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Case Study of Energy Audits (2)
Examined EE&C Technologies

Examined technologies Examination / 
Evaluation Financial Analysis

Efficient motors Proposed • Investment cost
• Cash-flow
• Pay back period
• IRR
• NPV

PV system Proposed

PV system with financial incentives Proposed

Inverter to motors Already included -
Improvement of power factor of receiving 
ends 

Analyzed high 
enough -

Inverter to compressors Recommended -
Efficient transformers Recommended -
Efficient lighting Recommended -
Electrically-driven dump trucks for a mine Recommended -
Trolley dump trucks for a mine Recommended -
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Case Study of Energy Audits (2)

Electrically-driven dump trucks for a mine Electrically-driven dump trucks for a mine 

Source Energy Conservation Centre of Japan Source Energy Conservation Centre of Japan 
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Case Study of Energy Audits (2)

Item Cost (USD)
The cost of the hardware and software XXXXX 
The cost of design, installation and construction XXXXX
The total cost of introduction of EMS XXXXX

Structure of EMS for 17 Power Distribution Panels

Estimates for the introduction of EMS
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Case Study of Energy Audits (2)

Monitoring items and 
functions Comments

Peak demand of electric power Alarm function included. ( in case of exceeding threshold
value)

Demand history of electric 
power

Displaying the power demand history.

Power consumption history by 
the distribution panel

Displaying the power demand history by the equipment
groups.

Analysis by the output level
(e.g. in manufacturing) and
energy management
(targets/actual results)

Analysis by the output level and equipment groups.
The following targets and actual results to be displayed in the
tables and the graphs on monthly basis.
a. Electric power consumption
b. Primary energy consumption
c. CO2 emissions
d. Costs

Creation of the reports Creation of the reports on daily, monthly and yearly basis
regarding energy consumption.

Creation of the reports 
required by the government

Creation of the reports to be submitted to the government.

Representative Monitoring Items and Functions with the EMS

nkmanager
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Appendix 4-1-1 Material for the 1st Energy Efficiency Workshop (Barbados)_(2)



4. Energy Audit Best Practice at 
Aquarium & Amusement Park in Japan
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The company was Established in 1990.
The amusement park was opened in 1993.
Annual number of visitors; 4 to 5 million (Top 5 in Japan).
The park is type-1 designated energy management factory under “the law 

concerning the Rational Use of Energy”.

Vertical fall amusement (BLUE FALL) with 107 meters high.
Japan's first roller coaster that swings out over the ocean.
World famous Merry-Go-Round with thousands of lights glittering.

Other attractions

Three-story aquarium with thousands of fish which is one of 
the largest in Japan.

A lot of cold energy & heat (chilled & hot water) 
are necessary to maintain water temperature in   
water tanks constant all year around as well as  
space heating & cooling for visitors. 

Outline of the Aquarium & Amusement Park
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Outline of the Aquarium & Amusement Park
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4 WANTS in the Company

1. Cut energy cost

2. Improve the efficiency of maintenance and operation of facilities

3. Promote further energy savings and environmental measures

4. Asset-light business operation by reducing investments 

Two major backgrounds in Japan
Increasing interests in energy savings by the law concerning   
the Rational Use of Energy.
Increasing interests in CO2 emissions reduction.
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Toward the Realization of 4 WANTS

Amusement park company

Manufactures
Construction

company ESCO
company

Proposals for new system

• Several companies proposed new system.
• Amusement park company itself analyzed and examined 

each proposal for more than a year.
• In the process of examination, the responsible person was appointed by 

the company played an important role on;
Providing suggestion to management from technical angle.
Verification of various figures indicated in proposals such as   
consumption of electric power, city gas, water.
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1. Reduction of maintenance fee for co-generation
2. High efficiency system which contributes to 

energy savings and CO2 reductions
3. Simple system toward the realization of efficient 

operation

Stop operation of co-gen (2 units) and introduction of
high efficiency air-source heat pumps instead.

In case of air-source HPs, cooling water necessary in the existing system will 
not become necessary by air-source HPs.

Key Point 1 for Realization of 4 WANTS
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Adoption of high efficiency heat pumps

The industry’s first large-scale heat pumps with high efficiency.
This heat pump won the Minister of Economy, Trade and 
Industry Prize at the Energy Conservation Awards.

Picture of high efficiency heat pumps

Key Point 2 for Realization of 4 WANTS
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Centrifugal chiller

Waste heat recovery type absorption chiller 

Gas-fired absorption water heater-chiller 

Electric power

Water

City gas

Boiler

In house

Chilled 
water

hot water
(space heating)

hot water 
supply

Electric power

System Comparison n –– existing system m -
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In house
Electric power

City gas

Chilled water
&

hot water 
(space heating)

hot water 
supply

Air-source heat pumps 

Air-source heat pumps 

Air-source heat pumps 

Boiler

New system is more simple.
Needs no water and less space.

Electric power

System Comparison n –– renewed system m -
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10% out of total cost are interests.
Term of installment payment is 15 yrs.

Initial payment

Government subsidies

Installment payment

50%

30%

20%

Composition on payment for construction cost

Construction Cost 

Government subsidy; Ministry of the Environment
Subsidy amount; 1/3 (up to 1.4 million USD)
Major requirements; 300 t-CO2/year reductions of 
CO2 emissions. 
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0

500

1000

1500

2000

2500

3000

3500

Existing system Renewed system

electricity

city gas 

water
maintenance

construction 
expenses

Comparison of LCC (15yrs)

14.1
cost reduction

Comparison of Life Cycle Cost 
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Primary Energy & COO2OO2 Emissions Reduction

Primary Energy Reduction

Existing 
system

CGS + waste heat recovery 
type absorption chiller + gas-
fired absorption water heater-
chiller + centrifugal chiller

Renewed 
system

Air-source heat pumps
reduction

reduction

CO2 emissions reduction

Existing 
system

CGS + waste heat recovery 
type absorption chiller + gas-
fired absorption water heater-
chiller + centrifugal chiller

Renewed 
system

Air-source heat pumps
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1. Energy Consumption Analysis from 
Energy Balance Table

4Japan International Cooperation Agency

Energy Consumption Analysis from Energy Balance Table
Current situation :Energy consumption outlook by sector and energy source

Transportation is the largest energy consuming sector (33%) followed by 
Commercial & public service sector (28%) and residential sector (19%).
Electricity is the largest energy source (52%) followed by oil (43%).

Energy consumption by sector and energy source on primary energy basis (2019, ktoe)

Industry Commercial 
& public Residential Other Transportation Total

Oil 20 15 8 1 141 185 43%
Natural gas 1 10 2 0 0 12 3%
Bio/waste 7 0 0 1 0 8 2%
Charcoal 0.0 0.0 0.2 0.0 0.0 0.2 0%
Electricity 
(Primary energy  basis) 28 97 72 26 0 223 52%

Total 55 122 83 27 141 428 100%13% 28% 19% 6% 33% 100%

Note 1: Primary energy conversion factor of electricity is utilized to evaluate the effect of energy saving by reduction of 1kWh of electricity 
consumption at demand side.

Note 2: To calculate primary energy consumption of electricity, energy efficiency at end use (36.3%) was used based on the material by 
Government of Barbados.

Source: JET with reference to energy balances (2019) by United Nations Statistics Division for overall energy balance and the material 
above mentioned (Note 2) for primary energy conversion factor calculation of electricity. 
https://unstats.un.org/unsd/energystats/dataPortal/

nkmanager
タイプライターテキスト
Appendix 4-2-1 Material for the 2nd Energy Efficiency Workshop (Barbados)_(1)
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Energy consumption by sector on 
final consumption basis (2019)

Energy consumption by sector 
on primary energy basis (2019)

Energy consumption should be evaluated on primary energy basis.
Commercial & residential sectors share about half of the primary 
energy consumption. 

1 kWh consumption 
corresponds to 2.75 kWh 
as primary energy supply.
• 1 kWh / 0.363 =2.75 kWh

Source: JET with reference to energy balances (2019) by United Nations Statistics Division for overall energy balance. 

Energy Consumption Analysis from Energy Balance Table

6Japan International Cooperation Agency

No particular 
change has 
been 
observed in 
energy 
consumption 
by fuel nor by 
sector 
between 2010 
and 2019 on 
primary basis.

Energy Consumption by Fuel (left) and by Sector (right) on Primary Energy 
Consumption Basis (2010)

Energy Consumption by Fuel (left) and by Sector (right) on Primary Energy 
Consumption Basis (2019)Consum

Energy Consumption Analysis from Energy Balance Table

7Japan International Cooperation Agency

Industry Commercial & 
public Residential Other Transportation Total

Oil 820 723 487 25 6,045 47 8,147 42%
Natural gas 25 240 80 0 0 0 345 2%
Bio/waste 1,146 0 11 29 0 0 1,186 6%
Charcoal 0 0 0 0 0 0 0 0%
Electricity 
(Primary energy  basis) 623 5,036 3,077 785 0 0 9,521 50%

Total
2,614 5,999 3,655 839 6,045 47 19,199

100%
14% 31% 19% 4% 31% 0% 100%

Industry Commercial & 
public Residential Other Transportation Total

Oil 821 616 351 36 5,937 7,761 43%
Natural gas 22 402 94 0 0 518 3%
Bio/waste 312 0 0 27 0 339 2%
Charcoal 0 0 9 0 0 9 0%
Electricity 
(Primary energy  basis) 1,163 4,091 3,019 1,085 0 9,358 52%

Total
2,318 5,109 3,473 1,148 5,937 17,985

100%
13% 28% 19% 6% 33% 100%

Energy Consumption by Fuel and by Sector on Primary Energy Consumption Basis (2010)

Energy Consumption by Fuel and by Sector on Primary Energy Consumption Basis (2019)

Energy Consumption Analysis from Energy Balance Table
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Electric power consumption was reduced by 2% between 2010 and 
2019, some changes have been observed by sector:

Industry: Increased by 87%
Commercial: Decreased by 19%
Residential: Decreased by 2%

Changes in Electric Power Consumption by Sector from 2010 to 2019

(GWh)

J I t

Energy Consumption Analysis from Energy Balance Table
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Final Consumption by Fuel
(TJ)

2010 Share 2019 Share AAGR

Electricity 3456 26% 3398 28% -0.2%

Biofuels & 
Waste

1186 9% 348 3% -12.7%

Natural Gas 346 3% 518 4% 4.6%

Oil 8148 62% 7761 65% -0.5%

Total 13136 100% 12025 100% -1.0%

Trend of Final Consumption by Fuel (2010 – 2019)
(TJ)

Note: AAGR = Annual Average Growth Rate 

Electricity and oil consumption have decreased slightly while natural 
gas consumption have been increasing during 2010 – 2019.
Biofuel & waste consumption has decreased significantly.
As total, final consumption was reduced by 1.0 % during 2010 – 2019. 

Energy Consumption Analysis from Energy Balance Table
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Final Consumption by Sector(TJ)

2010 Share 2019 Share AAGR

Transport 6045 46% 5937 49% -0.2%

Commerce 2791 21% 2503 21% -1.2%

Households 1695 13% 1550 13% -1.0%

Industry 2217 17% 1557 13% -3.9%

Agriculture 47 0% 0 0% -100.0%

Other consumers 340 3% 457 4% 3.3%

Total 13135 100% 12004 100% -1.0%

Trend of Final Consumption by Sector (2010 – 2019)

Most of major sectors reduced final energy consumption and the 
industry sector is the largest among all (AAGR = -3.9%) during 2010 –
2019. 

Energy Consumption Analysis from Energy Balance Table
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2. Energy Efficiency & Conservation
Roadmap -Residential Sector-

12Japan International Cooperation Agency

(i) Source:1 Barbados Country Energy Balance Table (UN), 
Source 2: Long-Term Peak Power Outlook: Report submitted to Prime Minister's Office, Government of Barbados (Mar 2017), 

Note: the report does not present EEC measure scenarios. 

(3) Calculation of electricity consumption in each scenario (by demand type and use)

(2) Energy demand assumptions by 2036 (by demand type and use)

Scenario a: Average efficiency of each device currently in use = natural (no 
energy conservation measures) case (i.e. Business As Usual (BAU) case)

(1) Electricity demand assumptions up to 2036 (by demand type and use)(i)

Scenario b: Improvement of average efficiency of each product through 
introduction of S&L program / MEPS = Energy saving measure case

(4) Calculation of electricity consumption reduction potential for each scenario (by 
demand type and use) [(1)-(3)]

(5) Primary Energy Reduction Potential (6) CO2 Emission Reduction Potential

Primary energy conversion 
factor electricity

CO2 emission factors for 
electricity

• Actual record of power consumption 

• Power consumption ratio of each 
device (%)

• Service life of each device (e.g. 15 
years)

• Input of MEPS future values step-by-
step for 3 target devices  (Average 
efficiency of currently used   
equipment = 1)

Inputs

Energy Efficiency & Conservation (EEC) Roadmap
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Electric Power Consumption by Refrigerator up to 2036
(BAU and EE Scenario)

(GWh)

68% 
reduction

Electric power consumption of refrigerator has been estimated to be 
reduced by 68% with EE Scenario compared with BAU Scenario. 
Energy efficiency of refrigerator in use at households will be 3.1 times more 
efficient compared with that of currently used in 2036 in EE Scenario with 
Introduction of MEPS.

Energy Efficiency & Conservation (EEC) Roadmap

EE index

Present 1

2023 2

2026 3

2029 3.5

2032 4

Assumed MEPS (EE Index) introduction 
for refrigerator in EE Scenario

Average EE index 
currently used at all 
households

Average EE index will be 3.1 in 2036 
used at all households

Assumed stepwise  
introduction of MEPS

14Japan International Cooperation Agency

Electric Power Consumption by Air Conditioner up to 2036
(BAU and EE Scenario)

(GWh)

61% 
reduction

Electric power consumption of air conditioner has been estimated to be 
reduced by 61% with EE Scenario compared with BAU Scenario. 
Energy efficiency of air conditioner in use at households will be 2.6 times more 
efficient compared with that of currently used in 2036 in EE Scenario with 
Introduction of MEPS.

Energy Efficiency & Conservation (EEC) Roadmap

EE index

Present 1

2023 2

2026 2.5

2029 3

Assumed MEPS (EE Index) introduction 
for air conditioner in EE Scenario

Average EE index 
currently used at all 
households

Assumed stepwise  
introduction of MEPS

Average EE index will be 2.6 in 2036 
used at all households

15Japan International Cooperation Agency

Electric Power Consumption by Lighting Equipment 
up to 2036 (BAU and EE Scenario)(GWh)

78% 
reduction

Electric power consumption of lighting equipment has been estimated to be 
reduced by 78% with EE Scenario compared with BAU Scenario. 
Energy efficiency of lighting equipment in use at households will be 4.7 
times more efficient compared with that of currently used in 2036 in EE 
Scenario with Introduction of MEPS.

)

787
re

Energy Efficiency & Conservation (EEC) Roadmap

EE index

Present 1

2023 3

2026 4

2029 4.5

2032 5

Assumed MEPS (EE Index) introduction 
for lighting equipment in EE Scenario

Average EE index 
currently used at all 
households

Assumed stepwise  
introduction of MEPS

Average EE index will be 4.65 in 2036 
used at all households

16Japan International Cooperation Agency

Energy Saving Potential in Residential Sector up to 2036
(BAU and EE Scenario)

(GWh)

With MEPS introduction targeting refrigerator, lighting equipment and air 
conditioner, it has been estimated power consumption will be reduced by 
51% in 2036.

51% 
reduction

Energy Saving Ratio by Appliance
in 2036 (EE Scenario)

Energy Efficiency & Conservation(EEC) Roadmap

in 2036 (EE Scenario)

60%

32%

8%

Refrigerator Lighting AC
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3. Energy Efficiency & Conservation
Roadmap -Commercial Sector-

18Japan International Cooperation Agency

Electric Power Consumption by Air Conditioner up to 2036
(BAU and EE Scenario)

(GWh)

61% 
reduction

Electric power consumption of air conditioner has been estimated to be 
reduced by 61% with EE Scenario compared with BAU Scenario. 
Energy efficiency of air conditioner in use at households will be 2.6 times more 
efficient compared with that of currently used in 2036 in EE Scenario with 
Introduction of MEPS.

EE index

Present 1

2023 2

2026 2.5

2029 3

Assumed MEPS (EE Index) introduction 
for air conditioner in EE Scenario

Average EE index 
currently used in 
commercial field

Assumed stepwise  
introduction of MEPS

Average EE index will be 2.6 in 2036 
used in commercial field

Energy Efficiency & Conservation Roadmap -Commercial-

)

61
re
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Electric Power Consumption by Lighting Equipment 
up to 2036 (BAU and EE Scenario)

(GWh)

66% 
reduction

Electric power consumption of lighting equipment has been estimated to be 
reduced by 66% with EE Scenario compared with BAU Scenario. 
Energy efficiency of lighting equipment in use at households will be 2.9 times 
more efficient compared with that of currently used in 2036 in EE Scenario with 
Introduction of MEPS.

EE index

Present 1

2023 2

2026 2.5

2029 3

Assumed MEPS (EE Index) introduction 
for lighting equipment in EE Scenario

Average EE index 
currently used in 
commercial field

Assumed stepwise  
introduction of MEPS

Average EE index will be 2.9 in 2036 
used in commercial field

Energy Efficiency & Conservation Roadmap -Commercial-

Wh)

66
re

20Japan International Cooperation Agency

Electric Power Consumption by Refrigerator up to 2036
(BAU and EE Scenario)

(GWh)

59% 
reduction

Electric power consumption of refrigerator has been estimated to be reduced by 
59% with EE Scenario compared with BAU Scenario. 
Energy efficiency of refrigerator in use at commercial field  will be 2.5 times more 
efficient compared with that of currently used in 2036 in EE Scenario with 
Introduction of MEPS.

Energy Efficiency & Conservation Roadmap -Commercial-

EE index

Present 1

2023 2

2026 2.5

2032 3

Assumed MEPS (EE Index) introduction 
for refrigerator in EE Scenario

Average EE index 
currently used in 
commercial field

Average EE index will be 2.5 in 2036 
used in commercial field

Assumed stepwise  
introduction of MEPS

)

59
re
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Energy Saving Potential in Commercial Sector up to 2036
(BAU and EE Scenario)

(GWh)

With MEPS introduction targeting refrigerator, lighting equipment and air 
conditioner, it has been estimated power consumption will be reduced by 
57% in 2036.

57% 
reduction

Energy Saving Share by 
Equipment in 2036 (EE Scenario)

Energy Efficiency & Conservation Roadmap -Commercial-

53%33%

14%

AC Lighting Refrigerator

57%
red
5
r
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EE&C Roadmap -Residential + Commercial Sectors-

(GWh)

55% 
reduction

With MEPS introduction targeting refrigerator, lighting equipment and air 
conditioner, it has been estimated power consumption will be reduced by 
55% in residential and commercial sectors in 2036.

Energy Saving Potential in Residential + Commercial 
Sector up to 2036 (BAU and EE Scenario)

32%

24%

20%

13%

8%
3%

AC (Commercial)

Refrigerator (Residential)

Lighting (Commercial)

Lighting (Residential)

Refrigerator (Commercial)

AC (Residential)

Energy Saving Share by 
Equipment and Sector in 2036 

(EE Scenario)

AC (R+C) 35%

Lighting (R+C) 33%

Refrigerator (R+C) 32%

55%5
red
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Current situation: Electricity consumption by sector and end-use

Electricity sales by demand group (last 10 years) and end-use

Source: JET with reference to Barbados NATIONAL ENEGY POLICY (2019-2030) and material by the Government of Barbados

Residential
33%

Commercial
21%

Public
16%

Hotel
15%

Industrial
9%

Other
6%

Commercial, public and hotel

Energy Efficiency & Conservation(EEC) Roadmap
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4. Promising Energy Efficient Technologies 
in non-industrial sectors
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Source: Energy Saving Catalogue 2014 Summer (METI)

Source: Energy Saving Catalogue 2021 (METI)

Trends in Annual Energy Consumption of Refrigerator (401 –450ℓ, 2003 - 2013)

Trends in Annual Energy Consumption (2016 – 2020)
(kWh/year) 100L 301L

(Year)

Trends of EE Improvement of Refrigerator (Res), Japan
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EE Improvement of Refrigerator (Commercial), Japan

Comparison of Annual Energy Consumption of Refrigerator (Commercial)

Non-INV type
Released in 2005

INV type
Released in 2011

INV type
Released in 2021

Energy 
saving 
ratio

Approx.60%

Energy 
saving 
ratio

Approx.66%

Energy 
saving 
ratio

Approx.17%

Source: HOSHIZAKI CORPORATION
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Room AC
(Average COP, H&C)

Room AC
(APF)

Centrifugal chiller
(COP)

Hot water heater
(COP in shoulder season)

Hot water heater
(APF)

Commercial hot 
water heater (APF)

Commercial hot 
water heater (COP in 

shoulder season)

Energy Efficiency Trends of Heat Pump Technologies

Source: Manufactures’ Catalogue, Energy Saving Catalogue (METI)

Trends of EE Improvement of various ACs, Japan

Note 1: COP stands for Coefficient of Performance, energy efficiency at rated operation (kWh/kWh)
Note 2: APF stands for Annual Performance Factor, energy efficiency throughout a year (kWh/kWh)

28Japan International Cooperation Agency

Results of Comparison Experiment, INV vs Non-INV AC 

Non-INV INV Non-INV INV Non-INV INV

50% reduction
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Trends of Luminous Efficiency

White LED

Incandescent Halogen

Mercury Lamp

Compact Fluorescent

Linear Fluorescent 

200 – 300 lm/W 
theoretically possible

Trends of EE Improvement of Lighting Equipment, Japan

Incandescent
Lamp

(810 lm, 54W)

LED lamp

(810 lm, 9W)
30 minutes after lighting

(lm/W)

(Year)

Source: Ministry of Economy and Trade and Industry, METI

80 

110 

26 

55

Comparison of heat generation
(Incandescent lamp vs LED lamp)

Contributes less 
AC demand
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Road width 4.8 m

Installation 
interval

Approx.
35 m

Installation 
height

Approx.
4.5 m

Horizontal plane (average) 2.75 Lux

Vertical 
plane (Min.)

Road center 0.41 Lux

Both sides of the 
road 0.39 Lux

Daytime view After refurbishment:
LED 33W

Before refurbishment:
Mercury lamp 80W

Horizontal plane (average) 7.09 Lux

Vertical 
plane (Min.)

Road center 1.59 Lux

Both sides of the 
road 1.49 Lux

Source: Japan security systems association

Introduction Examples of LED streetlamps (1)
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Daytime view 
After refurbishment:

LED 17W
Before refurbishment:

CFL 20W

Road width 5.1 m

Installation 
interval

Approx.
30 m

Installation 
height

Approx.
5.0 m

Horizontal plane (average) 1.76 Lux

Vertical 
plane (Min.)

Road center 0.17 Lux

Both sides of the 
road 0.12 Lux

Horizontal plane (average) 5.56 Lux

Vertical 
plane (Min.)

Road center 0.78 Lux

Both sides of the 
road 0.64 Lux

Source: Japan security systems association

Introduction Examples of LED streetlamps (2)
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Source: IWASAKI ELECTRIC CO., LTD.

Introduction Examples of LED on Highways
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5. References
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Outline of the building
• Location: Tokyo
• Floor area: 19,550m2

• Building structure: RC ( Basement 1F – 4 floors)
• AC system: DHC (District Heating and Cooling) + AC units (partially)
• Number of workers: Approx.200 persons      

EEC approaches (STEP by STEP)
Introduction of auto timer to lighting and AC in 2009. (ON/OFF switch was 
operated manually in the past)  
Introduction of LED to spot lighting equipment (approx. 1,000 units) in 2012
Introduction of LED to regular lighting equipment (approx. 2,000 units) in 2014

EEC Implementation Best Practice - Commercial Sector -
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Trend of Power Consumption Reductions 
(approx.8years: Apr.2009-Jan.2017)

Power 
consumption

Average

38% reduction in 
2016 compared 

with 2009

Timer to lighting and 
AC 

LED to spot 
lighting

LED to regular 
lighting

Power-saving 
edict 

Earthquake

kW
h 

/ M
on

th

Apr.2009 Jan.2017
Source: The Consultant based on the material by the Tokyo metropolitan government (Jul.2017)

EEC Implementation Best Practice - Commercial Sector -
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GJ
/M

on
th

1,074
Average
During

Jul - Sep

750
Average
During

Jul - Sep

2013 2014 2015

Implemented in 2014

30%

Fiscal year

Effects on Cooling Demand Reductions with 
Introduction of LED to Regular Lighting System

Source: JET based on the material by the Tokyo Metropolitan government (Jul.2017)

Introduction of LED realized reductions of waste heat from lighting 
equipment and achieved cooling demand reductions (30%) in summer. 

EEC Implementation Best Practice - Commercial Sector -
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Evaluation of Energy Consumption Reductions 
on Primary Energy Basis

Before After Primary energy 
consumption 

reductionsEnergy 2009 2013 2015 2016

Electric power 
consumption

275 MWh x 
12 = 3,300 
MWh/year

171 MWh x 
12 = 2,052
MWh/year

Primary 
energy

consumption

3,300 x 9.97 
= 32,901
GJ/year

2,052 x 9.97 
= 20,458
GJ/year

32,901 – 20,458 = 
12,443 GJ/year

Cooling& 
heating
demand

445 GJ x 12 
= 5,340 
GJ/year

325 GJ x 12 
= 3,900 
GJ/year

Primary 
energy

consumption

5,340 GJ x 
1.36 =7,262

GJ/year

3,900 GJ x 
1.36 =5,304

GJ/year

7,262 – 5,304 = 
1,958 GJ/year

Total 32,901 + 7,262 = 40,163 
GJ/year

20,458 + 5,304 = 25,762
GJ/year

14,401 GJ/year 
(36%)

Note1: Calculation was made by JET
Note2: Conversion factors for electric power and DHC were based on the guide for completing periodical report regarding EE law . (METI, Aug.2017)
Note3: Changes of both heating and cooling demands by the introduction of LED are taken into account. 
Source: JET based on the material by the Tokyo Metropolitan government (Jul.2017)

EEC Implementation Best Practice - Commercial Sector -
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Thank you very much for your kind attention !
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1. Outline of EE Regulations 
in Residential Building

4Japan International Cooperation Agency

Overview of the Energy Efficiency Standards for Residential Buildings
The evaluation of energy efficiency (EE) performance for residential buildings uses the following two standards:

Standards to evaluate envelope performance (e.g. windows, exterior walls of residential buildings
Standards to evaluate the primary energy consumption amount of equipment and appliances etc.

1. Outline of EE Regulations in Residential Building
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Envelope performance
Average outer shell heat transmission coefficient (UA) 

Amount of total heat loss per unit of temperature difference
Total surface area of exterior

UA =

UA
An indicator of the ease of heat transfer 

between indoor and outdoor air.
When the temperature difference between the 
inside and outside of the building is 1 oC, the 
amount of heat released per unit time from the 
inside of the building to the outside of building 
is divided by the total surface area of exterior.
The smaller the value, the more difficult it is for 
heat to enter and exit, and the higher the 
insulation performance.

(W/m2 K)

1. Outline of EE Regulations in Residential Building
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Envelope performance
Average solar heat gain coefficient during cooling period (ηAC)

ηAC =
Amount of total solar heat gain per unit of solar radiation intensity

Total surface area of exterior X 100 

ηAC
An indicator of how easily solar radiation enters 

the room.
Amount of heat acquired inside the building 
from solar radiation per unit of solar radiation 
intensity averaged by the cooling season and 
divided by the total surface area of exterior.
The smaller the value, the less sunlight enters 
and the higher the shielding performance.

(-)

1. Outline of EE Regulations in Residential Building
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Envelope performance

UA Design Value

ηAC Design Value

Standard Value

Standard Value

Region 1&2 3 4 5 6 7 8

Standard Value of UA 0.46 0.56 0.75 0.87 0.87 0.87 -

Standard Value of ηAC - - - 3.0 2.8 2.7 6.7

Standard values of UA andηAC are defined 
by region by region. (regions are 
classified in 8 regions in Japan) 

# of region

1. Outline of EE Regulations in Residential Building

Revised in Apr.2020 as previous 
value was too strict (3.2)

8Japan International Cooperation Agency

Primary energy consumption amount

+ heating/cooling system primary energy consumption amount   
+ ventilation system primary energy consumption amount
+ lighting system primary energy consumption amount   
+ hot water supply primary energy consumption amount
+ other (household appliances) primary energy consumption amount
- reduction amount of primary energy consumption through PV, etc
= primary energy consumption amount

Evaluation of primary energy consumption amount

Design value (excludes home appliances etc.)
Standard value (excludes home appliances etc.)

1.0

1. Outline of EE Regulations in Residential Building
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current
Non-residential Residential

large-scale
2,000m2 or more

Compliance 
obligation

Notification 
obligation

mid-scale Compliance 
obligation

Notification 
obligation

Less than 300m2

small scale
Explanation 
obligation

Explanation 
obligation

revision
Non-residential Residential

large-scale
2,000m2 or more

Compliance 
obligation

Compliance 
obligation

mid-scale Compliance 
obligation

Compliance 
obligation

Less than 300m2

small scale
Compliance 
obligation

Compliance 
obligation

Promulgated on June 17, 2022 (Ministry of Land, Infrastructure, Transport and Tourism Housing Bureau

Mandate that all new residential and nonresidential buildings comply with EEC standards

Conducted as part of the building permit process, integrated with the structural safety regulation 
conformity assessment.

Enforcement will be made by FY2025, while ensuring a sufficient preparation period in consideration of 
small and medium-sized construction firms and the development of the screening system.

1. Outline of EE Regulations in Residential Building
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2. Examples of Simplified Calculation in 
Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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2. Examples of Simplified Calculation in Residential Building (6 Region)
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3. Examples of Simplified Calculation in 
Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)

Note 1: UA of roof /ceiling was adopted the standard value in region 8 while other values are set at same value as region 6 (there 
is no standard values for them). 
Note 2: For window, adopted coefficient of vertical surface solar heat gain of single-layer glass.

25Japan International Cooperation Agency

Note : For window, adopted coefficient of vertical surface solar heat gain of single-layer glass.

3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)

26

12

83

28Japan International Cooperation Agency

3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)
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3. Examples of Simplified Calculation in Residential Building (8 Region)
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[Ref] Rainfall level & average temperature in Okinawa, 8 Region, 2019

33Japan International Cooperation Agency

4. EEC Unique Approaches 
in Residential Building, Okinawa, Japan

34Japan International Cooperation Agency

Energy Reduction Effects by Applying Efficient Technologies in Okinawa

Use
Energy 

consumption
standard value (GJ)

Efficient technology

Energy consumption rate
(standard value is set at 1.0)

Level 1 Level 2 Level 3 Level 4

Cooling 10.3 (15%)

Use and control of natural wind 0.96 0.91 0.88

Solar radiation shielding method 0.9 0.8 0.75 0.7

Cooling system plan (efficient AC, etc.) 0.9 0.8 0.75 0.65

Ventilation
3.1 (5%) Ventilation 

equipment

ducted 0.7 0.5

2.8 wall-mounted 0.8

Hot water 
supply 13.8 (21%)

Solar hot water supply 0.9 0.7 0.5 0.3

Hot water supply system 0.9 0.8 - 0.6

Lighting 13.6 (20%)
Daylight use 0.97 0.98 0.95 0.9

Lighting Equipment planning 0.85 0.8 0.7

Appliances 21.4 (32%) Introduction of high-efficiency appliances 0.8 0.6

Other (Cooking) 4.4 (7%)

Total amount
66.6

66.3

more efficient

Source: Energy efficient house guidelines (Okinawa prefecture, 2015

4. EEC Unique Approaches in Residential Building, Okinawa
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Adopted EE Methods and Estimation of Energy Saving Effects - Example of the Model House - (1)

Use Efficient technologies Evaluation 
level

Energy
consumption 

rate
Adopted EE methods

Cooling

Use of natural wind 3 0.88

• Openings on ventilation paths
• Openings with consideration of the 

prevailing wind direction
• Use of high windows

Solar radiation shielding 
method

4 0.7 • Thermal barrier paint
• Thermal barrier block

Cooling system planning 3 0.75 • High-efficiency air conditioner     (COP 
4 or higher) + fan

Hot water 
supply

Hot water supply system 
planning

4 0.6 • CO2 heat pump water heater
Ventilation Ventilation system planning 1 0.8 • Simplified ventilation system

Lighting
Daylight use 2 0.95 • LD and individual rooms
Lighting Equipment 
Planning

3 0.7 • High efficiency, control, and design 
ingenuity

Appliances 2 0.6 • Efficient products + reduced standby 
power

4. EEC Unique Approaches in Residential Building, Okinawa

36Japan International Cooperation Agency

Use
Standard 

value      
(GJ)

A B C
Design 
value 
(GJ)

Energy 
saving rate 

(%)
Note

Cooling 10.3 0.88 0.7 0.75 4.76 53.7 4.76 = 10.3 X 0.88 X 0.7 X 0.75

Hot water 
supply

13.8 0.6 8.28 40.0 8.28 = 13.8 X 0.6

Ventilation 3.1 0.8 2.48 20.0 2.48 = 3.1 x 0.8

Lighting 13.6 0.95 0.7 9.04 33.5 9.04 = 13.6 x 0.95 x 0.7

Appliances 21.4 0.6 12.84 40.0 12.84 = 21.4 x 0.6

Other 4.4 4.4 0

Total 66.6 41.8 37.2

Energy saving rate

4. EEC Unique Approaches in Residential Building, Okinawa
Adopted EE Methods and Estimation of Energy Saving Effects - Example of the Model House - (2)
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Methods to shield sunshine

It is basic to keep the building skeleton close to the ambient  
temperature, not to heat it.

The strong sunshine of Okinawa should be blocked outside.

Key Points 1: Sunshine Shield

Sunshine Shield in Urban Area Sunshine Shield in Suburban Area

4. EEC Unique Approaches in Residential Building, Okinawa
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Green roof

Solar Heat Shielding Paint

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Solar Heat Shielding Block

Solar Heat Shielding Block Air Layer

Concrete Slab

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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HANA Block

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Wall-surface Greening

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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AMAHAJI

AMAHAJI is Okinawa’s traditional eaves where customers are 
welcomed as there is not entrance in Okinawa’s unique houses.

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Eaves

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Louver

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Solar Heat 
Shielding Block

Insulation

Louver

Eaves

Blind curtain

Heat-ray Reflecting Glass

Grass

Example of Solar Heat 
Shielding Measures for 
Opening and Roof

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 1: Sunshine Shield
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Methods to Create Cool Breeze, Bring Cool Breeze

It is basic to bring cool breeze in rooms

Ingenuity in building layout and window positions 
In summer, cool breezes are drawn into the building from the south. 

In winter, the wind from the north should be blocked.

House next 
door

House next 
door House next 

door
House next 
door

prevailing wind 
prevailing wind 

Wind can be taken in effectively if a certain space 
(e.g. garden) is provided without being in close 
contact with the house next door.

If the house is close to the 
house next door, the wind will 
blow parallel to the window. It  
will be difficult to have wind  into 
the room.

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 2: Create Cool Breeze, Bring Cool Breeze
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Windows at high position (from outside) Windows at high position (from inside)

Windows at high position

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 2: Create Cool Breeze, Bring Cool Breeze
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Security-friendly small window

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 2: Create Cool Breeze, Bring Cool Breeze
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Methods to Make good use of daylight
It is basic to allow light to enter a room while blocking direct sunshine.
Utilization of inner court, high sidelight (windows on high position) and 
louver, etc.

High Sidelight

Light

Living 
room

Kitchen

High Sidelight (sunshine enters indirectly)

High Sidelight

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 3: Make good use of daylight
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Introduction of light shelf concept

• If the eaves on the south side of the 
building are made two-tiered, the eaves 
blocks direct sunshine from entering the 
window.

• The light reflected on the upper part of the 
eaves is diffusely reflected on the ceiling of 
the room and light up the back of the room.

Reflect on the eaves / balconies

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 3: Make good use of daylight
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HANA Block

Lighting with utilization of HANA block

4. EEC Unique Approaches in Residential Building, Okinawa
Key Points 3: Make good use of daylight
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Thank you very much for your kind attention !
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-- Energy Audit including Walk Through Survey y -
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Overview of MEB (energy division) Building
in Bridgetown, Barbados (entrance)

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados

4Japan International Cooperation Agency

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados
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Item Basic Data
Number of floors 2
Floor area 966 m2
Building use Government
Annual power consumption 167,635 kWh
Annual power consumption per floor area 174 kWh/m2

Basic Data of the Building

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados
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Bird 'eye view of MEB (energy division) Building

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados
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Bird 'eye view of MEB (energy division) Building

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados

Parking lot

8Japan International Cooperation Agency

Bird ’eye view of MEB (energy division) Building

More than 20 outdoor units of 
mini split air-conditioners and 
couple of outdoor units of central 
air-conditioners are observed.

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados

Outdoor units of roof top 
air-conditioners 

Outdoor units of mini split 
air-conditioners 

9Japan International Cooperation Agency

15.6 m

22.2 m

Floor area of 
ground floor
= 346 m2

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados

• Floor plan of the building (ground floor)
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10 m

29 m

4.4 m

2.2 m

11 m
17.6 m

Floor area of top floor = 620 m2 Total floor area of the building 
= 966 m2

• Floor plan of the building (top floor)

1. Overvieww ofofo MEBB Building (energy division) inn Bridgetown,n, Barbados

nkmanager
タイプライターテキスト
Appendix 4-2-1 Material for the 2nd Energy Efficiency Workshop (Barbados)_(2)
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Monthly Power Consumption Trends at MEB 
Office Building (actual data, Aug.2021 - Aug.2022) 

(kWh) 

(Month) 
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2. Current Situation on Power Consumption
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Annual Power Consumption Share by Each Office
(actual data, Sep.2021 - Aug.2022) 

Office #8 is the largest power consumer and Office #8 and #7 
share more than half of the total power consumption.

2. Current Situation on Power Consumption
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Annual Power Consumption Share by Month
(actual data, Sep.2021 - Aug.2022) 

Power consumption in August is the largest month through a year.
However, there is no significant difference by months.

2. Current Situation on Power Consumption

14Japan International Cooperation Agency

9 10 11 12 1 2 3 4 5 6 7 8 TOTAL AVE MAX MIN

Office #2 540 1,070 943 1,082 846 840 680 596 1,055 977 911 1,068 10,608 884 1,082 540 

Office #3 695 1,055 978 1,136 929 1,275 1,209 1,186 1,455 1,342 1,166 1,442 13,868 1,156 1,455 695 

Office #4 987 839 620 1,060 756 1,243 1,355 1,409 1,383 1,239 1,135 1,277 13,303 1,109 1,409 620 

Office #5 650 692 677 928 676 958 851 758 707 661 767 927 9,252 771 958 650 

Office #6 1,854 1,402 1,186 1,233 1,091 1,236 1,169 1,215 1,335 1,384 1,453 1,310 15,868 1,322 1,854 1,091 

Office #7 3,506 2,993 2,655 2,662 2,268 2,302 2,615 2,611 2,819 2,725 3,090 3,008 33,254 2,771 3,506 2,268 

Office #8 4,562 4,760 4,600 4,862 3,986 3,523 4,026 3,984 4,311 4,188 4,468 4,575 51,845 4,320 4,862 3,523 

Office #9 1,820 1,905 1,456 1,490 1,252 1,290 1,463 1,410 1,560 1,973 1,998 2,020 19,637 1,636 2,020 1,252 

Total 14,614 14,716 13,115 14,453 11,804 12,667 13,368 13,169 14,625 14,489 14,988 15,627 167,635 13,970 15,627 11,804 

(kWh) 

(Month) 

Power Consumption Trends at the Building (actual data, Sep.2021 - Aug.2022) 

2. Current Situation on Power Consumption
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Annual Power Consumption Data (Okinawa & Hawaii)
(GWh) 

Floor area ( x1000m2) 

Office
School
Hotel
Public facility
Plant
Commercial facility
Hospital
Hotel (Hawaii)
Public facility (Hawaii)

2. Comparison with Other Buildings in Tropical Weather
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Location Building use
Data 

number 
of 

buildings

Floor area 
(m2)

Annual 
power 

consumption
(kWh)

Annual 
power 

consumption 
per floor area 

(kWh/m2)

Okinawa Office 5 7,807 
(average) 7,678,185 197

Hawaii

State gvrnt office 1 1 15,989 1,641,600 103 
State gvrnt office 2 1 5,442 618,920 114 
State gvrnt office 3 1 6,140 942,400 153 
State gvrnt office 4 1 22,146 3,184,800 144 
State gvrnt office 5 1 20,688 1,828,400 88 

Barbados MEB office 1 966 167,635 174

Summary Table of Annual Power Consumption per Floor Area 

2. Comparison with Other Buildings in Tropical Weather
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2. Comparison with Other Buildings in Tropical Weather
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MEB building

Office
School
Plant

Hotel
Public facility
Hospital

Okinawa HawaiiState gvmt bldg
State gvmt bldg
State gvmt bldg

State gvmt bldg
State gvmt bldg
Hotel

Office

(MWh)

(kWh)
Monthly Power Consumption
• A bit larger difference has 

been observed in MEB 
building by season than 
those in Okinawa and 
Hawaii. 

2. Comparison with Other Buildings in Tropical Weather
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Source: Weather Atlas

Average Temperature Bridgetown, Barbados

2. Comparison with Other Buildings in Tropical Weather
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Average Temperature Naha (Okinawa), Japan

Source: Weather Atlas

2. Comparison with Other Buildings in Tropical Weather
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27.8
27.2
26.7
26.1
25.6
25.0
24.4
23.9
23.3
22.8
22.2
21.7
21.1
20.6
20.0
19.4
18.9
18.3
17.8

Average Temperature Honolulu (Hawaii), USA

Source: Weather Atlas

2. Comparison with Other Buildings in Tropical Weather
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Examination of energy savings by adopting efficient 
air conditioning technologies and approaches
(i-a)  Adoption of Inverter mini split air conditioners 

Reduction of 50% power consumption 

Ref: Results of power consumption measurement of Inverter vs Non-Inverter AC

3. Examination of Energy Savings Opportunities
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(i-b)  Adoption of Variable Refrigerant Flow (VRF, Inverter always 
equipped) as an alternative of roof top air conditioners (Non-
Inverter)

VRF (Inverter equipped) 
outdoor unit

3. Examination of Energy Savings Opportunities
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Ref: Measured power consumption data in 2 office rooms on Jun.12.2022 
(24 hours, highest temp: 32.2 oC, lowest temp: 26.1 oC)

Measured Data of Electricity 
Consumption in Office 2

Measured Data of Electricity 
Consumption in Office 1

Note: All lighting equipment is LED.

3. Examination of Energy Savings Opportunities
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Ref:

3. Examination of Energy Savings Opportunities
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10 % power reduction was observed by heat shielding

Construction of heat shielding

Source: “Data collection survey on energy efficiency in the D.R. final report” (Jan. 2016, JICA)

(ii)  Heat shielding of outdoor units

Heat

3. Examination of Energy Savings Opportunities
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(iii)  Lower temperature setting of air conditioner

10 % power reduction by setting 1 oC higher temperature
Note: 13 % of power reduction with setting 1 oC higher temperature (by Ministry of Environment)

Ref: Setting temperature of air conditioner in Okinawa

3. Examination of Energy Savings Opportunities
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Present situation

Annual power consumption for cooling kWh 83,818 

Power consumption by INV AC kWh 27,939 

Power consumption by Non-INV AC kWh 55,879 

Cooling loads by INV AC kWh 139,697 

Cooling loads by Non-INV AC kWh 139,697 

Total cooling loads kWh 279,393 

EE 
measure 

(i)

EE 
measure 

(i)+(ii)

EE 
measure 
(i)+(ii)+(iii)

Power consumption after EE measures kWh 55,879 50,291 45,262 

Power savings per year kWh 27,939 33,527 38,556 

Power saving ratio % 33 40 46 

Cost savings per year $ 17,881 21,457 24,676 

Annual power consumption per floor area kWh/
m2 145 139 134

Results of Examination (1) : power & cost savings

Note: Unit rate of power (customer charge + demand charge + energy charge + fuel charge) = $0.64/kWh

Assumption:
• 50% of ACs are INVERTER at present
• Efficiency of INV AC = 5 in kW/kW
• Efficiency of Non-INV AC = 2.5 in kW/kW

3. Examination of Energy Savings Opportunities
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Item Unit Value
Total power capacity of building kVA 85
Power factor % 90
Total power demand of building kW 76.5
Power demand of ACs kW 38.3
Power demand of INV ACs kW 12.8
Power demand of Non-INV ACs kW 25.5
Cooling capacity of Non-INV ACs kW 63.8

Item Unit Value
INV AC cost (5.27 kW in cooling capacity) $ 1,700
Necessary number of AC Unit 13
Total investment cost of INV AC $ 22,100

Simple payback year = 22,100 / 17,881 = 1.2 year

Results of Examination (2) : Investment in INVERTER ACs

3. Examination of Energy Savings Opportunities

Estimation of cooling 
capacity of existing 
Non-INV ACs

Note: AC market survey conducted in Barbados by JET in 2019
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3. Examination of Energy Savings Opportunities
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Ref: Measured Power Consumption Data of Refrigerator in MEB Office
(Sep.12 – 16, 2022)

4. References: Power Consumption Data of Refrigerator

Existing refrigerator (Non-INVERTER) can be replaced with 
efficient one with INVERTER 
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(Note) 
(*) In the event that the office is used for detailed visual work or where daylight makes the room feel dark inside and bright outside the 
window, (a) should be selected.
(**) In the entrance hall, the illuminance should be high because the interior of the hall appears dark when the eye is applying the  tens of 
thousands of lux from outdoor natural light during the day. The entrance hall (nighttime) and (daytime) may be adjusted with staged 
flashing.

4. References: Illuminance standards for offices  

Illuminance standards for offices in Japan (JIS Z 9110)
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4. References: Illuminance standards for offices  

Source: JET based on EEC guidebook for building, 2022 (Energy Efficiency and Conservation Center of Japan)  
34Japan International Cooperation Agency

EEC Promotion System 
Do you have a mechanism for continuous EEC (e.g. EEC committee, etc.)? 

Are PDCA cycles for EEC activities being implemented with management participation? 

Have you designated a person or leader responsible for promoting EEC? 

Have you set EEC targets? 

Are energy consumption statuses posted for employees to see? 

Have you established a policy and implementation plan for EEC measures?

Do you conduct personnel training and EEC awareness activities?

Do you have the time and budget for EEC efforts? 

4. References: EEC Check Items

Source: JET based on EEC guidebook for building, 2022 (Energy Conservation Center of Japan)  
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Measurement, Recording and Maintenance 
Do you maintain equipment ledger, drawings and other documents? 

Have you identified equipment that should be intensively managed for EEC? 

Do you have operation records (daily, monthly, etc.) for major facilities? 

Have you set values to be managed and their ranges to check operating conditions?

Do you perform daily inspection and maintenance of equipment? 
Are there management standards for major facilities (air conditioning, ventilation, lighting, 
production facilities, etc.)?
Do you perform periodic calibration and inspection of measuring instruments? 

Are filters, strainers, etc. cleaned and replaced regularly? 
Do you conduct periodic repairs and leak inspections (water, steam, compressed air, etc.) of 
piping, etc.? 

4. References: EEC Check Items
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Energy Management 
Do you tabulate (graphs, etc.) and visualize energy consumption by month/year? 

Is energy consumption measured and recorded by type and use, and constantly monitored? 

Do you measure hourly power usage and manage peak power? 

Do you analyze energy consumption taking into account outside temperatures and other factors? 

Management of Energy Intensity, etc. 
Have you calculated a common energy unit cost for the office (e.g. $/kWh, $/litre, $/m3)?

Do you manage intensity ("energy use/floor area", "energy cost/floor area", etc.)?  

Do you manage energy intensity / expenses by each department? 

Management Cycle -PDCA-
Are you reviewing your EEC targets? 

Are you verifying the effectiveness of improvement measures implemented to date? 

Are you reviewing your plans for implementing future facility improvements and measures? 

4. References: EEC Check Items

Source: JET based on EEC guidebook for building, 2022 (Energy Efficiency and Conservation Center of Japan)  
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Improvements of Air Conditioning Efficiency 
Are outdoor units shaded and watered during the summer months? 

Are window blinds utilized to reduce heat gain through windows? 

Are filters cleaned regularly? 

Are shading films attached to window glass, and has plantings near windows implemented?

Is air introduced into the room at night when the outside temperature is cooler (night purge)? 

Can we reduce the size of the air-conditioned area (partitions, high ceiling linings, etc.) 
Are spot coolers used when the air-conditioned area is large and the number of people is 
small? 
Are air-conditioned areas blocking drafts? 

Are you updating to high-efficiency air conditioners? 

4. References: EEC Check Items
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Lighting Fixture Management and EEC
Is the illuminance standard for each room determined and controlled? 

Are window lights turned off (using daylight)? 

Are lights turned off when not needed, such as in unoccupied rooms or during lunch breaks? 

Do you adjust the lighting hours and number of exterior lights according to the hours of daylight? 

Have you cleaned the lamps and replaced old lamps?

Are motion sensors used in restrooms, warehouses, etc.? 
Is the installation position (height and placement) of the lighting fixture appropriate for the required 
brightness?   
Are lighting circuits subdivided so that lights can be turned off in unoccupied areas, etc.? 

Are lights dimmed or turned off by automatic control? 

Are you updating to LED lighting? 

Have you considered task ambient lighting (all room lighting => overall + hand lighting)?

4. References: EEC Check Items
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Thank you very much for your kind attention !

1Japan International Cooperation Agency
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-
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- Energy Efficiency Policy in Japan n n -

Barbados, January 2023

2Japan International Cooperation Agency

Year

Basic Act on Energy Policy

Policy

2003-2014

2002

Released Basic Energy Policies 4 times in 2003, 2007, 2010, 2014

Long-term outlook for energy demand and supply
Energy Mix in 2030 (ratio of power sources): RE: 22-24%, Nuclear: 20-22% 2015

5th Basic Energy Policy
2030: To achieve Energy Mix surely
2050: Challenge to energy conversion and decarbonization

2018

Oct.2020

Prime Minister’s speech
Greenhouse gas emissions to zero by 2050    
Establishment of a stable energy supply by thorough EE as well as introducing   
RE to the maximum extent.

Energy Efficiency - Energy Policy incl. EE&C in Japan -

3Japan International Cooperation Agency

FY 2013
361 mil kℓ

Residential
52 mil kℓ

Commercial
65 mil kℓ

Transport
84 mil kℓ

Industrial
160 mil kℓ

Residential
38 mil kℓ

Transport
62 mil kℓ

Commercial
56 mil kℓ

Industrial
170 mil kℓ

50 mil kℓ
reduction

By thorough 
EE&C measures 
( 50 mil kℓ) 

EE&C Target for 2030 in Long-term Outlook for Energy Demand and Supply 
(energy mix)

Source: JET based on the Ministry of Economy, Trade and Industry’s (METI) material. Mar.2021 

Energy Efficiency - EE&C Targets in Energy Mix -

376 mil kℓ

326 mil kℓ

FY 2030

Note: 50 million kℓ is final energy 
consumption basis and 1 kWh 
reduction is evaluated with 
equivalent conversion. 
(i.e. 1 kWh = 860 kcal) 
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1 11 1ResidentialCommercialIndustrial Transport

21%
24% 23%

32%

EE&C 2030 Targets by Sector (in Energy Mix) 

EE&C 2030 targets were developed sector by sector as well as 
technology by technology (bottom-up approach)

Low carbon industrial furnace
High efficiency motor
High efficiency lighting

Energy saving (retrofit) of buildings/homes
Improvement of energy performance in new buildings/homes

High efficiency water heater
Dissemination of next-generation automobiles
Other

Improvement of energy performance of specified equipment (Top runner program)

Energy management by utilizing BEMS/HEMS

Energy Efficiency - EE&C Targets in Energy Mix -

5Japan International Cooperation Agency

Energy Efficiency - EE&C Targets in Energy Mix -

Cross Sectorial EE&C Approaches (in Energy Mix targets) 

Various EE&C technologies / approaches could be applied 
across the sectors, and these exceeded 40% of the energy-
saving target amount.

(%)
Industrial Commercial Residential Total

Improvement of energy performance in new
buildings/homes 6.6 6.2 12.8

High efficiency lighting 2.1 4.5 4 10.6

Energy management by utilizing BEMS / HEMS 4.7 3.5 8.2
Improvement of energy performance of

specified equipment (Top runner program) 5.5 2.7 8.2

Energy saving (retrofit) of buildings/homes 0.8 0.8 1.6

2.1 22.1 17.2 41.4Total

6Japan International Cooperation Agency

FY 2018 results Targets in FY 2030 Progress

1. Energy-originated 
CO2 emissions
(total GHG emissions)

2. Electricity cost (fuel 
cost + FIT purchase 
cost)

3. Energy self-
sufficiency rate (whole 
primary energy)

4. Zero emission 
power supply ratio

5. EE&C (final energy 
consumption in crude 
oil equivalent)

1.06 billion Ton
(GHG:1.24 billion Ton)

0.93 billion Ton
(GHG:1.04 billion Ton)

8.5 Tera Yen
• Fuel cost 5.7 Tera Yen

(Crude oil cost: 63$/bbl)
• FIT cost 2.8 Tera Yen

12% 24

23%
• RE: 17%
• Nuclear: 6

44
• RE: 22~24
• Nuclear: 22~20

339 mil kℓ
• Commercial/industry 210
• Residential 50
• Transport:80

9.2~9.5 Tera Yen
• Fuel cost 5.3 Tera Yen

(Crude oil cost: 128$/bbl)
• FIT cost 3.7 4.0 Tera Yen

326 mil kℓ
• Commercial/industry 230
• Residential 40
• Transport:60

Energy Efficiency - Progress of Energy Mix -

Source: JET based on METI’s material. Jul.2020
7Japan International Cooperation Agency

Energy Efficiency - Energy Efficiency & Conservation Policy in Japan -

Sector
FY 2018 results

Energy 
savings

Progress 
rate Progress rate by EE&C measure

Residential 2.9 mil kℓ 24.9%
• Introduction of LED, etc.
• EE improvements of appliances
• EE improvements of house

72%
24%
10%

Commercial 3.3 mil kℓ 27.1%
• Introduction of LED, etc.
• Energy management by BEMS, etc.
• Introduction of efficient refrigerator 

freezer and router / server, etc.   

63%
25%
18%

Industrial 2.8 mil kℓ 26.3%
• Introduction of LED, etc.
• Energy management by FEMS, etc.
• Introduction of efficient motor
• Introduction of industrial heat pump

66%
18%
9%
8%

Transport 4.4 mil kℓ 27.6% • Other measures in transport sector
• Diffusion of next generation vehicle

47%
14%

Source: JET based on METI’s material, Mar.2021

Energy savings achieved in FY 2018 = 13.4 mil kℓ
Progress rate = 26.6%      # Average progress rate = 33.3% (2013-2030)

Progress of Energy Savings by Sector
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Energy Efficiency - Energy Efficiency & Conservation Policy in Japan -

0 1 2 3 4

EE improvements of
house

EE improvements of
appliances by Top

Runner (S&L)
program

Introduction of LED,
etc.

Energy savings (mil kℓ)

Target in 2030
FY 2018 results

0 1 2 3

Introduction of efficient 
refrigerator freezer and 

router / server, etc.

Energy management by
BEMS, etc.

Introduction of LED, etc.

Energy savings (mil kℓ)

Target in 2030
FY 2018 results

0 1 2

Introduction of
industrial heat pump

Introduction of
efficient motor

Energy management
by FEMS, etc.

Introduction of LED,
etc.

Energy savings (mil kℓ)

Target in 2030
FY 2018 results

0 2 4 6 8 10

Diffusion of next
generation vehicle

Other measures in
transport sector

Energy savings (mil kℓ)

Target in 2030
FY 2018 results

Progress of Major EE&C Measures in Residential Sector Progress of Major EE&C Measures in Industrial Sector

Progress of Major EE&C Measures in Commercial Sector Progress of Major EE&C Measures in Transport Sector

Source: JET based on METI’s material, Mar.2021 9Japan International Cooperation Agency

Energy Efficiency - Energy Efficiency & Conservation Policy in Japan -

Improving EE remains at a standstill
Promotion of EE&C investment

Industrial Commercial Residential
Transport

Passenger Freight

Major 
issues

Regulation

Improving EE remains at a standstill
Promotion of EE&C investment

Limitations of improving equipment efficiency
Utilization of IoT, AI, etc., 
EE&C promotion for houses and buildings

Full-scale 
spread of EV / 
PHV / FCV

More frequent and 
smaller

Promotion of 
cooperation 
between shipper 
and freight 
operator

Top Runner Program (Energy saving standards for equipment, etc.)
Examination of appropriate system design, etc.

Regulation on factories, etc.
Strengthen execution, etc.

EE law of buildings
Take highly effective measures for each scale 

/ use to ensure compliance with EE standards

Regulation of shipper
Regulation on freight 

operator
Examination on EE&C 

efforts of supply chain, 
etc.

Major Issues and EE&C Regulations by Sector

Source: JET based on METI’s material, Mar.2021
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Top runner program started in 1998 which was defined in EE 
law (establishment: 1979) 

Standards for performance of appliances, etc. are set at the top runner 
performance in that year.
Other products (runner-up, etc.) are required to catch up and qualify the top 
runner level in designated duration. 

Passenger Vehicles Video Tape Recorders Vending Machines Printers

Freight Vehicles Electric Refrigerators Transformers Heat Pump Water 
Heaters

Air Conditioners Electric Freezers Electric Rice Cookers AC Motors
TV Sets Space Heaters (Gas/Oil) Microwave Ovens Bulbs

Copying Machines Gas Cooking 
Appliances DVD Recorders Refrigerating 

Showcases
Computers Gas Water Heater Routers Insulation Materials
Magnetic Disk Units Oil Water Heaters Switches Sashs
Lighting equipment Electric Toilet Seats Multi-function Printers Double Glazing

Current Target Products of Top Runner Program (32 products)

Source: JET based on METI’s homepage

Energy Efficiency - Energy Efficiency & Conservation Policy in Japan  -

11Japan International Cooperation Agency

Thank you very much for your kind attention !
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Information Sharing Material
-

formation Sharing MaterialIn
-- Energy Audit Best Practice at  nergy Audit Best Practice at  E

Aquarium & Amusement Park in Japan n -

Energy Efficiency & Conservation (EEC) Materielgy Efficiency & Conservation (EEC) Mat
Technical Cooperation to Promote Technical Cooperation to Promote 

Energy Efficiency in Caribbean Countries

Nippon Koei Co., Ltd.
PADECO Co., Ltd. 

Barbados, January 2023
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The company was Established in 1990.
The amusement park was opened in 1993.
Annual number of visitors; 4 to 5 million (Top 5 in Japan).
The park is type-1 designated energy management factory under “the law 

concerning the Rational Use of Energy”.

Vertical fall amusement (BLUE FALL) with 107 meters high.
Japan's first roller coaster that swings out over the ocean.
World famous Merry-Go-Round with thousands of lights glittering.

Other attractions

Three-story aquarium with thousands of fish which is one of 
the largest in Japan.

A lot of cold energy & heat (chilled & hot water) 
are necessary to maintain water temperature in   
water tanks constant all year around as well as  
space heating & cooling for visitors. 

Outline of the Aquarium & Amusement Park

3Japan International Cooperation Agency

Outline of the Aquarium & Amusement Park

4Japan International Cooperation Agency

4 WANTS in the Company

1. Cut energy cost

2. Improve the efficiency of maintenance and operation of facilities

3. Promote further energy savings and environmental measures

4. Asset-light business operation by reducing investments 

Two major backgrounds in Japan
Increasing interests in energy savings by the law concerning   
the Rational Use of Energy.
Increasing interests in CO2 emissions reduction.
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Toward the Realization of 4 WANTS

Amusement park company

Manufactures
Construction

company ESCO
company

Proposals for new system

• Several companies proposed new system.
• Amusement park company itself analyzed and examined 

each proposal for more than a year.
• In the process of examination, the responsible person was appointed by 

the company played an important role on;
Providing suggestion to management from technical angle.
Verification of various figures indicated in proposals such as   
consumption of electric power, city gas, water.

6Japan International Cooperation Agency

1. Reduction of maintenance fee for co-generation
2. High efficiency system which contributes to 

energy savings and CO2 reductions
3. Simple system toward the realization of efficient 

operation

Stop operation of co-gen (2 units) and introduction of
high efficiency air-source heat pumps instead.

In case of air-source HPs, cooling water necessary in the existing system will 
not become necessary by air-source HPs.

Key Point 1 for Realization of 4 WANTS

7Japan International Cooperation Agency

Adoption of high efficiency heat pumps

The industry’s first large-scale heat pumps with high efficiency.
This heat pump won the Minister of Economy, Trade and 
Industry Prize at the Energy Conservation Awards.

Picture of high efficiency heat pumps

Key Point 2 for Realization of 4 WANTS

8Japan International Cooperation Agency

Centrifugal chiller

Waste heat recovery type absorption chiller 

Gas-fired absorption water heater-chiller 

Electric power

Water

City gas

Boiler

In house

Chilled 
water

hot water
(space heating)

hot water 
supply

Electric power

System Comparison n –– existing system m -
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In house
Electric power

City gas

Chilled water
&

hot water 
(space heating)

hot water 
supply

Air-source heat pumps 

Air-source heat pumps 

Air-source heat pumps 

Boiler

New system is more simple.
Needs no water and less space.

Electric power

System Comparison n –– renewed system m -

10Japan International Cooperation Agency

10% out of total cost are interests.
Term of installment payment is 15 yrs.

Initial payment

Government subsidies

Installment payment

50%

30%

20%

Composition on payment for construction cost

Construction Cost 

Government subsidy; Ministry of the Environment
Subsidy amount; 1/3 (up to 1.4 million USD)
Major requirements; 300 t-CO2/year reductions of 
CO2 emissions. 

11Japan International Cooperation Agency

0

500

1000

1500

2000

2500

3000

3500

Existing system Renewed system

electricity

city gas 

water
maintenance

construction 
expenses

Comparison of LCC (15yrs)

14.1
cost reduction

Comparison of Life Cycle Cost 
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Primary Energy & COO2OO2 Emissions Reduction

Primary Energy Reduction

Existing 
system

CGS + waste heat recovery 
type absorption chiller + gas-
fired absorption water heater-
chiller + centrifugal chiller

Renewed 
system

Air-source heat pumps
reduction

reduction

CO2 emissions reduction

Existing 
system

CGS + waste heat recovery 
type absorption chiller + gas-
fired absorption water heater-
chiller + centrifugal chiller

Renewed 
system

Air-source heat pumps
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Operational cost reduction
Approx. 70 million JPY (0.5 million USD) was 
reduced annually.

Construction cost was already recovered within 2 years.

CO2 emissions reductions
Obligated amounts of reductions by MOE

= Approx. 600 t-CO2/year
Approx. 1,800 t-CO2 was reduced within 2 years.  

CO2 emissions clears the designated level by MOE.

Through 2 Years Operation

14Japan International Cooperation Agency

Thank you very much for your kind attention !

Organizational 
management

Organizational 
structure 

Organizational 
strategy

Organizational 
communication

Human 
resource 

management

- Recruitment of employees
- Trainings
- Assessment of employees …

- Set visions, targets, plans
- Budgeting, finance, accounting
- How to improve sales & profits…

- How to keep good relationship
- Internal & external communication 
- Formal or informal communication
- Negotiations
- Information sharing …

- How to make organization 
- Acquisitions, mergers, divestitures
- Decision making process…



Output 2

The basic 
information is 
confirmed for the 
capacity building 
for the promotion 
of EE

Output 4

The human and 
institution capacity 
are enhanced for the 
promotion of EE

Output 1

The basic 
information is 
confirmed for the 
capacity building 
for the introduction 
of RE

Output 3
The human and 
institution capacity 
are enhanced for the 
mass introduction of 
RE

Output 5

The human and 
institution capacity 
are enhanced for the 
promotion of Power 
Network Resiliency

Overall Goals
Energy security is ensured through introduction of renewable energy (RE) and promotion 
of energy efficiency (EE)

Project Purpose
Human and institutional capacities are enhanced for the introduction of RE and promotion 
of EE

Organizational 
management is an 
important aspect to 
enhance human 
and institutional 
capacity

Ministry of 
IndustryMinistry of 

Transport

Ministry of 
Environment

Ministry of 
Energy

Ministry of 
Finance

Ministry of 
Tourism

Ministry of 
Oil and Gas

Power 
Distribution 
Companies

Electric 
Power 

Companies

Power 
Transmission 
Companies

Power 
Producers & 

Suppliers 
(PPSs)

Independent 
Power 

Producers 
(IPPs)

TOil & Gas 
Companies

Enterprises
(offices, factories 

etc.)

Public Institutions
(govt. offices, 

hospital, school etc.)

Households
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Different types of organizational structure

•
•
•
•

•
•

Minister

Energy Division
Permanent 
Secretary

Deputy Permanent 
Secretary

Research & Planning 
Dept.

Chief Project 
Analyst
Senior Economist 
Economist

Natural Resource 
Dept.

Director
Chief Geologist
Petroleum 

Officers

Energy 
Conservation & 

Renewable Energy 
Dept.

Chief Energy
Conservation
Officer
Sr. Technical

Officer
Technical Officer

Chief Legal 
Officer

Admin & Legal 
Dept.

Senior Clerk
Accountant
Admin Staffs

Project Execution 
Dept.

Project Manager
Technical Officers
Procurement 

Officer



•
•

•
•
•
•



Manager

Employee Employee Employee Employee Employee

Formal organization Informal organization

Bennett: « Towards Ethnorelativism: A Developmental Model of Intercultural Sensitivity. » 1993
Rosinski: « Beyond Intercultural Sensitivity: Leveraging Cultural Differences . » 1999



Intercultural communication – Being able to rely on
various forms of communication: explicit and implicit, direct
and indirect, affective and neutral, formal and informal

high homogeneity high heterogeneity

communication Responsibility of 
listeners

Responsibility of 
speakers

relationship Staging vertical 
relationships

Staging horizontal 
relationships

thinking Seeking for a right 
answer

Seeking for optimized 
answer

Distributive negotiation

• Only one party “wins”
• Focus on outcomes; not the relationship
• Outcomes seen as fixed
• Goals mutually exclusive
• Emphasize differences
• Emphasize positions
• Short-term perspective
• Key: preparation & tactics
• Guarded communication
• Distrust

• Both parties “win”
• Concerned with mutual outcomes 

and relationship
• Outcomes can be maximized
• Goals not mutually exclusive
• Emphasize similarities & 

differences 
• Emphasize interests
• Long-term perspective 
• Key: cooperation & creativity
• Open communication
• Trust

Integrative negotiation
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Total 9

No. Name Position Org. How to participate Count
1 Horace Archer Senior Technical Officer MEB Physical OK
2 Frank Branch Technical Officer MEB Physical OK
3 Fabian Scott Chief Technical Officer BNSI Physical OK
4 Renate Lynn Sealy Technical Officer BNSI Physical OK
5 Jonathan Platt Technical Officer BNSI Physical OK
6 Damien Prescott Technical Officer BNSI Physical OK
7 Robert Goodridge President BREA Physical OK
8 Felicia Whyte Project Development Officer CCREEE Physical OK
9 Ayanna Evelyn Knowledge Management Associate CCREEE Physical OK
10
11
12
13
14
15
16
17
18
19
20

2nd EE Workshop: Attendant Day-1 (23 Jan 2023)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

nkmanager
タイプライターテキスト
Appendix 4-2-2  Attendant list, and Q&A, of the 2nd Energy Efficiency Workshop (Barbados)



Total 8

No. Name Position Org. How to participate Count
1 Horace Archer Senior Technical Officer MEB Physical OK
2 Frank Branch Technical Officer MEB Physical OK
3 Fabian Scott Chief Technical Officer BNSI Physical OK
4 Jonathan Platt Technical Officer BNSI Physical OK
5 Damien Prescott Technical Officer BNSI Physical OK
6 Robert Goodridge President BREA Online OK
7 Felicia Whyte Project Development Officer CCREEE Physical OK
8 Ayanna Evelyn Knowledge Management Associate CCREEE Physical OK
9
10
11
12
13
14
15
16
17
18
19
20

2nd EE Workshop: Attendant Day-2 (24 Jan 2023)

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries



No Item Content Name Answer

1 Question Why is there an increase in the industry sector? R. Goodridge The increase is related to more companies working or factory working hours

2 Comment The industry increase when compared to the overall energy use is quite small. The commercial decrease can be attributed to decrease in economic
activity in that sector. H. Archer We agree.

3 Comment It takes about 3 joules of fossil fuel produces only 1 joule of electricity. W. Hinds Thank you for this comment.

4 Question In terms of industry, are standard a/c units still being made as inverter technology is more efficient? Is it being phased out? H. Archer
Small scale, inverter tech is popular in mini splits. But VRF, and large chillers have no MEPS. These medium and large scale chillers are used in
10,000-30,000 m2 buildings and have water piping. They intake fresh air and expel heated air from building via an air handler. VRF and mini-split a/c
just control temperature of the room.

5 Comment There are examples of inefficient LED installations in Barbados that needs to suit the Street lighting application. W. Hinds The correct reflective materials are needed as LED shine at 120 degrees where conventional mercury/CFL bulbs are 360 degrees.

6 Question What are the costs for adding in the LED lighting initiatives for commercial industry? So a proper Cost Benefit Analysis can be conducted. R. Goodridge The details are not available, but the reduction of the energy use correlated to the amount of chilled water the case study was billed each month. LED
payback periods are usually 2-3 years.

7 Comment In 2009, India's Govt started something similar for lighting, where they dimmable lighting on streets and highways and it saved them money.
Something like this can be done in commercial spaces. F.Hinds

This happens in commercial buildings since the 1990's where timing and proximity sensors were used to decrease energy demand and control
lighting. Now with the advent of LED lighting, the energy savings can be enhanced significantly. The LED lighting we have installed have the capacity
to be dimmable, but those modules wasn't installed.

8 Question The total value for the box and the windows are added for our building requirement calculations? W. Hinds Yes we add them in the calculations.

9 Question Would we have similar values for our windows to calculate our heat gain? W. Hinds These values were given by the Japanese Gov't, but some of the values are provided from the window manufacturers catalogue.

10 Question Can a Household Energy Efficiency calculation sheet be developed for Barbados? And can the solar water heater be added to our special revision? W. Hinds Yes it can be developed, and the solar water heating is the most efficient method- for heating in this region.

11 Question Have you discovered the law is now accelerating EE measures, i.e. an increase of EE installations in Japan? F.Hinds EE measures an installations have increased due to the tightening EE laws in Japan as most regulations are mandatory.

12 Comment The CREEBEC is quite similar to this simplified calculation method. J.Platt Yes we have this standard in our possession and we reviewed it.

13 Comment The CREEBEC is very complex and this approach is simple and easy to use J.Platt Thank you for this comment.

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

EE Workshop on 23 Jan:  Q&A



No Item Content Name Answer

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries

EE Workshop on 23 Jan:  Q&A

14 Comment Passive Cooling is something we as Barbadians should look into, primarily insulation of roofs W. Hinds This is something we can see as very beneficial to Barbadian homes, especially in decreasing the cooling requirement.

15 Comment Large eaves can't work in Barbados as we are in the Hurricane Belt, so we can use paints etc. J.Platt Thank you for this comment.

16 Comment Need to introduce an Energy Efficiency Standard for houses in Barbados. Might have to be like European Standards and not like the Japanese
approach that does a calculation. W. Hinds The simplified version can work for Barbados.

17 Comment There is still a need to ensure the EE measures are done correctly in Barbados, despite the lack of resources. J.Platt Agreed, even in Japan planning for verification is still ongoing and checking will start in 2025.

18 Question What energy reduction can we see in the residential and commercial sector? W. Hinds Half of the demand for a/c, refrigerator and lighting will be achieved by 2050



No Item Content Name Answer

1 Question Shading of the a/c units are beneficial, but what can we do to minimize the impact of salt mist in the air as it corrodes the outdoor unit J. Platt Shielding can assist with that, but salt spray is very corrosive.

2 Question We have a mall here in Barbados and the installers placed PV panels over the units and quoted 20%, is it true? H. Archer Yes, as some manufactures say 20% reduction , so our 10% reduction is conservative.

3 Comment For companies renting buildings, there is no incentives to invest in energy savings as this doesn’t benefit the landlord. If there is a mechanism where
the tenant and landlord both benefit. W. Hinds

This has been identified as a barrier to improve the EE measures in tenanted buildings, even in Japan. For reference, there are cases in US that
tenants bring in the AC equipment and monthly power bill is also paid by tenants. This is one of the models for tenant buildings to raise incentive to
introduce efficient equipment.

4 Comment LEED and other energy efficient building certifications can be used to incentivize energy efficiency measures. H. Archer We thank you for this comment.

5 Comment There are about 4 buildings that are focused on energy efficiency in Barbados and use this as a selling point for their tenanted buildings. J. Platt Thank you for this comment

6 Comment The office of the MEB can have a reduction in lighting requirements as the light levels are about 900 Lux. H. Archer The retrofit from fluorescent to LED caused an increase of Lux in the office, and due to the lighting layout, it might be best to decrease the amount of
lights installed .

7 Comment The temperature variation is the highest from late night till midday. If we utilize the variations in temperature during the night and weather variations,
we can boost energy efficiency in cooling in Barbados. (night parge) W. Hinds Thank you for this comment

8 Question The CREEBC recommends motion sensors to further improve efficacy, what is JICA's take on sensors? J. Platt Sensors can be utilize to advance the progress of building control management to a greater efficiency.

9 Question
With reference to your presentation, what category would you place JICA in? The structure of BNSI is old and needs revamping. BNSI has changed
into a project based company and would like to see examples of how to make government agencies more flexible to meet the energy goals of
Barbados.

F.Scott We are part of JICA's approach as we are executing a Joint-Venture project here with the project. We cannot speak directly about JICA's organization
directly.

10 Comment The avoidance of being dazzled by several possibilities is one key measure BNSI takes to progress the national standards. J. Platt We thank you for this comment.

11 Question What is the purpose of communication? H. Archer The purpose of communication in this aspect is to boost relations between Government and Non-Governmental Organizations, and to promote energy
efficiency and climate change mitigation.

Technical Cooperation to Promote Energy Efficiency in Caribbean Countries
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12 Comment The advent of COVID-19 globally has transformed the way in which we communicate in order to be more effective. J. Platt This is true, as it provides a myriad of ways to communicate.

13 Comment There isn't a framework for communication as all of this tools that are available. Having a protocol for effective communication in organizations. F.Scott Having a framework for communication via a set suite of platforms would ensure efficacy.

14 Comment There is a need for high level protocols for meetings to streamline lengthy meetings. W. Hinds Thank you for this comment

15 Comment What is the structure for EV infrastructure in Japan? We at the BNSI would like to see what we can glean from JICA. BNSI was like to get information
on battery standards and performance, along with information for a secondary battery market. J. Platt Thank you for this comment

16 Question What information is available for SWAC for district level cooling in government buildings. F.Scott SWAC is not used in Japan, but has been demonstrated for district cooling in places like Hawaii. We do not have detailed information.

17 Comment Energy Storage standards to ensure safety. H. Archer We thank you for this comment.

18 Question What are the industry standards for module replacement as this is important for safety standards. We need to establish V2G tech standards as well. F.Scott The standards are highly dependent on the type of battery and can vary.



Agenda for Workshop for Grid Stability with Large RE Penetration

Date/time: 13:00-15:00 27 Jul 2022
Venue:  MEBD/ Online hybrid

____________________________________________________ 

13:00-13:10 Opening Remarks and Introduction
Session-1 General session
13:10-13:40 RE target in Barbados and Challenges,

Recommendation for resilience (Microgrid 
and Asset Management)

13:40-14:00 Grid Stability: for Future Grid in Barbados 
Session-2  Special session
14:00-14:45  Grid Stability:  analysis method, tools 
14:45-15:00 Discussion

1 2 3 4 5 6 7 8 9 10 11 12 13 … 32333435363738394041424344454647 -

Phase 1 
（Baseline Survey）

Phase 2 （Technical Transfer）

Year 2019 Year 2020 …
Year 
2021

Year 2022
Year 
2023

4 5 6 7 8 9 10 11 12 1 2 3 4 … … … … … … 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Overall Project Schedule

JCC #1: 
To share the result of “Baseline Survey” 
belong to output 1 and 2. 

Technical Transfer: 
To be implemented by revised work plan 
and PDM for assistance of achieving 
goals

JCC #2: 
Consensus for extension of project 
period
JCC #3 : to be scheduled  

Output 1

The basic 
information is 
confirmed for the 
capacity building 
for the 
introduction of RE

Output 3

The human and 
institution 
capacity are 
enhanced for the 
mass introduction 
of RE

Output 2

The basic 
information is 
confirmed for the 
capacity building 
for the promotion 
of EE

Output 4

The human and 
institution capacity 
are enhanced for 
the promotion of 
EE
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Jul-22           Aug             Sep              Oct                Nov           Dec            Jan-23           Feb          Mar 

Month 7 7 7 7 8 8 8 8 8 9 9 9 9 10 10 10 10 10 11 11 11 11 12 12 12 12 1 1 1 1 1 2 2 2 2 3 3 3

Date 4 11 18 25 1 8 15 22 29 5 12 19 26 3 10 17 24 31 7 14 21 28 5 12 19 26 2 9 16 23 30 6 13 20 27 6 13 20

EE Team
KN B B KN J B KN J B KN J * *

RE Team
B KN B KN J J B KN J B KN * *

*1

Note Hurricane Season
Christmas Season

Training in Japan

B Barbados
J Jamaica

KN St. Kitts and Nevis (Activity in Barbados or Saint Lucia with Virtual Meeting / depending on the restriction by JICA)
* 3 Countries in 2 Weeks

*1 To be discussed [ 1st RE activity of St. Kitts and Nevis), and also 1st EE/RE activities of Jamaica ]
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Tentative. Please let us confirm the 
status and update if any.

Location MW/u Qy MW Remark
Existing

Total thermal power 232
Spring Field 12 3 36 LSD Engine
Spring Field 12.5 1 12.5 LSD Engine
Spring Field 30 2 60 LSD Engine
Spring Field 20 2 40 Steam Turbine
Spring Field 17.5 1 17.5 Gas Tubine
Spring Field Total 9 166
Garrison 13 1 13 Gas Tubine
Seawell 13 1 13 Gas Tubine
Seawell 20 2 40 Gas Tubine

Total PV 70
Trents 10 1 10 PV
Distributed PV LS 60 PV

Total Battery 5
Trents 1 LS 5 BESS

Planned
Total Planned RE 40

Trents 33 1 33 CEB MSD Planned
St Lucy 10 1 10 Wind Planned
St Tomas 30 1 30 Vaucluse Biomass

Rapid battery 
Continuous VRE 
expansion
HFO retire

EV demand increase

Dependency on VRE 
increases
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%110%120%

Location MW/u Qy MW Remark
Existing

Total PV 70
Trents 10 1 10 PV
Distributed PV LS 60 PV

Total Battery 5
Trents 1 LS 5 BESS

Planned
Total Planned RE 40

St Lucy 10 1 10 Wind Planned
St Tomas 30 1 30 Vaucluse Biomass
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Type of Technology Advantage Develop stage

η=85%

- η=70-80%

η=50%

- Commercial operation 
at Ivanpah392MW 22 
bil USD
- Heat storage (molten solt, 
etc) under development

Emerging technology for large RE with Grid 
stabilization : Promotion recommended

：

×

Fue
l

DG

Generat
or

Moto
r

Batte
ry

Use
r

VRE

Concentrating Solar Thermal 
Power (CSP)

（ ）
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Solar Generation

Battery

Charging Station

Smart Houses with PV and EV

Building

Smart Railway
Transformer

Power Grid Line

Communication Line

Shops

Power Exchange between Clusters

Clustered Microgrid
ICT/EMS

ICT/EMS

Residences

Clustered Microgrid

Shop

Shop

Clustered
Microgrid

Clustered
Microgrid

Clustered
Microgrid

Smart Houses 
with PV and EV

Thermal Generation Plant
Nuclear Generation Plant

Shop
Buildings

Residences
Energy Management of 

Electrical Facilities in A Cluster

Microgrid for Resilient System 
: Autonomous Micro Grid

× ×
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Microgrid for Resilience: Mutsuzawa Road Side Station 

Requested Data

Demand and facility data from BL&P

100%RE Scenario (RE source, BESS, EMS)

Information for EV

Micro-grid Concept: Coverley Village 
Microgrid/Smart Grid Demonstration: Model study for 100% RE

Bridge town

Micro-grid Concept: Coverley Village 
Microgrid/Smart Grid Demonstration: Model study for 100% RE

Nos of houses 1026 nos
Roof area for PV 30 m2/house
Commercial/official roof 300 m2 (6 facilities) 
Total roof area 31,080 m2
PV Capacity 3108 kWp
Specific PV generation 4.917 kWh/kW/day
PV generation energy 15,282 kWh/day
Peak demand 4,104 kW
Electric energy demand 41,329 kWh/day
External PV 6,622 kWp
BESS capacity 80 MWh
BESS output 4 MWh
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Wind Generator

Photovoltaic Generation

Battery
Load
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Grid Simulation: for Optimization of Power Flow Analysis

Microgrid Designer consists of tools of Economic Load Dispatch (ELD) and power flow 
analysis modules, developed by Energy & Environment Technology Research Institute, 
Japan (Venture company of Waseda Univ). 

Country Plant Unit Type Fuel Manufacture Year 
Installed Load Rating 

Capacity(MW)

Barbados

Spring Garden

D10(Unit A) LSD HFO MAN 1982Base 12.0 
D11(Unit A) LSD HFO MAN 1982Base 12.0 
D12(Unit A) LSD HFO MAN 1987Base 12.0 
D13(Unit A) LSD HFO MAN 1990Base 12.5 
CG01 ST heat from 

unit A Peter Brotherhood 1985Base 1.5 
D14(Unit B) LSD HFO MAN 2005Base 30.0 
D15(Unit B) LSD HFO MAN 2005Base 30.0 
CG02 ST heat from 

unit B SHINKO 2005Base 2.0 
Unit S1 ST HFO GEC 1976Base 20.0 
Unit S2 ST HFO GEC 1976Base 20.0 

Olympos
GT

Jet Fuel/
Diesel CURTISS WRIGHT 1969-1970Peak 17.5 

Garrison G02 GT Diesel ABB 1990Peak 13.0 

Seawell
G03 GT Diesel ABB 1996Peak 13.0 
G04 GT Jet Fuel ABB 1999Peak 20.0 
G05 GT Jet Fuel ABB 2001Peak 20.0 
G06 GT Jet Fuel ABB 2002Peak 20.0 

％ ％

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%110%120%
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Battery A 5MWh

Battery B 3MWh

Battery C 1MWh

Sum of Battery 
Capacity

9MWh

EDC example with IEEE Microgrid Model

Gen.1

Gen.2

Gen.Max

・
・
・
・
・
・

Pg1

Base 
Gen.

Demand

Inertia 
Model

ΔPg Δf LFC
(FFC)

PLFC

ELD

PELD

Predict 
Demand
(5min.)

-

+
+

to Governor
+

+

to Gen. Reference

Pg2

PgM

ΔPbase

ΔPdemand

0
0.1
0.2
0.3
0.4
0.5
0.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Load1 Load2 Load3
Load4 Load5

Load-flow Analysis Grid Analysis Model of Microgrid in St. Kitts
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Workshop for RE and Grid Stability on 27 Jul 2022:  List of Participants
Name Organisation Position

1 Destine Gay MEBD Project Manager
2 Horace Archer MEBD Senior Technical Officer
3 William Hinds MEBD Senior Technical Officer
4 Robert Harewood BLPC
5 Rohan Seale BLPC
6 Johann Greaves BLPC
7 Stephen Worme BREA
8 Dr. Gary Jackson CCREEE Director
9 Jean-Michel Parle CCREEE

10 Danielle Evanson CERMES, UWI Researcher
11 Heather Sealy GEED
12 Baidy Diallo HDF Business Developer
13 Jeffrey Kiyoshi Chen Massy
14 Dwight Grannum Willams Renewable Energy
15 Gleeson Roach Williams Solar
16 Natasha Davis Williams Solar
17 Nida R WREL
18 Aria Goodridge
19 D. Coombs
20 Jamal J
21 Lawson Benard
22 Owen Reader
23 Tyrone White
24 Dudley Williams
25 Ron Farley
26 Prof. Hisao Taoka JET Energy Model Expert
27 Yuka Nakagawa JET
28 Alex Harewood JET Technical Assistant
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Question Placed by Response

1
Is this a project being done on behalf of the
Ministry of Energy?

Stephen Worme We are JICA (Japan International Cooperation Agency) team providing
technical assistance to MEBD in this project. MEBD is our counterpart for this
project.

2
Does the grid model presented incorporate RE
production and energy consumption?

Rohan Seale The model will incorporate RE production and demand.  This is an introductory
workshop and if we receive data from BLPC, we will produce accurate models
based on BLPC data for the selected microgrid area.

3

Are these presentations going to be available
to participants after this presentation.

Stephen Worme We will provide the slides via chat.

4

Is Grid Forming Inverter technology at a point
where it can be applied to a Grid the size of
Barbados? Or are these only available at the
Distributed Micro Grid Scale?

Jeffrey Kiyoshi
Chen

The size of Grid Forming Inverter is from home size to utility size. But the cost
will be high.  So utility size including microgrid will be better.

5

This is very technical and even as an engineer,
a lot of it is over my head.  However, I gather
these are all of the things you are going to be
examining and will be advising on.  A lot of
PV has already installed.  What is going to
happen between now and when they come
back with their final report?

Stephen Worme Today is an introductory session. The detailed session for input and analysis
with the simulator will be held in the next session in Sep 2022. Final Report
will be submitted in Mar 2023.

6

Could you further discuss the fluctuation of
renewable energy?

Horace Archer Generally, acceptable fluctuation level is less than 10% of grid capacity, but in
Barbados, it is already significantly beyond that figure as 30MW in demand
swings are seen routinely while demand was 130 MW. According to IRRP,
utility will need to install Synchronous Condensers , in addition to battery, to
mitigate this problem.

7

My concern is that already our grid is unstable
and we continue to add more PV and the
expectation of PV owners is that their systems
will be installed in a reasonable time frame.  Is
this going to be possible to continue installing
systems and if we do what is going to be the
impact on the grid?

Stephen Worme According to increase of PV, the output fluctuation will be increased, while
demand is kept same. Then, voltage and frequency goes up and down. In case
of frequency drops due to sudden output decrease without any stabilization
measurement, under frequency relay (UFR) operates at the source of feeder,
and the feeder is tripped to cut the load, and power cut will happen for the
feeder. At the worst case, it will bring black out of the country. Battery
installation is needed as soon as possible. Large PV installations can work, but
energy management system with weather prediction AI will be necessary.
Some ideas to solve this problem are as follows.
(1)Install Batteries to substations. It can control all PV at substations.
(2)Utility controls output of PV's using smart meters or other metering and
control equipments.
(3)Install PV with Grid Forming Inverter (future application)

8

It is my understanding that the Utility will not
be able to get batteries for many months.
What do we do in the interim?

Stephen Worme Black-outs is an significant issue as risk increases with a greater influx of
variable PV. Significant PV curtailment can be a tentative solution.
Utility should use some of current diesel generators as LFC generator to control
and keep frequency in stable state.

9

The use of concentrated solar heat power Horace Archer IRRP suggests to introduce concentrated solar heat generation (CSP) after 2028
as base case. It  can be used to mitigate issues with intermittency since it can
provide inertia. A study indicates irradiation level more than 2000 DNI will
result in cost range of 6-8 c/kWh. It is still not sure if it is economic as it has
not been deployed in places like Barbados.

Workshop for RE and Grid Stability on 27 Jul 2022:  Question and Answers 
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