Appendix 1

Japan’s Cogeneration Systems: Case Studies

This appendix contains detailed information on 35 selected cogeneration system (CGS)
case studies.

Case studies no. 1-33 are CGSs using engines and turbines, no. 34 is a small fuel cell (ENE-
FARM), and 35 is a large fuel cell.
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Table A1. List of 35 Selected CGS Case Studies (1/2)

No Y:e:)r- Industry Title of Case Study Fuel GE | GT | ST
. |Printing State-of-the-art energy-saving system using CGS -
1151 industry fueled by VOC and city gas City gas
Salt E nvironment-friendly energy-saving City gas
2|115-2 |, and BCP system with natural gas cogeneration Woody
industry . . :
and woody bi omass cogeneration biomass
. Improving productivity and business continuity  |City gas
Chemical ;
31153 | centered on the power sales business by Recyded
industry introdudng cogeneration ail
. E 8CO business that utilises CGS low-temperature|City gas
Chemical ; : :
415-5 |, waste heat in the produdion process to improve
industry .
overall effidency
Introduction of trigeneration toplant factories natural gas
5/16-1 |Plant fadtory
6l16-2 Pharmaceuti |E fficiency of energy supply through the LNG
cal industry |introduction of LNG satellites and CG$S
. Realisation of waste heat utilisation of large City gas
7/16-3 Automolive eneration through inter-company collaboration
industry 9 9 pany
Power _ Power generation using gas engine CGS at agas |City gas
gl16-4 |9eneration relay station and unused energy at the time of ~ |(high-
at gasrelay |city gas depressurisation pressure)
station
Paper Reduction of primary energy by updating CGS and|City gas
9[16-5 |, e
industry advanced utilisation of waste heat
Realisation of thermal /el ectrical energy City gas
Beverage : - -
10{17-1 rebalancing by CGS to use self-consignation
Industry : -
between multiple factories
11117-4 Plasticfilm |A factory's non-stop production thorough BCP and [LNG
industry energy-saving measures
Press E lectric power and cold and heated water fusion |City gas
12{17-5 |machine system by integrating high-efficiency CGS and
production |Genelink with existing fadlities
Automobile [By systematisation of cogeneration
13(17-6 |Industry increased effidency and reduced greenhouse gas |City gas
{brake) emissions
14181 Textile Introduced on-site energy supply type CGS to Natural
Industry averseas factories gas
Paper Reduction of primary energy by installing a total |City gas
15(18-2 .
Industry steam recovery gas engine CGS
Water Introduction of gas CGS in water treatment plants|LNG
16(18-3 |purification |toutilise electricity and waste heat for sludge
plants freatment
17118-4 Beverage E ffects of introdudng groundwater utilisation City gas
Industry CGS in beverage factories
Chemical Realisation of BCP restructuringand C02 City gas
18(18-5 reduction through integrated replacement of 13A
factory . .
cogeneration fadlities
Note:  [LJover10000kW [ |7000-10000kW|  |1000~7000kW|  |iess 1000kW

GE:gasengine

GT: gasturbine ST:
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Table Al. Continued

No :iar- I ndustry Title of Case Study Fuel GE | GT | ST
19l18-6 Energy E ffects of updating CGS at power plants that City gas
supply plant |supply electricity and heat toindustirial parks 13A
Overhaul and high-efficiency modification of City gas
Gas . ) .
20]19-1 . existing cogeneration system to improve power 13A
Production f :
generation effidency
Automotive The construction Of.h.l gh—.efﬁc:lenc;.r energy supply |City gas
21(19-2 | system thorough utilisation of CGS waste heat
industry
and unused heat
. An environment-friendly CGS that is effective for |City gas
Tire . .
22[19-3 B CP measures by using a natural gas high-
Industry -
pressure trunk line
Electronic |Promotion of energy saving by introducing the Natural
23[19-5 |Components |latest cogeneration equipment suitable for factory |gas
industry | oads City gas
Iron Steel Energy-saving measures using CGS and City gas
24|19-6 |Secondary |improvement of regional disaster prevention 13A
processing |capabilities using EV
. Shared use of electridty and heat by constructing |City gas
Industrial - : -
25(20-1 sone an energy centre in an industrial zone 134
CCGT construction for BGT renewal (expansion of |LNG
F ood A . -
26(20-3 | heat utilisation and energy reduction) vaporizatio
industry
n gas
Paper Energy saving by exhaust heat recovery of gas City gas
27120-4 |, -
industry turbine CGS
Sewage CGS power generation using digestion gas at a Digestion
28|20-5 [freatment |sewage terminal treatment plant gas
plant
Chemical Expansion of heat utilisation and energy City gas
29]20-6 industry reduction by gas compressor with GT renewal
Cooperative The improvement of averall plant efficiency |City gas
30(21-1 pc:urgr plant by introducing high-efficiency gas turbine|13A
cogener ation
Automotive E nergy saving of production equipment by City gas
3121-2 | utilising low temperature waste heat of
industry .
cogeneration
Chemical Gas turbine cogeneration system integrated with|Natural
32|121-4 |, .
industry ethylene plant aacking furnace gas
Foods Realisation of energy saving and BCP measures|LPG
33(21-5 industry by LPG cogeneration centered on EMS
Product Introduction of Ene-Farm Fuel cells
34221 |, .
introduction
Product Fuel cells (SOF C) for industrial use Fuel cells
35(22-2 |, .
introduction
Note: [ Jover10000kW [ ]7000-10000kW[  |1000~7000kW[  |less 1000kW

GE:gasengine

Source: Authors.

GT: gasturbine ST:
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Al.1. State-of-the-art Energy-saving System Using CGS fueled by Volatile
Organic Compound (VOC) and City Gas

1. Industrial Subsectors Case No. 15-1

Printing industry

2.  System Summary

This system fully uses the energy generated by the cogeneration facility to produce electricity,
steam, and cold heat in the factory. Furthermore, using VOC generated in the production
process as an alternative fuel for city gas in gas turbines and boilers can reduce primary energy
and reduce environmental load. In addition, as a BCP measure, in the event of a power outage,
the gas engine is operated independently to continue production at the factory. By combining
high-efficiency equipment, waste heat is used more effectively, contributing to energy saving.

3. Configuration and the Performance
Item Contents
Types of power engine Gas turbine (GT)
Gas engine (GE)
Rated power output & number of (GT) 2,400 kW x 1 unit
units (GE) 8,730 kW x 2 units
Waste heat utilisation Steam, cold water generation for production process
Fuel City gas
Power peak cut rate 80.9%
Primary energy 25.5%
reduction rate
Expected CO; savings amount 2,998 kg-CO»/h
Electricity, heat, loss ratio (GE) 49.0%, 23.9%, 27.1%
(GT) 23.7%, 58.1%, 18.2%
Source: Advanced Cogeneration and Energy Utilisation Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/H27 Co-gene Award_Detail.pdf, modified by the authors.

P

System Features
e Effective use of unused energy (VOC) by combining a gas turbine and a gas engine

e Effective use of waste energy with high-efficiency equipment. Waste hot water and surplus
steam are used as cold water by Genelink. The energy of steam decompression is effectively
used for electric power and compressed air.

e Maintaining optimal operation and reducing operator load by patterning equipment
operation through operation simulation

e Disaster prevention and power supply security: The system's ‘lightning mode’ allows it to
be disconnected from the power grid when lightning occurs and reconnected to the grid
when the lightning mode ends. The blackout start (BOS) specification enables autonomous
operation even during an unforeseen situation during a disaster. BCP measures are being
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strengthened for equipment. (Install equipment at a height that avoids flood damage, use
medium-pressure gas, etc.).

e System flow
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Compressed Steam Cold Power
air load load water load

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/H27 Co-gene Award_Detail.pdf,
modified by the authors.

5. Investment (Estimated Value)

e Cost
Cogeneration investment costs:
Approximately ¥2,383 million

e  Estimated energy-saving amount
Electricity equivalent 6,798 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al1.2. Environment-friendly Energy-saving and BCP System with Natural Gas
Cogeneration and Woody Biomass Cogeneration

1. Industrial Subsectors Case No. 15-2

Salt industry

2. System Summary

This system is a fusion plant of woody biomass power generation equipment (BTG) and natural
gas cogeneration equipment (gas turbine). All the power generated by the gas turbine is
consumed on the premises, and the steam is supplied to the adjacent factory in addition to the
salt-making process and the intake cooling of the gas turbine. The system uses all the bleed
steam from the bleed condensate turbine in salt production. It supplies power to important
loads with a gas turbine in an emergency. In addition, when the woody biomass boiler is stopped
(failed), the steam used in salt production is supplied by reheating the gas turbine, and the
system is designed to continue production (BCP).

3.  Configuration and the Performance

Item

Contents

Types of power engine

Gas turbine (GT)
Steam turbine (ST)

Rated power output & number of units

(GT): 7,650 kW x1 unit
(ST): 16,530 kW x 1 unit

Waste heat utilisation

Steam for the production process

Fuel City gas
Woody biomass
Power peak cut rate 69.0%

Primary energy
reduction rate

63.4% (Woody biomass is not counted as
the primary energy)

Expected CO; savings amount

5,844 kg-CO,/h

Electricity, heat, loss ratio

(GT) 33.1%, 52.1%, 14.8%
(ST) 33.5%, 51.9%, 14.6%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/H27 Co-gene Award Detail.pdf, modified by the authors.

P

System Features

e A system with energy savings and environmental resistance was constructed using woody
biomass cogeneration and gas cogeneration.

e The cogeneration steam was used for the salt-making process and intake cooling of the gas
turbine. Surplus steam was supplied to the adjacent factory to achieve high efficiency.

e  All the electricity generated from the woody biomass power generation facility is sold, and
the generated heat is used in the factory.
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e As a BCP measure, measures were taken against instantaneous voltage drop using a high-
speed circuit breaker, and the two pure water supply pumps were designed so that one of
the two pumps will always operate by receiving power from the 77 kV and 33 kV

commercial systems.

e  System flow

City gas
Steam
Woody biomass
power generation
equipment (BTG)
Steam turbine N Elecst;'m ]-]. power
> (16.530 kW) 1

Steam
]'Jl_
plant
Gas turbine
(7,650 kW)
L | Selli
Intake cooler ns

'

Source: Advanced Cogeneration and Energy Utilization Center
Japan  (2021), https://www.ace.or.jp/web/gp/pdf/H27 Co-
gene_Award Detail.pdf, modified by the authors.

5. Investment (Estimated Value)

e Cost
Cogeneration investment costs:
Approximately ¥2,902 million

e Estimated energy-saving amount
Electricity equivalent 13,252 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al1.3. Improving Productivity and Business Continuity Centred on the Power
Sales Business by Introducing Cogeneration

1. Industrial subsectors Case No. 15-3

Chemical industry

2. System Summary

Combining the newly introduced gas turbine and the existing steam turbine secures a power
source that exceeds the demand for electricity on the premises and sells surplus electricity. As
a countermeasure against a momentary power outage due to a lightning strike, it became a
stable power source by disconnecting it from the commercial power system. By balancing the
steam generated from the existing boiler and the steam generated from the exhaust gas boiler
of the gas turbine, it became a system that can suppress the loss of released steam and save
energy.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Steam turbine (ST)
Rated power output & number of units (GT) 7,630 kW x 1 unit
(ST) 3,000 kW x 1 unit

(existing)
Waste heat utilisation Manufacturing process steam
Fuel City gas 13A

Recycled oil

Recycled gas

Power peak cut rate 99.9%
Primary energy 44.5% Recycled oil
reduction rate and gas are not counted as primary energy)
Expected CO; savings amount 3,759 kg-CO»/h
Electricity, heat, loss ratio (GT) 33.1%, 52.1%, 14.8%
(ST) 23.7%, 58.1%, 18.2%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/H27 Co-gene Award_Detail.pdf, modified by the authors.

4, System Features
e Improvement of disaster prevention and power supply security performance

e During a lightning alert, operational measures are taken to disconnect the system power
supply from the commercial system as a countermeasure against an instantaneous voltage
drop. In the load sharing between the gas and steam turbines, the gas turbine with a stable
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5.

fuel supply supplies power to the important load, and the steam turbine supplies power to
the general load. Power can be supplied to all loads in the factory, even in an emergency.

Improvement of waste heat utilisation rate of cogeneration by using steam absorption chiller
for intake cooling of gas turbine and combined

By-product oil (main component: toluene) and by-product gas (main component: hydrogen)
are used.

System flow
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Newey Installation 4 Selling &
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Suci_:'mn
=i | [JEL
Steam
adsorption
> [Q Boil »| Steam
e 0.6 MPa
Gas turbine
(7.630 W) A
;0
. Nol Boiler Steam turbine

40 t/h C) (3.000 kW)
) 4 | Steam

"l 6 MPa

Recycled oil
Recycled gas

Source: Advanced Cogeneration and Energy Utilization Center Japan
(2021), https://www.ace.or.jp/web/gp/pdf/H27 Co-
gene_Award Detail.pdf, modified by the authors.

Investment (Estimated value)
Cost
Cogeneration investment costs:
Approximately ¥916 million
Estimated energy-saving amount
Electricity equivalent 8,523 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al.4. ESCO Business utilising CGS Low-temperature Waste Heat in the Production
Process to Improve Overall Efficiency

1. Industrial Subsectors Case No. 15-5

Chemical industry (synthetic resin, high-performance fibre, starch saccharide)

2. System Summary

The annual demand for electricity and steam was analysed when introducing the cogeneration
system. It was found that 40% of in-house power generation could be operated most efficiently.
In addition, multiple 30 kW x 2 systems were selected for risk diversification.

The exhaust heat of the gas engine was taken out as steam and hot water. The steam was used
as a substitute for the existing boiler, and the hot water was directly supplied to the production
line and used for preheating. As a result, the high annual total efficiency was achieved by
constructing an energy system that could effectively utilise waste heat throughout the year.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Rated power output & number of units (GE) 930 kW x 2 units
Waste heat utilisation Production process
Fuel City gas
Power peak cut rate 36.5%
Primary energy reduction rate 26.1%
Expected CO; savings amount 290 kg-COy/h
Electricity, heat, loss ratio (GE) 40.0%, 33.2%, 26.8%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/H27 Co-gene Award Detail.pdf, modified by the authors.

P

System Features
e  The shared ESCO was used to reduce the hurdles for introducing CGS equipment.

e  Overall energy efficiency for the year was improved by preheating products and realising
high-temperature water transportation (supplying hot water at 88°C to a factory 100
metres away and returning to 60°C).

e  Fine adjustment of product heating is performed with cogeneration steam.

e The business operator and the designer check the energy-saving effect every month and
strive to maintain a high-efficiency operation (results such as improvement when power
generation efficiency decreases).

e The electric power generated from cogeneration is supplied to the factory in the premises
and the head office and research building, etc. The waste heat (steam and hot water)
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generated simultaneously is mainly used at the saccharification first factory.

e  Considering resistance to earthquakes, a CGS was designed to be installed on a solid
foundation surface after removing the large furnace tube smoke tube boiler.

e  System flow
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/H27_Co-
gene_Award_Detail.pdf, modified by the authors.

5. Investment (Estimated Value)

e Cost
Cogeneration investment costs:
Approximately ¥242 million

e Estimated energy-saving amount
Electricity equivalent 657 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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A1.5. Introduction of Trigeneration? to Plant Factories

1. Industrial field Case No. 16-1

Plant factory

2.  System overview

This smart agri-plant combines a Dutch-style advanced cultivation control system with various
energy utilisation technologies to cultivate high-yield, high-quality agricultural products. The
plant creates the optimal greenhouse environment for plant growth according to local weather
conditions. It utilises the best energy source for the region to grow various crops throughout the
year efficiently. The smart agri-plant is equipped with a gas engine regenerative system, which
provides electricity to the plant, recovers hot water to heat the greenhouse, and uses the CO,
contained in the exhaust gas for plant cultivation.

3.  System Configuration and Performance

Item Contents
Types of prime movers Gas engines (GE)
Rated power output &number of units (GE) 230 kW x 1 unit
Use of waste heat Hot water Greenhouse heating, snowmelt
Fuel Natural gas
Power peak cut rate 58.60%
Primary energy reduction rate 19.60%
Expected CO, savings amount 25 kg-CO;
Electricity, heat, loss ratio (GE) 40.5%, 30.7%, 28.8%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130, modified by the
authors.

4, System Features

Vegetables hydroponically cultivated in a plant factory must be stably produced throughout
the four seasons. For that purpose, controlling the light, CO,, temperature, and nutrients
required for plants is very important.

For that purpose, controlling the light, CO,, temperature, and nutrients required for plants is
very important.

2 Trigeneration is a coined word meaning triple generation. It is an energy supply system that effectively
utilises CO2 in addition to electricity and heat.
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A trigeneration system was introduced to operate the plant factory efficiently. A natural
gas field is adjacent to the area, and natural gas can be used.

Adopting stoichiometric combustion + three-way catalytic gas engine, CO; is supplied to the
greenhouse without additional exhaust gas treatment equipment and effectively used for
the photosynthesis of agricultural products.

Introduce a heat pump using natural gas for cogeneration fuel, wood chips for biomass
boiler fuel, and hot spring heat. (Selling surplus electricity in summer.)

CGS has BOS specifications. During a power outage, the gas engine can supply power to the
power load required for cultivation and maintain the cultivation environment.

System flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan
(2021), https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-
gene_Award Detail.pdf?ver=170130, modified by the authors.

Investment (Estimated Value)

Cost
Cogeneration (equipment costs): Approximately ¥46 million

Estimated energy-saving amount
Electricity equivalent 56 KW/h
Note: The method for estimating energy savings is shown in section 2.2.
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Al.6. Efficiency of Energy Supply through the Introduction of LNG Satellites and
CGS

1. Industrial Field Case No. 16-2

Pharmaceutical industry

2.  System Overview

This core factory in Japan carries out integrated manufacturing from drug substances to
pharmaceuticals and packaging. Since a reaction in a particular temperature range is required in
the production process, a large amount of electric power and cold or heat sources is used.
Therefore, energy was supplied by a CGS that effectively utilised LNG satellite equipment that
could save a lot of energy. In addition to introducing high-efficiency gas turbines, the recovery
and utilisation of LNG vaporisation cold heat and the utilisation of exhaust heat from exhaust
gas boilers resulted in a total cogeneration efficiency of 89%. By using CGS as a power source in
the event of a long-term power outage, such as a disaster, continuous production and shipment
of pharmaceutical products have been realised.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Rated power output & number of units 1,615 kW x 2 units
Waste heat utilisation Manufacturing process, LNG vaporisation
Fuel LNG
Power peak cut rate 36.2%
Primary energy reduction rate 21.7%
Expected CO; savings amount 395 kg-C0O,/h
Electricity, heat, loss ratio (GT) 27.7%, 56.1%, 16.2%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130, modified by the
authors.

4, System features

e The fuel for cogeneration was natural gas, which has a small environmental load, and the fuel
for steam boilers was changed from heavy oil to natural gas. In addition, since there is no
natural gas conduit in the vicinity, LNG satellite equipment was installed on the factory
premises.

e The cold heat of LNG vaporisation was used to cool the intake air of the gas turbine to prevent
a decrease in power generation output in the summer without additional energy input.

e Asaheatsource forthe LNG vaporiser, a hot water boiler was installed after the cogeneration
steam boiler to recover and use the low-temperature waste heat to recover the hot water.
The cogeneration’s thermal efficiency improved from 85% to 89%.
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e The system can be effectively used by balancing the LNG load fluctuation, the gas turbine
intake cooling load fluctuation, and the gas turbine low-temperature exhaust heat recovery
amount change.

e Energy utilisation flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-
gene Award Detail.pdf?ver=170130, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration (equipment costs): Approximately ¥420 million
e  Estimated energy-saving amount

Electricity equivalent 895 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al.7. Realisation of Waste Heat Utilisation of Large Cogeneration through Inter-
company Collaboration

1. Industrial Subsectors Case No. 16-3

Automobile manufacturing industry

2. System Summary

This factory manufactures automobiles but was considering renewing the existing CGS.
However, the Great East Japan Earthquake and the tightening of electricity supply and demand
reaffirmed the importance of private power generation. Since there is a lot of electricity demand
and little heat demand in this factory, if a large CGS is introduced, the waste heat cannot be used
up, and the CGS cannot be operated with high efficiency. On the other hand, since a large
amount of steam is used in the refining process of edible oils and fats in the neighbouring food
manufacturing factory, there is room to utilise the exhaust heat that cannot be consumed in the
automobile manufacturing process. However, it seemed the city had permission to lay a heat
pipe on the city road and supply steam. Therefore, the energy service provider, the two
factories, and the city of Yokohama collaborated to realise a cross-sectional heat supply system
that crosses a city road. The energy service provider is optimising the operation by renewing one
large CGS and continuing to use one existing CGS.

3.  Configuration and Performance

Item Contents

Types of power engine Gas engines (GE)

Rated power output & number of units (GE) 8,730 kW x 1 unit
(GE) 8,730 kW x 1 unit
(existing)

Waste heat utilisation Process steam

Fuel City gas

Power peak cut rate 44.6%

Primary energy reduction rate 17.7%

Expected CO; savings amount 1,489 kg-CO,/h

Electricity, heat, loss ratio (GE) 49.0%, 23.7%, 27.3%

Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130, modified by the
authors.

4.  System Features
. Heat (steam) interchange between companies with different operating patterns

Reduce initial investment hurdles by owning assets such as operation management and heat
pipes by energy service providers. The new CGS operates continuously for 24 hours. The existing
CGS operates 24 hours a day on weekdays and is closed on holidays.
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. Efforts to improve disaster prevention and power supply security

The new CGS, fueled by medium-pressure gas piping, is of BOS specification (auxiliary power is
supplied from the diesel engine). During a commercial power outage, it can switch to a heavy-

load uninterruptible power supply.
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Source: Advanced Cogeneration and Energy Utilization Center Japan
(2021), https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-
gene Award Detail.pdf?ver=170130, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration (equipment costs): Approximately ¥1,048 million
e  Estimated energy-saving amount

Electricity equivalent 3,375 KW/h

Note: The method for estimating energy savings is shown in section 2.2.

76


https://www.ace.or.jp/web/gp/pdf/h28/H28_Co-gene_Award_Detail.pdf?ver=170130
https://www.ace.or.jp/web/gp/pdf/h28/H28_Co-gene_Award_Detail.pdf?ver=170130

A1.8. Power Generation Using Gas Engine CGS at a Gas Relay Station and Unused
Energy at the Time of City Gas Depressurisation

1. Industrial field Case No. 16-4

Power generation at a gas relay station

2.  System overview

This factory is a power plant where a gas company has introduced a gas engine CGS for the
electric power business.

City gas companies generally supply gas at high pressure by dropping it to the required pressure
through a pressure regulator near the demand destination. When the pressure is reduced, the
gas adiabatically expands, and the temperature drops so that the pressure regulator may freeze
and malfunction. An electric heater or the like may prevent freezing. The energy used for this
boost is wasted. (About 200 city gas companies in Japan constantly produce this waste.)

To eliminate this waste, utilise first the waste heat (hot water) from the gas engine for the
preheat required for depressurising the gas in the city gas supply. Then introduce two
differential pressure turbine generators to use the expansion energy when depressurising the
city gas and generate electricity using the expansion energy in two stages.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engines (GE)
Rated power output & number of units (GE) 7,800 KW x 2 units
(15,600 kW)
Waste heat utilisation City gas preheat
Fuel City gas
Power peak cut rate —
Primary energy reduction rate 18.7%
Expected CO; savings amount 1,582 kg-CO;
Electricity, heat, loss ratio (GE) 49.0%, 23.7%, 27.3%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130, modified by the
authors.

4, System Features

e This company purchases, distributes, and sells surplus electricity from local power CGSs.
For sales, CGS was introduced as a power source capable of adjusting its output according
to the shape of demand. Specifically, the company has installed supply and demand
monitoring equipment that monitors the operating status of the power CGS at the other
site every 5 minutes and adjusts the amount of electricity generated at this site.

e Introduction of a differential pressure generator that utilises the energy of high-pressure
gas during decompression (increased power generation output).
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e Evenduring adisaster, gas can be supplied to cogeneration by reducing to medium pressure
on the premises from a high-pressure transport conduit with extremely high supply
stability.

e  Energy utilisation flow

Power lines of general electric power companies

| Citygas high pressure transport pipe 65MPa |

On-site
power

7,800kW

Preheate

7,800kW

990kW

420kW
Preheate

‘ Differential

pressure turbine

Gas engine City gas
Nol (high

pressure) generator # 1

Preheate

Co GEtne I Differential
No2 City gas pressure
(medium turbine
pressure) = generator
—— #2

Hot water|boiler

1

Electricity = City gas === Hot water

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-
gene_ Award Detail.pdf?ver=170130, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration (equipment costs): Approximately ¥1,872 million
e  Estimated energy-saving amount

Electricity equivalent 3,588 KW/h

Note: The method for estimating energy savings is shown in section 2.2.

78


https://www.ace.or.jp/web/gp/pdf/h28/H28_Co-gene_Award_Detail.pdf?ver=170130
https://www.ace.or.jp/web/gp/pdf/h28/H28_Co-gene_Award_Detail.pdf?ver=170130

A1.9. Reduction of Primary Energy by Updating CGS and Advanced Utilisation of Waste
Heat

1. Industrial Field Case No. 16-5

Paper industry

2.  System Overview

This factory produces paperboard, such as corrugated board, but it consumes much electricity
and heat during production. Therefore, the ageing boiler and turbine power generation facility
(BTG: 9,400 kW) and existing gas turbines are being upgraded with high-efficiency gas turbines
with BTGs to increase capacity, thereby contributing to expanding power peak shaving (80% of
the plant's electricity is generated in-house).

3.  Configuration and Performance

Item

Contents

Types of power engine

Gas turbine (GT),
Gas engine (GE)

Rated power output
& Number of units

(GT) 7710 kW x 2 units
(GE) 5500 kW x 1 unit

Waste heat utilisation

GT exhaust: steam (papermaking process)
GE hot water: GT cold water for intake cooling

Fuel

City gas

Power peak cut rate

Primary energy reduction rate

18.7%

Expected CO; savings amount

4,106 kg-CO,

Electricity, heat, loss ratio

(GT) 33.1%, 52.1%, 14.8%

(GE) 45.8%, 33.2%, 21.0%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130,modified by the
authors.

In addition, installing a reheating burner on the exhaust heat boiler of the renewed gas turbine
made it possible to operate flexibly according to the fluctuation of the steam load on the
production line, thus, saving energy. As a result, renewing the gas turbine reduced CO; by about
3,800 t-CO,/year.

4, System Features

e  The hot water of the gas engine is converted to cold water by Genelink and used for intake
cooling of the gas turbine to generate stable power even during the daytime in summer.

s The exhaust heat boiler of the gas turbine is equipped with a reheating burner, which
follows the fluctuation of steam load, reduces atmospheric steaming, and contributes to
the reduction of primary energy (the amount of atmospheric steaming is one-third
compared to before remodelling).
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System flow

e — Gas turbine CGS On-site
| power

GT 7710kiW > 2

Cold water

Genelink

1470kiw > 2
|
Gas turbine CGS
GT 5550kiwW > 1 Cold water
P—
Absorp-
1 tion
Gi CG3
as engine o
e —— +
GE 5500kiw > 1
Industri-
al waste On-site
bowler steam
Electricity s Citv gas e ot water

f— Cold water

Note: Genelink: Exhaust heat from CGS is fed into the chiller to produce chilled water.
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/h28/H28 Co-gene Award Detail.pdf?ver=170130,
modified by the authors.

Investment
Cost
CGS (equipment cost): Approximately ¥2,510 million
Estimated energy-saving amount
Electricity equivalent 9,311 kW/h

Note: The method for estimating energy savings is shown in section 2.2.
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A1.10. Realisation of Thermal and Electrical Energy Rebalancing by CGS to Use
Self-consignation among Multiple Factories
1. Industrial Subsectors Case No. 17-1

Beverage-making industry

2.  System Summary

Due to fluctuations in product items and production volumes produced at each factory, the
amount of electricity and steam used also changed. Reviewing the energy balance was one of
the management issues. Therefore, a new large-scale cogeneration facility was installed in
factory no. 1. Its surplus power was consigned to other factories by utilising the electric power
self-consignment system to optimise the overall energy balance among factories.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Gas engine (GE)
Rated power output & number of units * Existing

(GT) 4,860 kW x 1 unit
* Newly introduced
(GT) 7,590 kW x 1 unit
(GE) 5,200 kW x 1 unit

Waste heat utilisation Sterilisation, washup

Fuel City gas

Power peak cut rate 100%

Primary energy 19.0%

reduction rate

Expected CO; savings amount 1,826 kg-CO,/h
Electricity, heat, loss ratio (GT) 31.9%, 52.7%, 15.4%

(GE) 45.8%, 33.2%, 21.0%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2017/CGS-Award2017 Detail.pdf, modified by the authors.

P

System Features

e  Optimising the energy balance of the four factories by accommodating electricity and heat
among multiple factories. A steam pipe network and a self-employed power line network
have been developed between the adjacent nos. 1, 2, and 3 factories (supply side) to
exchange heat and electricity. Excess power is reverse-transferred to the grid and self-
transmitted to distant factories (demand side).

e The EMS automates complicated self-consignation operations.

e Automatically collects heat and electricity performance data on supply and demand sides
and incorporates them into production planning. Automatically controls the cogeneration
output so that each frame’s plan and actual result match.
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¢ Improvement of BCP measures in the production process line

e The scope of BCP measures has been greatly increased by expanding the cogeneration and
networking of three nearby factories. When a system abnormality is detected, the line is
disconnected by a high-speed circuit breaker, and the cogeneration equipment
automatically switches to independent operation.

e  System flow

Commercial power

Power » Company’s
compaTy > fa(::iofi];as
City gas

oo == - === = ———m—mmmm—— - ————————— - I
: Gas turbine Electricity »| Factory load :
bl (7,590 kW) :
i | (Newly introduced) Steam |
1 1
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__________________________________ |

| . .
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I Steam '
: 3 l !
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2017/CGS-
Award2017 Detail.pdf, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment (New introduction): Approximately ¥1,535 million
e  Estimated energy-saving amount

Electricity equivalent 4,140 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al1.11. A Factory’s Non-stop Production through BCP and Energy-saving
Measures

1. Industrial Subsectors Case No. 17-4

Plastic film manufacturing industry

2. System Summary

This plant had adverse conditions for gas engine generators, such as a large total power load
and instantaneous power load fluctuations. Therefore, detailed data on load fluctuations and
harmonics were measured. Load application tests were conducted repeatedly under simulated
loads based on the data. Furthermore, by using the exhaust hot water from the gas engine for
the chiller and LNG vaporisation, the overall efficiency is much higher than that of a conventional
gas engine. Even in the unlikely event that the LNG supply is interrupted, compressed natural
gas is used to supply fuel to ensure a minimum energy supply, thus providing a complete BCP.

3. Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Rated power output & number of units 1,000 kW x 6 units
Waste heat utilisation Steam, cold water
LNG evaporation
Fuel LNG
Power peak cut rate 82.4%
Primary energy 15.6%
reduction rate
Expected CO; savings amount 489 kg-CO,/h
Electricity, heat, loss ratio (GE) 41.7%, 32.6%, 25.7%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2017/CGS-Award2017 Detail.pdf, modified by the authors.

4, System Features
e Efforts to improve disaster prevention and power supply security

Continuation of production by dual operation of ‘manual’ and ‘automatic. Compressed natural
gas allows gas engine cogeneration to operate with a BOS function even if the factory is
completely out of power due to a disaster or accident.

Installing multiple units allows maintenance to stop CGS to be performed alternately, so high-
quality power can be supplied at all times without stopping the gas engine CGS. By constructing
a selective load cut-off, it is possible to avoid the shutdown of all equipment and realise
continuous power supply to production equipment of high importance. Increasing the private
power generation rate makes it possible to respond to power-saving requests from public
institutions.
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e Utilisation of EMS

Visualising the heat quantity of the cold water and the amount of air used, which cannot be
grasped until now, and the amount of electric power and steam make it possible to respond to
public power-saving requests.

e System flow

LNG CNG
satellite cradle
y i
Vaporize I
= | | Grid power
= = 1
1l Gas engine v, | Electricity
(1,000 kW x 6 units)
Backup %rjle;azing
Hot water machine
Gas —- -
Freezing machine ¥ | Cold water
»| Steam boiler Steam
Overall control | | Optimal control

EMS
(Energy Management System)

Source: Advanced Cogeneration and Energy Utilization
Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2017/CGS-
Award2017 Detail.pdf, modified by the authors.

5. Investment (estimated value)
e Cost

Cogeneration investment costs: Approximately ¥900 million
e  Estimated energy-saving amount

Electricity equivalent 1,109 KW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.12. Electric Power and Cold and Heated Water Fusion System by Integrating
High-efficiency CGS and Genelink with Existing Facilities

1. Industrial Subsectors Case No. 17-5

Press machine production

2. System Summary

The power generated by the high-efficiency cogeneration installed this time was linked to the
power grid and used in multiple buildings (offices, factories, etc.). Cold and hot water would
be used for air conditioning in two buildings and three zones on the factory premises.
Furthermore, by enabling the integrated operation of area-distributed energy equipment, it has
become possible to operate the energy equipment dispersed over wide areas in an integrated
manner, and comprehensive energy saving and peak cuts have been achieved.

3. Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Rated power output (GE) 390 kW x 2 units
& number of units (GE) 300 kW x 3 units
(existing)
Waste heat utilisation Cooling, air warming
Fuel City gas
Power peak cut rate 61.2%
Primary energy 9.1%
reduction rate
Expected CO; savings amount 74 kg-COy/h
Electricity, heat, loss ratio (GE) 40.8%, 33.1%, 26.1%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2017/CGS-Award2017 Detail.pdf, modified by the authors.

4.  System features
¢ Introduction to industries with low cogeneration penetration

The machinery manufacturing industry, including press machine manufacturers, has a large
electricity demand. But there is little demand for heat that can use low-temperature waste
heat of less than 200°C. This project is a leading example of using low-temperature waste
heat and raising competitiveness.

e  Areal utilisation of electricity generated and chilled/heated water for air conditioning

By combining the air-conditioning piping for the three zones into the hot/cold water supply
piping system, the previously independent air-conditioning loads are now integrated. As a
result, the air-conditioning load has been leveled, enabling optimal operation of the air-
conditioning heat source equipment.
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. Introduction of EMS

During peak cooling and heating periods, the existing CGS is operated in addition to the
new high-efficiency CGS. The hot water from the CGS can be used as a heat source for the
hot and cold water generation equipment to the maximum extent.

e  System flow

Gas engi Gas engine )
(360 kW x 2 units) (300 kW x 3 units)
(Newlv introduction) (Existing)

lL Generated electricity

Exhaust Exhaust
heat heat
v v hot water ”]'.'I.Dt water

Absorption type Hot water
Generink absorption type

!

Air-conditioning
cool-temperature
water
Air-conditioning (Pre-cooling)/
cool*bem}g:rature _ (Heat removal)
water -

Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2017/CGS-
Award2017 Detail.pdf, modified by the authors.

5. Investment (Estimated Value)
o Cost

Cogeneration investment (newly installed equipment): Approximately ¥117 million
o Estimated energy-saving amount

Electricity equivalent 168 KW/h

Note: The method for estimating energy savings is shown in section 2.2.
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Al1.13. Systematising Cogeneration Increased Efficiency and Reduced
Greenhouse Gas Emissions

1. Industrial Subsectors Case No. 17-6

Automobile parts production

2.  System Summary

The introduction of cogeneration has improved overall efficiency and contributed to peak
shaving by supplying power externally.

In addition, this company has contributed to the electric power business by introducing
advanced equipment using waste heat and combining it with renewable energy. Consistently,
gas engine systems have been built to reduce CO, emissions by improving power generation
efficiency and waste heat utilization efficiency.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Rated power output & number of units (GE) 5,750 kW x 1 unit
Waste heat utilisation Hot water, steam, power generation
Fuel City gas
Power peak cut rate 71.4%
Primary energy 10.5%
reduction rate
Expected CO, savings amount 297 kg-CO,/h
Electricity, heat, loss ratio (GE) 45.8%, 33.2%, 21.0%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2017/CGS-Award2017 Detail.pdf, modified by the authors.

4, System Features
e Efficient use of insatiable energy

To effectively use waste heat, the factory successively introduced a steam-driven air
compressor, a screw-type compact steam power generation system, a steam heat-source
compact binary power generation system, and a hot water heat-source compact binary power
generation system using hot water. It has now achieved an overall power generation efficiency
of 49% and maximum energy use efficiency of 74%. An annual CO, emissions reduction effect
of 460 tons was achieved.

¢ Improvement of disaster prevention and power supply security

The CGS has a BOS function. During a power outage, the auxiliary power required to operate the
cogeneration equipment can be supplied from the separately installed emergency power
generation device, and 100% of the power supply can be covered by the independent operation
of the cogeneration.
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e System flow
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Source: Advanced Cogeneration and Energy Utilization
Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2017/CGS-
Award2017 Detail.pdf, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment costs: Approximately ¥690 million
¢  Estimated energy-saving amount

Electricity equivalent 675 KW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.14. Introduce On-site Energy Supply Type CGS to Overseas Factories

1. Industry subsectors Case No. 18-1

Textile manufacturing Industry

2.  System Summary

Because of the large investment and long payback period of CGSs, stable and highly efficient
operation over a long period is essential. Because of these characteristics, it has been difficult
to achieve a payback on investment in emerging countries such as Thailand, where few
cogeneration plants operate. Also, CGSs have not been widely used. In response, NS-OG Energy
Solutions Thailand Ltd (or NSET) offers a one-stop on-site energy supply service that includes
facility planning, installation and ownership, operation, maintenance, and gas procurement and
supply. The Thai factory, which manufactures woven fabrics, consumes large amounts of heat.
However, the nearby power system is extremely fragile, with power outages and instantaneous
voltage drops occurring approximately 30 times a year.

3.  Configuration and Performance

Item Contents
Types of prime movers Gas turbine (GT)
Rated power output &number of units (GT) 6,690 kW x 1 unit
Use of waste heat Hot water Manufacturing process steam
Fuel Natural gas
Power peak cut rate 100%
Primary energy reduction rate 24.7
Expected CO; savings amount 570 kg-CO,/ h
Ratio of electricity and heat and loss 30.0%. 52.5%, 17.5%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

In Thailand, where turnover is high, it is not easy to secure and train excellent staff in the utility
sector and ensure stable operations over the long term. There are many cases where stable
operations have not been achieved despite the introduction of complex facilities such as CGSs.
Therefore, the initial investment burden was reduced by outsourcing to an on-site energy supply
company that handles all aspects of the CGS, including design, construction, equipment
ownership, operation, and maintenance.

Considering the plant's large heat demand, a 7 MW-class gas turbine CGS, larger than the plant's
electricity demand, and a waste heat recovery boiler were the system’s main components, with
a total efficiency of over 90%.
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4.

5.

System Features
Use of on-site energy supplier

This company recruits and trains new operators and transfers operation management
technology to build an on-site operation and maintenance infrastructure.

Realisation of stable operation

This company utilises a remote monitoring system to support stable operation by
professional staff from the company's Bangkok headquarters and Japan.

Responding to frequent power outages

The system can shift to stand-alone operation with the entire plant load during a system
failure to avoid any impact on production.

System flow
On site

Electricity

Buying sales
electricity

ﬁ

Natural
Exhaustgas

L
Use on
Exhaustheat the
recovery © Hot water premises

Remote monitoring system

N

Bangkok Japan
headquarters Headquarters

Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2018/CGS-
Award2018 Detail02.pdf, modified by the authors.

Investment (Estimated Value)
Cost
Cogeneration (equipment costs): Approximately ¥803 million
Estimated energy-saving amount
Electricity equivalent 1,293 KW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.15. Reduction of Primary Energy by Installing a Total Steam Recovery Gas
Engine CGS

1. Industrial subsectors Case No. 18-2
Paper manufacturing industry
2.  System summary

The mill manufactures paper and adhesive films. Due to changes in production items, the
balance of heat and power within the mill has shifted towards electricity. The mill has been
shifting its heat and power balance towards electricity due to changes in production items. Thus,
the mill upgraded to a gas engine CGS (5,770 kW x 1 unit), which has a higher power output and
power generation efficiency than the existing gas turbine CGS. By adopting a total steam
recovery system that efficiently converts waste hot water generated from the gas engine into
steam, high steam recovery efficiency was achieved, and energy-saving effects were enhanced.
Typically, the system is operated as a highly energy-efficient total steam recovery gas engine
CGS. However, during peak power demand, the system is switched to an operation that
maximises power generation output by stopping the total steam recovery system.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engines (GE)
Rated power output & number of units (GE) 5,770 kW x 1 unit
Waste heat utilisation Process steam
Fuel City gas
Power peak cut rate 50.7%
Primary energy reduction rate 24.4%
Expected CO; savings amount 470 kg-COy/h
Electricity, heat, loss ratio (GE )45.8%, 33.2%, 21.0%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.ijp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

4, System Features
e  System improvement using a total steam recovery system

In the first case of introducing a total steam recovery gas engine, the engine’s cooling water is
heated to 120°C and fed to the steam generator to produce saturated steam of approximately
0.05 MPaG. A steam compressor boosts this low-pressure steam to increase the amount of
steam recovery.

e  Energy efficiency

The overall efficiency (power generation + steam efficiency) of 71.5%, the highest in the world,
is achieved by combining the power generated, excluding hot water, and the amount of steam
generated.
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¢ Improved disaster prevention and power security

The system is capable of self-supporting operation. During a grid power failure, the gas engine
(5,770 kW x 1-unit, medium-pressure feed) can be disconnected from the grid to continue
supplying power to important loads on the premises.

e  System flow

Total steam recovery

gas engine Exhaustheat

boiler

Cogeneration system

3.38t/h

120 °C hot
water
Low pressure
Waste stearz
vapor
hot Screw type
water ﬁ steam ﬁ
steam compressor 1.8t/ h

Note: Normally, there is no place to use hot water at 90°C.

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf,
modified by the authors.

5. Investment (Estimated Value)
e Cost

CGS (equipment cost): Approximately ¥692 million
e  Estimated energy-saving amount

Electricity equivalent 1,066 KW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A.16. Introduction of Gas CGS in Water Treatment Plants to Utilise Electricity
and Waste Heat for Sludge Treatment

1. Industrial field Case No. 18-3

Water purification plants operated by the prefecture

2.  System summary

The Aichi Prefectural Waterworks and Industrial Waterworks purification plants have been
facing the issues of updating the dewatering facilities for sludge residue generated in the water
treatment process and securing a place to take the sludge.

This project uses the Private Finance Initiative method? to upgrade the dewatering facilities of a
water purification plant (dedicated for water supply); construct a new gas engine CGS with BOS
specifications and a solar power generation system; and construct, operate, maintain, and
manage these facilities for 20 years.

The waste heat from the CGS heats the sludge residue generated in the water treatment process
at the water purification plant to about 40°C, reducing the sludge’s viscosity and increasing the
capacity of the dewatering facility by about 20% to 30%. In addition to the power outages in the
power transmission line network, the Great East Japan Earthquake also revealed the risk of
power outages related to power plant operations. As a result, the water purification plant
decided to quickly develop its in-house power generation facilities in addition to receiving
commercial power from the power company.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engines (GE)
Rated power output & number of units (GE) 1,000 kW x 6 unit
Waste heat utilisation Sludge heating
LNG vaporisation
Fuel LNG
Power peak cut rate 55.2%
Primary energy reduction rate 2.7%
Expected CO; savings amount 489 kg-COy/h
Electricity, heat, loss ratio (GE) 41.7%, 32.6%, 25.7%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

3 The Private Finance Initiative (PFI) method is a method of public works that utilises private funds,
management ability, and technical capabilities (know-how) to design, construct, repair, update, maintain,
manage, and operate public facilities. The local public body will be the ordering party and will be carried
out as a public project.
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4.

System Features
BCP at water purification plants

Water supply infrastructure security is improved by combining commercial electric power,
cogeneration, and solar power generation to create multiple power supply sources.

Six generators (1,000 kW x 6 units, LNG supply, BOS specification) were installed for normal
and emergency use. Four generators are operated for normal use, and six generators are
operated synchronously during BOS.

LNG storage tanks are sufficient for 5 days.
Reuse of residual sludge

To improve treatment efficiency, residual sludge generated in the water treatment process
is heated by waste heat from the CGS. The system can flexibly respond to changes in the
amount and properties of sludge generated, and all the sludge is effectively used as
gardening soil and ground soil.

Operation control using renewable energy

The CGS is operated continuously during the daytime to sell solar power, and the generator
power covers part of the load power in the premises.
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf,
modified by the authors.
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5. Investment (Estimated Value)

e Cost

CGS (equipment cost); approximately ¥720 million
e  Estimated energy-saving amount

Electricity equivalent 166 kW/h

Note: The method for estimating energy saving is shown in section 2.2.

A1.17. Effects of Introducing Groundwater Utilisation CGS in Beverage Factories

1. Industrial Field Case No. 1 8-4

Beverage production

2.  System Overview

This factory performs integrated contract manufacturing of various beverages of other
companies’ brands, from mixing to filling and packaging. The groundwater used for beverage
production is also utilised as an intake air cooling source (unused energy) for a gas turbine CGS
(2,000 kW x 1 unit). In addition to enabling an increase in power output of approximately 180
kW during the summer, introducing a variable output exhaust gas-fired steam boiler has enabled
the plant to achieve an overall efficiency of 90.1%, the highest in its class.

In terms of energy conservation and CO, emissions reduction, the factory expects to save 11.2%
of energy and reduce CO, emissions by 8.0% compared to the level before the introduction of
the CGS. In addition, the power and heat from the CGS are used for multiple buildings and
processes within the plant. The BOS specifications enable the CGS to supply power even during
a disaster (power outage).

5.  Configuration and performance

Item Contents
Types of power engine Gas turbine (GT)
Rated power output & number of units (GT) 2,000 kW x 1 unit
Waste heat utilisation Process steam
Fuel City gas
Power peak cut rate 43.6%
Primary energy reduction rate 11.2%
Expected CO; savings amount 111 kg-CO>/h
Electricity, heat, loss ratio (GE) 24.1%, 57.8%, 18.1%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.
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6. System Features

e This plant improved the efficiency of waste heat utilisation of the CGS and improved the
plant’s ability to cope with fluctuations in steam output. In addition, while the high capital
investment in constructing new buildings and other facilities continued, the company
avoided a large initial investment by using an ESCO.

e Promotion of efficient energy use

In summer, when the intake air temperature rises, the power generation efficiency of the gas
turbine declines. (When the intake air temperature is 30°C, the rated output of 2,000 kW drops
to 1,670 kW, but the intake air cooling system restores output to 1,850 kW.)

An evaporator is placed in front of the burner to lower the temperature of exhaust gas entering
the burner, and a variable output system is introduced to allow more fuel gas to be injected. The
overall efficiency achieved is 90.1%.

¢ Inter-building distribution of electricity and heat
Electricity and steam are supplied to and from multiple plant buildings within the main plant.

e System flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by
the authors.
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7. Investment (Estimated Value)
e Cost

CGS (equipment cost): approximately ¥240 million
e  Estimated energy-saving amount

Electricity equivalent 252 kW/h

Note: The method for estimating energy saving is shown in section 2.2.

A1.18. Realisation of BCP Restructuring and CO; Reduction through Integrated
Replacement of Cogeneration Facilities

1. Industrial Field Case No. 18-5

Chemical factory

2.  System Overview

This plant is a complex of a production factory and a research institute. The plant must have a
business continuity plan (BCP) to continue supplying electricity to the production factory,
laboratory, and other important loads in case of emergency.

As several existing gas CGSs are approaching the age of renewal, we examined the optimal
future state of the entire plant from the viewpoints of BCP, CO, emission reduction, cost-
effectiveness, and so on.

3.  System Configuration and Performance

Item Contents
Types of prime movers Gas turbines (GT)
Rated power generation output (GT) 8,000 kW x 1 unit
Waste heat utilisation Processed steam,
air conditioning
Fuel City gas 13A
Power peak cut rate 57.3%
Primary 30.9%
energy reduction rate
Expected CO; savings amount 1,578 kg-CO,/h
Electricity, heat, loss ratio (GT) 34.3%, 38.1%, 27.6%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

Initially, the study started with a single machine’s ageing renewal. But as a result of studying
from a multifaceted perspective, such as optimal electricity, heat, BCP, etc., for the entire
business site, integrated replacement with a gas turbine with the optimum capacity was
selected. The existing cogeneration unit no. 3 is being used after being modified for BOS,
transferred to a critical load system, and overhauled to be used for the next 15 years.
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System features
Integration: effect of update
High efficiency and energy reduction by increasing the size

Since the number of two CGSs became one and the empty space increased, the first floor
was made hollow to prevent tsunamis.

Build a new BCP system

The existing gas engine CGS (815 kW x 5) was left behind, and a new BCP system was built.

System flow
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Medium 8000 kW (importantload)
pressure A
City Gas Gas engine CGS
ﬁ 815 kW X 5
Medium BOS specifications
pressure B

Electricpower

. (general load)
Commercial power

City Gas »[ Steam load J

boiler boiler
Medium 8t/h X3 10t/HX1
pressure B
Electric power meeeees Gas === Hot water

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by
the authors.

Investment

Cost

CGS (equipment cost): Approximately ¥960 million
Estimated energy-saving amount

Electricity equivalent 3,577 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.19. Effects of Updating CGS at Power Plants that Supply Electricity and Heat
to Industrial Parks

1. Industrial Area Case No. 18-6

Energy supply plant

2. System Summary

The plant was established in 1975 to supply steam, electricity, etc., to companies in the industrial
park.

The plant has six cogeneration facilities (two gas turbines and four gas engines), two oil-fired
water tube boilers, and five gas-fired once-through boilers.

The plant supplies electricity and steam to 19 companies in the industrial park with 6
cogeneration units (2 gas turbines and 4 gas engines), 2 oil-fired water tube boilers, and 5 gas-
fired once-through boilers. The system is more efficient than the existing units. It has double the
steam supply capacity partly due to the use of waste heat boilers with burners and partly due to
the ability to use hot water from the existing gas engines. As a result, the primary energy
reduction rate for the entire system improved by 4.4%. In addition, the existing gas-fired once-
through boiler became a spare unit, enabling the steam supply to continue while minimising the
steam pressure drop even if another boiler unexpectedly breaks down, enhancing energy
security.

3.  Configuration and Performance

Item Contents

Gas turbine (GE)

(GT) 8,400 kW x 2 units
(GE) 5,750 kW x 4 units
(existing)

Types of power engine

Rated power output & number of units

Waste heat utilisation Production process

(Heating, distillation, sterilisation)

Fuel City gas 13A
Power peak cut rate 81.4%
Primary energy reduction rate 27.1%

Expected CO; savings amount

6,525 kg-CO/h

Electricity, heat, loss ratio

(GT) 45.8%, 33.2%, 21.0%

Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

4.  System Features
e Efficient and planned operation

The gas turbine is used as the base load machine, and the gas engine is used as the peak cut-off
machine. The system is operated in a planned manner to minimise the amount of electricity
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purchased. Each CGS is connected to the load of each consumer. In the event of a grid failure,
each grid interconnecting a circuit breaker is disengaged, and the system is switched to stand-
alone operation to protect each customer’s load.

¢ Increased efficiency and enhanced steam backup function through the introduction of a

burner

The existing gas-fired boiler will be turned into a backup unit to enhance resources in case of
trouble and to meet BCP requirements.

e System flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2018/CGS-Award2018 Detail02.pdf, modified by the authors.

5. Investment (Estimated Value)

. Cost

CGS (equipment cost): Approximately ¥2,016 million

e Estimated energy-saving amount

Electricity equivalent 14,795 kW/h

Note: The method for estimating energy savings is shown in section 2.2.
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A1.20. Overhaul and High-efficiency Modification of Existing CGSs to Improve
Power Generation Efficiency

1. Industrial Subsectors Case No. 19-1

Gas manufacturing industry

2. System Summary

In 2004, a gas engine-based cogeneration facility (5,500 kW x 2 units) was installed, and the
waste heat is used to vaporise LNG. The running costs had been rising due to increased the
maintenance scope and the number of parts to be replaced due to age-related deterioration,
which had become an operational issue. Therefore, power generation efficiency improved by
implementing a high-efficiency gas engine installation applying the technology of the latest
machines.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Rated power output & number of units (GE) 5,500 kW x 2 units
Waste heat utilisation LNG vaporisation
Fuel City gas 13A
Power peak cut rate 88.5%
Primary energy 23.9%
reduction rate
Expected CO; savings amount 1,524 kw-CO3/h
Electricity, heat, loss ratio (GE) 45.8%, 33.2%, 21.0%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf, modified by the authors.

4, System Features
* Improvement of plant efficiency and operational performance

By improving cycle and combustion efficiency, adopting a high-efficiency turbocharger, etc., the
power generation efficiency has improved while maintaining nitrogen oxide in the exhaust gas.
Furthermore, by changing to a spark ignition system that does not require ignition fuel, fuel costs
are reduced, and operability is improved. The air—fuel ratio adjustment device has been
changed, and the latest combustion technology has been used to minimise the decrease in
steam generation and maintain overall efficiency. The maintenance cycle of pistons and bearings
has been doubled by replacing them with the latest model parts. The spark ignition method and
the latest combustion technology have improved the load follow-up speed by 30% and
shortened the start-up time to one third.

e Renewal of aged machines that suppressed initial investment

The spark ignition method and the latest combustion technology have improved the load follow-
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up speed by 30% and shortened the start-up time by one third. By replacing parts that may be
replaced in the medium to long term at the time of remodeling, the risk of trouble due to
deterioration and ageing has been reduced.

e  System flow
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2019/CGS-
Award2019 Detail.pdf, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment costs: Approximately ¥1,320 million
e  Estimated energy-saving amount

Electricity equivalent 3,455 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A.21. Construction of a High-efficiency Energy Supply System through the Use
of CGS Waste Heat and Unused Heat

1. Industrial Subsectors Case No. 19-2

Automobile manufacturing industry

2. System Summary

The gas engine CGS, which has a high ratio of electricity and is highly efficient, was introduced
to optimise the use of waste heat. The maximum effective use of energy has been realised, in
line with the highly efficient gas engine CGS introduced, by introducing groundwater heat, using
waste heat from compressors, and monitoring and controlling integrated EMS. In addition, as a
measure against instantaneous voltage drop, a one-cycle circuit breaker was installed, and the
CGS was equipped with a BOS function to enable early recovery of the power supply. Efforts
were made to strengthen the disaster prevention function in the event of a disaster.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engine (GE)
Power output & number of units (GE) 7,800 kW x 1 unit
Waste heat utilisation Air conditioning,
hot-water supply
Fuel City gas
Power peak cut rate 32.5%
Primary energy 29.3%
reduction rate
Expected CO; savings amount 1,425 kg-CO,/h
Electricity, heat, loss ratio (GE) 49.0%, 23.9%, 27.1%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf, modified by the authors.

4, System Features
. Configuration and operation system that efficiently uses heat

Waste heat from the air compressor and unused heat of well water (15°C—20°C) used for
production are recovered and used by the waste heat recovery heat pump. In summer, high-
temperature water becomes a heat source for absorption chillers and is then used as a heat
source for hot and boiler water supply. In winter, most of the available waste heat is used to
execute in a cascade that the exhaust hot water of CGS is first used for air heating. The exhaust
hot water is then used as the heat source water of the exhaust heat recovery heat pump.

e Integration control of factory operation and energy system

We have built a system that enables centralised management of the entire system by adopting

EMS, such as linking CGS with the demand of factory production equipment, controlling the
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number of heat source equipment based on the measurement of secondary air-conditioning
load, linking CGS and heat source equipment, and visualising energy use.

e  System flowchart
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.ijp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf,
modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment costs: Approximately ¥936 million
e  Estimated energy-saving amount

Electricity equivalent 3,233 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.22. An Environment-friendly CGS that is Effective for BCP Measures by Using
a High-Pressure Natural-gas Trunk Line

1. Industrial subsectors Case No. 19-3

Tire manufacturing industry

2.  System summary

Until now, it has been difficult to use natural gas due to the factory’s location. However, due to
the construction of a high-pressure main line nearby, it was possible to replace the coal boiler
turbine generator (BTG) with a gas turbine CGS (7,630 kW x 2 units) that uses natural gas as fuel
and a backup steam once-through boiler. As a result, CO, was significantly reduced. At the same
time, BCP measures could also be realised using a high-pressure natural-gas conduit with high
disaster prevention properties.

3.  Configuration and Performance

Item Contents

Types of power engine Gas turbine (GT)
Rated power output & number of units | (GT) 7,630 kW x 2 units

Waste heat utilisation Production process
Air conditioning

Fuel City gas
Power peak cut rate 69.8%
Primary energy 24.1%
reduction rate
Expected CO; savings amount 2,137 kg-COz/h
Electricity, heat, loss ratio (GT) 33.1%, 52.1%, 14.8%
Source: Advanced Cogeneration and Energy Utilisation Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf, modified by the authors.

4, System Features

e  Energy and CO;saving by improving the efficiency of CGS

By adopting a high-efficiency gas turbine CGS, environmental performance is greatly improved.
The exhaust gas boiler is equipped with a reheating burner to improve overall efficiency, and 1.9
MPa steam is used for vulcanising and heating products.

e Adopted an intake cooling system using a gas-fired absorption chiller
Seasonal fluctuation of power generation output is suppressed by intake air cooling.
e Gas supply by highly reliable high-pressure trunk line

Natural gas is supplied by a high-pressure conduit of 3.0 MPa, which has high earthquake
resistance. In addition, the gas compressor for the gas turbine is no longer required; it also
reduces costs.
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e Improving disaster prevention and reliability of CGS for BCP compliance
Multiple CGSs are installed to make the system redundant.

In addition, nine through-flow boilers are installed for backup, which are disconnected from the
grid in the event of a power outage and operate independently according to their respective
critical loads.

e  System flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf,
modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment costs: Approximately ¥1,831.2 million
e  Estimated energy-saving amount

Electricity equivalent 4,845 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.23. Promotion of Energy Savings by Introducing the Latest Cogeneration
Equipment Suitable for Factory Loads

1. Industrial Subsectors Case No. 19-5

Electronic components industry

2.  System summary

At plant A, excess steam generated from the existing CGS was reducing efficiency. Therefore,
the plant was upgraded to a state-of-the-art high-efficiency gas turbine CGS (5,000 kW x 1 unit)
to match the amount of steam required, improving power generation efficiency and saving
energy. On the other hand, plant B has adopted the world's most efficient gas engine CGS (7,500
kW x 1 unit) to meet the required steam volume. This realised improvements in operational
benefits and energy savings. In addition, a system that can be operated independently was
constructed to respond to emergencies and strengthen BCP measures.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Gas engine (GE)
Rated power output & number of units (GT) 5,000 kW x 1 unit
(GE) 7,500 kW x 1 unit
Waste heat utilisation Production process
Air conditioning
Fuel (GT) Natural gas
(GE) City gas
Power peak cut rate 39.7%
Primary energy 16.2%
reduction rate
Expected CO; savings amount 1,066 kg-CO,/h
Electricity, heat, loss ratio (GE) 49.0%, 23.9%, 27.1%
(GT) 31.9%, 52.7%, 15.4%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf, modified by the authors.

4.  System features
e  Renewal of gas turbines and introduction of gas engines to meet heat demand

Due to the decrease in steam load at Plant A (average 22.6 t/h - 10.2 t/h), the gas turbine CGS
was replaced with a 5,000 kW system.

Both power generation efficiency (28%->32%) and waste heat recovery efficiency (47%->55%)
were improved.

The gas engine (power generation efficiency: 49.5%) was installed at Plant B, where steam
demand is low. Surplus power is transmitted to other plants through the company's transmission
lines.
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Both plants have increased efficiency and reduced energy costs.

Minimisation of investment cost and shortening of renewal work period

At the number one business site, by diverting the foundations, auxiliary equipment, and
electrical equipment of the existing gas turbine as much as possible, the renewal cost was
reduced. and the construction period was shortened.

Power leveling and emergency response through centralised energy management of
multiple factories connected by self-employed lines

Centralised management of five CGSs is implemented at the company's substation.
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.ijp/web/gp/pdf/2019/CGS-
Award2019 Detail.pdf, modified by the authors.

Investment (estimated value)

Cost

Cogeneration investment costs:
Approximately ¥1,500 million
Estimated energy-saving amount
Electricity equivalent 2,416 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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Al1.24. Energy-saving Measures Using CGS and Improvement of Regional
Disaster Prevention Capabilities Using Electric Vehicles

1. Industrial Subsectors Case No. 19-6

Iron and steel secondary processing industry

2. System Summary

A gas engine CGS was installed on the factory premises to reduce the environmental load and
save energy. The power generated by CGS is connected to the power grid and supplied to
multiple production areas in the factory. In the production process, the materials are acid
pickled, and CGS exhaust heat vapor and waste heat hot water are used to heat the treatment
solution used in the acid pickling coat treatment tank.

3.  Configuration and Performance

Item Contents

Types of power engine Gas engine (GE)

Rated power output & number of units (GE) 390 kW x 1 unit

Waste heat utilisation Production process

Fuel City gas 13A

Power peak cut rate 22.5%

Primary energy 16.2%

reduction rate

Expected CO; savings amount 33 kg-CO»/h

Electricity, heat, loss ratio (GE) 42.0%, 38.5%, 19.5%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf, modified by the authors.

4, System Features

o Contribute to regional disaster prevention by charging electric vehicles (EVs) to use CGS
during a disaster.

The city of A, which wants to improve its disaster-prevention capabilities, and the local
automaker, which intends to promote the use and widespread adoption of EVs, have agreed to
EV operation in times of disaster.

In a disaster, the manufacturer will supply power from the CGS to the EVs and use them as
mobile storage batteries. In addition, a system will be established to provide electricity to city
facilities and evacuation centres. EVs used for test drives at affiliated dealers (seven dealers) will
be utilised in times of disaster.

The BOS function enables CGS startup even during power outages. Power can be supplied to
lighting and some production facilities through parallel operation with emergency generators.
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It is possible to supply power to lighting and some production facilities by operating an
emergency generator in parallel.

¢ Improvement of energy savings and production efficiency by using waste heat

CGS waste hot water is used to generate the treatment solution (dilute sulfuric acid, etc.) utilised
in the factory process. As a result, the heating time can be shortened, the amount of steam used
can be reduced, and the production efficiency is improved.

e System flow
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2019/CGS-
Award2019 Detail.pdf, modified by the authors.

5. Investment (Estimated Value)
e Cost

Cogeneration investment costs: Approximately ¥58.5 million
e  Estimated energy-saving amount

Electricity equivalent 75 kW/h

Note: The method for estimating energy savings is shown in section 2.2.
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A1.25. Shared Use of Electricity and Heat by Constructing an Energy Centre in
an Industrial Zone

1. Industrial Field Case No. 20-1

Shared use of industrial zone

2.  System Overview

Currently, 35 companies are in this industrial zone, and the total area is 388 hectares.
The background is the increased risk of natural disasters associated with the great
earthquake and climate change. There was a desire to share electricity and heat in
cooperation with neighbouring factories of different industries in this industrial zone.
Therefore, the gas company assumed the coordinator role and built a unique network
system consisting of an EMS centred on a highly efficient large-scale CGS, a self-
employed electric power line, a district heating conduit, and a communication line. With
this system, it has become possible to save about 20% of energy and CO;, which is
difficult to realise in a single office, and to continue to supply power and heat even
during a long-term power outage due to a large-scale disaster.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engines (GE)
Rated power output & number (GE) 5,770 kW x 6 units
of units (34,620 kW)
o Manufacturing process, air conditioning, hot water
Waste heat utilisation
supply
Fuel City gas 13A
Power peak cut rate -
Primary energy reduction rate 20.6%
Expected CO; savings amount 39,611 kg-CO,/h
Electricity, heat, loss ratio (GE) 49.0%, 23.7%, 27.3%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

4, System Features
e Establishment of energy centre

EMS utilising the latest ICT enables the efficient operation of optimal energy in response to
fluctuations in demand. It can supply power and heat to seven factories even during a long-term
power outage by installing its self-employed power line, heat piping network, large-capacity
cogeneration, and 24-hour resident operation management system.
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¢ Introduction of renewable energy

A solar power generation system is installed next to cogeneration. Fluctuations in power
generation output are adjusted by cogeneration.

e A radiator system that cools the CGS with air was adopted to prepare for a water supply
interruption during a long-term power outage.
e  Energy utilisation flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the
authors.

5. Investment (Estimated Value)

e Cost
CGS (equipment cost): Approximately ¥4,154 million
e  Estimated energy-saving amount
Electricity equivalent 8,982 kW/h
Note: The method for estimating energy saving is shown in section 2.2.
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A1.26. CCGT Construction for BGT Renewal (Expansion of Heat Utilisation and
Energy Reduction)

1. Industrial Subsectors Case No. 20-3

Food industry

2.  System Summary

This factory produces natural seasonings and other products using fermentation-related
technologies. To cope with the increased environmental impact caused by increased production,
the plant has sought to reduce energy consumption by introducing natural gas via an LNG
satellite. The newly introduced gas turbine CGS was combined with the existing steam turbine
to create a gas turbine combined cycle system. This system has increased power generation, a
best-in-class overall efficiency of over 90%, a significant reduction in CO, emissions, and a
contribution to the power system. The new system is also equipped with a backup gas boiler
and countermeasures against instantaneous power loss, so the factory can continue its
production activities even during a disaster or power grid accident.

3.  Configuration and Performance

Item
Types of power engine
Rated power output & number of units

Contents

Gas turbine (GT)

(GT) 7,550 kW x 1 unit

(ST) 3,020 kW x 1 unit
(existing)

Waste heat utilisation Production process

Fuel LNG vaporisation gas

Power peak cut rate —

Primary energy reduction rate

Expected CO; savings amount

1.588 kg-CO,/h

Electricity, heat, loss ratio

(GT) 33.1%, 52.1%, 14.8%

Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

4, System Features
¢  Renewal from BTG to CCGT (combined cycle gas turbine)

The CCGT system was constructed by effectively utilising the gas turbine CGS (8 MW class) and
the existing steam turbine to increase the power generation output by about 3 MW. The heat
recovery boiler of the CGS is a unique boiler system that supplies steam according to the
fluctuating power and steam load according to the factory's production line. The system is also
expected to be deployed as a new method for updating ageing BTGs. The factory is supplied with
electricity from the new gas turbine and the existing steam turbine, and any surplus is sold to
the power grid.

e  High efficiency (ultimate use of cascade heat)

The steam turbine is an extraction back-pressure type, and the input high-pressure and high-
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temperature superheated steam is used for power generation in the latter stage. The use of a
cascade of heat, total efficiency rate of 91% and annual total efficiency of 89% (highest efficiency
in 8 MW class combined cycle industrial gas turbine) were achieved.

A total efficiency rate of 91% and annual total efficiency of 89% (highest efficiency in 8 MW class
combined cycle industrial gas turbine) were achieved.

e  Use of LNG vaporisation heat

A cold-water circulation system has been constructed to utilise the warm water from the gas
turbine intake cooling as heat from LNG vaporisation, thus, making full use of the heat.
e  System flow
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Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

5. Investment (estimated value)
Cost
CGS (equipment cost): Approximately ¥900 million
Estimated energy-saving amount
Electricity equivalent — kW/ h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.27. Energy Savings by Exhaust Heat Recovery of Gas Turbine CGS

1. Industrial subsectors Case No. 20-4

Paper manufacturing industry

2. System Summary

This factory manufactures and sells containerboard base paper. The raw material is 100%
recovered paper, contributing to paper recycling. The existing BTG system (power generation
boiler + steam turbine) was combined with a gas turbine CGS to form a gas turbine combined
cycle (GTCC) system, which was renewed due to ageing. The newly installed gas turbine CGS
(7,490 kW x1 unit) has achieved high energy efficiency (overall efficiency of 98.5%) by optimising
the system and capacity, and thoroughly recovering exhaust heat by installing a hot water heat
exchanger in the rear stage of the exhaust gas boiler.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Rated power output & number of units (GT) 7,490 kW x 1 unit
Waste heat utilisation Manufacturing process
Fuel City gas
Power peak cut rate —
Primary energy reduction rate 30.0%
Expected CO; savings amount 1,416 kg-CO,/h
Electricity, heat, loss ratio (GT) 33.1%, 52.1%, 14.8%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

4, System Features

e  Overall optimisation and simplification of operation and management through renewal
Maintenance and operation management have been simplified through equipment
renewal.

e  High energy efficiency achieved through thorough exhaust heat recovery

By installing a hot water heat exchanger at the rear of the exhaust gas boiler of the gas turbine
CGS, exhaust heat is thoroughly recovered; the feed water at 10°C is heated to 54°C; and the
recovered hot water is supplied to the production facilities of the factory, contributing to further
energy conservation in the entire factory.

e Total efficiency after renewal: 98.5%, an 11.6% improvement over the previous system
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e Energy utilisation flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the
authors.

5. Investment (Estimated Value)
e Cost

CGS (equipment cost): Approximately ¥899 million
e  Estimated energy-saving amount

Electricity equivalent 3,210 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.28. CGS Power Generation Using Digestion Gas at a Sewage Terminal
Treatment Plant

1. Industrial Subsectors Case No. 20-5

Power generation at a sewage treatment plant

2.  System Summary

Cogeneration is operated to carry out a power generation business using digestion gas
generated during sewage treatment in the sewage terminal treatment plant. The digestion gas
from sludge and human waste is resupplied to local consumers as electrical energy. It is a
mechanism that can generate electricity stably for 24 hours. The citizen's electric power
company becomes a power generation company and supplies digestion gas to high-pressure
consumers and general households in the city. The digestion gas used is about 850,000 Nm3 per
year, which leads to a power supply of about 1,400 thousand kWh (for about 390 ordinary
households). In addition, the waste heat of cogeneration is collected as hot water and used for
heating the digestive tank to generate digestion gas.

3.  Configuration and Performance

Item Contents
Types of power engine Gas engines (GE)
Rated power output & number of units (GE) 25 kW x 8 units
Waste heat utilisation Heating of digester tank
Fuel Digestion gas
Power peak cut rate —
Primary energy reduction rate 97.3%
Expected CO; savings amount 6,357 kg-CO,/h
Electricity, heat, loss ratio (GE) 33.5%, 52.0%, 14.5%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

4, System Features
e  Utilisation of digestion gas as a renewable energy source

Digester gas power generation can be used stably throughout the year. The use of waste heat
achieves high overall energy efficiency throughout the year. Electricity is used for the digestion
gas supply system and hot water circulation pumps on the premises. The remainder is sold to a
citizen's electric power company via the power system line.

e  Effective use of waste heat

The sludge generated in the sewage treatment process is decomposed and reduced in volume
by the action of bacteria. However, the digester tank must be heated for the bacteria to be
active. For this reason, the waste heat from the CGS is effectively used to maintain the digester
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5.

tank at an appropriate temperature by exchanging heat between the sludge and hot water in
the sludge heat exchanger.

e  Energy utilisation flow
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2,
modified by the authors.

Investment (estimated value)

Cost

CGS (equipment cost): Approximately ¥80 million
Estimated energy-saving amount
Electricity equivalent 14,415 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.29. Expansion of Heat Utilisation and Energy Reduction by Gas Compressor
with GT Renewal

1. Industrial Field Case No. 20-6

Chemical industry

2.  System Overview

This factory manufactures high-performance chemical products and products related to the
electronics and information industries. The plant uses large amounts of high-pressure and low-
pressure steam in its manufacturing processes. Since 2000, it has been using a 1,200 kW-class
gas turbine CGS to save energy. But it has become obsolete, so the system was replaced.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Rated power output & number of units (GT) 1,660 kW x 1 unit
Waste heat utilisation Manufacturing process
Fuel City gas
Power peak cut rate —
Primary energy reduction rate 8.2%
Expected CO; savings amount 65 kg-CO,/h
Electricity, heat, loss ratio (GT) 27.7%, 56.1%, 16.2%
Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by the authors.

In considering the renewal of facilities, an energy network, including the adjacent research
institute, was constructed to level the load, increase energy savings, and strengthen the BCP.
The laboratory is adjacent to the factory across a city road, and heat pipes are connected to the
factory through an underground tunnel. The company built a joint energy network with the
factory for electric power to increase the power load on the premises. Since it is possible to
introduce a larger CGS and strengthen energy conservation and BCP, it built a model of energy
interconnection by combining its business sites. In addition, the gas compressor, which boosts
the pressure required for gas turbine operation, employs a matrix converter to control the
rotation speed to reduce the driving power in accordance with the city gas supply pressure to
achieve further energy savings.

4.  System Features

e  Expansion of energy flexibility

Load leveling was achieved by combining the different power load patterns of the factory and
the laboratory. Introducing a gas turbine with higher efficiency and generating capacity than the
existing machine became possible. The steam was already being supplied between the two sites
through a dedicated tunnel connected underground by a city road. Electric power was also
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supplied between the sites by installing a private line.
¢ Introduction of BOS (no-load standby function)

The existing GT could not cope with power outages. But the new GT has a BOS, which enables
restoration of power supply, mainly to important loads, even during a power outage. This
enabled business continuity and improved the BCP of the plant.

e Energy saving was realised by introducing speed-controlled gas compressors.
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Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2020/CGS-Award2020 Detail.pdf?v=2, modified by
the authors.

5. Investment (Estimated Value)
e Cost

CGS (equipment cost): Approximately ¥216 million
e  Estimated energy-saving amount

Electricity equivalent 1,498 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.30. Improvement of Overall Plant Efficiency by Introducing High-efficiency
Gas Turbine Cogeneration

1. Industrial Subsectors Case No. 21-1

Cooperative power plant

2. System Summary

Joint power generation is a joint power plant of a complex supplying electricity, steam, and pure
water to 15 neighbouring companies. In a cogeneration that combines a gas turbine
cogeneration and the bleed back pressure steam turbine, the exhaust heat from the
cogeneration is supplied to the steam turbine and the user's manufacturing process. The exhaust
heat from the steam turbine is also supplied to the manufacturing process. With this equipment,
the overall efficiency of the plant has been greatly improved and CO; has been reduced.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Steam turbine (ST)
Rated power output & number of units (GT) 32,300 kW x 3 units
(ST) 10,500 kW x 1 unit
Waste heat utilisation (GT) Steam for ST & manufacturing
process

(ST) Manufacturing process
(Bleed air, exhaust)

Fuel City gas 13A

Power peak cut rate -

Primary energy reduction rate 22.7%

Expected CO; savings amount 13,909 kg-CO,/h
Electricity, heat, loss ratio (GT) 39.1%, 46.0%, 14.9%

(ST) 34.3%, 38.1%, 27.6%

Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021 Detail.pdf?v=220128, modified by the
authors.

4, System Features
e  Responding to changes in thermoelectric demand and improving overall efficiency

By selecting combined cogeneration equipment that uses the world's highest level of improved
high-efficiency gas turbines in its class, the overall plant efficiency of the entire business facility
has improved by approximately 28%.

e  Complete emergency response by making equipment redundant

By installing three gas turbines, flexible operation was realised in response to fluctuations in
demand. In the unlikely event of a gas turbine equipment malfunction, inspection, and
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maintenance can be performed for each CGS even while the plant is in operation.
e  Construction of a power system that can meet demand

A system was built to meet the demand for electricity in collaboration with neighbouring
factories.

e  System flow
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Source: Advanced Cogeneration and Energy Utilization Center
Japan  (2021), https://www.ace.or.jp/web/gp/pdf/2021/CGS-
Award2021_Detail.pdf?v=220128, modified by the authors.

5. Investment (estimated value)
e Cost

Cogeneration investment costs: Approximately ¥12,888 million
e  Estimated energy-saving amount

Electricity equivalent 31,539 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.31. Energy Saving of Production Equipment by Utilising Low-temperature
Waste Heat of Cogeneration

1. Industrial Subsectors Case No. 21-2

Automobile manufacturing industry

2. System Summary

The energy balance at the plant has changed, including a reduction in steam consumption due
to energy conservation. The gas engine CGS has been upgraded to meet these plant demands.
Of particular note is the utilisation of waste heat, which has created a new destination for waste
heat in the existing vehicle painting process and promoted the use of hot water from the gas
engine exhaust gas. In addition, a high-density adsorbent thermal storage system was used to
recover heat from low-temperature exhaust gas and hot exhaust water after passing through
the exhaust gas boiler.

In addition, heat is supplied to the painting factory and swimming centre by off-line heat
transport. An energy-saving CGS was also constructed to enable the use of waste heat to fill the
gap between supply and demand in terms of time and space.

3.  Configuration and Performance

Item Contents

Types of power engine Gas engine (GE)

Rated power output & number of units (GE) 7,800 kW x 1 unit
(GE) 5,750 kW x 1 unit

Waste heat utilisation Production process
Air conditioning

Fuel City gas

Power peak cut rate —

Primary energy 22.7%

reduction rate

Expected CO; savings amount 1,755 kg-CO,/h

Electricity, heat, loss ratio (GE) 49.0% ,23.9%, 27.1%

Source: Advanced Cogeneration and Energy Utilization Center Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021_Detail.pdf?v=220128, modified by the
authors.

4.  System Features

e By using exhaust hot water for heating, the process hot water tank (pre-treatment process)
of the automobile painting line, and the preheat air conditioner installed for the painting
booth air conditioner, the amount of steam and city gas used is reduced.

e High-density heat storage system uses adsorbent and offline heat transport
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Cogeneration waste heat recovery has been realised locally by storing the low-temperature
waste heat of cogeneration, which is difficult to utilise, in a newly developed high-density
heat storage material. It is then transported to the heat utilisation destination by truck.

This contributes to reducing the energy load of facilities in the area.

Since the heat storage material uses the moisture absorption and desorption reaction, 90%
or more of the heat storage amount can be used even if it is stored for a long time only by
maintaining the seal. Maintaining the temperature during storage is not needed.
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Source: Advanced Cogeneration and Energy Utilization Center
Japan (2021), https://www.ace.or.jp/web/gp/pdf/2021/CGS-
Award2021 Detail.pdf?v=220128, modified by the authors.

Investment (estimated value)
Cost
Cogeneration investment costs: Approximately ¥1,626 million
Estimated energy-saving amount
Electricity equivalent 3,979 kW/h

Note: The method for estimating energy savings is shown in section 2.2.
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A1.32. Gas Turbine CGS Integrated with Ethylene Plant Cracking Furnace

1. Industrial Subsectors Case No. 21-4

Chemical industry

2.  System Summary

From the viewpoint of further promoting energy conservation at the plant and increasing the
ratio of on-site power generation, one 30 MW gas turbine CGS integrated with the ethylene
plant cracking furnace, the core plant was installed. The gas turbine generates electricity using
natural gas supplied by a dedicated high-pressure pipeline as fuel. And the high-temperature
combustion exhaust gas generated from the gas turbine is used as combustion air for the
ethylene plant cracking furnace in the subsequent stage, reducing the fuel consumption of the
cracking furnace and achieving high energy-saving performance.

3.  Configuration and Performance

Item Contents
Types of power engine Gas turbine (GT)
Rated power output & number of units (GT) 30,000 kW x 1 unit
Waste heat utilisation Combustion air of the ethylene decomposition
furnace
Fuel Natural gas
Power peak cut rate -
Primary energy 26.3%
reduction rate
Expected CO: savings amount 4,721 kg-CO2/h
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),

https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021 Detail.pdf?v=220128, modified by the
authors.

4.  System features

e  Energy savings by using combustion exhaust gas directly in an ethylene decomposition
furnace

To maximise use of the exhaust gas from the gas turbine instead of recovering heat by the
exhaust heat boiler, etc., the high-temperature combustion exhaust gas after power
generation by the gas turbine is used as combustion air for the decomposition furnace
burner of the ethylene plant. As a result, the amount of fuel used in the decomposition
furnace has been reduced, and the amount of high-pressure steam generated in the
decomposition furnace has increased. By installing a gas turbine in the area adjacent to the
decomposition furnace and shortening the duct distance for utilising waste heat as much
as possible, the equipment cost and energy loss are minimised.

To best use energy, all the exhaust gas generated from the gas turbine should be directly
used in the decomposition furnace. The exhaust gas is evenly distributed to each furnace
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so that the back pressure of the gas turbine becomes constant.

Resilience is strengthened, and incidental equipment is reduced by supplying fuel through
dedicated piping of the gas company.

Since natural gas is supplied at high pressure, there is no need for a gas compressor
dedicated to gas turbines, reducing initial costs. In addition, the absence of a gas
compressor leads to energy savings for the compressor operating power during normal
times. System reliability has also improved because gas compressor failures did not cause
unexpected problems.
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Gas turbine decrease In
(30,000 kW)

Electricity
the ™ by
of fuel". (30 MW)

Source: Advanced Cogeneration and Energy Utilization Center Japan
(2021), https://www.ace.or.jp/web/gp/pdf/2021/CGS-
Award2021 Detail.pdf?v=220128, modified by the authors.

Investment (Estimated Value)
Cost
Cogeneration investment costs: Approximately ¥3,600 million
Estimated energy-saving amount
Electricity equivalent 10,706 kW/h

Note: The method for estimating energy saving is shown in section 2.2.

126


https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021_Detail.pdf?v=220128
https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021_Detail.pdf?v=220128

A1.33. Realisation of Energy Savings and BCP Measures by LPG Cogeneration

1.

1.

Centred on EMS

Industrial Subsectors Case No. 21-5

Food industry

System summary

A system that can make the best use of energy has been constructed by converting the main

heat source to LPG, which is more environment-friendly than heavy oil. Since this plant uses a

large amount of hot water in production, an LPG micro-CGS capable of supplying hot water was

installed to use waste heat effectively. At the same time, introducing an EMS has realised

optimal control of cogeneration and reduction of energy management person-hours.

3.  Configuration and Performance
Item Contents

Types of power engine Gas engine (GE)

Rated power output & number of units (GE) 25 kW x 20 units

Waste heat utilisation Production process

Fuel LPG

Power peak cut rate —

Primary energy 25.5%

reduction rate

Expected CO; savings amount 75 kg-CO»/h

Electricity, heat, loss ratio (GE) 33.5%, 52.0%s, 14.5%
Source: Advanced Cogeneration and Energy Utilization Center  Japan (2021),
https://www.ace.or.jp/web/gp/pdf/2021/CGS-Award2021 Detail.pdf?v=220128, modified by the
authors.
4, System Features

Realisation of high-efficiency operation and high operating rate in normal times by installing
multiple micro-cogeneration units and optimising control using EMS

Installing multiple micro-cogeneration units makes it possible to adjust the number of
operating units even in a small load range and operate the equipment with high efficiency
at the rated output. Optimal control that responds to fluctuations in electrical and heat
loads has become possible by utilising the EMS. Since maintenance can be performed for
each micro-cogeneration unit, a high operating rate can be achieved without completely
stopping power generation.

By newly installing the hot water storage tank (heat storage tank), cogeneration hot water
can be used effectively.

The hot water tank for the treatment to remove feathers and the cleaning hot water tank
have different required temperature ranges.
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Well water from a newly installed hot water storage tank can be heated to the temperature
of each tank using waste heat from the CGS, enabling heat cascade use.

e  Primary energy consumption and CO, emissions were reduced through fuel conversion
from heavy oil to LPG.

e  System flow

LPG bulk tank (15 ton)

EMS

Gasengine |! —----

Temperature
flow rate

v v

1
1
1
1
1
1
1
1
1
1

Feather removing Flushing :
1
1
1
1
1
1
1
1
1
1
1

warm water warm water
aquarium aquarium

24 O

feather removing wash treatment
treatment

Source: Advanced Cogeneration and Energy Utilization Center
Japan  (2021), https://www.ace.or.jp/web/gp/pdf/2021/CGS-
Award2021 Detail.pdf?v=220128,modified by the authors.

5. Investment (estimated value)
e Cost

Cogeneration investment costs: Approximately ¥100 million
e  Estimated energy-saving amount

Electricity equivalent 171 kW/h

Note: The method for estimating energy saving is shown in section 2.2.
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A1.34. Introduction of ENE-FARM

1. Overview

ENE-FARM generates electricity through an electrochemical reaction between hydrogen
produced from methane, the main component of city gas and LP gas, and oxygen in the air. Since
the energy contained in the fuel is directly utilised without burning it, high power generation
efficiency is achieved. ENE-FARM is a household fuel cell CGS that produces electricity at home.

City gas
LPG
_D Fuel cell unit
Hot t

2H2 +02 > 2H20 | or water

Methane CHa supply unit

&
Hydrogen Hot water

Electro

@ @ chemical

@@ reaction ®©®
©@ | e Tl
Oxygen ' @ @

t
g Exhaust heat
Air . ———
recovery unit

Y

N A

————
Electricity Wo’re\rl/

Source:  https://www.gas.or.jp/user/comfortable-life/enefarm-partners/enefarm/,
modified by the authors.

P Company A Company K Company
”'e @
B
Manufacturers . i
+ 1 | " ;
F -
Heat source unit Fuel cell unit Heat source unit
Fuel cell unit Heat source unit Fuel cell unit
Fuel cell methed PEFC SOFC SOFC
Electrical output 700 W 700 W 400 W
Overall efficiency 97% 87% 80%
Electricity efficiency 40% 55% 47%
Size (HxWxD) (mm)
Fuel cell unit 1650x40%75 1274%x66x33 700x800%350
Heat source unit 1650x51x75 750x480x240 750x480x250

PEFC = polymer electrolyte fuel cell, SOFC = solid oxide fuel cell.
Source: https://www.gas.or.jp/user/comfortable-life/enefarm-partners/enefarm/ , modified by the
authors.
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2.  Background

On 1 May 2009, the polymer electrolyte fuel cell (PEFC) type was launched as the world's first
residential-use fuel cell. Since then, gas companies have taken the lead with several
manufacturers' participation. The SOFC type was launched in 2011, followed by the expansion
of models such as the condominium and miniaturised types.

The national government has positioned ‘ENE-FARM’ as a front-runner for realising a hydrogen
society. Expectations are high for its widespread use, including establishing support programmes
for its introduction by the national and local governments.

Different manufacturers use different types. PEFCs have a power generation efficiency of 30%—
40%, while SOFCs are more expensive but have a power generation efficiency of over 50%. A
model with higher electrical output is currently being developed for industrial applications.

3. Introduction Results

By the end of FY2021, the number of units installed totaled 423,000. (The number of industrial
CGS units installed totaled 21,000 in the same year.) The average price is ¥1 million to ¥2 million,
including installation costs.

450,000 433,182

400,000 - 392,926
350,000 v 346,917
y
/’ 303,929
300,000 _.
d 257,339
250,000 /
- 208,509
200,000 ,/ r
-_',‘f 161,439
150,000 _ -*"-x/
;" 120,992
100,000 V.
' 4 82,974
y /
> 49,443
50,000 S
:—'4 926
11,464
6997 1L
0 L — =

Z200% 2000 200 200 X013 FO14 Z0NS ZOM&  ZONT  200M8 ZDNF 2020 2021

Source: https://www.gas.or.jp/user/comfortable-life/enefarm-partners/enefarm/, modified by

the authors.
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4, Economic Efficiency

The introduction of ENE-FARM will lower the cost of electricity and increase the cost of gas, but
many gas companies offer discounts for gas with ENE-FARM. For example, if the annual cost is
¥400 thousand, the reduction would be ¥104 thousand. If the installation cost of the ENE-FARM
is ¥1,500 thousand, the simple payback period would be 14 years, making it difficult to recover
the investment within 10 years. However, since it can generate its own electricity, it is effective

in the event of power outages and contributes to CO, reduction.

1005

Wl

Annual Utility Cost

Sy
-~
™~
Electricity Fee, -
o Electricity Fee,
18%
w—r
==
zas Fee,
Gas Fege, 56%
a0
Previous Ene-Farm

Source: https://www.gas.or.jp/user/comfortable-life/enefarm-partners/enefarm/, modified by the

authors.
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A1.35. Experimental Market Introduction of Fuel Cells (SOFC) for Commercial and
Industrial Use

1. Overview

Towards a future low-carbon society, we have developed an SOFC system that combines as SOFC
with a micro gas turbine (MGT), capable of highly efficient power generation. The development
of the system began in 1983. Since FY2015, four demonstration units have been installed at four
locations in Japan under a government-subsidised project for 250 kW-class units. Verification of
durability, start-up, and shutdown tests under actual load, and load change tests were
conducted in preparation for market launch, and stable operation was confirmed. The 250 kW-
class machines were launched to the market in 2017.

' MEGAMIE

Source: https://www.ace.or.jp/web/gp/pdf/2019/CGS Award2019
Detail.pdf.

2.  System Configuration and Performance

Item Contents
T
ype Commercial/Industrial fuel cell
Types of prime movers SOFC + MGT
Rated power output 200~220 kW
Fuel City gas
Exhaust Heat Utilisation Steam or hot water
Power generation efficiency 53%
Steam 14%

Exhaust heat recovery efficiency Hot water 229
()

Source: Advanced Cogeneration and Energy Utilization Center Japan (2019), modified by the authors.
https://www.ace.or.ijp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf’.

3. Features
e  Hybrid system of SOFC and MGT

The system comprises two power generation systems: an upstream SOFC and downstream
MGT. Exhaust heat is recovered by installing a heat recovery unit in the exhaust gas section
of the MGT. The regenerative heat exchanger raises the temperature of the air supplied to
the SOFC.
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4.

High power generation efficiency
The combination of SOFC and MGT achieves a power generation efficiency of 53%.
Improvement of performance

The pressurised air from the MGT compressor is used to generate power in the pressurised
environment of the SOFC to improve the power generation performance.

System configuration

DesulphuHiser Electric power
Fuel gas

Inverter

B SeEs Recirculation blower
module

O

*---

Combustorzer
(. Mic'ro'ga's‘[tu?bﬁe' I
|

o o I

I Electric

| —]
* * | power
1
Regenerative heat I

exchanger 1

| Exha ust: gas

Micro Gas Turbine System

Source: Advanced Cogeneration and Energy Utilization Center Japan (2019), modified by
the authors. https://www.ace.or.jp/web/gp/pdf/2019/CGS-Award2019 Detail.pdf

Expected effects

SOFCs can generate electricity from various fuel gases such as digested sewage gas, biomass
methane from food and beverage factories, and hydrogen.

The development of a 1 MW-class system is underway. It is expected to be widely used as
a power generation system for large-scale factories and local communities in the future.
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