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1.   Introduction

In 1999, the NTT Group established the NTT 
Group Global Environmental Charter describing 
basic principles and policies for protecting the envi-
ronment. The NTT Group analyzed achievement 
levels against specific goals in relation to preventing 
global warming, reducing waste products, and reduc-
ing paper consumption in terms of CO2 emissions, 
the amount of final waste for disposal, and the con-
sumption of virgin pulp. Along with the rising interest 
in corporate social responsibility, companies are 
becoming responsible for their supply chain activities 
such as procurement and waste treatment. The Global 
Reporting Initiative in partnership with the United 
Nations Environment Programme determines materi-
als used by weight or volume as a core performance 
indicator in their guideline for sustainability report-
ing [1].

Progressive companies use the results of a material 
consumption analysis to promote resource savings. 
For example, several dozen companies disclose their 
environmental and economic improvements achieved 
by using material cost flow accounting [2].

The rapid increase in resource costs may have a 
serious impact on the information and communica-
tions technology (ICT) industry in the future because 
of its resource consumption as a result of its extensive 

infrastructure. Therefore, the resources required for 
the ICT industry must be estimated.

2.   Material flow analysis

Material flow analysis (MFA) is a methodology 
concerned with estimating the total amount, circula-
tion amount, or balance of input and output amounts 
of materials systematically and quantitatively in enti-
ties such as countries and companies. The input rep-
resents the consumption of raw materials and energy 
and the procurement of parts. The output includes 
products, by-products, CO2 emissions, and waste. 
The concept of material flow in the ICT industry is 
shown in Fig. 1.

The Japanese Ministry of the Environment uses 
MFA to obtain information about current resource 
circulation. Moreover, it is using MFA results to set 
numerical targets for resource productivity and cycli-
cal use rate by adding to the conventional target 
expressed in the amount for final disposal in order to 
save resources and use appropriate waste treatment 
with the goal of establishing a sound material-cycle 
society [3].

3.   Resource input measurement in  
the ICT industry

Data collection for productivity management is 
already under way for the purchase of raw materials, 
and many manufacturing companies disclose MFA 
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results in relation to their annual activities in sustain-
ability reports. On the other hand, the service and 
infrastructure industries have some difficulties in 
managing material input related to product purchas-
ing and infrastructure construction. This is why there 
have been no case studies estimating the resource 
input of the ICT industry. With a view to applying 
MFA to the ICT industry, NTT Energy and Environ-
ment Systems Laboratories has investigated an algo-
rithm for indirectly estimating the resource input 
using input-output analysis (IOA).

4.   Outline of IOA

Today’s economic activities, namely, the supply of 
goods and services, consist of production activities 
performed by interlinked industries. Input-output (I-
O) tables provide information about production 
activities in the form of a matrix that shows how 
many goods and services are produced and distribut-
ed among the industries. IOA is an economic estima-
tion methodology that uses I-O tables. In this study, a 
physical input-output table (PIOT), which is an appli-
cation table focusing on materials on the basis of I-O 
tables and industrial statistics, was used to estimate 
the resource input. The formats of the basic and 
modified PIOTs used in this study are given in 
Table 1.

5.   Resource input estimation algorithm

NTT Energy and Environment Systems Laborato-
ries has established an algorithm based on a top-down 
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Fig. 1.   Material flow in ICT industry.
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(b) Modified PIOT
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Table 1. Physical input-output tables (PIOTs).
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approach for estimating the input resources consumed 
to build and maintain ICT equipment effectively in 
the service industries. It is an estimation application 
of IOA using economic indices such as capital invest-
ment and annual purchases. It is important to note 
that the existing algorithm cannot separate the indi-
rect input of resources consumed in supply chains 
from the direct input for the service industry. For this 
reason, its input amount results are defined differ-
ently from the input data on an aggregate basis.

As shown in Fig. 2, the algorithm consists of three 

processes: (1) pre-calculation of a set of input data 
related to the operation of equipment, (2) estimation 
of the resource input on the basis of IOA using PIOT 
(macro analysis), and (3) post-calculation including a 
summation of the pre-calculated and estimated data 
and allocation of the summation to material groups.

The input data for IOA should be financial data 
such as annual investments, equipment purchases, or 
revenue. The input data for equipment operation 
should be management data related to resource con-
sumption (Table 2), such as the annual consumption 

(a) Using equipment investment or annual purchase

Company X

Equipment investment
(or annual purchases)
(million yen)

Industrial category of equipment

Industry X (equipment x)

Industry Y (equipment y)

Industry Z (equipment z)

20XX

**,***

**,***

**,***

20XX

**,***

**,***

**,***

(b) Using revenue

Company X

Revenue (million yen)

Industrial category of  business segment

Industry X (business x)

Industry (business y)

Industry (business z)

20XX

**,***

**,***

**,***

20XX

**,***

**,***

**,***

Table 2. Examples of input data sets in financial reports.

Calculation
into format

EMS: environmental management system

EMS data

Electricity

Investor relations data

Equipment
investment,
revenue

Annual input of 16
resources, 4 materials
  • Energy resources
  • Plastics
  • Metals
  • Construction materials

• Unit converter
• Method for calculating carbon
  content for energy resources

P
re- calculation process M

acro analysis process

P
ost- calculation process

• PIOT data
• Data for unit converter
• Data on carbon content • Summation and

  grouping:

Estimation method using
I-O analysis:
Resource input × 16 kinds
of resources

Fig. 2.   Concept of algorithm for estimating resource input.
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of electricity, natural gas, petroleum, and paper 
aggregated in an environmental management system 
(Table 3). Using the input data set, the algorithm 
outputs the annual input of 16 resources grouped into 
5 categories (Table 4).
(1)	 Pre-calculation process

The set of input data for resources consumed for 
ICT operation requires the conversion of units 
because the consumption is expressed in various 
units. In this process, each consumption data set is 
converted into a weight unit by using an equation 
converter according to the units of the resources. 
Energy resources such as petroleum and gas are con-
verted to carbon content to avoid inconsistency for 
data expressed in resource weight and CO2 emissions 
in CO2 equivalent.
(2)	 Estimation process

In the estimation process, the resources input for 
managing equipment are estimated by IOA using 
input financial data and PIOT data according to the 
industrial category for each production activity. Since 
the PIOT data units vary with the materials, they are 
converted into weight units using the abovemen-
tioned process.
(3)	 Post-calculation process

The input resources for operation and equipment 
provided by (1) and (2) are calculated in an applica-
tion format that includes summation and grouping 
into categories.

6.   Application of results

NTT Group companies publish statements of 
resource input using the estimated data, as shown in 
Fig. 3. The provided results are also useful for creat-
ing a material flow chart (Fig. 4). The input flow in 
Fig. 4 shows the sum of the resource inputs for both 
operation and equipment. The output flow shows CO2 
emissions and waste, including recovered materials.

7.   Conclusion

We have established a top-down-approach-based 
algorithm for estimating input resources in the ICT 
industry by using IOA. This algorithm is effective at 

enabling ICT companies to overview the environ-
mental impact of their business activities. Its results 
include the indirect resource input in the supply 
chain. To divide the estimated input into direct and 
indirect inputs, we are developing an aggregation-
based estimation model for accurate analysis of a 
bottom-up-approach-based algorithm. In further 
research, we intend to develop a method for estimat-
ing stock and output amounts as well as input 
resources in the ICT industry.

ESM item

Natural gas

Heavy oil

Gasoline

Light oils

Electricity

Virgin pulp

Unit

10,000 m3

kL

kL

kL

10,000 kWh

10,000 tons

20XX

**,***

**,***

**,***

20XX

**,***

**,***

**,***

**,*** **,***

**,*** **,***

**,*** **,***

Table 3.   Example of input data for ICT operation.

CategoryResource

Petroleum (fuel)

Coal

Natural gas

Lead

Aluminum

Petroleum (plastics)

Iron

Copper

Zinc

Nickel

Crushed stone

Manganese

Chromium

Limestone

Logs

Gravel and quarrying

Energy resources

Plastics

Metals

Construction materials

Wood

Table 4.  Output data for resources and categories.
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Input flow Output flow

Energy resources
(operation): 24

Energy resources
(equipment): 294

Crude oil (material): 85

Metals: 11

Construction
materials: 76

Logs: 7

Energy consumption
(direct): 24

CO2 emissions (direct): 24

CO2 emissions
(indirect): 294

Final disposal: 0.12

Recycle treatment: 237

Energy consumption
(indirect): 294

Waste generation: 238

Equipment stock

Unit: 1000 tons (1000 t-C for energy resources, crude oil (material), and CO2 emissions)
* This data excludes CO2 emissions related to electricity.

Fig. 4. Material flow chart created from results published by NTT EAST and NTT WEST.
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Fig. 3. Application example for NTT Group results (source: Japanese translated by the author) [4].
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