
 

H10 CHEMICAL ENGINEERING: Environmental Protection 

 

JOURNAL OF ENGINEERING SCIENCES 

Volume 7, Issue 2 (2020) 

 

Osman T. (2020). Low-carbon City Inventory Method for the Local Scale. Journal of Engineering 

Sciences, Vol. 7(2), pp. H10–H14, doi: 10.21272/jes.2020.7(2).h2 

 

Low-carbon City Inventory Method for the Local Scale 

Osman T.1, 2 

1 Faculty of Urban and Regional Planning, Cairo University, Oula, Giza District, Egypt;  
2 Graduates School of Engineering, Kyushu University, 744, Motooka Nishi-Ku St., 819-0395 Fukuoka, Japan 

Article info: 

Paper received: 

The final version of the paper received: 

Paper accepted online: 

 

September 23, 2020 

December 8, 2020 

December 15, 2020 

*Corresponding email: 

tosman@zewailcity.edu.eg 

 

Abstract. Greenhouse gas (GHG) inventory has played a fundamental role in providing scientific political-making 

evidence in mitigation. For a particular case study, Japan offers a positive performance in reducing GHG emissions since 

an early age, and the GHG Inventory Office of Japan was established in 2002 and is making efforts on publishing both 

“National GHGs Inventory Report of Japan” and “GHGs Emissions Data of Japan” annually. This paper covers local 

Japanese inventory development from a global range to a domestic level and offers its general reporting criteria 

nationwide. Furthermore, through a case study of recalculating 2010 Saga Prefecture’s GHG emission, local inventory 

methodology is investigated in six GHGs (including CO2, CH4, N2O, HFC, PFC, and SF6) and forestry sectors. In this 

section, recalculating methodologies, especially regarding calculated fields and basic formulations categorized by GHG 

types, are introduced in detail. Then, it provides limitations and improvements of the inventory reformation. Further, 

future research directions are discussed as well. This research exhibits an inventory method at the local scale and offers 

its improvements by the author to provide some experiences and lessons for the research and mitigation policy-making 

practices in other parts of the world. 
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1 Introduction 

Japan offers a positive performance in mitigation due 

to the climate change issue. For example, in 2008 Japanese 

government drew worldwide attention by declaring its 

ambitious plan for realizing a “Low-carbon Society” [1, 2] 

(LCS) in the year 2050 by reducing 60–80 % of its CO2 

emissions (compared with 1990 level). As is known that 

greenhouse gas (GHG) inventory [3–6] has been playing a 

fundamental role in providing scientific policy-making 

evidence, the GHG Inventory Office of Japan (GIO) [7–9] 

was established in 2002 and is making efforts on 

publishing both “National GHGs Inventory Report of 

Japan (NIR)” and “GHGs Emissions Data of Japan” 

annually. 

This paper provides a recalculating result of 2010 GHG 

local inventory through a case study of Saga Prefecture and 

sets out to answer questions: what the limitations and 

issues of GHG inventory for the local level are, and what 

improvements should be made. Meanwhile, the research 

will also evaluate the inventory menu at a global range to 

provide a broader view of the inventory reformation. This 

research exhibits an inventory method at the local scale 

and offers its improvements by authors to provide some 

experiences and lessons for the research and mitigation 

policy-making practices in other parts of the world. 

 

 
 

With the awakening of global consensus on reducing 

greenhouse gas (GHG) emissions to combat global 

warming, to cope with climate changes and the related 

challenges, international treaties such as the United 

Nations Framework Convention on Climate Change 

(UNFCCC) and protocols of different magnitudes such as 

Kyoto Protocol (KP) [10, 11] were set up to facilitate and 

assist the implementation of those efforts. On an 

international level, there are currently 192 Parties to the 

Kyoto Protocol, and each country is mandated to establish 

and maintain a national system for the GHG emission 

estimations and removals (UNFCCC, 2008). They apply 

the Intergovernmental Panel on Climate Change (IPCC) 

methodology and IPCC good practice guidance to prepare 

their GHG inventories, which is the fundamental 

framework for most GHG inventories applied globally. 

Various protocols and methodologies are established 

on subnational and local levels in response to the 

differentiated needs and local conditions. Despite that, the 

US’s absence in ratifying the Kyoto Protocol, the Local 

Government Operations Protocol (LGOP) adopted by the 

California Air Resources Board [12], is a state-level 

endeavor to inventory the GHG emissions (CARB, 2010). 

Other examples include the GHG Protocol developed by 
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the World Resource Institute (WRI) and World Business 

Council for Sustainable Development, the most widely 

used international accounting tool for local government 

and business leaders. Besides, a Local Government 

Operations (LGO), which is designed to allow local 

governments to quantify and report GHG emissions 

resulting from their operation, is established by California 

Climate Action Registry (CCAR), the (CARB), and Local 

Governments for Sustainability (ICLEI). The ISO 14064 

is an international standard targeted mainly for local 

government and business, regions, and organizations with 

an integrated set of GHG emissions accounting and 

reporting tools. 

2 Research Methodology 

2.1 Research background 

Japan is advanced in reducing GHG emissions since 

Kyoto Protocol (1997), and it is one of the earliest 

countries in the world which was concerned and made 

efforts regarding global warming issues. In 2008, then 

Prime Minister Fukuda made a speech at the G8 Hokkaido 

Toyako Summit press conference, which gained attention 

to the world’s recognition. He pointed out that developed 

countries are obliged to take the lead in mitigating climate 

change and to make efforts for achieving a greenhouse gas 

(GHG) reduction target of at least 50 % globally by 2050 

from the 2008 level. Meanwhile, the Fukuda Government 

also declared Japan’s ambitious long-term plan for 

building 2050 low-carbon society (LCS), aiming to 

achieve a 60–80 % GHG mitigation target from the 2008 

level. Later in 2009, then Prime Minister Hatoyama further 

announced a mid-term plan to reduce 25 % CO2 emissions 

by 2020 from the 1990 level [13]. 

To report GHG amount and offer scientific policy-

making evidence, the Japanese Ministry of Environment 

established GHG Inventory (National Scale) in 1999. 

National Institute for Environmental Studies Japan (NIES) 

announced the latest emission amount was 1,343 million 

tonnes, which is increased by 6.5 % compared to 

emissions in the base year under the Koto Protocol (1990). 

Furthermore, according to Japan's law, large and 

medium-sized cities (over 0.2 million) must set up GHG 

reduction plans. To provide effective assistance, MOE 

offered specific instructions since 2008 and stipulated that 

each plan must conclude contents like calculating and 

analysis of its GHG emission, defining mid and long-term 

goals, implementation, and supervision.  

Meanwhile, in Japan, and inventory reporting system 

is set up based on the population reference to IPCC 

regulations (SBSTA/2006/9) [14, 15]. As is shown in 

Table 1. “Must” means those prefectures (cities, towns, 

and villages) which are obliged to report required items. 

“Optional” means the item is selectable to be covered. 

Saga Prefecture, where the case study is conducted, 

Saga Prefecture is in the northwest part of Kyushu, Japan.

Table 1 – Criteria of inventory reporting Japan 

Item 

Prefecture 

(over 0.5 

million) 

Core city, 

(0.2–0.5 

million) 

Other cities 

(below 0.2 

million) 

Resources  

CO2 
must must must 

Industry  

(CH4, N2O) 
must must optional 

Waste must must must 

Agriculture must must optional 

HFC, PFC, 

and SF6 
must optional optional 

 

According to the criteria, Saga Prefecture must report 

all items (including CO2 sources, CH4, N2O Industry, 

Waste, Agriculture and HFC, PFC, SF6). This prefecture 

area is 2439 km2, and many enterprises are contributing to 

low carbon society building. 

2.2 Method of recalculating Saga prefecture’s 

inventory 

To examine the feasibility of inventory at the local 

level and identify limitations of the inventory and explore 

improvements in creating a more efficient and convenient 

calculating methodology, this research recalculated the 

2010 Saga Prefecture’s inventory. Recalculating is based 

on sources that are mainly from the provincial level and 

national level. For example, sources like energy 

consumption data and electricity consumption for 

livelihood and Saga Statistical Yearbook are frequently 

used. Besides, the recalculating process uses Excel 

software. 

In general, there are three main processes of 

recalculating. First is accessing to the consumptions, 

which caused GHG emissions. Second is transmitting 

consumption to GHG emissions of each field (e.g., from 

TJ: ton joules to CO2) by using formula and emission 

factors. The third is adding up all outcomes. 

Recalculating Saga Prefecture’s inventory covers six 

GHGs (CO2, CH4, N2O, HFC, PFC, SF6), encompassing 

nine sectors. As is shown in Table 2, GHGs are calculated 

in nearly 30 fields, through which final annual GHG 

emissions are summed up. 

3 Results and Discussion 

Furthermore, as is shown in Table 3, it can be 

concluded that some sectors like the waste sector and 

automobile sector are not only calculated in CO2 but also 

CH4 and N2O for their emissions. Detailed descriptions are 

provided in the following paragraphs. 

Recalculating follows the formulation of Saga 

Prefecture. In CO2, for example, Energy Industry Sector 

concludes four categories (Table 4). 

Energy Industry Sector Example is provided in 

Table 5. In CH4 and N2O, for example, Automobile Sector 

follows the formulation: “Emission = Annual Distance 

Traveled (km) × Emission Factors (gCh4/km)” (Table 6).  
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In HFC, PFC, and SF6, it mainly follows the formula: 

“number of user × Emission factor”, while adding up 

emissions directly provided by specified business 

operators. 

Table 2 – Saga Prefecture inventory general contents 

Sectors 

Calculated  

GHG  

category 

Fields 

Energy  

Industry 

CO2 1. Manufacturing 

Industry 

2. Agriculture, 

Forestry and Fisheries 

3. Construction and 

Mining 

Residential CO2 Residential energy 

consumption 

Commercial CO2 1. Commercial 

Sewage Waste 

2. Finance and Real 

Estate 

3. Public Service 

4. Specified Business 

Operators Services 

5. Individual Services 

Industrial  

Process: cement 

CO2 Cement 

Transportation CO2,  

CH4,  

N2O 

1. Automobiles (CO2, 

CH4, N2O) 

2. Railway (CO2) 

3. Shipping (CO2) 

4. Aviation (CO2) 

Waste CO2,  

CH4,  

N2O 

1. Municipal Solid 

Waste 

2. Industrial Waste 

3. Solid Waste 

Disposal on Land 

4. Organic Waste 

5. Water Treatment 

Agriculture CH4,  

N2O 

1. Livestock breading 

process 

2. Livestock waste 

3. Emission from 

paddy field 

4. Burning of  

crop residue 

5. Cultivation of 

organic soils 

HFC, PFC, SF6 HFC,  

PFC,  

SF6 

1. Household 

refrigerator 

2. Air conditioners 

(automobile use) 

3. Specified business 

operators 

Forestry CO2 1. Private Forests 

2. National Forests 

 

The forestry sector contributes to mitigation through 

absorbing CO2 emission, and it is divided into private and 

national forests. Regarding the calculating contents, 

Intensively Managed forest and semi-natural forests are 

calculated in both two categories. It follows the 

formulation: 

 

∆CLB = Σk[(ct2 – ct1)/(t2 – t1)]k,         (1) 

 

where ΔCLB stands for annual carbon stock change in 

living biomass [t-C/year]; t1,t2 means time points of carbon 

stock measurement; ct1 refers to total carbon in biomass 

calculated at time t1 [t-C] while ct2 stands for total carbon 

in biomass calculated at time t2 [t-C]; k means the type of 

forest management. 

Through recalculating via “MS Excel” software, five 

limitations of inventory are discovered during the process. 

They can be summarized as: time delay, high expense, 

international prefectural issues, complex formulation, 

missing of contents, and incorrect consumption data. 

Firstly, a series of latest data cannot be accessed due to 

time delay, which brought a great challenge to reporting 

and updating GHG emission. For example, in the waste 

sector regarding incineration amount, the latest data 

(Comprehensive Report on the Review Results of 

Calculating the Emission Amounts of GHG) is from 2004. 

Besides, when recalculating the residential sector, the 

Single Household Number's latest data (Saga Prefecture) 

is from 2010 [16]. Further, the consumption amounts of 

electricity, gas, and town gas utilized in the residential 

sector, can only be found in 2011. Therefore, it is a 

considerable obstacle for the government to report 2012 

due to the absence of information, let alone the reporting 

of 2014 GHG inventory. 

Table 3 – Recalculating GHG categories and related sectors 

GHG category Sectors 

CO2 1. Energy Industry Sector 

2. Residential Sector 

3. Transportation Sector 

(Automobiles; railway; shipping; 

aviation) 

4. Waste Sector 

5. Industrial Process Sector 

6. Forestry Sector (absorb) 

CH4, N2O 1. Automobile 

2. Waste Sector 

3. Agriculture Sector 

HFC 1. Household Refrigerator 

2. Air conditioning (automobile 

use) 

3. Specified Business Operators 

PFC, SF6 Specified Business Operators 

Table 4 – Energy industry sector calculating formulation 

Energy 

Category 
Method 

Fuel Consumption（TJ）× Emission Factors 

（tc/GJ）×1000×44/121 

Electricity Consumption (106 kWh) × Emission 

Factors (kg-CO2/kWh）× 1000 

Heat Consumption (TJ) × Emission Factors 

(tCO2/GJ) × 1000 

Town Gas Consumptions（million kcal）× 

Emissions Factors (tc/GJ) × 1000 ×  

× 44/12 × 0.004192 

Consumption (TJ)× Emission Factors 

(tc/GJ)×1000×44/12 
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For resolving this issue, a timely sampling survey 

conducted in the prefecture is recommended. Prefectural 

average data is expected to be estimated through 

investigation consequences of each Saga City. For 

instance, to access 2014 data of single household number 

and consumption amount of electricity in Saga 

prefecture’s Beppu city, a certain number of Beppu 

households can be surveyed. Similarly, the 2014 

incineration amount can be calculated through a sampling 

investigation conducts in each region. This survey should 

cover all range of residents (including young and elder) 

and include foreign households. Furthermore, the season 

of doing a survey is expected to set in a reasonable 

timeframe, which is available to guarantee data accuracy 

and allow sufficient time for calculating. 

Secondly, a large amount of budget is spent on 

purchasing data. For example, calculating in the residential 

sector, the inventory team must pay for Saga Gas 

Company Annual Reports (Government Publication). The 

annual amount of industrial wastewater (Saga Prefecture) 

needs to be purchased from Japan Sewage Works 

Association in the waste sector. Meanwhile, railway track 

length (Saga Prefecture) must be bought from JTN 

Timetable in the transportation sector. For addressing this 

issue, national subsidies are expected to be provided. 

Besides, data, which need to be paid, are recommended to 

be accessible from other free channels. Moreover, to save 

budget, estimation through previous years’ data can also 

be applied. 

The third is the international prefectural issue in terms 

of aviation routes. Currently, Saga airport provides 

services for several domestic flights and an international 

flight (Saga – Seoul by Korean Air). Domestic services 

(including inter-prefecture flights) are calculated through 

aircraft fuel consumption charged in Saga Airport. 

Nonetheless, due to the unclear boundary issue between 

Saga-Seoul, the GHG emission has not been calculated. 

For solving the issue, an explicit menu and agreement 

between the two cities must be negotiated. 

Fourthly, complex formulations need to be modified. 

For example, in the agriculture sector, when recalculating 

Saga Prefecture’s dairy cattle waste, the current method is 

feces emission of all dairy cattle (CH4) + urine emission of 

all dairy cattle (CH4) ＋ mixed emission of all dairy cattle 

(CH4), which is detailed and accurate. Nevertheless, the 

method is time-consuming. Therefore, a new computing 

method of CH4 emission of individual Cattle × number of 

all dairy cattle is recommended.  

Lastly, through recalculating and comparing 2010 Saga 

government released results, it is found that some required 

contents are missed, and incorrect consumption data are 

employed. Therefore, accuracy is required for future 

inventory. For example, regarding solid waste disposal on 

land, both CO2 and CH4 emissions of the anaerobic landfill 

and semi-aerobic landfill must be reported according to the 

Ministry of the Environment (MOE). 

 

Table 5 – Energy industry sector example: construction and mining 

Energy Category Consumption Emission Factors Emission（tCO2） 

Fuel N/A TJ N/A N/A 96,691 

Coal 2 TJ 0.0247 tc/GJ 181 

Coal Product 6 TJ 0.0294 tc/GJ 647 

Oil 0 TJ 0.0187 tc/GJ 0 

Light Oil Production 1,078 TJ 0.0187 tc/GJ 73,915 

Heavy Oil Production 315 TJ 0.0189 tc/GJ 21,830 

Petroleum Gas 2 TJ 0.0161 tc/GJ 118 

Natural Gas 0 TJ 0.0135 tc/GJ 0 

Town Gas 271 TJ 0.0136 tc/GJ 13,514 

Electricity 117 106 kWh 0.3850 kg-CO2/kWh 45,045 

Total N/A N/A N/A N/A 155,250 

Table 6 – Automobile (light passengers’ vehicle and bus) recalculating result 

Content Category 
Annual Distance 

Traveled (km) 

Emission Factors 

(gCh4/km) 

Emission  

（tCH4） 

Emission Factor 

（gN2O/km） 

Emission  

（tN2O） 

Light Passengers Vehicles 

Petroleum 1,906,881,437 0.005 9.53 0.005 9.53 

Natural Gas 748,966 0.013 0.01 0.0002 0.00 

Total N/A N/A 9.54 N/A 9.55 

Buses 

Petroleum 2,192,183 0.035 0.08 0.041 0.09 

Light Oil 52,311,420 0.017 0.89 0.025 1.31 

LPG 41,714 0.035 0.00 0.041 0.00 

Hybrid 164,189 0.035×0.5 0.00 0.041×0.5 0.00 

Natural Gas 301,944 0.05 0.02 0.0384 0.01 

Total N/A N/A 0.99 N/A 1.41 
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However, the Saga government only reported CH4 

emissions. Another example is about HFC, which refers to 

MOE, household refrigerators, air conditioning (both 

automobile and business use), and vending machines are 

required to be calculated. Nevertheless, Saga missed the 

information about vending machines. Further, in 

calculating solid waste disposal on land, waste textiles 

percentage was wrongly used (Saga used: 85 %; Correct 

80 %). For improvement of the accuracy, the Saga 

inventory team's supervision is highly recommended, and 

timely data, which MOE instructs, should be updated in 

local inventory. 

Conclusions 

Climate change indicates that GHG inventory and 

supervision system has played a fundamental role in 

mitigation. 

Although local inventory is still in a developing stage 

currently, there is an inevitable trend for creating and 

applying a more convenient and efficient calculating 

method in the future. Due to inadequate studies on the 

GHG inventory for local scales, various inventory issues 

like time delay, high expense, complex formulation, 

international issues, missing required contents, and 

wrongly employed data are found in the research. 

Therefore, related inventory improvements, like designing 

sample survey’s contents and enforceable conduction plan, 

the definitive agreement between Saga and Soul, simplify 

the inventory calculating method, and accuracy 

improvement and strengthening supervision are 

recommended. 

Future research direction is expected to focus on 

individual-based inventory investigation and its related 

applications. 

References 

1. Uwasu, M., Kishita, Y., Hara, K., Nomaguchi, Y. (2020). Citizen-participatory scenario design methodology with future design 

approach: A case study of visioning of a low-carbon society in Suita city, Japan. Sustainability (Switzerland), Vol. 12(11), doi: 

10.3390/su12114746. 

2. Fukuda, Y. (2008). Aiming to build Low Carbon Society. Proceedings of G8 Hokkaido Toyako Summit. Retrieved from 

http://www.kantei.go.jp/jp/hukudaspeech/2008/06/09speech.html 

3. Li, Y., Gu, C. L. (2012). Japan Local Level GHG inventory (a case study of Yokohama). Urban Environment & Urban Ecology, 

Vol. 2012 (6), pp. 16–23. 

4. Comprehensive Report on the Review Results of Calculating the Emission Amounts of GHG. Retrieved from 

http://www.env.go.jp/earth/ondanka/santeiho/kento/h1808/40waste.pdf 

5. Azarkamand, S., Ferré, G., Darbra, R. M. (2020). Calculating the carbon footprint in ports by using a standardized tool. Science 

of the Total Environment, Vol. 734, 139407, doi: 10.1016/j.scitotenv.2020.139407. 

6. GHG inventory office of Japan. Welcome to the Website of the Greenhouse Gas Inventory Office of Japan. Retrieved from 

http://www-gio.nies.go.jp/index.html 

7. Ito, H. (2016). Capacity development on GHG inventories in Asia: WGIA workshop on greenhouse gas inventory in Asia. 

Enabling Asia to Stabilise the Climate, pp. 227–249, doi: 10.1007/978-981-287-826-7_11. 

8. Ministry of the Environment, Japan Greenhouse Gas Inventory Office of Japan (GIO), CGER, NIES (2014). National Greenhouse 

Gas Inventory Report of Japan. Ministry of Environment (MOE, 2006). Discussion on reporting GHG emission (Waste Sector). 

Retrieved from http://www.env.go.jp/earth/ondanka/santeiho/kento/h1808/40waste.pdf 

9. Ichisugi, Y., Masui, T., Karkour, S., Itsubo, N. (2019). Projection of national carbon footprint in japan with integration of LCA 

and IAMS. Sustainability (Switzerland), Vol. 11(23), pp. 1–21, doi: 10.3390/SU11236875. 

10. United Nations Framework Convention on Climate Change. 2008. Kyoto Protocol Reference Manual on Accounting and Assigned 

Amount. Retrieved from http://unfccc.int/resource/docs/publications/08_unfccc_kp_ref_manual.pdf 

11. Wang, Z., Jiang, Q., Dong, K., Mubarik, M. S., Dong, X. (2020). Decomposition of the US CO2 emissions and its mitigation 

potential: An aggregate and sectoral analysis. Energy Policy, Vol. 147, 111925, doi: 10.1016/j.enpol.2020.111925. 

12. California Air Resources Board. 2010. Local Government Operations Protocol For the quantification and reporting of greenhouse 

gas emissions inventories. Retrieved from http://www.arb.ca.gov/cc/protocols/localgov/pubs/lgo_protocol_v1_1_2010-05-03.pdf 

13. Hatoyama, Y. (2009). Hatoyama Statement. Proceedings of UN Climate Change Meeting. Retrieved from 

http://www.kantei.go.jp/jp/hatoyama/statement/200909/ehat_0922.html 

14. IPCC 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Retrieved from http://www.ipcc-

nggip.iges.or.jp/public/2006gl/index 

15. Minkkinen, K., Ojanen, P., Koskinen, M., Penttilä, T. (2020). Nitrous oxide emissions of undrained, forestry-drained, and rewetted 

boreal peatlands. Forest Ecology and Management, Vol. 478, 118494, doi: 10.1016/j.foreco.2020.118494. 

16. Saga Prefecture’s Single Household number. Retrieved from https://www.e-stat.go.jp/stat-

search/files?tclass=000001037709&cycle=0&layout=datalist 

 


