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Abstract 

The security of food-energy-water (FEW) supplies is essential to the well-being of human being in the world. The 

production and consumption accompany a huge amount of greenhouse gas emissions (GHG). This paper aims to 

qualifying the intensity of resource uses and CO2 emissions in food, energy and water sectors in Tokyo Prefecture by 

input-output analysis. By using the monetary input-output table of Tokyo Prefecture compiled from the Statistics of Tokyo, 

demands and supply of FEW and the flow of water and energy in FEW sectors were tracked, energy and water 

consumption in each district was visualized and the resource efficiency in different sectors was assessed. The results show 

that the food manufacturing consumes 99% of water and energy in food sector, including staple, condiment and other 

grocery products. The production and transmission of water and energy, indirect resource consumption, leads to lower 

efficiency in the water and energy sector. We also find that 82% of resource consumed in central areas of the prefecture, 

for instance, Chiyoda City. While Tokyo exports 40% of FEW resources to other regions in goods and services 60% is 

either consumed by households or government within Tokyo. These findings provide a baseline to make CO2 reduction 

plan to achieve the “Zero Emission Tokyo Strategy”. 
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1 Introduction 

Food, energy and water (FEW) resources are 

fundamental for human life and essential for economic 

and social development of the society. According to the 

UN (2015), more than 50% of the world’s population are 

living in cities. Therefore, the majority of FEW resource 

consumption and the generated CO2 emissions take place 

in the cities. In addition to, increasing climate change and 

environmental disasters have a negative impact on urban 

resource structure. So, how to assess urban resources is 

important for sustainable urban development. 

There are lots of ways to assess the FEW depending on 

the type of use, scale, conceptual framework and also the 

availability of data (Herbst et al., 2012). But previous 

researches focus on evaluating resources, how to quantify 

resources flow and assess consumption efficiency has not 

be a focal point. Inventory analysis was applied to 

identify direct and indirect consumption of material flow. 

For example, energy consumption is divided into direct 

energy consumption and energy consumption related to 

water, also water consumption is divided into direct water 

consumption and water use related to energy. It is applied 

to depict the actual situation of resource consumption in 

the food-energy-water nexus (Wang, Fath, & Chen, 2019). 

In this research, we quantify resource flow (direct + 

indirect) in FEW flow cycles based on inventory analysis. 

There are currently two main approaches are widely 

adopted for quantification of FEW: bottom-up and top-

down approach respectively (Böhringer et al., 2008). The 

top-down model is typically used for macro studies, 

usually at a national or urban level, while the bottom-up 

model is more suitable for micro studies for individual 

products. In this case, we need to assess the intensities of 

energy and water triggered by urban consumption, 

including household, government and export. It can 

contribute to understanding the status and trends of the 

urban consumption, leading to improvement of policy 

making, FEW security, and urban sustainability (Li et al., 

2016). Therefore, the method of input-output analysis (a 

top-down approach) is a reasonable approach to quantify 

the resource flow and relationships between subsectors of 

the economy in the food-energy-water nexus. 

Resource consumption efficiency and effective 

management is regarded as the outcome of considering 

synergies and trade-offs among FEW (Albrecht, Crootof, 

& Scott, 2018). In water supply, water consumption 

efficiency has been defined ranging from the plant to 

irrigation management levels (Ringler et al., 2013). 

However, incomplete information and limit of data 

availabilities make us difficult to understand about how 

energy and water interact at different scales. In order to 

just show the efficiency of water and energy consumption 

from urban level to district level, we have redefined the 

efficiency of consumption. Because water and energy 

consumption must be related to population and land, we 

use per capita consumption and land area as parameters. 

It equals the sum of (Per capita water or energy 

consumption × Employees in each sectors) divided by 

wards area. 

 

2 Data and Method 

2.1 Data 

In this study, the data is divided into two parts: direct 

data and indirect data. Direct data includes consumption 

of water, electricity and gas in different sectors and 

households and input-output table (I-O table). They 

mainly come from the Statistics of Tokyo. The indirect 

data also includes two parts: estimated data and intensity 



data. Estimated data is that the percentage of sectors for 

water or energy consumption in I-O table multiply total 

consumption, because the statistics do not cover the water 

and energy consumption of all sectors, we need to use the 

estimated data for calculation. In this research, we 

considered energy-related water use and water-demanded 

energy consumption for all urban sectors. So we need to 

calculate the water intensity (the water required for one 

unit of energy consumption) and energy intensity (the 

energy needed for one unit of water consumption) to 

obtain the above data. 

 

2.2 Method 

 Fig.1 shows the framework and method for assessing 

Tokyo resource consumption. Inventory analysis (IA) is 

the process of understanding the stock/product mix 

combined with the knowledge of the demand for 

stock/product. In this research, we use this method to 

count the consumption of water and energy, and then 

establish Tokyo food-energy-water flow cycle. In order to 

just show the efficiency of water and energy consumption 

in various areas of Tokyo, we have redefined the 

efficiency of consumption. Because water and energy 

consumption must be related to population and land, we 

use per capita consumption and land area as parameters. 

It equals the sum of (Per capita water or energy 

consumption × Employees in each sectors) divided by 

wards area. Input-output analysis (IOA) can reveal the 

interactions among sectors within the economy and has 

the potential to help identify critical factors that can 

generate synergies among sectors. So we calculate that 

final demands (household, government and export) 

trigger water and energy consumption based on input-

output analysis (IOA). It represents the impact of nexus 

on urban ecosystems from a consumption perspective. 

 

 
Fig. 1: Research Framework 

 

3 Results 

3.1 Resource flows within FEW Nexus 

Fig.2 shows that the flow of water and energy between 

the Tokyo’s food sector, water sector and energy sector. 

The food sector consumes 5170 (1000m3) water and 

11943782 (1000MJ) energy, of which 99% of water and 

energy is consumed by the food manufacturing industry. 

Tokyo ’s agricultural self-sufficiency rate is less than 1% 

(Gain report, 2018), and it depends entirely on imports, 

so it consumes very little water and energy. In the water 

consumption, indirect consumption accounts for 54.26%, 

mainly from gas production. The energy sector consumes 

4580 (1000m3) water, gas consumes much more water 

than electricity. Because the water needed for 1 unit of 

gas (0.00026 m3/MJ) consumed is much higher than that 

of electricity (0.000014 m3/MJ). But direct water 

consumption accounts for 76.5% and 75.3% respectively. 

The water sector consumes 1422646 (1000MJ) energy, 

energy consumption mainly comes from electricity, 

accounting for more than 90%. After the Great East Japan 

Earthquake in 2011, 90% of Tokyo's energy supply comes 

from thermal power generation due to the shutdown of 

nuclear power stations (Tokyo Waterworks 10 Year Plan 

for Energy Efficiency, 2015). 

 

 
Fig. 2: Tokyo food-water-energy nexus resource flow 

 

Fig.3 shows that water consumption and energy supply 

in Tokyo’s food sector. Compared with food 

manufacturing, agriculture only consumed water and 

electricity. Agricultural services and non food crops 

consume 70% of the water and electricity in the 

agricultural sector. Non food crops include sugar raw 

materials and beverage ingredients, etc. In the production 

and purification process, a lot of water and electricity will 

be consumed. The agricultural service sector includes 

mechanized production and harvesting. Although there is 

little cultivated land in Tokyo, there are still professional 

farmers, mainly producing vegetables and fruits. 

Vegetables consume 15% of water and electricity in the 

agricultural sector. Water and energy consumption are 

mainly concentrated in staple food, condiment and other 

grocery products (frozen food, fast food, etc.). Because 

food supply in Tokyo mainly depends on imports, in order 

to maintain the survival of 13 million people, it is 

necessary to save a lot of vegetables, fruits and meat. So 

frozen food and fast food consume more than 30% of 

energy and water. 

 

 



 

 

Fig. 3: water and energy consumption in food sector 

3.2 Resource consumption efficiency in each sector 

Resource consumption efficiency is that resource 

consumption divided by GDP, the smaller value means 

that the less resources are consumed, the more GDP is 

produced, and the efficiency is better. In water efficiency 

result, water sector has low efficiency. Electricity and gas 

have same situation. Because in the process of water and 

energy production and transmission, indirect water and 

energy are consumed, leading to low efficiency. Because 

oil and gas are completely imported in Tokyo, energy 

self-sufficiency is low, leading to low gross value added 

in energy sector. And oil purification requires a lot of 

energy, so electricity efficiency in mining sector is low. 

Manufacture and construction should improve their gas 

efficiency 

 

 

 

 

Fig. 4: Resource consumption efficiency   

3.3 Visualize energy and water consumption in each 

district 

Comparing Fig.5 and Fig.6, energy consumption and 

water consumption have a similar situation. They show 

that water and energy consumption are mainly 

concentrated in central areas, reaching 82% of total 

consumption. Chiyoda-ku, Minato-ku, Shinjuku-ku and 

Chuo-ku consume 43% of the central areas 's energy and 

water, because services, academic research, finance and 

medical related industries are concentrated here. In the 

south of central areas, there are many printing and metal 

manufacturing factories. Therefore, these areas consume 

a large of water and energy. 

 

 

Fig. 5: Water consumption in different districts of Tokyo 

 

Fig. 6: Energy consumption in different districts of Tokyo 

3.4 Final demands trigger water and energy 

consumption 

Fig.7 shows that the total water consumption triggered 

by final demand is 522315 (1000m3), in which the 

contributions of household consumption, government 



consumption and export are 46%, 19% and 35%. For 

electricity, the contributions are 42%, 16% and 42%. For 

gas, the contributions are 40%, 11% and 49%. The 

biggest part of the households trigged water and 

electricity consumption is from Se based on the 

consumption angle. But the highest proportion of 

households trigged gas consumption if from Ma rather 

than Se. Ma is more dominant regarding export. It is also 

clear that the consumption of water, electricity and gas 

are distinct in terms of sectoral structure. About 40% of 

this water and energy is exported to other regions with in 

goods and services, and the rest 60% is either consumed 

by households or government. 

 

 

 

Fig. 7: Final demands trigger water and energy consumption 

 
4 Conclusion 

In this case, we tried to quantify material flows in 

different Tokyo’s sectors based on food-energy-water 

nexus angle and analysis resource consumption 

efficiency for improving urban sustainable development. 

Consequently, we found that Tokyo's self-sufficiency rate 

in agriculture is low and it basically depends on import. 
In order to meet the food needs of the Tokyo population, 

the food manufacturing industry is quite developed, 

consuming 99% of water and energy. It was found that 

the water and energy consumption in service industry was 

abnormally high, followed by Business. Because the 

industrial structure of Tokyo is dominated by the tertiary 

industry. It has remained at more 50% of Tokyo's total 

output. And the total number of employees and the 

number of establishments in these industries in Tokyo 

remain a high-level.  
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