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4. ENERGY CONSERVATION MEASURES BY SECTOR  

4.1 Industrial Sector 
(1) Energy situation for the industrial sector  

The significant energy efficiency improvement has been monitored for the industrial sector in Japan. 
In the oil shocks period, the total energy consumption share for all sectors marked at a ratio of 4:1:1 
respectively for the industry, residential and commercial, and transportation, but the FY 2006 data 
marked the ratio of 2:1:1, approximately, with the industry significantly resulting in lowering its 
share and successfully leveled off its consumption. This industrial sector’s positive trend is regarded 
attributed to the effect of the regulatory measures of the energy conservation law and manufacturers 
and businesses’ accompanying efforts. For the detail of the industrial sector data, refer to the 
Appendix 1.3. 

 
(2) Energy conservation policies and measures for the industrial sector 

1) History of energy conservation measures for industrial sector 
Since the oil crisis, Japan’s industrial sector has played a central role in the efficient use of energy. 
Due to the efforts, the sector has successfully maintained almost the same energy consumption 
level as in the oil crisis despite the growing output. The sector accounts for nearly 45 % of the 
total energy demand in Japan. Despite those proactive efforts, there was a growing awareness that 
more measures were necessary in order to take more effective actions on global environmental 
issues. In June 1997, Japan Business Federation (Keidanren) announced the “Keidanren 
Voluntary Action Plan on the Environment”, aiming to promote the efficient use of energy.  

 
As a national policy, the Law Concerning the Rational Use of Energy (Energy Conservation Law) 
was revised to reinforce the sector’s voluntary energy management. The revision of 2002 
expanded the range of “the Type 1 Designated Energy Management Factory” designation, which 
had been limited to five industries such as the manufacturing industry, to include all industries. 
Through the revision, business operators became obligated to submit periodic reports, who own 
factories classified as “Type 2 Designated Energy Management Factory”. The revised law came 
into force on April 1, 2003.  
 
In unison with the revision of the Energy Conservation Law, new standards to assess energy use 
of factories and business offices were enforced on April 1, 2003, which were to control inefficient 
electric power facilities, to promote the implementation of the cogeneration system, which is 
highly energy efficient and to make good use of ESCO companies.  
 
Starting in 2005, regulations on factories and business establishments, which were 
implemented based on the consumption of heat and electricity separately, shall be 
implemented based on the integrated energy consumption (crude oil equivalent) of both heat 
and electricity. The revised law came into force on April 1, 2006. 
 
Moreover, regulatory structure was changed from regulating each factory or workplace to 
regulating the company wide management in 2008. The amendment obliged a company who 
uses a certain amount of energy as the whole company to regulate all of its factories and 
workplaces it has (the regulation is also introduced to a franchise chain such as convenience 
stores and restaurants, considering it to be a single company). This revised law came into 
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force partly on April 1, 2009 and wholly on April 1, 2010. 
In addition, there are financial incentives such as low interest loan programs to boost investment 
in developing energy efficient products and technologies under the law concerning energy 
conservation and recycling assistance and tax breaks under the tax measures to promote the 
investment in restructuring the country’s energy supply-demand.  

 
2) Relevant legislation 

a) Measures based on the Law Concerning the Rational Use of Energy 
i) Enactment of a Basic Policy Concerning the Rational Use of Energy (Cabinet decision 

announced by the Ministry of Economy, Trade and Industry (METI) on 31 March 2009) 
ii) Standards of Judgment for Business Operators on the Rational Use of Energy for Factories 

etc. (Announcement No.66 of METI on 31 March 2009) 
iii) Guidelines for Preparing Medium- and Long-Term Plans by the Type 1 Specified 

Business Operator that Install Factories for their Operations in the Manufacturing Industry  
(Announcement No.1 of Ministry of Finance, Ministry of Health and Welfare, Ministry of 
Agriculture, Forestry and Fisheries, Ministry of International Trade and Industry (MITI), 
and Ministry of Transportation on 25 February, 1999) 

iv) Guidelines for Preparing Medium- and Long-Term Plans by the Type 1 Specified 
Business Operator that Install Factories for their Operations in the Mining Industry, 
Electricity Supply Industry, Gas Supply Industry and Heat Supply Industry 
(Announcement No.108 of MITI on 25 February 1999) 

v) Guidelines for Preparing Medium- and Long-Term Plans by the Type 1 Designated 
Business Operator (except the Water Supply Industry, Sewer Industry, and Waste 
Processing Industry) (Announcement No.1 of Ministry of Education, Culture, Sports, 
Science and Technology, Ministry of Health, Labour and Welfare (MHLW), METI, 
Ministry of Land, Infrastructure and Transport (MLIT) on 26 February 2004) 

vi) Guidelines for Preparing Medium- and Long-Term Plans by the Type 1 Designated 
Business Operator (the Water Supply Industry, Sewer Industry, and Waste Processing 
Industry ) (Announcement No.1 of MHLW, METI, MLIT and Ministry of the 
Environment on 26 February 2004) 

b) Supporting measures 
i) Support based on the Energy Conservation and Recycling Support Law 
ii) Low-interest financing by the Development Bank of Japan, etc. 
iii) Tax system to promote investment to reform the energy supply and demand structure 
iv) Support for business operators who introduce leading-edge energy conservation equipment 
v) Advisor business regarding introduction of leading-edge energy conservation technologies  

c) Awarding, dissemination and publicity activities on energy conservation 
i) Awarding of Excellent Energy Conservation Factory & Building  
ii) Conduction of the ENEX exhibition, a general exhibition of energy conservation 

technologies and equipment, etc. 
d) Technology development 

i) Study to lead basic technologies for the rational energy utilization 
ii) Development of practical application of technologies to rationalize energy utilization 
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(3) Outline of the Keidanren Voluntary Action Plan on the Environment (Target and 
Measures of Major Organizations) 

 

Name of Organization Target Measures to Attain Goals 

The Federation of Electric Power 
Companies of Japan (FEPC) 

･In the period from FY2008 to 
FY2012, aim to reduce CO2 
emissions intensity (Emission per 
unit of user end electricity) by an 
average of approx. 20% or to approx. 
0.34kg- CO2 /kWh compared to the 
FY1990 level.  

1. Promotion of nuclear power generation 
based on security and confidence-building 

2. Further improvement of efficiency in 
thermal power generation and discussion 
on the management and control of thermal 
power source 

3. Utilization of Kyoto mechanism etc. 
4. Development and diffusion of renewable 

energy 
 

･Reduce energy consumption in the 
production process in FY2010 by 
10 % compared to the FY1990 level 
on the assumption of the crude steel 
production 100 million-ton level.  

 

1. Recovery of waste energy (enhancement of 
TRT, newly installing of CDQ,  
enhancement of gas recovery, recovery of 
sensible heat of converter gas,  
regene-burner, etc.) 

2. Efficiency improvement of facilities 
(introduction of high efficiency oxygen ,  
improvement of electric turbine,  
improvement of sinter, modification of  
blast furnace, efficiency of motor,  
streamlining of power generating facility, 
modification of hot furnace, etc.)  

The Japan Iron and Steel 
Federation (JISF) 

 3. Improvement of operation (reduction of  
ratio of reduced materials, management of 
steel temperature, utilization of chilled iron 
source, etc.) 

4. Effective utilization of waste plastic  
(utilization of waste plastic, enhancement 
of facility for process of waste plastic, etc.)

5. Others (dust recycle, humidity conditioning 
for coal, preprocessing of ore, etc) 

 

Japan Chemical Industry 
Association (JCIA) 

1. In the period from FY 2008 to FY 
2012, aim to reduce energy intensity 
to an average of 80% of the FY 
1990 level. 
(However, in case aggravating 
factors for energy intensity become 
obvious, it could be about 87%.) 

2. Establish guidelines for energy 
conservation activities in 
commercial sector, such as 
headquarters building, sales offices 
and start the activities. 

3. Solicit “Energy conservation 
activities in residential sector 
promoted by the chemical industry” 
which encourages public campaign 
for energy conservation led by the 
government from all JCIA members 
and start the activities. 

4. Prepare “Technology handbook for 
energy conservation and 
environment of Japanese chemical 
industry” and provide them to 
people in developing countries etc. 
who need energy conservation 
technologies. 

5. Develop and disseminate new 
materials for energy conservation 
continuously. 

1. Recovery of waste energy (recovery of  
waste heat and cool energy, turning waste 
fluid/ waste oil/waste gas into fuel, heat  
storage, etc.) 

2. Rationalization of process (process  
rationalization, process conversion, system 
change, catalyst change, etc.) 

3. Efficiency improvement of facilities and  
equipment (replacement of equipment and 
materials, improvement of equipment 
performance, installation of high efficiency 
facilities, efficiency improvement of  
lighting/motor, etc.) 

4. Improvement of operation methods  
(condition change of pressure, temperature, 
flow, reduction of the number of operating 
unit, advanced control, reuse/recycle, etc.) 

5. Others (product modification, etc) 
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Name of Organization Target Measures to Attain Goals 

Petroleum Association of Japan 
(PAJ) 

･In the period from FY2008 to 
FY2012, reduce energy intensity in 
refineries by an average of 13% 
compared to the FY1990 level. 

1. Revision of operation management  
(Improvement of control technology and  
optimization technology) 

2. Expansion of mutual utilization of waste  
heat among facilities 

3. Additional construction of recovering  
facilities of waste heat and waste energy  

4. Adoption of efficient equipment and  
catalyst  

5. Efficiency improvement by appropriate  
maintenance of facilities 

6. Participation in “Industrial Complex  
Renaissance” 

1. Introduction of energy conservation 
equipment (heat recovery equipment, 
introduction of inverters etc.) 

2. Introduction of high efficiency facilities 
(high-temperature high-pressure recovery 
boilers, high-efficiency cleaning 
equipment, high-dehydrated press, etc.) 

3. Revision of manufacturing process 
(shortening and integration of processes) 

Japan Paper Association 

･In the period from FY2008 to 
FY2012, aim to reduce fossil energy 
intensity per product by an average 
of 20% and CO2 emissions intensity 
derived from fossil energy by an 
average of 16% compared to the 
FY1990 level. 
･Strive to promote forestation in 
Japan and overseas to expand owned 
or managed forested areas to 0.7 
million ha by FY2012. 

4. Fuel switch (switch to biomass energy, 
waste energy) 

5. Strengthening management (review of 
management value, reduction of 
dispersion) 

Japan Cement Association (JCA) 

･Reduce energy intensity of cement 
production (Thermal energy for 
cement production + Thermal energy 
for private power generation + 
Purchased electrical energy) in 
FY2010 by 3.8% compared to the 
FY1990 level. 

 
* Take an average of five years from 
FY2008 to FY2012 to achieve the 
above target. 

1. Facilities to utilize waste as alternative heat 
energy source (waste wood, waste plastic, 
etc.) 

2. Efficiency improvement of facilities (fans, 
coolers, finishing mills, etc.) 

3. Installation of energy conservation equip- 
ment (high-efficiency clinker coolers, etc.)

4. Replacement of facilities (including repair 
of facilities) 

1. Energy supply side measures (introduction 
of cogeneration, improvement of efficiency 
of boilers, introduction of high-efficiency 
compressors, introduction of energy 
conservation facilities) Japan Automobile Manufacturers 

Association, Inc. (JAMA) 
 

Japan Auto-Body Industries 
Association inc. (JABIA) 

 
(Two associations integrated 

their effort to promote the 
reduction of GHG emission from 

FY 2007.) 

･In the period from FY2008 to 
FY2012, reduce the total CO2 
emissions by an average of 22% 
compared to the FY1990 level. 

2. Energy demand side measures (energy 
conservation in coating line, introduction 
of invertors for fans and pumps, energy 
conservation in lighting and air- 
conditioners, energy-saving operation of 
compressors, reduction of energy-loss 
during operation, etc.) 

3. Upgrading energy supply methods and 
technologies of operation and management 
(reduction of energy loss during no 
operation, reduction of air leak, etc.) 

4. Merger, abolition and integration of lines 
5. Fuel switch 
 

Source) Prepared from “Results of the FY2008 Follow-up to the Keidanren Voluntary Action Plan on the 
Environment (Section on Global Warming Countermeasures, Version Itemized per Business Category),
in March 2009” (Website by Keidanren (Japan Federation of Economic Organization)) 
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○ For Type 2 Energy Management 
Designated Factories

○ For Type 1 Energy Management  
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(4) Overall factory inspection based on the energy conservation law 
An on-site investigation targeting the “Type 1 designated energy management factories” (“overall 
factory inspection”) has been conducted since FY 2001 guided by METI. The “Type 2 designated 
energy management factories” were also targeted from FY 2008. In the investigation, the 
observance situation of the criterion part of the judgment standards is evaluated. The assessment 
results based on the objective standards determine whether any directions should be given. When 
the achievement in rational use of energy is extremely insufficient, the factory/building is given 
instruction to formulate and submit a rationalization plan and to implement it after the on-site 
inspection.  
 
The flow diagram of the overall factory inspection is shown below.  
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(5) Dissemination and promotion of energy conservation technology 
1) Categorization of technologies and energy conservation methods with high 

feasibility for ripple effects in other fields 
The presentation of energy conservation projects held at the Energy Conservation Center, Japan 
included a wide range of reports on some excellent examples. Some cases used ingenious ways of 
conservation energy or showed originality in selecting improvement themes. Some cases focused 
on main improvement technologies. Other cases carried out comprehensive energy conservation 
measures which gave special attention to detail, although the measures themselves were quite 
ordinary. Introduction of new production methods taking a hint from other fields and measures 
based on results of technology development, especially those based on development or 
introduction/application technology development of new processes and innovative production 
technology have brought large energy conservation effects. The technology and methods among 
the cases that will be useful in a wide range of fields can be grouped into the following. 
 
a) Structure and approach for promotion of energy conservation 
b) Understanding of current conditions by visualization 
c) Abolishing the existing ideas and reviewing designed values and management criteria  
d) Use of surplus energy that has been left unused 
e) Introduction of cogeneration, improvement of operation methods, raising utilization rate 
f) Remodeling equipment into or replacing one with high-efficiency equipment 
g) Utilization of ESCO projects/Introduction to factories and buildings 
h) Energy conservation measures for power receiving system/Measures for demand side 
i) Energy conservation measures for compressed air/Energy conservation measures for cleaning 

and blower 
j) Energy conservation measures for steam 
k) Energy conservation measures for air conditioning 
l) Energy conservation measures for hating furnace and melting furnace 
m) Inverter measures 
n) Thermal insulation technology 
o) Energy reduction with shorter hours by improving productivity / Reduction of fixed energy 
p) Integration, consolidation and newly establishment of production process / Reduction of fixed 

energy 
q) Shift of fixed energy to energy proportional to the production / Reduction of fixed energy 
r) Reduction of production area, minimization of fixed energy area / Reduction of fixed energy 
s) Rationalization and low loss of fixed energy equipment / Reduction of fixed energy 
t) Optimal control and JIT(Just in Time) “required quantity of energy supply when needed, where 

needed” / Reduction of fixed energy 
u) Mutual utilization of energy among adjacent factories and workplaces / interindustry 

collaboration 
 

2) Reduction of the fixed consumption of energy, which is highly-needed from the 
demand side 

In most of the case reports, details of a preliminary investigation for selection of a task for energy 
conservation improvement and narrowing down of themes were described. One of the themes 
that were listed up in most of the cases was reduction of the fixed consumption of energy or 
reduction of the amount of energy consumption not linked to production, even if such energy was 
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not termed a constantly required amount of energy.  
 
There are some cases about the consumption of the fixed consumption of energy, namely, the 
case that it is high because the existing utility system and low-efficiency energy supply 
equipment had been maintained and operated, and another cases that it is large because the excess 
equipment had been maintained expecting high economic growth. 
 
In this way, reduction of consumption of the fixed consumption of energy is a cross-sectional 
theme. Rationalizing the consumption of such energy is advantageous even if the business pattern 
and main products change. According to the data of past cases, technologies to reduce 
consumption of the fixed consumption of energy are summarized in the table below. Excellent 
energy conservation technologies can be flexibly applied to a wide range of fields, in addition to 
being able to reduce energy consumption by rationalization. Evaluation of the energy 
conservation technologies is carried out reviewing the following points: high-efficiency, low-loss, 
downsizing, weight reduction, adaptability, as well as improvement in user-friendliness including 
capability to deal with networking and safety of the technology itself. 

 
 
  Methods of reducing the fixed consumption of energy introduced by excellent cases 
Among the energy conservation measures in the industry sector, technology highly required by the 
demand side is reduction of the fixed consumption of energy that is not in proportion to production 
by converting it to a variable energy, which is an energy required in proportion to the production. 
Generally, points for reducing of the fixed consumption of energy are rationalization of a utility 
energy supply system, optimization of excess demand, and reduction of consumption of a standby 
power requirement. 
1.  Method 1: Reduction of the fixed consumption of energy by raising production efficiency and 

reducing production duration. 
1) Cut-down of processing steps by partial integration of production steps 
2) Cut-down of duration by paralleling the processes that can directly influence production 

efficiency 
3) Cut-down of duration by rationalization of preliminary treatment, preliminary processing, 

preheating, etc., in production processes  
4) Cut-down of duration by rationalization of post treatment, energy recovery, etc. in production 

processes 
5) Cut-down or omission of post treatment duration by improvement of production technology 

(high precision processing and high quality processing)  
6) Cut-down of heating/melting duration by improvement and rationalization of energy 

consumption rate 
7) Cut-down of duration by raising production efficiency through raising production technology 

by basic technology 
8) Cut-down of waste time to the utmost limit, including cutting standby time in production 

processes 
2. Method 2: Conversion the consumption of the fixed consumption of energy to the variable energy

1) Replacing hydraulic actuator system with electric actuator system 
2) Replacing pneumatic actuator system with electric actuator system 
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3) Lowering the set pressure for pneumatic line, and converting the fixed consumption of energy 
to the variable energy by using booster pump and buffer tank 

4) Lowering temperature level of the retention furnace, and adopting induction heating at pouring 
gate and additional heating by DC torch 

5) In the heating process, converting the fixed consumption of energy to the variable energy by 
adopting infrared heating, laser heating, and pulse combustion burner introducing  

6) Reduction of heating and cooling sources by applying recovered heat in before and after 
heating/cooling processes in the same production line to preheating and pre-cooling process 

7) Diligently setting control values before rebooting in more detail by stopping equipment to be at 
standby time by the minute and second 

3. Method 3: Reduction of production space and minimization of the fixed consumption of energy 
amount 

1) Level down of clean room, etc., and raising the cleanliness of each appliance, chamber, and 
container 

2) Introduction of zone or spot air-conditioning by dividing air-conditioning area 
3) Dividing into smaller lighting areas for the purpose of adaptive control of lighting for each 

area, and adopting localized lighting and natural light 
4) Distributed allocation and adaptive control for boilers, compressors, transformers, power factor 

improvement equipment, etc. 
5) Reduction of energy for lighting/air-conditioning by adopting Just In Time (JIT) production 

system and dividing spaces for assembly process and parts stockyard into smaller areas 
4. Method 4: Rationalization and lowering loss of appliances related to the fixed consumption of 

energy 
1) Adoption of higher efficiency appliances for lighting, air-conditioning, ventilation, water 

supply, and other appliances that consume the constant amount of energy 
2) Rationalization of fluid pump, blower, etc., by introducing inverter control system 
3) Reduction of energy for lighting, ventilation, air-conditioning by mitigating work environment 

conditions under unmanned operation 
4) Lowering losses by cascade connection of different types of pumps 
5) Reduction of waste power by reducing potential risk of steam leakage, compressed air leakage, 

water leakage, etc. 
6) Reduction of holding energy by improvement of adiathermancy of furnace wall, etc. 

5. Other methods :  
1) Utilization of recovered energy with a total enthalpy heat exchanger, etc., from sensible heat of 

products in batch processing system for the energy constantly required 
2) Reduction of pumping energy by rationalizing pressure utilization in decompression and 

compression chambers in the same production line 
3) Converting exhaust heat/coolant in production process to the fixed consumption of energy by 

using absorption type refrigerator 
4) Reduction of the fixed consumption of energy amount by utilization of internally generated 

exhaust heat in clean rooms, etc., for drying 
5) Reduction of number of appliances consuming the fixed consumption of energy amount by 

time-sharing 
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(6) Energy conservation by coordination among factories and workplaces 
1) What is “Coordination among factories and workplaces” ? 

        This is comprehensive energy conservation system by mutual utilization of exhaust heat or waste 
in various neighboring factories and workplaces. It includes coordination among different 
industries, so it’s also called “Interindustry coordination”. In industrial complexes in various 
regions in Japan, there is a growing tendency of the coordination such as mutual utilization of 
exhaust heat from factories by multiple bodies. 

 
      2) Needs for “Coordination among factories and workplaces” 
       (a)In Japanese industry, each enterprise has promoted energy conservation since the first oil crisis 

in 1973 and there has been little room for improvement by effort by each enterprise (or each 
type of business). That is why coordination among factories and workplaces is expected to 
promote further energy conservation. 

       (b)More than 30 years passed after Japanese industrial complexes were built. The energy intensity 
is decreasing due to aging of the facilities compared to new industrial complexes in Asian 
countries. That is why coordination among factories and workplaces is expected to maintain 
and recover international competitiveness of Japanese industries. 

       (c) Now Japan has high-efficient cogeneration system and its technical advancement, new 
technical concept called “Coproduction”, pinch technology which optimizes energy use, LCA 
analysis technique and various system technologies, and advanced energy management 
technology. That is why coordination among factories and workplaces is expected to promote 
further energy conservation with these technologies. 

 
(7) Dissemination of high-efficiency industrial furnaces and high-efficiency boilers 

1) Development of high-efficiency industrial furnaces*1 
When heat efficiency is raised by setting a higher preheating temperature of combustion air using 
the existing combustion technology, a rapid increase in NOx occurs due to the regional rise in 
flame temperature.  Accordingly, it had been thought that achieving energy conservation and 
reduction of environmental burden at the same time was impossible. This changed, however, with 
the introduction of high-temperature air combustion technology, in which combustion air 
preheated to reach over 1,000 degree centigrade is rapidly blown into the furnace and fuel is 
sprayed into this high-speed air stream and burned at high-temperature in a low oxygen density 
atmosphere.  In this case, the amount of NOx generation decreases by a large margin compared 
to simple high-temperature combustion by raising the preheating temperature of combustion air.  
 
In the “Field test project on high-efficiency industrial furnace introduction,”*2 high-temperature 
air combustion technology was applied to commercial furnaces. The field test, which targeted 
167 industrial furnaces, confirmed an energy conservation effect corresponding to reduction of 
160,000 kL of crude oil equivalent through achieving a 30% or higher energy conservation rate 
and 50% or higher NOx reduction. Introduction and dissemination of high-efficiency industrial 
furnaces is carried out as a project for supporting business entities making efforts to rationalize 
energy use in the New Energy and Industrial Technology Development Organization (NEDO). 

                                                  
*1 This project, which is called “development of high-efficiency industrial furnaces, etc.,” consists of three sub-projects: 

“combustion control foundation technology,” “development of high-efficiency industrial furnaces,” and “high-efficiency 
boilers.”  These projects were carried out for seven years from FY1993 to FY1999 as entrusted business by the New 
Energy and Industrial Technology Development Organization (NEDO). 

*2 The “Field test project on high-efficiency industrial furnace introduction” of NEDO was carried out for three years from 
FY1998 to FY2000, receiving a governmental subsidy for one-third of the cost. 
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The great difficulty in introduction and popularization of the high-efficiency industrial furnaces is 
that the amount of facility investment is not comparable to the advantages of energy conservation 
efforts. 
 
High-temperature air combustion technology, which is extremely effective in reducing CO2 and 
NOx, is distinctive of Japan and can be regarded as an innovative combustion technology that plays 
a leading role in carrying out effective energy use and global warming prevention measures for the 
world. Currently, development research to practically apply this technology to non-industrial 
combustion and heating facilities that consume a large amount of energy has finished and the 
technology is in the commercialization stage.  

 
2) Development of high-efficiency boilers*1 

The efficiency of existing industrial boilers is rather high, achieving 86%-90% (at the low 
calorific value of the fuel). The boilers’ efficiency rate of energy use has also reached a high level 
among heat application facilities, but its energy consumption accounted for a large portion in the 
industrial sector. The project to develop high-efficiency boilers started in order to develop 
high-efficiency boilers that would contribute to reduction of exhaust combustion gas such as CO2 
and NOx, energy conservation, and environment conservation from perspective of global 
warming prevention. 
 

The development of high-efficiency boilers was carried out focusing on innovative elemental 
technologies such as oxygen combustion and heat-exchange appliance of condensed exhausted 
gas.  The experiment in the pilot plant showed a greater effectiveness compared with in the 
existing air combustion boilers, achieving 105.73% of total heat efficiency of the boiler (based on 
low calorific value of the fuel, which equals to 98.9% in case of high caloric value).  

                                                  
*1 This project, which is called “development of high-efficiency industrial furnaces, etc.,” consists of three sub-projects: 

“combustion control foundation technology,” “development of high-efficiency industrial furnaces,” and “high-efficiency 
boilers.”  These projects were carried out for seven years from FY1993 to FY1999 as entrusted business by the New 
Energy and Industrial Technology Development Organization (NEDO). 
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