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Concept Papers for Middle and Low 
Priority Measures 



 

Middle Priority Measure 
 
1. Subsidy for Energy Conservation Project and Demonstration Project and 

Subsidy for Installation of High Efficiency System           1 
2. Subsidy for Specific Equipment              3 
3. Instruction Book (by Government or Association)            5 
4. Announcement of Daily Demand and Supply Forecast                            7 
5. Instruction Book and Lifestyle Laboratory Report (by Utility)       9 
6. Consulting Service for Energy Conservation and ESCO Business   11 
7. Energy Conservation Consulting Service for Residential Sector   13 
8. Joint Development of Energy Conservation Equipment and Household Appliances 15 
9. Laboratory Testing for Performance Check     17 
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1. Subsidy for Energy Conservation Project and Demonstration Project, and Subsidy for 
Installation of High Efficiency System  

 
(1) Japan’s Sample 
 
Program Subsidy for Energy Conservation Project and Demonstration Project and Subsidy 

for Installation of High Efficiency System 
Players Executing Agency: 

NEDO (Government Agency) 
Target: 
As described below  

Overview (EC Project) 
- Target sector is industry and commercial sectors. 
- Subsidy for 1/3 of total project cost (limit: 500 million Yen/year) 
- Annual budget in FY2006 is 24,150 million Yen 
- Expected effect: Reduction of 600,000 kl toe/year 
- ESCO can also apply to this scheme.  
(Demonstration Project)  
- Target sector is local government and commercial buildings. 
- Subsidy for 1/2 of total project cost (limit: 100 million Yen) 
- Annual budget in FY2006 was 1,672 million Yen 
(Installation of High Efficiency System) 
- Target sector is commercial and residential sectors. 
- Subsidy for 1/3 of total project cost (limit: 27 million Yen) 
- Annual budget in FY2006 was 4,512 million Yen 
- Expected effect: Reduction of 189,000 kl toe/year 
- Expected technology: heat pump, BEMS, lamp, insulation materials, etc, 
- 15 % reduction - 25 % reduction is the standard for qualification. 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

EC Project 
 FY2002 FY2003 FY2004 FY2005 
Application 199 231 161 339 
Qualified 120 111 80 314 

Demonstration Project                      High Efficiency System 
 FY2004 FY2005  FY2004 FY2005 
Application 89 44  849 1,237 
Qualified 17 15  760 991  

Key points 
for success 

- To choose qualified projects, evaluation standard is established and open to 
the public. Simple and efficient selection procedure should be made.  

- Checking system for proper use of money is necessary. 

Government

NEDO (Government Agency) 

(1) Supply money  

Applicants  

(2) Application (3) Adoption (4) Implementation 
and report

(5) Check and 
subsidy
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(2) Concept Paper for KSA 
 

Program Subsidy for EC Project and Demonstration Project and Subsidy for Installation of 
High Efficiency System 

Players Executing Agency: 
SEEC 

Target: 
As described below 

Concept (EC Project and Demonstration Project) 
- Target sector is industry, commercial, and agriculture sectors. 
- Selection and qualified by Government Agency 
- Monitoring and check are conducted by Government Agency. 
(Installation of High Efficiency Equipment) 
- Target sector is industry, commercial, residential and agriculture sectors 
- Selection and qualified by Government Agency 
- Monitoring and check are conducted by Government Agency. 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- To choose qualified projects, evaluation standard should be established and 
open to the public. Simple and efficient selection procedure should be made. 

- Checking system for proper use of money is necessary. 
- Target sectors should be selected. 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments It seems to have a large impact for EC. However, 
check for proper use of money is not so easy. 
Implementation capacity of applicants is also 
required.   

 

Government

SEEC (Government Agency) 

(1) Supply money  

Applicants  

(2) Application (3) Adoption (4) Implementation 
and report

(5) Check and 
subsidy
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1998 1999 2000 2001 2002
No. of Unit 2,374 4,617 6,700 5,102 5,177
Total Subsidy (million JY) 1,439 2,877 3,178 1,363 1,264
Average Subsidy per Unit (JY) 606,150 623,132 474,328 267,150 244,157

2002 2003 2004 2005 2006
No. of Unit (estimate) 20,000 35,000 35,000 100,000 190,000

2. Subsidy for Specific Equipment  
 
(1) Japan’s Sample 
 
Program Subsidy for Specific Equipment (Eco-Cute (hot water server) and ECO-Ice (Ice 

storage system)) 
Players Executing Agency: 

Heat Pump and Thermal Storage 
Technology Center of Japan (HPTCJ) 
(Association) 

Target: 
All Sectors 

Overview (Specified Equipment) 
- High efficiency hot water server (ECO-Cute) 
- Thermal storage system (ECO- Ice)  
(ECO-Cute Subsidy)  
- Fixed subsidy by the scale of equipment 
- Subsidy: 50,000 – 260,000 yen per 1 unit 
(ECO-Ice Subsidy) (now closed) 
- Subsidy for 1/2 of differential cost between standard produce and ECO-Ice 
(Source of Subsidy) 
- Government (METI) supply money for the subsidy 
(Selection) 
- By the order of proposal submission up to the budget of subsidy (2 times in a 

year) 
Workflow  

 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

(ECO-Ice) 
 
 
 
- More than 24,000 sold (as of 2005) 
- 1.6 GW peak shift effect (as of 2005) 
- Subsidy had already closed at 2002. 
(ECO-Cute) 
 
 

Key points 
for success 

- Fixed subsidy simplifies the procedure for ECO-Cute. 
- TOU option supports the ECO-Ice (thermal storage system) 

 
 

Government

HPTCJ (Association) 

(1) Supply money  

Applicants  

(2) Application (3) Adoption (4) Implementation 
and report

(5) Subsidy 

Eco-Cute Eco-Ice 
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(2) Concept Paper for KSA 
 

Program Subsidy for Specific Equipment 
Players Executing Agency: 

Association or SEEC 
Target: 
Industrial, Commercial and Residential 
Sectors 

Concept (Selection of Specific Equipment) 
- Target equipment should be decided first, considering impact on EC, local 

product promotion, etc.  
- Maybe small equipment (lamp) and luxury equipment (TV) are not applied in 

this scheme. 
(Subsidy Procedure) 
- Fixed subsidy is preferable because of simple procedure. 
(Executing Agency) 
- Association is possible to implement this scheme supported by Government 
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- Selection of equipment should be examined. 
- Simple procedure is better. 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments For example, high efficiency air-conditioner, 
high efficiency refrigerator, high efficiency 
might be applicable. Selection should be decided 
through long-term vision.  

 

Government

Association or SEEC 

(1) Supply money  

Applicants  

(2) Application (3) Adoption (4) Implementation 
and report

(5) Subsidy 
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3. Instruction Booklet (by Government or Association) 
 
(1) Japan’s Sample 
 
Program Instruction Booklet (by Government or Association) 
Players Executing Agency: 

ECCJ 
Target: 
All Sectors 

Overview (Objective) 
- Dissemination, and instruction of EC measures in 3 phases (replacement, 

renovation and operation improvement).   
(List of the Books) 
General Contents 
- Instruction for Factory EC Measures  
- Instruction for Building EC Measures 
Specific Contents 
- Instruction for Office Building  
- Instruction for Shopping Center  
- Instruction for Hotel  
- Instruction for Hospital  
- Instruction of Operation Improvement for Commercial Building 
Household Appliances 
- Instruction for Household Appliances  
(Publication) 
- ECCJ publishes the above booklets. 
- Website can be utilized to get pdf of the booklets. 
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

- No data 
 

Key points 
for success 

- Practical samples or illustration is used in the booklets.    
 

 
 
 
 

METI (Government)

ECCJ 

Support 

Industrial, Commercial and Residential Sectors 

(1) Publication 
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(2) Concept Paper for KSA 
 

Program Instruction Booklet (by Government or Association) 
Players Executing Agency: 

SEEC 
Target: 
Industrial, Commercial and Residential, 
Sectors 

Concept (Expected Books) 
- Instruction for Factory EC Measures  
- Instruction for Building EC Measures  
- Instruction of Operation Improvement for Commercial Building 
- Instruction for Household Appliances  
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- At first, general instruction booklets can be made. 
- To make specific instruction booklets such as hotel, shopping center, etc., data 

and information collection is necessary. 
- Various survey results (Monitoring and Awareness Survey, Publication and 

Award System, etc) should be reflected on instruction booklets.  
Evaluation Criteria Level 1 Level 2 Level 3 

Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments Instruction book is helpful for energy manager in 
factory and building. Instruction booklet is one 
tool of publication of “Monitoring and Awareness 
Survey” and “Publication and Award System” 
that are high priority measure. 

 

SEEC 

Industrial, Commercial and Residential Sectors 

(1) Publication 

Monitoring and Awareness Survey 
Publication and Award System 
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Demand Forecast

Maximum Demand: 46,750 MW in 11:00-12:00

Possible Supply: 51,500 MW

Demand Forecast

Maximum Demand: 46,750 MW in 11:00-12:00

Possible Supply: 51,500 MW

4. Announcement of Daily Demand and Supply Forecast  
 
(1) Japan’s Sample 
 
Program Announcement of Daily Demand and Supply Forecast  
Players Executing Agency: 

TEPCO  
Target: 
All Sectors 

Overview (Objective) 
- To request cooperation for energy saving by announcement of today’s power 

supply and capacity balance.  
- Since 2003, the Denki Forecast started. The year of 2003 was the emergent 

year for power supply. 
(Information of the Announcement) 
- Available power supply ability on the day 
- Maximum power demand forecast on the day 
- Request for saving power consuming 
- Maximum power demand on the day before (only on TV and a Web site) 
- Maximum power demand every hour (only on a Web site)  
(How to Announce) 
 
 
 
 
 
 
 
 
  
 

TV Announcement                             Website of TEPCO 
Workflow  

 
 
 
 
 
 
                   : Main Flow           : Optional Flow 

Record and 
effect 

- Since 2003, TEPCO has started the Denki Forecast 
 

Key points 
for success 

- Make known to the public widely through media     
 

 
 
 
 

TEPCO (Power Utility) 

Industrial, Commercial and Residential Sectors 

(1) Announcement for cooperation 

Available Power Supply 

Today’s Maximum 
Demand (forecast)

Yesterday’s 
Maximum Demand
(actual)
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(2) Concept Paper for KSA 
 
Program Announcement of Daily Demand and Supply Forecast  
Players Executing Agency: 

SEC 
Target: 
All Sectors 

Concept (Concept) 
- Announcement of balance of demand and capacity every day 
- Request of cooperation for energy conservation 
- Announcement of instruction for how to reduce energy consumption 
 

Workflow  
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- At first, dissemination strategy should be established including the Denki 
Forecast. It is one of contents of the dissemination programs. 

- To make know widely, media (TV or radio) should be used. 
 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments This is effective method in case of emergency of 
power supply. In other words, it might be not 
effective in non-emergency time. 

 
 

SEC

All Sectors 

(1) Announcement for cooperation 
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5. Instruction Booklet and Lifestyle Laboratory Report (by Utility) 
 
(1) Japan’s Sample 
 
Program Instruction Booklet and Lifestyle Laboratory Report (by Utility) 
Players Executing Agency: 

TEPCO 
Target: 
Residential Sector 

Overview (Instruction Booklet (TEPCO Shoene Nattoku Book)) 
- Instruction for efficiently use of household appliances 
- How to use Air-conditioner, Refrigerator, Lamp, TV, 

Rice cooker, Washing machine, Cleaning machine, 
Waiting power, etc. 

- Laboratory test result and calculation sheet for 
electricity bill are also included in the book. 

- Explanation of tariff option is also included. 
 
 
( Lifestyle Laboratory Report)  
- Q&A regarding how to efficiently use of 

household appliances is summered in the reports. 
- Frequent questions are collected from customers 

and then laboratory test themes are decided. 
- Laboratory tests are conducted in TEPCO R&D 

center. 
- The various reports are prepared, for example, 

“Air-conditioner”, “Refrigerator”, “Lamp”, 
“Washing Machine”, “Cleaning Machine”. 

 
Workflow  

 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

- No data 
 

Key points 
for success 

- Various EC measures are complied in one instruction booklet so that it may be 
easy to read. 

- Themes of laboratory tests are selected based on needs or request of people. 
 

 

TEPCO

Residential Sector 

(2) Survey and report (1) Needs, requests, 
etc.
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(2) Concept Paper for KSA 
 

Program Instruction Booklet and Lifestyle Laboratory Report (by Utility) 
Players Executing Agency: 

SEEC or SEC 
Target: 
Residential Sector 

Concept (Current Situation in KSA) 
- Instruction has been already prepared by KSA. However, it seems to be 

difficult for people or not complied in 1 booklet. 
(Recommendation for Improvement) 
- Various EC measures how to efficiently use household appliances should be 

complied in 1 booklet. 
- Needs or requests of people regarding household appliances should be also 

reflected in the booklet. Those information can be collected from 
questionnaire survey) 

- Laboratory test is effective because numerical value can be indicated. 
 

Workflow  
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- A book is easy to read. 
- Laboratory test gives a reality for each EC measure. 
 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments For EC promotion in the residential sector, such 
instruction book is a basic measure. Instruction 
booklet should be updated for further 
improvement. 
If KSA adopts Labeling System, such laboratory 
test skill can be utilized for the standardization of 
test method. 

 
 
 
 

SEEC or SEC

Residential Sector 

(2) Survey and report (1) Needs, requests, 
etc.
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6. Consulting Service for Energy Conservation and ESCO Business 
 
(1) Japan’s Sample 
 
Program Consulting Service for Energy Conservation and ESCO Business 
Players Executing Agency: 

TEPCO 
Target: 
(i) (ii) Large Customers 

Overview (Objective) 
 TEPCO provides technical service for industrial and commercial sector targeting 
large customers. Such technical service is managed by TEPCO or TEPCO 
subsidiary (ESCO) on the business base. 
 Now such technical service is one of the major EC businesses in Japan. ECCJ 
also provides a similar service without fee, but it covers only basic survey. 

 
(Major Contents of Technical Service) 
- Energy Audit Service (basic survey, detailed survey and recommendation) 
- Assistance of making “Energy Audit Report” for clients 
- ESCO business (performance guarantee contract for EC project) 
- Management of Energy Center, etc. 
 
(Implementing Body) 
- TEPCO  
- Japan Facility Solutions (JFS) which is TEPCO subsidiary ESCO  

Workflow  
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

(JFS Business Record as of Nov. 2005) 
- Assistance for Energy Audit Report: 31  
- Energy Audit Service: 20 
- Construction of all electrified house: 9 
- ESCO projects: 50 
- Energy Center project: 1 
 

Key points 
for success 

- Reliability to TEPCO from customers helps such business. 
- Subsidy for ESCO project assists the ESCO business. 
- When necessary, specific technology expert is outsourced from other 

consultign firm.   
 

TEPCO

Large Customer 

(1) Application (1) Application 

JFS (TEPCO Subsidiary) 

Outsourcing 

(2) Implementation (3) Fee (2) Implementation (3) Fee
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(2) Concept Paper for KSA 
 

Program Consulting Service for Energy Conservation and ESCO Business 
Players Executing Agency: 

SEEC, SEC or Public Institute 
Target: 
(i) (ii) Large Customer 

Concept (Consideration) 
- To promote energy conservation, such technical service is necessary. 
- It is discussion point whether this consulting service is provided by business 

base or non-business base.  
- Non-business base (or business base with subsidy) seems to be better at first. 

Because awareness of factory and business sector is now not so intensive. 
- ESCO business (performance guarantee contact) seems to be difficult now. 

Because tariff is not so high compared with investment cost of ESCO. 
(Expected Executing Agency) 
- SEEC, SEC or Public Institute might be possible. 
- SEC assistance seems to be needed for such activities. Because they have 

potential experts in architecture and electric facility, and much information 
and data for customers.  

(Subsidy) 
- If non-business base is chosen, 100% subsidy is necessary. 
- Even though business base is chosen, some subsidy seems to be necessary. 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- Capacity building for auditors is necessary. 
- Demarcation between “free charge service” and “business base” should be 

considered. 
- After recommendation, a project owner normally meets a financial problem. 

Financial scheme should be considered together with such technical service. 
Evaluation Criteria Level 1 Level 2 Level 3 

Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments From the long-term view, such audit skill is 
crucial needed in spite of business or 
non-business. Capacity building for executing 
agency is needed at first. A building sector is 
easier than industrial sector because common 
facilities are used in buildings. On the other 
hand, industrial sector normally needs a specific 
technology and skill. 

 

SEEC, SEC or Public Institute

Large Customer 

(1) Application (4) Cooperation 

SEC 

Government

(3) Request 
(2) Some 

Subsidy

(5) Technical 
Service

(6) Fee
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7. Energy Conservation Consulting Service for Residential Sector  
 
(1) Japan’s Sample 
 
Program Energy Conservation Consulting Service for Residential Sector 
Players Executing Agency: 

TEPCO Subsidiary 
Target: 
Residential Sector 

Overview (Objective) 
TEPCO HQ provides general information for EC way and EC equipment by 

instruction book to improve awareness. However, some people wishes to know 
specific energy saving method for their houses. In order to meet such demand, 
TEPCO provides technical services as a business base. 

 
(Major Contents of Technical Service) 
- Load survey for the whole house, for each equipment, for each circuit, and 

recommendation   
- Sales of EC goods (watthour indicator for household appliances, tool for 

cutting waiting power, reflecting panel in florescent lamp, etc.) 
- Dispatching teacher for EC seminar, etc. 
 
(Implementing Body) 
- Tokyo Energy Research (TRES) which is TEPCO subsidiary for residential 

sector consultant.  
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

(TERES Record) 
- Various Load survey: 113 houses/stores 
- Basic energy use survey and recommendation: 2,250 houses 
 

Key points 
for success 

- Reliability to TEPCO from customers helps such business. 
   

 

TEPCO

Residential Customer 

(1) Application

TERES (TEPCO Subsidiary) 

Support 

(2) Implementation (3) Fee 
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(2) Concept Paper for KSA 
 

Program Energy Conservation Consulting Service for Residential Sector 
Players Executing Agency: 

SEEC or SEC 
Target: 
Residential Sector 

Concept (Consideration) 
- Business base with subsidy seems to be better at first. If 100% grant is 

provided for the services, a customer might lose a concern about the result. 
- Some subsidy seems to be necessary because electricity rate of KSA is not so 

high and customer’s benefit is also small compared with the service cost.  
 
(Expected Executing Agency) 
- SEEC or SEC is expected. 
 
(Expected Services) 
- Load survey for house and each household appliance 
- Questionnaire survey to know EC practices  
- Analysis of relation between load data and EC practices 
- Recommendation 
- Continuous monitoring after the service by a record of electricity bill 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- A customer should pay some money for the service in order to make a strong 
concern. 

- However, some subsidy seems to be necessary to give incentive for applicants. 
Evaluation Criteria Level 1 Level 2 Level 3 

Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments It expects small effect on EC. However, from the 
long-term view, such activities will encourage 
EC awareness. This scheme can be established 
easier. 

 

SEEC or SEC

Residential Sector 

(1) Application 

Government

(2) Some Subsidy

(3) Technical 
Service

(4) Fee 
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8. Joint Development of Energy Conservation Equipment and Household Appliances 
 
(1) Japan’s Sample 
 
Program Joint Development of Energy Conservation Equipment and Household Appliances
Players Executing Agency: 

TEPCO R&D Center 
Target: 
Manufactures 
(Final Target: All Sectors) 

Overview (Objective) 
TEPCO has much information for needs and request for various equipment or 

household appliances. Because customers sometimes ask questions or make claims 
for such appliances to TEPCO. So TEPCO and manufactures jointly develop 
equipment or household appliances.  
(Procedure)  
- R&D center of power utility collects needs and requests from customers 

through branch offices and sales offices.  
- R&D center selects themes for development of equipment and appliances form 

such needs and requests. 
- R&D center (or Headquarters) announces joint development of selected 

themes to manufacturers. 
- Some manufacturers propose joint development by theme and makes a 

selection. 
- R&D center and manufacturers jointly develop energy conservation 

equipment or appliances. 
(Expected Equipment and Appliances) 
- HVAC system, Ice storage system, Hot water server, IH system, etc. 
(Implementing Body) 
- TEPCO R&D Center together with manufacture 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

(Development Record) 
- Air-cooled chiller unit (Capacity=160kW, COP=3.7) in 2004 with Hitachi 
- Water-cooled screw type chiller (Capacity 528kW, COP=5.6) in 2003 with 

KOBELCO 
- Ice storage package unit with Sanyo 
- ECO-Cute (electric hot water server), Cocking or washing machine, etc. 

Key points 
for success 

- Needs and requests are collected in TEPCO R&D Center.  
- Manufacture wishes to obtain an endorsement by neutral agency such as 

power utility. 
 

TEPCO Branch or Sales Office

Manufactures 

(2) Announcement

TEPCO R&D Center 

(1) Needs or 
Request

(3) Proposal (4) Selection 
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(2) Concept Paper for KSA 
 

Program Joint Development of Energy Conservation Equipment and Household Appliances
Players Executing Agency: 

SEC or SEEC 
Target: 
Manufactures 

Concept (Consideration) 
- Such R&D scheme has normally another objective, that is, promotion of local 

product. It should be focused on local product development first.  
- When a public R&D development scheme is established (as mentioned in 3.3), 

this private scheme (done by private power utility and manufacture) might be 
redundant.  

- Needs and request for development should be collected and reflected on 
development strategy. 

 
(Expected Executing Agency) 
- SEC or SEEC 
 
(Expected Field to be developed) 
- Local product (if any) 
- Product which needs some modification 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- Needs and request from customers should be reflected on development 
strategy.  

  
Evaluation Criteria Level 1 Level 2 Level 3 

Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments It might be overlapped to public R&D 
development scheme.  

 
 

SEEC

Manufactures 

(2) Announcement

SEC or SEEC 

Needs or Request

(3) Proposal (4) Selection 
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9. Laboratory Testing for Performance Check 
 
(1) Japan’s Sample 
 
Program Laboratory Testing for Performance Check 
Players Executing Agency: 

TEPCO R&D Center 
Target: 
All Sectors 

Overview (Objective) 
TEPCO R&D Center has a laboratory test group for promotion of joint 

development with manufactures, and performance evaluation of household 
appliances (12 types) to make a recommendation for efficient use. The test site is 
located in TEPCO R&D Center. 

 
(Laboratory Test Field)  
- Air-conditioning system and thermal storage system  
 
- Twin house (house performance test) 
 
- Household Appliances 
 
 
 

Workflow  
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

- Information Release (Lyfestyle Laboratory Report, Ginza Museum, 
Instruction Book, etc.) 

- Making Reports for 5 themes conducted by “Twin Houses” 
 

Key points 
for success 

- Needs and requests are collected in TEPCO R&D Center.  
- Feedback the information to the customer and collect further needs 

All Sectors 

(1) Needs or Requests

TEPCO R&D Center 

(2) Test and Information 
Release

Twin houses 
Test for Washing 

Machine 

Indoor Unit Test
(Sample)
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(2) Concept Paper for KSA 
 
Program Laboratory Testing for Performance Check 
Players Executing Agency: 

KACST, Univ., Public Institute or SEC 
Target: 
All Sectors 

Concept (Consideration)  
A laboratory can check a performance of equipment. It can check equipment 

performance (COP, demand power, consumption, etc.), obtain a knowledge of 
more efficient use (like TEPCO Lifestyle Laboratory Report), and test for some 
modification of foreign product for Saudi Arabian style, etc.  

Themes to be tested can be collected from needs survey of customers.  
 
(Requirement)  
- Establishment of standard test methods (ISO, JIS, etc.) for each equipment 
- Test equipment matching the standard  
- Test skill using such test equipment 
 
(Expected Executing Agency) 
- KACST, Univ., Public Institute or SEC 
 

Workflow  
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- Laboratory equipment should be prepared for larger consumption equipment 
such as air-conditioner, lamp, refrigerator, etc. 

- Needs and request from customers should be reflected on laboratory test. 
- If a test standard is established, consensus and cooperation of industry 

association are necessary. It is better to start easier test such as lamp test. 
  

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments Laboratory is required to prove EC effect of 
electrical equipment. Test skill and the standard 
will be required for “Labeling System” as well. 
However, establishment of test standard might 
take a long time to make consensus of industry 
association. 

 
 
 

All Sectors 

(1) Needs or Requests

KACST, Univ., Public Institute or SEC 

(2) Test and Information 
Release



 

Low Priority Measure 
 
1. Preferable Interest Rate Loan for Energy Conservation Project   19 
2. Tax Incentive to Install Energy Conservation Equipment    21 
3. Information Release of Energy Conservation Equipment    23 
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1. Preferable Interest Rate Loan for Energy Conservation Project  
 
(1) Japan’s Sample  
 
Program Preferable Interest Rate Loan for Energy Conservation Project 
Players Executing Agency: 

Development Bank of Japan 
(Government Agency) 

Target: 
Industrial and Commercial Sector  

Overview (Target Project) 
- General energy conservation projects 
- Energy-saving promotion projects for the industrial sector 
- Energy-saving promotion projects for buildings 
- Electric power load leveling projects 
(Qualification) 
- Improvement rate: 10 % for the commercial sector, 20 % for the industrial 

sector 
(Terms of Condition) 
- Financing rate: 50 % 
- Interest rates and payment periods are decided by the project feature.  
(Government Support) 
- Supply money to the Bank from the Government  
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

Not disclosed 

Key points 
for success 

- Appraisal capacity of the Bank is needed.   
- Low and long-term condition is needed. 

Government

DBJ (Government Agency) 

(1) Supply money  

Applicants  

(2) Finance for applicants (3) Payment loan and 
interest rate 
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(2) Concept Paper for KSA 
 

Program Preferable Interest Rate Loan for Energy Conservation Project 
Players Executing Agency: 

Government Bank 
Target: 
Industrial and Commercial Sector 

Concept (Target Field) 
- EC project  
- EC equipment installation 
(Executing Agency) 
- A Government Bank or public banks should be an executing agency.  
- A government support might be necessary for replenishing for low interest 

rate 
Workflow  

 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- Appraisal capacity building is necessary for the Bank staff 
- Needs survey is necessary before starting the scheme. 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments Credibility for EC project is necessary to lend 
money. The Bank staff has to have appraisal 
capacity for EC projects. Capacity building for 
the staff is necessary.   

 
 
 

Government 

National Bank or Public Bank 

(1) Supply money

Applicants 

(2) Finance for applicants (3) Payment loan and 
interest rate 



AP3-21 

2. Tax Incentive to Install Energy Conservation Equipment  
 
(1) Japan’s Sample 
 
Program Tax Incentive to Install Energy Conservation Equipment 
Players Executing Agency: 

METI and Association  
Target: 
All Sectors 

Overview (Target Technology: Total 69 type equipment) 
- Factory process equipment for energy efficiency  
- Installation of energy efficiency equipment (Air-conditioner, lamp, 

transformer, window, etc.) 
- Load leveling equipment (Gas air-conditioner, thermal storage system) 
- Renewable energy, etc. 
(Incentive) 
- Tax exemption from corporate tax, equivalent to 7% of the equipment 

acquisition cost 
- Or, special depreciation of 30% of the equipment acquisition cost in the year 

of acquisition, in addition to ordinary depreciation 
(Certification) 
- Association (Industry association, ECCJ, HPTCJ, etc.) issues a certificate 
- Evaluation criteria (minimum scale, COP, etc.) should be established. 
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

Not disclosed  

Key points 
for success 

- To issue a certificate, evaluation standard is established and open to the 
public.   

- To simplify the work of certification, various associations from each sector 
can appraise the application form submitted by applicants. 

Government

Association (Industry association, ECCJ, HPTCJ) 

(1) Establishment of 
law  

Applicants (All sectors) 

(2) Request for certificate (3) Issues certificate 

Government (Tax Office) 

(4) Submission with 
the certificate
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(2) Concept Paper for KSA 
 

Program Tax Incentive to Install Energy Conservation Equipment 

Players Executing Agency: 
Association or SEEC 

Target: 
Industry, Commercial, Residential and 
Agriculture Sectors 

Concept (Target Technology) 
- Installation of EC equipment 
(Incentive) 
- Tax exemption from corporate tax 
- Tax exemption from import tax 
(Certification) 
- Association (Industry association) issues a certificate 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points 
for success 

- To issue a certificate, evaluation standard is established and open to the 
public.   

- Association’s cooperation is necessary for planning and operation. 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to 
adopt the 
scheme for 
KSA 

Comments It seems to have a large impact for EC. However, 
arrangement with MOF and industry association 
is necessary.   

 

Government

Association (Each industry association) or SEEC 

(1) Establishment of 
law  

Applicants (All sectors) 

(2) Request for certificate (3) Issues certificate 

Government (Tax Office) 

(4) Submission with 
the certificate
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3. Information Release of Energy Conservation Equipment 
 
(1) Japan’s Sample 
 
Program Information Release of Energy Conservation Equipment 

Players Executing Agency: 
ECCJ 

Target: 
All Sectors 

Overview (Household Appliances) 
- Target is air-conditioner, TV, refrigerator, lamp, hot water server, etc.  
- Contents of information covers name of manufacture, COP in catalogue, 

evaluation of labeling system, expected annual expense, etc.  
- Website or booklet is available. 
(Equipment for Industrial and Commercial Sector) 
- Target is air-conditioner, cogeneration, transformer, boiler, elevator, etc. 
- Contents of information is just a linkage to supplier and manufactures through 

website. (no specific data in the ECCJ Website) 
(Data Collection)  
- ECCJ collects above data from association or manufactures and complies the 

database. 
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Record and 
effect 

-  No data 

Key points 
for success 

- Making database of household appliances is not so difficult because the 
“Labeling System” which indicates product performance can be utilizes. 

- The test method in the Labeling System is standardized by JIS. So data 
reliability is secured to some extent.   

- Periodical updating data and website is required.  
 

 
 
 
 

Government

ECCJ  

Support for Operation

Applicants  

(2) Publication 
(1) Data and 

information

Association or Manufactures

(3) Inquiry  
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(2) Concept Paper for KSA 
 

Program Information Release of Energy Conservation Equipment 

Players Executing Agency: 
SEEC 

Target: 
Industrial, Commercial and 
Residential Sectors 

Concept (Target EC Equipment) 
- Target should be focused on frequent use appliances such as 

air-conditioner, TV, refrigerator, lamp, hot water server, etc.  
- To compare under same condition, standard test methods are adopted for 

each appliances.  
- Association or supplier should be cooperated for database. 
 

Workflow  
 
 
 
 
 
 
 
 
 
               : Main Flow           : Optional Flow 

Key points for 
success 

- Labeling system or test standard is required for indication of 
performance. 

- Catalogue data is not comparable, because of different test method. 
- Fair and proper comparison is necessary among manufactures. 

Evaluation Criteria Level 1 Level 2 Level 3 
Duration for design, 
consensus, and finalization 

Long Middle Short 

No. of concerned agencies 
and stakeholders 

Many Several Few 

Effect on EC Small Fare Large 

Possibility to adopt 
the scheme for 
KSA 

Comments If the Labeling System can be established, it 
will be one part of the Labeling System.  

 
 
 
 
 

Government

SEEC  

Support for Operation

Applicants  

(2) Publication 

(1) Data and 
information Association  

(3) Inquiry  
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1. Energy Conservation Model House 

 

1.1 Purpose and Outline of the Project 

 

(1) Purpose of the project 

Residential sector is the largest consumer of electricity in KSA. More than 50% of electricity is used by 

residential sector according to studies.1 Also these studies show the large use originates mostly from use of 

air conditioners (AC). Population growth in this country is high enough to make house electricity use a 

heavy burden for social energy supply, if the sector continues to consume electricity at present rate. 

This problem needs to be tackled in various ways. Incentives for the energy efficient electrical appliances, 

specially ACs, and EC awareness promotion are two important issues. 

At the same time, improvement of EC performance of house building itself is crucial. Hot climate and 

cheap energy cost make use of AC inevitable in modern lifestyle, and result in large electricity consumption. 

Nevertheless, our local survey (APPENDIX-1) showed that present EC capability of houses is very low. 

The purpose of this project was to propose a possible (with available technology) model case of energy 

conserving house design in Riyadh, through discussions and studies with local professionals.  

 

(2) Outline of the Project 

1) Through our 2nd and 3rd mission, workshops were held and studies were made in order to collect 

information and opinions on conditions surrounding KSA houses. 

2) Through 3rd and 4th mission, interim proposal design was presented at workshops and evaluation 

methods were investigated. 

3) At the 5th and 6th mission, electricity use simulation result was presented in workshops. Also future 

improvement of the model house was discussed. 

 

 

1.2 Study of Local Conditions 

 

(1) Housing Districts and Blocks in Riyadh 

 

Riyadh’s city plan is based on the master plan designed by Greek architect/urban planner Konstantinos 

Apostolos Doxiadis (Figure AP4-1.1). In this plan, existing old road network was interwoven into large 

grid pattern and highway network, which allowed city expansion with the use of cars.  

Residential block serves as a unit component of this pattern. On block perimeter facing main streets are 

commercial buildings. Inside block are series of detached houses (Figure AP4-1.2). Blocks in Riyadh lean 

towards Makah direction by 25º degrees from latitude line. 

                                                  
1 Electric Power Consumption in KAU”, Dr. Badr A. Habeebullah, King Abdulaziz University 2008 
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Riyadh has four residential districts; northern, southern, eastern and western. The city is expanding 

towards all these directions with new residential block developments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since this expansion is almost a uniform phenomenon in site condition, model house should be supposed 

to stand in this typical type of residential district. 

 

 

Figure AP4-1.1 1972 Riyadh City Plan 
(source: Riyadh Architecture in One Hundred Years) 

Figure AP4-1.2 Residential Block 

in Riyadh 

Figure AP4-1.3 Residential Districts 
(map source: Google Earth) 
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(2) Climate and Heat Gain from the Sun 

 

1) Climate and Insolation 

Situated in hot-arid climate region, Riyadh temperature stays high in most of the year. According to our 

survey, average use of ACs for cooling extends 7.5 months. (APPENDIX 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Insolation duration is also long in desert climate Riyadh. Significance of direct sun radiation as heat load 

factor is far greater compared to other hot regions with more unclear skies. Figure AP4-1.5, 6 and 7 are 

graphs of average direct solar radiation on roof and walls in January, April and July. 

As shown, roof acts as main recipient of solar heat eradiation especially in summer (insolation duration 

is taken into account). Some measure for tackling roof heat gain needs to be included in model house 

design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.4 Riyadh Temperature and Precipitation (source: Climate Design Data 2005) 

Figure AP4-1.5 Average Direct Solar Radiation on Roof and Walls in January (Wh/m2) 
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2) Relation between House Configuration and Heat Gain from the Sun 

We calculated heat gain from direct sun radiation for different house floor numbers and shapes (in July, 

Table AP4-1.1). Shape of house (square or rectangular) makes small difference in heat gain (E-W long 

house receives 5% less heat than N-S long house). Difference between 2 and 3 stories house is significant. 

3 stories with less roof area receives 25% less radiation heat than 2 stories house. 

 

 

 

 

 

 

Figure AP4-1.6 Average Direct Solar Radiation on Roof and Walls in April (Wh/m2) 

Figure AP4-1.7 Average Direct Solar Radiation on Roof and Walls in July (Wh/m2) 
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(3) Local House Structure, Material and Construction 

 

1) Structure 

Figure AP4-1.8 through 10 illustrate how local houses are built.  

i) Concrete columns, beams and slabs with reinforcing steal rods are cast at site. 

ii) Walls are filled with concrete blocks (in Riyadh. Hollow bricks are used in Jeddah). 

iii) Window openings are made with short beams on upper sides. 

On this structure, windows are fixed and exterior/interior finishing is done. 

This type of structure is common not only to detached houses, but also to apartments or commercial 

buildings of almost any size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.8 

Concrete Columns, Beams and Slabs – i) 

Figure AP4-1.9 

Infill Concrete Blocks – ii) 

Table AP4-1.1 House Configuration and Solar Heat Gain in July 

(Comparison of 800m2 total floor area house) 
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Compared to masonry structure with adobes that were traditionally used in the region, concrete frame 

has more structural strength. Still, large area of wall with no steal reinforcement is questionable quality 

even in area with no earthquakes. 

 

2) Material and Construction 

i) Structure 

As mentioned, concrete is widely used in KSA. Raw material of cement, clay and limestone, are 

available in domestic area. 

ii) Wall, Roof and Insulation 

Below two pictures are common products used at house construction sites in Riyadh. 

Concrete block on the left has expanded polystyrene as central layer for thermal insulation purpose. 

Hollow red brick on the right is mainly used and cast in roof slabs in order to lessen slab weight. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture below is a typical outlook of detached house during construction. As the picture indicates, use of 

sandwiched concrete blocks has two problems concerning insulation performance. 

Figure AP4-1.10 Window Openings – iii) 

Figure AP4-1.11 Concrete Block with

Sandwiched Insulation 

(Expanded Polystyrene) 

Figure AP4-1.12 Hollow Red Brick
(© Yoshitake Ishii) 
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A. Insulation is not complete or continuous, because considerable area of concrete wall directly face 

outside and has no insulation. 

B. Use of sandwiched block cannot be examined from outlook. There is a possibility that usual blocks with 

no insulation material are used even if contractor claims proper use. 

 

 

 

 

 

 

 

 

 

Also above picture suggests that complicated or irregular shape of house, which is often favored in KSA 

makes insulation as continuous layer of building very difficult or imperfect. 

Picture below shows how hollow bricks are cast in a concrete slab. Although some people believe these 

bricks act as thermal insulators, effect is very little or none, since brick layer is not continuous. They may 

be actually acting as thermal storage, not conducting heat instantly, but emitting gradually during nighttime. 

 

 

 

 

 

 

 

 

 

 

iii) Finishing 

Exterior and interior wall/ceiling finishing is done usually by plastering. Stones and ceramic tiles are also 

used. Interior floor is covered with carpets, stones or ceramic tiles. 

 

(4) Lifestyle and House Composition 

 

According to our survey (APPENDIX 1), detached houses in KSA are very large. Average total floor 

area is above 1,000m2. Median is 650 m2. Site area and family members are also large. In this project, 

800m2 floor area in 800m2 site is supposed for a model house. 

High walls usually surround a house site for privacy. Garden between walls and house is vegetated with 

Figure AP4-1.13 House Construction Site
(© Yoshitake Ishii) 

Figure AP4-1.14 Bricks used in a Slab 
(© Yoshitake Ishii) 
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trees, but maintenance of vegetation requires water (thus energy) and environmental contribution of scarce 

vegetation is limited. 

 

 

 

 

 

 

 

 

 

 

 

 

Interior space is composed following Islamic tradition and practice. Most significant character is clear 

separation between social (male) zone and family (family and female) zone. Each zone has own entrance 

(often gates on street are also separate). 

Social zone contains majilis (meeting room) and dining room. Kitchen is placed next to dining room. 

Family zone contains women’s majilis and rooms for family use. Bedrooms (large and many) are placed 

upstairs and accessed from family area. They are often equipped with own bathrooms or kitchenettes. 

Figures below show composition of typical ground and 1st floor level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.15 Typical House 

with 800m2 Floor area and 800m2 Site Area 

Figure AP4-1.16 Ground Floor Plan Figure AP4-1.17 Ground Floor Plan
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In this composition, family zone acts as “heart of a house” connecting different zones with most activity. 

It means family zone is the primary area of energy consumption in a house. When we look at its placement, 

size and shape, issues concerning energy conservation can be realized; 

A. Family zone has limited area of windows for natural light. It consumes lighting electricity. 

B. It has large volume connecting many rooms. Air conditioning of entire space consumes large energy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our electricity use measurement study (APPENDIX 2.4) showed that nighttime use even after sleep is 

large in a residence. This should come from use of ACs in bedrooms. Room temperature probably 

continues to be high, by the emission of heat stored in building during daytime. 

 

1.3 Model House Proposal 

 

(1) Issues and Proposals 

 

Through the study, major issues to be tackled as below, were clarified in designing energy conservation 

model house in Riyadh. 

1. High outside temperature 

2. Large direct solar heat gain especially on the roof 

3. Incomplete insulation caused by building material and irregular house shape 

4. Dark central family zone that requires lighting and AC energy 

5. Large AC energy consumption in bedrooms 

6. Garden with little contribution for residential environment 

 

Table below shows proposal measures corresponding to these important issues. 

Figure AP4-1.18 Family Zone and Other Zones of a House 

Family Zone 

Other Zones 
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 Issues Proposal 

1. High outside temperature Insulation with air space and extruded 

polystyrene 

2. Large direct solar heat gain especially on 

the roof 

3 stories house with less roof area 

Louvers above roof 

3. Incomplete insulation caused by building 

material and irregular house shape 

Insulation cast with concrete 

Simple house form 

4. Dark central family zone that requires 

lighting and AC energy 

‘Light Well’ with natural light 

Separable family zone 

5. Large AC energy consumption in 

bedrooms 

Inside + Outside insulation for bedrooms 

6. Garden with little contribution for 

residential environment 

‘Common Green Passage’ with dense trees 

 

(2) Model House Structure 

 

Model house proposes use of cast-at-site concrete not only for structural frame, but also for exterior 

walls. One reason is structural reliability compared to blocks with no steal reinforcement. The other and EC 

related reason is, casting of wall concrete together with building frames enables outside insulation layer 

coherent to structural walls. 

In Japanese concrete houses, insulation material (usually extruded polystyrene) is often placed along 

outside formworks when casting concrete (Figure 2-1.19). Coherence of insulation material and building 

frame ensures high insulation performance. 

Outside insulation protects building frame from storing thermal energy (heat). Thus building will emit 

little heat towards interior, if insulation layer is completed properly. 

Another advantage of this method is visibility of insulation in construction. House owner or construction 

supervisor can easily inspect if insulation is properly installed. 

 

 

 

 

 

 

 

 

 

Table AP4-1.2 Major Issues and Proposals for Model House Design 

Figure AP4-1.19 Casting of Concrete 

with Insulation in Japan 
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Insulated building envelope is covered with outer wall with air space in between. This outer wall needs 

to be strong and can be made with concrete blocks. Or lighter extruded cement panel, which is easier for 

installation with less thermal conductivity (0.44 W/mK) than concrete blocks (0.53W/mk), is a possibility 

(Figure AP4-1.21). Presently it is not a common product in KSA as building material, but necessary 

resources are available domestically for production. 

Exterior finishing can be made in whatever way on these outer walls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.20 Model House Structure 1 – Cast Concrete Walls and Insulation 

Figure AP4-1.21 Extruded Cement Panel 

Figure AP4-1.22 Model House Structure 2 – Outer Wall and Finishing 
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(3) Model House Composition 

For restricting heat gain from direct sun radiation and ensure compete insulation, model house is 

designed in 3 stories, square simple form. 

At the center connecting 3 floors is ‘Light Well’ which brings bounced (thus with less heat) natural light 

into interior of the house (Figure AP4-1.23).  

3 floors are attributed to; 

A. Ground floor for social and service zone 

B. 1st floor for family zone 

C. 2nd floor for private zone (bedrooms). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4.1-23 Model House Section 
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Family area on the 1st floor is approached from outside stairs. Family garden is also placed on 1st floor 

level at backside of the house. This upgrading requires landfill and excavated soil for foundation is used for 

this purpose. Re-use of excavated soil at site contributes to reduction of total energy consumption for 

construction. 

As a result, ground floor rooms are placed as half underground. This also contributes to AC energy use 

reduction, since building envelope area exposing to outside air reduces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4.1-24 Model House Composition 

Figure AP4-1.25 Ground Floor Plan 

Figure AP4-1.26 1st Floor Plan 
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(4) Model House Detail – Insulation 

 

1) Wall 

Airspace between outer covering and insulation layer permits heated air to naturally ventilate and 

reduces heat load on walls (thus interior).  

Extruded polystyrene board (XPS) has lower thermal conductivity (0.025W/mK) and more compressive 

strength (35N/cm2), compared to expanded polystyrene board (EPS, 0.035-0.04W/mK, 15-30N/cm2). 

Although XPS is not common in present KSA construction market, raw material is available domestically. 

If extruded cement panels are used for covering, total thickness of the wall including finishing is 

approximately 40cm. 

 

 

 

 

 

 

 

 

 

 

 

2) Roof 

In order to reduce direct radiation of the sun, louvers are placed over the roof. Shadows made by louvers 

also give more preferable operation conditions for AC outside units. Outer insulation layer is over 

waterproof membrane. In addition, bedrooms are equipped with inner insulation.  

Figure AP4-1.27 2nd Floor Plan 

Figure AP4-1.28 Roof Plan 

Figure AP4-1.29 Wall Detail 
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3) Windows 

Double pane low-emittance glass is supposed for all windows of the model house. Window area is 

limited in each room except living room that faces private garden and has large window area on this side. 

In the model house, windows for each private room are designed as plural small opening, rather than 

single one. The reason for this design is; 

A. Plural small windows let less sun radiation inside than single window with same area, because window 

perimeter makes shadow area. 

B. They protect privacy more effectively. 

C. In each room users can enjoy change and reflection of lights created by many windows. 

 

Drawings below show exterior images of the model house. Louvers are also intended to give changing 

arabesque geometric patterns on walls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.30 Roof Detail 

Figure AP4-1.31  

Exterior Image -1 
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Figure AP4-1.33  

Exterior Image -3 

Figure AP4-1.32  

Exterior Image -2 

Figure AP4-1.34  

Exterior Image -4 
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(4) Environmental Contribution to Neighboring Area 

 

In summertime Riyadh, daytime temperature is so high that staying outside can be harmful especially for 

children and elders. Towards evening, families gather in central gardens to enjoy cooler temperature. On 

the other hand, it is difficult to find public outdoor area with families or people taking walks in residential 

districts. 

In this respect, Jeddah is different from Riyadh, although having similar temperature, with regional parks 

used by neighbors. Jeddah’s humidity and closeness to the sea probably are more favorable for plants’ 

growth and human outdoor activities. 

Still, lack of accessible outdoor area in residential districts can lead to not direct but serious problem 

concerning energy conservation in Riyadh, which is fomenting in dependence on motor movements. 

Model house design proposes one possibility of tackling this problem. Trees are gathered on backside of 

the house. If same site design is adopted to aligning neighbor houses, district will possess continuous green 

belt placed like a valley between rows of houses. Concentrated green can result more comfort, 

microclimate, than scattered one. 

If residential block is designed in such a manner, ‘common green passage’ for pedestrian walk is possible 

as shown in below drawing. Recycle use of water for plants will become more effective in such a 

residential block. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.35 Trees Behind House Figure AP4-1.36 Common Green Passage
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1.4 Energy Efficiency Simulation 

 

Computational simulations of the model house were carried out at Kato–Ooka Laboratory, Institute of 

Industrial Science (I.I.S.), University of Tokyo. 

 

(1) AC Load Simulation 

 

1) Analysis Outline 

AC Load Simulation is calculation of air conditioning load of model house and comparing cases, in their 

peak and throughout a year. This calculation leads to estimation of required AC capacity and electricity 

energy to maintain used rooms in certain temperature condition. 

 

A. Analysis Tool 

Two simulation programs, TRNSYS and COMIS are used in coupling manner for calculation. Below 

diagram illustrates flow of calculation. 

 

 

 

 

 

 

 

 

 

 

B. Simulated Cases 

Three cases were simulated and compared. Below table shows conditions of each case. Note that 

simulations were made supposing the same plan/section condition. 

 

 

 Insulation Window Ventilation Roof Louver 

Case 0 No Insulation Single Common 
Glass

No Heat Exchange No 

Case 1 Conventional 
Insulation2 Single Common 

Glass
No Heat Exchange No 

Case 2 Proposed 
Insulation Double Low-E Glass With Heat Exchange3 Roof Lover 

                                                  
2 1 Conventional Insulation means use of sandwiched concrete blocks. 
3 Case 3 is equipped with heat exchanger, which transfers heat between exhausting and intake air. 

Figure AP4-1.37 Coupling of 

TRNSYS and COMIS 

Table AP4-1.3 Three Simulated Cases 
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C. Analysis Condition 

C-1 Simplification for Modeling 

Following simplification of 3D model house data were made, in order to enable smooth calculation. 

1. Floor plans were simplified, for example non air-conditioned rooms were omitted from modeling. 

2. Multiple small windows on one wall of a room were treated as one window of summed area. 

3. Leaking of air to outside was not considered. 

4. Two living spaces were treated as one space. 

5. Glass wall between light-well and living space was omitted. 

C-2 Cooling/Heating, Ventilation Condition 

The models were simulated in such a way that ACs run to keep used rooms’ temperature between 22ºC 

and 24ºC degrees. Humidity control was not taken into account. 

Mechanical ventilation operated to exchange half of room volume in one hour. 

C-3 Room Use 

Each room use schedule and occupancy were input as below figures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.38 Room Use Schedule
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C-4 Interior Heat Emission 

Heat emission from appliances, as well as human bodies, was taken into consideration. Figure below 

shows schedule of this emission (W). 

 

 

 

 

 

 

 

 

 

 

 

 

 

C-5 Simulation Example 

Two graphs below illustrate how simulation runs. 

Figure AP4-1.41 is cooling load change in the living room on July 28th (hottest day). As the room starts 

to be used, AC also starts to operate and keeps the room temperature below 24ºC degrees. 

Whereas in Figure AP4-1.42, which is the same graph for bedroom 5, AC runs while the room is used for 

sleeping. 

 

Figure AP4-1.39 Occupancy of Each Room 

Figure AP4-1.40 Heat Emission from Electrical Appliances 
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2) Simulation Result 

 

Graph below shows peak cooling load in a year, which is in the afternoon of July 28th, in all living spaces. 

Each peak load decides necessary AC cooling capacity for each room. Better insulation (Case 1 and 2) 

reduces installing AC capacities. This leads not only to lower initial cost of ACs, but also to more energy 

efficient operation of ACs with power closer to rating power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.41 Cooling Load in Living Room 
                on July 28th 

Figure AP4-1.42 Cooling Load in Bedroom 5 
                on July 28th 

Figure AP4-1.43 Peak Cooling Load [kW] in Each Room on July 28th 
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Next graph shows annual cooling load required to keep set room temperature for each room. Case 1 and 

2 can reduce annual load in every room, compared to Case 0. Their effects are large in 2nd floor bedrooms. 

In other words, bedrooms suffer largely from bad air condition if insulation is not properly installed. 

Case 2’s effect is prominent in the living room. Contribution of double pane low-E glass should be the 

major reason, because the living room has large window area. Including Case 2, living room heat load is far 

greater than other rooms. Room size, intensive use and adjacency to outside should be the causes. 

Considering frequent use and heat emission, annual kitchen heat load is not so large. This is possibly 

because the kitchen is placed half underground. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next graph shows change of monthly cooling load in whole house. Because simulation runs 

mechanically, Case 1 and 2 experiences cooling load in winter to counter interior heat emission. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.44 Total Annual Cooling Load [kWh] for Each Room 

Figure AP4-1.45 Monthly Cooling Load [kWmonth] for All House 
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Two graphs below show peak and annual load for heating. Effects of Case 1 and 2 are large, but the scale 

is different from cooling. 

Noteworthy result is Case 2 requires almost 0 energy for heating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table below shows annual air conditioning load and calculated electricity use and cost for countering 

load in each case. Since ACs operate with heat-pump mechanism, required electricity is less than the load. 

In this calculation, COP (coefficient of performance) is supposed as 2 (=6.826 in EER). Cost of electricity 

is set as 15 halala/kWh. 

Figure AP4-1.46 Peak Heating Load [kW] in Each Room on January 17th 

Figure AP4-1.47 Total Annual Heating Load [kWh] for Each Room 
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Compared to Case 0, Case 2 (model house) AC load (electricity use) is less than half. It is 72% of case 1. 

Although Case 2 shows EC advantage to case 0 and 1, it is important to note here that the simulation was 

made for the same plan/section condition. Also for Case 1, sandwiched block insulation was supposed to 

cover fully and continuous for the sake of modeling, which is not the case in conventional construction. 

 

 

 Case 0 Case 1 Case 2 
Annual Cooling Load 

[kWh] 
120,893 87,342 63,481

Annual Heating Load 
[kWh] 

8,698 922 260

Annual AC Load 
[kWh] 

129,591 88,264 63,741

Electricity Use for AC 
[kWh] 

64,796 44,132 31,871

Cost for AC 
[SR] 

9,719 6,620 4,781

 

Next table is a rough but not too favoring amendment considering these points. 

Case 0’ is supposed to be 2 stories house with the same total floor area. Case 1’ is the same building as 

Case 2, but incompleteness of insulation is taken into consideration. 

 

 

 Case 0’ Case 1’ Case 2 
Annual AC Load 

[kWh] 
162,000 109,000 63,741

Electricity Use for AC 
[kWh] 

81,000 54,500 31,871

Cost for AC 
[SR] 

12,150 8,175 4,781

 

This table suggests that model house consumes 40% of AC energy compared to conventional house with 

no insulation. It consumes 60% compared to house with good insulation in market. 

At the same time it is important to remember even model house AC energy use is very large. Electricity 

tariff in KSA is almost 1/5 of Japan. If it were in Japan, model house need to pay 662 thousand yen per year 

for air conditioning. 

 

3) Comfort in Bedrooms 

Room air temperature is not equal to human sensible temperature. Humidity, air movement and radiation 

are other related elements. In a summer room, if temperature of walls, windows or ceiling is high, radiation 

brings discomfort for occupants. 

 

Table AP4-1.4 Annual AC, Electricity Use and AC Cost in Three Cases -1 

Table AP4-1.5 Annual AC, Electricity Use and AC Cost in Three Cases -2 
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Graph below shows change of ceiling temperature on July 28th in bedroom 5. In Case 0, ceiling 

temperature stays at 32 - 33ºC through the day. This will lead to excessive setting/use of AC even if air 

temperature is kept at 24ºC during occupancy. Whereas in Case 2, ceiling temperature stays at 25 - 27ºC 

through the day. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next graph shows same room’s ceiling temperature change through one year. Model house bedroom 

ceiling is kept at steady temperature and gives more comfort, because of careful roof insulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(2) Computational Fluid Dynamics Simulation 

 

1) Analysis Outline 

Figure AP4-1.48 Ceiling Temperature of Bedroom 5 on July 28th 

Figure AP4-1.49 Ceiling Temperature of Bedroom 5 over One Year 
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In order to visualize temperature condition for different cases, CFD (computational fluid dynamics) 

simulation was conducted. Below diagram and table illustrate calculation flow and condition of this 

simulation. 

 

 

 

 

 

 

 

 

 

CFD Model K-epsilon / high Reynolds number 

Algorithm SIMPLE 

Grid arrangement Unstructured Non-staggered (415,775 tetrahedral cells) 

Momentum and transport 
equation 

Upwind differencing scheme 

Turbulent intensity at inlet 
boundaries 

0.1% 

Turbulent length scale at 
inlet boundaries 

0.1 m 

 

 

Figures below show allocation of AC units and outlet direction input in the simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.50 Calculation Flow of CFD Simulation 

Table AP4-1.6 Calculation Condition Detail of CFD Simulation 

Figure AP4-1.51 Allocation of AC Units 
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2) Simulation Result 

Figure below is visualization of interior temperature at 5pm on July 28th (sectional drawing). At this time 

bedrooms on top floor are not used and ACs are stopping. In Case 0, bedroom temperature exceeds 30ºC 

degrees. In Case 2, it is 26 to 28ºC. 

High room temperature in absence can be experienced when room starts to be used. This discomfort 

easily leads to continuous operation of ACs even while absence, which is a common practice in KSA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next figure shows horizontal temperature field of 1st floor (living room). Case 0’s dark blue area is 

below 19ºC degrees. This means in houses with no/bad insulation, some area of rooms become excessively 

cold (or warm) and waste energy for air conditioning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure AP4-1.52 Sectional Temperature Field in Summer 

Figure AP4-1.53 Horizontal Temperature Field (1st Floor) in Summer 
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1.5 Conclusions and Further Possibilities 

 

(1) Possibility of Model House from Dwelling Point 

Through workshops, opinions on model house were collected. It was generally accepted as realizable, 

from dwelling point of view. Only remark was that 3 stories house would be difficult to live for Saudi 

people, who are used to horizontal wideness, especially among elders. 

Large Saudi families have elder family members at high rate. Positioning of some bedrooms on lower 

levels can be an alternative. 

 

(2) Construction Cost 

Although model house utilizes domestically available material such as cement/concrete or chemical 

insulation products, supposed products are not widely used at local construction sites. This fact easily leap 

to conclusion that proposal is not realizable economically, but this is too simple misunderstanding because 

if benefits of EC design are proved worth industrial investments, products will be available in market. 

More difficult issue is, how to evaluate field and other expenses regarding quality control of construction. 

The best way for this evaluation would be actual construction (even in small size) of prototype. Many 

related issues will arise if it were done. 

 

(3) Industrialization of Housing 

Above issue relates to harsh working condition at construction sites in Riyadh climate. Quality control of 

house performance accompanied by cost efficiency can be improved with industrialization of house 

construction. Specially because housing supply needs to expand in this country. 

Proper industrialization such as introduction of prefabrication will also contribute to better total lifecycle 

energy performance of houses. Development of model house design in this view is necessary future step. 

 

(4) Utilization of Renewable Energy 

In energy efficiency simulation, use of natural airflow during interim period was intended at first. This 

could not be done because temperature change within a day was too large. In essence, model house is 

designed in such a way that it is protected from exterior heat load. 

Next step should be the use of renewable energy. Monitoring device will also help energy conservation 

and interaction with natural energy resource. 

Roof louver material is actually not specified up to now. Wooden louvers will easily bend because of 

dryness and sun radiation. They can be made with photovoltaic panels. 

 

(5) Use of Local Tradition 

Some comments at workshops hoped for development of project utilizing vernacular housing tradition. 

Adobe bricks and Mashrabiya are great examples of wisdom to sustainability dwell local climate and 

culture. In this respect, further cooperation is necessary between both contributors. 
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(6) Fruitage of Project 

Apart from acquired results, whole project was fruitful because it created discussions between local and 

Japanese teams, and helped raising many issues concerning residential energy conservation in KSA. 

 

Figure AP4-1.55 Mashrabiya 

in Jeddah 

Figure AP4-1.54 Adobe Structure 

near Riyadh 
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2. Energy Management and Energy Conservation Implementation in Cement Industry 

 

2.1．Purpose and Outline of Activity 

(1) Purpose 
1) Dissemination of energy conservation 
2) Provision of information on Cement industry in Japan 
3) Introduction of benchmark implementation procedure, survey and analysis 
4) Popularization of benchmarking method 
 
(2) Reasons to apply benchmarking to cement industry 
1) Product grades are limited. 
2) Cement industry is a typical energy-intensive industry. 
3) It is easy to collect Japanese basic data. 
 

(3) Collected data 
1) Electricity consumption 
2) Amount of production 
3) Number of employees 
 

2.2. Outline of cement industry in the KSA 

(1) Cement enterprises in the KSA 

9 plants of 9 enterprises are in production, and annual production of cement and clinker in 2005 is 

25,358 tons and 19,881 tons respectively. And it can be said that 27 new comers are preparing to join the 

business. 

 

Cement enterprises and their plants are shown in Table AP4-2.1. Project team visited yellow highlighted 

enterprises.  

 

Table AP4-2.1 List of Cement enterprises and plants in the KSA (in 2005) 
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(2) Trend of cement production in the KSA 

Amount of production surges steadily upward shown in Figure AP4-2.1, and the average growth rate in 

these 10 years (1994-2005) is 4.9%. Most of products were consumed in domestic use. Saudi cement 

enterprises are growing steadily with economic development, and they can sell their products as much as 

they produce. Products are also exported to GCC. All cement enterprises in the KSA are affiliated with 

AUCBM (Arab Union for Cement and Building Materials)4. This organization arranges meetings and 

seminars to communicate and make information exchange among Arabian countries. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure AP4-2.1 Trend of cement production in the KSA5 
 

 

2.3. Report of cement plant tour 

Table AP4-2.2 shows data of cement enterprises, which JICA project visited. 

 

                                                  
4 Head Quarter is in Syria. Regular meeting is held every year. (At Syria and Cairo in 2007) 
5 All enterprises 
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Table AP4-2.2 Data from cement enterprises, which JICA project visited 

 
 A-Company B-Company C-Company D-Company 

Capital Million SR  450  25 
DL6 4×1,000 = 4,000  #1 ~ #5 #1 (300) Existing NSP7 1×4,000 = 4,000 4,700 #6 #2 ~ #7 8,300 Capacity 

(ton/day) Clinker
Future NSP 2008/End 

2010 
(7,000) 

(10,000) 2007 (4,500) 2008/1 
? 

#7 
#8   

Establishment 1956 1980  1961 
Number of Employees 800 660   
Area  km2 43 33   

#1 - #5 84 → 80 Electricity Intensity KWh/ton 122 98 
#6 68 → 65 

 

Purchase  None Yes 8 ~ 10 MW For #1 only 
Fuel: Heavy oil8 Peak: 64, average: 48MW 
Diesel; 7 units 

Natural gas: 9 Gas turbines, 
Total 25MW Electricity  Generation 

Gas turbine: 3 units 
None Generator: 27MW×3units 

One: Stand by Emergency: Diesel 
Fuel9  Crude oil, 40,000 liter/hour Fuel gas Natural gas and crude oil 

Lime stone Years 20 400   

Power Factor  - 0.95 0.90 → 0.94 - 

Energy Management Org.  - Yes (6 members) None None 
Others 

ISO Certificate 9001 (in 2004)    

 

 

                                                  
6 Dry Long (DL) kiln type 
7 New Suspension Pre-heater (NSP) type 
8 Free from Aramco except transportation 
9 From Aramco 
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2.4. Benchmarking analysis of Energy Conservation 
(1) International comparison of energy intensity 

Figure AP4-2.2 shows recent trend of heat intensity and electricity intensity in Japanese cement industry. 
Heat intensity is improved steadily, but electricity intensity is getting worse (increasing) contrary. Increase 
of heat intensity results from effective utilization of waste materials. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure AP4-2.2 Trend of heat intensity and electricity intensity in Japanese cement industry10 
 

Electricity intensity was improved by more than 20 kWh/ t-Cement in Figure AP4-2.3 showing past 40 
years trend. Trend of increasing is recent phenomenon by using waste materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure AP4-2.3 Trend of average electricity intensity in Japanese cement industry 
 

Japan is said to be the top drawer of energy intensity in the world cement industry. (Figure AP4-2.4) 
 
                                                  
10 Source: Cement Handbook (published by Japan Cement Association) 

Conversion ratio from electricity to heat is calculated using 39.98%(1kWh=2,150kcal) of efficiency at 

thermal power plants. 
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Figure AP4-2.4 International comparison of energy consumption in clinker production (in 2000)11 
 
(2) Comparison of energy intensity and productivity between Japanese and Saudi cement enterprises 

Energy intensity and other parameters are compared between Japanese and Saudi cement enterprises, 
and shown in Table AP4-2.3. Japanese average data are from Cement Handbook published by Japan 
Cement Association, and company data are from CSR (CSR: Corporate Social Responsibility) reports of 
Taiheiyo Cement12 and Sumitomo Osaka Cement13. 
 

Table AP4-2.3 Energy intensity and productivity of Cement enterprises 
Japan The KSA 

 Unit 
Average Taiheiyo Sumitomo 

Osama 
Saudi 

Cement 
Arabian 
Cement 

Qassim 
Cement 

Heat MJ/ton-Cement 2,450 2,333 3,099  
Elect- 
ricity KWh/ton-Cement 102.7 108.2 92.4 135.7 121.6 98.2

Energy MJ/ton-Cement 3,420 3,349 3,966  

Produc- 
tivity 

Cement-ton 

person×year 
19,600 10,209 10,762 3,716 3,825 3,095

And some issues were confirmed as follows. 
 
1) Electricity intensity of Qassim and Sumitomo Osaka Cement is less than 100kWh/t-Cement, and they 

are less than Japanese cement industry average. All facilities of Qassim are NSP process, and it must be 
the main reason of low electric intensity. Sumitomo Osaka Cement shows good electric intensity, but 
total energy intensity is not good. The reason is not clear. 

                                                  
11 “Toward a sustainable cement industry sub study 8: Climate change (March 2002)” (Battel) 
12 http://www.taiheiyo-cement.co.jp/index.html 
13 http://www.soc.co.jp 
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A-Company B-Company C-Company Japan
(Total)

Japanese
S-Company**

Dry Long 4 5
Suspension Preheat * *
New SP 1 2 1 * *

8,000 4,700 7,070
2,600,000 1,776,000 2,550,000
3,060,000 2,042,400 2,750,000 73,170,000 12,780,000

800 660 740
3,825 3,095 3,716 19,600 -

0 210,880,000 345,000,000
417,035,000 0 28,124,000
417,035,000 210,880,000 373,124,000
372,218,400 200,614,000 373,124,000 7,512,000,000 1,140,000,000

122 98 136 103 89
Elec. Consumption for Cement (kWh/year)
Elec. Intensity (kWh/t-cement)

El
ec

tri
ci

ty
Pr

od
uc

tio
n

Purchased from SEC (kWh/year)
Private generation (kWh/year)
Total electriity (kWh/year)

Clinker Production (t/year)
Cement Production (t/year)
Number of employee
Productivity (t/year/person)

Item

Number of Kiln

Clinker Production Capacity (t/day)Fa
ci

lit
y

2) Only electric energy data were inquired to Saudi cement enterprises, then total energy cannot be 
compared and discussed. As heat and electricity energy have any affect to each other, both heat and 
electricity data collection is must at such surveillance. 

3) Productivity per person in Saudi cement industry is one third of that in Japan. Level of automatization, 
difference of worker quality and personnel expense must be major reasons of difference between these 
two countries. 

 
Though obtained benchmark data in this project is not so much, it became clear that energy efficiency 

differs vastly with country, enterprise and production process. It is recommended that Saudi cement 
enterprises collect data and information of production efficiency, analyze them and make and implement 
improved production scheme in the PDCA cycle. Co-operational activities with AUCBM on benchmarking 
might be helpful. 
 
2.5. Production facility, labor productivity and electricity intensity in the KSA 
 

Table AP4-2.4 Production, Productivity and electricity intensity of Saudi cement enterprises 

 
 
 
 
 
 
 
 
 
 
 

*: Kilns are included in these criteria. 
**: Estimate value from disclosed data 

 
(1) Production Facility 

Saudi cement enterprises with histories still have old type production facilities such as Dry Long. 
Recently demand of cement is increasing rapidly with construction boom, and these companies are 
introducing cutting-edge facilities and technologies. Newly born plants introduce most advanced facilities.  
 
(2) Labor productivity 

Labor productivity of cement enterprises in the KSA is almost same in spite of difference of production 
facilities, and it is about one fifth of Japanese cement industry average. 
 
(3) Electricity consumption and electricity intensity 

There are various styles of power supply; from 100% of SEC supply to 100% of private power 
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generation. Fuels are gas, diesel oil, heavy oil, etc. 
Electricity intensity is in dependence upon old or new of facilities. Low electricity intensity is attained 

with NSP (new suspension pre-heat) type kilns, and a certain enterprise has lower electricity intensity than 
Japanese average. Generally speaking cement enterprises has deeply interested in improvement of 
electricity intensity. 
 
2.6．Summary: Energy Management and Energy Conservation in Saudi Cement Industry 
(1) Foreign technology introduction 

Saudi Arabian cement industry introduces cement production technologies from west Europe such as 
Germany, Denmark and others. Energy efficiency of Europe is at the high level in the world same as Japan, 
then their energy conservation technologies are advanced. 
 
(2) Energy management 
1) Energy conservation by managers 

One of cement enterprise, which project team visited, was not aggressive because of low energy price. 
And most of enterprises seem to have no energy managing organization and no specialized energy manager. 
It is strongly suggested that energy manager should be appointed and he grasps daily energy consumption 
even if he serves concurrently.  
 
2) Energy data management 

One of cement enterprise, which project team visited, had a plan to establish power data management 
system. Most of Saudi enterprises, not only in cement industry, don’t control electricity. To appoint energy 
manager and to collect and analyze energy data is important. 
 
3) Benchmarking 

Benchmarking is useful for energy conservation target decision and energy conservation implementation. 
It is recommended to collect energy data through official or in-formal routes. 
 
(3) Private power generation and Peak shift 

Many cement enterprises cooperate to shift peak power demand time zone by operating raw material and 
finishing processes mainly at night in Japan. Kilns, however, are operated all through day. In the case of 
having loose fitting production capacity and/or stock capacity, this type of peak shift operation is possible. 

Cement industry is energy intensive one. Following conditions should be confirmed. 
 
1) Private power generation 

Many Saudi cement enterprises have private power generation facilities. These enterprises buy cheap 
fuel from Aramco, and constantly generate cheaper electricity than buying from SEC.  Enterprises 
generating most all electricity by themselves cannot help peak shift operation for SEC. 
 
2) Electricity buying enterprise 

One of cement enterprises, which project team visited, cooperated SEC urgently by peak cut operation at 
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peak demand time zone (12:00-16:00) last summer. It must be possible that cement enterprises can 
cooperate to peak shift operation of electricity in summer when TOU tariff operation is introduced. 
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3. Questionnaire Survey to Housewives on Energy Conservation 
 
3.1. Background and Objectives 

According to SEC report, the electric power consumption in the residential sector accounted for 50% of 
the whole KSA in 2005; therefore it is important to promote energy conservation in individual households. 
In addition, taking into account that most housewives are fulltime homemakers in the KSA, awareness 
raising of women and housewives in particular on energy conservation is quite influential. 

As described in Appendix 1, a survey was conducted by contracting out to a local consultant on the 
status of energy use and conservation in the residential sector in four areas and by housing types. The 
survey, however, was not necessarily addressed to female respondents. 

For the purpose of complementing the survey mentioned above, a mini project was carried out based on 
questionnaires addressed to the Steering Committee members intending women and housewives to be 
respondents.  
 
3.2. Respondent 

Although the survey targeted the housewife layer, the number of female respondents was only five out 
of the total 15 as shown in the table below. It can be considered that this was due to 1) the questionnaire 
was prepared in English so that all the targeted women could not necessarily answer to the questions, and 
2) the questionnaire sheet did not explicitly say that the respondents should be women. 
 

Table AP4-3.1 Breakdown of Respondent 
 Gender Occupation Age Bracket 

Housewives 2 20s – 40s 

Employees 1 40s Female 

Students 2 10s – 20s 

Total 
Respondents 

15 
Male Employees 10 30s – 50s 

 
 
 
 
 
 
 
 
 

Figure AP4-3.1 Respondent Generation and Number of Families 
 
3.3. Energy Conservation Activities 

As shown in the following table, two-thirds of the respondents are conscious of energy conservation and 
carrying out day-to-day EC practice. 
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Table AP4-3.2 Actual EC Practice in Daily Life 
 Yes No 
Female 3 2 
Male 7 3 

Total 10 5 
 

EC activities are categorized and summarized in the following table. Female respondent activities were 
limited to the operation of energy consuming equipment and facilities while men were carrying out 
maintenance and replacement of equipment and facilities as well. 
 

Table AP4-3.3 EC Activities in Households 
Gender Target Operation Maintenance Replacement 

Air Conditioner 3   
Lighting 3   

Heater 1   
Female 

TV 1   

Air Conditioner 4 3  

Lighting 3 1 4 Male 

Others 1   

 
Details of EC activities are listed in the table below. It should be noted that temperature settings on air 

conditioners are rather low. 
 

Table AP4-3.4 EC Activities to Home Appliances 
Female (5) Male (10) 

Appliances EC Activities 
Yes No Yes No 

Frequently switch off the light  5 0 10 0 
Lighting 

Select high efficiency lamp 2 1 4 0 
Leave a clearance of 5cm to the wall 5 0 10 0 
Frequently close the room doors 5 0 10 0 

Select cool placement 4 1 8 2 
Refrigerator 

Avoid excessive storage 4 1 7 3 

Keep temperature settings 20 – 23℃ 4 1 7 3 

Keep temperature settings ＞24℃ while running fans 2 3 2 7 

Avoid placing material goods near the outdoor unit 4 0 9 0 

Air 
Conditioner 

Switch off the units when nobody is in the room 5 0 10 0 
TV/Audio Disconnect the plug when nobody use 4 1 8 2 
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3.4. Electricity Price 
The electricity pricing system for the residential sector in the KSA is shown in the following figure. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure AP4-3.2 Electric Power Tariff for the Residential Sector in the KSA 
 

The next table shows responses to the electricity tariff for the residential sector. 
It is interesting that all the female respondents considered the electricity tariff cheap while half of the 

male respondents said it was still expensive. Reasons for this may be as follows: 
- Housewives who handle family finances recognize that electricity cost makes up a small proportion 

of the total expenses; and/or 
- Men keep in mind that the KSA is an oil producing country and consider that even the current 

electricity tariff is on a high level.  
The further study will, however, need a greater sampling set. 

 
Table AP4-3.5 Response to Electricity Tariff in the KSA Home 

Gender Expensive Cheap 

Female - 5 
Male 5 5 

 
3.5. Criteria for Selecting Home Appliances 

The next figure shows priorities for selecting home appliances. Although the number of samples is small, 
it is understood that respondents give higher priorities to price and energy consumption rate. Actually, 
however, there is some uncertainty about how to evaluate energy consumption rate in the KSA where the 
energy labeling system has not yet been implemented and energy consumption rates are not currently 
displayed in appliance shops.   
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3.6. Energy Consuming Home Appliances 
As for the question about much energy consuming appliances, a reasonable result was obtained that air 

conditioner made a most showing. 
 
 
 
 

 
 

 
 
 
 
 

Figure AP4-3.3 Energy Consuming Appliances (selected all that apply) 
 

3.7. Conclusion and Recommendations 
Although the samples were small in number, important information was obtained through this mini 

project, which can be highly valued as a survey methodology. It is worthwhile continuing this type of 
questionnaire survey, which can be easily implemented with cooperation between the counterpart and the 
Steering Committee members.  

It is recommended to pay attention to the following in future implementation: 
- Prepare questionnaires in Arabic as well as in English; and 
- Put some thought into questionnaire sheets so as to enable respondents to make answers easily (e.g. 

illustration insertion).  
It is recommended as well to increase samples in number by enlarging target area through the 

cooperation from energy related governmental agencies and/or schools. 
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Figure AP4-4.1 Site 1 

Figure AP4-4.2 Inside and Outside Temperature 

4. Electricity Consumption Measurement (Residence) 
 
4.1 Purpose 

The measurement was conducted in order to grasp the daily trend of electricity consumption and the 
potential for energy conservation at residential houses. 

Measurement survey was conducted at 3 residential houses. Since the result of one house is written on 
7.3.2, other 2 results are described below. 
 
4.2 Measurement of Site 1 
 
(1) General Information 
1) Type of House 

Independent House in Riyadh 
 
2) General Profile 

• No of SEC Meter: 2 
• Other Information: No Information 

 
(2) Measurement Period 

From June 17th, 2007 to August 29th, 2007 
 
(3) Measurement Results 
1) Inside and Outside Temperature 

 
 
2) Daily Load Curve on Weekdays 

Small peak load existed around 15:00 and peak time was in the night. It might be lunchtime and dinner. 
Since the load demand after midnight was remaining and relatively high, it is considered that the family 
left on A/Cs when they were sleeping. 
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Figure AP4-4.3 Daily Load Curve on Weekdays 

Figure AP4-4.4 Daily Load Curve on Weekends 

 
 
3) Daily Load Curve on Weekends 

The peak demand of weekends was higher than that of weekdays. 

 
 
4) Recommendations 

Though the information concerning this site is very limited, it is presumed that the load mainly consisted 
of A/Cs. If the existing A/Cs are replaced by high-efficient A/Cs, it is expected that the load demand and 
the electricity consumption would be significantly reduced. 
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Figure AP4-4.5 Site 2 

Figure AP4-4.6 Daily Load Curve (Family) 

Figure AP4-4.7 Daily Load Curve (Single) 

4.3 Measurement of Site 2 
 
(1) General Information 
1) Type of House: Flat with approx 60 square meters 
2) Floor: 1 Living room, 2 bed room and kitchen 
3) No of SEC Meter: 1 
 
(2) Measurement Period 

From June 23, 2007 to November 22, 2007 
(The husband lived alone during for a period of some weeks because his family went back to home 
country to spend summer vacation.) 

 
(3) Measurement Results 
1) Daily Load Curve (Family) 

The figure below shows daily load curve when the family lived together. The highest peak was recorded 
family after midnight. It will mainly consist of ACs load. 

In November, they might not use ACs at all. 

 
2) Daily Load Curve (Single) 

The figure below shows daily load curve when the husband lived alone. 
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3) Recommendations 
According to hearing investigation with the family, they seldom use ACs in November. Since the load 

demand in November was almost flat, the peak load mainly consist of ACs load. 
Therefore, replacement to high-efficient ACs will be effective in order to promote energy conservation. 
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Figure AP4-5.1 Single Line Diagram 

5. Electricity Consumption Measurement (Governmental Building) 
 
5.1 Purpose 

The measurement was conducted in order to grasp the daily trend of electricity consumption and the 
potential for energy conservation at an office building. 

 
5.2 Site Information 
(1) Site 

Head Office of a Ministry in Riyadh 
 
(2) General Information 

 No. of stories: 12 stories (B2, B1, G, 1~9) 
 Office hours: 7:30am ~ 2:30pm 
 No. of employees 

• On weekday 
Office hours: Around 1000 persons 
Other than: 10~15 persons or more 

• On weekend:   10~15 persons 
 Architectural Information 

• Area:    15000~16000 m2 (Approx. 1440m2 *11 stories) 
• Structure:     Masonry construction 
• Wall 

Material:   Reinforced concrete 
Insulation:  Polystyrene 

• Roof:   Flat concrete slab 
 Used energy 

•  For cooling:   Electricity 
•  For heating:    Electricity 
•  For hot water supply:   Electricity 

 Electrical wiring:            Due to no existence of Single Line Diagram, the detail wiring is 
unknown. The rough diagram is shown below. 

 
 
 
 
 
 
 
 
 
 

320 RT
* 2 units 190 RT

Measurement Point 
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Figure AP4-5.2 Average Outside Temperature each Month 

(3) Electric Facilities 
 Chillers: 2 units of 320RT Chiller 

 1 unit of 190RT Chiller 
 Air Handling Units (AHU): 22 units 
 Split-type A/Cs: 25 to 30 units 
 Widow-type A/Cs: 15 to 20 units 
 Lightings 
 Elevators 
 Outlet (PC, copy machine) etc. 
 Operation of Chiller and AHUs 

• Daily operation:   24hours a day 
• Thermostat:    20 deg. (8:00~14:00), 24 deg. (Other time) 
• Seasonal operation 

From Nov. to Middle of March: 2 chillers (320RT and 190RT) 
Other:    3 chillers (2*320RT, 190RT) 

 
5.3 Measurement Period 

From November 26th, 2007 to May 18th, 2008 
* Data of Line 3 where 2 units of 320RT Chillers connected was not measured from March 18th to 

May 18th for unknown reason. The curves of March, April and May include assumption by JICA 
team. 

 
5.4 Measurement Results 
(1) Outside Temperature 
 The figure below shows average outside temperature from December 2007 to May 2008. The trends vary 
with seasons. May was the warmest month during the period. 

Average Outside Temp at a governmental building in Riyadh
From 1st December,2007 to 14th May,2008
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Figure AP4-5.3 Average Indoor Temperature each Month 

Figure AP4-5.4 Daily Load Curve on Weekdays 

(2) Indoor Temperature 
Since the setting temperature of thermostats were changed from 24 deg C to 20 deg C and Window-type 

A/Cs and Split-type A/Cs were tuned on around 8:00am, hence the indoor temperature was getting lower. 
 On the other hand, after 2:00pm when office hours finish, it was increasing gradually. 

 
 
 
(3) Daily Load Curve on Weekdays 

The load demand was increasing from around 7:00 as the office hours started. And the peak load was 
seen around 12:00 to 13:00. 

During off-office hours, the load was measured consistently and its value was around 500 to700 kW. 
The ministry operates 2 chillers in winter and 3 chillers in other 3 seasons. And some maintenance staffs 
told us that they left on lightings all the time same as the operation of chillers. 500 to 700kW at the night 
might be huge and there would be the potential to reduce the load. 
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Figure AP4-5.5 Daily Load Curve on Weekends 

(4) Daily Load Curve on Weekends 
Even though only 10 to 15 workers were usually in the building on weekends, the load of 500 to 600 kW 

was seen constantly. It is considered that this constant load comes from chillers, lightings etc. 
 

 
(5) Recommendations 

There might be much potential to reduce electricity consumption. Some ideas are as follows: 
 Turning off lighting where it isn’t necessary 
 Tuning presetting temperature and operation schedule of chillers & AHUs 

Stopping standby power of PCs, elevator etc. 
 Tuning operation of exhaust blower at parking on Basement floor etc. 

 
Some employees said that they usually turned off lightings except for security ones, the other said that 

most of lightings left on all the time. In other words, energy conservation activities might not be conducted 
as organizational tasks at the office building. The organizational efforts are required in order to promote 
energy conservation furthermore. 
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Figure AP4-6.1 Al-Haigail Mosque 

6. Electricity Consumption Measurement (Mosque) 
 
6.1 Purpose 

The measurement was conducted in order to grasp the daily trend of electricity consumption at the 
mosque and the potential for energy conservation at the mosque. 

 
6.2 Site Information 
(1) Name of the mosque 

The Al–Haigail mosque in Riyadh was surveyed. It is a 
private, Jama (Friday mosque) mosque. 
 
(2) General Profile 

General profile is shown below. 
• Site Area:  4,700m2 (*assumption) 
• Total Floor Area: 2,300m2 (*assumption) 
• Hall Area:  1,300m2 (*assumption) 
• Hall Volume:  9,000m3 (*assumption) 
• Floor Number:  1 (partial mezzanine for women Salat (prayer)) 

 
(3) Number of prayers 

According to the mosque staff, there are generally 30 people that pray at Isha’a, 150 at Maghrib, and 
more than 1,000 (filling the hall, courtyard, and outer areas) at Jumu’ah.  

The mezzanine floor is for women. However, on Fridays, men are sometimes allowed on the mezzanine 
because the number of people is so great.  

 
(4) Facility and Operation 
(i) Air Conditioner 

6 package units (each with 2.5 RT of cooling capacity) are placed on the roof for the prayer hall. Cooled 
air is supplied from ducts around the skylight. Air returns through ducts located on the corners of the 
ceiling. 

There are 8 pendant fans in the hall and a few window-type air conditioners for back rooms. The 
temperature of 4 thermostats for A/C package units is set at 22 degrees. Two of the six units run 24 hours a 
day, even when prayer is not being conducted. The remaining 4 units are run from 11:00 to 21:00 (before 
Dhuhr to Isha’a). 

 
(ii) Lighting 

There are 9 large chandeliers in the hall, but they are not used because of the radiating heat. Instead, 
fluorescent lamps (not highly efficient) on the ceiling are turned on during prayers. 

 
6.3 Measurement Period 

From September 3rd, 2007 to September 17th, 2007 
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Power Demand of AL-Haigail Mosque (3rd September, 2007)
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Figure AP4-6.2 Daily Load Curve of the Mosque (September 3rd, 2007) 

Figure AP4-6.3 Load Demand and Inside Temperature (September 19th, 2007) 

 
6.4 Measurement Results 
(1) Daily load curve 
 The figure below is typical daily load curve on weekdays in summer. 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Since all 6 A/C units run from 11:00 to 21:00, electrisity consumption is remarkable compaere to the 
other period. During the period when the prayer is not coducted, the moque consumes around 40 to 80 kW 
of electricity.  

The figure below shows the load demand and the inside temperature on Septemnber 19th, 2007. 

 
 

(2) Recommendations 
It is recommended that air conditioning operation be used only for prayer time. And the temperature 
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should be set at more than 22 degrees at all times. It might be too much cooling. 
Besides, currently cooled air is supplied and returned to ducts located at the same place on the ceiling. 

However, prayers stay at only floor area in the mosque. In odder to reduce the air conditioning load, a low 
layer air conditioning zone can be designed. 
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7. Energy Conservation Potential  
 
7.1. Turning off of Lights during Pray Time 

Supposing that turning off lights for 30minutes at twelve o’clock at governmental buildings, and that 
turning off lights for 30 minutes each at twelve o’clock and 3o’clock at commercial buildings, electricity 
conservation effect was calculated. Total electricity conservation at both buildings is shown in Figure 
AP4-7.1. If this activity is implemented by all buildings, 0.8% and 0.95% of lighting electricity is saved in 
governmental and commercial buildings respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure AP4-7.1 Energy conservation potential of turning off lights during pray time 
 
7.2 Rise of Preset Temperature of Air Conditioner by 1 degree Celsius 

Supposing that air conditioning electricity conservation effect is 7% by rise of one degree Celsius of 
preset temperature, electricity energy conservation potential was calculated. Sum of electricity reduction in 
governmental and commercial buildings are shown in Figure AP4-7.2. If this activity is implemented at all 
buildings, 2,288,623MWh of electricity can be saved annually. 
 
 
 
 
 
 
 
 
 
 

 
 

Figure AP4-7.2 Energy conservation potential of rising preset temperature of Air Conditioner 
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7.3 Power Factor Improvement in Industrial Sector 
Supposing Power Factor is improved by 20% (PF: 0.7 0.95) in industrial sector, transmission loss is 

improved by approx. 30.5%. Reduction of electricity loss is shown in Figure AP4-7.3, assuming total 
transmission loss is 11% of electric power. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure AP4-7.3 Energy conservation potential of power factor improvement 
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