the assessed product reduces the weight of the airframe structure, thus reducing jet fuel consumption during flight 
operation. Lightweight materials are an important key to improving fuel efficiency and contribute to CO2 emission reductions. 
However, avoided CO2 emissions are not attributable solely to the chemicals industry but to the entire value chain, including 
resource and raw material procurement, use, and disposal.  

② Points to be noted in assessment
  This case study assessed aircrafts for which CFRP is used for 50% of the airframe structure (CFRP aircrafts) and those for 
which CFRP is used for 3% of the airframe structure (conventional aircrafts). Avoided CO2 emissions were calculated based 
on 2030 demand forecasts. Therefore, individual assessments are required when the weight, fuel efficiency and/or flight 
frequency differs significantly from the assumed conditions; and calculations results of avoided CO2 emissions may vary 
depending on the assessment results.

③ Links to further information
  “Domestic and global life cycle assessment of chemical products -4th edition-” Case study 14 refers to current product.
  https://www.nikkakyo.org/upload_files/global_warming/clca/jirei/4thEdition/CaseStudy14_AircraftMaterial.pdf

④ Verification 
 Presented abovementioned report to experts in December 2020 to seek their opinions.

⑤ References
*1 Set up based on information provided by airline companies
*2  Ministerial Ordinance Concerning the Useful Life of Depreciable Assets, Appended table 1: Aircrafts, Aircrafts with maximum takeoff weight of more than 

130t (Ministry of Finance) 
*3  Calculated based on Japan Aircraft Development Association (March 2019) “Civil Aviation Organization Data” Chapter II Civil aviation aircraft trends and 

current status
     http://www.jadc.jp/files/topics/39_ext_01_0.pdf
*4  Calculated based on Japan Aircraft Development Association (March 2019) “Civil Aviation Organization Data” Chapter III Demand forecasts
     http://www.jadc.jp/files/topics/85_ext_01_0.pdf

(1) Baseline scenario and assumptions

① Assumptions
· Airframe structure weight Assessed product: 48 tons/aircraft (50% CFRP)
 Reference product: 60 tons/aircraft (3% CFRP)
·  The reference model is a Boeing 767 and the evaluated product is a Boeing 767 with the same aircraft structure as a Boeing  
787 (using CFRP in 50% of airframe structure). 

② Baseline scenario, etc.
· Baseline case: CO2 emissions in 2030 were calculated for the BAU case (using avoided CO2 emissions in 2007).
· Comparison:

 A difference in jet fuel consumption occurs due to the difference in airframe structure weight between the assessed product 
and reference product. Both products are functionally designed to fly the same distance during a given period. 

· Temporal and geographic conditions
Data for 2007 was used to calculate CO2 emissions; and the share of each model in 2018 was used to project demand in 2030.
 Avoided CO2 emissions were calculated for products to be manufactured during the one-year assessment period in 2030, 
assuming that the products are used until the end of their life cycle. The target area was the world.
Target area covers the world (including Japan). Future projections were based on global demand, estimated using  
information on carbon fiber use. The same data was used for domestic and global fuel efficiency during flight operation.  

· Effects of global deployment Estimate of global avoided CO2 emissions in 2030
① Forecasted number of deployment in 2030: 300 aircrafts

  The number of aircrafts is projected based on the current number of Boeing 787 and Airbus A350 aircrafts using CFRP 
in 50% of airframe structure. It was assumed that the assessed product type would account for 18%*3 of all jet aircrafts 
in 2030. The number of assessed jet aircrafts delivered in 2030 is estimated to 1,680, based on a simple annual average 
derived from a total of 35,312 aircrafts*4 to be deliver between 2018 and 2038. 1680 aircrafts×18%≒300 aircrafts.

② Avoided CO2 emissions
  Avoided CO2 emissions per CFRP aircraft × forecasted number of aircrafts introduced 
 = 27kt-CO2/aircrafts × 300 aircrafts = 8,100 kt-CO2

By using carbon fiber reinforced plastics (CFRP), the weight of an aircraft can be reduced while maintaining strength and 

safety, thus reducing jet fuel consumption during flight operations. This case study compares aircrafts for which CFRP is 

used for 50% of the airframe structure and those for which CFRP is used for 3% of the airframe structure. The Flow Base 

Approach was used to calculate global avoided emissions by products to be manufactured during the assessment period 

of one year in 2030, assuming that the products are used until the end of their life cycle. Avoided emissions were calculated 

to be 8,100,000  t-CO2.

Assessed product: Aircraft using CFRP in 50% of airframe structure

Reference product: Aircraft using CFRP in 3% of airframe structure 

Quantification results of avoided emissions

Assessed product Reference product

CO2 emissions from raw materials to material manufacturing stage  (kt-CO2 /aircraft) 0.9 0.7

CO2 emissions from aircraft assembly stage  (kt-CO2 /aircraft) 3.0 3.8

In-use stage of 
aircraft

Actual aircraft fuel efficiency  (km/kl-jet fuel) 110 103

Lifetime flight distance  (miles) 500 miles × 20,000 flights

Lifetime jet fuel consumption  (kl/aircraft) 145,500 155,300

CO2 emissions during jet fuel combustion *1  (kg-CO2 /l) 2.5 2.5

CO2 emissions at in-use stage (kt-CO2 /aircraft ·10years*2) 364 390

CO2 emissions at disposal stage  (kt-CO2 /aircraft) No Data No Data

CO2 emissions from entire life cycle (kt-CO2 /aircraft ·10years*2) 368 395

avoided CO2 emissions (kt-CO2 /aircraft ·10years*2) ▲27

CO2 emissions per aircraft and avoided CO2 emissions (product lifetime: 10 years)

· Avoided CO2 emissions: 395kt-CO2/aircraft - 368kt-CO2/aircraft = 27kt-CO2/aircraft
· Estimated global avoided CO2 emissions in 2030
   Forecasted number of aircrafts introduced: 300 aircrafts 
  Avoided CO2 emissions : 27kt-CO2/aircraft × 300  aircrafts = 8,100 kt-CO2

(2) Scope of quantification

Assessed product: Raw materials/materials > Manufacturing > Sales and distribution > Use (Aviation) > Disposal/recycling
Reference product: Raw materials/materials > Manufacturing > Sales and distribution > Use (Aviation) > Disposal/recycling
The raw material manufacturing to component manufacturing, aircraft assembly, and in-use (aviation) stages were included in 
the assessments made for both the assessed product and reference product. The disposal stage was excluded from calculations due 
to lack of performance data. 
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Japan Chemical Industry AssociationAircraft that use plastics reinforced with carbon fiber
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Summary

1) Manufacturing stage
① Actual emissions in 2017

・Relative to 1990: ((1 – 608.6 ÷ 664.2) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 555,631 t-CO2
・Relative to 2005: ((1 – 608.6 ÷ 638.8) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 313,800 t-CO2
・Relative to 2013: ((1 – 608.6 ÷ 616.4) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 =  83,993 t-CO2
② 2020 projections

・Relative to 1990: ((1 – 602.4 ÷ 664.2) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 617,367 t-CO2
・Relative to 2005: ((1 – 602.4 ÷ 638.8) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 377,991 t-CO2
・Relative to 2013: ((1 – 602.4 ÷ 616.4) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 150,517 t-CO2
③ 2030 projections

・Relative to 1990: ((1 – 581.8 ÷ 664.2) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 823,157 t-CO2
・Relative to 2005: ((1 – 581.8 ÷ 638.8) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 591,963 t-CO2
・Relative to 2013: ((1 – 581.8 ÷ 616.4) × (5,814,270 × 740 + 3,891,714 × 600)) ÷ 1,000 = 372,265 t-CO2

calculations results are provided below.

2) Transport stage
・ CO2 emissions from transport sector = 508,000 t-CO2
     (based on Japan Paper Association follow-up results under JPA’s Committed Action Plan for a Low Carbon Society
    (performance in FY2016) 
・Total production of paper and paperboard by member companies of the Japan Paper Association in FY2017 = 23,431,585 t
① Actual emissions in 2017

・Relative to 1990: ((1 – 608.6 ÷ 664.2) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 17,615 t-CO2
・Relative to 2005: ((1 – 608.6 ÷ 638.8) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 =   9,948 t-CO2
・Relative to 2013: ((1 – 608.6 ÷ 616.4) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 =   2,663 t-CO2
② 2020 projections

・Relative to 1990: ((1 – 602.4 ÷ 664.2) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 19,572 t-CO2
・Relative to 2005: ((1 – 602.4 ÷ 638.8) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 11,983 t-CO2
・Relative to 2013: ((1 – 602.4 ÷ 616.4) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 =  4,772 t-CO2
③ 2030 projections

・Relative to 1990: ((1 – 581.8 ÷ 664.2) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 26,096 t-CO2
・Relative to 2005: ((1 – 581.8 ÷ 638.8) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 18,767 t-CO2
・Relative to 2013: ((1 – 581.8 ÷ 616.4) × (5,814,270 + 3,891,714)) ÷ 23,431,535 × 508,000 = 11,802 t-CO2

calculations results are provided below.

(3) Calculation process

(2) Scope of quantification

The case study covered industry-wide (including non-member companies) reductions at the manufacturing, sales and distribution 
stages of corrugated sheets. 

(1) Baseline scenario and assumptions

1) Average amount of containerboard used in unit corrugated sheet
1990: 664.2 g/m2

2005: 638.8 g/m2

2013: 616.4 g/m2

2017: 608.6 g/m2

2020 projections: 602.4 g/m2(664.2 –   3 × (664.2 – 608.6) ÷ 27)
2030 projections: 581.8 g/m2(664.2 – 13 × (664.2 – 608.6) ÷ 27)
Reductions were calculated relative to baseline years 1990, 2005 and 2013. 

2) CO2 emission intensity
　  (based on Japan Paper Association LCA Subcommittee: “Life cycle CO2 emissions of paper and paoerboard” (March 2011)
　・Linerboard: 740 CO2-kg/ton-product　　・Corrugating medium: 600 CO2-kg/ton-product

3) Production amount of  raw material for corrugated sheets 
　  (based on actual industry-wide performance in 2017, including non-member companies)
　・Linerboard: 5,814,270 t　　　　　　　 ・Corrugating medium: 3,891,714 t

The paper manufacturing industry contributes to reducing CO2 emissions at the manufacturing and transport stages by 

producing light-weight corrugated sheets, from which corrugated boxes are made. Avoided reductions were estimated for 

actual performance in 2017 and projections for 2020 and 2030, relative to the baseline years of 1990, 2005 and 2013. In  

2017, 573,000 tons of CO2 emissions were reduced from 1990 baseline levels, 324,000 tons from 2005 baseline levels, 

and 87,000 tons compared to actual emissions in 2013. 

Quantification results of avoided emissions

CO2 emission reductions at the manufacturing and transport stages

CO2 emission reductions (10,000 t)
Baseline year Actual emissions in 2017 2020 projections 2030 projections

1990 57.3 63.7 84.9
2005 32.4 39.0 61.1
2013   8.7 15.5 38.4

CO2 emission reductions (10,000 t)
Baseline year Actual emissions in 2017 2020 projections 2030 projections

1990 55.6 61.7 82.3
2005 31.4 37.8 59.2
2013 8.4 15.1 37.2

1) Manufacturing stage
CO2 emission reductions (10,000 t)

Baseline year Actual emissions in 2017 2020 projections 2030 projections
1990 1.8 2.0 2.6
2005 1.0 1.2 1.9
2013 0.3 0.5 1.2

2) Transport stage
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CO2 emission reductions at the manufacturing and transport stages

Corrugated sheets

Corrugated boxes

Japan Paper AssociationCorrugated sheet
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Summary (1) Baseline scenario and assumptions

Actual CO2 emissions in FY2013 (7,944t-CO2), the baseline for Japan’s FY2030 emissions reduction target, was 

used as baseline emissions.

In October 2014, Hyogo Pulp Industries, Ltd. replaced its conventional wet pulp machine with a pulp drying machine. 

Compared with conventional wet pulp (around 50% moisture content), dry pulp (around 10% moisture content) contains 

less moisture and is smaller in volume, and thus features higher transport efficiency.  Therefore, transporting one bale of 

dry pulp  is equivalent to transporting two bales of wet pulp. This has reduced transport-related CO2 emissions as a Known 

Shipper from  7,944t/yr in 2013 to 4,791t/yr in 2017 (with a difference of 3,153t/yr).

Quantification results of avoided emissions

Note: Subcontracted transport refers to transport subcontracted to a transport service provider.    
  The ton-kilometer method calculates energy use by multiplying the quantity of freight transport by the energy use intensity  

specific to the shipping mode as provided under the Law Concerning the Rational Use of Energy.
  The fuel consumption method calculates energy use by multiplying the amount of fuel consumed by vehicles, etc. by unit heat 

value. 
 The fuel efficiency method calculates energy use by multiplying the fuel efficiency of vehicles, etc. by the distance travelled.
  There are no CO2 emissions from product transport by ship in 2017 due to the cancellation of product transactions with customers 

to whom products were delivered by ship. 

CO2 emissions (t-CO2)

No. Category Measurement method FY2013 FY2017
1 Subcontracted transport Cargo vehicles (Raw material transport) Ton-kilometer 128 506 
2 Subcontracted transport Cargo vehicles (Product transport) Ton-kilometer 7,595 4,156 
3 Ships (Product transport) Fuel consumption 31 0 
4 Ships (Product transport) Ton-kilometer 72 0 
5 Subcontracted transport Cargo vehicles (Industrial waste transpor) Fuel consumption 119 129 

Total 7,944 4,791 

(3) Features of dry pulp

① High transport efficiency 

  Since dry pulp contains less moisture than wet pulp, transporting one bale of dry pulp is equivalent to transporting 

two bales of wet pulp. Reductions in CO2 emissions during transport will contribute to global warming prevention.

② Wide shipping area

  Lowering moisture content reduces risks of mold or freezing, therefore enabling shipping to distant destinations, 

including overseas.

③ High storage efficiency

  Dry pulp can be stored over the long term without degrading. It can also be stored in small spaces.

(2) Scope of quantification

In accordance with the items to be reported by Known Shippers under the Law Concerning the Rational Use of 

Energy, the scope of quantification is as follows:

Pulp drying machine
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Avoided emissions of 3,153 t-CO2 
(t-CO2/year)

7944

4791

1 Cargo vehicles for subcontracted transport 
   (raw materials) / ton–kilometer method

2 Cargo vehicles for subcontracted transport 
   (products) / ton-kilometer method

3 Ships (products) / fuel consumption method

4 Ships (products) / ton-kilometer method

5 Cargo vehicles for subcontracted transport
   (industrial waste) / fuel consumption method

Transport-related CO2 emissions (t/yr) as a Known Shipper

Use
(Customers) 

Disposal/recycling 
(Waste treatment 

businesses)
▶ ▶

Raw materials/
materials

(Suppliers) 

Manufacturing 
(Hyogo Pulp) 

Sales
(Dealers / trading 

companies) 

Transport
(Transport service 

suppliers)
▶ ▶ ▶

★Improvements in manufacturing processes

☆Reductions in transport-related CO2 emissions

comparison in 1 bale (air-dried weight)

wet pulp      125kg         double

dry pulp                                     250kg

※ �air-dried weight: transaction weight 
which include 10% moisture content in 
1 bale

Hyogo Pulp Industries, Ltd.Unbleached kraft pulp

Use Disposal/recyclingRaw materials/materials DistributionManufacturing
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Summary (1) Baseline scenario and assumptions

① Baseline scenario, etc.
·  By elongating the length per roll of toilet roll, the number of cores can be reduced, thus reducing the number 

of cores disposed. Furthermore, while the packing film needs to be thicker, it becomes smaller, therefore 
reducing the weight per meter and this the amount of packing film waste. Likewise, the cardboard used for 
packing can also be reduced. Furthermore, the increase in volume per meter contributed to reducing the amount 
of CO2 emitted during transportation (because more can be transported at a time compared to the conventional 
roll.) 

·  With the Crecia’s 12-roll package product serving as the baseline, the rate of CO2 emissions reductions was 
calculated based on calculations of CO2 emissions from materials and CO2 emissions from transportation (load 
weight/distance). 

·  CO2 emissions were calculated and compared based on materials (core, film, paper/carboard packing) and 
transportation (tonnes-kilometer).

② Sources of CO2 emission intensity:
·  Craft paper (raw material and manufacturing) carbon intensity: Japan Paper Association figure 1.37kg-CO2/

kg-product
·  Carbon intensity of film (LDPE) manufacturing: Plastic Waste Management Institute figure 1.52kg-CO2/

kg-product
·  Carbon intensity of film (PE) disposal: theoretical figure (2CO2/C2H4: PE) 3.1kg-CO2/kg-product
·  Core (premium grade paper) carbon intensity: Japan Paper Association 1.47kg-CO2/kg-product
·  Cardboard carbon intensity: METI information on containers and packaging recycling: 0.8kg-CO2/kg-product 

(liners); 0.6kg-CO2/kg-product (fluting)

③Calculation method:
·  CO2 emissions from film are calculated based on incineration, while incineration has not been considered 

for cores and cardboard from a carbon neutrality viewpoint. 
·  Recycling rates have not been considered.

④Other
·  The reduction rate does not change on an year-on-year basis because it is calculated based on CO2 emissions 

per product package.

“Reducing waste by elongating toilet roll and thus reduction of packaging material”: 

By becoming an industry pioneer in elongating all products, containers and packaging, such as toilet roll cores, packaging 

films, cardboard boxes, etc., have been reduced, thus reducing waste and CO2 emissions.

“Reducing plastic waste by shifting to paper packaging”:

Under the Nippon Paper Group Paper Solution Concept “Let paper do what it can do” film packaging was replaced with 

craft paper, thus reducing plastic waste and CO2 emissions.

Quantification results of reduction emissions

(3) Other

·  Crecia’s slogan, “Good Health Always” means protecting life. This leads to protecting human life and life on 
Earth. One of our solutions is becoming an industry pioneer in shifting all our conventional 12 roll package 
products to long-length toilet rolls.

·  Generally, long-length toilet roll products were limited for household use due to their quality – hardness and 
thinness. Crecia has developed and improved our manufacturing technologies to elongate toilet rolls without 
compromising the paper quality. Our long-length products have gained recognition among consumers and have 
thus become widely consumed.

·  This has been a sustainable effort that is good for all parties – consumers, distribution, manufacturers, and the 
global environment. Not only have we been able to reduce packaging material, for customers, long-length 
toilet rolls need to be changed less frequently, are easier to carry, and require less space for storage. This 
has increased the space efficiency at retail stores. They have also contributed to improving the transport efficien-
cy and thus reducing costs and CO2 emissions. The products have evolved into “valuable products that lead 
lifestyle change and contribute to the global environment.”

(2) Scope of quantification

MRO procurement for toilet rolls (cores, cardboard, packaging film)
Reducing waste by elongating toilet roll and thus reduction of packaging material:

Fiscal year
FY2018 FY 2019 FY2020

Product type

Core 354.1t 530.3t 642.5t

Film 17.8t 24.4t 29.8t

Cardboard 205.0t 226.6t 256.4t

Rate of CO2 reductions per pack:  -40.3% CO2 from raw materials; -43.0% CO2 from transportation; -40.6% CO2 in total 
(raw materials and transportation, collectively) (Comparison of 3times long 4 rolls package and conventional 12 roll 
package manufactured by Nippon Paper Crecia)

Reducing plastic waste by shifting to paper packaging:
Rate of CO2 reduction per pack:  -44.9% CO2 from raw materials; -43.0% CO2 from transportation; -44.7% CO2 in total 
(raw materials and transportation, collectively) (Comparison of conventional 12 roll package manufactured by Nippon 
Paper Crecia)

As of March 31, 2021, Crecia ended production of the conventional 12 roll package and shifted all production to 
long-length toilet paper rolls from April. 

<Paper-packaged product> Scottie Natural 3 times long 4roll 2ply (fragrance-free)
*Filmless paper packed toilet rolls (released nationwide in February 2022)
 Environment-friendly FSC-certified paper is used in toilet rolls and craft paper.

1.5 times long 2 times long 3 times long

NIPPON PAPER CRECIA CO., LTD.Waste and CO2 reduction by long length toilet roll and paper packing toilet roll

Reduction of MRO procurement, improvement of transport efficiency, waste reduction

New in the fifth edition
UseRaw materials/materials Disposal/recyclingSales/DistributionManufacturing
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Summary

Quantification results of avoided emissions

Electrical and electronics industries contribute to global warming prevention by providing technologies as well as products and services 
that achieve energy savings and low-carbonization in cooperation with other actors in various sectors of society. 
The Liaison Group of Japanese Electrical and Electronics Industries for Global Warming Prevention has formulated methodologies for 
calculating avoided CO2 emissions, and publishes assessment results under the Carbon Neutrality Action Plan (as of December 2022, 
methodologies have been formulated for 24 products and services/solutions, and components).

(2) Scope of quantification
This case study covered avoided CO2 emissions at the product 
use stage and solution use stage, because electronic and electrical 
products being durable consumer goods, they emit the most CO2 
when in use, which has also been proven true in assessments of life 
cycle CO2 emissions. Another reason is that users and customers 
can contribute to reductions when they use products. The concept 
of the “Accumulation Method”(iv) is provided below:

 ■  Assessment year: “products’ annual GHG emissions reduction”
Under the Commitment to a Low Carbon Society, assessment 
are performed for on year in the annual follow-up. 

 ■  Operational years: “Products’ lifetime GHG emission reduction”
The length of product lifetimes is determined separately for each assessed product, in accordance with law and systems, legal 
service life of major models, and industry averages.

(iv) Based on IEC TR 62726 (2014) Ed 1.0 Guidance on quantifying  greenhouse gas emission reductions from the baseline for electrical and electronic products 
and systems, 6.10.3 Accumulation method

Figure 4. Accumulation method

(1) Baseline scenario and assumptions
Focusing on energy-intensive products and solutions that have become widely used but are expected by society to undergo continued 
efficiency improvements (technology development) (e.g. target products of the Top Runner program under the Law Concerning the 
Rational Use of Energy) under the Commitment to a Low Carbon Society, which is currently promoted by the Liaison Group of 
Japanese Electrical and Electronics Industries for Global Warming Prevention, the Liaison Group formulated methodologies for 
calculating avoided CO2 emissions, with a view to reducing energy consumption by users and consumers when a product is in use.

 ■ Avoided emissions of major products(i)

The baseline scenario is approached as follows: 
Performance standard procedure
— Comparisons with standards stipulated in law and regulations or  

industry average.
Project specific procedure 
— Comparisons with specific products or systems that are replaced 

with the assessed product.
(i)  The approach taken determining the baseline scenario follows “Determining 

the baseline scenario” in IEC TR 62726 (2014) Ed 1.0 Guidance on quantify-
ing greenhouse gas emission reductions from the baseline for electrical and 
electronic products and systems. Individual methodologies are disclosed on 
the website of Effective Action on Global Warming Prevention by Japanese 
Electrical and Electronics Industries. 

    http://www.denki-denshi.jp/implementation.php

The methodologies for calculating avoided emissions of other 
products, such as semiconductors, electronic components, and IT 
solutions (Green by IT) are provided below.
 ■ Avoided emissions of semiconductors and electronic components (electronic devices) (ii)

Avoided emissions were calculated by estimating the contribution ratio of semiconductors and electronic components, using the 
cost to value ratio of value-added of components and finished products estimated based on the value of inter-industry transactions 
/value-added provided in the inter-industrial table (Input-Output Table).
(ii)  In order to claim that avoided emissions constitute a part of the group of products covered by the Carbon Neutrality Action Plan, avoided emissions should be 

calculated in accordance with the guide to calculation methodologies issued by JEITA Semiconductor Board and Electronic Component Board. Calculation  
methodologies for components  are disclosed on the website of Effective Action on Global Warming Prevention by Japanese Electrical and Electronics Industries. 
Also, JEITA published Guidance on Calculating GHG Emission Reduction Contributions of Electronic Components in July 2022. : https://home.jeita.or.jp/
page_file/20220701155950_inu5STAJCN.pdf

 ■ Avoided emissions through IT solutions (Green by IT) (iii)

Social contributions using IT solutions are calculated by determining appropriate scenarios (derived from changes seen in 
scenario factors) that represent emissions before and after introducing the solution

(iii)  JEITA Green IT Promotion Council has formulated methodologies for calculating avoided emissions, including determining baselines, and has made them 
available on their website: https://home.jeita.or.jp/greenit-pc/activity/reporting/110628/pdf/survey02.pdf

A product’s rate of operation (capacity factor) should be also considered when calculating 
avoided emissions.

Figure 3. Baseline Scenario

Figure 2. Avoided CO2 emissions in domestic markets (examples) (10,000 t-CO2) 

Household appliances*
(TV set, refrigerators, air 
conditioners, lighting 
appliances (LED), LED bulbs)

BAU emissions: around 614
Avoided emissions:
                            around 85

Residential
 Sector

Avoided 
emissions:
around 66

High efficiency thermal
BAU emissions: around 539

Power generation
Energy 
Conversion 
Sector

Renewable
(solar, geothermal)
BAU emissions: emissions 
from thermal when replaced

Avoided 
emissions:
around 69

IT products** Commercial,
Transportaion 

Sector(Magnetic disk devices , 
routing equipment, switching 
equipment, multifunctional 
copiers, printers, data 
centers)

BAU emissions: around 97
Avoided emissions:
                          around 73

Industrial appliances Industrial 
Sector

(Motors, transformers)

BAU emissions:
　　 　　around 479

Avoided emissions:
                   around 6

Target product category
Avoided emissions of 

newly built facilities and 
products shipped in 

FY2021 (one year period) 

Cumulative (operational lifetime) 
avoided emissions of newly built 
facilities and products shipped in 

FY2021 (one year period) 
Power generation 135 4,027 (569)

Household appliances 103 1,196 (202)
Industrial equipment 6 99 (8)

IT products and solutions 73 363 (128)

Table 2. Avoided CO2 emissions in domestic markets (10,000 t-CO2)

Calculation of avoided emissions:
In accordance with the methodologies formulated by the Liaison Group of Japanese Electrical and Electronics Industries for Global Warming Prevention, efforts made by member companies participating 
in the Carbon Neutrality Action Plan were aggregated and assessed. The values in round brackets represent avoided emissions achieved by semiconductors and electronic components. Estimates were with 
consideration of the contribution ratio derived from the inter-industry table. Due to the rounding of values, totals may differ from the sum of categories.

Target product category
Avoided emissions of 

newly built facilities and 
products shipped in 

FY2021 (one year period) 

Cumulative (operational lifetime) 
avoided emissions of newly built 
facilities and products shipped in 

FY2021 (one year period) 
Power generation 69 2,054 (258)

Household appliances
*summed only 

contribution of TV set
58 581 (193)

IT products and 
solutions 635 3,174 (1,195)

Table 3. Avoided CO2 emissions in overseas markets (10,000 t-CO2)

Other than the above: Avoided emissions from new installations and shipped products in FY2021
(one year); IT solution: 100,000 t-CO2

Table 1. Methodologies to calculate avoided CO2 emissions formulated by the Liaison Group of Japanese Electrical and Electronics Industries for Global Warming Prevention
Category Product Baseline (reference)

Power generation Thermal power (coal) Average performance of existing power plants
Thermal power (gas) Average performance of existing power plants
Nuclear power Regulated power supply (thermal average)
Geothermal power Regulated power supply (thermal average)
Solar power Regulated power supply (thermal average)

Household appliances TV set, electric refrigerator (for household use), 
air conditioners (for household use), lighting appliances (LED) Top Runner standards

LED bulbs Industrial average for baseline year (reference to Top Runner standard)

Residential fuel cell systems Regulated power supply (thermal average)
Gas-fired water heaters (city gas)

Heat pump water heaters Gas-fired water heaters (city gas)

Industrial appliances
Three-phased induction motors
Transformers Top Runner standards

IT products Servers, magnetic disk devices, routing equipment, 
switching equipment Top Runner standards

Multi-function copiers/printers, client computers Industry average for baseline fiscal year
Data centers Industry average for baseline fiscal year

IT solutions 
Green by IT

Remote meetings 
Digital tachographs Before introducing solution (service)

Methodologies have been formulated for 24 target products and services/solutions as of December 2022

* Avoided CO2 emissions of household appliances are represented in the figure by emissions avoided by the 5 products (using the same baseline scenario : performance standard procedure).
** Avoided CO2 emissions of IT products and solutions are represented in the figure by emissions avoided by IT products (using the same baseline scenario : performance standard procedure).

Figure 1. Contributions by electrical and electronics industries to collaboration among actors toward a low carbon society 

Liaison Group of Japanese Electrical and Electronics Industries for Global Warming PreventionContribution to CO2 emission reductions by energy efficient products and services 
in Japanese Electrical and Electronics industries

Updated in the second, third, fourth, and fifth editions
Sales/Distribution Disposal/recyclingRaw materials/materials UseManufacturing
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Summary (1) Baseline scenario and assumptions

・The value for overseas sales was derived from published data from a private research company.

・  The fuel economy ratio between conventional vehicles and hybrid vehicles was calculated based on the fuel  

economy ratio of the 16 models that have both conventional and hybrid versions under the same model.

・The fuel economy of conventional vehicles (7.5L/100km) was derived from the average of US models.

・  Average annual mileage and average vehicle lifetimes were calculated based on published values by EPA and 

Ricardo.

・  Overseas avoided emissions were calculated by the Japan Automobile Research Institute based on various statistics.

(3) Data source

(2) Scope of quantification

CO2 emissions from a vehicle in use is the major part in vehicle’s life cycle processes; and therefore, avoided emissions 

at the in-use stage were calculated in this case study.

Baseline :   CO2 emissions from conventional gasoline and diesel vehicles assuming that electric-powered vehicles 

have not been sold or widely deployed since 2000.

Scenario :   The difference between CO2 emissions from electric-powered vehicles and conventional vehicles was 

calculated based on cumulative mileage through vehicle life, and added up for electric-powered vehicles 

sold overseas from 2000 through 2021.

Conditions :   The year 2000, when Japanese automobile manufacturers first sold hybrid vehicles overseas, was 

designated the reference year. 

Conditions for calculation: 

  The CO2 emissions ratio between conventional vehicles and hybrid vehicles is 1.58 : 1 (average of 16 

major models)

 Electric vehicles and fuel cell electric vehicles emit zero CO2.

 The fuel economy of conventional vehicles is 7.5L /100 km.

 The EV driving ratio of plug-in hybrid vehicles is 0.5.

 Annual mileage and vehicle lifetime values were derived from published government data, etc. 

  Overseas avoided emissions were calculated based on overseas sales of Japanese brand hybrid vehicles, 

plug-in hybrid vehicles, electric vehicles, and fuel cell electric vehicles.

Quantification results of avoided emissions

CO2 emission reductions at the in-use stage of electric-powered vehicles sold overseas

Cumulative reductions from 2000 through 2021: 76.82 million tons

Electric-powered vehicles have become widely deployed; and therefore, cumulative avoided emissions follow a quadratic 

curve, promising deep reductions in the long term. 

The automobile industry is engaged in reducing CO2 emissions through the introduction of electric-powered vehicles 
(HEV, PHEV, EV, FCEV), which are highly energy efficient in use. Electric-powered vehicles feature better fuel economy 

performance compared to conventional gasoline and diesel vehicles, and can therefore serve to reduce CO2 emissions. 

This case study calculated cumulative CO2 emissions collectively avoided through vehicle life at the in-use stage of all  

electric-powered vehicles sold overseas from 2000 through 2021 by Japanese manufacturers. 

*HEV: hybrid vehicle; PHEV: plug-in hybrid vehicle; EV: electric vehicle; FCEV: fuel cell electric vehicle
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Summary (1) Baseline scenario and assumptions

Using CASBEE assessment methods, this case study quantified annual CO2 emissions from energy consumption from building operations after 
completion of construction. Emissions were calculated for the reference building (comparable with minimal energy saving standards) as well as for  
design-build projects by member companies of the Japan Federation of Construction Contractors.

(2) Scope of quantification

(3) Other
① Contribution ratio

 Designing energy-efficient buildings will contribute to CO2 emission reduction on the part of all companies using buildings. 

② Points to be noted in assessment
・ The assessment methodologies for building energy saving performance conducted upon applying for building verification under the Building 

Energy Efficient Act were significantly changed from FY2014; and therefore, the rate of reductions dropped drastically after FY2014. (This is 
not because the designed performance of the building itself was lowered.)
・ Estimates of CO2 reductions were extrapolated to the entire Japan Federation of Construction Contractors (55-60 members companies 

participate in the Construction Headquarter Committee) by using the ratio between total design-build project amount of member companies of 
the Construction and Design Committee (around 30 companies) and the amount of all design-build projects of the Japan Federation of 
Construction Contractors (Construction Headquarter Committee members: 55-60 companies) as a whole.

③ Links to detailed information
・ Japan Federation of Construction Contractors, Construction Headquarters, Sustainable architecture website “2017 Energy Saving Plan and 

repost on CASBEE implementation status” https://www.nikkenren.com/kenchiku/sustainable_2017.html 
・ Ministry of Land, Infrastructure and Transport website on Building Energy Efficiency Act: http://www.mlit.go.jp/jutakukentiku/jutakukentiku_

house_tk4_000103.html 

Quantification results of avoided emissions

・ CO2 emission reductions at the building operation stage attributable to the energy-saving design of design-build buildings covered by 
the entire JFCC varies from year to year depending on the number of contracts and differences in performance levels. Estimates show 
that a maximum of 256,000 t-CO2 have been reduced annually, with an average of 194,000 t-CO2 per year during the assessed period. 
・ The rate of reduction from the baseline case continues to improve annually, despite a significant drop in FY2014 due to changes made 

to energy saving performance assessment methods. The reduction rate for three recent years ranged from 27% to 29%. 

CO2 emissions from energy consumption associated with the operation of buildings account for a significant percentage of life cycle CO2 
emissions of a building. Therefore, the building section of member companies of the Japan Federation of Construction Contractors (JFCC) 
contribute to CO2 emissions reduction by taking orders for design-build projects, and designing buildings with high energy-saving 
performance. The baseline was calculated by assuming that all buildings built during a fiscal year met minimal energy-saving standards. 
Annual CO2 emission reductions at the in-use stage of buildings were calculated according to the fiscal year in which buildings were 
designed by surveying and summing the performance of building actually designed by member companies, and compared with the 
baseline.
Member companies of JFCC (around 30 companies) were surveyed regarding building design projects exceeding a total area of 2,000m2 

which they have registered pursuant to the Building Energy Efficiency Act. Energy saving performance of buildings in operation were 
estimated based on survey results, including the assessed value of energy saving performance and the assess value based on CASBEE 
(Comprehensive Assessment System for Built Environment Efficiency). This estimate was used to estimate by extrapolating CO2 emission 
reductions due to the promotion of energy-saving designs in design-build projects of all JFCC member companies (55-60 companies).

① Assumptions
・�Assessed design-build projects   Used data for the floor area and uses of buildings actually designed each year
・�Energy-saving performance of designed building

Used data for projects covering total area of at least 2,000m2 and registered pursuant to the the Building Energy Efficiency Act (site, use, 
area, PAL* values, BPI values, BEI values) and indices used in CASBEE assessment. (In FY2016, analysis was based on 604 projects 
required to submit energy efficiency plan.)

・�Assessed phase    Only CO2 emissions attributable to energy consumption at the building operation stage
② Baseline scenario, etc.
・�Baseline case: For each fiscal year, design-build projects designed with energy efficiency levels that are comparable with minimal energy 

saving standards are designated the baseline case, based on which CO2 emissions are calculated. Therefore, the baseline case varies from 
year to year, and the variation is largely affected by the floor area and uses of the building.
・�Durable life (Building lifetime)

The durable life was not determined as this case study assesseed only annual CO2 emissions from energy consumption at the in-use stage, 
instead of cumulative life cycle emissions. 

・�Temporal conditions
The use and floor-area of the designed building that is used in calculating CO2 emissions differs from year to year as the values represent 
actual design-build projects. CASBEE assessment methods and energy-saving standards are derived from these standards of the year when 
the building was designed. However, the CO2 emission factor for electric power from CASBEE 2008 has been continually used in order to 
eliminate impacts from energy supply side. 

・�Geographical conditions 
CASBEE covers domestic activity and this case study employs Japanese energy saving standards, and thus covers only Japan. 

Illustrated process of calculating CO2 emissions at the operation stage of new buildings under CASBEE
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CO2 emissionsCO2 emission 
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Rate of CO2 
reductions

Change in 
statutory standards

FY of 
design

Estimated CO2 emission (10,000t-CO2)
Rate of 

reductionBaseline 
emissions

Total emissions 
by JFCC 
members

Reductions

2008 79.1 56.2 22.9 29%
2009 53.2 37.9 15.3 29%
2010 63.2 42.6 20.6 33%
2011 47.0 30.6 16.4 35%
2012 47.3 30.0 17.3 37%
2013 66.9 41.3 25.6 38%
2014 52.3 38.3 14.0 27%
2015 60.1 43.1 17.0 28%
2016 87.7 62.0 25.7 29%

Estimated CO2 emission reductions achieved by 
JFCC member-built design-build buildings in operation

Convert from primary energy to CO2, using ratios based on statistical values

Convert from primary energy to CO2, using ratios based on statistical values

◯ CO2 reduction rate
Building CO2 reduction rate = Building energy-saving rate × CO2 conversion factor by use
CO2 conversion factor by use = ∑ Primary energy share by energy type by use × CO2 emission factor by energy type

by energy type

Shown as conceptual formulas
Calculations are based on CASBEE assessment methods

◯ Energy-saving rate
Building energy-saving rate = 1 − (Building energy index (BEI) −  ) × Coefficient adjusted in accordance with 

efficient building operations (CASBEE LR1-4)

Amount of natural energy used directly by building (CASEBEE LR1-2)

Reference primary energy consumption intensity by use / scale 
(CASEBEE LCCO2)

◯ Energy-saving rate and reference primary energy consumption intensity for all projects
Energy-saving rate by use = ∑ Building energy-saving rate × Reference primary energy consumption intensity by use/scale × Total floor area of building

use

 ∑ Reference primary energy consumption intensity by use/scale × Total floor area of building
use

Reference primary energy consumption intensity by use = ∑ Reference primary energy consumption intensity by use/scale × Total floor area of building
use

use
 ∑ Total floor area of building

◯ Energy-saving rate and reference primary energy consumption intensity by use

All uses
 Energy-saving rate for all projects = ∑ Reference primary energy consumption intensity by use/scale × Sum of total floor area by use

 ∑ Reference primary energy consumption intensity by use/scale × Sum of total floor area by use
All uses

All uses
 ∑ Sum of total floor area  by use

All uses
Reference primary energy consumption intensity for all projects = ∑ Reference primary energy consumption intensity by use/scale × Sum of total floor area by use

Japan Federation of Construction Contractors Energy-efficient building design in design-build projects by member 
companies of the Japan Federation of Construction Contractors 

Construction DemolishmentPlan OperationDesign
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A: CO2 emissions attributable to tyres in 2006 at in-use stage (233.8kg/tyre) × number of tyres sold in 2006
B: CO2 emissions attributable to tyres in 2006 at in-use stage (233.8kg/tyre) × number of tyres sold in 2020
C: CO2 emissions attributable to tyres in 2020 at in-use stage (196.6kg/tyre) × number of tyres sold in 2020 

Quantification results of avoided emissions

(2) Scope of quantification

CO2 emissions along the life cycle (raw material procurement, manufacturing, distribution, in-use, disposal/recycling) 

of tyres are largest at the in-use stage, accounting for more than 80% of total emissions. Therefore, emissions were 

quantified only at the in-use stage.

The survey covered all tyres for passenger vehicles sold domestically in 2020 by member tyre manufacturers 

(Bridgestone Corporation, Sumitomo Rubber Industries, Ltd., The Yokohama Rubber Co., Ltd., and Toyo Tire 

Corporation). CO2 emissions from tyres in use (total lifetime emissions) were calculated using the rolling resistance 

coefficient and the number of tyres sold. 

(1) Baseline scenario and assumptions

The tyre industry launched a “tyre labeling system” in 2010.

As this study aims to reveal the effects of the labeling system, it designated the year 2006, before the system was 

launched (and when emissions can be quantified), as the baseline year. 

Reduced CO2 emissions are quantified every four years, taking product life cycle into consideration. Most recently, 

JATMA published the data of 2020. The reduction amount was estimated based on the actual sales and performance 

data.

Calculations are conducted in accordance with The Japan Automobile Tyre Manufacturers Association, Inc.

 “Tyre LCCO2 calculation guidelines ver. 3.0”.

Detailed information can be found at:

The Japan Automobile Tyre Manufacturers Association, Inc. website: 

https://www.jatma.or.jp/english/environment_recycle/globalwarming.html#CalculationofCO2EmissionReductions

The tyre industry has been engaged in efforts to commercialize and to promote the wide use of low rolling resistance tyres.

Reducing the rolling resistance of tyres leads to improved fuel efficiency in automobiles, thus reducing CO2 emissions 

from automobiles. A survey of CO2 emissions attributable to tyres at in-use stage was conducted for all passenger vehicle tyres 

sold domestically by member tyre manufacturers in 2020 and revealed that compared to 2006 levels, 2.825 million tons of 

CO2 emissions had been reduced in total, by the reduction of 37.2 kg-CO2 (15.9%) per tyre.
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B: CO2 emissions attributable to tyres in 2020, estimated based on product lineup in 2006 
    (assuming no progress in reducing rolling resistance) 

C: CO2 emissions attributable to tyres  in 2020, 
     estimated based on actual product lineup
     (with an increased number of low rolling 
      resistance tyres) in 2020

21.701 
million t

17.755 
million t

14.930 
million t

（3）Other (tyre labeling system)

Labels are presented in a way that users are encouraged to select “fuel efficient tyres”. 

A “fuel efficient tyre” is the tyre with a grading of “AAA” “AA” or “A” for rolling resistance performance and “a” “b” 

“c” or “d” for wet grip performance. 

“fuel efficient tyre” label. 

Rolling resistance performance

Wet grip performance

Example of tyre label

Reduced CO2 emissions attributable to tyres at in-use stage (Total per year)

20202006

233.8
kg

196.6
kg

Reduced 37.2kg (15.9%) of 
CO2 emissions 
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CO2 emissions attributable to tyres at in-use stage (per tyre)

The Japan Automobile Tyre Manufacturers Association, Inc. (JATMA)Tyre

Updated in the fifth editions
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Quantification results of avoided emissions

Analysis was conducted on the aluminum and steel components listed. CO2 emissions related to the “fixed weight” (unlisted steel components and 
components made from plastic, rubber and other materials) in Table 2 were excluded from the calculations.
Final avoided emissions (Table 1) were calculated by multiplying lifetime avoided emissions per vehicle by the number of domestic automobile 
shipments and automobile exports for each year (Figure 2).
Avoided emissions for 1990 were used in calclulations for 1990 and cumulative avoided emissions were used for 2017 and 20XX (Figure 1).
Table 3 presents the avoided emissions per vehicle in each year assessed.

(2) Scope of quantification
Geographic scope: Evaluations cover the world, including Japan. Avoided emissions in Japan were calculated based on domestic shipments. 
Avoided emissions overseas were calculated based on import volumes. 
Temporal scope: Actual performance in 1990 and 2017 were covered, as well as projections for 20XX. 
Value chain: Value chain covered in Figure 3

Aluminium material contributes to CO2 emission reductions by reducing fuel consumption by automobiles through 
light-weighting of vehicles, and thus improved mileage. Evaluations are based on performance in 1990 and 2017. Future 
projections were made for the year 20XX, when the use of aluminium for automobile parts will double relative to 2017 
levels. Total CO2 emissions through end-of-life were estimated using a flow-based approach and have been provided in 
terms of “avoided emissions per vehicle” and “domestically and internationally avoided emissions.” Avoided emissions 
per vehicle (kg-CO2) in 1990, 2017 and 20XX were 35.8, 83.4 and 225.0, respectively.

(1) Baseline scenario and assumptions
①�Baseline scenario

Relative to the actual or estimated per vehicle average consumption of aluminium sheets, aluminium extrusions , aluminium casting 
components, and forged components for each year assessed (1990, 2017, 20XX), it was assumed that automobiles manufactured using 
aluminum components prevalent before the given year would be running in the most likely scenario to occur if the aforementioned aluminium 
components were not to be deployed. However, since aluminium components were still used only on a limited scale in and before 1990, 
for 1990 a comparison was made between automobiles using aluminium components and automobiles using steel components for each 
aluminium component (Table 2). Furthermore, the avoided emissions for 2017 and 20XX were calculated by including the avoided 
emissions already achieved (Figure 1). 

②�Assumptions
ⅰ)    Performance and performance units: Performance was assessed in terms of vehicle mileage per automobile. Annual reductions in 

emission intensity based on annual average mileage were calculated: and based on the average age of vehicles, avoided emissions were 
calculated for vehicles used until the end of life (Figure 2). 

ⅱ)   Benefitting user: automobile user 
ⅲ)  Assumptions for calculation (Table 4) 
      The calculation assumptions are provided in Table 4. The manufacturing data for  materials used in calculations includes the substitution 

effect generated by recycling. A recycling rate of 60% is used for aluminum metal.

Table 1. Avoided CO2 emissions of autmobiles attributable to aluminiun in Japan and overseas
Note: Domestic figures are based on domest shipment, overseas figures are based on exports

Year 1990 2017 20XX
Weight kg 1,399 1,429 1,359 1,223 
Comparison I II III IV
Component type (kg) Aluminum Steel Aluminum Aluminum
Sheets 6 12 18 115 
Extrusions 7 9 15 60 
Casting components 63 84 136 166 
Forged components 1 2 3 4 
Total 77 106 172 345 
Difference in steel components 136 136 -309
Fixed weight 1,187 1,187 1,187 1,187 

Category Unit 1990 2017 20XX
Average lifetime years 12.9 12.9 12.9
Number of domestic shippings vehicles 7,777,493 5,234,165 5,234,165 
Number of exports vehicles 5,831,212 4,705,848 4,705,848 
Weight of vehicles using aluminum components kg 1,399 1,359 1,223 
Avoided CO2 emissions in Japan (Avoided emissions per 
vehicle based on lifetime mileage × number of vehicles 
domestically shipped)

t-CO2
3,597,692 5,636,450 15,200,848 

Avoided CO2 emissions overseas (Avoided emissions per 
vehicle based on lifetime mileage × number of vehicles 
exported)

t-CO2
2,697,387 5,067,528 13,666,531 

Total avoided CO2 emissions overseas (Avoided emissions 
per vehicle based on lifetime mileage × number of vehicles 
shipped)

t-CO2
6,295,079 10,703,978 28,867,379 

Table 2. Vehicle weight and component weight

Table 3. Lifetime CO₂ emissions and avoided emissions per vehicle

Category

1990 1990 2017 20XX 1990 2017 20XX

kg-CO2/
vehicle*yr

Aluminum 
components

Steel 
components

Aluminum 
components

Aluminum 
components

Avoided 
emissions

Avoided 
emissions

Avoided 
emissions

I II III IV II-I I-III III-IV
Component 
production (Natural 
resource - component 
manufacturing)

❶ 53 47 121 260 -6 -68 -138

Reduction ❷ - - - 173.9 - -60 -114
Use ❸ 2,046 2,088 1,991 1,825 42 55 166
Disposal/recycling ❹ 5.9 6.0 5.7 5.1 0.1 0.2 0.6
Total ❶-❷+❸+❹ 2,105 2,141 2,058 1,916 35.8 47.6 141.5

Category

1990 1990 2017 20XX 1990 2017 20XX

kg-CO2/
vehicle*yr

Aluminum 
components

Steel 
components

Aluminum 
components

Aluminum 
components

Avoided 
emissions

Avoided 
emissions

Avoided 
emissions

I II III IV II-I I-III III-IV
Component 
production (Natural 
resource - component 
manufacturing)

① 689 609 1,567 3,352 -80 -878 -1,785

Reduction ② - - 779 2,245 - -779 -1,465
Use ③ 26,412 26,953 25,701 23,561 541 711 2,140 
Disposal/recycling ④ 76 77 74 66 1.6 2.2 7.4
Total ①-②+③+④ 27,177 27,639 26,562 24,735 462.6 614.3 1827.3

Notes:
1) I, II, III, IV represent CO2 emissions from automobiles; and 
the total represents emissions per vehicle. “Total ❶-❷+❸+❹” 
represents annual emissions per vehicle (emissions/vehicle* 
anuual mileage); and “Total ①-②+③+④” represent lifetime 
emissions (emissions/vehicle*lifetime mileage). The component 
included are limited to the aluminum components evaluated, or 
the alternative steel components; and therefore, plastic, rubber 
and other components are not covered. While the figures 
provided as the total for each type of autmobile does not 
precisely represent lifetime emissions, total avoided emissions 
are accurately represented by the difference between the two 
totals compared as the materials not considered are offset in 
the calculation.
2) Avoided emissions in 1990 were calculated by comparing 
vehicles with aluminum components with those using steel 
components. Avoided emissions in 2017 and 2022 were 
calculated by comparing vehicles using aluminum parts made 
in 2017 and 1990, and 20XX and 2017, respectively. 

Calculations covered the processes from resource extraction 
through automobile production (component production), 
use and disposal. Calculations for the product use phase 
were based on lifetime mileage, or total miles driven when 
an automobile is used until its end-of-life, after which it 
would be disposed.Figure 3. Evaluated value chain

Figure 1 Annual avoided CO2 emissions per automobile 
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Figure 2 Avoided CO2 emissions in Japan and overseas (lifetime mileage)
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Table 4 Calculation assumptions in detail
Assessed 
year Index Unit Steel 

component 
Aluminum 
component Notes

1990

Vehicle weight ① kg/vehicle 1,429 1,399 Estimated from the increase/decrease of aluminum and steel components against the baseline 
vehicle weight (vehicle with aluminum components in 2017)

Fuel efficiency ② km/l 15.1 15.4 Y=-0.0106X+30.266 (Y: fuel efficiency; X: vehicleweight) Source: “Analyst no me” (Fukoku 
Mutual Life Insurancy Company) Original source: MLIT material

Weight of components ③ kg/vehicle 106.0 76.7 Total weight of 4 types of components evaluated (Date source for aluminum compenets: Japan 
Aluminium Association 1990 performance data) *1

Average annual mileage ④ km/vehicle*year 11,840 11,840 Assumed to be equivalent to performance in 2017
Average lifetime ⑤ year/vehicle 12.9 12.9 Assumed to be equivalent to performance in 2018
Lifetime mileage ⑥ km/vehicle*lifetime 152,855 152,855 Calculated from  average annual mileage and average lifetime
CO2 emissions (@component production) ⑦ kg-CO2/vehicle 608.5 688.8 Total CO2 emissions from producing sheets, extrusions, casting components and forged components. *2
CO2 emissions (@disposal) ⑧ kg-CO2/kg-vehicle 0.05 0.05 Source: Milca’s inventory analysis results of “Intermediate Treatment of Scrapped/Used Automobiles”
CO2 emissions (gasoline consumption) ⑨ kg-CO2/l 2.7 2.7 Total CO2 emissions from gasoline consumption and production. *3

1990

Vehicle weight ① kg/vehicle - 1,359 Source: Automobile Inspection & Registration Information Association “Number of vehicles 
possessed by category” (as of March 2015)

Fuel efficiency ② km/l - 15.9 Y=-0.0106X+30.266 (Y: fuel efficiency; X: vehicleweight) Source: “Analyst no me” (Fukoku 
Mutual Life Insurancy Company) Original source: MLIT material

Weight of components ③ kg/vehicle - 172.4 Total weight of 4 types of components evaluated (Date source for aluminum compenets: Japan 
Aluminium Association 1990 performance data) *1

Average annual mileage ④ km/vehicle*year - 11,840 Source: Statistical Report on Motor Vehicle Transport Performance in 2017 (Motor vehicles 
register for private use/ Ordinary)

Average lifetime ⑤ year/vehicle - 12.9 Source: estimate by Automobile Inspection & Registration Information Association (FY2017)
Lifetime mileage ⑥ km/vehicle*lifetime - 152,855 Calculated from average annual mileage and average lifetime
CO2 emissions (@component production) ⑦ kg-CO2/vehicle - 1,567.2 Total CO2 emissions from producing sheets, extrusions, casting components and forged components. *2
CO2 emissions (@disposal) ⑧ kg-CO2/kg-vehicle - 0.05 Source: Milca’s inventory analysis results of “Intermediate Treatment of Scrapped/Used Automobiles”
CO2 emissions (gasoline consumption) ⑨ kg-CO2/l - 2.7 Total CO2 emissions from gasoline consumption and production. *3

1990

Vehicle weight ① kg/vehicle - 1,223 Estimated from the increase/decrease of aluminum and steel components against the baseline 
vehicle weight (vehicle with aluminum components in 2017)

Fuel efficiency ② km/l - 17.3 Y=-0.0106X+30.266 (Y: fuel efficiency; X: vehicleweight) Source: “Analyst no me” (Fukoku 
Mutual Life Insurancy Company) Original source: MLIT material

Weight of components ③ kg/vehicle - 345.0 Total weight of 4 types of components evaluated (Date source for aluminum compenets: Japan 
Aluminium Association 1990 performance data) *1

Average annual mileage ④ km/vehicle*year - 11,840 Assumed to be equivalent to performance in 2017
Average lifetime ⑤ year/vehicle - 12.9 Assumed to be equivalent to performance in 2018
Lifetime mileage ⑥ km/vehicle*lifetime - 152,855 Calculated from  average annual mileage and average lifetime
CO2 emissions (@component production) ⑦ kg-CO2/vehicle - 3,352.5 Total CO2 emissions from producing sheets, extrusions, casting components and forged components. *2
CO2 emissions (@disposal) ⑧ kg-CO2/kg-vehicle - 0.05 Source: Milca’s inventory analysis results of “Intermediate Treatment of Scrapped/Used Automobiles”
CO2 emissions (gasoline consumption) ⑨ kg-CO2/l - 2.7 Total CO2 emissions from gasoline consumption and production. *3

Notes:
*1  The weight of automobiles using steel components were calculated based on the weight difference between aluminium and steel components in the same year. The amount of aluminium components used per 

automobile in 20XX was assumed to be double the actual amount used in 2017.
*2  The CO2 emissions from component manufacturing were calculated by aggregating emissions individually calculated using the emission intensity of manufacturing steel and aluminium sheets, extrusions, 

casting components, and forged component (cumulatively covering the entire process from the extraction of natural resources through component manufacturing).  
*3  The CO2 emissions from combustion during use were calculated using the emission factors provided in “FY2013 Revised Standard Calorific Value and Carbon Emission Factors” (General Affairs Division, 

Agency for Natural Resources and Energy) and those from production are based on a calculation of total emissions from “oil refinery process, import of oil and other resources and extraction of crude oil and 
other resources” provided in “LCI for Petroleum Products by Fuel and Environmental Impact Assessment for Petroleum Products” (March 2000, Petroleum Energy Center). The sum represents the CO2 
emission intensity of gasoline use. 

*4  These statistics were suspended in FY2014; and therefore FY2014 figures were used to for average vehicle weight for automobiles using aluminium components in 2017. 

Japan Aluminium AssociationAluminium material for Automobile

New in the fourth edition
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(3) Other

The Flat Glass Manufacturers Association of Japan website introduces Low-E insulating glass (eco-glass) products 

and an “Air Conditioning Saving Simulator”. The Air Conditioning Saving Simulator” can be used to estimate CO2 

emission reductions, etc. achieved by replacing residential window panes with Low-E insulating glass (eco-glass). 

Separate simulations are available for each prefecture.

http://www.ecoglass.jp/

(2) Scope of quantification

This case study estimated CO2 emissions from each of the stages of raw material procurement, manufacturing, 

transport, in-use and disposal. 

(1) Baseline scenario and assumptions

This case study performed a LCA of single-glazed glass, which is mainly used in windows and doors of homes, and 

energy-saving Low-E insulating glass to compare and quantify environmental load at not only the in-use stage but 

for the entire product life cycle, based on the conditions provided below:

< Product specifications >

Single-glazed glass: JIS R 3202 -1996 Float glass (3mm)

Low-E insulating glass: JIS R 3209 -1998 3 types of insulating glass

(3mm float glass + 12mm air space + 3mm Low-E glass)

< Product functions (Heat transmission coefficient: W/K*m2) >

Single-glazed glass: 6.0

Low-E insulating glass: 1.6 -1.9

< Functional unit >

A window pane of the average residential building (30-year lifetime)

< System boundaries >

The system was defined to include the flat glass manufacturing (including raw material procurement) and window 

glass processing stage, the  Low-E insulating window glass manufacturing stage, the in-use stage in buildings, and 

the disposal stage. Quantification results are estimates based on future prospects.

Quantification results of avoided emissions

This case study calculated avoided emissions based on the difference between emissions from Low-E insulating glass, 

which feature high insulation and shielding properties, and those from single-glazed glass. Avoided CO2 emissions per 

square meter was 217.46kg-CO2/m
2. Stage-specific CO2 emissions are provided below.

①�Raw material procurement stage

 Low-E insulating glass : 1.42kg-CO2/m
2 Single-glazed glass : 0.62 kg-CO2/m

2

②�Manufacturing and distribution stage

 Low-E insulating glass : 32.82kg-CO2/m
2 Single-glazed glass : 13.56 kg-CO2/m

2

③�In-use stage

 Low-E insulating glass : 828.99kg-CO2/m
2 Single-glazed glass : 1,066.53 kg-CO2/m

2

④�Disposal stage

 Low-E insulating glass : 0.05kg-CO2/m
2 Single-glazed glass : 0.03 kg-CO2/m

2

Total (after 30 years of use)

 Low-E insulating glass : 863.28kg-CO2/m
2 Single-glazed glass : 1,080.74kg-CO2/m

2

CO2 emission reductions can be achieved by using Low-E insulating glass, which features high heat insulation and shielding 

performance for windows and doors of homes. The lifetime of the assessed glass was assumed to be thirty years, as windows 

are usually used over the lifetime of a house. This case study compared Low-E insulating glass with single-glazed glass 

to quantify avoided CO2 emissions along its life cycle, from the raw material procurement stage to the disposal stage. 

Avoided CO2 emissions per square meter were calculated to be around 217.46kg-CO2.
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Summary (1) Baseline scenario and assumptions

(2) Scope of quantification

Avoided emissions were quantified under 8 categories: ① general factories, ② plants, ③ office buildings, ④ supermarkets and 
department stores, ⑤ hospitals, ⑥ universities and research institutions, ⑦ hotels and Japanese-style hotels, ⑧ other, public 
facilities, etc., which were further categorized by rate of operation.

By optimizing the size of conductors used in a cable, the power lost when it carries current can be reduced, thus leading 
to CO2 reductions and energy savings. The Japanese Electric Wire & Cable Makers’ Association established the ECSO 
(Environmental and Economical Conductor Size Optimization) design and issued the domestic standard [JCS4521:  
Calculation of the Environmental Current Rating for the Electric Cables]. This design technology was also introduced in 
the [JEAC8001-2016 Interior Wiring Code]. As environmental issues must be addressed on a global scale, countries have 
joined hands with a focus on ECSO to develop international standards.

Quantification results of avoided emissions

By optimizing the size of conductors used in a cable, the power lost when it carries current can be reduced, thus leading 
to CO2 reductions and energy savings. Smaller diameters were conventionally selected for conductors in order to meet 
safety regulations (for maximum allowable current and voltage drops) while minimizing initial costs, but optimal conductor 
size design (ECSO *1) technologies select optimal (thicker) sizes from the perspective of minimizing life cycle costs (*2). 
These technologies allow environment-friendly and cost-efficient optimal conductor size design to be used in cables. 

Application of these technologies lead to a 2% reduction in power loss and a 2% reduction in CO2 emissions.  
*1 Environmental and Economical Conductor Size Optimization       *2 Life cycle costs = initial costs + running costs 

*High rate of operation: 100% in daytime, 60-80% at night
*Values calculated per 1,000 m cable

Maximum 
load current 

(A)
Conventional → ECSO

Energy 
savings 

CO2 
reductions

(kWh/yr) (CO2-t/yr)

30  8 mm2 → 38 mm2 24,200 10.9
40  14 mm2 → 60 mm2 23,700 10.7
50  14 mm2 → 60 mm2 37,000 16.7
75  38 mm2 → 100 mm2 24,600 11.1

100  38 mm2 → 150 mm2 52,600 23.7
125  60 mm2 → 200 mm2 48,600 21.9
150  100 mm2 → 200 mm2 29,800 13.4

 *Example (high rate of operation (*) case)

Electric power transmission and distribution usually involves power loss. This is due to the resistance of the conductors (mainly 
made of copper or aluminum) that carry current in wires and cables. Conductor resistance causes electric power to be consumed 
for unintended purposes (such as heat), thus creating a difference between the amount of electric power transmitted and the 
amount received. Power loss is calculated using the following formula; and therefore, since conductor resistance (R) is inversely 
proportionate to diameter (D) and proportionate to length (L), where the diameter is doubled (cross-sectional area becomes four 
times larger) and the conductor resistance is reduced by one-fourth, and where the length is doubled, the conductor resistance is 
doubled. 

R=(4ρL)/(πD2) 
R: resistance [Ω]   W (electric power loss)= I2 (current) ×R (resistance) × h (conduction time) 
ρ: rate of resistance [Ω·m]
L: cable length [m]
D: cable diameter (thickness) [m]

Based on the basic concept provided above, estimations were made under the following conditions:

1.  Assumption of total length of installed cables in Japan: A total of 1,930,000 km of cables were shipped in 1989-2013  
(according to The Japanese Electric Wire and Cable Makers’ Association statistics). Assuming that around 5% was disposed 
as remainders after cutting required lengths or excess cut off during installation, the total length of installed cables was  
estimated to be 1,830,000 km.

2.  Based on various statistics and data, the total length of installed cables in Japan estimated in item 1. was divided into  
8 categories: ① general factories, ② plants, ③ office buildings, ④ supermarkets and department stores, ⑤ hospitals, ⑥ 
universities and research institutions, ⑦ hotels and Japanese-style hotels, ⑧ other, public facilities, etc. The groups were 
then categorized by rate of operation : high (②, ⑤); medium (①, ④); low (③, ⑥, ⑦, ⑧).

3.  A questionnaire survey and interviews conducted on the ratio of actual electric current carried to the maximum allowable 
current of cables (electrical conductivity) revealed values of 0.5 for trunk cables and 0.65 for branch line cables.

4.  The “total power loss in Japan (before enlargement)” was divided by “total power generation by power plants in Japan 
(FY2012)” to calculate power loss:

[High rate of operation] 210.6 + [Medium rate of operation] 194.6 + [Low rate of operation] 14.6 = [Total] 41.98 billion kWh

923.8 billion kWh
= 4.54%→“4% loss”

By optimizing (enlarging) conductor size, “total power loss in Japan (after enlargement)” would be: 
[High rate of operation] 113.6 + [Medium rate of operation] 97.4 + [Low rate of operation] 6.1 = [Total] 21.71billion kWh.
Therefore, power loss would be reduced by 20.27 billion kWh, or around “2%”.

5.  The reduced power loss is equivalent to 11.6 million tons of CO2 emissions (after subtracting the emissions increased due to 
increased copper production), which represents 0.9% of total nationwide emissions in Japan in 1990 (1,261 million tons of 
CO2).

The effects of adopting ECSO design was estimated at a major plant for 20 cables used in 7 circuits. Results showed an energy 
conservation rate of 1.8%, proving that energy savings of approximately 2% could also be achieved at individual plants.
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minimizing life cycle costs
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of sizes minimizing initial costs

CO2 reduction
2% emissions reduction

Power loss reductions mean that less 
power needs to be generated, thus 
contributing to reducing CO2.

Power plant

Power generation

Demand side

Load side

ECSO design
2% power loss

 Peak cuts
2% decrease

This will reduce power plant load 
during peak demand and promises 
lower electric power tariffs in the 
next contract renewal. 

Power loss (heat generation) cuts
2% energy savings

ECSO design cables have more room to 
carry electric power, and thus reduce 
power loss (heat generation).
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The Japanese Electric Wire & Cable Makers’ AssociationECSO: Environmental and Economical Conductor Size Optimization
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Summary

(2) Scope of quantification

(1) Baseline scenario and assumptions

This case study targets the amount of energy consumed by the user at the manufacturing stage of chemical products. 

As it is difficult to obtain information regarding other stages of a product’s life cycle, other stages have not been 

included.

The baseline scenario of this case study is based on actual amount of energy consumed by the user and therefore, 

quantification results are estimates based on actual performance.

Quantification results of avoided emissions

《Outline of fuel conversion》(Chemical industries)

・�Target consumer implemented fuel conversion as a measure to contribute to reducing environmental burden and make 

progress toward achieving the greenhouse gas emission reduction and energy conservation targets.

・�Given its lower price volatility, natural gas matched the needs of the customer, who was also seeking to stabilize raw 

material procurement costs.

【In-use stage】
《Annual CO2 reductions》
① CO2 emissions before fuel conversion

・Naphtha :  fuel consumption of 24,500 kL  CO2 emissions : 55,000 t-CO2

・Heavy fuel oil C :  fuel consumption of 13,300 kL  CO2 emissions : 40,000 t-CO2

② CO2 emissions after fuel conversion (to natural gas)

・Replacing Naphtha :  fuel consumption of 17,400,000 Nm3  CO2 emissions : 39,000 t-CO2

・Replacing heavy fuel oil C : fuel consumption of 12,200,000 Nm3  CO2 emissions : 27,000 t-CO2

③   Avoided CO2 emissions attributable to fuel conversion : (①-②) / ① ×100=(95,000-66,000)/95,000 ×100 = 30.5% 

(29,000t)

Member company of JPDA makes proposals to the customer located along natural gas pipelines under the ownership to 

convert from oil-based fuels to natural gas, and by carrying out fuel conversions contribute to reducing CO2 emissions 

from the customer. The cleanest fossil fuel used for combustion, natural gas has become an affordable resource with a rich 

supply and potential for many different due to increased global production. Therefore, it is a promising fuel that will play 

an important role in achieving a low-carbon society. The company that sells natural gas to domestic customers supports 

CO2 emissions reduction from factories through the proposals for conversion from oil-based fuels to natural gas.
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After fuel conversionBefore fuel conversion

Natural gas (replacing naphtha)
Natural gas (replacing heavy fuel oil C)
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CO2 emission reductions by 30.5%
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Comparison of annual CO2 emissions

Japan Petroleum Development Association (JPDA)Natural gas
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Summary

(3) Other

・ Quantification results were calculated based on historical distribution data. CO2 emission reductions may vary in 

accordance with changes in weight and mode of shipping.

(2) Scope of quantification

・The case study covered product shipping in the Doto (East Hokkaido) area.

・The cooperative distribution scheme was launched in September 2017  and is continued to date.

(1) Baseline scenario and assumptions

・ Shipping in Hokkaido area: trailers, heavy trucks, railroad, etc.

・ Emission reductions were calculated based on actual transport data from July 2016.

Calculation method:

CO2 emission reductions: [CO2 emissions in non-cooperative distribution case] – [CO2 emissions in cooperative 

distribution case]

CO2 emissions in the case of  cooperative distribution were calculated by conducting simulations by assumed 

shipping mode based on data for July 2016.

The cooperative distribution scheme targets cargo that fails to fill up one truck (10t+) for one destination  

(including cargo shipped by group companies for alcoholic drinks and non-alcoholic beverages).

・CO2 emission intensity  for rail transport*: 22

・CO2 emission intensity for road transport by truck or trailer*:173

* Source:  Ministry of Economy, Trade and Industry, Ministry of Land, Infrastructure and Transport “Joint Guidelines 

for Calculating CO2 Emissions from Logistics Operations” (March, 2007)

・ Sapporo Breweries Ltd., Suntory Beer Ltd., Asahi Breweries, Ltd., and Kirin Brewery Company, Ltd. launched cooperative 
distribution operations in September 2017 in the Doto (East Hokkaido) area.

・ This effort has improved the efficiency of distribution through the use of rail container transport as well as loading ratios, 
which has lead to CO2 emission reductions.

・Reductions were calculated based on assumptions of cooperative distribution derived from past distribution data. 

Quantification results of avoided emissions

CO2 emission reductions resulting from cooperative distribution are provided below:
Total CO2 emission reductions: 330t/year

1.Cooperative distribution case (estimated based on actual shipping data for July 2016)

Distance traveled (average of 4 companies) ① 320 km Average of actual distance travelled in July 2016
(Distance travelled in July 2016: 2,283,098 km) 

Weight transported by shipping mode 
(allocated assuming cooperative distribution based on actual performance for July 2016)
Trailers ② 962,138 kg
Rail containers (total for individual company) ③ 633,066 kg ← 138 units 4,587 kg/units
Rail containers (consolidated cargo) ④ 229,372 kg ← 50 units 4,587 kg/units
Heavy trucks (10 tons) ⑤ 458,522 kg ← 52 trucks 8,818 kg/trucks

Ratio of shipping against annual weight ⑥ 10 %
(July 2016 shipping against total 2016)

Emission factor CO2 emissions
Ton-kilometers for railroad (annual) (③�+ ④) × ①�/ 1000 / ⑥ 2,759,901 t·km × 22 61 
Ton-kilometers for road (annual) (②�+ ⑤) × ①�/ 1000 / ⑥ 4,546,280 t·km × 173 787 

A 847 t-CO2/year 

2.  Non-cooperative distribution case (estimated based on actual shipping data for July 2016)

Trailers ⑦ 1,044,315 kg
Heavy trucks (10 tons) ⑧ 939,293 kg
Medium trucks ⑨ 10,463 kg
Scheduled road transport services ⑩ 109,942 kg
Total trucks ⑪�(= ⑦�+ ⑧�+ ⑨�+ ⑩) 2,104,013 kg

Rail containers ⑫ 179,085 kg

Ratio of shipping against annual weight ⑥ 10 %
(July 2016 shipping against total 2016)

Emission factor CO2 emissions
Ton-kilometers for railroad (annual) ⑫�× ①�/ 1000 / ⑥ 573,093 t·km × 22 13 
Ton-kilometers for road (annual) ⑪�× ①�/ 1000 / ⑥ 6,733,090 t·km × 173 1,165 

B 1,177 t-CO2/year 

3. CO2 emission reductions achieved by cooperative distribution B - A 330 t-CO2/year 
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< Reference: Cooperative distribution scheme in Hokkaido (part of Doto (East Hokkaido) area) >

Stage covered by 
individual companies Stage covered by cooperative distribution scheme

Company-
specific bases Joint hub

JR Sapporo
Cargo terminal 

shed
(Nippon Express storage)

JR Kushiro
Cargo 

terminal

Individual/
consolidated cargo

Consolidated cargo 
of 4 companies

Destination

Shipments made by individual companies when one truck can be fully loaded with products 
for one destination. 

Brewers Association of Japan Cooperative distribution in Hokkaido 
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Summary

Quantification results of avoided emissions

・ The total weight of bottles were calculated based on annual bottle production data (weight and number of bottles  

manufactured). (Returnable lightweight bottles are mixed with other returnable bottles once they enter the market, and 

therefore it is difficult to specify the total weight of bottles used. Therefore, it was assumed that [average weight per 

bottle of all bottles manufactured in one year] = [average weight of bottles used].)

・ The weight of one million bottles was calculated for 1999 and 2017 in terms of ton-kilometer (travel distance of 

100km) to calculate the avoided CO2 emissions achieved by reducing bottle weight.

・CO2 emission reductions resulting from reducing the weight of returnable bottles in 1990 – 2017 are provided below:

 CO2 emissions in 1999 CO2 emissions in 2017 CO2 reductions

　① Large bottles: 10.47t-CO2 9.63t-CO2 0.83t-CO2

　② Medium-sized bottles:   8.13t-CO2 7.67t-CO2 0.46t-CO2

　③ Small bottles:   6.40t-CO2 5.92t-CO2 0.48t-CO2

　　　　　　　　　　　CO2 emissions per 1 million bottles (100 km transport by truck)

・Member companies manufacture and sell bottled products using returnable glass bottles.

・ Avoided CO2 emissions at the product distribution stage represent the effect of efforts started in 1999 to reduce the 

weight of bottles. Avoided emissions were estimated using annual bottle production data (number of bottles, weight).

(1) Baseline scenario and assumptions

・ The total weight of bottles was calculated based on annual bottle production data (weight and number of bottles 

manufactured). (Returnable light-weight bottles are mixed with other returnable bottles once the enter the market, 

and therefore it is difficult to specify the total weight of bottles used. Therefore, it was assumed that [average 

weight per bottle of total bottles manufactured in one year] = [average weight of bottles used].)

・ The weight of one million bottles was calculated for 1999 and 2017 in terms of ton-kilometer (travel distance of 

100 km) to calculate avoided CO2 emissions achieved by light-weight bottles transported by truck. 

(Given the difficulty of grasping details regarding the status of transport, calculations were limited to truck transport.)

・CO2 emission intensity for road transport by truck or trailer*: 173

* Source: Ministry of Economy, Trade and Industry, Ministry of Land, Infrastructure and Transport “Joint Guidelines 

for Calculating CO2 Emissions from Logistics Operations” (March, 2007)

(2) Scope of quantification

・ The scope of quantification covers CO2 emission reductions at the product transport stage achieved by reducing 

the weight of returnable bottles during the period 1999 through 2017.

・ CO2 emission reductions achieved by reducing bottle weight may vary depending on the shipping status of bottled 

products and shipping mode.
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(2) Scope of quantification

– Calculations covered annual CO2 emissions for the period July 2019 – June 2020.

–  Avoided CO2 emissions resulting from collaborative collection of beer pallets are subject to change according to 

the status of beer product shipping and method of transport.

(1) Baseline scenario and assumptions

Avoided emissions were determined by calculating annual CO2 emissions  (for July 2019-June 2020) based on the 

weight and number of beer pallets, the loading ratio of collection vehicles, the average transport distance before and 

after the collaborative collection efforts were launched. 

For areas where collaborative collection began in November 2019, performance figures for January – June 2020 

were converted to annual figures.

CO2 emission coefficients (*1) and energy consumption intensity given under the improved ton-km method (*2) 

were used in the calculations. 

Source: 

*1 Public Notice of the Energy Conservation Act & Act on Promotion of Global Warming Countermeasures
*2  Ministry of Economy, Trade and Industry & Ministry of Land, Infrastructure and Transport, “Guidelines for Calculation of CO2 Emissions 

from Distribution”

As a result of this program, the loading ratio improved from 11.1% to 37.1% and average transport distance was 

reduced from 59km to 54km, thus contributing to reductions in CO2 emissions by approximately 37%.

The beer industry uses beer pallets in transporting products. Until 2017, member companies of the Brewers Association of 

Japan had individually collected pallets for reuse, but since 2018 they have gradually shifted to engaging in collaborative 

collection efforts, thus promoting CO2 emission reductions. It is estimated that 5,158 t-CO2 of emissions have been avoided 

as a result of these efforts.

Quantification results of avoided emissions

The program covers clients from which more than 10,000 beer pallets are collected annually. Under the program, one of 

the four Brewers Association of Japan member companies (Asahi, Kirin, Sapporo, and Suntory) collects beer pallets from 

a client on behalf of the other three companies. Starting with the Tohoku region in November 2018, the program was 

extended to the Tokyo metropolitan area, the Tokai region and the Kyushu region in July 2019, and has covered all of 

Japan since November 2019. 

Since this program was launched, CO2 emissions have been reduced as a result of improved loading ratios of each 

collection vehicle and reduced transport distance, thus avoiding a total of 5,158 t-CO2 (approximately 37% down from 

conventional levels) across the four member companies. Clients also appreciate as a co-benefit of these efforts that 

“operations have been streamlined” because they only need to return the beer pallets to one company, instead of four 

different companies. 

5,158 t-CO2 reduced
(t-CO2/year)
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Annual emissionJoint collection of beer pallets by four breweries. 

From Nov 2019
■Remaining regions (in white)
   Hokkaido, North Kanto, Koshinetsu, 
Hokuriku, Kinki, Chugoku, Shikoku From Nov 2018

■Tohoku area
   Aomori, Akita, Iwate, Yamagata, 
Miyagi, Fukushima 

From Jul 2019
■ Tokyo metropolitan area (Tokyo and 

3 surrounding prefectures)
  Tokyo, Saitama, Chiba, Kanagawa
■Tokai region
  Aichi, Mie, Gifu, Shizuoka
■Kyushu region
   Fukuoka, Saga, Oita, Nagasaki, 
Kumamoto, Miyazaki, Kagoshima

Scheme of Joint Collection of Beer Pallets

Member Company A

Member Company B

Member Company C

Member Company D

Ship products using 
member company pallets

Collect member company pallets

Clients/
buyers

Joint collection of beer pallets 

*1 Clients of a certain scale engaged in business relations with more than one member company
*2 One representing company collects pallets from a client on behalf of the other three companies. (Other companies do not collect pallets from the same client.)
*3 Each client has a representing company collect and manage beer pallets for all four companies.

Shipping of beer product Collection of beer pallets

Representing 
company

Client

Brewers Association of JapanJoint collection of beer pallets
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Use Disposal/recyclingRaw materials/materials Sales/DistributionManufacturing



62 63

Forklift trucks are used to transport, load and land cargo in a wide range of places,  

including factories, warehouses, distribution centers and ports and harbors. By replacing 

internal-combustion forklift trucks running on gasoline and diesel with electric forklift 

trucks with storage batteries, CO2 emissions can be reduced significantly at the end-use 

stage and thus contribute to the decarbonization of many industries that use forklift 

trucks. 

・Counterbalanced forklift trucks with maximum load capacity of 1.5t by fuel

By shifting to electric forklift trucks, annual CO2 emissions can be reduced by 2.8t/truck (60%) for gasoline forklift 
trucks and 1.6t/truck (46%) for diesel forklift trucks.

・Counterbalanced forklift trucks with maximum load capacity of 2.5t by fuel

By shifting to electric forklift trucks, annual CO2 emissions can be reduced by 3.6t/truck (63%) for gasoline forklift 
trucks and 2.6t/truck (55%) for diesel forklift trucks.

(3) References

Energy consumption data for end-use, calculated based on JIS D6202 or the equivalent, were averaged across domestic 

forklift trucks manufacturers. The emission factors used in the FY2018 Follow-up of the Commitment to a Low Carbon 

Society were employed.

(2) Scope of quantification

As CO2 emissions in the life cycle of a forklift truck would be mostly attributable to energy consumption at the end-use 

stage, CO2 emissions at the end-use stage were covered in the quantification.

・Evaluation period

Calculations were based on the amount of energy consumed at the end-use stage (in 1,000 hours (5 hours/day × 200 

days), based on the average rate of operation in Japan)(flow-based method). 

(1) Baseline scenario and assumptions

・Baseline scenario

  Avoided CO2 emissions were evaluated for “Counterbalanced forklift trucks,” which accounted for 85% of all  

forklift trucks sold globally in 2017. The CO2 emissions avoided by replacing internal-combustion (gasoline and 

diesel) counterbalanced forklift trucks with electric counterbalanced forklift trucks were calculated with maximum 

load capacities of 1.5t and 2.5t.

・Assumptions

  Comparisons were made between CO2 emissions calculated based on annual energy consumption (in terms of  

internal-combustion (gasoline and diesel) forklift trucks and electricity for electric forklift trucks). 

Summary

Quantification results of avoided emissions
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trucks with maximum load capacity of 1.5t by fuel

0

1

2

3

4

5

ElectricDieselGasoline

6

(t-CO2/year)

CO2 emission reductions 
by 60% (2.8t)

CO2 emission reductions 
by 46% (1.6t)

Comparison of CO2 emissions from counterbalanced forklift 
trucks with maximum load capacity of 2.5t by fuel

ElectricDieselGasoline
0

1

2

3

4

5

6
(t-CO2/year) CO2 emission reductions 

by 63% (3.6t)

CO2 emission reductions 
by 55% (2.6t)

Japan Industrial Vehicles Association (JIVA)Electric Forklift Trucks

New in the second edition
Sales/Distribution Disposal/recyclingManufacturing UseRaw materials/materials 



64 65

Summary

(3) Other

[Accumulation of avoided emissions]

A stock base approach (focusing on avoided emissions of power generation projects that have started and/or continue 

to operate) was taken to calculate and accumulate the avoided emissions during the assessment period (one year).

[Rate of contribution]

With an aim to avoid double counting of avoided emissions by member companies, avoided emissions were  

allocated in accordance with investment (capital) shares.

[Verification]

The concept and calculation method of  avoided CO2 emissions have been explained and reported to and approved 

by the Board of Directors of the Electric Power Council for a Low Carbon Society.

(2) Scope of quantification

[Target stage]

Among the different stages of the value chain of power generation projects, power generation is the stage in plant 

operation that can make the largest contribution to (have the largest impact on) greenhouse gas reduction. Therefore,  

this case study assessed the power generation stage to calculate avoided emissions.
[Target greenhouse gases]

This case study covered CO2, given that it represents largest share of greenhouse gases emitted from power  

generation projects. 

(1) Baseline scenario and assumptions

The difference between the baseline and project scenario was calculated for each project, as provided below for 

various cases in accordance with project-specific characteristics and form of business. (The cases listed below are 

exemplary.)

*Other calculation methods compatible with the above or derived from existing schemes (JCM) can also be used.

Quantification results of avoided emissions

Member companies have leveraged the experiences, knowhows and high-level technologies accumulated in domestic 

electric power business to contribute to overseas efforts to achieve an affordable, stable and long-term electric power 

supply, economic development, and further energy savings and CO2 reductions by promoting overseas projects and 

providing consulting services. 

Avoided CO2 emissions were estimated based on the concept described in the next section (Baseline scenario and 

assumptions), revealing that overseas power generation projects collectively contributed to reducing around 10.9 million 

t-CO2/year.

<Method of calculation (example)>

[Avoided emissions] = [CO2 emissions in baseline scenario] – [CO2 emissions in project scenario]

This case study calculated avoided CO2 emissions for overseas power generation projects that remain under implementation 

or operation up to the fiscal year covered.

[*Projects which have yet to start operation, or to undergo feasibility studies and qualitative efforts including human 

development were excluded.]

Avoided CO2 emissions were quantified  from the baseline scenario (calculated based on average data of the project host 

country) and the project scenario (calculated based on project data), amounting to around 10.9 million t-CO2/year.
(a) Thermal power generation projects

(a-1) Newly constructed thermal power plants
[Baseline]  CO2 emissions based on average efficiency level of thermal power plants by fuel type in the 

host country (area) of assessed project
[Project] CO2 emissions based on the power generation efficiency of assessed project

(a-2) Improvement or replacement of existing power plants
[Baseline]  CO2 emissions based on the power generation efficiency before project implementation
[Project]  CO2 emissions based on the power generation efficiency after project implementation

(b) Non-thermal power generation projects
[Baseline]  CO2 emissions based on the average CO2 emission factor of the host country (area) of  

assessed project
[Project]  CO2 emissions based on the CO2 emission factor of assessed project (zero for non-thermal)

(c) Energy conservation and consulting services
[Baseline] CO2 emissions before project implementation
[Project] CO2 emissions after project implementation

[Estimates based on operating projects (power generation stage)]

Image of contributing overseas power generation operations 
(wind, solar, hydro, high-efficiency thermal, etc.) 

ProjectBaseline

Avoided CO2 emissions  
around 10.9 million t-CO2 /year
 (estimate)*

* Sum of avoided emissions reported by member 
companies for the assessment year.

Contribution of overseas power generation projects The Electric Power Council for a Low Carbon Society (ELCS)

Power generation Electric power transmission 
and distribution

Retail (Use)
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Summary

(3) Other

・Comparisons were made of CO2 emissions at the in-use (combustion) stage of natural gas (LNG) and heavy oil.

・Avoided emissions reflected investment shares or interests owned by Japan’s city gas companies. 

・Emission factor used for natural gas (used for combustion): 0.0136t-C/GJ.

・Emission factor used for LNG (used for combustion): 0.0135t-C/GJ.

・�Emission factor used for heavy oil (used for combustion): 0.0189t-C/GJ.

Source: 2018 List of calculation methods and emission coefficients in “the Calculation, Reporting and Disclosure 

System” of “the Act on Promotion of Global Warming Countermeasures”. 

(2) Scope of quantification

CO2 emissions at the in-use (combustion) stage of natural gas (LNG) were considered the scope of quantification. 

・�Natural gas can be used worldwide by liquefying natural gas produced from developing and extracting gas fields and 

transporting/supplying it as LNG (liquefied natural gas). 

・�Natural gas emits less CO2, NOx and SOx compared to other fossil fuels during combustion, and is thus an  

environment-friendly energy source.

・�Japan’s city gas companies contribute to developing and operating projects by investing or participating in natural gas 

upstream and midstream projects, including development of gas field, gas liquefaction plant, LNG receiving terminal, 

pipeline, and supply.

・�In this case study, avoided emissions from natural gas and LNG supplied in FY2017 were calculated to be around 4.7 

million t-CO2. 

Quantification results of avoided emissions

The following formula was used for quantification. Avoided emissions amounted to around 4.7 million t-CO2.

Natural gas (LNG) supply × share of  investment/interest × (emission factor for heavy oil – emission factor for natural gas 

(LNG))

[Breakdown of avoided emissions]

LNG upstream project: around 2.4 million t-CO2

LNG receiving terminal project: around 1.4 million t-CO2

Pipeline/city gas supply project: around 0.9 million t-CO2

Total natural gas upstream and midstream projects: around 4.7 million t-CO2

(1) Baseline scenario and assumptions

Natural gas is more environment-friendly compared to other fossil fuels from the perspectives of GHG emissions 

reduction and air pollution. In light of the fact that “the Paris Agreement” calls for greenhouse gas reductions on the 

part of all participating countries, including developing countries, it was assumed that heavy oil would be converted 

to natural gas, and thus calculations used CO2 emissions from heavy oil combustion as the baseline. 

US: Cove Point LNG project
Source: Tokyo Gas press release

Spain:  Sagunto LNG Receiving 
Terminal

Source: Osaka Gas press release

City gas pipeline
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Summary

Quantification results of avoided emissions

The following formula was used for quantification. Avoided emissions amounted to around 3.4 million t-CO2.

Amount of power generated × share of investment/interest × (each country’s averaged emission factor for thermal power 

plants – emission factor for natural gas-fired combined cycle system)

(3) Other

・�Comparison were made of CO2 emissions from natural gas combined cycle power plants with those from 

generating the same amount of electric power at existing thermal power plants. 

・�Avoided emissions reflected investment shares or interest of Japan’s city gas companies. 

・�Emission factor used for natural gas-fired combine cycle systems: 376g-CO2/kWh. (Source: material from Fifth 

meeting of “the Long-term Energy Supply and Demand Outlook” Subcommittee)

・�The averaged emission factor for thermal power plants in each country was calculated based on “CO2 per kWh of 

electricity (g-CO2 per kWh)” provided in IEA “World CO2 emissions from fuel combustion”.

(2) Scope of quantification

CO2 emissions at the operation of power plants were considered the scope of quantification. 

(1) Baseline scenario and assumptions

Natural gas is more environment-friendly compared to other fossil fuels from the perspectives of GHG emissions 

reduction and air pollution. In light of the fact that “the Paris Agreement” calls for greenhouse gas reductions on the 

part of all participating countries, including developing countries, it was assumed that existing thermal power plants 

would be displaced by high-efficiency natural gas combined cycle power plants, and thus calculations used the  

averaged CO2 emission factor for thermal power plants in each country as the baseline.

・�Natural gas-fired thermal power plant can achieve higher efficiency by recovering waste heat using a combined cycle 

system.

・�Natural gas emits less CO2, NOx and SOx compared to other fossil fuels during combustion, and is thus an  

environment-friendly energy source.

・�Japan’s city gas companies contribute to planning and operating projects by investing or participating in natural gas-

fired thermal power plants in the world for further diffusion of natural gas.

・�In this case study, avoided emissions were calculated to be around 3.4 million t-CO2 based on the estimated amount of 

electric power generated in FY2017, derived from installed capacity.  

Mexico: MT Falcon power plant
Source: Tokyo Gas press release

UAE: Shuweihut power plant
Source: Osaka Gas press release
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Summary

Quantification results of avoided emissions

The following formula was used for quantification. Avoided emissions amounted to around 100,000 t-CO2.

(Amount of heat supplied by conventional gas boilers × emission factor for natural gas + amount of power generated × 

each country’s averaged emission factor for thermal power plants – amount of gas consumed by gas cogeneration system × 

emission factor for natural gas) × share of investment/interest 

(3) Other

・�Evaluations were made on avoided CO2 emissions from the reduction of grid electricity by cogeneration systems. 

(The averaged CO2 emission factor for thermal power plants was used as the CO2 emission factor for grid power 

in the calculations.) 

・�Avoided emission reflected investment shares or interests of Japan’s city gas companies. 

・�Emission factor used for natural gas (used for combustion): 0.0136t-C/GJ. 

(Source: 2018 List of calculation methods and emission coefficients in “the Calculation, Reporting and Disclosure 

System” of “the Act on Promotion of Global Warming Countermeasures”)

・�The averaged emission factor for thermal power plants in each country was calculated based on “CO2 per kWh of 

electricity (g-CO2 per kWh)” provided in IEA “World CO2 emissions from fuel combustion”.

(2) Scope of quantification

CO2 emissions at the operation of gas cogeneration systems were considered the scope of quantification. 

(1) Baseline scenario and assumptions

Natural gas is more environment-friendly compared to other fossil fuels from the perspectives of GHG emissions 

reduction and air pollution. In light of the fact that “the Paris Agreement” calls for greenhouse gas reductions on the 

part of all participating countries, including developing countries, it was assumed that existing thermal power plants 

and gas boilers would be displaced by cogeneration systems, and thus calculations used the averaged emission factor 

for thermal power plants in each country as the baseline for electricity, and conventional gas boilers as the baseline 

for heat.

・�Gas cogeneration system efficiently utilizes energy by generating electric power using gas turbines and gas engines, as 

well as effectively using waste heat.

・�Natural gas emits less CO2, NOx and SOx compared to other fossil fuels during combustion, and is thus an  

environment-friendly energy source.

・�Japan’s city gas companies contribute to planning and operating projects by investing or participating in global energy 

service projects using gas cogeneration systems for further diffusion of natural gas.

・�In this case study, avoided emissions were calculated to be around 100,000 t-CO2 based on the estimated amount of 

energy supplied in FY2017, derived from installed capacity.

Baseline emissions Emissions attributable to 
Gas cogeneration system

Avoided emissions of 
around 100,000 t-CO2 

Target year: FY2017
Target business: Gas cogeneration system (including energy service)
Target projects: 3
Left-hand graph: Baseline emissions
Right-hand graph: Emissions attributable to gas cogeneration systems

*Estimates were conducted only for avoided emissions.

Avoided emissions from gas cogeneration systems(t-CO2) 

Outline of cogeneration system

・�A cogeneration system is an energy system that generates power using city gas and utilizes waste heat, 
thus featuring an extremely high energy efficiency level of 80% for the entire system. 
・�Distributed power sources that operates close to the place of consumption, this system can reduce energy 

losses in power generation, transmission and distribution, unlike large-scale centralized generation (with 
around 40% usable energy).

Source: The Japan Gas Association website (top); Tokyo Gas website (bottom) 

Hot water, steamElectric power Air conditioning

Electric power

Waste heat

Manufacturing
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The Japan Gas AssociationGas Cogeneration System (including energy service)
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Summary

Quantification results of avoided emissions

The following formula was used for quantification. Avoided emissions amounted to around 2000 t-CO2.

(Amount of heat supplied by conventional gas boilers × emission factor for natural gas + amount of power generated × each 

country’s averaged emission factor for thermal power plants – amount of gas consumed by ENE-FARM × emission factor 

for natural gas) × number of units shipped

(3) Other

・�Evaluations were made on avoided CO2 emissions from the reduction of grid electricity by ENE-FARM (residential 

fuel cells). (The averaged CO2 emission factor for thermal power plants was used as the CO2 emission factor for 

grid power in the calculations.) 

・�Emission factor used for natural gas (used for combustion): 0.0136t-C/GJ. 

　�(Source: 2018 List of calculation methods and emission coefficients in “the Calculation, Reporting and Disclosure 

System” of “the Act on Promotion of Global Warming Countermeasures”)

・�The averaged emission factor for thermal power plants in each country was calculated based on “CO2 per kWh of 

electricity (g-CO2 per kWh)” provided in IEA “World CO2 emissions from fuel combustion”.

(2) Scope of quantification

CO2 emissions at the operation of ENE-FARM (residential fuel cell system) were considered the scope of 

quantification. 

(1) Baseline scenario and assumptions

Natural gas is more environment-friendly compared to other fossil fuels from the perspectives of GHG emissions 

reduction and air pollution. In light of the fact that “the Paris Agreement” calls for greenhouse gas reductions on the 

part of all participating countries, including developing countries, it was assumed that existing thermal power plants 

and gas boilers would be displaced by ENE-FARM, and thus calculations used the averaged emission factor for 

thermal power plants in each country as the baseline for electric power, and conventional gas boilers as the baseline 

for heat.

・�The ENE-FARM (residential fuel cell system) efficiently utilizes energy by generating power and simultaneously using 

waste heat effectively. In addition, it is fueled by natural gas, which emits less CO2, NOx and SOx compared to other 

fossil fuels during combustion, and is thus an environment-friendly energy source.

・�Japan’s gas appliance manufacturers contribute to global CO2 emissions reduction by shipping ENE-FARM to Europe.

・�In this case study, avoided emissions were calculated to be around 2,000 t-CO2 by comparing fuel consumption by 

ENE-FARM estimated based on the number units shipped up to FY2017 with fuel consumption by conventional water 

heaters and grid electricity consumption.
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Source: Panasonic press release 
(top); The Japan Gas Association 
website (right) *The heat generated in power generation is recovered and used to heat water.

*In times of hot water shortage or when the heater is in use, the auxiliary water heater operates.  
*This is an image and does not represent actual piping.
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(3) Other

This case study assessed HEMS (for single-family homes) operated by Sendai Green Community Association in 

Sendai City. The NTT Group supported the construction and assessment (as a part of a research study under the 

Ministry of Internal Affairs and Communications (MIC)) of the system.

Literature cited in the assessment is provided below:

・FY2017 Research study on CO2 reductions through local leverage of ICT (MIC, 2017) (in Japanese)

・�Advantage estimation of home fuel cell by using linear approximation (Doshisha University policy & 

management, 2014) (in Japanese)

・Family income and expenditure survey 2016 (MIC, 2016) (in Japanese)

・Household CO2 statistics (Ministry of the Environment, 2016) (in Japanese)

・Status of city gas supply and demand (Sendai City, 2016) (in Japanese)

・�Research on life cycle assessment of photovoltaic power generation system, Research and development project of 

common basic technologies for photovoltaic power generation system (NEDO, 2009) (in Japanese)

・�“LCA analysis of cogeneration systems for home use” (Yamaguchi, et al, Proceedings of the second meeting of 

the The Institute of Life Cycle Assessment, Japan, 2007) (in Japanese)

・�“Energy and environmental analysis of batteries using LCA method” (Kajiyama, et al, Proceedings of the first 

meeting of the The Institute of Life Cycle Assessment, Japan, 2005) (in Japanese)

(2) Scope of quantification

This case study covered electric power facilities (PV cells, fuel cells, storage cells) and energy (city gas, electric power) 

used in households. The assessment period was one year; and therefore, in the case of electric power equipment, the 

load generated at the manufacturing and disposal stages was divided by the number of years in use to be counted in 

the quantification. Network and terminal load were omitted as the values were two digits smaller than power source 

facilities.

(1) Baseline scenario and assumptions

This case study assessed avoided CO2 emissions achieved by introducing HEMS, including electric power facilities 

(PV cells, fuel cells, storage cells), to a single-family house. Therefore, CO2 emissions from energy use before  

installing HEMS would serve as the baseline. However, as actual energy consumption data for households before 

installing HEMS was unavailable, in light of the fact that the diffusion rate of HEMS was adequately low at the time 

of assessment, the local average for energy consumption derived from local statistics was used as average energy use 

by households without HEMS. (Energy use by households that have installed HEMS was estimated from actual 

measurements of electric power consumption.)

Quantification results of avoided emissions

Assuming that CO2 emissions resulting from average energy use by local households represented household CO2 emissions 
before installing HEMS, the case study compared them with CO2 emissions from energy use by households with HEMS 
to calculate avoided emissions achieved by introducing HEMS. 
Annual avoided emissions were assessed for a household living in a single-family house assuming that the energy used 
was electric power and gas (city gas).

Calculation results
Avoided CO2 emissions per household per year resulting from installing HEMS: 0.46 t-CO2/year

After HEMS installment 
①�CO2 emissions at the manufacturing stage: 0.14 t-CO2/year
② CO2 emissions at the in-use stage: 3.36 t-CO2/year
③ CO2 emissions at the disposal stage: 0.01 t-CO2/year

Before HEMS installation
④ CO2 emissions at the in-use stage: 3.96 t-CO2/year

The scope of assessment covered the HEMS system and electric power and gas consumption at the in-use stage, and thus 
excluded the manufacturing stage before installing HEMS and the disposal stage.

The telecommunications industry aims to reduce CO2 emissions from its business operations by deploying energy efficient 

servers and high efficiency air conditioning, also aims to contribute to society-wide CO2 emission reductions by promoting 

improvements in the efficiency of social activities and dematerialization through the provision of ICT services.

This case study compares CO2 emissions from energy use in households that have installed HEMS (Home Energy 

Management System) with local household CO2 emissions. Avoided emissions were calculated to be 0.46t-CO2/year.
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HEMS is a system for saving household energy use. By monitoring electric power consumption by 
electric power equipment (solar cells, fuel cells, storage cells) and connecting with external information 
servers, the system visualizes electricity use and optimizes the operation of electric power equipment. 
It expects to reduce more CO2 emissions than conventional electric power use by efficiently utilizing 
solar power and gases with lower emission factors than electric power.
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Avoided CO2 emissions were calculated, assuming that there were no CO2 emissions associated with the construction, operation 
and maintenance of a facility, by multiplying the power generated during the one-year period from April 2021 through March 2022 
by the most recent emission factor (t-CO2/kWh) of the country or region of location available. 

① Formula for calculating the amount of power generated (net power output, kWh) 
 Installed capacity (kW) × Equity share (%) × 365 days × 24 hours × rate of operation (%)

② Where the actual rate of operation was unavailable, the following values were used in the caculations:
 Wind: 30%; Solar/Solar thermal: 15%; Geothermal: 80%

③ �Where recent country/region-specific emission factors were unavailable,“IEA Emission Factors 2021” was referred in the 
calculations

(3) Calculation of avoided CO2 emissions

(2) Scope of quantification

The case study assessed 104 projects of the 10 member companies of the Japan Foreign Trade Council, Inc. that replied in a 
survey that they invested in overseas IPP projects in operation in FY2021. Sufficient information for the calculation of avoided 
CO2 emissions were unavailable for five of these projects, which were thus excluded from the quantification.
(The scope for Japan covers a total of 66 projects of the 9 member companies that replied in a survey. The information for 
one projects was insufficient to calculate avoided CO2 emissions; and therefore, avoided emissions were calculated for a 
the remaining 65 projects.)

(1) Baseline scenario and assumptions

This case study calculated avoided emissions assuming that a project did not exist in the country or region of location and that 
CO2 emissions associated with the construction, operation and maintenance of a facility were zero. 
avoided CO2 emissions = (emission factor of country or region of location × amount of power generated) – (emission factor 
of renewable energy (=0) × amount of power generated)

Quantification results of avoided CO2 emissions

(Overseas)
・ The regional distribution of power generation projects is: 1) Asia and Oceania: 34; 2) Europe: 33; 3) Latin America: 13; 4) 

North America: 12; and 5) Middle East and Africa: 7
・ The regional distribution of avoided CO2 emissions is: 1) Asia and Oceania: 3.63 million tons (supported by geothermal 

power generation in Indonesia); 2) Middle East and Africa: 2.62 million tons (supported by waste power generation in 
UAE); 3) Europe: 2.11 million tons; 4) North America: 1.58 million tons; 5) Latin America: 1.02 million tons 

・ The breakdown of power generation projects by type of renewable power is: 1) Wind: 46; 2) Solar/Solar thermal: 33;  
3) Hydro: 8; 4) Waste/Biomass, etc.: 8; 5) Geothermal: 5.

・ Avoided CO2 emissions by type of renewable power are: 1) Wind: 3.76 million tons; 2) Waste/Biomass, etc.: 2.63 million 
tons; 3) Geothermal: 2.16 million tons; 4) Hydro: 1.38 million tons; 5) Solar/Solar thermal: 1.03 million tons. 

(Japan)
・ The breakdown of power generation projects by type of renewable power is:1) Solar: 47; 2) Wind: 8; 2) Waste/Biomass: 7; 4) 

Hydro: 3.
・ Avoided CO2 emissions by type of renewable power are: 1) Wind: 0.85 million tons; 2) Waste/Biomass: 0.66 million tons; 

3) Solar: 0.56 million tons; 4) Hydro: 0.07 million tons.

With many years of experience with EPC (Engineering, Procurement and Construction) business, the Shosha (trading 

companies) have leveraged their knowhow develop IPP projects worldwide. In recent years, they have been focused on 

expanding renewable power generation projects. 

In FY2021, the ten companies collectively have 104 operating projects in 36 countries around the world (excluding 

Japan), and total gross installed capacity has reached 21.20 million kW. This amounted to 10.96 million tons of CO2 

emissions (net emissions on an equity share basis) were avoided across 99 projects in FY2021.

In Japan, the nine companies collectively have 66 operating projects, and total gross installed capacity has reached 2.51 

million kW. This amounted to 2.14 million tons of CO2 emissions were avoided across 65 projects in FY2021.

Avoided CO2 emissions by country
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❷❷    Transportation by high-speed container train

Summary (1) Baseline scenario and assumptions

(2) Scope of quantification

The case study assessed CO2 emissions in the assumed case that Japan Freight Railway Company’s annual freight 

(ton-kilometers) was transported using other modes of transport. 

[assumptions]

・�Amount of freight transported annually by Japan Freight Railway Company (performance in FY2020): 

18.1 billion ton-kilometers

・�Automobile and ship transport shares (on a ton-kilometer basis): automobiles 55%; ships 40% (rounded off to the 

closest whole number)

[Source: MLIT website “Changes in Freight Ton-Kilometers”] https://www.mlit.go.jp/k-toukei/

・�CO2 emission factor by mode of transport: rail: 21 g-CO2/ton kilometers; commercial freight vehicle: 216 g-CO2/

ton kilometers; ship: 43 g-CO2/ton kilometers

[Source: MLIT website “CO2 emissions from transportation sector”] https://www.mlit.go.jp/sogoseisaku/

environment/sosei_environment_tk_000007.html

・�Freight is also carried by air, in addition to  automobile and ship, but given the fact that air transport covers only 

a very small share and that freight suitable for rail transport is generally unsuitable for air freight transport, air 

transport was omitted from this calculation.

[Baseline scenario]

In this case study, railway transport is non-existent in the baseline scenario. Assuming that all freight currently  

transported by rail were to be transported using other modes (automobile and ship), increases in CO2 emissions 

(calculated in proportion with the actual ratio of automobile transport to ship transport) were estimated to represent 

avoided CO2 emissions. (Estimations were based on actual performance.)

Quantification results of avoided emissions

This case study subtracted the annual CO2 emissions of rail freight transport from the annual CO2 emissions assumed if 

all rail freight transport were to be replaced with other modes of transport to calculate annual avoided CO2 emissions, 

which amounted to 2,214,700 t-CO2. Calculations are provided below:

① Annual CO2 emissions of rail freight transport: 380,100 t-CO2

②  Annual CO2 emissions assumed if all rail freight transport were to be replaced with automobile and ship transport: 2,594,800 t-CO2

③ Annual avoided CO2 emissions attributable to rail freight transport = 2,594,800 t-CO2 – 380,100 t-CO2 = 2,214,700 t-CO2

Rail freight transport is a mode of transport suitable for medium and long-distance transport, given its environment-friendliness, 

safeness, and regularity as well as its features as a contract-based means of transport for large volumes. These features 

give rail freight transport the lowest CO2 emission intensity of all modes of transportation.

This case study quantified avoided emissions by assuming that all domestic rail freight transport was replaced by other 

modes of transport and comparing the annual CO2 emissions under the assumed case with the annual CO2 emissions of 

rail freight transport. As a result, annual avoided CO2 emissions amounted to 2,214,700 t-CO2.

Rail freight transport Japan Freight Railway Company

Updated in the fifth editions
UseTransport Disposal/recyclingManufacturingRaw materials/materials 

Rail freight transport is located in various stages of value chains; thus it contributes to avoided CO2 emissions in each stage.
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