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1. Project Summary

Bright Management Consulting Co.,Ltd. (BMC) has been contracted by DEDE on April 2013 as the
project consultant on component 1, partly of component 2&3 and project management. Currently,
BMC has completed the work according to the term of reference with the overall percentage of
actual completion at 37.22%. Details of completed works of each task are as follows,

Completed Works as of 4™ March 2014
Work on progress \

Table 1.1
Task

Previous
Period

% Completed
This
Period

Total

Remark

PM : Project Management

5.92

1.19

7.11

1.Project Management and
Coordinating Activities™*

2.0rganize Project Board Meeting
No.1/2557 (No.3)*

C-1: Component 1

19.04

9.18

28.22

1. Conduct situation analysis on
Commercial Building EE Information

Activity 1.1.1a

2. Design & Development of CBEEC*

3. Design effective promotional
scheme*

Activity 1.1.1b

Activity 1.2.1a

4. Assess the two(2) simulation model
. Select and modification of BESM*

Activity 1.3.1a

Activity 1.3.2a

a U

. Study and identify the overall
training courses for EE technologies
and practices and financial
arrangement in commercial buildings

7. Develop the overall training

programme and Conduct Capacity

Building for DEDE’ staffs

Activity 1.4.1 a&b

Activity 1.4.1 c

8. Design of Technical Training
Courses*

9. Design of Non-Technical Training
Courses*

Activity 1.4.2 a

Activity 1.5 a

C-2 : Component 2

0.72

1.17

1.89

1. Review of BEC software database*

Activity 2.2.1a

2. Review existing specific energy
consumption index*

3. Update the SEC for Commercial
Building Sector in Thailand

Activity 2.2.2a

Activity 2.2.2b

4. Review existing M&V scheme for
completed projects in Thailand

Activity 2.2.3a

C-3 : Component 3 : No activities in this period

0

0

0

Overall completion

25.68

11.54

37.22

Note: * Work progress during the period of Progress Report No. 4.
(Details of completed works have been provided in item 3: Key results and Annexes)
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2. Project Objectives

1. To raise awareness on energy efficiency in commercial buildings in Thailand including the
establishment of Commercial Buildings Energy Efficiency Information Center, the
development of training programme and related activities and the development of Energy
Simulation Software for Commercial Buildings in Thailand

2. To study and prepare policy frameworks, short and long term action plan to promote energy
efficiency in commercial buildings including evaluation and revision of related policy on
energy efficiency in commercial buildings

3. To demonstrate the application of energy efficiency technologies in commercial buildings
and disseminate the successful results to other building

3. Key Results

Currently, the total of 37.22% of actual work is completed for the Project Management (PM),
Component 1 (C1), Component 2 (C2) and Component 3 (C3) as summarized in Table 3.1:

Table 3.1 : The summary of work as of Progress Report No. 4 (Q1/2014)

Item %Plan %Plan %Total %Actual %Actual %Total
Y2013 Q1/2014 Y2013 Q1/2014
PM 5.92 1.19 7.11 5.92 1.19 7.11
Component 1 22.54 11.25 33.79 19.04 9.18 28.22
Component 2 0.59 1.41 2.00 0.72 1.17 1.89
Component 3 0.00 0.13 0.13 0.00 0.00 0.00
Total 29.05% 13.98% 43.03% 25.68% 11.54% 37.22%

*Note: % Actual is accumulated as of February 2014. (Details of Work Plan & Progress are provided in ANNEX 4)

Details of key results according to TOR 4.7-4.10 for the Project Management (PM), Component 1
(C1), Component 2 (C2) and Component 3 (C3) are as follows:
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(TOR4.7) Task 7: The Consultant shall manage and facilitate all project activities according to the
approved plan in Task 2 under the supervision of DEDE. The regular meeting with the
DEDE’s committee shall be set up to ensure the success of the project.

3.1 Project Management (PM) :

% Completed Works: Previous Period = 5.92%, this period = 1.19%: Total = 7.11%,

Details of completed works:

Completed works on Previous Period — Project Management

1.

BMC has coordinated with DEDE & UNDP to clarify task details through several
meetings and email communications. The coordinating meetings were organized on
Friday 16™ August 2013 and on Monday 16" September 2013 at DEDE respectively.
The Project Board (PB) of the PEECB Project has been formulated to supervise and
monitor the project to ensure cooperative and effective implementation of the
project. The structure of PB consists of representative from key agencies namely;

1. Department of Alternative Energy Development and Efficiency —-DEDE

United Nations Development Programme —UNDP

Office of Natural Resources and Environmental Policy and Planning — ONEP
Energy Policy and Planning Office, Ministry of Energy — EPPO

Department of Public Works and Town & Country Planning-DPT

Pollution Control Department -PCD , Ministry of Natural Resources and
Environment

7. The Revenue Department-RD

8. Department of City Planning, Bangkok Metropolitan Administrator-BMA-CPD

9. Thailand Greenhouse Gas Management Organization (Public Organization) — TGO
10. Thai Green Building Institute — TGBI

ok wnN

The first Project Board (PB) Meeting was held on 22™ May 2013 at Boonrod-Nitipat
Meeting Room, 11" Floor, Building 7, DEDE. The objective of the first meeting is to
introduce the PEECB project and seeks the approval on the master plan and yearly
plan from the board.

The second Project Board Meeting was held on Thursday 19" September 2013 to
follow up the progress of the project and to finalize project target and criteria to
select demonstration sites. The Meeting agreed that the scope of “Commercial
Buildings” included in the PEECB has to be comply with the ENCON Act B.E. 2535 or
the building types that have working space starting from 2,000 m’ onward.
Moreover, the meeting gave approval of the criteria of project demonstration
buildings and project indicators.

The full reports of the two Project Board Meetings appear in the Progress Report
No 2.
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Completed Works in this period (Progress report No.4 (Q1/2014)) — Project Management

1. BMC has organized the coordinating meeting between DEDE, UNDP and ENSOP to prepare
for the Project Board Meeting No.3 and to follow up on project development of each
component. Summary of each meeting is as follows;

Thursday 23™ January 2014

The coordinating meeting between DEDE, UNDP, BMC and ENSOP was held at BMC's

office to prepare for the Project Board Meeting and to follow up progress of the

overall project development.

Tuesday 4" February 2014: Project Board Meeting No.1/2557 (No.3)

The Project Board (PB) Meeting No.1/2557 (No.3) was held at Energy Conservation

Building (Khlong 5, Patumthani). The objective of the meeting is to inform the

progress of the project to the board and to present the project yearly plan and

budget of Y2014 for approval.

1.

The board has approved the project yearly plan and budget of Y2014 as follows;

1.

Component-1 (Total work = 31.92% of overall project work)

% Completed work in Y2013 = 9.50%

% Target of completed work in Y2014 = 10.42%

% Target of total completed work at the end of Y2014 = 19.92%
Approved budget of component - 1 for Y2014 = 11,112,777 baht

Component-2 (Total work = 19.03% of overall project work)
% Completed work in Y2013 = 2.25%

% Target of completed work in Y2014 = 6.31%

% Target of total completed work at the end of Y2014 = 8.56%
Approved budget of component - 2 for Y2014 = 5,757,707 baht

Component-3 (Total work = 40.53% of overall project work)

% Completed work in Y2013 = 0.5%

% Target of completed work in Y2014 = 14.56%

% Target of total completed work at the end of Y2014 = 15.06%
Approved budget of component - 3 for Y2014 = 7,401,769 baht

Project Management (Total work = 8.53% of overall project work)

% Completed work in Y2013 = 2.98%

% Target of completed work in Y2014 = 2.00%

% Target of total completed work at the end of Y2014 = 4.98%

Approved budget of the project management for Y2014 = 11,112,777 baht

Overall project completion and target for Y2014

% Completed work in Y2013 = 15.23%

% Target of completed work in Y2014 = 33.29%

% Target of total completed work at the end of Y2014 = 48.52%
Approved budget of overall project for Y2014 = 26,836,740 baht

The board also provided suggestion to the project team on the development of work
details of each component as noted in the minutes of meeting provided in Annex 1.1
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Wednesday 26" February 2014

The coordinating meeting between DEDE, BMC and ENSOP was held at BMC's office
to follow up the work progress on development of policy framework (component-2)
the results of which is summarized as follows;

1.

The structure of EE building policy framework comprising update and more
effective measures on EE in commercial buildings, and revision and up-to-
date database for construction materials and equipment were presented by
ENSOP. After a broad discussion, the meeting advised ENSOP to provide the
clear time frame for each activity plan indicating that what will be achieved
at each quarter. This will be useful for following up and more result-
oriented.

The recommendations from the 3™ Project Board Meeting (N0.1/2014) on
the study of policy framework and its process which were to be made clear
and precise while implementing were discussed in order to ensure its viable
and practical results.

The comments of UNDP’s representative on PEECB’s policy work regarding
the revision of the Ministerial Order on EE and on focusing the scope of work
on policy framework were also brought for discussion.

Approaches to work on PEECB Policy Framework by setting up advisory
members among stakeholders concerned were proposed. The meeting
discussed in detail how to work on setting up the advisory members.

Minutes of meeting for the coordinating meeting on Wednesday 26" February 2014
is provided in Annex 1.2 of this Progress Report.

(Finished Work)

BMC has prepared the project implementation strategies and planning in order to meet the project
target. The project target aims to support the implementation of 20 Year Energy Efficiency
Development Plan (EEDP 2011 — 2030). There are 8 building types that have been defined in the
EEDP as follows;

NV R WN PR

Office Building
Department store
Retail & wholesale business facility

Hotel

Condominium

Medical Center
Educational Institution
Other general buildings

Each building type has been categorized in to 5 levels of energy saving capability as shown in Table 3.2
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Table 3.2 : Net Energy Consumption Derived from Modeling Each Building Type under Each
Level of Energy Saving Capability

Energy Consumption under Each Level of Energy Saving
Building Type Capability (kWh/m?/y)
Reference BEC HEPS Econ ZEB

Office building 219 171 141 82 B
Department store 308 231 194 146 112
Betdll & wiolesdle 370 298 266 161 126
business facility _
Hotel 271 199 160 116 97
Condominium ' 256 211 198 132 95
Medical center 244 195 168 115 81
Educational institution 102 a5 72 58 39
Other general buildings 182 134 110 66 53

Reference : 20 Year Energy Efficiency Development Plan (EEDP), DEDE

The assessment of electricity saving potential is based on the comparison between the average energy
consumption rate/space unit/year of individual building types at present, called the “Reference Case”, and such a
rate in the case where the minimum energy consumption efficiency standard of buildings, or “Building Energy
Code (BEC)”, is enforced, including the case where a higher standard in the future is enforced. The average energy
consumption rate under the Reference Case is derived from the energy consumption modeling representing each
building type, based on the official data from energy consumption inspection. Energy efficiency standards which

are higher than the BEC comprise the following three levels;

(1) HEPS (High Energy Performance Standard) — the high energy efficiency standard of various systems

which can be achievable by using current technologies;

(2) Econ (Economic Building) — the target in the near future when the technologies of equipment and
various systems are developed to be more energy efficient, but are still cost-effective; and

(3) ZEB (Zero Energy Building) — the long-term target when the need for external energy supply to the
buildings is near zero because the energy demand of such buildings is very low and there is also on-site
energy generation from renewable energy

PEECB Project will stimulate the implementation of energy efficiency measures in the commercial
buildings in order to move each type of buildings in Thailand toward higher level of Energy Saving
Capability. According to the 20Y EEDP, the target to reduce energy use of 34,493 GWh has been set
in Y2030. In order to achieve this challenge target, more than 85% of each type of building needs to
be in Econ level and approximately 3-5% of each type of building should be achieved at ZEB level. In
this regard, PEECB target should be set to support and enhance this 20Y EEDP target. Achievement
detail of each level of Energy Saving Capability has been identified. Target setting has also been

prepared for each component.

Bright Management Consulting Co.,Ltd.

Page 6/97



Progress Report#4

Promoting Energy Efficiency in Commercial Buildings, PEECB

Table 3.3 : Estimated percentage of commercial buildings’ achievement on each level of Energy
Saving Capability according to the 20Y EEDP

Reference 38% 10% 5%
BEC 30% 5% 2%
HEPS 30% 33% 3%
ECON 2% 50% 85%
ZEB 0% 2% 5%
Total 100% 100% 100%
(Finished Work)

The 1* Project Public Seminar was organized on 30" October 2013. The objectives of the seminar
are;

1. To inform all stakeholders regarding the details of PEECB Project

2. To coordinate with all stakeholders and promote the development concept to set up
“Commercial Building EE Information Center (CBEEC)”

3. To inform all stakeholders regarding the development concept of energy efficiency

policy for commercial building

The invitation was extended to participants from representatives of related government agencies,
Architects and Engineering Professional Organizations, Building Developers, Building Designers and
other related organizations.

(Finished Work)

The 1% Project Public Seminar was organized on 30" October 2013 at the Twin Tower Hotel. The
Participants attended in the seminar were representatives from related government agencies and
government buildings = 56 persons, Management and Operational level from Private sectors = 56
persons. The total numbers of participants were 112 persons.

Participants came from the following various types of buildings:

+ Office = 22 Buildings
+ Hotel = 11 Buildings
+* Educational = 8 Buildings
+ Hospital = 7 Buildings
++» Department Store = 6 Buildings
++» Others = 8 Buildings

The Seminar was aimed to provide project information for all stakeholders related to the
implementation of Energy Efficiency in Commercial Buildings and also to create the networking with
each target group. The initial information regarding the current situation on the implementation of
energy efficiency in each participated building was also gathered using preliminary questionnaires.
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The seminar was successful in bringing together more project target groups than ever expected. The
project gave to the audiences more information on how energy efficiency in buildings are important
and what benefits can be obtained in the project as well as how to participate in the project as
building demonstrations.

Participants’ feedback received from the questionnaires distributed during the seminar was also well
responded.

Detail information, the seminar materials, photo and results received from the questionnaires was
provided in the 2" Progress Report.
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(TOR4.8) Task 8 : The Consultant shall implement all activities as stated in TOR item 4.3. A yearly
plan could also be revised as necessary but it shall be approved by DEDE’s committee
prior proceeding.

BMC has implemented and managed all activities in each component according to the Yearly Work
Plan proposed in the Inception Report and approved by the Project Board. Yearly work plan for
Y2014 was approved in the 3™ Project Board Meeting No.1/2557 which was held on 4™ February
2014. Progress of each activity in each component can be summarized as follows;

3.2 Component1 (C-1)
% Completed Works: Previous Period = 19.04%, this period = 9.18%: Total = 28.22%,

(Finished Work)

Current Situation on Commercial Building EE Information

There are several types of data and information on energy efficiency in commercial building available
in the market. Sources of these data and information are from Department of Alternative Energy
Development and Efficiency (DEDE), Professional Association of Engineering, Professional Association
of Architect, Consultants, Experts, Product Suppliers, etc. However, there is no proper management
system to centralize all these related data and information. DEDE has two contact centers that are
responsible for providing information on energy efficiency to the public. These two centers are 2E-
Building Center and DEDE’s One Stop Service. 2E-Building Center provides services on building design
recommendation to comply with compulsory building energy code while DEDE’s One Stop Service
provides broad services on the issues regarding energy conversation on commercial buildings and
factories.

For private sectors, normally, data and information on Energy Efficiency in commercial building can
be found through their organization websites, therefore, the details of information are still quite
limited since the purpose of this information channel is for marketing their products or services.
There is no specific organization or website that provides detailed data and information on energy
efficiency in commercial buildings.

Completed work on the review of current situation on commercial building EE information provided

in the Progress Report #1 included the review of case study on promoting energy efficiency in
commercial buildings in Japan prepared by Nikken Seiki Research Institution (NSRI).

Completed works on previous period: activity 1.1.1b

Initial Concept on the Development of CBEEC

The establishment of Commercial Building EE Information Center, CBEEC could be designed into
three phases as follows;
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Phase | : Data and Information Preparation (October 2013 — December 2013)
Phase Il : Establishment of CBEEC (January 2014)
Phase llI: Operation and Maintaining of CBEEC (From February 2014)

Details of each phase are provided as follows;

Phase I: Data and Information Preparation

Existing Data and information related to Energy Efficiency in Commercial Buildings that are available
in the market is to be gathered and collected during the first phase. Collection method is
implemented through DEDE database and direct survey. Types of collected data and information are
also to be identified. Estimated time frame for this phase is during October — December 2013.

Phase Il: Establishment of CBEEC

CBEEC could be established firstly as a virtual center through web based concept. The website of
www.cbeec.co.th or others as appropriate will be registered. In parallel with the development of
CBEEC website, the actual contact center will also be identified and established whether using an
existing contact center, 2E Building Center, or newly established contact center. The CBEEC website
will be developed in parallel with the data collection works of phase I. Therefore, all collected data
and information gathered in phase | will be made available for the public on CBEEC website. The
actual CBEEC contact center could be set up at Bright Management Consulting Co.,Ltd.’s office as a
temporary office till the end of the project (April 2017) or at DEDE workspace as appropriate.

Phase lll: Operation and Maintaining of CBEEC (From February 2014)

After the actual establishment of CBEEC contact center, the operation and maintaining of the center
will be responsible by Bright Management Consulting Co.,Ltd. through the end of the project. The
operation and maintaining of CBEEC will cover both the operation of contact center and CBEEC
website.

The initial concept of Commercial Building EE Information Center can be summarized as shown in
Table 3.4.

Table 3.4: Initial Concept of CBEEC Establishment

Tools to be
developed

Operational
Concept

Collection
Method

Types of Information

Sources of
Information

1. DEDE . Energy consumption Direct Web based 1. Networking
1.1 Existing of each type of interview and Contact Center 2. Application for
database commercial building review attached to user interface
1.2 Completed . Data to analyze DEDE
project specific energy

consumption (SEC)

. EE technologies

information

. Programming

software

. Successful case studies

Bright Management Consulting Co.,Ltd.
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Sources of Types of Information Collection Operational Tools to be
Information Method Concept developed
2. Professional 1. Standard and criteria Focus group
Association on energy efficiency meeting and
2. List of potential direct survey
professionals
3. Consultants & 1. List of potential Focus group
Experts technologies meeting and
2. List of potential direct survey
consultants and
experts
4. Equipment 1. List of potential Focus group
Suppliers technologies meeting and
2. List of equipment direct survey
suppliers of each
potential technologies

Activity 1.1.1 b (Continued) : Design & Development of CBEEC :

The PEECB website has been developed to be an initial information channel for key stakeholders.
Energy Efficiency Data will be actively revised on regular basis e.g. SECs, Simulation software,
Building  technologies and  suppliers, Training  Courses, Demonstration  Buildings,
Knowledge/Statistics. Project data such as background, methodology, current activities, FAQ, contact
are also included.

Structure of the PEECB website :

The structure of the PEECB website will cover 6 major areas as follows.
Specific Energy Consumption Index (SEC)

Simulation Models

Building Technologies/Suppliers

Demonstration Buildings

Training Courses

Knowledge/Statistics

NouswDN
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Figure C1-2.1 Proposed structure of PEECB website
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Table 3.5: Proposed contents on each area of PEECB Website

- DEDE database

- Available research papers

- Reviewing and study
outcomes from component

1. Specific Energy
Consumption Index (SEC)

To provide updated information of
SEC in various building types in
Thailand

2. Simulation models

3. Building Technologies
/Suppliers

4. Training Courses

5. Demonstration Buildings

6. Knowledge/Statistics

To provide fee download energy

simulation programme and handbook

developed under PEECB project

To provide information on energy
efficiency technologies for
commercial buildings together with
initial information of available
suppliers (for reference) of each
selected technology

To provide information on available
training courses for EE Technologies
in commercial buildings

To provide information of the
demonstration buildings that are
successfully implemented energy
efficiency technologies

To provide general information and
statistics that related to energy
efficiency in commercial buildings.

To provide initial outcomes from
component-1,2 & 3 of PEECB project

2&3 of PEECB project

Development outcome
from component-1 of
PEECB project

- Available research papers
- Website

DEDE Database
Demonstration results
from component-3 of
PEECB project

BHRD (Bureau of Human
Resource Development),
DEDE

Development outcomes
from component-1 of
PEECB project

Development outcomes
from component-3 of
PEECB project

- Available research papers

- Available research papers
- DEDE database

Development outcomes
from component 1,2 & 3
of PEECB project

Bright Management Consulting Co.,Ltd.
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Completed work in this period (Progress Report No.4 (Q1/2014) : activities 1.1.1b

BMC has developed the PEECB website to be an initial CBEEC of the project. The website has been
developed according to the approved structure as proposed in Figure C1-2.1 . The website can be

reached through the banner link from DEDE website.

The image of the PEECB website and the link on DEDE website is shown in figure C1-2.2 .
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The PEECB website is provided in dual language (Thai and English). As an initial phase, only the
general information such as the overview of the project concept and objectives, previous activities in
Y2013 has been uploaded to the PEECB website. However, BMC will continuously update the
information regarding the project development and the results from each component and will
upload to the website every month.

Completed work in this period (Progress Report No.4 (Q1/2014) - Activities 1.2.1a

BMC invited Panorama Worldwide Co., Ltd., a professional PR and event organizer, to propose the
promotional concept and scheme for PEECB project. An initial proposed idea on the effective scheme
and activities to promote EE in buildings for the year 2014 has been designed, but not limited nor
finalized as the followings;

The theme of the events was proposed but not limited to as “Adapt-Strong-Survive-
Sustain” under the Symbolic Icon of Sparrow Bird which has its nature as themed, or
“URBAN FORWARD"” with Sparrow Bird Symbolic Icon

In order to make the event most achievable one, continuing public relations was
proposed on the following issues;

1.

2.1
2.2

2.3

2.4

25

2.6

Preparation of all activities

Three issues of E-News Letters: aim at promoting PEECB and informing about the
latest development of the projects to building owners, developers and government
officials

EE guide books: aims at providing those who need a guide for making their buildings
more energy efficient. The guide books are also useful in terms of EE knowledge
distribution

Innovation Fair: aims at exhibiting new innovation of EE technologies for building
design and structure and will hopefully be organized side by side with the Executive
Seminar where most outstanding hi-ended EE technology companies, building
owners, executives, building designers, high level government officials can be
gathered and share knowledge, experiences and ideas on how to optimize the
benefit from the PEECB project. It would also be a platform for the Innovation
Showcase, ideas market etc.

Series Webisode under the concept of “Green Your Life”: aims to create awareness
of EE building benefits, concepts and importance through VDO Clip to be
broadcasted in the internet. Each clip which would be continued as a series would
last about 1 min. The clip content means to convince the audience through the
concept of real energy consumption reduction by comparing before and after use of
energy.

Share Green Idea and Get Green Credit is the activity bringing the people in the
social media to share and create their ideas on excellent energy use i.e. which
building is the most energy efficient one and how to etc. They can post, add their
photos and explain thereon the Facebook page: Share Green Idea Get Green Credit.
For those who activate in the Facebook will get the point or the green credit which
can be compiled and brought it for the gift reward or the like in the Fair/events when
organized by the project.

BMC will finalize with the scheme as soon as possible and is expected to report
further progress in the next Progress Report.
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Example of the EE promotional concept is provided in the ANNEX 5 of this Progress
Report.

(Finished Work)

Complying with the new building energy code could save building energy use by 10%-20%
annually (Chirarattananon, Chaiwiwatworakul et al. 2010). However, energy conservation effort for
commercial buildings in Thailand has been considered to have achieved limited success. Over the
past 15 years of on going energy efficiency programmes, commercial building stakeholders are aware
of energy conservation opportunities in their buildings. However, only simple and low cost measures
have usually been implemented. In the building design phase where energy efficient strategies could
be effectively incorporated into the building, energy simulation tools could be used to investigate
energy efficient design options and support decision making in selecting suitable strategies.

Building Energy Simulation Models (BESM)

The performance of a building is a result of complex processes. A better building design can
reduce energy use by 30% compared to a conventional building design, while still provide an equal or
better environment for its occupants. Barriers to achieve this goals are not usually technology
constraints, but poor data to make informed decisions (Clarke 2001). Building simulation tools are
created to help provide real world replication and predict how buildings and systems will perform
once they are constructed and implemented, thus providing information for decision making.
Building energy performance prediction tools are a series of complex mathematical models that
address the dynamic interaction of building and system performances with building geometry, plans,
components, system choices, climate conditions and occupant use patterns.

In early days, simple single-zone buildings used degree-hour or degree-day based
calculations to predict energy use. These methods are based on steady heat flow concept and only
applicable with residential and small commercial buildings. With the availability of computers,
simulation programme with transient heat calculation methods has then been introduced to predict
energy used in more complex buildings. The first programme developed by the Automated
Procedures for Engineering Consultants, Inc. (APEC) was the Heating and Cooling Peak Load
Calculation (HCC) programme (APEC 1967), which was used for calculating hourly peak and annual
heating-cooling loads for heating, ventilating, and air-conditioning (HVAC) systems in buildings. The
APEC members were later formed into the ASHRAE Task Group on Energy Requirements (TGER), and
then developed the procedures for simulating the dynamic heat transfer through building envelopes,
procedures for calculating psychrometric properties, and the algorithms for simulating the primary
and secondary HVAC system components for determining heating and cooling loads for
computerizing energy calculations (ASHRAE 1975).

The need for BESM is primarily driven by building energy laws and standards in 1990s and
sustainable building rating systems in 2000s which usually rely on ASHRAE Standard 90.1 Appendix G
— Performance Rating Method, that buildings desire to elevate their performances beyond ASHRAE
standard code have to use energy simulation software to calculate their energy performance
compared with base case buildings. ASHRAE 90.1 listed eight criteria as requirements for acceptable
BESM. These models must be able to handle 10 or more thermal zones which are, generate hourly
data for 8,760 hours/year, account for thermal mass effects, model part load performance curve,
model capacity and efficiency correction curve for mechanical heating and cooling, model air-side
economizers with integrated control, and accommodate hourly variation in occupancy, lighting
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power, equipment power, thermostat set points, and HVAC system operation defined separately for
each zone (American Society of Heating Refrigerating and Air-Conditioning Engineers Inc. 2007).
ASHRAE 90.1 appendix G Performance Rating Method section G2.2.4 also states that the simulation
tool must be tested in accordance with ASHRAE standard 140 by the software provider. Example of
programmes listed in the standard are DOE-2, BLAST, and EnergyPlus. Qualified software for
calculating U.S. commercial building tax deductions are Autodesk Green Building Studio,
DesignBuilder, DOE-2.2, EnergyGauge, EnergyPlus, EnergyPro, EnerSim, eQUEST, Hourly Analysis
Programme (HAP), IES, Tas, TRACE700, and TRNSys (U.S. Department of Energy 2013). In additional
to this list, Leadership in Energy & Environmental Design (LEED) rating system indicates some
qualified tools for their rating systems which are DOE-2, eQUEST, Visual DOE, EnergyPlus, EnergyPro,
HAP, TRACE700 and IES.

Green Building XML schema, developed by Green Building Studio, Inc. with funding provided
by the California Energy Commission PIER Programme and Pacific Gas and Electric, is an open schema
to facilitate the transfer of building properties from building information modeling (BIM)
programmes to building energy analysis tools. The first version of Green Building XML schema or
gbXML was released in 2000 (gbXML.org 2013). An example of tools that use gbXML is Autodesk's
Green Building Studio, a web-based energy modelling tool that uses a gbXML format and runs a DOE-
2.2 engine. Conceptual Energy Analysis and Project Vasari, also offered by Autodesk, are the first BIM
tools to directly export to DOE-2 and EnergyPlus.

In Thailand, BESM has been used in academics to equip students with simulation skill and in
building technology research in the past 20 years. In practice, buildings that use BESM in the design
phase are very rare. Few design firms have their own in-house energy simulators. BEC is one of the
models being used widely because of the building code requirement that apply to some building
groups. Apart from BEC, other BESM being used in academics or energy consultant firms mostly
depend on programmes that simulator has encounter when in their own higher education period
and the software prices. Examples of BESM used in Thailand are VisualDOE, eQUEST, TRNSYS, Tas,
Ecotect, EnergyPlus, and Ener-Win. Details of each model (Crawley, Hand et al. 2008) including BEC
are as follows:

1. BECV1.0.5 http://www.2e-building.com/detail.php?id=14

BEC is an OTTV-based energy estimation model for commercial buildings in Thailand
(Chirarattananon and Taveekun 2004) provided by DEDE. Parametric results used in BEC to estimate
building energy use were derived by using DOE-2.1E and then validated with metered energy use
collected by DEDE from designated buildings in the country. BEC provides a database for building
envelope materials and building systems. It can calculate building energy use according to building
envelope systems, lighting density, air-conditioning system size and efficiency, other building
equipment and the total building energy use in accordance with Thailand building energy code.

2. VisualDOE 4.0 http://www.archenergy.com/products/visualdoe

VisualDOE is a window interface of DOE2.1E simulation engine. The U.S. DOE consistently
supported development of the DOE programme until the mid-1990s. VisualDOE takes care of writing
the input file, running the simulation and extracting the results from the output file. No experience
with DOE2.1E is necessary, but advanced users have the flexibility to modify the input files directly
and still run the simulations from within VisualDOE. VisualDOE covers all major building systems
including lighting, daylighting, HVAC, water heating, and the building envelope. Among the wide
range of simulation results are electricity and gas consumption, electric demand, and utility cost.
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Through the graphical interface, users construct a model of the building's geometry using standard
block shapes, using a built-in drawing tool, or importing DXF files. Building systems are defined
through a point-and-click interface. A library of constructions, fenestrations, systems and operating
schedules is included, and the user can add custom elements. VisualDOE is especially useful for the
studies of envelope and HVAC design alternatives. Up to 99 alternatives can be defined for a single
project. Summary reports and graphs may be printed directly from the programme. Hourly results
are available for detailed analysis.

3. eQUEST 3.64, August 2010, http://www.doe2.com/equest/

eQUEST is a whole-building energy analysis software that uses the latest version of DOE-2 as
a simulation engine. The DOE-2 building energy simulation and cost calculation programme was
initially released by the Lawrence Berkeley National Laboratory (LBNL) in 1978. The programme has
been updated continuously by LBNL in collaboration with James J. Hirsch and Associates, mostly
under funding from the U.S. DOE until version 2.1E in 2003. Since then, James J. Hirsch and
Associates has been continuing the development of DOE-2; the latest version is DOE-2.2. In DOE-2,
the transient heat transfer calculation methods are used to simulate the dynamic heat transfer
through building envelopes. From the literature, results from DOE-2 simulations were shown to vary
from 10% to 26% from measured data (Haberl and Cho 2004). eQUEST was tested in accordance
with ANSI/ASHRAE Standard 140-2007 Standard Method of Test for the Evaluation of Building Energy
Analysis Computer Programmes, and it is qualified for use to evaluate building energy performance
for government subsidy programmes and building rating systems (U.S. Department of Energy 2013).
It also meets all requirements for energy simulation software indicated in ASHRAE 90.1 Appendix G
Performance Rating Method’s guidelines for acceptable energy simulation software mentioned in
section fAanaia! livunvasnisdess. eQUEST is available for free from http://doe2.com/eQUEST/. Within
eQUEST' graphic user interface, DOE-2.2 performs an hourly simulation of input buildings for 8,760
hours or one full year. It calculates hourly cooling load, heating load, and other energy loads such as
lighting, domestic hot water, or other equipment. Users can model their buildings using “Building
Creation Wizard” which quickly generates detailed building input files from simple building envelope
and systems input.

4. TRNSYS 17.1, June 2012 http://www.trnsys.com/

Developed and released in 1975 by Sandy Klein as part of his PhD thesis, the TRaNsient
SYstems Simulation Programme (TRNSYS) is a simulation programme with a modular structure that
implements a component-based approach. TRNSYS components may be as simple as a pump or pipe,
or as complex as a multi-zone building model. The components are configured and assembled using a
fully integrated visual interface known as the TRNSYS Simulation Studio, while building input data is
entered through a dedicated visual interface (TRNBuild). The simulation engine then solves the
system of algebraic and differential equations that represent the whole energy system. In building
simulations, all HVAC-system components are solved simultaneously with the building envelope
thermal balance and the air network at each time step. In addition to a detailed multizone building
model, the TRNSYS library includes components for solar thermal and photovoltaic systems, low
energy buildings and HVAC systems, renewable energy systems, cogeneration, fuel cells, etc. The
modular nature of TRNSYS facilitates the addition of new mathematical models to the programme.
New components can be developed in any programming language and modules implemented using
other software (e.g. Matlab/Simulink, Excel/VBA, and EES) can also be directly embedded in a
simulation. TRNSYS can generate redistributable applications that allow non-expert users to run
simulations and parametric studies.
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5. Tas9.2.1.5 http://www.edsl.net

Tas is a suite of software products, which simulates the dynamic thermal performance of
buildings and their systems. The main module is Tas Building Designer, which performs dynamic
building simulation with integrated natural and forced airflow. It has a 3D graphic-based geometry
input, including a CAD link. Tas can import gbXML, INP and IDF files from 3rd party programme. Tas
System is a HVAC system/control simulator, which may be directly coupled with the building
simulator. It performs automatic airflow and plant sizing and total energy demand. The third module,
Tas Ambiens, is a robust and simple to use 2D CFD package which produces a cross section of micro
climate variation in a space. Tas combines dynamic thermal simulation of the building structure with
natural ventilation calculations, which include advanced control functions on aperture opening and
the ability to simulate complex mixed mode systems. The software has heating and cooling plant
sizing procedures, which include optimum start. Tas has 20 years of commercial use in the UK and
around the world.

6. EnergyPlus Version 8.0, April 2005 www.energyplus.gov

EnergyPlus is a modular, structured code based on the most popular features and capabilities
of BLAST and DOE-2.1E developed by NREL. It is a simulation engine with input and output of text
files. Loads calculated (by a heat balance engine) at a user-specified time step (15-min default) are
passed to the building systems simulation module at the same time step. The EnergyPlus building
system simulation module, with a variable time step, calculates heating and cooling system and plant
and electrical system response. This integrated solution provides more accurate space temperature
prediction crucial for system and plant sizing, occupant comfort and occupant health calculations.
Integrated simulation also allows users to evaluate realistic system controls, moisture adsorption and
desorption in building elements, radiant heating and cooling systems, and inter-zone air flow. Many
graphical user interfaces for EnergyPlus are available or under development, including Simergy, CYPE
CAD MEP, DesignBuilder, EFEN, AECOsim Energy Simulator, Hevacomp, MC4 Suite, SMART ENERGY,
EPlusinterface, COMFEN, Solar Shoe Box, and N++.

NREL is also developing OpenStudio which is an open source programme to facilitate
community development, extension, and private sector adoption. OpenStudio includes graphical
applications which have the updated SketchUp Plug-in, the stand alone OpenStudio application, the
ParametricAnalysisTool, RunManager, and ResultsViewer. The SketchUp Plug-in is an extension to
the popular 3D modeling tool that adds OpenStudio context to the SketchUp programme. The Plug-
in allows users to quickly create geometry and assign space attributes using the built-in functionality
of SketchUp including existing drawing tools, integration with Google Earth, Building Maker, and
Photo Match. The OpenStudio application is a graphical energy-modeling tool. It includes
visualization and editing of schedules, editing of loads constructions and materials, a drag and drop
interface to apply resources to spaces and zones, a visual HVAC and service water heating design
tool, and high level results visualization. Radiance can also be integrated into the simulation
workflow. This is accomplished by using an annual Radiance simulation to measure daylighting, and
then creating an electric lighting usage schedule for EnergyPlus. OpenStudio also gives the modeler
integrated access to data from the Building Component Library. The ParametricAnalysisTool lets
users modify a baseline OpenStudio model using OpenStudio measures to produce design
alternatives. OpenStudio measures are specially formatted Ruby scripts and accompanying files for
modifying energy models in OpenStudio or EnergyPlus format. RunManager facilitates queuing and
running simultaneous EnergyPlus simulations, and ResultsViewer enables browsing, plotting, and
comparing EnergyPlus output time series data.
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7. Ener-Win Version EC, June 2005 members.cox.net/enerwin

Ener-Win, originally developed at Texas A&M University, simulates hourly energy
consumption in buildings, including annual and monthly energy consumption, peak demand charges,
peak heating and cooling loads, solar heating fraction through glazing, daylighting contribution, and a
life-cycle cost analysis. Design data, tabulated by zones, also show duct sizes and electric power
requirements. The Ener-Win software is composed of several modules— an interface module, a
weather data retrieval module, a sketching module, and an energy simulation module. The interface
module includes a rudimentary building-sketching interface. Ener-Win requires only three basic
inputs: (1) the building type, (2) the building’s location, and (3) the building’s geometrical data.

BESM Validation Methods

Typical building energy simulation programme contains hundreds of variables and
parameters. The number of possible cases that can be simulated by varying each of these parameters
in combination is astronomical and cannot practically be fully tested. For this reason the NREL
validation methodology required three different kinds of tests:

Empirical Validation—in which calculated results from a programme, subroutine, or
algorithm are compared to monitored data from a real building, test cell, or laboratory
experiment.

Analytical Verification—in which outputs from a programme, subroutine, or algorithm
are compared to results from a known analytical solution or generally accepted
numerical method for isolated heat transfer mechanisms under very simple and highly
defined boundary conditions

Comparative Testing—in which a programme is compared to itself, or to other
programmes that may be considered better validated or more detailed and, presumably,
more physically correct.

The US Department of Energy (DOE), through the National Renewable Energy Laboratory (NREL),
worked with the International Energy Agency Solar Cooling and Heating Programme Implementing
Agreement (IEA SHC) and the American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE) to develop standard methods of test for building energy analysis computer
software. The Building Energy Simulation Tests (BESTEST) were developed under IEA SHC Tasks 8,12
and 22 (Task 12 was a collaborative effort with the IEA Buildings and Community Systems
Programme). ASHRAE recently published ANSI/ASHRAE Standard 140 now version 2007 Standard
Method of Test for the Evaluation of Building Energy Analysis Computer Programmes, which parallels
many of tests in the first IEA SHC BESTEST (Judkoff and Neymark 2006).

The details of assessment comparison of these simulation models were provided in the Progress
Report No. 1.
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Activity 1.3.1 a (Continued) : Assessment of the two (2) Most Popular Simulation Models :

The most two energy efficient perspectives of Building Energy Simulation Models (BESM) will be
determined by the status of the utilization of BESM in the design, retrofitting and energy
performance evaluation of commercial buildings in Thailand. The following issues will be addressed
in the summarization of results:

- Survey of popular simulation models being used in Thailand.

- Evaluation pros and cons of features of each model

- The utilization patterns survey of the two most popular simulation models: How the
model are used and for what purpose, major use groups, most frequently use
functions

- Detail assessment of features and functions of the two most popular simulation
models to understand their applicability to the Thai context

- Evaluation of capacity of users and their needs on extra features and functions to
understand to which extend these models are utilized and ought to be improved.

Sub-Activities as of November 2013 :

In the Progress Report No 2, sub-activities were explore more on detail assessment as follows:

1. Follow up and Review BEC program development progress

2. Distribute, collect and analyze questionnaire for most popular simulation models
being used in Thailand.

3. Preparation for the focus group meeting

1. BEC Program Development Progress

The on-going activities related to improving BEC program, the only available program eligible to be
used to calculate building energy performances according to Thai's building energy code, were
explored. The Department of Alternative Energy Development and Efficiency (DEDE) has a project to
improve BEC program. As this project is at the period of conclusion, the list of new version, BEC
v.1.0.6 changes are as follows:

e Lighting power density results are assessed so that the numbers "equal" to the
standard number set by the energy law is considered "pass" rather than fail as in the
previous version.

e For split type >12 kWh, there is no efficiency requirement available in the energy
code, the program will show "n/a".

e 0-0.5cm width air gap will have "R" value equal to "0".

e Add'Rotary" to the air conditioning system type list and use the same calculation
method with "Screw Driven" or "Scroll" types.

e Transparent component of wall and roof cannot have the same name.

e Delete "air gap" from material list. "Air gap" can be entered manually for each
condition in "Custom" section.

e Change the default value of "Shading Coefficient" from "0" to "1"

e Change how to enter glazing information. If the "U-value" is entered, the program
will use this number in the calculation. If other values are entered, the program will
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automatically calculate the U-Value from this information. When SHGC value is
entered without glazing thickness, entered SHGC will be used.

e Changes how to display "central air conditioning systems" such that users know
which system they are currently working with.

e Change performance report sequence such that the "overall performances" are
reported first. Detail reports are shown in the following pages.

e Materials in BEC can be exported into “Saq.xls”. However, to change default material
value, details must be sent to the program developers.

e Material names can be changed to give more clarification. More information about
material can be entered in the "description" section".

e "Fail" result is emphasized more for clarity.

e New functions are being worked on in order to import "bec file" between versions. If
this function is working, other benefits such as working with multiple files for each
part of the same building could be possible.

e Change "Save As" to "Backup Project".

e Add program capability to identify "roof inner surface with high or low emissivity"
according to energy code. The default value will be "high emissivity".

e The program will give warning message if two projects are opened at the same time.

e Add afunction to include "frequently used materials" in the database.

e Add "Duplicate" function to duplicate input data. However, this is not available in
every section to prevent errors that might occur.

e Correct how the program treats "SHGC" and "Visible Transmittance".

e Correct the calculation method for Roof U-value in each slope.

2. Distribute, collect and analyse questionnaires for most popular simulation models being used in
Thailand.

Online questionnaire is used to collect professional users’ basic information. SurveyMonkey, a web
survey development cloud based (SaaS) company was selected as a platform for the questionnaire.
SurveyMonkey is the world’s largest survey company with more than 1.5 million online survey
responses per day. It provides easy accessibility to respondents and also tools to help collect and
analyze data for users.

The survey address for these questionnaires is https://www.surveymonkey.com/s/PEECB1

Therefore, the questionnaires have been developed into Questionnaire#1 and Questionnaire#2 as
illustrated in the following details:

Questionnaire #1
https://www.surveymonkey.com/s/PEECB1

The survey includes participants who attended the OTTV training course by DEDE, Software users
from institutional or consulting firms.

Questionnaires #2
https://www.surveymonkey.com/s/PEECB2

The survey includes participants who have experienced in using the most 2 popular software.
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As of November, 2013, 41 respondents have been collected which could be summarized as details

below:

1. Working status

25
20
15
10

Persons

20

Educational Government Private

Institutes  organizations organizations

30

20

Persons

10

Male

Female

Counts %
Educational Institutes 20 49%
S;:g\;\enrirz]1';1r'|c;aonnt s 6 15%
Private organizations 15 37%
Total 41 100%
2. Sex
Counts %
Male 26 63%
Female 15 37%
Total 41 100%
3. Ages
Counts %
20 - 30 yrs. 11 27%
31-40yrs. 17 41%
41 -50 yrs. 12 29%
50+ yrs. 1 2%
Total 41 100%

20
15
10

Persons

1
T -—\

20- 30
yrs.

31-40
yrs.

41-50 50+ yrs.
yrs.

4. Current works related to building energy use evaluation.

Counts %
Related 35 85%
Not related 6 15%
Total 41 100%

40
30
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Persons

10
0

35

6

Related

Not related
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5. Energy simulation programme use patterns

Complia Used for
Research
nce Research- green Other
. . - . - Never
Program Tried with . . commerci building purpose
) residenti ) use
Thai al al rating s
code system
BEC (DEDE) 25 20 9 13 14 13 9
Ecotect 17 6 8 13 9 10 16
VisualDOE 16 5 8 7 5 10 15
EnergyPlus 16 1 4 8 3 4 15
OTTVEE 14 9 4 7 1 8 20
DOE2.1E 14 2 7 9 3 8 16
OTTV (ISA) 12 7 4 6 4 5 24
Design Builder 10 1 3 5 4 4 23
eQUEST 9 0 2 4 3 3 20
Ener-Win 9 1 3 3 0 3 20
OTTV (Siam 4 3 0 1 1 1 29
Fiberglass)
Tas 4 0 4 1 0 4 25
IES 4 1 1 1 1 3 28
TRNSYS 3 1 2 2 1 1 28
Trace-700 0 0 0 1 0 0 31
30 M BEC (DEDE)
E Ecotect
25 E VisualDOE
B EnergyPlus
B OTTVEE
20 1 ODOE2.1E
4 BOTTV (ISA)
g 15 | O DesignBuilder
g HeQUEST

Ener-Win
10 A

B s s ]
]

NN

I

Compliance with
Thai code
residential
Research
commercial
system
Other purposes |
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6. Building types in energy use evaluation.

Counts %
Low-rise residential 21 15% Hbrary, Gas station, Factory
Hotel

Apartment 12 9% H°fp‘ta‘
Condominium 12 9% ::iae:?;i[
Office-single tenant 27 19% Ent:lzj:;r:i:
Office-rental 2 1% Department store
Department store 11 8% Ofﬂce-j::: treenr::‘:
Auditorium 3 2% Con::::::r:
Entertainment 5 4% Low-rise residential ,
Convention 8 6% 0 Cozgnts 40
Educational 22 16%
Hospital 8 6%
Hotel 8 6%
Others 2 1%

Total 141 28%

98% of respondents stated that they will continuously participate in the next phase of this project.

Completed works in this period (Progress Report No.4 (Q1/2014)) — Activities 1.3.2a

According to the survey results of activities 1.3.1a, one of the most popular software that
has been used by target group is the existing Building Energy Code (BEC) software. The main
objective of this software is to analyze the whole building energy consumption compare to
Building Energy Code. The survey results also provided us with the comments and problem
when using this software. Therefore, BMC has organized the specific meeting with DEDE
officers who are responsible for developing and maintaining BEC software to inform the
survey results and seeking for requirement to further develop BEC software. The
development or modification concept of Building Energy Simulation Model (BESM) has been
prepared according to the comments from the users and also from DEDE officers. The new
created BESM has been proposed to avoid complexity from modification of existing
software. The concept of new BESM will address type of buildings with higher energy
efficiency than existing Building Energy Code. Graphic user interface will also be considered
where applicable to make the new BESM more friendly used than the existing BEC software.
The proposed draft sequences of new BESM are provided in Annex 2 of the Progress Report
No 4. Summary of proposed programme workflow is shown in figure C1-5.1

Bright Management Consulting Co.,Ltd. Page 25/97



Progress Report#4

Promoting Energy Efficiency in Commercial Buildings, PEECB

N i

BLDG infa: : BLDG input: !

[ oo

| Footprint [ | Enveopeletls |
I l

I i

drawine | 1 [_E_""?t_.'"z _______ 3 BLDGinput: Lighting system
Lyist ng ;9:".‘.5.
* Manually enter
P BLDG input; HVAC system —
BLDG info: BLDG info:
Walcome 0 Building Zoning BLDG input : Envelope Details  F—

.

details drawing X He BLDG input: PV system -

Ly BLDG input: Hot water system 1

»  BLDG input: Equipments — Report

—_—
20T Energy
Efficiency
Measures

Figure C1-5.1 Programme Workflow of Proposed Building Energy Simulation Model (BESM)
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(Finished Work)

BHRD (Bureau of Human Resource Development), DEDE is the main division for developing and
conducting all energy efficiency and renewable energy training activities in Thailand. The training
courses divided into 5 groups as follows :

Existing Training Courses:

Group 1: Training courses on Energy Management for Energy Conservation in Factories & Buildings
Group 2: Training courses on Energy Saving Technologies (By Technology)

Group 3: Training courses on Energy Saving in Industrial Sectors (By sub-sector)

Group 4: Training courses on Energy Saving in Building Sectors (By sub-sector)

Group 5: Training courses on Energy Saving for Academic

The Analysis of all existing training courses can be summarized as follows;

Advantage Recommendation
1. Training courses have been developed and | 1. All training courses should be reviewed to
delivered for target groups covering all avoid the duplication in the contents.

major targets by sectors and sub-sectors.
2. According to the approved budget of each
fiscal year, there are several training courses
have been launched in the same period. In
this regard, level of competency for each
training course should be clearly identified to
assist participants in selection of the training
courses to attend.

3. Clear training path for each target group
should be clearly identified.

2. Compulsory training courses have been There are only compulsory training courses
developed and delivered covering both which have been designed for technical
commercial buildings and factories persons only (PRE: Person Responsible for

Energy). Compulsory training courses for
energy manager on energy management
system should be considered.

3. Training courses have been developed and | Existing training courses have been designed

delivered to the target groups covering focusing on individual technologies or
technology application courses for specific individual equipment. Designing technical
energy consumed system. courses using system or overall facility

approach could be considered.

4. Training courses have been developed for | There are no training courses for professional
major energy users and academics. engineers and architects.
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Recommended on Training Courses for Commercial Building Sector:

The training courses for commercial building sector are recommended in collaboration with the 20
Year Energy Efficiency Development Plan as follows:

= Short term action (Y2011-Y2016)

The training courses shall be developed to enhance knowledge management for
all stakeholders and preparing for the coming AEC in Y2015. Key success of
demonstrated projects shall be developed for training courses and get involved
with professional consultants, lecturers, institutes, associations. A target-based
approach is then recommended for the systematic development.

Medium term action (Y2017-Y2022)

The training courses shall be developed to leverage the professional ability or
competency of educational institutes/consultants/Associations. These key
stakeholders will drive all participants towards the low carbon society in the long
term action.

Long term action (Y2023-Y2030)

The training courses shall be high-lighted for the integration among government
agencies and entrepreneurs or Non-profit organizations. Better understanding
and perception in Net Zero Energy Buildings : NZEBs will be the market driven
activities associated for long term achievements.

The 20Y Energy Efficiency Development Plan aims to promote the level of energy saving capability of
commercial buildings by encouraging each commercial building to move from existing low efficiency
level toward Building Energy Code- BEC level, High Energy Performance Standard- HEPS level,
Economic Building- Econ Level and Zero Energy Building, ZEB. The training courses for commercial
building sector should be designed and developed using the same approach as 20Y Plan. Table 3.6
summarizes the training concept recommended for each level of energy saving capability.

Table 3.6 : Training Approach for Commercial Buildings based on Level of Energy Saving
Capability
Type of Building Building Characteristics Training Approach
based on

Level of Energy
Saving Capability

BEC

Buildings which are designed with A. Review Existing

(Building Energy Code) equipment/system operation to comply Training Courses

with the Minimum Performance Specified
by Thai Law/Standard.
= ENCON Act B.E.2535 (1992)
= Ministerial Regulations
on New Building Energy
Conservation Design
B.E.2552 (2009)

- Integrate the design
concept of BEC Building
into Conventional and
Senior PRE Training
courses

- Integrate the design
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Type of Building Building Characteristics Training Approach
based on
Level of Energy

Saving Capability
concept of BEC Building
into training courses on
energy saving in
Building Sectors group

B. Develop new training
courses

- Develop specific
training courses for
professional engineer
and architect on BEC
Building

- Develop training course
on Building Energy
Simulation Model
Software

- Develop training course
On Measuring of Actual
Building Performance

- Develop guidelines and
training courses on
M&V/MRV Practices

HEPS Buildings which are designed and operated A. Review Existing
(High Energy and operated under the high energy Training Courses
Performance efficiency standards of various systems can
Standards) be achievable by using current - Integrate energy
technologies. performance standards

of each major
equipment or system
into existing training
courses on energy
saving technology
group and energy
saving in building sector
group.

B. Develop New Training
Courses

- Develop advanced
energy saving
technologies in
Commercial Building
Training Courses

ECON Buildings which are designed & operated A. Review Existing
(Economic Buildings)  with the technologies of equipment and Training Courses
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Type of Building
based on
Level of Energy
Saving Capability

ZEB
(Zero Energy Building)

Building Characteristics

various systems are developed to be more
energy efficient, but are still cost-effective.

or

Green buildings which concern specially
about energy & water consumption and
material usage during
design/installation/operation/maintenance
phases according to LEED and/or TREES
standard.

Buildings which are designed and
operated with the need for external
energy supply to the buildings are near
zero because the energy demand of such
buildings is very low and there is also on-
site energy generation from renewable
energy.

Training Approach

Integrate Econ Building
Concept into existing
training courses on
energy saving in
building sector group

Integrate Econ Building
Concept into existing
Conventional and
Senior PRE Training
Courses

B. Develop New Training

Courses

Develop training
courses on related
green building
certification standard
such as LEED, TREES

A. Review Existing

Training Courses

Integrate ZEB Building
Concept into existing
training courses on
energy saving in
Building Sectors group

Integrate ZEB Building
Concept into existing
Conventional and
Senior PRE Training
Courses

B. Develop New Training

Courses

Develop training
courses on application
of renewable energy
technologies for
commercial buildings
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The recommendation on development of training courses should comply with the target to promote
the level of energy saving capability for commercial buildings in short, medium and long term
achievements. Target groups for each training course should be analyzed in order to provide the
appropriate level of training for each target group.

Table 3.7 : Initial Analysis on Current Availability of Required Training Courses for Each Target
Group — Commercial Building Sector
Training Course Developer | Owner & Building Designer Government
Executive Staffs Engineer Officer
Engineer & | & Architect
Technician &
Consultants

Level of competency 1 1 3 4 2
Concept and approach NA NA A NA A
of Energy Conservation
in Commercial
Buildings
Energy Management NR NR A NR A
System in Commercial
Buildings
Specialized Training on NA NA A NA A
Energy Saving
Technologies
Specialized Training on NA NA A NA A
Energy Saving in
Commercial Buildings
Specialized on Building NA NA NA NA NA
Standard
Specialized Training on NR NR NA NA NA
Energy Efficient
Building Design
Energy Audit for NR NR A NR A
identifying Energy
Saving Measures
Measurement & NR NR NA NR NA
Verification
Note: A = Training Courses are available but need to be reviewed

NA = Training Courses are not available and need to be developed

NR = Training Courses are not required

Meaning of level of competency

Level 1 = Non technical content is required

Level 2 = Non technical content is required and basic concept of technical content is required
Level 3 = Technical content is required but not to design level

Level 4 = Technical content is required up to design level
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(Finished Work)

According to the analysis on current availability of required training courses for each target group in
C1-6, the overall training programmes to support the current curricula available have been defined
and proposed as summarized in Figure C1-7.1 and Table 3.8;

Bright Management Consulting Co.,Ltd. Page 32/97



Progress Report#4
Promoting Energy Efficiency in Commercial Buildings, PEECB

* Building Certification to ZEB
PROPOSED TRAINING DEVELOPMENT

¢ Person Certification to ZEB

1] deto B . Updated Curriculum
r P :! 1 :! 17 * Upgrade to EC * |nitiate ECON, ZEB t
U nde EECB : 0 3' 0 f L Concep

* Mobilize to HEPS * Integrate & Maintain Eff.

2018- 2030

BASIC KNOWLEDGE

OPERATION
& MAINTENANCE

DESIGN PRACTICE

AUDII

Figure C1-7.1 Proposed Training Development on Promoting Energy Efficiency in Commercial Buildings
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Table 3.8 : Proposed Training Courses for Each Target Group — Commercial Buildings Sector
Training Courses Target Groups/Required Training Courses
Developer Owner Bldg Staff/ Designer Government
&Executive Eng/Tech Officer

BASIC Knowledge Non-technical | Non-technical Technical Technical Non-technical

(design) + Basic concept

B1- Concept and Approach of Energy Conservation in Commercial

Buildings
B-1.1 Development Concept for Energy Efficiency in Commercial
Buildings
B-1.1 — M1 Introduction to Energy Efficiency in Commercial B-1.1-M1 B-1.1-M1 B-1.1-M1 B-1.1-M1 B-1.1-M1
Buildings
B-1.1 — M2 Energy Efficiency Index for Commercial Buildings B-1.1-M2 B-1.1-M2 B-1.1-M2 B-1.1-M2 B-1.1-M2
B-1.1 — M3 Case Studies on Energy Efficiency Measures in B-1.1-M3 B-1.1-M3 B-1.1-M3 B-1.1-M3 B-1.1-M3

Commercial Buildings

B1.2 Financial Analysis for Energy Efficiency Measures

B-1.2 — M1 Cost Benefit Analysis for Energy Efficiency Measures in B-1.2-M1 B-1.2-M1 B-1.2-M1 B-1.2-M1 B-1.2-M1
Commercial Buildings
B-1.2 — M2 Life Cycle Cost Benefit Analysis for Energy Efficiency B-1.2-M2 B-1.2-M2

Measures in Commercial Buildings including Financial
Sources Availability

Operation & Maintenance Non-technical | Non-technical Technical Technical Non-technical

(design) + Basic concept

O1- Energy Management System in Commercial Buildings
(Existing DEDE’s Training Courses) NR NR A NR A
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Training Courses

Target Groups/Required Training Courses

Developer Owner Bldg Staff/ Designer Government
&Executive Eng/Tech Officer
02.-Specialized training on Energy Saving Technologies
OM-2.1 Air Conditioning System
OM-2.1 - M1 Technology Assessment for Improvement OM-2.1-M1 OM-2.1-M1 A OM-2.1-M1 A
OM-2.1 —M2 Best Practices on Air conditioning System OM-2.1-M2
Operation in Commercial Buildings
OM-2.2 Lighting System
OM-2.2 -M1 Technology Assessment for Improvement OM-2.2-M1 OM-2.2-M1 OM-2.2-M1
OM-2.2 —M2 Best Practices on lighting System Operation OM-2.2-M2
in Commercial Building
OM-2.3 Renewable Energy for Commercial Buildings
OM-2.3 —M1 Technology Assessment OM-2.3-M1 OM-2.3-M1 OM-2.3-M1
OM-2.4 Building Automation System (BAS) OM-2.4 OM-2.4
OM-2.5 Commissioning requirement for building energy systems OM-2.5
03.-Specialized Training on Energy Saving in Commercial Buildings
OM-3.1 Case Studies on Energy Saving from Operation in Commercial
Buildings
OM-3.1 — M1 Energy Saving in Hotel OM-3.1-M1 OM-3.1-M1 A OM-3.1-M1 A
OM-3.1 — M2 Energy Saving in Hospital OM-3.1-M2 OM-3.1-M2 OM-3.1-M2
OM-3.1 — M3 Energy Saving in Condominium OM-3.1-M3 OM-3.1-M3 OM-3.1-M3
OM-3.1 — M4 Energy Saving in Department Store OM-3.1-M4 OM-3.1-M4 OM-3.1-M4
OM-3.1 — M5 Energy Saving in Office Buildings OM-3.1-M5 OM-3.1-M5 OM-3.1-M5
Bright Management Consulting Co.,Ltd. Page 35/97




Progress Report#4

Promoting Energy Efficiency in Commercial Buildings, PEECB

Training Courses

DESIGN Practice

Target Groups/Required Training Courses

Developer

Non-technical

Owner
&Executive
Non-technical

Bldg Staff/
Eng/Tech
Technical

Government
Officer
Non-technical

Designer

Technical

D1.-Specialized training on building standard
D1.1 Certified Standard for Energy Efficient Buildings

(design) + Basic concept

D1.1- M1 : Trends of Energy Efficient Buildings Standard and D1.1-M1 D1.1-M1 D1.1-M1 D1.1-M1 D1.1-M1
Certification in Thailand

D1.1- M2 : Energy Efficient Buildings Certification D1.1-M2 D1.1-M2 D1.1-M2 D1.1-M2 D1.1-M2
D2.-Specialized Training on Energy Efficient Building Design
D2.1 Guidelines for Energy Efficient Building Design

D2.1-M 1 : Introduction to Building Energy Code NR NR D2.1-M1 D2.1-M1 D2.1-M1

D2.1-M 2 : Energy Efficient Design for Commercial Buildings D2.1-M2 D2.1-M2 D2.1-M2
D.2.2 Training on Building Energy Simulation Model (BESM) D2.2 D2.2

ENERGY AUDIT Practice

Non-technical

Non-technical

Technical

Technical Non-technical

El.-Energy Audit for identifying Energy Saving Measures

(design)

+ Basic concept

(Existing DEDE’s Training Courses) NR NR A NR A
E2.-Measurement & Verification
E2.1 Benefit of Measurement & Verification System E2.1 E2.1
E2.2 Measurement & Verification for Energy Saving Project NR NR NR
E2.2 M1 : Measurement and Verification Protocol E2.2 M1 E2.2 M1
E2.2 M2 : Measurement and Verification Plan and Reporting E2.2 M2 E2.2 M2
E2.2 M3: Case studies on the implementation of Measurement & E2.2 M3 E2.2 M3
Verification System in Commercial Buildings
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Note: A = Training Courses are available but need to be reviewed
NA = Training Courses are not available and need to be developed
NR = Training Courses are not required

Meaning of level of competency
Level 1 = Non technical content is required
Level 2 = Non technical content is required and basic concept of technical content is required
Level 3 = Technical content is required but not to design level
Level 4 = Technical content is required up to design level

For next steps, the contents of each proposed training course will be developed by highlighting the
application of technologies to improve building energy efficiency from BEC towards HEPS, ECON and
ZEB. The initial contents of energy efficient buildings have been provided in the followings part
C1-7-1.

C1-7-1 The initial contents of the energy efficient buildings

The potential of energy saving in commercial sector increasingly becomes more important as energy
consumption in this sector continues to grow and increase its share in the national total energy
consumption. The national Energy Efficiency Development Plan has predicted the growth of share in
this sector from 8% to 10% by 2030.

The potential of energy saving assessment is done by comparing energy usage of the individual
building and reference building. In order to achieve higher energy saving potential, these reference
buildings have to be improved. The level of reference building standard identified in the 20Y EEDP
can be categorized into 4 levels namely, BEC, HEPS, ECON and ZEB

Reference BEC HEPS Econ ZEB
Expected
Percentage of 0 20-25% 30-35% 60 % 70 %
Saving

Building Energy Code (BEC)

According to the Ministerial Regulation, the BEC specifies building specification in 6 areas which are
1. Building Envelope

Building envelope or building facade design improves building passive properties. This has
greatly effected on heat transfer through the building. Overall Thermal Transfer Value (OTTV)
and Roof Thermal Transfer Value (RTTV) are the indicators used to evaluate the building’s
envelope system.

Building Types OTTV (Watts/m?)
School, Office 50
Theatre, Plaza, Department Store 40
Hotel, Hospital, Condominium 30
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2. Lighting Equipment

Lighting equipment is defined by Light Power Density (LPD). The LDP is a proportion between

energy use by the lighting system and the occupied area.

Building Types LPD (Watts/m2)
School, Office 14
Theatre, Plaza, Department Store 18
Hotel, Hospital, Condominium 12

3. Air Conditioning System

Air conditioning unit used in the building needs to achieve minimum COP as required by the
regulation, other types of A/C units excluding in the table are not restricted.

A/C Unit Size copP
Less than 8000 3.22-4.10
8000 to 12000 3.22-4.10

4. Steam Boiler Equipment

Steam boiler equipment refers to large utility scale boiler and requires minimum efficiency.

Type Efficiency (%)
QOil fired steam boiler 85
Oil fired hot water boiler 80
Gas fired steam boiler 80
Gas fired hot water boiler 80

For air source heat pump water heater

Design Inlet Outlet Air Minimum COP
Temperature Temperature Temperature
Celsius
Type 1 30 50 30 3.5
Type 2 30 60 30 3.0

5. Energy Performance

The building constructed according to BEC regulation will be determined by BEC (2e-building)
energy simulation programme. The programme uses building envelope information
(OTTV,RTTV) to determine energy from A/C unit, the lighting system at the building site
atmosphere.
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6. Renewable Energy

The BEC standard allows building to be installed with onsite renewable energy generation
system. These systems may refer to solar PV, wind turbine or biomass boiler with fuel
coming from renewable energy source. Electricity generated from the system will be used to
subtract energy demand from the building.

Daylight design is also considered in this topic. Lighting system situated in the area where
sufficient daylight is presented can be deducted from lighting energy usage.

Example of Technologies Cooperated on BEC

Autoclaved Aerated Concrete

Commercially known as “Lightweight Concrete Block” in
Thailand, autoclaved concrete improves thermal efficiency
and reduces heating and cooling load in buildings. It also

benefits construction process due to its light weight and
workability. It also provides better sound insulation and Figure C1-7-1.1: Cross sectional of AAC concrete

i i - . (G bane.2012)
resists to fire hazard more than traditional brick block. reenbang.

OUTSIDE INSIDE

Low Thermal Emissivity Glass (Low-e) Heat 100%

Low-e coating improves windows thermal efficiency without L'ght e

major changing in glass structure or greatly increasing A ncantam

material cost. The method is to reflect the unwanted solar Sk

radiance while allowing visible light to get through as much 17

as possible. 68% heat loss
reduction

Figure C1-7-1.2 : Low-e glass emissivity (Althem)

AWuhEy

Air Conditioning Unit with EGAT No.5 High Efficiency Label
Thailand weather is hot almost a whole year. Air conditioning unit has
amAunsz=dnss AndnmgUnaalini- critical part for heat load in the building. Electricity Generation Authority
Us:inn 1asDuUSTIIMA of Thailand (EGAT) has realized this problem and issued energy label
: : ' programme for electrical appliances. Air conditioning unit is one of the
appliances in this programme. Typically, A/C unit selling in the market is
related with No.5 to ensure energy efficiency for the user. The No.5 rate
in A/C unit requires the minimum COP of 3.4 or 11.6 EER which can be
readily accomplished by current manufacturer technology.

Figure C1-7-1.3 : No.5 efficiency
label in air conditioning unit
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Fluorescent Lamp

In the 1970s, fluorescent lamp was introduced as an energy saving tube in Europe. It was designed
with a tube filled with gas that will be electro-stimulated by electricity. Increased efficiency meant
that the tube produced only 9% lumen reduction for a 20% power reduction. Fluorescent lamp is the
dominant lighting equipment nowadays due to its efficiency and cost competitiveness. It has easily
replaced traditional incandescent lamp and become a main product for the lighting system in the
building.

High Energy Performance Standard (HEPS)

HEPS is a higher standard which can be achieved by current technology. HEPS can be achieved
through a promotion and demonstration programme of new technologies. The promotion and
incentive could stimulate the acceptance of the private sector. Once the demonstration shows the
successfulness, the technologies would be easier to get adopted voluntarily.

Example of Technologies Cooperated on HEPS

Green Roofs and Green Walls

In urban environment, the present of building surface and
concrete pavement causes heat island effect to surrounding
environment. High ratio of reflectivity in the area occurs
overall heat increase in specific area around urban
environment, called “heat island”. By using green walls and
green roofs, where the plants are used to cover a whole of
partial building surface, Individual OTTV of building surface
and surrounding temperature will be reduced. This resulted in
reducing energy loss through the facade and lower
atmospheric temperature. The plants used on green surface
may cooperate with grey water system in purifying polluted
water.

Glazing Glasses
Glazing glass or insulated glazing is a composite construction

of two panes (double glazing) divided by hallowed space. This
space can be filled with air or gas to reduce heat transfer
between window panes. The glass panes are separated by
spacer that conceal outside air and cavity air. Traditionally,
spacer was made from metal for the favor in its durability.

However, it has weakness as a metal has high heat

conductivity such as foam. The other benefits apart from heat  Figure C1-7-1.5: Cross-sectional 0
glazing and triole glazing (G2S groun.2008)

conductivity. Therefore, recent spacer is made from less

insulation is acoustic insulation. The large air space improves
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noise insulation as sound travels poor in less density medium. Using double glazing window is found
in cold climate.

Light Emitting Diodes (LEDs)

When compared with fluorescent, LEDs has higher energy efficiency, produces less heat and longer
lifetime. Unlike incandescent bulb and fluorescent bulb which uses gas contained in fragile glass
structure for the operation, LEDs has solid semiconductor as a light source that can operate at
atmospheric condition. Without failing electronic equipment such as ballast and starter, LEDs is likely
to be fail-proved through its lifetime and can be made into many forms.

Figure C1-7-1.6 : LEDs in T8 tube light (XiangDa,2011)

Improved Energy Efficient System

In HEPS, improving efficiency of air-condition system requires an effort beyond A/C unit power
efficiency. Higher efficiency of a whole system can be done by optimizing the process.

Energy Recovery Ventilation (ERV) is the energy recovery process of exchanging the energy
contained in normally exhausted building or space air and using it to treat (precondition) the
incoming outdoor ventilation air in residential and commercial HVAC systems. During the warmer
season, the system pre-cools and dehumidifies while humidifying and pre-heating in the cooler
seasons. The benefit of using energy recovery is the ability to meet desire ventilation & energy
standards, while improving indoor air quality and reducing total HVAC equipment capacity.

This technology has not only been effective

. . . ) Ret
in reducing energy cost and heating and Foashair e
coolin W j /

‘ g loads, but it ‘has aIIowed‘f‘or the - | _ \f gmm
scaling down of equipment. Additionally, Outdoor [ “Indoor
this s i i 4] §

' ystem  will aIIoYV for the mdt?or =Y 7N =D
environment to maintain a relative e oy, /
humidity of an appealing 40% to 50% range. Exhaust e = Supply

This range can be essentially maintained . , ) ) o
d I diti Th | Figure C1-7-1.7 : Air-to-Air Heat Recovery in ventilation
under a conditions. e only energy system (Schild,2004)

penalty is the power needed for the blower
to overcome the pressure drop in the system.
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Variable Speed Drive Chiller (VSD). In most buildings, cooling load is varying with the day and year.
The chiller sizing has to cover the peak load of the system. The chillier that operates at full load
regularly will result in inefficient energy consumption. Variable Speed Drive (VSD) Chiller is
equipment that uses the principle of variable frequency drive in regulating motor speed to respond
with system load. By this method, it allows chillier to respond with partial load that consumes energy
equal to actual load requirement. VSD system should be benefited in the building which has high
variation of load. Buildings with constant usage will require constant cooling load resulted in
unutilized of VSD equipment. Therefore, for the buildings with constant cooling load, High Efficiency
Chiller would be recommended.

Economic Building (Econ)

ECON is an expected standard which can be fulfilled with the development of technology and system
but still wroth for investment. The technologies might become already available today or being used
in a restricted area. However, through the trend of technology development and energy efficiency
promotion, these technologies will become available competitively in the future.

Example of Technologies Cooperated on
Econ

Cavity Insulation Wall

Comparing to traditional wall, cavital wall not only has
gap layer between inside and outside surface but also
contains insulation layer in wall composites to maximize
thermal insulation in the wall. Air gap in the wall
obstruct heat transfer between indoor and outdoor
environment. Air gap layer can also be filled with
insulation material such as styryne foam for superative

insulation.
Figure C1-7-1.8 : PU foam in cavity wall insulation (Dino
Green,2012)

Triple Glazing & HEAT oG5 COMPARIECGN

As similar to double glazing, triple glazing contains additional E:

window pane and gap. Although it obviously provides greater EJ

insulation than double glazing, there are many factors to take &,

into consideration. The high cost of triple glazing window is g,

the main factor. B

Hngla Femmal  CRaled  ARated Telgrle:
herding Crombla P Caukla Clazing
Cheine Saleg Eaiag

Figure C1-7-1.9 : Heat loss comparison in
each glazing technology (G2S group,2008)
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Variable Refrigerant Flow (VRF)

VRF allows the system to regulate expected zone cooling,
permitting accurate and personalised air conditioning energy
consumption in a single room boundary. It also optimizes room
comfort and reduces energy and maintenance costs. VRF provides
system simplicity and operating flexibility. It benefits from the
advantages of direct expansion linked to inverter control and the
most sophisticated electronic control. This technology has many
advantages, from the system design to the installation and
operation phase. Thewide range of indoor cooling
load makes VRF the most flexible choice to satisfy any building
requirement.

Figure C1-7-1.10 : Illustration of VRF system in the
building (Johnson Controls,2013)

Radiant Cooling

Radiant cooling energy offset comes from less energy-consumed compartments and effectiveness of
radiant cooling method compared to air based cooling system. Radiant energy saving performance
depends on climate in each area. Hot and dry climate are the best condition for radiant cooling
performance due to the advantages in thermodynamic properties. The system performs less
effective in humid climate due to the increased load from latent heat.

100% peak Power

Conventional Radiant Cooling
HVAC System H¥AC System

Figure C1-7-1.11: Peak Loads of Conventional HVAC and Radiant
Cooling System (Berkeley Lab, 1994) Figure C1-7-1.12 : Radiant ceiling cooling and
heating svstem (S&P.2013)
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Solar Tube

In order to reduce light power density in the %
building, passive lighting must be integrated :
into the design. Solar tube is a device that
harnesses natural light from outside into the
building. The collector allows light transporting
through the reflector surface. Natural light can
be sent to intermediate floor without
interfering with building enclosure. By blending
natural light with ultra-efficiency LEDs, the
system can operate throughout day and night
with significantly cutting energy use. It is also
widely known that using delighting will
increase  working  productivity of the

occupants. Figure C1-7-1.13 : Solatube tubular daylight
devices (Solartube.2013)

Zero Energy Building (ZEB)

ZEB is the future achievement for the building external energy requirement to be near zero. This can
be done by improving high standard building facade, utilizing high efficiency equipment and onsite
renewable energy generation.

Scope of Definition

Zero Energy Building, by its term in general is a building with no need of electricity. Despite the wide
use of the phrase “Zero Energy Building”, there is no accurate definition to define the element of
ZEB. In fact, zero energy building requires energy at the certain level which will be supplied by
renewable energy.

Considering standalone ZEB without electricity grid connection (offsite), offsite ZEB has to be self-
sufficient in balancing between energy demand and generation. By realizing that building energy
demand is fluctuated through the time, renewable energy generation has to be oversized to cover
peak demand. Energy storage would be necessary if energy from grid is not available.

In the urban environment, where the grid connection is always available, ZEB’s energy offsetting can
be done in various methods. Energy demand and generation can be done independently regardless
of time of using. When the generation is greater than the demand, excess energy can be sent to the
grid. Likewise, when building energy generation is insufficient, the grid can supply unfulfilled energy
balance.
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The National Renewable Energy Laboratory (NREL), United States’ Department of Energy, has given a
decent boundary of ZEB definition. ZEB is a building which can greatly reduce energy need by energy

efficiency measures and be able to offset building energy requirement by its own energy generation.
The supplied to the building should be affordable, locally available, nonpolluting and renewable

source.

Renewable Energy Supply Priority

Although there are many renewable energy options available for ZEB depends on regulator

allowance. The most favorable option is renewable energies that are available onsite of ZEB. Offsite

renewable energy could be used to offset energy demand but it also causes carbon footprint from
transportation and land use at the same time.

Requirement
Preferable

Energy

Efficiency

Most Preferable Least

Offsite
Renewable
Energy

Onsite

Renewable
Energy

Table 3.9 : ZEB renewable Energy Supply Option Ranking (NREL,2006)
Option | ZEB Supply Side Examples
Number | Options

0 Reduce site energy use | Day lighting, high-efficiency HVAC equipment, natural ventilation,
through low-energy evaporative cooling, etc.
building technologies

Onsite Supply Option

1 Use renewable energy | PV, solar hot water, and wind located at the building.
sources available
within the building’s
footprint

2 Use renewable energy | PV, solar hot water, low-impact hydro power, and wind located on-
sources available at site, but not on the building.
the site

Offsite Supply Option

3 Use renewable energy | Biomass, wood pellets, ethanol, or bio diesel that can be imported
sources available off from offsite, or waste streams from on-site processes that can be
site to generate energy | used onsite to generate electricity and heat.
onsite

4 Purchase offsite Utility-based wind, PV, emission credits, or other- green »purchasing
renewable energy options . Hydroelectric is sometimes considered.
sources
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The criteria of consideration on this ranking are;
- Reduce environmental Impact by reducing energy use from a building design

- Onsite renewable energy is preferable due to reduction in transportation and
conversion losses

- Energy sources have to be available over the lifetime of the building
- Must be widely available and replicable to use for future ZEBs

Zero Energy Building Metric Classification

Due to the difficulty in supplying energy in each building site, i.e. limitation of building site and
condition, or perspective of government policy, zero energy building can be classified by various
terms of achievement depending on each government targets. Several metrics can be used to
measure ZEB definition, which are;

Net Zero Site Energy: A site ZEB produces at least as much energy as it uses in a year, when
accounted for at the site. This is the most measurable and consistent definition since the unit of
energy use can be measured directly for every building.

Net Zero Source Energy : A source ZEB produces at least as much energy as it uses in a year, when
accounted for at the source .Source energy refers to the primary energy used to generate and deliver
the energy to the site .To calculate a building’s total source energy, imported and exported energy is
multiplied by the appropriate site-to-source conversion multipliers .Source energy for energy used a
life cycle approach to determine site-to-source factors. In the study of Deru and Torcellini (2006), has
suggested the factors for national electricity and natural gas of 3.37 and 1.12 respectively. That
means, in order to achieve ZEB by this definition one unit of exported electricity can be used to offset
3.37 units of gas use or 1.12 of electricity use.

Net Zero Energy Costs :In a cost ZEB, the amount of money the utility pays the building owner for the
energy the building exports to the grid is at least equal to the amount the owner pays the utility for
the energy services and energy used over the year. The energy cost that has to be offset may include
distribution, peak demand, taxes and metering charges for electricity. However, it must be realized
that the cost of utility (electric price, gas price) can be changed from year to year. Thus, the energy
generation has to be increased respectively in this case.

Net Zero Energy Emissions :A net-zero emissions building produces at least as much emissions-free
renewable energy as it uses from emissions-producing energy sources .It uses the same principle of
source energy to define the factor of emission for a unit of energy use. In the extreme case that
energy produced from national grid is produced from zero emission sources i.e. nuclear power,
hydro, wind and solar farm, there is no need for a building to generate its renewable energy.
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Example of Technologies Cooperated on ZEB
Light Louvers and Sunshade Overhangs

Shading Coefficient has a critical role in building fabric analysis. The section of wall completely
exposed to the sun light can obtain SC as high as one. The few walls expose to the sun the less heat
gain through the wall. Installing permanent shading structure will reduce OTTV of the building,
resulting in better building performance and rating.

Transparent material is usually considered as energy leakage. The typical lower heat insulation than
opaque material made it become the vulnerable area in building fabric. Installing sunshade overhangs
and louvers can reduce energy gain through the area while allowing daylight through the window.

glass
cutside  inside

§r = Light Louvers
Y ~:_ Light enters (section)
Light shelf Ty :
reflects light “3\.\ /,/.;uto'natically and manuslly from 5* to 84 "t\__d__ = Light reflected up to

and shades operabls windows promote — 9/// 30° towards ceiling

unlouvered crass-ventilation 't»\\’___d_ —_—

windows —— A ol
o S
.

"< Pre-cast thermal mass wall
x.:‘}_.___\ 3" concrate

| 2" rigid insulation

| A" concrate

|

Figure C1-7-1.14 : A light louver daylighting system reflects sunlight to the ceiling, creating an
indirect lighting effect. Fixed sunshades limit excess light and glare (NREL,2012)

Solar Stack Ventilation

The concept of the solar assisted stack ventilation system is
to remove the heat from solar panels to induce passive
ventilation in open space indoor environment (buoyancy
effect).

Heat is built up below the solar panels when it is working.
A narrow gap is allowed between the solar panels and the
metal roof to allow ventilation which is essential to ensure
efficiency of the solar panels. Heat in the gap is also a good
source to produce induce effect which is the principle for
natural ventilation in the rooms.

Figure C1-7-1.15: Solar stack ventilation system
at ZER building , Singapore (BCA,2010)
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Fiber Optic Solar Lighting

In urban environment, the favor of multiple stories building may prohibit
solar tube technology for infiltrating into building structure. In this case,
fiber optic can be used instead of solar tube. Fiber optic system is smaller
and can be embedded within the wall or wiring along with other utility
systems. Therefore, it allows fiber optic to penetrate into the lower level of
the building. Unlike hallow tube, where light is transferred through air as

outdoor atmospheric condition, fiber optic

can transfer light with higher intensity. To
increase higher intensity, the collector
technology has to be improved from solar
dome which is generally used for solar
tube. The collector will intensify solar light
to adequate demand in the building

Figure C1-7-1.16 : (Left) Solar concentration device, (right top) solar fiber optic system in the

building, (right bottom) solar fiber optic illuminator (Proefrock,2006)

Integrated Double Fagade Buffer Space

Double facade is a passive design method to create buffer space in
high rise buildings. By the synergy of passive design, the space can
be used to aid natural ventilation. In hot climate, using double
facade with passive ventilation design will potentially reduce the
need of mechanical cooling in the system.

Buffer space can be designed to cooperate with various systems
such as shading system or passive ventilation system enabling
night cooling ability. Traditional design of buffer space requires
the area to be sacrificed as unused space. In a modern design,
buffer space can be used as irregularly occupied area such as
auxiliary pathway.

e
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Figure C:L/-7-1.17 : Example of double fagcade as
buffer snace (Citv of Vancouver. 2009)

Many synergies are possible with buffer spaces such as double ventilated facades. Buffer spaces in
south facing double ventilated facades can be used to aid natural ventilation for example. Other
passive building strategies can also work well with these types of facades such as night cooling and

solar shading.
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Renewable Energy Generation

Zero Energy Building requires energy generation to offset energy demand by the building. In urban
environment, generations at the building site are limited by many factors such as area, urban
planning regulation or logistic issues. In this case, 2 technologies are selected as the most
convenient methods.

1. Solar Photo Voltaic(PV) and Solar Thermal Collector

For the buildings or facilities with adequate open space, solar power generation can be used for
renewable energy generation. Solar PV is used to generate electricity directly. In the flat surfaces
such as rooftop or parking lots, poly-crystalline panel can be used due to its high efficiency. Thin
film panel is favored for bending surface due to its flexibility. Solar thermal collector is used for
heating application. Water in collectors absorbs heat from the sunlight. Heated water can be
used for hot water supply in the building or cooling/heating application such as absorption
chiller.

Figure C1-7-1.18: Solar thin film and solar water heater (Solar Renewable, 2012)

2. Micro Wind Turbine

In the location with sufficient wind speed, wind turbine is another solution for electricity
generation. There are two types of small wind turbines that are suitable for urban environment.
Horizontal axis wind turbine, this turbine is visually similar to typical wind turbine in smaller
scale. It can harness wind energy from single direction with tracking system. This type of turbine
is best for open area with definable wind direction. In the urban area where high rise buildings
are situated will provide turbulence flow. In this case, horizontal wind turbine is a solution.
Regardless of wind direction, this type of turbine can operate in omni-direction of wind flow.
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Figure C1-7-1.19: Vertical axis turbine, horizontal axis turbine, wind profile in urban environment (Williams, 1997).

Allowable Solution

According to the study of the UK government to pass zero carbon dwelling regulation in 2016, Zero
Carbon Hierarchy Triangle was introduced to be a part of zero carbon solution. By realizing that
whether building energy efficiency is done by improving building fabric or renewable energy
generation is present in the building, it is still difficult for a house builder and developer to achieve
total zero emission. Allowable solution is a cost-effective measure to help a house builder and
developer to reach zero carbon targets with affordable price. The allowable solutions could be in the
form of

Any additional energy efficiency.

- Energy efficient appliances.

- Exports of low or zero carbon heat to other developments.

- Investment in low and zero carbon community heat infrastructure.

- Paying into a carbon abatement fund.
Zero Carbon =

Allowable
solutions

Figure C1-7-1.20 : Zero Carbon Hierarchy (Zero Carbon Hub,2013)
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C1-7 (Continued)  Activity 1.4.1 c -1 : Preparation of DEDE’s Staff Capacity Building

In order to strengthen the effective implementation of the project, the Project Team has organized
the study trip to visit the country that has best practices and successful case studies in implementing
energy efficiency in commercial buildings. Japan, as one of the most advanced countries in energy
efficiency programme, has been identified for this study trip. DEDE’ staffs were invited to attend this
trip as part of the capacity building programme.

The study trip covered various topics related to the implementation of the project such as the
discussion with Japanese design professional team on energy efficiency in the building, Japanese’s
experiences on using building energy simulation software etc. The meeting with the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT), Japan was organized to share experiences on
promoting energy efficiency in commercial buildings. Site visit to SMART Buildings and SMART Cities
was organized to understand the implementation of energy efficiency in the actual buildings and also
for the city. The study trip programme and the results from the study trip have been summarized as
follows;

1. Programme for the study trip to Japan (5-9 November 2013)

Date Activities \ Places
Tue Depart BKK to Japan
5th
Nov'13
Wed 09:00 - 12:00 1. Nikken Seikei
6" Meeting with Energy Efficiency Design Firm, Nikken Co.,Ltd.
Nov’'13 Seikei Co.,Ltdl)

14:00 - 16:00 2. Ministry of Land,

Infrastructure,
Transport and
Tourism (MLIT)

Meeting with Ministry of Land, Infrastructure,
Transport and Tourism, Japanz)

Thu SMART Buildings & SMART City 1. Hitachi

7th

9:30-12:00

Collaboration

Nov'13 Visiting Hitachi Collaboration Square Kyobashi Square (Kyobashi)
(HITACHI)® . Hulic HQ Building
13:00 - 14:30 . Harumi Triton
Visiting Smart Building (Hulic HQ Building ) Square
15:30-17:00
Visiting Smart Building (Harumi Triton Square )5)

Fri SMART City . Kashiwanoha Smart

g 09:30 - 17:00 City

Nov’'13 Visiting Kashiwanoha Smart City®

Sat Return to Bangkok

9th

Nov’'13
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2. Locations of Visiting Sites

[Wednesday 6" Nov, 2013]
1) Nikken Sekkei Building : lidabashi 2-18-3, Chiyoda-ku, Tokyo
2) Housing Bureau, Ministry of Land, Infrastructure, Transport and Tourism
: The 3" Building of Tyuuou-goudou-tyosya, Kasumigaseki 2-1-3, Chiyoda-ku, Tokyo
[Thursday 7" Nov, 2013]
3) Hitachi Collaboration Square Kyobashi
: Tokyo square garden 6F, Kyobashi3-1-1, Tyuo-ku,Tokyo
4) Hulic HQ Building : Nihonbashi-ootenma-cho 7-3, Tyuuo-ku, TokyoNihonbashi
5) Harumi Triton Square : Harumi 1-8-16, Tyuuo-ku, Tokyo, 104-0053
[Friday 8" Nov, 2013]
6) Kashiwanoha Smart City : Wakamiya 174, Kashiwa City, Chiba prefecture

3. Meeting Topics with MLIT
Topic 1. Compulsory requirement on implementing of Energy Efficiency in Commercial

Buildings in Japan

1.1 Are there any compulsory building energy code to enforce on the implementation of Energy
Efficiency in Commercial Buildings (around 2,000 m2) in Japan?

1.2 What are the processes to enforce the building energy code or any related regulation in Japan?

1.3 How many government bureau or department involved in the implementation of the building
energy code or any related regulation?

1.4 Are there any regulation or code to enforce on the improvement of existing buildings or old
buildings to renovate their building to comply with the regulation or code?

1.5 What are the major barriers in implementing Energy Efficiency in Commercial Buildings in
Japan?

Topic 2. Promoting scheme on implementing of Energy Efficiency in Commercial Buildings
in Japan

2.1 Are there any promotional scheme to support or to encourage the developers or building
owners to implement the energy efficiency in their buildings such as green building
certification, marketing promotional scheme?

2.2 What are the relationship or any link between the government promotional scheme to the
green building standard Index such as CASBEE or LEED?

Topic 3. Supporting scheme to promote the implementation of Energy Efficiency in
Commercial Buildings in Japan - Financial Supporting Scheme or other incentive schemes

3.1 Are there any financial support from the government to stimulate the implementation of
Energy Efficiency in Commercial Buildings? such as the subsidy, tax incentive or any other
financial incentive schemes

3.2 How to encourage the users (buyers) to buy or rent or use the Energy Efficiency Buildings?

Bright Management Consulting Co.,Ltd. Page 52/97



Progress Report#4

Promoting Energy Efficiency in Commercial Buildings, PEECB

4. Knowledge and experiences gained from the study trip

The objective of the study trip to Japan is to exchange experiences on implementing energy
efficiency in commercial buildings with Japanese experts and related government agencies.
Several meetings and site visits were conducted during the study trip with Japanese experts in
designing energy efficient buildings (Nikken Seikei), developers (Hulic and Harumi Triton Square),
smart building and smart city suppliers (Hitachi) and also related government agency (Ministry of
Land, Infrastructure, Transport and Tourism, MLIT). Knowledge and information exchange gained
from this study trip can be summarized as follows;

1. Several promoting measures including both mandatory and voluntary measures have been
implemented to support the implementation of energy efficiency in commercial buildings in
Japan

2. There are several certified energy simulation software for commercial buildings have been
utilized by designers and accepted by related government agencies as an analysis tool to
submit the energy simulation results according to the building regulations in Japan

3. The energy simulation software, namely, “BEST” which is equipped with Graphic User
Interface (GUI) was displayed and discussed during the meeting with Nikken Seikei’ s team.
This software has been certified by the Japanese government agency as one of the
simulation software that can be used for analyzing energy consumption for the buildings in
Japan. BEST concept can be used as a platform for improving the xisting Building Energy Code
(BEC) software in Thailand

4. One of the effective measures to support the implementation of energy efficiency in
commercial buildings in Japan is the promoting of assessment tool call “CASBEE
(Comprehensive Assessment System of Building Environment Efficiency)” (compare as TREES
of Thailand).

4.1 24 local governments in Japan use CASBEE for mandatory reporting and publication of
assessment results

4.2 Buildings are evaluated by the system (FY2010) ~ 1,700 buildings

4.3 Assessment concept of CASBEE is based on the appropriate ratio of Environmental
Quality and Performance (Q) / Environmental Load (L)
4.3.1 Quality and Performance (Q) consists of three components;

43.1.1 Indoor environment
43.1.2 Quality of Service
43.1.3 Outdoor environment on site

4.3.2 Environmental Load (L) consists of three components;
43.2.1 Energy
43.2.2 Resources and materials
43.2.3 Off-site environment

5. Various energy efficiency technologies have been implemented in visited buildings, Hulic &
Harumi Triton Square Buildings, such as high efficient use of day lighting system, high
efficient natural ventilation system, building automation system, heat pump system, solar
PV, etc.

6. SMART City concept by utilization of smart technologies to enhance smart living has been
planned and is implementing at Kashiwanoha SMART City. SMART technologies that will be
implemented at Kashiwanoha City are Area Energy Management System (AEMS), SMART
Grid, Renewable Energy with Battery Storage etc.
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According to the proposed overall training programmes on energy efficiency in commercial buildings
in C1-7 (activity 1.4.1 c), there are 11 technical training modules being proposed to be developed
under PEECB project as follows.

02 - Specialized training on Energy Saving Technologies

1. Module OM2.1 Air conditioning system

2. Module OM2.2 Lighting system

3. Module OM2.3 Renewable energy for commercial buildings

4. Module OM2.4 Building Automation System (BAS)

5. Module OM2.5 Commissioning requirement for building energy systems
03 - Specialized training on Energy Saving in Commercial Buildings

6. Module OM3.1 Case studies on energy saving from operation in commercial buildings
D1 - Specialized training on Building Standard

7. Module D1.1 Certification standard for Energy Efficient Buildings

D2 - Specialized training on Energy Efficient Building Design

8. Module D2.1  Guidelines for Energy Efficient Building Design

9. Module D2.2  Training on Building Energy Simulation Model (BESM)

E2 - Measurement & Verification

10. Module E2.1  Benefit of Measurement & Verification System

11 Module E2.2  Measurement & Verification for Energy Saving Project

Completed works on previous period — Activity 1.4.2a

03 - Specialized Training on Energy Saving in Commercial Buildings
OM-3.1 Case Studies on Energy Saving from Operation in Commercial Buildings
OM-3.1 — M2 Energy Saving in Hospital

Summary of the progress:
Contents on the initial information regarding the energy performance analysis and
implementation of energy efficiency technologies in hospital have been prepared as in the
following topics;
Definition and categories of hospital building
Areas and function zones of hospital building
Energy efficiency index
Energy breakdown of hospital building
- Energy conservation measures and case studies.
Development progress of module OM-3.1 ~5%

Completed works in this period (Progress Report No.4 (Q1/2014))
— Activity 1.4.2a

The following training module is currently being developed.

03 - Specialized Training on Energy Saving in Commercial Buildings
OM-3.1 Case Studies on Energy Saving from Operation in Commercial Buildings
OM-3.1 — M2 Energy Saving in Hospital
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Summary of the progress:

Contents on the case studies on energy saving from operational practices in commercial
buildings cover the following topics;

Chapter 1 Concept of Energy Efficiency in Hospital Buildings
Related Laws for Hospital Buildings
Related Standard & Code of Practice for Hospital Buildings
Chapter 2 Building Characteristics of Hospital Buildings
General Information of Hospital Buildings
Categories of Hospital Buildings
Energy Used Equipments By Area
Energy Use Characteristics of Hospital Buildings
Chapter 3 Energy Efficiency Index of Hospital Buildings
Energy Efficiency Index for Hospital Buildings
Normalization of Energy Efficiency Index
Chapter 4 Guidelines for Energy Efficiency in Hospital Buildings & Case Studies on
Energy Efficiency Improvement
Guideline Checklist on Energy Efficiency Improvement
Case Studies on Energy Efficiency Improvement
Development progress of module OM-3.1 ~90%

E2 - Measurement and Verification
E-2.2 Measurement and Verification for Energy Saving Project
E-2.2 - M2 : Measurement and Verification Plan and Reporting

Summary of the progress:
Contents on the introduction to measurement and verification protocol covers the principles
and frameworks have been prepared as following topics;
Chapter 1 Introduction to Measurement and Verification Protocol
Objectives and scope of Measurement and Verification
Benefit of Measurement and Verification
Measurement and Verification Protocol
Chapter 2 Principles of Measurement and Verification
Measurement of energy saving project
Basic principles of Measurement and Verification
Development progress of module E-2.2 ~30%

Detailed development progress in this period (Q1/2014) of each module is provided in Annex 3-1 of
this Progress Report No. 4.

According to the proposed overall training programme on energy efficiency in commercial buildings
in C1-7 (activity 1.4.1 c), there are 2 non technical training modules have been proposed to be
developed under PEECB project as followings.

B1 - Concept and Approach of Energy Conservation in Commercial Buildings
1. Module B-1.1 Development concept for Energy Efficiency in Commercial Buildings
2. Module B-1.2 Financial Analysis for Energy Efficiency Measures
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Completed works on previous period — Activity 1.5a

B1 - Concept and Approach of Energy Conservation in Commercial Buildings
B-1.1 Development Concept for Energy Efficiency in Commercial Buildings

Summary of the progress:

Contents on the basic concept of energy efficiency buildings have been developed including,
Introduction to Energy Efficiency in Commercial Buildings
Business approach on Energy Efficiency in Commercial Buildings

Development progress of module B-1.1 ~20%

Completed works in this period (Progress Report No.4 (Q1/2014))
— Activity 1.5a

The following training module is currently being developed.

B1 - Concept and Approach of Energy Conservation in Commercial Buildings
B-1.1 Development Concept for Energy Efficiency in Commercial Buildings

Summary of the progress:
Contents on the development concept for energy efficiency in commercial buildings cover the
following topics;

Chapter 1 Introduction to Energy Efficiency in Commercial Buildings
Energy Efficiency Perspective for Building Properties Development
Building Characteristics of Hospital Buildings
Building Characteristics of Hotel Buildings
Building Characteristics of Department Store Buildings
- Building Characteristics of Office Buildings
Chapter 2 Energy Efficiency Index for Commercial Buildings
Energy Efficiency Index for Commercial Buildings
Normalization of Energy Efficiency Index
Chapter 3 Case Studies on Energy Efficiency Measures in Commercial Buildings
Case Studies in Office Buildings
Case Studies in Hospital Buildings
Case Studies in Hotel Buildings
Case Studies in Department Store Buildings
Development progress of module B-1.1 ~90%

Details development progress of non-technical training module is provided in Annex 3-2 of this
Progress Report No. 4.
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3.3 Component 2 (C-2)
% Completed Works: Previous Period = 0.72%, this period = 1.17%: Total = 1.89%,

(Finished Work)
Commercial Buildings in the PEECB project:

Based on the target setting from the 20yr Energy Efficiency Development Plan , the large buildings
include existing buildings and new buildings under the ENCON Act B.E.2535 (1992) (Designated
Buildings >1MW over 5,000 buildings). Moreover, the buildings which related to common activities in
the society will ultimately affect the energy consumption in the country. Therefore, the commercial
buildings in the PEECB project will cover 9 major types of building under ENCON Act B.E 2535 (1992)
with utilization area more than 2,000 m? as follows;

Office Building

Hotel

Hospital

Department Store

Educational Institute

Condominium

Theater

Conventional Center

Entertainment Complex

LN A WNRE

Other types of building may be considered to be included in the project if there is significant energy
consumption compared to the 9 major types of building.

Completed works in this period (Progress Report No.4 (Q1/2014))

BMC has studied and reviewed the structure and database of BEC software in order to identify and
validate the existing data and information in the database of BEC software. Overview of the structure
of BEC software is provided in figure C2-1.1.

Bullding Type ‘
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Figure C2-1.1 Structure of BEC software
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According to the structure of BEC software shown in Figure C2-1.1, the database of BEC software
consist of two major types of construction material namely, Opaque Material and Transparent
Material. This database will be used to formulate the component of section, section of wall, wall and

envelope of the building. Lighting and Air Conditioning System would need to be user input.

The structure of the construction material database can be summarized as follows;

Construction Material

The Specific Energy Consumption (SEC) of each building type will be defined in the PEECB project as a

Opaque Material

o Roof Material
o Wall and Floor Material

O
O

O
O
@)

Insulation
Transparent Material

Clear, Tint Float Glass
Heat Reflective Glass

Insulating Glass

Laminated Glass

standard approach for collecting building energy efficiency data.

There are 2 sub-activities for this task as follows:

Activity 2.2.2a Review the Existing Specific Energy Consumption Index (SEC)
Activity 2.2.2b Update the SEC for Commercial Building Sector in Thailand

Details of each sub activity can be explained as follows:

Activity 2.2.2a Review the Existing Specific Energy Consumption Index (SEC)

Review all existing information relevant to SEC studied by DEDE and other organizations on a
commercial building sector in Thailand and other countries which have data available.

Working Schedule for sub-activity 2.2.2 (a) :

Q2/2013-Q2/2014
Q1/2014-Q1/2015

Q2/2013-Q2/2014

Tasks

2013

2014

2015

2016

2017

Q2

Qa3

Q4

Ql

Q2 | Qa3

Q4

Ql

Q2| a3

Q4

Ql

Q2 | a3

Q4

Ql

1. Data
collection

2. Data
Analysis

3.Finalize
existing SEC
on
commercial
sector in
Thailand

Note :

=plan , == =actual progress
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Currently, BMC is working on task 1 on data collection of relevant SEC in various countries with 95%
completion of total data collection work. Data analysis work is starting and will be expected to be
finished by Q2/2014. Finalization of existing SEC on commercial sector in Thailand is expected to be
finished by June 2014. However, this part of the work would need to be incorporated with the
outcomes of component-2.

Activity 2.2.2b Update the SEC for Commercial Building Sector in Thailand Q1/2014-Q1/2015

Update the SEC using the annual energy management reports during the past 3 years of designated
buildings in Thailand. However, the information might need the statistical analysis to define and
interpret uncertainty among each of building categories such as hotels and service apartments etc.
The comparative performance indication of high EE or low EE buildings of each building type will be
analyzed. The mechanism for periodical updates of the necessary information through different
channel such as annual energy management report, annual survey, etc. will also be assessed and
analyzed.

Working Schedule for sub-activity 2.2.2 (b):

Tasks 2013 2014 2015 2016 2017
Q2 Q3| Q4 Q1 (02| Q3| 4| Q1 | 02|Q3 Q4| Q1 Q2|3 |Q4a| Q1
1.Data
Collection

2.Update SEC
of Designated
Commercial
Buildings

Work Progress of Activity 2.2.2a:
Review the Existing Specific Energy Consumption Index (SEC)
Task-1: Data Collection of SEC in Various Sources

Work progress of this activity up to the Progress Report No. 4 is accounted for 55% including the
review of;

Specific Energy Consumption in Various Building Types in Thailand

2. Specific Energy Consumption in Various Building Types in various countries (This part
is under progress. The reviewed results provided in this report are only part of the reviewing
works. Further results will be provided in the next Progress Report #5).

Completed works on previous period

1. Specific Energy Consumption in Various Building Types in Thailand

DEDE has undertaken several Specific Energy Consumption (SEC) studies. SEC values are generally
presented as an average value for each type of buildings and reflected by the energy policy or
economic situation both in Thailand and the globe.
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One of the official studies on SEC was conducted by DEDE & DANIDA & AIT for developing energy
building code in Thailand. SEC is one of the energy indicators high-lighted in the study (From 113
sampling buildings spread over 4 regional areas and Bangkok).

SEC could also be represented as various intensity of energy usage by the system e.g. air-conditioning
system and lighting system where the specific figures will be able to analyze, keep tracking and also

can be used as reference for government officers or policy makers.

Table A1.1 The summary Result of SECs from the Study

|f k*%%;‘.ﬁ ..,m I

\TMIT«MW%% i

I Bt

In general, SEC; shall be used as an indicator for the whole building performance where other SECs
could be used as a normative reference for the system or equipment performance. However, the
energy consumption ratio and utilized characteristics of each system in typical buildings e.g. office,
hotel, hospital, Department store etc. are also given useful information through the SEC figures. For
example, the average of SEC; for a hotel building is 163.0 kWh/m?*/yr which is lower than an office
building (170.8 kWh/m?yr) while the air-conditioning system of the hotel consumed about 66%
compared to the 52% of the office. This is probably because the hotel has 24 hours of operation
which building envelop could maintain their cooling capacity better than heat gain into the building
in case of office building during non-working hours at night and weekend.

Other

28%

AC
52%
Lighting

20%

Figure C2-2.1 : Energy Breakdown of Office Building
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Figure C2-2.2 : Energy Breakdown of Hotel

For this reason, SEC shall be used as an indicator for design consideration of new buildings and
operational consideration for existing buildings. The benchmarking of these figures shall be internally
used by building engineers of their own building and/or externally used by all key stakeholders e.g.
consultants, professional institutes, government agencies and policy makers to monitor the progress
of the energy efficiency measures implementation.

The distribution of SEC for each type of buildings has shown in the following bar charts:
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Any task required for the progression of SECs in different types of buildings
(REF,BEC,HEPS,ECON,ZEB) above will be strongly highlighted in the target setting methodologies and
action plan for component 1, 2 and 3.

Since the energy management report has been enforced by ENCON Act B.E.2535 (1992) and its
amendment in B.E.2550 (2007), the numbers of SEC from each type of commercial buildings shall be
interpreted and updated into building stock data as governed by BERC section, DEDE (Energy
Regulation and Conservation Bureau).
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2. Specific Energy Consumption in Various Building Types in Various Countries

(This part is under progress. The reviewed results provided in this report are only part of the reviewing works.
Further results will be provided in the next Progress Report #3)

SEC in the US

Specific Energy Consumption (SEC) is an indicator used in building energy analysis. One of the most
common SEC used to represent overall energy-use in the building is energy per building floor area
(kWh/m?). This value indicates energy use intensity (EUI) for the building. Though it does not reflect
the effectiveness of energy-use in the building, EUl is a convenient indicator to describe
characteristic of building in the same and across categories.

EUI in the building is differentiated by the intensive services provided in the building. Among the
various building types, building energy-use is designed for specific building service. For example, a
building with less people density in an area requires lower energy—use for the area or the
percentages of air-conditioned area are affect energy use in the specific area. This causes the
difference in energy-use within the same and across building type.
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Figure C2-2.3 : Energy Use Intensity by Each Building Type (Energy Star, 2012)

Similarly to building types, variation of EUI within the same building type is caused by a requirement
on the level of service. The diversity in level of service causes a large gap in energy-use intensity. For
example, school has low level of diversion in terms of service, this causes a narrow gap in EUL. In the
contrary, hospitals have a wide range of service and quality. Small hospitals might have limited
treatment ability, such as general illness, while large hospitals might have wider rage of capability
which requires equipment and operation rooms resulted in higher EUI.
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Figure C2-2.4 : Range of Energy Use Intensity in Each Building Type (Energy Star,2012)

SEC in EU Countries

In a comparison of energy use intensity across the world, there are also international factors that
affect EUL. The factors such as climate can affect energy-use required for building climate control or
regulation which diverse from country to country that sets the standard for building construction and
operational.
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In EU, where the intergovernmental cooperation in energy policy is outstanding, there is still a large
difference in energy consumption between the highest and the lowest energy intensity. Finland
energy intensity is as high as twice in Spain. This resulted from climatic variation in the region.
Warmer climate countries tend to use lower energy in buildings than those in cold countries.
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Figure C2-2.5 : Building Energy Intensity in EU 2009, (Odyssee, 2012)
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SEC from IEA (International Energy Agency)
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Figure C2-2.6 : Development of Energy Intensity in Commercial Building by Countries.

The figure C2-2.6 shows the transition in energy intensity. Most countries have been successful in
reducing energy intensity continuously from 1973. The gap can be seen clearly from 1973 to 1990
but hardly noticed in 1998. Fuel intensity, in this case refers to natural gas, has reduced rapidly as a
consequence of rising oil price. On the contrary, electricity intensity has increased overtime, double
in some case. This change might occur from the electrification of technology overtime.

The Limitation of Energy-Use Indicator

There are many building performance index adopted by many organizations and being used in many
purposes. The common problem is that there are no such indicators that can justify building energy
efficiency at any circumstance. In this case, two types of indicators should be considered.

Assessment type, LEED for instance, contains set of building evaluation. The process aims for the
design method. The procedure would take a few times before comparable rank score is available.
LEED understand the fact that the variation of building design for any purpose may have impact on
design factors. Therefore, LEED has classified building into several types which have different
assessment factors. Therefore, certified buildings would be able to be comparable. However, due to
the assessment focuses only for design aspect, there is no linkage between designing and
commission period. The commissioning per period determines how the building going is to be used.

The occupant modification has dramatic effect to building performance. For example, the study on
LEED certification showed that building energy use factors excluding from a design period has greatly
effected on energy use intensity and much likely to overcome design-based analysis.
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Figure C2-2.7 : EUIs for Medium Energy Building, with Median by Rating Level (NBI, 2008)

Measured EUI represents energy use during actual commissioning period. The result shows that
building’s EUI and LEED certification ranks (platinum, gold, silver and certified) are relevant in
average order. However, the scattering in individual buildings is highly noticeable. This can be
concluded in the limitation of EUl in comparing building performance.

Specific Value, From the energy point of view, specific energy consumption is a valued unit of
energy required to do a work. Energy use per floor area, or energy intensity, is one of the most used
specific values to compare buildings. Since all buildings have areas as common properties. By
knowing the proportion of energy use in the area of the building, the building can be compared
regardless of size. This evaluation method can be done instantly if the information is available.
However, building floor configuration also affects energy intensity in the building. To compare a
building performance, this value, it has to be compared with the same building type to minimize the
effect from floor configuration.

Review of Building Energy Benchmark

In this section, criteria or guidelines on preparation of energy benchmark in commercial buildings will
be reviewed to identify proper benchmark criteria for commercial buildings in Thailand. The purpose
of this study is to determine the factors which will be included in benchmarking of energy
consumption in the building and methodology in normalization relevant factors.

1. Energy Benchmarking
When comparing energy use in the building, energy consumption per floor area is widely used in

both domestic and international level. However, initial indicator is more appropriate to be used in
comparing building before and after retrofit progress or building group properties than individual
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comparison because of variable factors which might mislead the efficiency interpretation of the
building. The sub-factors which cause a variation of energy comparison may include:

- High intensity tenant energy use

- Annual vacancy

- Occupant density

- Operating hours

- Location

- Weather

- Etc.
It is necessary to normalize these factors before being used in building energy calculation. Unlike
design-based assessment (e.g. LEED, BREEAM), the energy benchmark discussed in this topic is
operational assessment (performance-based) since the information input are measured at point of
use. The outcome indicator (normalized energy use per floor area) is also convenient for comparing
building operational performance.

However, the factors such as location and weather are insignificant to domestic comparison because
Thailand, unlike in Europe or the United State, has fairly identifiable climate throughout the region.
Nevertheless, other factors need to be normalized as it varies depending on individual building. The
following study will focus on sub-factors which affect building performance in Thailand.

In each country has adopted different building standard which is concerned in different parameters.
Therefore, the using of specific energy consumption for each building standard contains different
method of measurement, verification and normalization.

2. Case Studies of SEC
Case 1 : UK Display Energy Certificate (DEC)

In the UK, where Display Energy Certificates and Advisory Reports are used for benchmarking from
energy consumption, has assigned carbon dioxide(CO,) to be common unit because it is the main
indicator in its energy policy. It has concerned the fact that some buildings contain longer hour of
operation than the standard, thus they decide to include a numerical factor for a correction. The
benchmark information includes

- Benchmark (standard) hours per year (SH)

- Maximum allowed hours per year (MH)

- Percentage increase in electrical benchmark at maximum allowed hours per year (PE)

Where “AH” is actual building using hours in a year. Energy density could be calculated by
E=Ex[1+(AH — SH)/(MH — SH)x (PE/100)] (KWh/m?/yr)

It must be realized that in order to obtain annual occupancy hours, the measurement system has to
be introduced to standardize energy assessor operation. There are two systems that define annual
occupancy hours in this case, which are
e The number of hours per year that the number of recorded occupants exceeds 25 percent of
nominal maximum occupancy.
Or
e The number of hours per year that the premises are fully opens to the public according to
published opening hours.
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Evaluation on Case 1 : UK Display Energy Certificate (DEC)

This benchmark is to classify building by environmental impact assessment using carbon emission
ratio. Normalized energy consumption is used to convert into carbon dioxide emission. There are
three inputs required, annual degree-days for a location of choice, actual annual hours of operation
and actual annual energy consumption for the site in kWh/m2/y based on metered or billed data.
The calculation method in this benchmark is considered to be most accurate because the data used
in each parameter calculation is cooperated with many statistics. Those statistics are not present in
Thailand. While it is not possible to account for all differences, using the DEC methodology of
normalization for weather and occupancy dependant variables provides a reasonable basis for
comparison.

Case 2 : National Renewable Energy Laboratory (NREL) Restaurant Benchmark

In the restaurant energy benchmarking published by NREL (2011) is referred to the work of national
restaurant subcommittee and Fisher-Nickel, Inc. to find a metric for building energy consumption in
ENERGY STAR Portfolio Manager. The study found that the energy use per floor area could be
different due to those factors mentioned above. It also mentioned that only floor area is not enough
to express characteristic of energy consumption in the building. The trend shows that the restaurant
area is gradually reduced while more meal is served. The others include operational hours,
operational practice and number and type of appliance which also affect energy use in the building.

Yk = o+ & X Tronsactions + ¢ ¥ Weelkly Operating Houwrs + d ¥ HDD3D + ¢ ¥ Flogr S&rea

Where

a = constant

b = transactions slope

¢ = weekly operating hours slope

d = HDD50 slope

e = floor area slope

HHD50 = heating day degree at 50 °F
Transactions = number of meal plate equivalent

Evaluation on Case 2 : NREL Restaurant Benchmark

This benchmark is intentional for restaurant but the method is interesting, credible and flexible.
However, this method requires preliminary data collection. The data is then being used to analyze
the relevant factors which have an effect on energy consumption. The final equation is formed
accordingly to relevant factors. The preliminary study is also used for finding slope from linier
function for relevant factor. This might cause difficulties for adaptation for using in Thailand since
such information is not widely available yet.

Case 3 : The Real Property Association of Canada (REALpac)

REALpac aimed to promote the interaction between real estate investors, governments and public to
stabilize and benefit a real estate market. One of its missions is to fulfil the achievement in reducing
energy use in the building of 20 kWh/ft* by 2015.
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In order to determine the metric for energy consumption, they have prioritized on normalization
methodology for energy consumption. For any building to be fairly able to compare with the others,
the parameters used in REALpac calculation contain the following information.

Area

In this section, the area is measured according to BOMA (Building Owner and Manager Association of
Canada) method to determine gross floor area (GFA, ft?) of the building.

REALpac has raised an awareness of high intensity energy use or exceptional energy use in the
building such as call-center, data center and retail area. The energy consumption in this area will be
adjusted to the level of average office energy use. For example, in the building with data center will

show the higher level of energy consumption. Adjustment value can be calculated by;

Exterior Gross Area (EGA): Total building floor area, including parking space
Gross Floor Area (GFA): Total exterior gross area minus parking space

For example;
X = Data Center Energy Use Intensity — Average Office (lightings & plug load): EUI

Adjustment value = X * Area of Data Center/ GFA

High Intensity or Exceptional Energy Use Data

Building Name: Bulding #1
Annual Year of Utlity Data: 2010
Gross Floor Area (ft2): 652,308
Individuszl Annual Individual
Annual Space Type Annual Space Type
Electricity Intensity, MNatural Gas Intensity, Total Building

Consumption Electricity Consumption Natural Gas Adjustment
Space Type Area (ft3) {kWh) [KWh/ft2) m° (ekWhFt2)  (ekWhift2)
Enclosed Parking: 82,?80| 30,onc| 0.5 10,000 | 1.25| 0.05
Retail: 0| 0| 0.00 0 0.00 0.00
Data Gentre: 56,013 21,900,090| 23175 0 0.00 | 31.31
Call Certre: 0| ﬂ| 0.00 0 0.0 000
Other: | | D| D| ' 0.00 0 0.00] 0.00
COther: | | 0| U| 0.00 0 0.00] 0.00

* Sub-metered MNatural Gas consumption data in high intensity or exceptional energy use space types is being collected for internal
analyses only. Energy normalization calculations da not include or account for this energy use,

Total Adjustment:

31.26

Figure C2-2.8 : Example of adjusted energy consumption for exceptional area.
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Annual Vacancy

This factor is aimed at reducing unfair advantage in energy efficiency calculation. It is users’
responsibility to record their building vacancy rate. The rate is ranged from 0% to 100% of occupied
area. The input data can be measured periodically or annually. The leased area required to have 75%
of tenant employee during normal working day.

Occupant Density

Office occupant density could affect energy density use in the building. The effects of occupancy
density may vary in each component. For example, energy for computer use will have 100%
correlation with occupant density while it may result in 50% for others office equipment and no
effect on HVAC system. The value of density factor is calculated by the percentage of users’ input
density and default density of 2.3 occupants/1000 ft°.

Operating Hour

The operating hour is defined by the number of hours in the week that the building is occupied at
least 75% of the tenant employee. The default value in this calculation is 65 hours of operation per
week. If calculated number is equal or lower than default value, no normalization is needed. If the
operating hour is different in each building area and it is measurable, weighted average approach
can be used for the calculation.

Finally, normalized building energy consumption can be expressed in

(Actual Energy Use Intensity — Total Space Type Adjustments) x Vacancy Factor x Density Factor x
Operating Hours Factor = X

Evaluation on Case 3: The Real Property Association of Canada (REALpac)

This benchmark was developed by a society of industrial real-estates in Canada in a concerning of
sustainability in real-estate market. Without concerning of fuel mix (Building energy consumption
can be considered as 100% electricity), its normalization calculation is simple, yet credible for
comparison. It also provides supportive methodology and approach. This made its transparency and
simplicity like no others. The whole process can be completed by building owner and operator
without a requirement of professional assessor.

In conclusion, every case study above shows a validate method in normalizing SEC for comparison
purpose. The main difference in each method is a boundary of consideration and complexity in
calculation methods. While NREL and DEC require audition from professional assessor, other allows
building operator to do self-input information. The methods which have various separable
components are more flexible for further modification. However, only REALpac’s method provides
self-complete measurement and verification and checklist. Therefore, for Thailand, where energy use
in building database is not adequate, REALpac can be used in the early stage of building energy
database development. It has a potential in drawing a participation of building stakeholders to take
part in the Benchmark. Once the database is set, more accurate analysis, such as UKDEC, can be
adopted in this stage for advance analysis.
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Energy Benchmark Comparison

- In each method contains slightly difference in M&V and normalizing calculation.

- The component of the benchmark might be considered on the goal of building
energy efficiency policy.

- The standard parameter or default value used in normalizing calculation area is
based on each country’s relevant policy and regulation.

- Some benchmarks require advance mathematic procedure (regression analysis)

while other benchmarks use only fundamental calculation.

Case studies

Advantage

Limitation

NREL x Energy Star

Already in used
Measurement & Methodology
available

The study is restricted to
restaurant
Need regression analysis

UK DEC - Simplified calculation Standard parameters are
- Already in used based on British regulation.
REALpac - Simplified calculation Intentionally designed for
- Fine-tuning independent office benchmarking
parameters - No definition of non-air-
- Designed to facilitate for building conditioned space
operator to do self-input
information.

Already in used

Completed works in this period (Progress Report No.4 (Q1/2014)) — Activity 2.2.2a
3. Recommendation on SEC for Commercial Buildings in Thailand

Energy development plan requires energy consumption in commercial sector to be reduced
accordingly within the time frame. It is a challenge to establish milestone for building to achieve
energy efficiency target in each level. The standardized SEC can be used for comparing building
performance. The purpose of setting specific energy standard has two requirements
- Toreflect and comply with national energy efficiency target.
- To be adopted and used by any commercial building with standardize measurement
methods and result presentation.

Energy use intensity is widely used as indicator and internationally recognized. However, energy use
intensity itself cannot be compared nor reflect actual building performance and efficiency. Energy
use intensity is a quantitative interpretation of how much energy is used in the area. The area is a
boundary which contains energy consuming activity. Energy efficiency can be determined by the
amount of energy use in specific activity. Since each building has diverse activity and function, it is
unable to compare energy consumption in the building. Nevertheless, energy consumption can be
used to compare by defining measurement methods and information interpretation, this energy
consuming result is able to compare. This process is called “Normalization”.
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3.1 Eligible Building

1. The building must be legally developed.

2. The building’s structure, envelope and internal environment system must be constructed in
full compliance with Thailand’s building control act.

3. The Building must be occupied by at least 75% of total area and the building must be
operated for at least 1 year.

3.2 The concept of normalization

The concept of normalization being used in this method is to reduce the advantages/disadvantages
of each building parameter that effect energy use in the building. Unlike the completely new
calculation, where the SEC is calculated by the summation of each energy-use parameter, this
normalization method is based on actual value of measured SEC, then normalization factors is used
to reduce/increase initial value of SEC. Thus the result from this method is directly comparable to
baseline of energy use in the building which only relies upon area of the building.

Actual SEC vs normalized SEC

B Operating
Hour
———— " Density

® Vacancy

B Space Type

] mEul

Actual Normalized

Figure C2-2.9: Comparison of actual SEC and normalized SEC
3.3 Normalization Process and Normalization Equation

Normalization is a process for balancing specific energy consumption by adjusting energy
consumption that affected from related factors via the calculation process. The actual energy
consumption is normalized to eliminate the unfairness in energy consumption in the building.

In the process of normalization, it is essential to design rational methodology which is used in
information computation. The process should leverage energy used in different manners to be in a
comparable form.
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3.3.1 Normalization Equation

Normalized Specific Energy Consumption or Final Specific Energy Consumption can be calculated
through this equation:

SECNormaIized= (SECactuaI_ TOtal Space Type AdeStment)xNvacancyxNoccupanthoperating

Where:

Nvacancy

Noccupant =

Noperating

Annual Vacancy factor
Occupancy density factor
= Operating hour factor

There are 4 significant normalization factors which will be considered to calculate the final specific
energy consumption or normalized specific energy consumption. The 4 normalization factors are;

Space Type Adjustment: The area of the building where energy is used by normal
and specific system such as data centre area. It is necessary to adjust energy
intensity of this area by excluding specific energy use of specific system or
equipment in this area.

Space Type Adjustment equation;
= (SECspecific space — SECbuilding (lighting & plug Ioad)) X SPECiﬁC Space Area/TOtal Area

Vacancy Factor: The variation of vacancy rate can affect to energy consumption of
the building. The building with high vacancy rate will cause the absence of energy
use intensity per floor area. This amount of energy is to be added up.

Vacancy Factor equation;

1
1 — (Y acancy x Yabnergy EBffect{l’))

Vacaney Factor =

Where :
% Vacancy
% Energy Effect (V)

% Vacancy of the building
Effect of vacancy variation to actual energy consumption

Occupancy Density Factor: The variation of occupancy density can affect to energy
consumption of the building. Building with higher occupant density will greatly result
in higher energy use. The building is needed to be compared with the same density.

Occupancy Density Factor equation;

1
1 — %Bnergy Effect{O®1 — Densitr Ratie)

Oeeupant Denstiy Factor =

Where
Density Ration = Actual density/Base density
% Energy Effect (O) = Effect of occupancy density variation to actual energy consumption
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4. Operating Hour Factor: The variation of operation hours can significantly affect to
energy consumption of the building. The building with longer operating hour will has
higher energy consumption.

Operating Hour Factor equation

1
Operating Hour Factor =
e 1 + (Operating Howr Ratio x %Energy Bffect{H))
Where
Operating Hour Ratio = (Actual Operating Hour — Base Operating Hour)/Base Operation Hour
% Energy Effect (H) = Effect of operating hour variation to actual energy consumption

The normalization process is needed to compare building by base space type, base vacancy rate,
base occupancy density and base operation hour.

3.3.2 Calculation of % Energy Effect for Normalization Factors

To calculate the normalized specific energy consumption, we need to firstly calculate normalization
factors. In the equation of normalization factors, there is a parameter called “% Energy Effect”. This
parameter indicated the percentage that each factor affects to overall specific energy consumption
of the building. % Energy Effect of each factor to each energy consumption system in the building
should be analyzed.

Table C1.8-1 shows energy consumption required with a response to variation of normalization
factor. For example, increasing in occupant density will affect only 10% on air conditioning (A/C) and
lighting system. Because air conditioning and lighting load are much determined in building design
process, such as lighting power density is designed proportional to the area and it won't increase
much relate to occupants in the area. However, increasing number of building user (in case of office
building, it means increasing number of employee) is much related to energy consumption from the
plug load. Typically, the office will provide a computer for each employee. Therefore, the energy use
in this system is more likely to have significant effect.

Table C1.8-1: The effect of normalization factors to energy consumption of each system in
office building.

% of energy consumption affected by normalization factors

Vacancy 75% 90% 50% 0% 100% 100%
Occupant Density 10% 10% 0% 0% 100% 50%
Operating Hour 75% 90% 50% 0% 100% 100%

After knowing the % of energy consumption affected by normalization factors to each system in the
building, then, % Energy Effect of each normalization factor to whole energy consumption of the
building can be calculated as follows;
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Thalland Modzl Energy Breakdown
Base Electricity Consumpticn {ek¥Whim?}
Office Building 1
2 - Office
Type A/C Lighting | Elevator Pump Computer = Total
2 Equipment
Energy
e ZEaa% | 11.8C% | 1.21% | 043ch | 3460% | 3.63% | (0% 3
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Normalization ekWhim? o
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4
1. Energy breakdown in percentage.
2. Specific Energy Consumption in each system regarding total Specific Energy Consumption of the building
3. Actual Specific Energy Consumption.
4. Effect of normalization factors to energy consumption of each system in the building.
5. % Base Energy of each normalization factor.

Figure C2-2.10 : Calculation of % Base Energy for Normalization Factors

According to Figure C2-2.10, the first section is the energy breakdown model of the building. The
energy breakdown of each building can be analysed by conducting actual measurement or referring
to the building with similar operation.

The second section is a specific energy consumption of each system according to energy breakdown
portion. The third section (last column) is the actual specific energy consumption of the building.

The forth section indicated the effect of normalization factors variation to energy consumption of
each system in the building. The fifth section is the percentage of energy effect due to variation of
normalization factors to energy consumption of the whole building.

3.3.3 Base Parameters and Information

The following parameters and information are required for calculation analysis of specific energy
consumption and normalization process.

1. Energy Use (kWh)
Energy use for the building is total annual energy consumption of the building. Annual
energy consumption can be obtain from

1.1 Electricity bills: Electricity bill provide by MEA or PEA which will report monthly
energy consumption of the facilities within the meter. The amount of monthly
energy consumption must be summed up in to annual energy consumption.
Generally, the date report in the bill is not stared from the first date of the
month and end with the last date. It is the operator responsibility to do the
correction in annual energy consumption to report the total energy consumption
of 365 days.

1.2 Otherwise, if energy bill for the building is not available or the building shares
meter with other building within the facilities. The building can use electricity
consumption information from individual sub-metered electricity meter.
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2. Total Area (m?)
2.1 Total Area is a measuring of total building area within single electricity meter,
including parking space and non-air conditioned area.
2.2 The area must be enclosed and mainly being used accordingly to specific building
purpose.

3. Vacancy Rate (%)
Vacancy Rate is the percentage of unused space in the building of reported total gross floor
area.
3.1 In the case that building has regularly change in rental contract in a year, vacancy rate
could be determined by using the bar at 75% of the year that the area is occupied.
3.2 The ratio in the ration of unused space divided by gross floor area.

4 Occupant Density

Occupant Density refers to the number of permanent occupants in the building.

4.1 The number of occupant should determine from credible source such as total registered
employee in the office, staff in the hospital and the number of student enrolled to class
in each year.

4.2 In each different building type, it can be interpreted into different manners.

4.2.1 Office: Number of permanent employee

4.2.2 Department Store: retail staff

4.2.3 Supermarket: cash cheer, warehouse employee

4.2.4 Hotel: reception, restaurant staff, halls

4.2.5 Condominium: registered house hold resident in the building
4.2.6 Hospital: Number of doctor, nurse

4.2.7 School: teacher, student, facility staff

Note that for Department Store, Supermarket, Hotel and Hospital are using number of
permanent of the employee and neglecting the number of irregular customer. The number
of employee in the building is not being used directly to calculate energy consumption
directly. One must be realized that vacancy is used to adjust the density of people in the
area. In many cases, the number of employee proportionally reflects the number of
visitor/services in the building because the effect of visitor is hardly to determine in many
cases.

o Base Occupant Density
By realizing that building occupant density is varied by building type, base building
density value in this normalization refer to the default values of occupant density in
ASHRAE 62.1 minimum ventilation rate.

Building Types: Occupant Density (#/100m?)
Office Building 5
Department Store 40
Supermarket 8
Hotel 10
Condominium 10
Hospital 10
School 35

Reference: Occupant density in occupied area, ASHRAE 62.1
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5. Operating Hour (hours)
Operating Hour is the number of hour in the year that the building is being used regularly.
This number is not open-close time of the building but a normal operation hour of the
building.
5.1 For each type of building, the base value is assumed as follows;
5.1.1 Office Building: The normal working hour for employee at the office. In case of
rental office building, the normal working hour of 75% of tenant will be used.
5.1.2 Department Store: Total annual opening hour as announced.
5.1.3 Supermarket: Total annual opening hour as announced.
5.1.4 Hotel: 24/7 (8,760 hrs).
5.1.5 Condominium: 24/7 (8,760 hrs).
5.1.6 Hospital: 24/7 (8,760 hrs).
5.1.7 School: Annual operating class period, including summer school opening.

. Base Operating Hour
Operating hour in each building type is different. For buildings which have normal
operating hour, annual base operation hour of 2,876 will be used. For constantly
operated building, an operating hour of 8,760 will be used.

6. Parking Space (m?)
6.1 If the parking space has installed with separated electricity meter, the parking space
must be treated as individual building.
6.2 If parking space and building space use the same electricity meter, the operator must
enter the area of parking space in the provided area.

7. Non-Air Conditioned Area
7.1 If non-air conditioned area has been installed with separated electricity meter and the
area is separable, this area are suggested to be excluded from the process.
7.2 If the area is embedded within the building, the area should be included in total area.
This area refers to hallway, mid-building open space and area with natural ventilation.

8. High Intensity or Exceptional Energy Use
High Intensity Area and Exceptional Energy Use Area is an area within Gross Floor Area
where the energy use profile is different from the main proposes of the building.

8.1 These areas are referred to
- Data Centre
- Retail
- Call Centre
- Other
- Enclosed Parking
- Non-Air Conditioned Space

If separate meter is not available and the energy consumption data in these are
unavailable, the operator is required to estimate the energy consumption in the

particular area.

8.2 The area (m?) of the eligible area should be entered here.
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8.3 The eligible area should be sub-metered for electricity use. The method of recording
energy could adopt the same principle as total building energy consumption.

9. Model Energy Breakdown
The percentage variance in energy breakdown is customized to suit with building energy
profile in each building categories.

3.4 Specific Energy Consumption Calculation & Methodology

In this section, the factors which cause diversity in building energy consumption will be determined.
The determination will be based on actual operational circumstance. Since the result is reported in
energy use per unit of area, the factors studied in this section will be analysed within the boundary of
building area.

Main Parameter Measurements

The main parameters refer to floor area and energy consumption as it is used to represent building
performance. The measurement method is important in the process of information input. It is
necessary for building owner and operator to understand the measurement method of the
parameters for correctness of the information.

Energy Consumption

Typically, building energy consumption is noticed by energy billing at the end of each month.
Through there are many simulation programme that could perform energy use in the building for the
whole year, the real energy use is preferred because it contain energy demand from others source
that is not included in simulation. The objective of this evaluation is aiming for operational-based
assessment, not by design-based.

The value used in calculation can be obtained from the sum of energy use in the building within a
year (i.e. energy billing). The variation of energy demand in each year is not to be concerned in this
benchmark since the objective of this evaluation is to evaluate building performance which will lead
for better improvement.

Area

Area is another crucial parameter in specific energy consumption. In this case, calculated area may
refer to building floor area. Although an area can be obviously observed, it requires an effort to
justify floor area according to energy using criteria. Sub-metering for energy usage is also important
inirregular space.

Floor Area Measurement
Generally, building floor area information is provided in project proposal, design and
construction plan or sale and leasing process. However, floor area being used for calculation
should base on energy consumption profile.

In some case, floor area is measured for air-conditioning area due to the dominant of air-
conditioning energy usage in the building. However, the criteria should account all energy
consumption areas. Modern passive building design contains significant natural ventilation
space. These areas may contain significant energy usage such as lighting equipment or plug
load. Another debatable area is parking space. Building in Thailand usually consists of
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considerable large area for parking space to facilitate intensively driving tenants. Therefore,
energy consumption in this area should be included but can be normalized for its irregular
energy profile.

Lighting
20%
A/C
O,
Other 52%
28%

Figure C2-2.11 : Energy consumption in Commercial Building
(DEDE)

The other criteria which can be used for floor area determination may refer to total indoor
area, energy consumable area, utilize area, or sellable area.

3.5 Example of Specific Energy Consumption Calculation and Analysis

This example will explain method’s process using in the calculation of Specific Energy
Consumption.

3.5.1 Basic information of the building

In this example, the building is commissioned as office building. The building includes of parking
area and non-air conditioned space are metered within single electricity meter. The building has
vacancy rate at 5%. The occupant density is higher than the base level at 5.35 persons per 100
square meters and has annual operating hour of 3,000 hours. The energy use, total area, vacancy
rate, occupant density and operating hour information have to be collected and reported
according to the guideline. In exceptional energy use area, the building must be able to identify
the area and energy consumption from sub-meter. The basic information of example building is
provided in figure C2-2.12.
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Building Type : Office Building

Year of Operation : 5 Years

Value | Unit

Energy Use 5,500,000 | kWh
Total Area 20,000 | m’
Vacancy Rate 5% | %
Occupant Density 5.35 pp/lOOm2
Operating Hour 2,850 | hrs
Parking Space 1000 | m?
Non-air conditioned space 1000 | m®

Annual
Space Type Area (m2) Consumption

(kwh)
Data Centre 500 138,000
Retail 800 150,000
Call Centre 650 112,000
Other 0 0
Enclosed Parking 2,000 56,064
Non-air conditioned area 1,000 75,000

Figure C2-2.12 : The list of basic information for example building.

3.5.2 Calculation of Actual SEC

The actual SEC is a report of measured energy consumption divided by qualified space. The
qualified space is expressed as Gross Floor Area (GFA). The GFA is the total area of the building
subtracted by parking space and non-air conditioned space.

Gross Floor Area = Total Area — Parking Space — Non air conditioned Space
Gross Floor Area = 20,000 — 1000 — 1000 = 18,000 m?
Then, the actual SEC will be calculated from the proportion between energy use and gross floor

area

Arnvuecl Energy Consumption
Gross Floor Area

SECeual =

. _ 5,500,000
Ceerusl = g0

BECeeys = 305,56 kiFhfm3

Therefore, the actual specific energy consumption of the building is 305.56 kWh/m?. This value
will be used in the final equation of finding normalized energy consumption.
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3.5.3 Calculation of Normalized SEC

To calculate normalized SEC, we need to identify and calculate the normalization factors and
space type adjustment.

To proceed normalization factors calculation, the energy breakdown model is introduced as basic
energy information for further calculation process. The percentage of energy variation in each
building system is built in accordance with the building type. The actual specific energy
consumption of 305.56 kWh/m? is allocated into each system as shown in figure C2-2.13.

Base Electricity Consumption (ekWh/m?)
Office Building
I Office
Type AIC Lighting | Hevator Pump | Computer } Total
Equipment
Energy
Office 50.48%| 24.87% 1.50% 0.45% 9.36%| 13.34%| 100%
154.26 75.98 4.58 1.38 28.61 40.75 305.56
Percentage of Energy Use Variation ekWh/m? %
Vacancy 70% 90% 50% 80% 100% 100% 249.11| 81.53%
Occupant Density 15% 10% 30% 35% 100% 50% 81.58| 26.70%
Operating Hour 75% 90% 50% 80% 100% 100% 256.83| 84.05%

Figure C2-2.13 : Energy Breakdown Model of the example case.

3.5.3.1 Calculation of Space Type Adjustment

This process will adjust the excessive energy use in particular area to match with normal
energy consumption of office building. The building has to report their exceptional
energy use area as shown in figure C2-2.14 below.

Al
Space Type Area (m?) _Consum pt Type Adjustngwnt

ion (kWh) KWh/m?2 (kWh/m 2)
Data Centre 500 138000 276 3.6
Retail 800 150000 187.5 1.9
Call Centre 650 112000 172.30769 0.97
Other 0 0 0 0.00
Enclosed Parking 2000 56064 28.032 3.11
Unairconditioned space 1000 75000 75 4.17
Sum: GFA 18,000 Total Adjustment 9.59

Figure C2-2.14 : Information of space type normalization.

For Data Center, Retail and Call Center, the present of intensively energy use will be
replaced by normal office energy use, in this case is lighting and plug load. The base
lighting and plug load values are referring to energy use in the breakdown model.

For example, the adjustment of Data Center area can be calculated as follows;

Duta Center Adjustment — (S5€, SEC ) Stacenter Ara
ggresenrsr -.Tg.trmg.&p-...e&-.ns: o Tﬂémfﬁrm
5 )
Data Center Adjustment = (276 — 145.34) x 2000~ 3.6 LR
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Where:

SECqatacenter is measured by sub-meter and reported as 276 kWh/m?

SECiightingaplugload IS Calculated from energy breakdown model (lighting+computer+office
equipment) = 145.34 kWh/m?

For parking space and non-air conditioned area will employ another method of energy
adjustment. The energy use in this area will be excluded from total energy consumption of
the building because this area is normally not used as office space function. The calculation
will divide the total energy consumption for the space type by the gross floor area of the
building to get appropriate adjustment value.

For example, the adjustment of Parking Space area can be calculated as follows:

Farking &rea Encrgy Consumption

Gross Flour Arog

Farking Space Adiustnaent =

=

-y

2 =
Parking Space Adinrtnremnt 15000

= 3.11 KW/ m®

Finally, all space-type adjustments are summed into total adjustment value.

Total Space Type
Space Type Adjur;tmen":p
Data Center 3.6
Retail 1.9
Call Center 0.97
Parking Space 3.11
Non-air conditioned Space 4.17

3.5.3.2 Vacancy Factor

The calculation of this factor is meant to compensate the absence of energy
consumption in vacant space. The calculation is a proportional of vacancy rate and
base electricity consumption from energy breakdown model.

1
1 — (%W¥acancy x Yefnegy Effect{l’)}

Vacancy Factor =

1
1—(0.05 X 0.8153)

Vacancy Factor =

Vecancy Factor = 1042

Where:
- The %Vacancy is reported directly from the provided information as a percentage (5%)
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- %Energy Effect (V) comes from the summary of energy contribution in the breakdown
model in Figure C2-2.13

3.5.3.3 Occupancy density Factor

The occupant density factor is aim to reduce the disadvantage of high number of
occupants in the building, resulted in higher actual energy intensity.

1
1 —%bEnegy Bffect{ @) » {1 — Density Ratio)

Oeeupant Density Factor =

1

Oceupant Denstty Factor = o1 0427

eccupant Density Factor = 0.26%

Where:

- The density ratio is calculated from reported density (5.35 pp/m?) to base density
value (5 pp/m?) = 5.35/5 = 1.042

- %Energy Effect (V) comes from the summary of energy contribution in the
breakdown model in Figure C2-2.13

3.5.3.4 Operating Hour Factor

This factor will be normalized for the building with longer operating hour than based
value. The proportion between actual operating hour and based operating hour will
result in operating hour ratio. The factor can be calculated from the effect of operating
hour variation to actual energy consumption multiply by operating hour ratio.

1
1 -+ Operating Howr Ratic x YWlnegy Bffect{Ify)

Operating Hour Factor =

1
1+ (0,218 » 0.8405 )

@perating Howr Facior =

Operating owr Pactor — G040

Where:

- The operating hour ratio is calculated from the differentiate of actual operating hour
(2,850 hrs) to base operating hour (2,340 hrs) = (2,850 — 2,340)/2,340 = 0.218

- %Energy Effect (V) comes from the summary of energy contribution in the
breakdown model in Figure C2-2.13.
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3.5.3.5 Calculation of Normalized SEC

In the final step, the actual SEC will be adjusted by total space type adjustment and
multiplied by normalization factors, resulted in normalized SEC.

SECnormalized = (SECactual— Total Space Type Adjustment)XNyacaneyXNoccupant*Noperating
=(305.56—-9.59) x 1.042 x 0.982 x 0.845
=(305.56—-9.59) x 1.042 x 0.982 x 0.845
= 255.99 kWh/m?

Where:

Nvacaney = Annual Vacancy factor
Noceupant = Occupancy density factor
Noperating = Operating hour factor

The actual SEC of this example building (305.56 kWh/m?) will be normalized to be 255.99

kWh/m? at base condition (vacancy rate = 5 %, density rate = 5 person/100 m? and operating
hours at 2,340 hour/year).

This normalized SEC value is comparable to other office buildings at the same base condition.
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(Work in Progress and no report progress in this period)

SEC of various building types from Energy Management Report 2012
(Summary of Data Submitted to DEDE)

The summary of results below regarding the SEC in various building types in Thailand from energy
management report 2012 of designated buildings submitted to DEDE: (Source: “Final Report”
Summary of SECs by Accredited Consultant; data from BERC, DEDE)

1. Hospital Buildings:
Size Qry SEC elec. SEC SEC total (MJ/bed-day)
(kwh/bed- | thermal. Max Min Avg. SD
day) (MJ/bed-
day)
<150 beds 32 407.56 190.41 12,728.04 66.77 1,033.63 2,204.83
150-300 29 338.74 195.81 3,642.25 110.94 748.91 644.85
beds
>300 beds 15 457.94 278.99 4,392.80 286.06 963.45 1,044.48
Total/avg. 76 391.24 213.51 12,728.04 66.77 911.13 1,544.45
2. Hotel Buildings:
Size QTy SEC elec. SEC SEC total (MJ/room-day)
(kwh/room- | thermal. Max Min Avg. SD
day) (MJ/room-
day)
<150 rooms 19 1,261.99 10,524.00 | 147,311.64 140.60 8,995.56 | 33,551.63
150-500 151 443.87 647.58 62,466.97 56.85 1,141.31 5,349.48
rooms
>500 rooms 31 265.60 120.00 2,765.72 130.37 471.18 482.27
Total/avg. 201 493.71 1,407.44 | 147,311.64 56.85 1,780.40 | 11,328.34
3. Department Store/Shopping Mall Buildings:
Size QTyY SEC elec. SEC SEC total (MJ/m?)
(kWh/m?) | thermal. Max Min Avg. SD
(MJ/m?)
<10,000 m? 84 603.07 703.57 4,267.46 440.51 1,401.92 569.43
10,000- 278 657.81 248.37 2,737.59 211.46 1,141.27 398.53
50,000 m*
50,000- 19 526.43 625.83 1,634.12 353.23 935.64 387.47
100,000 m®
>100,000 m? 24 325.39 480.32 2,369.14 114.72 1,142.38 403.10
Total/avg. 405 493.71 312.71 4,267.46 114.72 1,185.75 453.41
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4. Educational Buildings:
Size QTY SEC elec. SEC SEC total (MJ/m?)
(kWh/m?) | thermal. Max Min Avg. SD
(MJ/m?)
<10,000 m? 8 166.74 - 791.02 122.80 479.26 267.41
10,000- 19 114.47 2.23 654.97 80.81 251.09 157.10
50,000 m?
>50,000 m? 8 196.33 1,101.03 872.96 174.06 379.18 216.04
Total/avg. 35 145.13 734.76 872.96 80.81 332.52 216.06
5. Office Buildings:
Size QTY SEC elec. SEC SEC total (MJ/m?)
(kWh/m?) | thermal. Max Min Avg. SD
(MJ/m?)
<10,000 m? 41 900.77 227.24 12,760.30 222.08 3,128.74 3,312.62
10,000- 137 315.65 443.83 2,511.26 87.85 727.15 404.16
50,000 m?
50,000- 32 319.00 529.18 1,378.58 184.20 691.63 289.46
100,000 m?
>100,000 m? 9 285.46 1.03 845.18 106.30 574.19 243.70
Total/avg. 219 424.44 396.30 12,760.30 87.85 1,165.29 1,738.54
6. Others Buildings:
Size QTY SEC elec. SEC SEC total (MJ/m?)
(kWh/m?) | thermal. Max Min Avg. SD
(MJ/m?)
<10,000 m? 18 977.23 20,839.07 | 36,592.76 313.07 4,210.75 8,520.79
10,000- 38 252.87 203.90 2,652.77 0.93 631.85 588.45
50,000 m®
50,000- 17 104.06 354.99 847.00 70.38 326.82 272.99
100,000 m*
100,000- 22 36.67 89.35 370.47 26.07 112.33 107.11
500,000 m’
>500,000 m” 10 5.37 1.29 30.30 7.86 19.83 7.00
Total/avg. 105 284.08 3,511.50 36,592.76 0.93 1,028.85 3,764.44

However, the above SECs should be reviewed to comply with the guidelines for development of
SECs and normalization standard.
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(Work in Progress and no report progress in this period)

The M&V scheme of projects subsidized by DEDE are generally applied from IPMVP Option A, B or D
where energy conservation measures (ECMs) are suitable for the verified savings.

The measurement and verification (M&V) process shall be incorporated with characteristics of each
project. In addition, the scheme shall be able to monitor a sustainability of the project in terms of
market penetration, user acceptance, business alignment etc. The following purposes have been
analyzed from DEDE’s projects implemented M&V scheme:

7
0‘0

Increase energy savings

Accurate determination of energy savings gives facility to owners and managers valuable
feedback on their energy conservation measures (ECMs). This feedback helps them adjust
ECM design or operations to improve savings, achieve greater persistence of savings over
time, and lower variations in savings (Kats et al.1997 and 1999, Haberl et al.1996)

Document financial transactions

For some projects, the energy efficiency savings are the basis for performance-based
financial payments and/or guarantee in a performance contract. A well-defined and
implemented M&V Plan can be the basis for documenting performance in a transparent
manner and can be subject to independent verification.

Enhance financing for efficiency projects

A good M&V Plan increases the transparency and credibility of reports on the outcome of
energy efficiency investments. It also increases the credibility of projections for the outcome
of energy efficiency investments. This credibility can increase the confidence that investors
and sponsors have in energy efficiency projects, enhancing their chances of being financed.

Improve engineering design and facility operations and maintenance

The preparation of a good M&V Plan encourages comprehensive project design by including
all M&V costs in the project’s economics. Good M&V also helps managers discover and
reduce maintenance and operating problems, so they can run facilities more effectively.
Good M&YV also provides feedback for future project designs.

Manage energy budget

Even where savings are not planned, M&V techniques help managers evaluate and manage
energy usage to account for variances from budgets. M&V techniques are used to adjust for
changing facility-operating conditions in order to set proper budgets and account for budget
variances.

Enhance the value of the emission-reduction credits

Accounting for emission reductions provides additional value to efficiency projects. Use of an
M&V plan for determining energy savings improves emissions-reduction reports compared
to reports with no M&V plan.

Support evaluation of regional efficiency programmes

Utility or government programmes for managing the usage of an energy supply system can
use M&V techniques to evaluate the savings at selected energy user facilities. Using
statistical techniques and other assumptions, the savings determined by M&YV activities at

Bright Management Consulting Co.,Ltd. Page 87/97



Progress Report#4
Promoting Energy Efficiency in Commercial Buildings, PEECB

selected individual facilities can help predict savings at unmeasured sites in order to report
the performance of the entire programme.

+* Increase public understanding of energy management as a public policy tool

By improving the credibility of energy management projects, M&V increases public
acceptance of the related emission reduction. Such public acceptance encourages
investment in energy-efficiency projects or the emission credits they may create. By
enhancing savings, good M&V practice highlights the public benefits provided by good
energy management, such as improved community health, reduced environmental
degradation, and increased employment.

It is envisaged that the future projects shall be designed for all M&V purposes mentioned
above including all relevant activities aiming to be in line with the 20 Year Energy Efficiency
Development Plan as an indicative tool for the 4 strategic issues : Availability, Accessibility,
Acceptability and Accountability.

Monitoring & Verifications (M&YV) in Thailand:

The Monitoring and Verification (M&V) protocol previously developed by DEDE, as well as common
approaches being adopted by ESCOs and EE consulting firms in Thailand are mainly derived from 2
major international guidelines:

o IPMVP methodologies (Mostly used in energy efficiency projects)
o CDM methodologies (Mostly used in carbon credit projects)

IPMVP (International Performance Measurement and Verification Protocol)*

Efficiency Valuation Organization (EVO) publishes the International Performance Measurement and
Verification Protocol (IPMVP) to increase investment in energy and water efficiency, demand
management and renewable energy projects around the world.

The IPMVP promotes efficiency investments by the following activities:

= IPMVP documents common terms and methods to evaluate performance of
efficiency projects for buyers, sellers and financiers. Some of these terms
and methods may be used in project agreements, though IPMVP does not
offer contractual language.

= IPMVP provides methods, with different levels of cost and accuracy, for
determining savings either for the whole facility or for individual energy
conservation measures.

= IPMVP specifies the contents of a Measurement and Verification Plan (M&V
Plan). This M&V Plan adheres to widely accepted fundamental principles of
M&V and should produce verifiable savings reports. A M&V Plan must be
developed for each project by a qualified professional (e.g. Certified M&V
Professional : CMVP).

= IPMVP applies to a wide variety of facilities including existing and new
buildings and industrial processes.
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Benefits of Using IPMVP

IPMVP’s history since 1995 and its international use bring the following benefits to programmes that
adhere to IPMVP’s guidance.

= Substantiation of payments for performance. Where financial payments are

based on demonstrated energy savings, adherence to IPMVP ensures that
savings follow good practice. An IPMVP-adherent saving report allows a
customer, an energy user or a utility, to readily accept reported
performance. Energy Service Company (ESCOs) whose invoices are
supported by IPMVP-adherent saving reports, usually receives prompt
payments.

Lower transaction costs in an energy performance contract. Specification of
IPMVP as the basis for designing a project’'s M&V can simplify the
negotiations for an energy performance contract.

International credibility for energy saving reports, thereby increasing the
value to a buyer of the associated energy savings.

Enhanced rating under programmes to encourage or label sustainably
designed and/or operated facilities.

Help national and industry organizations promote and achieve resource
efficiency and environmental objectives. The IPMVP is widely adopted by
national and regional government agencies and by industry organizations to
help manage their programmes and enhance the credibility of their reported
results.

Though the application of IPMVP is unique to each project, certain types of users will have similar
methods in their M&V Plans and implementation. The followings are ways to use IPMVP :

Energy performance contractors and their building customers

Energy users doing their own retrofits and wanting to account for savings

Facility managers properly accounting for energy budget variances

New building designers

New building designers seeking recognition for the sustainability of their designs

Existing building managers seeking recognition for the environmental and quality of their

building operations

O
O
O
O
O
O
O
0O
O Etc.
IPMVP Option

Emission reduction trading programme designers
Energy user’s seeking 1ISO 50001 certification

IPMVP Option A & B (Retrofit Isolation) :
If the purpose of reporting is to help manage only the equipment affected by the savings

programme,

a measurement boundary should be drawn around that equipment. Then all

significant energy requirements of the equipment within the boundary can be determined. This
approach is used as the Retrofit Isolation Options which categorized into :

=  Option A : Retrofit Isolation (Key Parameter Measurement)

=  Option B : Retrofit Isolation (All Parameter Measurement)
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IPMVP Option C (Whole Facility) :

If the purpose of reporting is to help manage total facility energy performance , the meters
measuring the supply of energy to the total facility can be used to assess performance and savings,
The measurement boundary in this case encompasses the whole facility.

IPMVP Option D (Calibrated Simulation) :

If a baseline or reporting period data is unreliable or unavailable, energy data from a calibrated
simulation programme can take the place of the missing data, for either part or all of the facility. The
measurement boundary can be drawn accordingly.

The M&YV scheme of projects subsidized by DEDE are generally applied IPMVP Option A ,B or D where
energy conservation measures (ECMs) are suitable for the verified savings.
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List of Major Implemented Project in Thailand having M&V process:

| 1. ESCO Revolving Fund by DEDE

2. Tax-incentive (Performance-based) by DEDE

3. Advanced Technologies Demonstration Project (Phase | & II) by DEDE

- 4. Demand Side Management by Bidding Mechanism (DSM Bidding) by EPPO
5. BEAT 2010 by EPPO

1. ESCO Revolving Fund

DEDE launches the programme by using ENCON Fund for motivating the energy efficiency and
renewable energy business in Thailand. The project appoints 2 fund managers: E for E (Energy for
Environment Foundation) and ECFT (Energy Conservation Foundation of Thailand) to provide the
technical assistance & financing scheme for entrepreneurs from industrial sectors and ESCOs in
energy efficiency and renewable energy projects.

M&V Scheme :
Measurement & verification (M&V) is the key importance specifically in developing and determining
viable energy efficiency or renewable energy projects e.g.

=  Equity investment

=  Carbon credit facility

=  Technical assistance

Therefore, the M&V of this project is considerably applied for operational verification & saving
verification. In general, IPMVP option A or B is applied.

2. Tax-incentive (Performance-based) programme

M&V Scheme :

Measurement & verification (M&V) is the key importance specifically in determining tax-incentive
calculation :

= Tax deduction = Cost savings x %tax rate (30%,25%,15%)

The M&YV of this project is saving verification. In general, IPMVP option A is applied.

3. Advanced Technologies Demonstration Project (Phase 1&ll)

M&V Scheme :

Measurement & verification (M&V) is the key importance specifically in determining energy saving
calculation:

= Saving = Baseline — Post Audit

The M&YV of this project is operational verification & saving verification. IPMVP option A is applied.
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4, Demand Side Management by Bidding Mechanism (DSM Bidding)
M&V Scheme :

Measurement & verification (M&V) is the key importance specifically in determining the calculation
on energy price for bidding :

The M&V of this project is operational verification & Saving verification. IPMVP option A is applied.
5. BEAT 2010 (Building Energy Awards of Thailand 2010)
M&V Scheme :

Measurement & verification (M&V) is the key importance specifically in determining energy
efficiency index after implementing projects

The M&YV of this project are both operational verification and saving verification. In general, IPMVP
option A, B and Cis applied.

3.4 Component 3 (C-3) : No activities during Progress Report #4 period

+* There are no activities of this component during the period of the Progress Report #4 due to
delaying in selection of demonstration buildings.
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4. Expected Outputs for the Next Period

Expected outputs for Progress Report No. 5 which is planned to submit to DEDE by June 2014 will
consist of following work progress.

Project Management (PM)

PM-1 Project Management and Coordinating Activities
Component 1 (C-1)

C1-1  Activity 1.1.1b: Design & Development of CBEEC

C1-2  Activity 1.2.1a: Design Effective Promotional Scheme
C1-3  Activity 1.3.2a: Selection and Modification of BESM
C1-4  Activity 1.4.2a: Design of Technical Training Course
C1-5 Activity 1.5a: Design of Non-Technical Training Course
Component 2 (C-2)

C2-1  Activity 2.2.1a: Review of BEC software database

C2-2  Activity 2.2.2a: Review the Existing Specific Energy Consumption Index (SEC)
Component 3 (C-3)

C3-1 Review application sites for Demonstration Projects

Expected outputs in each period of Y2014 can be shown in following chart;
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Activities Plan for Y2014 : pEecB Project

JAN - JUN JUL AUG
1. CBEEC 1.CBEEC 1.CBEEC 1.CBEEC 1.CBEEC 1.CBEEC 1.CBEEC
1.1 Uploading PEECB Updated Updated Updated Updated Updated Updated
Website
2. BESM 2.BESM 2.BESM 2.BESM 2.BESM 2.BESM 2.BESM

2.1 Finalize structure Programming Programming
2.2 Functional
spec.development

2.3 Focus Group Meeting

Programming Programming Programming Programming

(May 2014) 3.Training 3.Training 3.Training 3. Training 3. Training
3.Training Designing Designing Delivering Delivering Delivering
3. Training Designing 3.1 OomM2.3 Grp 3:@50 per. Grp 4:@50 per. None
3.2 OM24 3.1 OM 2.5 on OM on D1 & D2

3.1 Module B.1.1 3.2 OM 2.2 33 D11 3.2 D21 4.Promotional

3.2 Module B 1.2 33 OM3.1 33 D22 Tools

3.3 Module E 2.1 Delivering 4.Promotional 4.Promotional 4.1 E-News

3.4 Module E 2.2 Grp 1: @50 per. Delivering Tools Tools No.3
4.Promotional onB1.1 & B1.2 Grp 2: @50 per.

4. Promotional Tools Tools on E2.1 & E2.2

4.1 E-News No.1 4 Promotional

Tools

4. Promotional
Tools
4.1 E-News
No.2

:
|
:
|
:
|
:
|
Designing E 3.1 oM 2.1
|
|
:
|
:
|
:
|
:
|
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(TORA4.9) Task 9: The Consultant shall submit the Progress Reports and other required reports
within the project timeframe.

Table 4-1 Submission status of Progress Reports and other required reports up to Q1/2014

Type of Report Submission Submission Status

Period

Submitted to DEDE

1 Inception Report July 2013 Completed
2 Progress Report #1 August 2013 Completed
3 Progress Report #2 November 2013 Completed
4 Progress Report #3 December 2013 Completed
5 Progress Report #4 March 2014 Submitting

Submitted to UNDP

1 Inception Report August 2013 Completed

2 Quarterly Operational Report (QOR) and October 2013 Completed
Quarterly Progress Report (QPR) for Q3/2013

3. FACE Sheet Report for Q3/2013 October 2013 Completed

4. Quarterly Operational Report (QOR) and January 2014 Completed
Quarterly Progress Report (QPR) for Q4/2013

5. FACE Sheet Report for Q4/2013 January 2014 Completed
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(TOR4.10) Task 10: Review and provide recommendation on the reports submitted by the second
contract consultant.

Table 4-2 Submission status of reports of the second contract consultant (ENSOP) up to
Q1/2014

Type of Report Submission Submission Status

Period
Submitted to DEDE

1 Inception Report September 2013 | Completed
2 Progress Report #1 December 2013 Completed
3 Progress Report #2 March 2014 Submitting

Recommendation:
1. The development of the work for component 2 and 3 as responsible by ENSOP should

comply and support to the Energy Efficiency Development Plan (EEDP 20Y. Guidelines on the
development steps has been recommended as shown in Figure 4-1

Development of Energy Efficiency in Commmercial Buildings

RRRRRERS S  Zcro Energy Buildings

Ql/z014

Review Existing Policy Recommend Recommend

Time Frame : Y2013

/Scheme Promotional Policy Promotional Scherne

- Support EEDP 20 Years
- Compulsory & Voluntary

”
o “Quick Win”

Demonstration

Comply with EEDP 20 Years

Technical Assistance

. : Financial Incentive
Demonstration Project

for Existing Building

SMART Buildings — Recommendation
& SMART Cities on New Development Project

Figure 4-1 : Guidelines on the development steps to move forward Zero Energy Buildings
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2. Recommendation on the progress report no.2 submitted by ENSOP
2.1 Clear working timeframe of each activity under component 2 and 3 should be clearly
provided in order to communicate to all related parties and tracking progress of each
activity.
2.2 Specific target on policy development should be identified as short, medium and
long term target according to the project timeframe.
2.3 Guidelines or manual for the demonstration project of component 3 should be

urgently developed.
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Program Workflow

BLDG info: i BLDG input: i
| _ R |
—»| Footprint ( | EnvelopeDetails |
] ]
ﬂ ST ! (Empty) ] .‘ BLDG input: Lighting system
+ Manually enter
~ . L BLDG input: HVALC system —
FLoe e BLDG info:
Welcome Building Zoning BLDG input : Envelope Details
Pag e @ drawing T { ™ BLDG input: PV system —
= 2 .
* L BLDG input: Hot water system |
BLDG info:
- Bldg
ceometry g BLDG input: Equipments — Report }

AT

Energy
Efficiency
Measures
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

DRAFT Sequences of Building Energy Simulation Model

Procedure/Graphic Display Steps Results
Welcome page

o Selectto open - Window pops up for selection of existing projects
an existing & Open
o . . (] = 1 s » Computzt » DE(CT » w oty | Szarch G50 P
O Open an eX|st|ng prOJect plr:olj(e;:( then Cineae’ et = A &
cie T Faa e S Meme ’ e
SRecyc e 3in Fil
. it Asus WesStoraze il
O Create anew project B Prurente _ a
Mo sl
] P ehuees £ i
B Videon ™ D LLin ?: ';: ;:el;le
[ oK ] [ HELP ] [ EXIT ] e ;
o 114 I.L i) Fil
LRI Do 1) Busic =il
Pafluy. 7 Vo Filw
o ehvark = & 2
[ ile pame=; w| | DOL-die BUL Input | les iTng]
General page lay-out ’ ,Tr tl,_,__,

File View Help

- When the project is selected and opened, the Building input page is displayed
o Selecttocreate | Go to Building information : Building details page
a new project

Menu

Working space then click OK
o Click Help Open Help file
o Click Exit Exit the program

Buliding information - Bading detals

Project name Enter project names
This page is reached by clicking create a Building type Select building type from a drop down list : Office, School, Hospital, Hotel, Department
new project in Welcome store, Condominium, Exhibition hall, Sport venue, Theatre, Entertainment venue, Assembly
page building

BRIGHT Management Consulting Co.,Ltd. ANNEX 2 — Page 2 of 23



Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results

Project name  Click here to enter text.
Building type Office
Location Bangkok
Buiaing shape
B import a goXML file o ImportagbXML | - gbXML file imported
file - The program reads the file, the Building input page is displayed
*Investigate the possibility to import gbXML files
o Importa CAD - CAD file(dwg or dxf) imported as a background
fileasa f !

E Import a CAD file as a background

[ User define footprint

[ Mannual area enter

back d Lok i1 | g Dowrdoads =] = 6B c¥ B B
ac groun Marme Datn . e

A lesd_pro... V072013 1255 M e lulder

1517510, 127172013 2:03 PM DWG Fée

BPEA-AA. 12/15/20138:220M DWG Fie

B, 2as0nsem DWG Fie

Beeia. 215201 1M DWE Fie v

¢

3
Fepee [ o |
Fes b [AtoTAD DWG Fles - dwgl |

- Scale is set

CAD Drawing File: [PEA-A-A-1003 Sunshade Detail - DWG |

Establish or eliminate a link between the current shell and a DWG
drawing file by selecting from the list of options above.

—CAD Drawing Setting:

Type of Units: Decimal

1 CAD Unit = 1 | -

inches

feet
Drawing placement in relation to | contimeters
meters

Drawing origin in Building Model Units: X: | -146.177  ¥: |-175.485

Azimuth in respect to the building model: I [}

oy |

- Go to Footprint drawing canvas

o User define Open Footprint drawing canvas
footprint

o Manual area Go to Building input page
enter

BRIGHT Management Consulting Co.,Ltd. ANNEX 2 — Page 3 of 23



Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results
Building information : Footprint drawing | - Import CAD - A CAD file(dwg or dxf) is imported as a background
canvas footprint - Footprint can be drawn by tracing and snapping with the background. Vertices can be

This page is reached by choosing Import
a CAD file as a background or User
define footprint in Building information :
Building details page

Ficor Coord: ( ~42.3, 159.8 )
Fooconnt Stk O vertices, 0.0 Saft B8 oone

adjusted, deleted and added via coordinate value displayed.

Eeie B Bew

[ |

=
+—
.

- When finish and click done, the Zoning drawing canvas is opened.

- User define foot
print

- Footprint can be drawn and vertices can be sted via coordinate vaIu displayed.

[ S X

B e

|

- When finish and click d ng drawing canva's'is opened.

Building information : Zoning drawing
canvas

- Draw zoning

- Zonings are drawn inside specified footprint.

BRIGHT Management Consulting Co.,Ltd.
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Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results
5] Custen Buking Tonng - ﬂn':

This page is reached when user finish e
drawing building footprint

|

i

|

| @~

I =t

Building information : Building geometry

This page is reached when user finish
drawing building zoning.

Floor to floor height 3 Meters
% Glass North 30 % East 30 %
West 30 % South 30 %
2 No shading [ with shading
Shading
North East West South
Overhang : From window 0 0 0 0
Projection 0.2 0.2 0.2 0.2
Fin : From window 0 0 0 0
Projection 0 0 0 0

Floor to floor height
% Glass

Shading

- When finish and click done, the Building information : Building geometry is opened.

Enter floor to floor height in meter

Enter % Glazing area in each direction

Enter shading information in each direction

When click OK, 3D model of the building is displayed

Wall and roof areas, tilted angle and orientation are calculated from the model.
- Wall default - 0.1 m thick lightweight brick/ white color
- Glazing default - 6 mm green tinted glass

- Roof default - Concrete built up roof with 2 inches glass wool/ medium color
There are options to go to Building input: Envelope details or go back to edit the model

BRIGHT Management Consulting Co.,Ltd.
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Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

Building input : Envelope details

[ Materials Library ] [ Wall Library ]

Wall type Area color Indoorsurface
(m’) emissivity

Zone Orientation

Tited
angle

L e

= =
[ KN =

From Manual area
enter

From
e Import
gbXML
e Drawing/zo
ning canvas

Database of
materials, and
envelope are
available, users can
edit and add their
own library

e Envelope details are entered manually according to zoning.
e Each wall area is specified manually with orientation, wall type, area, color, indoor
surface emissivity and tilted angle.

[ Materials Library ] [ Wall/Roof Library ]

Area color Indoor surface Tilted

(m’)

Zone Orientation Wall type

emissivity angle

| NN = | =l E

e Areas are divided in zones and details area shown, all data are automatically
entered.
e Each line can be copied, deleted or inserted. Each box can be edited

[ Materials Library ] [ Wall/Roof Library ]

Zone Qrientation Wall type Area (mz) color Indoor surface Tilted angle
emissivity
1 North Lightweight wall 120 White High 90
1 North Wood 6 Brown High 90

When materials or wall types are not available from drop-down menu lists, users have
abilities to add more materials or create new wall types

Material library : Has an option to add/ copy/ edit materials in the library. The library must
be able to transfer between computers.

® Opeque materials
Enter name, k (Conductivity-w/mK), p (Density-kg/m?) and Cp (Specific heat
capacity-kJ/kgK) for opeque materials.

BRIGHT Management Consulting Co.,Ltd.
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results
k P [
Yaen W/Amo)| (ke/m) | (WAKe 0N
ﬂiﬂkﬁ@ﬂ“ﬁﬂﬂﬂﬂ@uﬂ%ﬂ 0.993 2400 0.79
nsvifesaeuidn 0.384 1700 1.00
nsufesanvlug 0.441 2000 1.00
nsuifasaoug 0.395 2000 1.00
woatlas 0.421 1500 1.51
nszipnunaun 0.341 930 0.88
nsudferlusauasBou 0.213 1340 1.88

® Transparent materials
Enter U-Value (W/m?K), SC, SHGC (0.87*SC), Visible light transmission for transparent

materials

dns | Ald.ns

A9nu fem Visible Solar Solar Solar

Desaiption oA | oo | Ve | el | renecin | (Tanente | Abseroo
_ aviiasl ce) ce) ance) n)

(Tvis) (SHGC)
Clear Float Glass and Tinted Float Glass
Clear Float Glass 2 mm 0.91 0.88 5.87 8 87 7 6
Clear Float Glass 3 mm 0.9 0.87 5.84 8 85 7 8
Clear Float Glass 4 mm 0.89 0.84 5.81 8 83 7 10
Clear Float Glass 5 mm 0.89 0.83 5.77 8 81 7 12
Clear Float Glass 6 mm 0.88 0.82 5.74 8 80 7 13
Clear Float Glass 8 mm 0.87 0.8 5.67 8 77 7 16
Clear Float Glass 10 mm 0.86 0.77 5.61 8 74 7 19

® Air gaps
Air gap R values are available. Custom air gap values can be added.

a 1 v ) () a o
MINN 1.2 mmmmuﬂmmmsaumawm'mmmﬂmgmtﬂuwmmmﬁ

MANUMUNIUANNT o UYR IR I 190 IMA

a ) 9vo o ) )
wwummqﬂvmwwmu’lu FOIINIMA ANUHHUIVIYOIINDINA

sfaamAs | 20 Nadmas | 100 Naawns

ns@iifuRmT s mauss @nsmsursadqa 0.110 0.148 0.160

add A o oo 5. = to A
nydinuRmialimd s Ansmaunsadda 0.250 0.578 0.606

BRIGHT Management Consulting Co.,Ltd. ANNEX 2 — Page 7 of 23




Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

1519 1.13 MAmdunIuAImSe vve e sl semanegmelunanieins

ANIWMUMUAIINT O UV

2
29 931991M9 ((m'. "CY/W)
wHave sYaqilfrihfindsmauen AIMHHIVE 90 93130 1A

5uN | 20 4y | 100 3n

RV PP Y a2 1o oo
NIUNWHHNINAT Nﬂﬁ:ﬁﬂﬁm‘i!mﬁdﬁq@

0 83fM 0.11 0.148 0.174

v
ANMUMADIIINHUANUITZUI 22.509M 0.11 0.148 0.165
45 93 0.11 0.148 0.158

add o o~ o s a 1o s
s NuAIMdusz@nEmndSad

(UGN 0.25 0.572 1.423

7
ANUAABEIINAUANUITZUI 22.5 93 0.25 0.571 1.095
45 99N 0.25 0.570 0.768

a . ) 2 oo A . ! A oSy
ATNN 1.5 ﬂ‘m’J‘lﬂﬂ‘mVl‘luﬂTlNiBﬂ‘llﬂ»iiﬁ)»i’)‘l»iﬁ)'lﬂ'lﬂﬂa;]1zM’J‘Nl!NMﬂi:Gm"‘SE]Nﬂ»ﬂﬂidllﬁi

2
AMAIAINIUANNFE VR I 93199 1MA (m . 'CYW)

AnunievesresIee Imn ﬁuﬁaﬁﬁﬁ'uﬂi:§w§n1iuﬁ§'ﬁga ufaRRG sz AnEmIuN i
(Giadmns)
13 0.119 0.345
10 0.110 0.278
7 0.097 0.208
6 0.091 0.196
5 0.084 0.167

Wall/Roof library Select materials from database and specify thickness. For air gap, specify
type of air gap, thickness and tilted angle. The R value can then be calculated.

X
® QOpeque material R:E = thickness (m)/conductivity (w/mK)

® Air gap R values can be obtained from tables. Air gap R value can be interpolated
when the thickness fall between value specified in the tables. Use air gap R value
at 100 mm if the thickness is beyond 100 mm. Low emissivity air gap R values are
used when reflective materials i.e. aluminum foil are used at one side or both
side of air gap surfaces.
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results
The library must be able to transfer between computers.
Name Materials K Thickness | Reflective | Tilted R
W/mK (m) surface angle (MPKIW)

Double brick wall with 0.1 m Brick 0.72 0.07 - - 86.4

air gap Wall Air Gap - 0.10 r 90 0.16
Brick 0.72 0.07 - - 86.4

Steps:

- Give the name to the wall

Opeque materials

- Select material from drop-down menu, K is automatically shown

- Specify thickness in meter, R is automatically calculated

Air gap

- Select air gap type, wall, glazing, roof, reflective/non-reflective air gap from drop-
down menu

- Specify thickness in meter

- Specfify tilted angle, R is automatically calculated

There is a function to copy wall/roof and save as to another name

Calculations

Heat ransfer through wall and roof
- Heat transfer through opeque envelope is calculated using the following equation;

Q =U .XAXTDeq
Orientation Wall type Area (mz) U TDeq (K) Q (W)
(W/m?°K)
North Lightweight wall 120 1.32 32 5,068.8
North Wood 6 1.2 18 129.6
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results

® U- value of each wall can be calculated as follows:

U= 1

X X
R Jay e, Ky R,
k, kK, K
® OQutside and inside air film resistances (R, and R;) can also be obtained from
tables. Low emissivity air film R values are used when reflective materials i.e.
aluminium are used at inside surfaces of walls or roofs

n

' v v a2 o LY
519 1.1 AMAINATHMIUANNT D UV ST Al IMAd I HT N0 1S

ANNUAIUNIUAINT DU
yilavesTaqiliimita firamnfadn | ARawiiadu
lu ®) uen (R,
nsdiffimTsiimdinlsz Angmu adga 0.120 0.044
nsduFTfmdnss A 0.299 -

M L1z s munandeuvesilaiemadiniumiame s

. v v N 2o
M wiouve silafermsa (m'. ‘0OW)

N to e o AufimaamnieTu Ri) iyudeaseg i Wufmaimdmiuen

wilavesdaTagivimdem a4 o

NUUITZUI (Ro) wwmuﬂm

0vm [ 22509 [ 450am | 6003m

mdmilmdnlizanimauiiidgs | 0162 0.148 0133 0.126

0.055

Eall s
Y

mdsmilednlszangmaudsads | 0801 0595 0.391 0.249

® Example of U calculation

W1
AN R, ANNFAUNILEINIANIEWEN =0.044 m’*C/ W
e . P
e ; 1 R, uanu = 0015072  =0.0208 m*C/W
ol R Yuau w1 0.015 m A k=072 W/mC A a
fensens AR, 85 = 0.07/0.473  =0.1480 m*C/W
fose ®
:: 85 w1 0.07 m Ak = 0473 W/mC | AR, auau = 0.05/0.033 =1515 m*C/ W
EE ; AR, Suduuedn = 0.012/0.282 =0.0426 m*°C/ W
st " s AW %W 0.05 m A1k = 0.033 W/m°C X W 2
ﬂﬂ A1 R‘ mwmumummmmﬂ'lu =0.120 m=C/W
fose )
e Buduuedn viun 0.012m Ak =0282 W/m'C 2R = 1.8904 mC/ W
== 2
U=1ZR  =0529 W/m*C

RAININCAN Z

ragt 1u uUr 2o
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ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

® TDeq is selected with DSH, orientation, tilted angle, building type and color

1 Theq wossnefty dwFuoans . : Tsamsaw gudmsd aanims j:ﬂ"" an “"Wi“”ﬁ
MunnULazan AN FATINAUAI 13D MIYNYIAYU 30 8111500 1AHTIN
e dnlszanimsganausaderiing dnlszanimsganausderiing dnlszansmsganavsderiing

wifa finma DSH 003 | Oos | Oo7 | Oo9 | Oo3 | Oos | Co7 [ Oo9 | o3 [ Oos | Oo7 [ Oo9
008471 | HOR (MATAANTY 15 16.5 25.0 33.6 42.1 121 17.8 23.4 29.0 7.3 10.7 14.1 17.5
0037 | HOR |MATANIY 30 16.2 24.6 33.0 41.5 124 183 24.2 30.0 7.3 10.7 14.2 17.6
0037 | HOR |MATANIY 50 15.7 24.0 323 40.6 12.7 18.8 249 31.0 7.3 10.8 143 17.7
003N | HOR |MATIANIY 100 14.4 22.3 30.3 38.2 13.1 19.6 26.0 325 7.4 10.9 14.5 18.0
0031 | HOR |MATANIY 200 121 19.1 26.1 331 12.6 19.0 25.5 31.9 7.5 11.2 14.9 18.6
0031 | HOR |MATANIY 300 10.5 16.8 23.0 29.2 115 17.5 235 29.5 7.6 11.4 15.2 19.1
003N | HOR |MAAANIY 400 10.2 16.2 22.2 28.3 11.0 16.9 22.7 285 7.7 115 15.4 19.3

® DSH is calculated using thickness, density and specific heat capacity

DSH =X.pC,

(D]
A1 DSH, AMUFUNIUEINIANIEILEN = kJ/meK
A1 DSH, 1Juanu = 0.015x1860x0.84 = 2260  kJ/mK
A1 DSH, 83 = 0.07x1600x0.79 = 88.48  kJ/mK
A1 DSH, auau = 0.05x 36 x 0.96 = 173 kd/m’K
A1 DSH, fuldunedn = 0.012x800x1.09 = 1046 kJ/mK
A1 DSH, AwfnuniuaIniAnely - kdimK

Y DSH = 12327 kJ/miK

Heat transfer through transparent envelope is calculated using the following equation
Q = (UXAXT) + (AXESRXSHGRSC)
Where
e T =5°C Except for building with 24h operation which T = 3°C
e ESR or effective solar radiation could be specified with building type, envelope
orientation and tilted angle (Interpolation between angle will be calculated if the
angle fall between values shown)
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ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

Ly a dda 1 ' )
MIGIMALNNHAANDMIDENANINIOU (ESR)
P < ~
iﬂﬁiuﬂ"lﬂ"ﬁiﬁﬂﬂ‘ﬁﬁﬂﬂ ﬂuﬂﬂﬁfﬁ anuuINg

dmvemsan winm Hie diiinam FTIINTUA 130 21N ENYNAY

ﬁ]ﬂ;ﬂﬂ1ﬂ1ijiilli” auneIa Yi%"t) RLRES 1]

yu

N | NE| E SE S [SW ]| W |NW | yu N |NE| E SE S [SW]| W

NwW

yu N |NE| E SE S [SW | W | N\W

0 83m

437.38]437.38 (437.38 | 437.38 | 437.38 | 437.38  437.38 | 437.38| 0 @3 | 326.55] 326.55 | 326.55 326.55 [ 326.55 [ 326.55 | 326.55

32655

0037 | 191.441191.44]191.44| 191.44(191.44] 191.44] 191.44[ 191.44

15 03am

405.00] 421.74 [ 433.61 | 440.00 | 441.62 | 438.90 431.511 419.53| 15 @3 | 303.15| 307.90| 315.66 | 323.63 [ 330.14 | 333.80| 331.91

321.31

15 939f | 177.49] 185.24] 190.45  193.01  193.33| 191.76 | 188.38 | 183.39

30 03m

358.991390.20 [ 412.96 | 425.48 | 428.59 | 422.98 [ 408.39 | 385.65| 30 @3 | 268.08 | 278.60| 293.82| 308.44  319.42 | 324.35]319.10

299.32

30 93m | 157.51|171.84] 181.79 | 186.87 [ 187.63 | 184.64| 178.12 168.59

45 93m

306.68] 348.31 379.58397.17 | 401.47 [ 393.20 [ 372.57 | 341.61| 45 03 | 227.46 | 243.07 | 264.27| 283.71 ( 297.18 | 301.59 292.50

266.04

4599 | 134.67| 153.68| 167.29| 174.48 | 175.71 [ 171.59 | 162.54] 149.52

60 939

255.37]301.60  337.61 | 358.44 1 363.45 353.18 [ 328.62| 293.33| 60 @3 | 187.41]205.70| 230.29 | 252.20 [ 266.21 | 268.90 | 256.53

22697

60 937 | 112.13] 133.17] 148.76 | 157.33 | 158.93 [ 154.12 | 143.54] 128.65

75 03

212.39]255.60(291.21|312.65| 317.70| 306.52 [ 281.11] 246.70| 75 @3 | 154.06 170.92 | 195.12] 216.63 [ 229.31 | 229.66 | 215.55

187.56

75997 | 93.08 | 112.74] 128.05 | 136.87 | 138.66 [ 133.74 [ 123.01 | 108.45

90 9amM

185.06] 215.84  244.53 | 263.14| 267.41 | 256.82 [ 234.58 | 207.62| 90 @3 | 133.52 143.11 | 162.04| 179.75 189.27 | 187.26| 173.98

153.31

90 9971 | 80.68 | 94.81 | 106.98]114.57| 116.26 [ 111.96 | 102.86] 91.40

SHGC is from manufacturer, when only glass' SC is available, SHGC = SC x 0.87

SC in this equation refers to shading's SC. SC of shadings can be calculated from
propotion that the sading can reduce solar heat gain through transparent materials
on 4 reference days which are 21st of March, 22nd of June, 23rd of September and

22nd of December.

(5 (B, [

Eewj v [Z E.,
23September

n

+
X, = :
2
e

o) Bl

E., = ELC0sO+ E,,

Eew = (Afu / Af XEGS)(COSH)"— (Eed)

Eagj + (Z E.,
23September

(1+cosp)

(1+cosp)
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results
an19# 1.8 F3d59 (beam, E,) 1a£59in3zae (diffuse, E ;) Y03A2901¥ing d1v50 181993 4 Tu
na nFuve s sdeing (W/mz)
21 fivnna 22 Nig ey 23 fiueneu 22 FunAN

beam diffuse beam diffuse beam diffuse beam diffuse
01:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
02:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
03:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
04:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
05:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
06:00 0.0 0.0 7.5 5.6 0.0 0.0 0.0 0.0
07:00 68.5 449 105.0 77.8 94.4 77.1 64.4 19.9
08:00 185.7 121.6 196.2 1454 2023 165.1 270.0 83.5
09:00 290.1 190.0 275.6 2043 2962 241.8 454.4 1405
10:00 374.8 245.5 338.6 250.9 369.9 302.0 603.3 186.5
11:00 433.8 284.1 3812 282.6 4183 341.4 704.9 217.9
12:00 463.2 303.4 401.1 2973 437.9 357.5 751.3 2322
13:00 461.0 301.9 397.0 294.2 4276 349.0 738.9 2284
14:00 4273 279.8 369.1 273.6 388.0 316.7 668.7 206.7
15:00 364.5 238.7 319.1 236.5 3217 262.6 546.1 168.8
16:00 2767 181.2 250.0 185.3 2335 190.6 380.8 117.7
17:00 170.0 1113 165.9 123.0 129.2 105.5 185.6 57.4
18:00 517 339 720 535 16.1 13.1 0.0 0.0
19:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Results
All calculations are shown and can be copy/print out so that designer can identify the
problem if building gain too much heat.

Procedure/Graphic Display Steps

Orientation Wall type Area U TDeqor T ESR SHGC SC Q (W)
m) | Wim™ | (K
K)
North Lightweight wall 120 1.32 32 - - - 5,068.8
North Wood 6 1.2 18 - - - 129.6
North Window1 20 23 5 185.06 0.8 1 3,190.96

SC Calculation

To enter shading information for calculation, user can

1. Put the SC number manually.
2. Click SC button, there are 2 options to calculate SC
- For simple SC specified distance of shading from top or side of window then the depth of

the window

- [< Right [+ Left <7 Both

= m
= m

Calculate
- m sC
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Progress Report No.4 ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display Steps Results

- For complex shading, specified coordination of shadings.
Window Azimuth °

Window Inclination °©

Location from lower

) ) Local coordinates
left point of window

X Y z X1 Y1 X2 [ Y2 | X3 | Y3 | X4 | Y4 | X5 | Y5 | X6 | Y6

Window

Shading 1

Fin 1

Fin 2

[ Calculate SC } [ Show drawing]

- 3D of window and shading is shown when all data are entered.
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Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

When all envelope data are entered. The overall thermal transfer value (OTTV) can be
calculated by dividing total heat transfer through wall with total wall area. Similarly, Roof
transfer value can be calculated the same way. OTTV/RTTV according to zones and

orientations are also calculated.

Maximum | Maximum
i Q i Q Buiding type oTTV RTTV
=i = (W/m) | (W/m’)
OTTV = RTTV = = School Office 50 15

Z A Z A Department store Exhibition hall
i=1 i=1 Sport venue Theatre Entertainment

venue Assembly building 40 12

Hospital, Hotel, Condominium 30 10

The overall OTTV and RTTV are then compared with building energy code and building

category, then the "pass" or "fail" message is displayed.

OTTV 42.6

RTTV 6.2

OTTV in details

North  East South  West Zone1 Zone2 .. Zone n

Building input: HVAC system

Air conditioning system and their efficiencies in each zone can be entered.
e Airconditioning system no more than 12,000 W
e Air-cooled water chiller system
e Water-cooled water chiller/reciprocating system
e Water-cooled water chiller /Rotary Screw or Scroll system
e Water-cooled water chiller /Centrifugal system
e Other equipment: Chilled water pump
e Other equipment: Condensing water pump

e  Other equipment: Cooling tower

Other equipment: Fan coil unit
Other equipment: Air handling unit
Absorbtion chiller/Single effect/CDW flow rate 0.105 L/s/kW

BRIGHT Management Consulting Co.,Ltd.
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ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

Absorbtion chiller/Double effect/CDW flow rate 0.079 L/s/kW
Absorbtion chiller/Single effect/CDW T-out 37.5°C
Absorbtion chiller/Double effect/CDW T-out 37.5°

Zone

AC system Cooling capacity Rated power (kW)
(Tons)

Water-cooled water chiller /Centrifugal system = 900 680

Calculation

The efficiencies are compared with building energy code, then the "pass" or "fail" message
is displayed.

Small air conditioning system
Size (W) COP (W/W) |EER (Btu/u/W)
<12,000 3.22 11
Water chiller system
Type Tons kW /ton
Air-cooled All types <300 1.33
>300 1.31
reciprocating All sizes 1.24
Rotary Screw <150 0.89
Water-cooled or Scroll
>150 0.78
Centrifugal <500 0.76
>500 0.62

Other equipment related to air-conditioning system which require
electricity in operation which are condesing unit water pump fan coil units
air handling units must have total electricity consumtion not more than 0.5
kW/Ton

BRIGHT Management Consulting Co.,Ltd.

ANNEX 2 — Page 17 of 23




Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

Absorbtion chiller

Chilled water T CondtensTer Com:nser\tlvater

Type water ow rate cop

In | Out In In

°C Liter/s/kW

Single effect 12 7 32 0.105 0.65
Double effect 12 7 32 0.079 1.1

Chilled water T Condenser water T
Type cop

b In Out In Out

°c
Single effect 12 7 32 37.5 0.65
Double effect 12 7 32 37.5 1.1
Building AC efficiency  3.56 Pass

Zone 1 AC efficiency 3.42

Zone n AC efficiency 3.48 Pass

Building input: Lighting Power Density

(LPD)

Lighting power in each zone can be entered in W/m? or in total watts

Zone Lighting power Unit
1 5632 W -
2 1200 |

<]
]

3 460 \

Calculation

Lighting power density (LPD) can be calculated by summing total wattages of lighting
system (Lighting lamps and ballasts) and divided by total areas. Natural lighting can be
subtracted from total lighting system wattages if the conditions below are met.

(LW, +BW — NW,)

A

LPD, =

Where
LW is Total lighting wattages

BRIGHT Management Consulting Co.,Ltd.
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ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

BW is total ballast wattage

NW is total lighting wattage replaced by natural light when
Lightings within 1.5 mater from perimeter have separated circuits,
glazing's SC is more than 0.3 and light to solar gain ratio (LSG) more

than 1.
Maximum LPD
n Buiding type (W/m?)
Z (A (LPDi )) School Office 14
LPD == Department store
W Exhibition hall Sport venue

Z A Theatre Entertainment 18

= Hospital Hotel
Condominium 12

The LPD value is then compared with building energy code and building category, then the
"pass" or "fail" message is displayed.

LPD in details

Zone 1 Zone?2 ... Zonen

Building input: Equipments

Equipment power in each zone can be entered in W/m? or in total watts.

Zone Equipment power Unit

1 2300 W T
2 5600 w7
3 230 w7

Calculation

Equipment power density (EQD) can be calculated by summing total wattages of equipment
and divided by total areas.

BRIGHT Management Consulting Co.,Ltd.
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Procedure/Graphic Display Steps Results

> (A(EQD))
EQD=11 _
;A

Building input : Hot water systems Hot water system and their efficiencies in each zone can be entered. 6 types of systems
area available.

e Qil fired steam boiler

e Oil fire hot water boiler

e Gas fired steam boiler

e Gas fire hot water boiler

e Air-source heat pump water heater (Water T out flow 50°C)

e Air-source heat pump water heater (Water T out flow 60°C)

Zone Hot water system Efficiency

1 Gas fired steam boiler j 85%

Calculation

The efficiencies are then compared with building energy code, then the "pass" or "fail"
message is displayed.

Boiler Air-source heat pump water heater
Minimum A
N Limit
o Type - Efflclency Minimum efficiency
Oil fired steam boiler 85 . Water Tin-flow |WaterTout-row |0utside AirT
e N Design type
Oil fire hot water boiler 80 RC
Gas fired steam boiler 80 Type 1 30 50 30 3.5
Gas fire hot water boiler 80 Type 2 30 60 30 3
Hot water system efficiency 0.85 Pass
Building input : Renewable energy Solar cell or photovoltiac (PV) system can be used to reduce electricity use in building
System areas, efficiency, orientation and tilted angle can be entered.
System name Area Efficiency Orientation Inclination
1 1200 0.12 North 30°
Calculation
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Procedure/Graphic Display

Steps

Results

oy — 365 A Y774 ESR-y )
1000

Where

Anod is System areas

MNsys IS System efficiency

ESR is effective solar radiation from table., ESR of office build is used for all
projects for PV output calculation.

Whole Building Energy calculation

Calculation
| A (OTTV,)) A, (RTTV,) C, (LPD;,) +C,(EQD,) +130C,(OCCU ) + 24C, (VENT, )
En=D,, + +A|{ th
COP COP, COP,
+> " A(LPD, + EQD,)n, - PVE
Where
Occu is occupancy at 0.1 person/ m?
Vent is ventilation at 0.25 |/s
G, C., C,, C,, n, are from the following table
Buiding type G C. C G N
School Office 0.84 0.85 0.9 0.9 2340
Department sto're Exhibition hall Sport vem'Je' 0.84 0.85 0.9 0.9 4380
Theatre Entertainment venue Assembly building
Hospital, Hotel, Condominium 1 1 1 1 8760

The reference building use building energy code standard value for OTTV, RTTV, COP and

LPD without affect from daylighting and also no EQD and PVE

The design building use actual value of OTTV, RTTV, COP and LPD with daylighting
subtracted where it is applicable as well as additional EQD and PVE

use

The calculation value for both buildings are shown and the then the "pass" or "fail" message

is displayed.
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Procedure/Graphic Display Steps Results

Simulation and Result display When all data entered is done, user can select Show all input data. Here, all inputs are
shown and users have an opportunity to enter custom data/ adjust the data before the
simulation. The input data can also be exported.

Space Name Parent Floor | ZomeType | Activity Desc. | Sunspace Tem‘("?;)ﬁt”'a X (f) v | zm “(Zé’:g“)”‘ ”?%“‘ Mﬁm; MEI‘;;"
1 |South Perim Spc (G.51) |Ground Flr ~ |Conditioned  « |Office (Executive|No - 70.0 0.00 0.00 0.00 0.00 S.00 1
2 |East Perim Spc (G.E2) Ground Flr ~ |Conditioned  + |Office (Executive|No - 70.0 111.80 0.00 0.00 -90.00 9.00 1
3 |North Perim Spc (G.N3) |Ground Fir ~ |Conditioned + |Office (Executive|No - 70.0 111.80 111.80 0.00 180.00 9.00 1
4 |West Perim Spc (G.W4) |Ground Flr ~ |Conditioned  + |Office (ExecutivelNo - 70.0 0.00 111.80 0.00 50.00 9.00 i
5 |Core Spc(G.C5) Ground Flr ~ |Conditioned  + |Office (Executive|No - 70.0 15.00 15.00 0.00 0.00 9.00 i
& |South Perim PInm (G.56) |Ground Flr ~ |Unconditioned « |(no default) No - 70.0 0.00 0.00 S.00 0.00 3.00 1
7 |East Perim Plnm (G.E7) |Ground Flr ~ |Unconditioned « |(no default) No - 70.0 111.80 0.00 9.00 -90.00 3.00 1
8 |North Perim Plnm (G.N8) |Ground Fir « |Unconditioned « [(no default) No - 70.0 111.80 111.80 9.00 180.00 3.00 1
9 |West Perim Plnm (G.W3) |Ground Fir ~ |Unconditioned + |(no default) No - 70.0 0.00 111.80 9.00 50.00 3.00 i
10 |Core Pinm (G.C10) Ground Fir = |Unconditioned + | (no default) No = 70.0 15.00 15.00 5.00 0.00] 3.00 1
11 |South Perim Spc (T.511) |Top Fir « |Conditioned  + |Office (Executive|No o 70.0 0.00 0.00 0.00 0.00] 9.00 1
12 |East Perim Spe (T.E12) |Top Fir « |Conditioned  + [Office (Executive|No = 70.0 111.80 0.00 0.00] -90.00[ o.00 1
13 |North Perim Spc (T.N13) |Top Fir ~ |Conditioned  + |Office (Executive|No - 70.0 111.80 111.80 0.00 180.00 9.00 1
14 |West Perim Spc (T.W14) |Top FIr - |Conditioned v |Office (ExecutiveNo = 70.0 0.00 111.80 0.00 50.00]  9.00 1
15 |Core 5pc (T.C15) Top FIr + |Conditioned | Office (ExecutiveNo = 70.0 15.00 15.00 0.00 0.00] 9.00 1
16 |South Perim Pinm (T.S16]Top Fir « |Unconditioned + [(no default) No o 70.0 0.00 0.00 9.00 0.00 3.00 1
17 |East Perim Plnm (T.E17) |Top Fir + |Unconditioned ~ [(no default) No = 70.0 111.80 0.00 9.00] -90.00[ 3.00 1
18 |North Perim Plnm (T.N18) Top Fir ~ |Uncenditioned + No - 70.0 111.80 111.80 9.00 180.00 3.00 i
15 |West Perim Pinm (T.W13) Top FIr ~ [Uncondttioned + | (ne default) No = 70.0 0.00 111.80 5.00 50.00] 3.00 1
20 |Core Pinm (T.C20) Top FIr  |Unconditioned ~(no default) No o 70.0 15.00 15.00 9.00 0.00 3.00 1

Simulation and all calculations are performed at once when click Perform simulation. Three

types of resul are display;

- Compliance with building energy code
OTTV/ RTTV/ LPD/ Hot water system efficiency/ COP value/ Whole building calculation
for the whole building as well as each direction and each zoning are display with "pass"
or "fail" message.

- Caluculation result details are displayed in graphic style

Annual Electric Consumption (kWh)

%0,

B30t

- Calculation numerical results can be displayed and exported to excel format for futher
analysis.

Energy efficiency measures Simple options for energy efficiency measure such as changes of
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Progress Report No.4

ANNEX 2 : DRAFT Sequences of Proposed Building Energy Simulation Program

Procedure/Graphic Display

Steps

Results

Wall color

Wall type

Insulation

Glazing type

LPD

EQD

cop

Etc.

are available and the program take care of changing relevent features. The whole building

energy uses are then compared with original design for quick decision of energy efficient
measures.

O OO0 O OO0 O

Note

- When default value are changed, the font color is also changed to indicate that this is user's values
- Definition/explanation appear when users place a mouse over the words

BRIGHT Management Consulting Co.,Ltd.
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PEECB Project - Component 1 Activity 1.4.2 1A5965193%1 : Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
M3davhusuarenunInTITiakaziguinaysendandaany

TA598519381 (Module’s Structure)

YANINIYN ANSASIAFBURALIATILANTTTNA9U
GROUP ENERGY AUDIT PRACTICE (E)

3 N3N IUNULAZIIBNUNINTITANAZ G IUHAUTEREANS 19
Module Measurement and Verification Plan and Reporting

- 1 5u (6 9Tu9)
1.0 , un57AY 2557

N13M529FDULAZALATIZRNSTENAIUAMSUMUIAINTIUTZUUUSZNDU
81A13 — Energy Audit Practice : Module E-2.1
indasiiefildlunmsnsiadauuaznsnaianisléndenu - Energy Audit
Practice : Module E-2.1

mmgwug’m mﬂTuIaEJmun'lii]uinﬂwaaa'luiummi (3uUanUY %50 QWU‘UQ‘UWQWULI@«:
fifoans Uﬂ@ﬁ‘sn‘w’]qﬂﬂim) — Design Practice or O&M Practice

Wata3vn

Chapter 1 Introduction to Measurement and Verification Protocol

unil 1 Anudidesiudmiunisnsiaianariigaunausendandeny
1.1 TUTTAALALYRULURYBININTIInkAE TgaiNaUsendandsanu
12 Usglevivainsnsivinuasiigaunausendandsny
13 domuualunisnsivinuasiigatnausendandanu

Chapter 2 Principles of Measurement and Verification

uni 2 nann1snsIvinkarfigauinaysendandany

Chapter 3 Measurement and Verification Framework and Options

uni 3 wIaEdenluMInTIvinuasigainausendandsau

Chapter 4 Measurement and Verification Plan

unil 4 MsIAUALNIATI IR TgAUHAU ST NdANa Y

Chapter 5 Measurement and Verification Reporting

unil 5 nsinihenunansasvialasiigainaysendandanu

Chapter 6 Examples of Measurement and Verification Practice

unil 6 fegen1InsavinuarigatinaUsendanaanu

U3 lusv wwasiugt eeudans $1n i 1/1
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PEECB Project - Component 1 Activity 1.4.2 lewiinn - Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
M3darhusuarenunsaTIiauaziguinaysendangaay

NN nMInsIvseuLadATzinIsldndanu
GROUP ENERGY AUDIT PRACTICE (E)
3 NITAYIIURUKAZIIBIIUNITATIVTALE REIUNAUTTNEANE 1Y
Measurement and Verification Plan and Reporting
Chapter 1 Introduction to Measurement and Verification Protocol
unl 1 ArufifesiudmiunisnseiuasigrinaUssvdandenu
1.1 TaguszasuazraulUnvein1InTIvinuasigaunaysendamasay
12 Ustlewilvesnisnsivinuasiigauinaysendandanu
1.3 demmunluminnainuasiigainausendandsanu
wnit 1 mwdiesdudmiunisnaninuasigainauseudandany undl 1-wih 1/5
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PEECB Project - Component 1 Activity 1.4.2 W{eniv : Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
MsiniuruLarTenuNsITinLasiguinaUsendandsay

unil 1
auiitasiudmiunisnsIvinuasiganalszudandeau

[

11 JagUszasAuasvaulnvaIn1snIdadauasigatnalseudandenu

nsasiauasigaukaUsevdandennu dinqussasd iensiaeudayanisldndsnuneuutazrdinis
Yuugsaunsaiviessuu Matiidieiinanudiulaluiinsnisvselasaimseysnunadenulaaiiunisll
dewabiinn1samululasinsnEaunsnIseusnENaIULINTY

[

N3EUIUMINTIVIAEiganaUsendandsanu Usenendiefanssuvanaall

1. NSESENUNUNNTNTIILAE g AiNaUTENdaNd a1

2 nsdavhAgIuNIslEnduneunIsUTUUSe

3. nsesIRaeuLarnTIvindeyanslindnundeinisusuuss

4 MlasEINaUsEndandanuLarIniTgnuRan I I inuasigainaUsendandsanu

Y

a 4

TwazdundmiuusartunaueINInTIYInLarigainaUsendandanu uansldnad
1.1.1 nsiRsENLNUNTIATIATaLaTgANaUsEndANa 1Y
(Measurement and Verification Plan - M&V Plan)
TUNBURINVBINTTNTIVINUAL NN UTENTANG 191U FFUIINNTTANTEULHUNITATIVIAUDY
NgUkaUsEndANa U Fansinmseuuaun1snIvianasigaunaUsendandsnuamsaiiiunising
AsuRaveulaTIMvsemnsniniiguansldndanuvedlasimvseasnisiudiuauiifeites

NSIAASEULHUNITNTITIALA NEIUNAUTENEANEIU (Measurement & Verification Plan -
M&V Plan) finguszasd liefvuavanns 38015 SeasiBunuazraulinveIn1snsIvinuasigating
Usgndandsnu

3

NFIATIUHUNINTIIkAE TigRURAUTEndand Iy AITUsENIUMETwaIdunoE 1 oedil
(swazBundmiuusasdodesuandliluunil 3 msdnvhununisasaiauasigadnauszvdandsanu)
1111 sgazdeavionnufenislun1susuusenisldndsnuvesnnin1svielasenis
(Documentation of the design intent) YaulAATUINATIATDINITUTUUSS

1.1.1.2 doyadgiunslindanu sudsneazdoadiudsifnasonslindsnuvedasinisvie
WAsMETIIMIUTUUSs

1113 duneunasiBnismnainusigainaUssvdamdanuiidentfluusazduneu

1114 funeunazIsnismuauamamilunisasaiauasiigainalssvdandenu

1.1.1.5 deyasusiiivadestumslindanuiiazshnmsnsain nieutmuaisnisdmnaeinisld
WFUNFIUENe iinisnsiate

1.1.1.6 deyaseaziden software fazltlunisAmnaunislindsnu (sdiidenl#38nsnsrain
warfigaunaUsendandsnulaglyd Simulation Software)

o v d v o o 9 - « v o M
unn 1 ﬂamgmamummumwsammLLazWQﬂuNanwaﬂwaNm unn 1 - Bl 2/5
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PEECB Project - Component 1 Activity 1.4.2 W{eniv : Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
MsiniuruLarTenuNsITinLasiguinaUsendandsay

1117 defmusdmsuesesdiefisaddlunsasatanisldndsu viedmuusiiedostunisls
NAWNU

1118 suwmiawein1snsvdeunasnsiaiansldndsnu wie dusiisadostunislandenu

1119 FBnswarszeznandmiunsaeuiisunieomuseuniosdionsiagoutarnsainnsldnganu
Wi fudsiiiedestunsldndanu

1.1.1.10 Fra1m3nsaiaimnzauiuisnsnsaTauazdnvazaedasinisuseninsnisivinig
UFuuse

1.1.1.11 doyadgrudmiusudsiferdestunslindsomluvazsimsnsaaeunazasiadn
gauniln1euen, USUNNIIHER 138 AFuUTHN 9 MAgTestunsTdnganu Hudy

1.1.1.12 meuaaisedeudiveusulddmiunisasivdeunarasiatanisldngaeu wasdsusuudle

1.1.1.13 SULUIUMINENUHANINTIinuasigainaUsendandsau

1.1.1.14 sudszinauazynansiideddlunsnsatauasiigainalszudandaany

4

AFINVLEUNITNTIVIALASNAIUNAUTENTANGIUY  AISIBUAMRUNITILTUADUNITEINWUY K38

Y
[

nsmumnasnislumsuiulss el dlesannisimunsieanden  duneuuarimansiatauay
figainaussviandsy orasufudesimsfadigunsninnaindiudy vie o19asnsznuiuiimavie
nanlumshauvesunadiuiuussld et foyafildannsdaviumunisnseinuasigana
iné’mwé’wu%ﬁﬂﬁﬂﬁaaﬂLL‘U‘UVE@ﬁmummmﬁﬂﬁiumiﬂ%’vﬂqqﬁﬂlﬁimauyﬁaﬁmﬂﬁfu waze
vianidsadgniienarilifeudloviofiudunisinauldluewian

1.1.2 ns3avinAngIumMsldnasunaunsusuls

(Baseline Energy Consumption Development)

TumsiwneiitefigainaUssndandsnu Sududedditeyanislindsnunsunisusuusaie
Wisuileurmmslindanunendinisuiulgudnaia fduteusiiiunisuiulgsgunsaifieliin
mseysnEndanu sududesdavheingunslindsnuieumsuulsdaUsneudie nan1sasiainnis
lgndenuuazarudsaununslindeny

nan15asadamsldnasany : lneluazldanuinislindsnu Wermwuaduagiunisld
N uAeUN1SUTUUTIvedlATINSUI BRSNS TUA

fauvsarugunslindaany : mslindsaluszuuing q ssdsuulasunasusiifedostu
nsldndaanu dadu Tunsdahagunslindanuisostmuadulsenuaufiisostunisld
AW wazivuaAgIuvesikUIAIUANlidRIRY giail uiteldUszneunstmunanmrlunsnadoy
wardiasein1slindsnundainmsuiulgslagndesely

naillunisasanianislindsnuieivunedvinisldndany aeiidsnsiunnssiuluiuegiu
anuyarvedlATINMseNInINTaRSNYNAIUNALTuNT InsuansseanBenlily uni 4 wuanieuas
madanlun1snsvinuazigaunauszudandeanu
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Module E2.2 : Measurement and Verification Plan and Reporting
MsiniuruLarTenuNsITinLasiguinaUsendandsay

113 n13nIFaULAzATIvIntayansTdndsnundenisuiulse
(Post Energy Audit Analysis)

nsnsaaeukaraTIvindeyanislindanundinisuiulse (Post Energy Audit Analysis) ¢
ﬁ’lL‘a‘umiﬂﬂ‘&J‘Viigfdﬂ’li‘U%"UUquT%E)amgdqﬂﬂiiﬁﬂﬁzwgﬂwﬁw’muéjﬁLﬁ%’ﬁ]LLaSE}]‘Uﬂifﬁﬂ%ﬂigvvﬁm‘ﬂ%ﬂu
luanngund  lagdimsnsisdeukasnainnslindaundmsuiulse  asdesinliunisludnues
erunsdariiangunislindanuneunsuuus Tuanngidmulsmusumslindanuiidaonados
fuenguiifvualluveivinsdavhaigiunislingaanu

Tunsdiflianunsauiuaduusmuaunislindsnumendinsuiulslitiamaenndesiuigives
fnusmuaunslgndanuieuusulld azdawihnisusuAmanisldndanundinisusulss Tngldan
Ufudgs (Adjustment) fomngan viall itelivamslindsnunouuasndimsuiuuwegluaniozms
vhanuiiaenadosiuseld

1.1.4 nsessinaUsEndandinuuaznsdainseauranisnsadauasigatnausendn
W&391U (Energy Saving Analysis and Reporting)

HaUsEngandany (Energy Saving Analysis) d1wiulasiniseusnundsnu vilagnswIsuiiey
wanslindanuieounsufuuye  Weutu  wanslindanuvdinisuiulye  Ansufuauiulse
(Adjustment) WWuiiSeudes Wiednssidosazvainisusendandanuy nauszndandsy wazealdaie
Fundsnuiiiniy wiendnvhasnuuanmansnvianasiigainausevdandsouiiieoviiaus
fudms fiendes wardmiuliduteyalunsdidunsdely Vol swandenifinszinauseda
wiuwaznsdaviineau aznanisasaziBoly unil 5 nMsdeitsenuranisasaiauacigen
NausEndanaesnu

1.2 Uszlgvuvasnisngivdnuazigadnausendanaaeu

s inwasigatnaysendandanuazyilinaudeyananisldndsnunousasniainisusuls
mslindsnu wovssvdandeny aldedundsnuiivssndald venand msideyatildainnis
natanarfigainavssvdandsnuluiinnesinarldnuetisioiios axviliAaussloviogatosdsil
121 wauszndawdsnuiuanniy (Increase Energy Savings) : Toyaainmsnsiainuayiigaii
waUsEndandsauiidauasyinliuims UfTRnu uasdifendes iilafisstlovives
Tassmseyinundanu vazerfunsinseiteyaildanmnnaiauazigatnausevin
wisuegnaraiilasagyilimsuuumsiisfudssnsvinudmitlassnsiu 4 dad
vide vnenaludilasamsnyinendanudy 4 viliAesaUssndandsnudiamnduld

122 advayunisudledgymlunsldanusazingsinuiaunsal (Operations and Maintenance
Troubleshooting) : SﬁayjaﬁlﬁmﬂmsmqﬁmLLasﬂqaﬂmaﬂiwé’mwé’amu“luﬁdNLLiﬂﬁuaﬂﬂ'ﬁ
Galdagunsallwi ansnsalfifudeyauseneunmsimusisnsudladgwlumsldouuas
thgsinwgunsaifiogszninaalianliiduedned Ineemzluszosvilsisaosdusnueansld
Y
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PEECB Project - Component 1 Activity 1.4.2 W{eniv : Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
MsiniuruLarTenuNsITinLasiguinaUsendandsay

123 auayunsiuussiuaussauzaunsal (Performance Contracting) : deyaiilédainnis
anvinuarfigatinaussviomdsnuidaauiazdulumuinnsgiuana aansalldly
Tassnseysnumdsnuiiimueliiinsiuussuaussouzgunsal wie wausendaiiiAnainnis
Tnugunsaififadsmmaunuonduld

124 nszduliianisianaunnluaua1uiaIngsy (Encourage better project
engineering) : ﬂixmumsmiaﬁmLLazﬁg_jﬁ]ﬁmaﬂiwé’mwé’dmuﬁﬂﬁlé’%@uﬂaﬁ%’mLﬁ]ummm
W lUUTENOUNINAININIUEBNLUUYS UM IIAN1TAWIAINTTH I ARN s HLNAn WY
NuanAenssule

125  atuayun1saan1suaasfineisounsean (Support GHG emission reduction scheme) :
Foyaiildannsnsainuarigainalszudandsnuidanuazduluasnasgiuana
ansathlidldlunsAinnadsinanisannisUdesieisaunsganvemuieu @y
Uszneuns Wunisaduayuianssunisaanisuaesinwsaunszanla

1.3 danvualuniinsiainuaigaunausendanasau

Tudady  defmuadmsunisesiniauasiigaunaysendandanulasunsiaunludnuugves
wuaazAuuzdlumsendiuns  Tnswwimasazdouusihiilasuniseensulussiuanawasiinisiily
Uitgﬂmﬂlﬁmﬂuwmwizmﬂ Ae International Performance Measurement and Verification Protocol
(IPMVP) Faifmuntulneniisaude Efficiency Valuation Organization (EVO) vasUsuinmansgaisni lu
gty EVO Tdimunuumaasfouusilunmasidunisiiomsunssiuiu 3 Volume fail

IPMVP Volume | Concepts and Options for Determining Energy and Water Savings
wAAS Volume | Aviuaiieni LLu’mwLLazéﬁ'aLLuzﬁﬂuﬂﬁmaﬁmLLasﬁqa}ﬁwaﬂiwé’mwé’wuuazmﬂﬁu
Usgansnmnisigunnielusinsuwazlseanu

IPMVP Volume I Indoor Environmental Quality (IEQ) Issues

nas  Volume Il namiswanszmufionafintufuanmwndeuainnssudulasinissulssansam
wdw  Wdwusilunsesnuuuiazsidiulasimseulszdnsnmmdsnuiilinsenusuanmwndon
maonauliuuzilunsnsniafulsiisadesiuanimwindeuiionauasunladivanmsauiulasenis
FUUTEANTAINNAITY

IPMVP Volume il Applications

lonans Volume Il WineaziBoanisuszendldauduugihiitiauslluenans Volume | Tnsuvadu 2
d@1ufe Part | miﬂszs;ﬂm"lﬁﬁﬁm%’vmmiﬁdaa%ﬁﬂwﬂ wag Part Il n1sUszEnAlddmSunMsngs NNy
ulgluanudsenaunis
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Module E2.2 : Measurement and Verification Plan and Reporting
M3davhusuarsenunInTITiauaziguinaysendandaay

NUINIY N13AIIVFDUKALIATIZANS TINEIU
GROUP ENERGY AUDIT PRACTICE (E)
3N UNULAZTI891UNIATI Inuazigtinausendana e
Module Measurement and Verification Plan and Reporting
Chapter 2 Principles of Measurement and Verification
uni 2 nann1snsIvinarfigauinaysendandaany

2.1 N159579NAUTENTANR I

22 7ENNSHUIUVRINIIATIVIALAEEUNAUTENEANA 1Y

a I3

unil 2 nann1sesITRLaTRaIUNaUTE NS ANEINU unil 2 - i 1/4
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PEECB Project - Component 1 Activity 1.4.2 W{leniv : Energy Audit Practice (E)
Module E2.2 : Measurement and Verification Plan and Reporting
MsIniuNuLarTenuNsITiaLasiguinaUsEndandsay

unil 2
naNN1InTRTALATigalNaUsTndanae

2.1 N1SASIANAUTTREANAI9IUY

AsasItnnaUsEndandaany luauisanaeinnisasiatnlalnensadasanualsenda
pFudundsnunmely dau nisesadanalsendandsnurinlalneldudnnisiseuiiousn
nslindsnunauwasnaIN1sUTuUs Besauauiuiiey (Adjustment) dmsuanenisvinauld

& aa v P
WUNSgUTa8Lan
Adjusted
Baseline
——~ Energy
L S
s ~
Inrzased o ~
Easeline Production / N
@ Energy & '*'“*«\‘ 3 Savings, or
o .___..1 Y - AvoldEd Energy Use
. - . TN
—e '3 v
D ey -t e
g ) - S
[t 3 e -
u" P - Reporting Period * .
> Measured Energy
ECM
Installation
Baseline Reporting
S Period Period »
Time

JUN 2-1 uansdlegenaUszudandsuiiiaduainnsusuleaunsal
(Fhegrstayanisidndnuvemisloun@ainmsusuusnisidndnulaefnnseunsalinmnuiouis

nfmdsnduanldlng wazdinsifiumdmdnderinisusuusudnase)
£1984 : IPMVP Volume 1 : Concept and Options for Determining Energy and Water Savings, April 2007

N3UT 2-1 ManmaTaraUssndamdanuiifnnnnisusudsmieledh desiilasusnua
nsliwdsnuiAntuanmafiufdmanesntou iy Fuesinudeyarigiunisldndanuneu
N5USUUTe (Baseline Energy use) WielsmsuanuduiusssrineUsnansidndsauiuiun
wandn  uarliauduiusfanandmmmslindinuemielotfaziiatuannisfiumds
mﬁmé’ﬂzjﬁmiamﬁ%qﬂmzﬁﬁwmm%’auﬁqmﬂﬁ”’lﬁvjﬁ&mé’umiﬁﬂmi WleUFulgsegunslingdsay
naun1sUiuU5s (Adjusted-Baseline Energy)

naUszviamndanuiiAnainnisufusmielothanmnsomldanuadsseming angmums
Timdsnunounsuiuussiusuaudn (Adjusted-Baseline Energy) fusinislindanuvesmiiele

v
°

ivinseseinlugisssnunaUsenda (Reporting Period)
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Module E2.2 : Measurement and Verification Plan and Reporting
MsIniuNuLarTenuNsITiaLasiguinaUsEndandsay

o
o

il mnlifimsfiumdwdnagnudl - wadneseninedngunslindanuneunisusulse

(Baseline Energy Use) fiu Anslanassuludissisaunalsendng (Reporting Period) awden
WANANNAULININLBTNITANAIAINISHER AUl NSHeNTUaTeNINANTENUABNT NS UN

weniloannsusuugeunsaleenlunnmsinzinalszndaidinnudndu Wialvilana
Usendandsnungnees

v o sal a ¢ o 1% Yo
ﬂ?qﬂﬁuwuﬁmiﬁuﬂqﬁjLﬂiqgﬂﬁwaﬂigﬁ/iﬂmwaﬁqqu LLaﬂiﬂ;@ﬂQu

v

nausEndandesnu
= (AgIuNstEndsunaun1sUsuUs - Amsldndsnulugisisanunalssndn) + Ausuls

[Saving = (Baseline-Period Energy Use — Reporting-Period Energy Use) +- Adjustments]

S18azLBEATUN WUIMNMarIENMINTIvInHaUsEdandany esunelily unil 4 uwamauas
madanlun1snsvinuazigaunauszndandeanu

2.2

VANNITNUFIUYBINIINTIVIAUATNIAUNAUTNTANG 997U

lunsnraiauasiigaunausendandsny Sndnnsiugiunaesiansaivelinants

Y a ¢ 9 Y = o sl v ' o &
nsdauaziigaunausendandsnululdauinguszasdnonuwnndrsiulunsaglaseins del

2.2.1

wiiugn (Accurate)

minTaiauariiginaUsendandanu sesdanuuiuglussduiisensule viail

v
]

[ YY)

AuAaaedeunsensulddmiuwaslasin1sasuandsiuliTeg fuasstade sl

1.

nsihdayalulyd

ToyanannsnsIviakasiigatinalssndandanuaunsailuldluingUssasd
fusnsnsiusenly Wy Mdmumanalszndandanudmiulasinisiudssiuna
Usendandsau (ESCO Project), linsvaeunanmsaiiulasansiueysnyg
wiuveadwedlasinms vie  Hlunmsfigatnaussviamdsnuiiioveiuns
atuayuNTamuINAIAST 180 vt f5uRngeulasins asdudivuanis
gousuldvasmuuiug (Accurate) %38 AINLAIAAEDUYBINANIATIVIANAY

figtinaUsendandanuaudnuaziaranuddgyuensindeyaluldsely

usTnadmiunIniauarigalnalszudandeanu

Taehily suUszanadmiunmsnsieiauasiigadnadsendandenuandudndiy
ligadlefisuiunausendandanuiildannsdidulasimsfidesnsfigating
Usgndondany  dwiulassnmsfifinausendandanugs  sudszanadililunig
anvianaziigainauszvdandsodanudululdfienaazgeannninlasnisid
naUszudandsnun  (Qunsdifidonismauasndnnsnsainludnuuziieniy
vielndiAeaty)  Fssuvssnailduiumnduilfaunsavunssanden
dmfumannaiauasiigainaUsendandsnuldazideauaidengunsalnginin
fAfieuusiugrgennduld
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222 au‘uvsni (Complete)
mimni’mLLazﬂqaﬂwaﬂswﬁmwé’qmuﬁamgmﬂwﬁaqmamqmwaﬂismuﬁwmﬁﬁmmﬂ
miﬁﬁLﬁuimamiﬁﬁaqmiﬂqﬂﬁmaﬂiwé’m Tnesudsudnilasinanenislindanunas
arfedldunisasetasiaiome Tuvasitudsty q Aduansenufunmsldndanutos
19 kIsUTENUNS bR

2.23  Uszdfiumeties (Conservative)
Tunsdifidesiinisuszanans vie Ussiiunanssnuiiintuiuiudsang q ffetetu
nslimdanudslianmnsanmainaidld Ildvdnnsussifiunslos (Conservative) 1
wdn saiieldlinauszndandanuildfiigafuanuduais
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nstlAnwnisUsendandsnudmivenasssiaussalsamenuia (Module 2)
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinuinisusendandsnudmivernssanausennlsaneiuia (Module 2)
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National Fire Protection Association (NFPA) (%

® NFPA 1: Fire Prevention Code

® NFPA 10: Standard for Portable Fire Extinguishers
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® NFPA 13: Installation of Sprinkler Systems, 1999

® NFPA 14: Standard for the Installation of Standpipe, Private Hydrants and
Hose Systems

® NFPA 20: Standard for the Installation of Stationary Fire Pumps for Fire
Protection

® NFPA 22: Standard for Water Tanks for Private Fire Protection

® NFPA 24: Installation of Private Fire Service Mains and Their Appurtenances
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PEECB Project — Component 1 Activity 1.4.2 a L‘lf’emﬁm : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinuinisusendandsnudmivernssanausennlsaneiuia (Module 2)
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nstlAnwnisUsendandsnudmivenasssiaussalsamenuia (Module 2)
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
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nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
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dudlawans (Passenger Lift) awdlAss (Bed Lift)
AWruves (Service Lift) tuladeu (Escalator)
i3eelonennia Wsvimiaesdn (CCTV) $rudnsngg

ABNRIADS Printer LAIDIENULONENT

gunsalvhlumeluviesnsaa 1wy rewfiames ndedlw
dmudesiidudnaisd edosTarnusu Wusy
- Addnenysnssy  (Medical  Clinic)

\3esnsIvaNssanmmsmelaveen

L
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

d L
UHUN gunsalifeadasillingaany

(Pulmonary ~ Test)  ia3esinpduiile
(Electrokardiogram ; EKG or ECG) 13
0nNNa9NIe  (Exercise  Stress  Test)
iw3esinn1siuvestala (Echocardiogram)
Judu
- madndaenssy (Surgical Clinic) 1w Taulv
HIAR
- AddngAuSIYNITN (Obstetrics and
Gynecology Clinic) 1u Taulrndn
- AddNUNTY (Pediatrics Clinic) 1y gou
- Adlndny (Eyes Clinic) wu laslu
- patnlan Ao w1dn (Ear Nose and Throat
Clinic) tiu Tauln
- AAdnTumnssy (Dental Clinic) WWu A3eq
nseilu Taslw in3esunnaznavsngailu
Wewnidu (Emergency Room) indesnszdumsinuesidladelniih  gunsaliile
THludrusmnide (CSSD) gunsallusiossindinidn
Wosinunwngis 1Wudu

JUN 2.3.2 ipsenivaussannnismelavesden 3UN 2.3.3 \pT0s0eNniaenY
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

JUN 2.3.4 uansaudlsavila (Cardiac Care Unit; CCU) Fvaxiiviosdind viruaagu (Balloon) way
UeNa (Bypass) kA lagdviesinnisaiuiilasiseiniavseusagu (Cardiac  Cath)
WesuuRn1sdnduasaeSidiiiegnaiuvendentuiila (Cath Lab)

2. dhealiuayuniendila (Clinical Support Facilities) lawn

WHUN aunsalifendasiilindaay
WHUNLNEYNTIY (Pharmacy Department) J¥UVELeNa1s (Pneumatic Tube, Dump waiter
18°1)
WHUN3IEINEN (Radiology Department) \3oudnassiily (General X-ray Radiography)

\A3RanBLEnuLsIvilnnsaazIDen (Fluoroscopic
Radiography) t3saidnaisdsiniussuuneuianes
(X-ray Computerized Tomography Scanner ; CT
Scan) AsensIanauLuan Wi (Magnetic
. = < 4

Resonance Imagine ; MRI) tATDILENYLIYTEUU
famaa (Digital Subtraction Angiography ; DSA)

= 9 v 41' =
\wseenTIIeieznelumeniuaudgs (Ultra
Sound Scan) LATBRNTIAAIUN (Mammography)

WeaUURns  (Laboratory) vedwnunne13INe1 -fLiu e fsnwianngi (Refrigerator)

(Pathology ~ Department) %39  uwuniAdA —é’@lmﬂ’m (Fume hood)

n1sunne (Medical Technology Department) —ﬁ@mmam.az@ht,%a (Laminar Air Flow)
wiessinderunidn (Sterilizer)
pFesdnluiAnsialinseginianiadin
(Automated Chemistry)
“pRosdnluiAnTa s nesinisqasaaiane,
(Automated Hematology)
pFesdnluinTaiinsinandduiuine,
(Automated Serology)
peansininmaudivesuas (Photometer)
pewnsininUsinauialuden (Blood Gas)
pedidntnslad (Electrolytio)
Lpsestluueniden (Refrigerator Centrifuge)
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

WWUN gunsalifendasitlingaany
psemTIiammudnamsiviven (Atomic
Absorption Photometer)
Jndeninihieu
-geululasian

uNUANIBAINUIUR (Physical Therapy -tA3ssuianaiuiilonaglnil
Department)

SUN 2.3.6  wanAIaudndisdIuiusEuUARNRIMES

v

(X-Ray Computerized Tomography Scanner; CT scan)
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

UM 237 wanumsewmmaseniuwiunaninill (Magnetic Resonance Imagine; MRI)

3. Hheshwiiiae (Special Unit Facilities) loin

UNUN gunsalifeadesillindeauy
N ssuvdsedliin (UPS)  weSesuSunsasiuluii
(Stabilizer) Tewlvlingn  a3esianiswduvewiils
\wSesnszduiinla
veaAu1agUleniin (Intensive Care Unit ; ICU) Ir3esiansduresiala Lﬂ%"amsw’juﬁﬂm \A309The

mela wdesinTnasuazszuunslvadouvedadin

osaaen (Delivery Room ; DR) Tulllingn  desTamsiduvesiila Lﬂ%‘lmﬂszéju
vl nfestaevgla naedlwgiidudnaisd fou
11150 (Baby Incubator)

dwmMInusniia (Nursery) foumsn wiletlsvanuu fiu wlevhi3ou
mihglaien (Hemodialysis Unit) wn3nsenidensiglaiisy (Hemodialysis)

4. #hefUaelu (In Patient Department ; IPD) Lol

WRUN aunsaiifendasitlingany
voftaely (Ward) way daumeniagua (Nurse ia3owithgu idosreufiamed ndesgitdudnmsd
Station) Sidouves §ifu Tnsitad wnaw nidinhieu wn

Tulasiam

5. dhgusnisnazdingu (Administration Facilities) lawn

RN aunsalifeadesiilindeanu
d1linauguIms wagdinnuuwng poufiumes uazgunsaidinauily
dinauihegsnis moufiunes uazgunsaidinauialy
dinnuihedydwaznisiiuy moufiunef uavgunsaidrinauiily
drtinadheveideunayata AoNnes uazgunsaidrinauiialy
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

WRUN gunsalifeadasillindaany
dtinanurhluuazineninensynana poufiumes uazgunsaldinauily
dtinauussnduiusuagnisdens poufiunef uazgunsaidrinauily
dlinnugudneuiines AoNInes wazgunsaldinauiiily

6. deusnis (Service Facilities) lawn

RN aunsalifeafesiilindaay
uundeTagnansusAanide (Central Sterilie vifolladlufA (Steam Auto Clave) 1A3eseunid
Supply Department ; CSSD) (Gas sterilizer) a3
wnunlnwuIN1s (Dietary Department) gunsallwihlua$h wu desduemsman nifoys

1l e eFesvinthieu wosduanu
wWUNEN3IA (Laundry Department) \Sedindi weddain in3eseuin
wHuNoufiuAN (Morgue) AU
wunlWiluagiAioina (Mechanical & Electrical  SzuuU¥uennia  ssuuuasadne ssuuliin ey
Department ; M&E) Uszl SuUfeans STUUSUMAT STuuthiie seuu

Urinude ssuuynauseu

U 2.3.8uanavislofedinlulfi (Steam Auto Clave) 3o LAdosauifia (Gas Sterilizer)
TukrundeTannaisusdainiiie (Central Sterile Supply Department; CSSD)
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

N ————

JUN 2.3.9uanuA3839NNTWIRGN) LATBIBUNY UAKIATBITARNNEY (Rolled Cylinder)
unungnInLaze1nsaliad (Laundry Department)

3U# 2.3.10uanuAT89UTUINALUUTEUIEANLSBUAILU (Water Cooled Chiller System)

v
a o

Anssyaipsosinaudu (Chiller) Judmiuisewhaudy (Chiller Pump)

JUN 2.3.11 uanumsewiniiou (Boiler) uaglotnou (Steam Boiler)
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

gU‘i‘/’i 2.3.13 wanstduunuszu (Water Pump) waztuszuuunuauiide (Sanitary Pump)

2.4 ANWUZNNS IINAIIUVIDIANTLSINYIUA

AutinNsldnasuRaeY 244  AladnA-921U9RaN151URSHOU*

F2UINSIHULREY 24 g
N : WHUaUSNENE U 20 Y W)

n1siassinsldndinuuarsduuunisldndsnu azdrldanansansvlaindiulavesernsniinsld
nasweglifivseansnin vlianunsauulsauasanduununisianisndsnuldeggndesmvusauunay
anansoanAldanele

o 'fj LY v

NNSMYUA Base Line ¥09n15MINGI91UTINYDIB1ANT L‘i‘]uﬁaﬁ&’aaml, USUAULIN AosmruaIdIulaves

= [

91A197d7A 7y Usuauazsdaveandssunlyd wunlandinisagidendsaulaeilandszlovd @a7in

LY
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

Usgdvzninndsanu Tnadledmsinsgrinmsldndanuud deadrlafawwilduwas sunuunstindsanuves
91ANFUTZNMAEIM BT NUTBULTBUAINIATFILYINTIENE Y

mslgwaservluainisisiwervia
o SnwrYRINSIINAIUluIAS

Foyanugun 2.4.1 Idudeyaildnnnisdisranislindenuvedlsmenuna 222 uianiianun 879 wi
Tudszimanauia

O Electricity
B Matural Gas
O hher

A7.A%

Ul 241 wansdnuaznislindsoniluenasaniuneuia

fian - Office of Energy Efficiency Natural Resources Canada. Benchmark and Best Practices for
Acute and Extended Healthcare Facilities : A Guide for Energy Managers and Finance
Officers. 2003. p.7

31N1ATINITIAVININTFIUNTOUSNYNANIUTDIDIAITAIVAY  VDINTUWAHUING N IUNAUNULAE
ouFnEndINy nsvnmdny efinsaninsanduamslindany faszneuludefuiifedisnuusly
nuiuanieiy annsaduunnslindenuussuuldd
o syuuliuene
o szyulniuasaing
o szuvilliuewesifustundou
o SzUUNANTEU

szuusananldndanuludnazndsnuanuseudundn wuin nsldndanuluszuulsvainiadl
wndsdesar 65 nsndsuluszuulniuasadnefosay 17 wavnstindenuluszuvdiudus Anduios
ay 18 MuduAU

Lighting
17%

Cither
18%: ASC
B5%

JUN 24.2  uwunmuansnsidndenuliilussuusieguesoimsaiuguussanlsmeiua
GE 1A94N159A911019551UN1 58U NUNEINUVRIDIAITATUAN  NTURAIUINGINUNAUNULAE
DUSNYNFINU NTENTINANU
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PEECB Project — Component 1 Activity 1.4.2 a

lowivn - Operation & Maintenance (O&MW)

Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

suiuinfinsldndsnuliinlufussuuuiuenimdediunnn ddsamenuiaensuiinisldssuuuiu
91IN1ANINNTILIINGIUIATVDI3F Frash nsyadidsziiunisiinisineinasinisldndanueinisaiuny
Usziamlsanerunatu psidenerasismenunaensuiidnsldndeanulusruuuduenne uagsyuulndh
wasaadudiauun Weduuumduns@nwmuumalugnisussudandsaniludunslindanuly

SYUURINED

tavgniduananislonaserulvainisuszinnlsangiuia

[

Jadeudnfiinasenisldndsnulusiasusennlsaneruia Jnedl

BRAUOINS 1T
uaarUsTANYeIiuienns
91gmsldanuresgunsnl
Srunudalusnnsvie
anmaiienne

STUUYINANINSOU SEUN8RINALAYSEUUUSUDINTA (HVAC Systems)

JuUsEINlUNISIANITNNS WA 91U

Jadespaniinasonishiinasnulueiasusetnnlsanenuia deadl

#iiaves on-site facilities aUsznaudie

Kitchen

Laundry

Incinerators

Burn Units

Laboratories

Emergency Services

Hospital Equipment
N59U91IA13 (Building Envelope Lazwstinvoiailn)
yiavosmaonlniilazaUsinunsdosding
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

NUINTY nsldanuuaznsingesnm
GROUP OPERATION & MAINTENANCE (O&M) O&M

3 nsdifinwmsusendandenudmivenaisgsiaussianlsimeiuia 3.1 (M2)
Module Case Studies on Energy Saving from Operation in Commercial Buildings
19UsY 1 Fu (6 ¥law)
1.0, fwau 2557

E2.1 - Benefit of Measurement & Verification System

mwifﬁugm OM2.1 - Air conditioning system
figasns OM2.2 - Lighting system
OM2.3 - Renewable energy for commercial buildings
OM2.4 - Building Automation system (BAS)
OM2.5 - Commissioning requirement for building energy systems
D2.1 - Guidelines for Energy Efficient Building Design

E2.2 - Measurement and Verification Plan and Reporting

Chapter 3 Energy Efficiency Index Hospital Buildings

N 3 Ay HUTEANTNINNE LUV IATUTLANLSINGIUD
3.1 Ay HUSEANS A NNAIIUYBIIATESINYIUA
3.2 MsUSuARviUsEaNSAMNAIUNBIINEA1NI0 531U (Normalization)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

uni 3
AYUUTLANTNINNA19IUVD991A15USELANLSINEIUE

o

ftinslna 191U (Energy Use Index : EUI) saliuse@nsninwasau (Energy Efficiency Index :

PR A U

EE) wieswiianisldnasnusnunig (Specific Energy Consumption : SEC) flanumsneiieniu Aewdu

[

fvianddglunisasiafamuiasasandmunensusendandsnuvetonansgnaudasuie  lngiiuay
ausnEnan 20 U veensensindanu  lelimsimualveinisssiatuninsiy Insldndsanund
Usgdvsnmungdn nanfe  Nulsueiavatuayuwasduaiuliieinisssfausaslssian  awnsanae

USuugeussavsnmnaanubizsgnisidueinsansueusilusedusineg un8su (HEPS, ECON, ZEB)
INVOYATIBNUNTIANITNGNIY WA, 2555 U9491A13AIUANTIANTUNIIANNTE YT RyalRnTs

duatun1seusNuNaNIY  WA.2535 aunsaasUiviannislindanudunig  (Specific  Energy
Consumption : SEC) dmsueiasuszanlssneiuia lanwmeluil

3.1 AYUUSTANSAMNNA LUV IDIANSLSINYIUNE

Size QTY SEC elec. SEC SEC total (MJ/ifigs-3u)
(KWh/ifigs- | thermal. Max Min Ave. sD
W) (MJ/\Rigs-
W)

<150 1@gg 32 407.56 190.41 12,728.04 66.77 1,033.63 2,204.83
150-300 29 338.74 195.81 3,642.25 110.94 748.91 644.85
RN

>300 LAgd 15 457.94 278.99 4,392.80 286.06 963.45 1,044.48
Total/avs. 76 391.24 213.51 12,728.04 66.77 911.13 1,544.45

(M3 : Final Report a3us189mumsdanIsnaany 2555 1ag AUSneInsI9deueIAsmIuAN : Accredited

Consultant )

3.2 MsuFuAdiiuszansamnasnuinaidngaminsgiu (Normailzation)

ogdlsfinny  msfimsanadeimslindunusmnzveiarermsty  feusulufiessosudngen
wpspuitelflunisfinsanifisuivennsdug wasiervusantimnglunsuiuuassansammdanu
gesensaueditng dslumefuRudoasusasuisgiidnuasuasnginssunislindanuiiuandaniu
ot ﬁqmiﬁ’]Lﬁuﬂmﬁusﬁa;ﬂaﬁaLLﬂiﬁLﬁm“ﬁaa (Parameters) #1199 Y8401ANSTBIRULBLTIBANINTAUTY
M1 (Normalized) Widhgeidusnmsgrunldlunsssuiieuldely
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

INITIAL EUI VS NORMALIZED EUI

B Operating Hour
Density
| Vacancy

B Space Type

mEUI

AUTUAL NORMALIZED

JUN 2.1 uansmsilSeuiiguduiinislindanu (EUN) Aeuwasndanisuiuan (Normailzed)

é’hasmma'gﬂﬁ 2.1 UNAuY LLamﬂﬁLﬁuﬁqﬂ'1G'fszjﬁmi’lﬁwé’muﬁlﬁﬁ]1ﬂ%gaé’mwdauwé’muﬁiam'iu'%ms
(uil) AslllgTinsRorsansauys (Parameter) s MAedowaviinansenusonslandenu wu $lus
N151197U (Hours of Operation ) mmwmLuiwuamﬂmﬂﬂmwiazﬁuﬁ (Occupancy Density) 80131115374
vasiuiildaes (Vacancy Rate) ﬁuﬁ’l%muﬁﬁmﬂ%wé’wmqa (Space Type) Wusu awie EUI actual =
260 usimnfinnsandadedosudsene siamuauda EUL Normalized = 157 dandliifiuin s1msdanan
wfinslindenuiifiussaninmanndsdu - vdanuseiufianay)  fanmeifleutufuusidudunasgiu
Wudu

Tunaun1svitdSuasuiilviidngaruinsgu (Normalization Process)

v
[

Hvuneulunisaiunisniu Flow Diagram augud 2.2 siludl
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁawﬁm : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

Input Process Output

Annual Energy
Use
Total Area
Occupancy Density
Vacancy Rate F— > _ > Factor — v
< ,
- <} Final -
Occupant Density 1 [ = > Vacancy Factor ——»| Normaliza - —»| Normalized
=
2 tion EUI
o
Operating Hour — > 2 »| Operating Hour Factor [——
M
3
Exceptional 5
EnergyUse [———»| § g Space Type
Area Normalization

3UN 2.2 uanaunura (Flow Diagram) NMsteudaya N1sUszaiana Laglaninan1enain1suuan

(Normalized)

Input : Aenszurun1slouidtvesdayadiuusiinertewmsaiinadanisldndesu
Process : ABNZUIUNMTAIUINUALIATIZI
Output : fanszuUNTUaARIHaARYTNUFUTgAuINsg1uED (Normalized EUI)

v

fatu auniseuanasaluil AsnisAnuianiialilaun@ds Normalized EUI

EU/Norma/ized= (EUImeasured_ TOtaI Space Type AdjUStment)xNvacancnyoccupantXNoperating

Tned :

Nyacaney = Normalizing annual vacancy factor
Noceupant = Normalizing occupancy density factor
Noperating= Normalizing operating hour factor

nsMFuEs (JUT 2.3) uansiegansiFeuiisumduiinslindanuiiviuandngaunnsgruioiiusd
PNOANTAITNNU 8 WA 9IATHSETINEUM 2 Wids uazeaslsaIneIuIa 2 uns Ssaziiuldetainauin
91A57ilAn Normalized EUI #iga (Office 1 , Store 1, Hospital 2) fifneamgslunisiiazusulgansld
w&suliUseavsnmunndetu Wewisuiuonmsludnwasiotu
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PEECB Project — Component 1 Activity 1.4.2 a dlewiinn - Operation & Maintenance (O&M)

Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

600

500

400

300

200

NORMALIZED EUI (KWH/M2)

100

Building Energy Bechmark

Storel

) Hospital2
Store2

Office3 .
Officel Office5 Hospitall

O ) Office8
Office4 Office7

Office2 Officeb

JUN 2.3 uanan1silIguiiieu (Benchmarking) AviwilusgAnsainmwaaunusuaua

(Normalized EUI) 98991A15WARZLIAY
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PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

NUINTY nsldanuuaznsingesnm
GROUP OPERATION & MAINTENANCE (O&M) O&M

3 nsdifinwmsusendandenudmivenaisgsiaussianlsimeiuia 3.1 (M2)
Module Case Studies on Energy Saving from Operation in Commercial Buildings
19UsY 1 Fu (6 ¥law)
1.0, fwau 2557

E2.1 - Benefit of Measurement & Verification System

mwifﬁugm OM2.1 - Air conditioning system
figasns OM2.2 - Lighting system
OM2.3 - Renewable energy for commercial buildings
OM2.4 - Building Automation system (BAS)
OM2.5 - Commissioning requirement for building energy systems
D2.1 - Guidelines for Energy Efficient Building Design

E2.2 - Measurement and Verification Plan and Reporting

Chapter 4 Guidelines for Energy Efficiency in Hospital Buildings & Case Studies on Energy
Efficiency Improvement
uni 4 WAz NIEANYININUsEAE A MNA s UlueAslsIneIUTa

4.1 519n15539dUNSRNYsEANS A mnasnuluenasisaeiua
4.2 ns@AnwINSHnUsEaNS A mnasnulueiaislisanenuia
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

UNN 4
LUINHAZNSUANYINISANUTEENS N ase1UluaA1slsaneuIa

4.1 579M15AREBUMSINUUSEANS AMnwa s uTueasissweua ¢

MUV DN USEAVEN N NA11UYR301ANT demarian1slindanuy wag Aldangsmundanunanadats
110 wonanddudunisannansenuredindendutiiosuinainnisuasefngisounsean (Greenhouse
Effect) fianaq
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PEECB Project — Component 1 Activity 1.4.2 a
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

wflovni : Operation & Maintenance (O&M)
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PEECB Project — Component 1 Activity 1.4.2 a

Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

wflovni : Operation & Maintenance (O&M)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁawﬁm : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings

nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁawﬁm : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a dlewiinn - Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a L‘ifa‘Mﬁ‘m : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

1391 : Operation & Maintenance (O&M)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)
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PEECB Project — Component 1 Activity 1.4.2 a Lﬁamﬁ‘ﬂﬂ : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdifinynisusendandsnudmiveinsssialssinnlsmeuia (Module 2)

Foduuszndandanuiissannusussuuld
- Wi rueMAFLTianas - wdanuiRauiiaty
= (10,267 kWh - 3,425 kWh) -1,400
= 5,442 kWh

Andudy = 5,442 kWh x 2.0 UW/kWh

10,884 Uil

Hosmnszuuiifesinsamuieinaulndliisarifisiulasdesusulsssuureaulfaenndostudaman
vaudslvi Fedesasmuroutiegs uiinauszudalsinnntn Taslawizegsbeszuuifidnutilusihnusde
Blioy  Fedunmsmstaamneiunsamuideszuuuivommesiosindaildnuogmnegnisldouudy
wazFasimausuugdlmogudy  Sarnmsamuazhaamzdnsiiidisiy Swsisvesnailunsfunu
duas

4.2.2.2 19 Air-to-Air Heat Exchanger ¥38ann15¢¥a9a1n1a9100784an

mufina1snudn ViesazendosioslinisiAueinimanaieuen Welieansdsanysn uwazaugueusiuly
Fedldunnndinieuen  s8hsnsfine1niAeIneuenTeesEyeInazINnINsE LU U AYRITes
Wlvinn wansaanmsldndriludiuvesormeaduldlag thermedufimaeislusandsumudeou
fuanienaneueniiiindiu

gunsalildlunisuaniUdeuanudouiiiondt  gunsaluanilfeumnuseusinie  vise  Air-to-Air  Heat
Exchanger @slaqUuil fimalulagliidan 3 wuu

1. wuv19ae (Wheel)
2. WUULHY (Plate)

3. WUUVBANSIU (Heat Pipe)

Tnewdewdy aunsaluanidsuninuieuasiivssdnSamuszana 40-70 Wesidud @uegivalia awiauas
dndiunsINATEUIEIaLAZRINIAIINANEUDN)

FaY 151398101508 NI UBIa N INIEIINAE BN tAUTENA 40-70 WasiFus

uni 4 Jadeniinasanislondsnunagnsdnuinisifituseans aunaaanu unfl 4 - wih 13/16
BMC - Version 1.0 : Junaw 2557



PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

R o
NIUANEI ; n1519 Energy Recovery Ventilation (ERV)

nseifiszuulAL WU 100% Outdoor Air @1ansafild Energy Recovery Ventilation (ERV) ‘*Tj\‘il,‘fJquﬂifﬁ
wanasuanudeu wse anudu Iegldndnnisundsnuiwaeveseinieldasiis (Exhaust A u1tlau
WinUsuanMmelvnuainaiduiunly ( Fresh Air Intake) lagh

o Tluggdeu : ERV azviwnhiilunns Pre-cooled waranAuauoINATLAUIIN
o Tugguui : ERV agyimihiilunis Pre-heated wagtiisaduiuaIn1Afiisdin

PMNANNITIUYEE 2 ggniatieiu ERV azanunsadisliasndsnulussuudivenniaduiliewnain
msvienuBursein/anenudulinngaunuAnasgu

a =

15awe1u1a Cox South Healthcare , $§3ia93 Ussimaanigawisni

o« U

uni 4 Jadeniinasanislondsnunagnsdnuinisifituseans aunaaanu unfl 4 - wih 14/16
BMC - Version 1.0 : Junaw 2557



PEECB Project — Component 1 Activity 1.4.2 a 1flovn3 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

Winter Operation Shown

72°F DB
B0°F WB
18*F DB 58.3 grain/lb
18°F WB

13.7 grainiib

& T
=
<0.4*F DB
-0.4°F W8
4.5 grain/lb

42.2°F DB
41.1°F we
35.7 grainilb

SRR F PSRN

e | el | N

e i

Exhaust Air

i Y

Outdoor Air

sU#l 4.2.2 sUshudnesinunns (Elevation view) w89 ERV

uni 4 Jadeniinasanislondsnunagnsdnuinisifituseans aunaaanu unfl 4 - i 15/16
BMC - Version 1.0 : Junaw 2557



PEECB Project — Component 1 Activity 1.4.2 a

1391 : Operation & Maintenance (O&M)
Module OM3.1 : Case Studies on Energy Saving from Operation in Commercial Buildings
nsdlAnwnsussndandsnudmivenmsssiaussalsmeuia (Module 2)

Exhaust Louvers

L Ll ls Lights—

Fers

i T ]

Operation of Wheel :

Wheels rotate

Air velocity (Supply side)
Air velocity (Return side)
Total Capacity
s

gih‘/'i 4.2.3 Usnuuu (Plan view) 189 ERV

U

gﬂﬁ 4.2.4 gavinay Exhaust Air Tu “Fan Wall” (18%n)

20 rpm by % HP motor
866 CFM

740 CFM

88,000 CFM

42,000 lbs

Usglewiiannisld ERV Ao anunsaannislindanuadlaannndt $206,064 del wagtiiuaunimeinianiely
81A15 (Improved Indoor Air Quality) 31nM13szUIEeINAlagaansaanlyninisseassuangldenaisiu

- 2 a1 a o 12 v & A
Lim‘uaﬂmmLﬂuvﬂ,uLWEN‘WEJLLazﬂauaubLaJWﬂUizmﬂ“lmLﬂuamm

P o aa ' Y A a a a o
uny 4 ‘ﬂ"\]f\JEJ‘mJNﬁb‘]@ﬂﬁﬂﬂjwa\‘]ﬂ‘uuaL’ﬂimﬂﬂ‘w’m’]iLWMﬂiSﬁWﬁﬂ’]WWﬁN’m
BMC - Version 1.0 : §u1ax 2557

Uil 4 - v 16/16



PEECB Project — Component 1 Activity 1.5 a wflown3an : Basic knowledge (B)
Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
wwAANsNUsEAvEn MnEsudmiunswlasinisieatisernisgsivgalg

NI Auditugiu
GROUP BASIC KNOWLEDGE (B)

wurRaNsINNYsERNE M sudmTunsiaiilasinisneaiisenaisssiagalusl
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Energy Consumption under Each Level of Energy Saving

Building Type Capability (kWh/m?/y)
Reference BEC HEPS Econ ZEB
Office building 219 171 141 82 57
Department store 308 231 194 146 112
EEZ?:ESS‘S":E:ETIE 370 298 266 161 126
Hotel 271 199 160 116 97
Condominium 256 211 198 132 95
Medical center 244 195 168 115 81
Educational institution 102 85 72 58 39
Other general buildings | 182 134 110 | 66 53
unii 1 mmilﬁmﬁmﬁlmﬁuﬂizaw%mwmﬂ‘ﬁwﬁamwamﬁmiﬁqsﬁa unii 1 - wih 10/34

BMC - Version 1.0 : §u1ax 2557



PEECB Project — Component 1 Activity 1.5 a Wlenivn : Basic knowledge (B)
Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
wwAANsNUsEAvEn MnEsudmiunswlasinisieatisernisgsivgalg

] 1Y

Aty dmsunkuayinEnatIu 20 U anansaimuadiuivetmsianidulsulamadigseaunislondsanu

Y
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M13°9N 1.5 ‘U’izuWmm'ﬁaﬂmumﬂﬁ’qﬁﬂﬁﬂu%ﬂummiﬂizLm/IG]N‘] Gl’]llLLNuEJ‘iéiﬂw‘lNa\‘Nﬂu 20 U

Reference 38% 10% 5%
BEC 30% 5% 2%
HEPS 30% 33% 3%
ECON 2% 50% 85%
ZEB 0% 2% 5%
Total 100% 100% 100%

aregramalulagnaiunsauranyszandlyly BEC

dguIaLun
Ssuaaun Wudghfinsesuresormednlululasasne deuald
a
X

o«
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'
o a o

WwmtinuInIdgsssuaialy LLazé’QLﬁmmauﬂ’a’LumsLi‘Ju
awinfuaudou Teannszvenaiasiiuernmaniglueians
dosnanilesemeaiiegnelu uenaniluddlignandicu
W@eswariusaanelaonaie

gﬂﬁ 1.6 : Cross sectional of AAC concrete
(Greenbang,2012)

1
o

N52ANWHSIEA (Low-e glass)

nszanuiadiAenszaniiunuas@lunisazvieunuou  vh OUTSIDE INSIDE

Wiannsnannsukisdvesiinszanainneusnaimadngnely Heat 100%

21A15 Tuvasfiveuliuasiinuosiuiudunldroudsnn Light 100%

winzdmsunslduassssuufdmsunisdesaininigluenis U. V. 100% 45% enters
41% enters
17% enters
68% heat loss

reduction

gﬂﬁ 1.7 : Low-e glass emissivity (Althem)
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wasUSuameauszudalviues 5

Ussinalveflanmoiniedoutunaenid  n3esuiuomatududsiidudmiumsniuauanmundonly
g eglsfmueiesuuernaiinasemslindanulresinegrann  aandseudaliwes 5
wasmsveansiiilunstrsannisléliiinluenns Tagladnsinuamdudssansaussouznislandeenu
(COP) Winfu 3.4 w50 EER Wiy 11.6

WiHE g

amuaRdsAtnsyRyanmaung ol Wi
Us:inn 1asaudsuaimd

g‘dﬁ 1.8 : No.5 efficiency label
in air conditionina unit

vaaauszndalu
viaenUszndaluvionaongoasadus  Wunaesfitamundieliussudalnunnimasald  wdnnisvhau

ENIAR ﬁamﬁwlvxlL%"]ﬁsﬁﬂ,ﬁl,ﬁmﬂ'ﬁl,l,mﬁasuaqﬁw%lﬂmzé’jummﬁaqLtmﬁmﬁauuaaﬂﬁﬂﬁﬁﬁLLma’j’N
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é'f’saehaLwﬂiuiaﬁﬁaﬂuﬂiaﬂizqﬂﬁ“lu HEPS : High Energy Performance Standard

HEPS  fieszAuvesanansusendandsnunanunsaussendldmalulagnildogludegtu  laerunisduats
wagmsansamsldinalulaguszndandanuluenas  mensduauuagatvayuluyudmiulasinisanse
auunisnszdulionyuiuinaulawazeousulumalulagiuszauninudnianndiu

H1l991A151887 UWasndALle (Green Roofs/Green Walls)
wiftermaiden uasvdsedelufitnanefemsldssuy
Ugnitwmauuriunamieuundanionans esannsiaun
fuiluasgursudieshldfinsazviounasniiufvesinuazauu
iliAausngnsalinizauiou Mmsldniionasileavsondann
denueninazteliiufiomsesdauaniffunnufeuldfty
widrsanmnufeuaniadeulnesouiiiosninannisagiiou
arwdouuiuinadades iadnslifuiaidedaunsntan
Ussendldfuszuuinudeulddnde

gﬂﬁ 1.9 : Example of exterior green wall

g y (Sexton,2013)
n523n 2 YU waz 3 YU (Double & Triple Glazing)

L‘ﬁuﬂizamﬁﬁ@mauﬁ’muﬂﬁlﬂuamugaé’mﬁaamnmﬂmﬂ%‘daﬂﬂwiwdwﬂsmﬂ (Ar gap) ileannisi
arwdeurhunszan desisiiaunsnifudsonavieinedesidanautiiduauiutuamindou Taedduda
Fmihiisnsmenigluasfuoimamevenfuiemelunszan wenaniinszanudsedi  (Lowe) &
annsathinldidudgdsenovtesnsyanusaziuldande

h

H
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chad i
e
Y
L]

o = | s )
g‘l.J‘VI 1.10 : Cross-sectional of double glazing
and triple glazing (G2S group,2008)
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wARALDAdA (Light Emitting Diodes :LEDs)

waen LEDs Feviaenlnvlinussndandanudadussdnsnmuinnimasn fluorescent lnga1dendnns

wWasawsseymManinnasisiii e iinaufountesniuasUssndandanuuinndl  vaen
v g s & = ' Y o v o A 1 °o § val

LED fllassaiafurewdsivun  Fuandrsnwaenlnniluiiivaeauiuwasfieniussgegniely  vinlnd

ANUNUNTULATDIENTTIFIUTUIUNT

i'dﬁ 1.11 : LEDs in T8 tube light (XiangDa,2011)
v

NINAILIANENTNYDITLUY
Tue1m1s HEPS  tussuuduommazdeslasumswanlvisidneningeduludniy  sanunsavitldlagnis
Fulseiudnenmszuulagsiuuenivilieannisusuliniesdsuaniaiieagaae)

seuviimasnundusn1dlug e ERV (Energy Recovery System) fessuufitmdsnuaineiniade
visemafisanuinadivenma  duliusslemilunmsuivanmennmalmineufiasstiidngeiniakiums
spuulfuemAa  (Pre-cool)  Tuanmernimdoutuiidosmsiarunbusgndulssmalne  svuuiiesd
Uslomflunsharududesiuuasanaufuresoniarnateuen ssuuiuenanagshliinauninennie
meluomsilulymunnsgusdideanmnseanUiniunssnuvesssuuliuonmalasndie

Tunseanuuusyuu wenwiteainusylevulunis

o L% YV o L% i Rﬂurn
Usendandsnu nseenuuulsilssuuimdsnu Fonsh 2ie : - -
Y] YRR v Y] a A & Y | 3
navunlglmigsrgliszuuusuonaivuiniidnas - | -
N dgl L U v 1 I H
LLaSENﬁquqﬁ:ﬂﬂﬁUﬂNﬂ’m;}JWUﬂﬂJWV]aﬁaQTU“U'N Outdoor ||| Indaor
40%-50% Baduanizfiwangauvasnisusueainie ] )
I Y |:‘I >
1 | | ]
AYLUBDIANT I f—

Exhaust | Supply
gﬂﬁ 1.12 : Air-to-Air Heat Recovery in ventilation
system (Schild,2004)
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wiasinhifuriinuiuanuidlseuvasreuwsaiwad (VSD Chiller)

gy miz‘uaaizuw%’uaWﬂWﬂasﬂﬁuas“iﬁumméfaamsmmLéquLLﬁiazsziNnm Famudeanisa
Buenausudsulumurisnanssrinsfunieanwenmaluusiazggnia FsdumsseniuuiaTesiminduiu
Foseenuuuiedlaunsasessuarudosmislurasiaigaanld dafuedesiminduieilomariazyhani
mszldduideluunsdiane ldldAnauauddedumsldnduduegiann Tnawiowihdudusde
USumnuifrseuresneumsawesdazliudnnisusumnugiseureneumsaweslineuauasiuniseny
éfmmiﬁl,ﬁmsﬁuﬁﬁq%Lﬁmﬂiﬂwﬁqaqﬂué’ﬂwmsmmiﬁﬁmmé{mmimmLﬁuﬁlﬂmﬁ dusuemsnia
ArudosnsamBuinsdiemsfidulumsldouedosiminduusyansamgaun

aregramalulagnaiusauszandlylu Econ : Economic Building

Econ e seduveseImsiamsaiannlifeomeluladludagiuviosmanifanuduyulumsidenls Tne
walulagdndenaiegludagtuuddindinisldnuluimiie wisgumsNsatiuayudasunsly
weluladfangnn  sgstilmfnmsvssandldldunsnarennndetu  Suoghameluladiaunsaussgndldly
ECON fiffai]

AMUNIRUIUNUANUTBY (Cavity Insulation Wall)
funsauIuAefunsiinisiead e iao sty
Tnefidorneoinansanansdeemnsainasiduauin
fumnufouldlasauryhmiiidustunudeudiom
NMLUBNUIge1A3 ﬁfaqﬁiumsﬁmmu oalll
styryne foam WHudu

gﬂﬁ 1.13 : PU foam in cavity wall insulation (Dino Green,2012)

HEAT LGS CORFERIZON

LI U

W Viabme it i)

-]

Singla Frimal  CBaled  ARated Tiigrle:
Ghang  [ombls e L Deubla  dlecing
g Harimg LrEr T

gﬂﬁ 1.14 : Heat loss comparison in each
alazina technoloay (G2S aroup.2008)
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nszananuTY (Triple Glazing)

nsvanauduldfunsitmuInaInnsTanaestuiiofiuussans annlunstostumnufon  Taewdnnsudn
nsvanautuiieuEnsasnnInsEanfitaesty  uslunisfisnsannisldiueiadesdiedanimany
LANAN9YBIBINAN I ULAZ N UBNAIY

isesUFusmauuuuUsHusiAAEY (VRF)
\esUsumMALUULUSHuashAsdunie  VRF  (Variable Refrigerant Flow) 18uszuudianansa
UfuAsuuBinumsinenudulinovaussionufesnsvesgléornsluvinuedd VRF dufinau
gavgulunisldan  Ussndandsnuuaganinsomunugumngil
Tuituiisneg 143

gﬂﬁ 1.15 : lllustration of VRF system in the
building (Johnson Controls,2013)

sTUUYIAMULEULUULAHSSE (Radiant Cooling)
syuuTheuunuuwSETslinsvhanadulusiasiiusyansamundy - Tnenswianudeunsenny
Bumssssmfaniiu wils vie ey giegerds wagiinslindanuiidesniinisvheudusuuily
Wosnligeddssuuvioanethslsinussuuiaziivsyanssmanasluenadeuduiiesananuiuasiiia
msrlumsianuduanndety

100% peak Power

Conventional Radiant Cooling
HVAC System HYRC System
gﬂﬁ 1.16: Peak Loads of Conventional HVAC and Radiant gﬂﬁ 1.17 : Radiant ceiling cooling and
Cooling System (Berkeley Lab, 1994) heating system (S&P,2013)
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Miauuasa?ing (Solar Tube/Light Pipe)

Tunsiiazannsldndaruanseuvdesains  sududesendonislduassssumivaslunisdesainslusinis
lufiufiifefunsevenmsanunsatuaadunlngldnszanly  uludrumelutuannsavinlddensldvieth
wasofimdnnuundimenms laenshasalausuuadluiuuuudmiuasesfouneluieaungyauaese
wiedesainsmeluens Tasmsuszondldamusmiuszuuly LED fiflszuumunuegiamnzauazanigg
lioaslasulasainegraieanelunaunansiulagnaiamu

gﬂ‘i‘?‘i 1.18 : Solatube tubular daylight
devices (Solartube,2013)

é'f'sasjfmmﬂ‘[uiaﬁﬁmminﬂizqnﬁ"lifﬁ'UZEB (Zero Energy Building)

o1msiinslindsnuduguiidudmnogeaiumaueyinndany  Mensiunsesnuuy  Passive
dmdusormsiaonisasndsnulusedudingn wagmaifindseaviamludiuvesssuunaln (Active) 81013
Ussaniazimslindunuiitiosnhomslasiiluduegnann  waedsdimadandanumaumiluiiuiiie
UuwaeiuANAINIINEIUeTueIATS

AANLNUANNITNIITAUN
- AANANTENUABAILINARNAgaAUSINMNNSTIINEIIUANNF AT

- Mndsrumudsuneluioasilundnilieninansansenuainnisauds
- unamdsnudesansaldlinaenegnisldnuvedzenans

- uvamdsudesansamlalnellsazaiunsaldlagnsusnaisiuaunan
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szuvsuiuunauazaunsalieuss (Light Louvers and Sunshade Overhang)

Tun1s09nkuU9IATS ‘mﬁﬂu@hLLmJiﬁwﬁzyflumsaaﬂLLUUﬂiaummaﬁaﬁwé’uﬂwﬁwémsﬂ’aLmﬂ (Shading
Coefficient) Iﬂmawwﬂudawﬂamizﬁm émLﬂuawmﬁamaammwum msldszuudanisuasdia
Ussavdnmiadudnddy  Jessuuiiiuenanaunsatiasiioannsdaiuanudeund ffosaunse

dapunasssuRulgneluanslananae

AT AT AT glass
AN § outside ' inside
\%%\ v gh louvers deflect
\ = direct light to cailings Light Louvers
Light shelf ¥ Light enters (section)
reflects light / Automatically and manuslly from 5°to 85° §\ =" Light reflected up to
and shades operable windows promote el . v 30° towards ceilin
unlouvered cross-vantilation i —_— g
windows == -

3" concrete
2" rigid insulalion
6" cancrete

g‘lJ‘VI 1.19 : Alight louver daylighting system reflects sunlight to the ceiling,

creating an indirect lighting effect. Fixed sunshades limit excess light and glare
(NREL,2012)

Uaaauaeszureanid (Solar Stack Ventilation)

Udsauasszurganiaduniduniseonuuuenasuuu Passive Lﬁmhalmwumuﬁawuaaa'm'm Tnende
‘wﬁnﬂ’lsLquﬁﬁuaaaflﬂflﬂ%au‘LuUéaqLLmﬁaasJﬁﬁTugiﬁ’muu
muﬁsimnaLLazmismaaaﬂLﬁaﬁﬁmmﬂ‘lmjvﬁwdﬁammi
ImammaawauamaamEﬂummiaulwaL‘ma‘uaﬂsumammﬂ‘wal‘malﬂim
fivdesszurgennad

AL BT
e

g = e

=l R

g‘lJ‘ﬁ 1.20 : Solar stack ventilation system
at ZER building , Singapore (BCA,2010)
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STUULENSIINYR louA21ues (Fiber Optic Solar Lighting)
Jussuuiifidnvasmaheuedieetuaeiing  uildivdsuanveidanumndulowtiuadidown
Lﬁﬂﬂdﬂs‘?fammmﬁﬂﬁaNmumﬁqmmwmasﬁzulﬁuasmmmﬁ’]LLaammﬁmﬁuqm’hmmﬂ JERREE
sunsalnuuaflofin i inuuasdazdeiutlulueians

;J‘Uﬁ 1.21 : (Left) Solar concentration
device, (right top) solar fiber optic
system in the building, (right bottom)
solar fiber optic illuminator
(Proefrock,2006)

STUUNTOUDIASUUULNUNTG (Integrated Double

Perforated| 1. Facade Buffer Space)
Grate I W

nseonuUUiufInwesnsevaimsneluanmdu

waanseenuuueIAsilavia lnensuszgndld

&K A = Y A & A o
s ) Ct,_?sts_ wummartisuiunisszuigenstelumaiadugs
entilation A o 9 a & \
el e dingitinthe Q lngluanmalienniaeu nsldmediatiagdivannise
1 double facade f ‘\ , o 2 vy
‘. . wAsEUUANuLEUle

- "". h\ T Nuiirnidiaunsovhausuiussuudugldigusyuu

b || M ‘l ‘UGLL?NLL@SﬁSV]IEJULLﬁW’]ﬂﬂ’]Eﬂu M‘saiwmsmammﬂ

54:4,_:)_[_; & = L E wananAwiielawaenAseundazauaganglusy

s ‘ In-Slab Duct 91a15 Tun1sesnuuvatelmidsaunsavitselevuly

AlriniGeS i gesnniuiianild Inseonuuuliduituigfinisld
;J‘I.J‘ﬁ 14/2 . Example of double facade as nudunsing

buffer space (City of Vancouver, 2009)
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n1sWan AN ARSI R WIBY
lunsftassegormsiiimslindarmudumusiuaassndusosdinemdalfhanndsnumudouiefias
aneusesnsltiionnislaihddunsdenldmeluladduivarstadelumadenldineluladfimnzay
dmsulasants luittasnamtaneluladillésuaudomnniian 2 sia fo wiruumeiing wasndunu
GH

1. wasudoindnanlniiuaznanaausou (Solar Photo Voltaic (PV) & Solar Collector)

dwduomsvidelasimsitiuiiduudnunts  wdauasefinddumadenuislunisudamdsanu
Tnefldosdnuasie  wasuawedind (PV)  saunsordsnliihanuaunauazamisadeliiueinis
Toomsld Tuusnaiiiuiisn walulad poly crystalline a’mgﬂLﬁ@ﬂlﬁﬁﬁuLﬁaﬂmmﬂﬂizaw%mwﬁgq
duluvinniiuiffenalds annsadonlduuy Thin film eruBavgulumsisfouasldou dey
¥msiiumnufeusnuatenfinddessuuiuinanuteudiidndusing  TaethZeuiildanunsasluld
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gﬂﬁ 1.23: Solar thin film and solar water heater (Solar Renewable, 2012)

2. AviuaundalWiivuiadn (Micro Wind Turbine)

Tuiuiiffnnudeudome fofuaueragninuldlumsidenssudlniils fouaumuadnilldamily
guywissaunsauuseentiluaesdnumuzie Aviuauuiuey uazfaiuauunde  Aefuauuuiueu
Juwuuiiduiluadetuioiuueing  Tasasdesinmsianuiieneauiioussansnmlunisudn
T Tudhufoiuauuuas iWunsesnuuulanansavhanldanasluvainuaneiiena
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3'1]17'; 1.24 : Vertical axis turbine, horizontal axis turbine, wind profile in urban

environment (Williams, 1997).
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5

Advanced Energy Design Guide
for Large Hospitals

Achieving 50% Energy Savings
Toward a Net Zero Energy Building

Developed hy:

ASHRAE

The American Institute of Architec:s

llluminating Engineering Society of North America
LS. Greer Building Council

U.S. Department of Energy

NANN1YIUINITLIATINTGLINGY4g01A1558AU Zero Energy Building (ZEB)

Tuofinfiinuan mssenuuy  readuagldnuoimsinasgnimunmuidulassaiumsuims  Sudaud
Weeseans @aa1Udinesnwuu AunsEEdmnseanLu Imnslasinis HSumIn Tnefinadnsvesuines
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JUT 1.25 silUl uansfialassadreiiueenwuuenasinluhuuidy (Traditional Project Design Team) %43y
Wiulddn “misdeans” (Communication) Juthdendniivihlvdeldaunsausmsinnisiassmslinanisd
drusmandieenge Migadesludisnalivnzaula
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F 1
: Cost
Engineers Consultants

gﬂﬁ 1.25 lasvadsfiueanuuue1msialuuuuiiy (Traditional Project Design Team)
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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(‘1'7im : Advanced Energy Design Guide for Large Hospitals Developed by ASHRAE, USGBC, USDOE
2012)
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
wnAensIinUsEansamndsnudniunsianlasinisieasisenasgsiaeaing

4. n1seantuutanIviuanan (Schematic
Design)

5. MSWAILINTZUIUNITRNIUU (Design
Development)

6. NSM38ULBNEISNBES19AAAY (Construction

Documents : CDs)
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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7. nsUszyamgTuinun (Bid Phase)

8. N1snadEs19azinng (Construction)

9. MNAaaURAATLYIU (Commissioning)

10. n5lduuazy13esnen (Operating &
Maintenance)

11. msligldanansiidiusiuagnediaiiles
(Ongoing Occupant Engagement)
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(Positive-Impact Behaviors)
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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Officers. 2003. p.7

mﬂivmms{]’mﬁwmmimumiau%’méwé’mwummmimwm YDINTUNRIUINAIINUNALNULEY

auiﬂw‘wawm NsENTImEsny Welansandneasdsanslindsanu deseneuludenuiasiidnvasld
NuALANEaAY annsosuunnslandanudussuulaad

e szuudsueinia

o szyulniwasainag

9 v ¢ & o o a
o syuuNltuawasiumtuinaeu
o SyUUYANUSEU

unil 1 anuilessuieiulssansammslindinuvesernsgsia unil 1 - vt 28/34
BMC - Version 1.0 : Junaw 2557



PEECB Project — Component 1 Activity 1.5 a wflown3an : Basic knowledge (B)
Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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wwAANsNUsEAvEn MnEsudmiunswlasinisieatisernisgsivgalg

@ nsldwasanulussuulsuainiea
B s ldwaeulussuuusIsing
Onstdwaeenulussuugua

O msldwdeonuluiudian

O msldwdsonulussuudug

5:uuAun16.98%

sruuduannid

Auisud i
24.64%

sruueguad STUUNAYAI1N14.74%
3.18%

thaeiiduaganisldwasanduainsusanngueanisd

1NN5ETINENBUENIT NG IUYeIATANENSAT aasadkundnyan1sldndsulufianssusigg
Fafnvuneluununuiige veaudnisdn lngaunsainisieseisviinisldndsau (Specific Energy
Consumption, SEC) va¢szuusiigg Tueimsusvianaudnisan lanadl

o sailnmslandsnusiy

o sailnmslandsnuluszuulsuannia
v a U L% 1

o aynstenasnuluszuukasaIng

o sinslindenuluszuuguy

fatiy Jadeniinasenisldndenulueimsuseanaudnisi Javuivaunn 9w wag Faluanisldaunes
gunsaivantuszuudina iy Fzulsiulaenseieduiuguilduinisveenns

unl 1 anufidosiuneniudseaninmnslindanuveseinsgsia unil 1 - wih 32/34
BMC - Version 1.0 : flunms 2557



PEECB Project — Component 1 Activity 1.5 a lewinn - Basic knowledge (B)
Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings

wnAensIinUsEansamndsnudniunsianlasinisieasisenasgsiaeaing

1.5 dayadnunzianizvatainsussandingu

AYUNT IIWAIIULRAE 219  Aladna-12lueran1s1aunsaaU*

Pluan1s IdauLade : 12 2149 (8.00-17.00 u.)
17 1 wweuINENENIN 20 U W)

nslawaserluainisaniney
o SnwrYRINSIINAsUluIAg

Lighting
20%

AlC
529

28%

JUN 131 ununmuansnisidnadenuliilussuusieguesoiamsavauussandtinau

M lAsnsiavhuinsgiunseusnenanuYeenaIsAIuaAL NIUNRNNSINUNALNULAZYSNY

WAL NTENTNNAIY

1
— ASHAAE Office
| 1| — Meaasured private office
o Measured open office
08 | | || bt
1
|
3 | i |
foe l
L
= I ok | F |
& [ e [
o4 J W
= § '.
I'- 1 I
] i
0.2 / )
|-I ... I' o
/ : A A

1]
20500 DED:I 0%:00 ﬂﬂl]l] 1EIZIEI 15{!!] 1EI'!II 21*:&:] DOm0
Tima

fian Revealing Occupancy Patterns in Office Building Through the Use of Annual Occupancy Sensor

Data, ASHRAE Annual Conference, June 2013
a]vmulm”n aﬂ‘umvms‘l%wawwu‘uaﬂmmsmumm F"Iau‘U’NVI‘ﬂ“’NSULLUUWLLUUEJU ﬂa"l’Jﬂ?J %uﬁuﬁm{lﬂu

Wamummmm AN LAY aaﬂmﬂwwmmuﬂuaqwummmEJM@MW?

unil 1 anuilessuieiulssansammslindinuvesernsgsia unil 1 - vt 33/34

BMC - Version 1.0 : §u1ax 2557



PEECB Project — Component 1 Activity 1.5 a

lewinn - Basic knowledge (B)

Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
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NI Auditugiu
GROUP BASIC KNOWLEDGE (B)

LUAAANISIANUSEANS A ININR I UFIMSUNISHRAILILATINISNBESN

Development concept for Energy Efficiency in Commercial Buildings

Chapter 2 Energy Efficiency Index for Commercial Buildings
uni 2 AUTIUTEANBNINIANIUVDIDIANTTINA

2.1 siyilusgAvEnmnaanuyeenasgsnausELanenge
2.2 MsUSuARviUsEaNSAMNAWNBIddA110 551U (Normalization)
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Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
wnAeNsIinUsEansnmndsudniunsianlasinsieasisenasgsie g

uni 2
ABIUTEANSNINNAIIUYDIBIANTTIND

fstin1slgna 991U (Energy Use Index : EUI) ftiuse@nBamnasanu (Energy Efficiency Index : EEI) %39
silenmsldnganusunz (Specific Energy Consumption : SEC) Smnumanesieaiu Aewdushdnfiddey
Tunsamafanuuagsaritimnenisussndandanuresenasgsiausasusis Tnsflunueyinndanu 20
U vpwnssnmamdsry  Idmsmualiormsgsitluamen Snsldndnuiiivssansnmanngsty
NaIfe ﬁ‘IJIEJ'U’]‘&Jﬁﬁlgﬁﬁ’UﬁHULLazﬁiﬁLﬁ%ﬂiﬁﬁ]’]ﬂ’]‘iﬁﬁﬁﬁ]LLGiaz“UizLﬂ‘Vl mmmﬁazﬂ%’uﬂiaﬂizﬁwﬁmw
wé’wuﬁlﬁgdémmﬂummam%vau&?ﬂuwéfwﬁq6] 1nB3u (HEPS, ECON, ZEB)

INTBYATIBINUATIANIINANU WA, 2555 Y9e91A13AIUANTALTUNITALNTE I RRnsdaasuns
BUSNYNAINU W.A.2535  anunsoagudviainislindsaudimg (Specific Energy Consumption : SEC)
dwisuoimsuszianangg laaemaludl

2.1 AUz ANSNINNANIIUYBIIANTTINAUTTANGINY)

1.97A15U5Z NN TSINYIUNA :

Size QTY SEC elec. SEC SEC total (MJ/ifigs-3u)
(KWh/ifigs- | thermal. Max Min Ave. sD
W) (MJ/\Rigs-
W)

<150 1@gg 32 407.56 190.41 12,728.04 66.77 1,033.63 2,204.83
150-300 29 338.74 195.81 3,642.25 110.94 748.91 644.85
RN

>300 LAgd 15 457.94 278.99 4,392.80 286.06 963.45 1,044.48
Total/avs. 76 391.24 213.51 12,728.04 66.77 911.13 1,544.45

(M1 : Final Report a3us1891un1s9an1snasy 2555 lay MUSnwnsiadeuena1saIuay « Accredited
Consultant )

2.21A15UsAnNlsansy

Size QTY | SEC elec. SEC SEC total (MJ/vias-3u)
(kWh/#as- | thermal. Max Min Ave. D
W) (MJ/Hias-
)
<150 109 19 1,261.99 10,524.00 147,311.64 140.60 8,995.56 33,551.63
150-500 %94 151 443.87 647.58 62,466.97 56.85 1,141.31 5,349.48
>500 %9 31 265.60 120.00 2,765.72 130.37 471.18 482.27
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Total/avs. 201 493.71 1,407.44 147,311.64 56.85 1,780.40 | 11,328.34

(M1 : Final Report @3Us18un1s9aMInaany 2555 lag AUSNwInTI980U1A15AIUAN © Accredited

Consultant )

3.29m15UsEANAUENIAN :

Size QTY | SEC elec. SEC SEC total (MJ/m?)
2
(kWh/m ) thermall. Max Min AVg. SD
(MJ/m’)

<10,000 84 603.07 703.57 4.267.46 44051 | 1,401.92 | 569.43
m2
10,000- 278 657.81 248.37 273759 | 21146 | 1,1641.27 | 39853
50,000 M’
50,000- 19 526.43 625.83 163012 | 35323 935.64 387.47
100,000
2
m
>100,000 24 32539 480.32 2.369.14 11472 | 114238 | 403.10
mZ
Total/ave. 405 493.71 312.71 4,267.46 | 11472 | 1,18575 | 453.41

(M1 : Final Report @3Us18un1s9aMInaany 2555 lag AUSNwInTI9deu1A15AIUAN : Accredited

Consultant )

4.21A5UsEANanUAnY

Size QTY | SEC elec. SEC SEC total (MJ/m?)
(kWh/m?) | thermal. Max Min Avg. sD
(MJ/m”)

<10,000 8 166.74 - 791.02 12280 | 479.26 | 267.41
mZ

10,000- 19 114.47 2.23 654.97 80.81 251.09 | 157.10
50,000 m’

>50,000 8 196.33 1,101.03 | 872.96 17406 | 379.18 | 216.04
mZ

Total/avg. 35 145.13 734.76 872.96 80.81 33252 | 216.06

(M1 : Final Report a3us189muMsdan1snaany 2555 1ag NUSN¥InsI9deueIANsAIUAN : Accredited

Consultant )
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5.871A15USLLANFIUNIY :

Size QTY SEC elec. SEC
(kWh/mz) thermal.
(MJ/m?)
<10,000 41 900.77 227.24
mZ
10,000- 137 315.65 443.83
50,000 m’
50,000- 32 319.00 529.18
100,000
2
m
>100,000 9 285.46 1.03
m2
Total/avs. 219 424.44 396.30

Max

12,760.30

2,511.26

1,378.58

845.18

12,760.30

SEC total (MJ/m?)

Min Avg. SD
222.08 3,128.74 3,312.62
87.85 727.15 404.16
184.20 691.63 289.46
106.30 574.19 243.70
87.85 1,165.29 1,738.54

(M1 : Final Report @3Us18un1s9aMInaany 2555 lag AUsnwInsI9deue1A15AIuAN « Accredited

Consultant )

6.91A15USINNDUY :

Size QTY | SEC elec. SEC
(kWh/mz) thermal.
(MJ/m°)
<10,000 18 977.23 20,839.07
mZ
10,000- 38 252.87 203.90
50,000 M’
50,000- 17 104.06 354.99
100,000
2
m
100,000- 22 36.67 89.35
500,000
2
m
500,000 10 537 1.29
m2
Total/avs. 105 284.08 3,511.50

Max

36,592.76

2,652.77

847.00

370.47

30.30

36,592.76

SEC total (MJ/m?)

Min Avg. SD
313.07 4,210.75 8,520.79
0.93 631.85 588.45
70.38 326.82 272.99
26.07 112.33 107.11
7.86 19.83 7.00

0.93 1,028.85 3,764.44

(M1 : Final Report @3Us18un1s9aMInaany 2555 lag AUSNwInTI980U1A15AIUAN © Accredited

Consultant )

P o a a o a
unn 2 Wﬂ]uﬂi%?ﬁ/]ﬁﬂ?WWﬁNWuﬂJBQBWﬂWiﬁﬁﬂQ
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2.2 myviuaaviiuszaniamndenuinaidngaunsgiy (Normailzation)

ogdlsfionn  msfinsanadeiimslindunuunzvearormsty - feusulufiesfosudgan
wwsgrudtelilunsfionsanifisuivenastug uaziiledmundidhmnglunisuiuugassavsammdsny
vasensmuedlddng dlumefoRudomsusasuisasidnsnsuasnndnssunslindsnuiiuandnaiu
fadu Fsesdndunisifudeyadudsiiiisrdes (Parameters) si1eq vosemsvosmeaiielimunsausy
f1 (Normalized) lshidhgenfifusnnsgruildlunsuSeudiouldveld

INITIAL EUI VS NORMALIZED EUI

B Operating Hour
Density
| Vacancy

B Space Type

mEUI

AUTUAL NORMALIZED

JUN 2.1 uansnisilSeuiisuaviinislindeanu (EUN) neuwagnasnisusuen (Normailzed)

fetnngudl 21 drediu uandiiufardaiinislindsnuildanndoyadnsdundsnudensuins
(i) AslllgTinsionsansauys (Parameter) s MAeadowuariinansenusonisldndenu wu $lus
N1511197U  (Hours of Operation ) mmumLuiwuamﬂmﬂﬂmwiazﬁuﬁ (Occupancy Density) 80131115374
vosiiuildaes (Vacancy Rate) ﬁuﬁﬁmuﬁﬁmﬁ%’wé’mmqq (Space Type) \Wusu 2ziiA1 EUl actual =
260 wsvniarsunaladeiiudsnig Ravauds EUI Normalized = 157 Swwandliifiudn ormsdanan
wfinslindenuiifiussaninmanndsd - dnuseiiufianay)  fanmeifleutusuysiidudunasgiu
Wudu
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Tunaun1svitdSuaduiilviidagaruinsgiu (Normalization Process)

v
[

Trumoulun1sasiiun1sniu Flow Diagram muguil 2.2 snuatssialuil

Input Process Output

Annual Energy
Use
Total Area
Occupancy Density
Vacancy Rate —_——p ' Factor — v
3]
- 3 Final -
Occupant Density 1 [ = > Vacancy Factor —»| Normaliza +—»| Normalized
=
s tion EUI
o
Operating Hour — > 2 »| Operating Hour Factor | ——
M
>
Exceptional 5
Energy Use [————»| 5 > NSpaC(T_TYF_Je
Area ormalization

3UN 2.2 uanaunua (Flow Diagram) nMsteudaya N1sUszulana Laglaninan1enain1susua

(Normalized)

Input : Aenszurun1slauidvasdayariuusiinertewmsaiinadanisldndeu
Process : AaNIZUIUNMIAUIUUALIATIEH
Output : AenszUUMISHERINAARYNNUTULTNgAmINTgIULED (Normalized EUI)

v

fatu auniseuanasaluil Asnisanuianiialilaun@ds Normalized EUI

EU/Norma/ized= (EUImeasured_ TOtaI Space Type AdjUStment)xNvacancnyoccupantXNoperating

Tned :

Nyacaney = Normalizing annual vacancy factor
Noceupant = Normalizing occupancy density factor
Noperating= Normalizing operating hour factor
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nsmlFuEs (U 2.3) uansegrimsiSeuiisumdvinislindanuiiviuddhgaanasgiuieriuud
NANTAITNU 8 WY 91AITHSETINEUR 2 Wids wazeaslsameIuna 2 uns Fasiuldegednauin
91A157iiAn Normalized EUI ﬁqa (Office 1, Store 1, Hospital 2) ﬁﬁﬂﬂquﬂumiﬁ%ﬂ%’w?amﬂsﬁ
wasewltiusEavsnmanndaiu doleuiuorasludnuaeiionty

Building Energy Bechmark

600

=00 Storel

400 © Hospital2

Store2
300
Office3 .
Officel Office5 Hospitall
200 O ) Office8
Office4 Office7

Office2 Officeb

NORMALIZED EUI (KWH/M2)

100

3UN 2.3 uanen1silIeuliigy (Benchmarking) AAutuseanSAmMnasnunuuaILas
(Normalized EUI) v8481A"SUsRZLIAS
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NI Auditugiu
GROUP BASIC KNOWLEDGE (B)

wurRaNsINNYsERNE M sudmTunsiaiilasinisneaiisenaisssiagalusl

Development concept for Energy Efficiency in Commercial Buildings

Chapter 3 Case Studies on Energy Efficiency Measures in Commercial Buildings
unii 3 nsdifnwunpsnsisszansnmndanuluoiasgsia
3.1 nsdinwinsifinUseavsamndsnuvesenasussinndinay
3.2 n3difnwnsdinUsyans nmmdsnuretennsssanlsmeuia
3.3 n3difnwInsiinUsyans nmmdsnuesennsUssanlsusy
3.4 nsdANYINM T RLUTEANENNE11UYBI81ANTUTEAN AL
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UNA 3

nIlfnEIRInINISNLUsEENS A ulueAgsia

maiuUszansamwdsnulueansssia awnsavildvannvansds ofl Wy wnduoimsinig
Ualdauuudmated onafiansannisusulsdlussundmnssusneg loun ssuuusuenma ssuulniiuas
aine Wudu mnduemstnififdsazneass e1sausafiansannisusulgsnunsannissUsueIniane
nslitaniiduauuiuanudounuuiiavdmsunds ndswmn 1szuuniuaudnlud® Mdeulosszuunieg e
fiusz@vsnm  suwdsnslduasndsmdsnunaunuansssumd  elidueiasfidnsldndsnuluszausign
= [y ! < 13 13 = a & ¢ & v o w e ' & o2
wiounvagldlindsnuay dednisdueinsesveusn vie grsiluaud Judu dwsunsdfnwseluil {Wu

N o o vy & o ¢l [ g ' o

nstlfnwiudanudssianens  Teetduldilueansieglunasinsimslindsnudaussedu  ECON
(Economic Building) aunszsiieszdu ZEB (Zero Energy Building) &slaun

3.1 NIAIANEINISANUIZANS AMWNE19IUV991AN5UTSANEIUNIIY

ZERO ENERGY BUILDING (ZEB) :

“Research Support Facility (RSF) , NREL” - USA

9115 Research Support Facility (RSF) \Juduwilaves National Renewable Energy
Laboratories (NREL) #sogluglalsanle Ussmmansgoiin readuduasadledouiiquion wa. 2553
Tgldu Showcase d1m3u Sustainable & High-performance desien FsaenuaRnvosE L oA
The Best in Energy Efficiency, Environmental Performance, Advanced Controls autiuindu “Whole
Building Integrated Design Practice”
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Project Detail : Research Support Facility, NREL (USA)
Type : Research Facility (Office + Laboratory)
Certified : LEED Platinum
Envelope : Insulated Panels, -Triple-Glazed Windows with Individual Overhangs
HVAC : Transpired Solar Collector, Radiant Heating and Cooling, Night purging
Lighting : T8, LED specific task light, Maximized Natural light
Etc. - Energy-Efficient Data Center (free cool)
- Rain water for plantation
Renewable Energy : Photovoltaic System
1.6 MW of photovoltaic on site, 450 kW on rooftop
Energy Use Intensity : EUl = 110.6 kWh/mZ, 33.4 kWh/m2 of which is for data center equipment
Reference : USDOE , EERE
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amslasunsesnuuulnemieianslitadonssssued (Passive Design) Tudosdulaganunsa
THuassssumA (Daylighting) wazN35rUIERINANINETINYIA (Natural Ventilation) augluiunisvitennis
annsafniumuseukaraudu (Thermal mass & energy) Tnedl Thermal Labyrinth wielhdu Thermal
Sink Tun1s reject heat 911 Data center dadunisannszlunsianuduladnmeiaieg

Building and Energy Diagram

Wustration from BNL
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7 Electrochromic west glazing and thermochromic east
glazing, shaded with recessed balconies

8 Transpired solar collectors on south facade of building

9 An open office plan with low profile workstations
allows proper daylighting and natural ventilation

10 127 high raised floor provides ventilation air, power
andl data

1

Thermal labyrinth stores passively cooled and heated
air for future use.

tration from RNL
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Mechanical Mechanical

Electrical

Building Costs %)
Tata building costs

™% Normal Building Green Building

Feituiinin 222,000 ft endeasiaszanas $259/f° asiiulddmaut enans RSF Fdhunms
Green Building zdiAldaelunisneaieszuuliihuasedesnasnitenasiisenwuuiill  (Normal
Building)  TuvaziiAldreluszuvandnenssnidiganin Fuslefiansaneineainslnesuudunuaziai
TndiAseiu wineliiAnusslonflussazondealdiomundinuuagmsthgednusyuugunsaliisnng

uanmilennsAlAsUN1T09NLUUDIANTENTUTE AN AMNA I ULAD o1 suetldsladinng
UImsIamaiiieannstindsnuangunsallnilisine (Plug load) Inen1sdndnnisldwdanulugunsaiingg
Mlranusaannstinasuadladnuinnin 31.8% WU unoccupied hours control, higher efficiency

kitchen and office equipment, increase the number of 30 watt laptops, increase the use of all-in one

machines (copier, printer,fax) {usu
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g

Palas;
m@ﬁ%%&%. |
B

T IEW:
Ty ST
S, ST
e
R
BT e S

,ir e [

ZERO ENERGY BUILDING (ZEB) :

“BCA Academy” - Singapore
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THE ISLAND"S AIRST RETROFITTED

ZE R

ENERGY BUILDING

WELCOME TD A TOUR OF SINGAPORE'S GREENEST BUILDING

FONE 81— — o — -

WISITDR CENTRE

ZONE # 3 »-
THE OFFEEE OF Tiea 1
ELTLIAE

Project Detail : BCA Academy (Singapore)

Type : Office (Retrofitted)

Envelope : Green roof & Green, Wall Shading Device, Low-e glass

HVAC : Efficient Chiller Plants & Cooling Towers, Variable Speed Drive, Personalized Ventilation,
Displacement Cooling, Solar Chimney

Lighting : T5, Task Lights, Mirror Duct, Light Shelves, Light Pipes

Etc. - Sensors & Monitoring System

Renewable Energy : PV roof (Poly & Thin film), Shading Device with PV, PV rail
Energy Use Intensity : Electricity Consumption 183 MWh, 41 kWh/sqg.m.
Renewable Energy Production 203 MWh, 45 kWh/sg.m

Reference : Yudelson Assosiates, BCA Academy

91A15 BCA Academy luuseimadsalus wWuldinduemns Zero Energy Building (ZEB) Ussiam
Retrofited Existing Building wisusnlunautelsnyiusenideld lnsauisaUszndaaildansmunasaule
flv 84,000 wiRsgaeaasawrlUsrel Wasuiumldateiunasuveseamsmivlulsemedsnlus

amsudioanidu 3 Zone Inedigndanalunisuandlulszidiuainge loun

Zone#1 : Visitor center : wandlidiunenistdasiuainusouainuasefinduaznstiuaseindunldlunig
GENGEAN

219NN
Zone#2 : The Solar Energy Panorama : wansliiiufienisthanudeuainuaefindundnndsanunagnis
YUY
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21N1FN998NANFIBIANS
Zone#3 : The Office of the Future : wanslidiudanisusvanneglunisyiauegraningauiuaulunsas
Ustaed

In this imeractive zone, you'l gat hands-
an exparience of the sxciling bullding design
stratagies and iechnological innovation that
ik this zero ensangy building work,

MykBgha i tha Tee

Mindlag devinnn, Mmzaer saw svetsakcll plaond g cosearsess can shield T Ledslag fram B moy
witile sty el ghing v s erienees ol e wekieg,

) Lving wule, B o P HRPIBG VYLl L0 T8 ol 56 140 RN £ shste Pl ol TOND T 5
i lrwer oo e penata,

@mm_numum-rqmmmummummm-mnm
Iragers, Bhine e byt gt T gurl and el e Rgd emerge thimagh e ety aprningy,

- [aargh yosr ghase spbg adis wasogpl A acgeg vesk will I pos ik aceily aw dcgy presilad fren
o bRy S A0 collF S i 1 P v I O kiding,

- e bralifing dwmigr, % wll 2 able Lo ae hee Do budeing B dangsd—rcorponileg eariaur green buling
et rolagiesmmrinon 1 A0=50% rase Enpogy officlent Thar 4 eovamniiond afies buflng of 2 s ey wihan
tre e g i rakpen,

= Hoew e etk hulleiag o your romane] Dow B sophirivaied Puldng Managarent Sywam i rion, This soien
sworatelly el the verwes w0t doking @ bdlsror oo s eeegy PRy Teggle e e
arwen 15 su N rach pawes i irmmikind by 1 soler £all. i e alociiclly pach e & g and et

" Shading Device : ua@ninstasiunasenfindlurazifeanuiu
nsunassIINvRa g elueing

" Living Wall : uansnsugniivlunufsuuniiienasitedesiu
ANuTouingiienns

" Mirror Ducts : LaAINSEENOULENETINYIRHIUYIBLAZ A58
Tuhusnaduennis
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b up to the viewing platform for a
chose-up look: a1 the soler punels thl

pownr This bisliding and ather auciing igklge i e

() b sy, g pacmuarew e
paral e it paly poRi gy o de

ol o i, Thar i g shiciacly
0 VR I AT 4 T HE T,
Tuig wwergy i o | e wokio g
wiiil ki mibs o o -
ARG,

{7} sl ebironem ful sust wem € ram

o P bt LAl ]
slrair, sy g af el
‘Tl abeedl il ik Mhcrd g

T el 0 L g I ]

o T e s e
Phitugh cormacinn, vie| a will S fish
AN T T,

CE3 B i oolbotes. Lghl s il on iy
Tt R T ) B i
S ik =0 v panie e e
m.wl- I-'miﬂpﬂu

Teed e
wll:h- g hrtnm-.—

' | Basfay guni, 1) s et uree
bl e o e Fop i, o Sereperabery
i i o o Sl e e,

" Solar System : svUURAANSZRAITNNE W uLEe TR 91
anunsandnla 207,000 kwh siel wagsessunishandsauly
szuuUiuenma viaealwl wazgunsalidedlddney

®  Solar Chimney : Junseuaunsmesssuwf fiendenisn
AudouanUdeuadintenmaseuiitesnainiionmsiazei
anedulvaingenanslilaednludd

®  Daylight Collector : ugns Light Pipe ﬁL"fJuViaﬁ’lLmeﬂ
FUUUYBINAIABIATTELT D ULASNIUVIBLAL NTLANUAIIN
meluos

" Rooftop Garden : kanIN1TUGNTIYUUVAIAT Wieannszam
$OUVDIEIDIANTINATUUUDIAS
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In this actual working offics, you will see many
fuluristic graen innovalions being ested out,

(B Porvenslisnd VnnilleBon. 0 awn a1 disk iy s fulirielic @fion s vl (vemi s o, persssabsd
et ! ek, cooll i, This vrilaian paten celf feh e airec il b ek accuparnt Bhegh B attastl
=k,

() Tonpheseonant Cofing Dol & s sesheTun he foor Bred ot B vebcdng Tl oF s s the warm,
W MR AR e tawares e oackag wam 1 aeTac el Thin sppraa b seguin leer e ttana
wornyrimrel se-ad grng sy,

() orw patural bghving, Lt mlens porbansd aursan na wraews s e sodec ikt does s B o,
Trv lfomer Tty te arfy mion natsea] bt beg il cutang e ey coraumwe oy s rcughing,

{5y saromatin Ryt beved asyusreaw Sross £ mer mes Bt renany Wt B SR IR
it el |earls o nefcunily grsvidag fer by rtura] bghl the wrihics] gkl s retriedan,

Ot e
- Siinge Eill Tolr P Vo] s Sy T bt by fh Natier.e] Uy witt o o S.rapipors, smpmimsly isol

vt r o cesvllried ol resulng in rrten EEe ot erorgs The PRSP L Beincind by svien
28l w0 voding requinng in reppind xcerding,

B Ppersonnelised Ventialtion : @313032U1801NALAZUN
mmﬂu%qwa‘mwwﬁ;mhumqLr’hgmmwﬁ’mm

= Displacement Cooling : tuMsliArmBuanIzganiiug
wemiludnvauziifimudaus vilifiaussousgauas
Usgndandanuninnisiaudunuuiiy

®  Daylight Collector : ug@nq Light Pipe fduriethuasan
PUUUYDINAIANDIATTALT DULASNIUVIBLAL NTLAUAIIN
meluens

B |jght Shelf : thuassssuwAdunlaanninung

B Automatic Light Level Adjustment : 3 Sensor #5733U
Uinuanuaiisluiuiinnuass s ileenuaumTa-
VYanaonllsodrednlud®
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ECONOMIC BUILDING (ECON) :

The Energy Cumlex,
Bangkok, Thailand.

“Energy Comlex ” — Bangkok, Thailand

Project Detail : ENCO Energy Complex (Bangkok, Thailand)

Type : Office

Certified : LEED Platinum

Envelope : Low-e Green Glass, Double Skin Facade, Roof plantation

HVAC : VAV-Variable Air Volume Control, VSD-Variable Speed Drive, CO, Sensor to control fresh air
intake, Air-to- Air Heat Exchanger

Condensate Drain for pre-cooling

Lighting : Fluorescent

Etc. Occupancy Sensors, Building Automation System, Smart Lift (destination control ) +
Regenerative Power, Gray water system

Renewable Energy : Photovoltaic System 336 MWh/year+96 MWh/year Tower D+E

Energy Use Intensity : OTTV 23.82 W/m’, RTTV 8.55 W/m’, LOD 7.73 W/m’, COP = 6.2 EUI = 95.38
KWh/m’ (2000 hrs/year) PV Generation (Parking Tower D & E) 432 MWh/year

Reference : ENCO, Energy Smart Communities Initiative

oPsaudiouunsineundnd  Huiiwosisulunguuan.  Uivlundundsnuuagnsznag
ey Miiuasmuusznnn 9,000 duum Tnenadwnsliimsassadauiansstaduandnenssuuay
Fmnsaluens  ngldundandnluniseenwuulidueiansiididy  (Sustainable  Building)  waze1mns
g9a382 (Intelligent Building) saildnssuseady 91A15den (Green Building) @Muu1®sgiu LEED
Platinum Version 2.0 Usginv Core & Shell 91n@n101a751lenveaUsewmeansgorsng (USGBO)
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nelugudiduuesinoumand Usznouiie 81asanen Al

Total area : 307,915.70 m”

Electrical Energy Consumption : 22,198,000 kWh/yr

76 % Reuse Construction Waste Material
90% Less in Waste Water Generation
55.3% Less Potable Water Use

287% Green Open Space above local requirements

[

91a13 A JUnsafidnuasiunsaidu 2 ven Fuduniu Wuddnnuvesuidnlunguusm. uaz
Ustvlugshaniielosiugsianaenu daugs 36 4u Nunineas1esin 120,000 MIUUAT kg
NUMG@TNUTINUTENU 80,000 ANSILUAT

¥
S A

01A13 B iudiinauesuisvlunguuam. uaznssnsremdsnu faugs 25 du ufideadrer

60,000 ANT19KNT wazHLTIBTEITNLTITEANAL 0,000 AT

91713 C Hue1Asuints Wousessningeas A warerans B fimaugs 8 Fu fiufiteadiesu

20,000 AN319LUAT LLazﬁuﬁLﬁwismm 8,000 Ui%ﬂﬁm@hEJ‘U%ﬂ’]iLLﬁ%éﬁéﬂU’JSﬂ’J’]ﬂJﬁx@’Jﬂ@iN‘]

W 11B9UTEYN SUIAT SIUAN AUGIMS way Audeaniindine

01A990A3E P1/P2 1Hu01A19g9 10 Fu waztuldau 2 Fu fufiteairsszana 96,000 Mg

AT @1315090nTLUALANINATY 2,500 AU

91A15 F 101113 Electric Chiller wafdsn1sndn 4,400 dupudusiovy. fauas 3 Fu

flufireattesam 6,600 A1T19ILHT

1. shuaiine : Bonanuiidaifauuneauazan Sssuurudsansisney weilassyulneduiiugy
agluusnalndifes

2. mseRnuUULaziaaiIeeIans : senuuulriennsiigunsddy anusssnziaynnsiduves
pafouingineins uarlishnduvesnisenuiliaoslusedusii 19¥aqlunisieasis
wnni 44% Jutan ReUse Tnszanauiuduanudou 2 sulneiidesrinsseninemils 1 wes
diafurosszunsanufeulasihernimbumieisansruudiveniaunangangfinssan
wonaniifeinileiinstaninnnsenuluudazgasiaidieg Weldniseenuuuszuuudu
01N (VAV) uazuavainaiiussAninngegn dsvuuuimsdnmatn wuidihildudasndsu
anmuarlddnfuguiasiuazimiduiitnituasadsuld Huiu feensafomnegnislu
9115 AanansEyuNanETiiuin1zANuseu (Heat Island) uelsA T3 (Greenroof) 0

3. szuugunial : : lfieSoaUsuemanuusiugudfitlaussauzge 1wae 0.56 Aladnsriodunanudu
fimsgmsviianuibu 61 m/TR fsvuuuimadnniseinsdiaios washinda Solar cell Mds
n3HAn 330 kKWilndsmenanseensauiendnlniililueinns was
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Green Roof Garden
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SHADE AND SHADOW STUDY

- ) Wi
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ECONOMIC BUILDING (ECON) :

1 .

“Pearl River Tower ” — Guangzhou, China

Project Detail : Pearl River Tower (Guangzhou, China)

Type : Office

Certified : LEED Platinum

Envelope : Triple glazed glass, Double Fagade Skin

HVAC : Radiant cooling, Displacement ventilation, Chiller heat recovery, Generator heat recovery,
Exhaust air heat recovery, Hot air vented, Night cool thermal mass

Lighting : T8, LED specific task light, Maximized Natural light

Etc. Condensate reclamation system for plantation, Hydrogen Fuel Cells

Renewable Energy : Wind Turbine (10 MWh/year)

PV system generation 300 MWh/year

Energy Use Intensity :

Reference : Skidmore, Owing & Merril LLP, The Journal of Sustainable Real Estate (JOSRE)

91A13 Pearl River Tower sanuuuliilueins “Net-zero” lnefluundAnnan 4 Usemsloun

" Reduction : anmslindssniluszuundnlfunszuu HVAC Taonseuenmsiiiiussavsnimgs uas
MITTUERIMATIVIINZAL “a°]

" Absorption : l9UsylewtiannnsnanndInusIsuTAToufiieIn1s 1wy Fixed External Shades &
Integrated PV’s (E/W facades) , Vertical Axis Wind Turbine (VAWT) “18<

" Reclaimation : Wustlewdannmdanumdenuhnduuldlue Wy Recirculated  air for
Preheat/Cooling of fresh air “1a<

" Generation : Ie?fmimamwé’ﬁmumﬂL%@LwaﬂugﬂLL‘U‘UG}"NS] WU Micro-Turbine Ssléwdanuainy
Zouldesislunsvinirfeunmelueias wan

unl 3 nsdifnwanasnsiialseansamndanuluennisgsia unil 3 - i 16/31
BMC - Version 1.0 : Junaw 2557



PEECB Project — Component 1 Activity 1.5 a Wlown3n : Basic knowledge (B)
Module B1.1 : Development concept for Energy Efficiency in Commercial Buildings
wwAaNsNUsEAvEn MnEsudmiunswlasinisieatisernisgsiagal

3.2 ASAIANEINISNUUIZANS AMNNWE 19UV 991A5UTEAN LSINEIUIA*

“Okinawa Medical Centre ” — Okinawa-Japan

Project Detail : Okinawa Medical Centre (Okinawa, Japan)
Type : Hospital

Certified : CASSBEE S

Envelope : multi-functional vertical louvers, roof insulation and rooftop garden, vertical louvers
HVAC : Radiant Cooling, Desiccant Air

Lighting :

Etc. - Rain water

Renewable Energy : Photovoltaic System

1.6 MW of photovoltaic on site, 450 kW on rooftop
Energy Use Intensity :

Reference : IBEC
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*E* AAN1SIINAI9UAY 16% LLBI8UNUISINGIUIA UUSSANLASVUIALREINY ***

Lmdq%'agaé"mﬁa : Japan Sustainable Building Database
http://www.ibec.or.jp/jsbd/AM/tech.htm

Basic Information

[CASBEE S (Wi k)

rank]

[CASBEE tool CASBEE for New Construction (2008 edition)

used]

[Location] 118-1 Aza Arakawa, Haebaru-cho, Shimajiri-gun, Okinawa Prefecture
[Completion  2006/4/1

date]

[Site area] 54,706.39m?

[Total floor 42,733.90m?

area]

[Structure] Steel reinforced concrete/partly reinforced concrete/seismic-isolated structure
[Floors] 6 floors aboveground/1-floor rooftop utility structure

[Owner] Okinawa Prefecture

[Designer] Nikken Sekkei, Inc., Kuniken Ltd., Souken Sekkei Office Ltd.

[Contractor] Kokuba-gumi Co., Ltd., Kanehide Construction Inc., Daiyonekensetsu Corp., Oshirogumi Co.,
Ltd., Kokuwa Setsubi Kogyo Co., Ltd. , Misato Kogyo (LP), Okinawa Panasonic Tokki Co., Ltd.,
Okinawa Kogyo Co., Ltd., Taisei Setsubi Kogyo Co., Ltd., plus 38 other companies
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Planning Concept : Sustainable Design for Hospital Architecture in Okinawa

FMasning Concapls  Sustanatls Design for Heaprial Archiectune m Chinsss

Strong. @ Highet

g Easing
(TN T ]

Scam

L
L[ =Pl l= o)

Special Features

Q-1 Indoor
Environment

Q-2 Quality of
Service

Q-3 Outdoor
Environment on
Site

LR-1 Energy

LR-2 Resources
and Materials

LR-3 Off-site
Environment
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+* Higher Outdoor Temperature
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** Located on major course of Typhoon

T i ey 5 e Vi bl deaipn
i) el

re 4t sy AU ANYUZLIAUTDIIANTUINT (Special Features) 34
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Building envelope suitable for Okinawa's climatic conditions (multi-functional
vertical

louvers, roof insulation and rooftop garden)

Improved room environment and energy efficiency with the use of task/ambient
A/C system

in 4-bed inpatient rooms (cool air is radiated from ceiling)

Improved low-humidity environment and energy efficiency through humidity
control of major

systems and ward systems using desiccant A/C

Individual interior planning for adult and children areas

Okinawa's first medical facility with seismic-isolated structure, ensuring reliability
as

disaster response hub

Improved maintenance and upgrade performance and disaster recovery of A/C
systems by

adding ISS in the 1st and 3rd floor ceilings where the main A/C rooms are
located

Enhanced energy-supply reliability through dual system for power and cold-water
supply
systems and multi-energy heat source system

Community-based medical facility equipped with meeting space for adult/children
and

rooftop garden

Amahaji, structure typically seen in Okinawa's traditional houses, surround the
building and

shelter pedestrians from rain and the intense sun

Reduced thermal load by installing vertical louvers throughout the building

41% reduction in energy consumption by utilizing desiccant A/C system with
water-

conveyance cold-source system using mid-large temperature difference suitable
for

Okinawa's high-humidity environment.

Use of large amount of A/C condensation water created due to high-humidity
conditions, in addition to rainwater, accounting for 48% of general service water
usage, as a water-saving measure for water-poor Okinawa

Sterilization of waste water prior to discharge in order to eliminate threat of
infection from
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advanced medical care

Ample distance from adjacent sites and vertical louvers providing relief from
daytime sun

exposure and nighttime light pollution

Other Features
Front entrance furnished with large eaves (approximately 1,000m?) to be used as triage space for potential major
aircraft and tour bus accidents due to the hospital's close proximity to Naha airport and interchange

[ Q. Building Environmental Quality & Performance] sQ-= 4.3 (SQ : Score of Q category )

Q-1 Indoor Environment Q-2 Quality of Service Q-3 Qutdoor Environment on Site
Score: SQ1=44 SQ2=47 S5Q3=38
L] 8 5
5.0 4.9 5.0 4.8
] - + — 4.2 B - 4 4.5
4.0 : 4.0
3 3 5
4.4 3.0

T — —_— | - T — — Ly —
1 1 i

Mo=e & Tharmal Lighting & Ak Quality Hamvice Durability Flexibility Frazarvation lownscape Local

Accustice Comiart |Burmination Al ny LA ablllt:f Ada 2'.-3E|||t:f & Creation of & La '|l:|'5l2‘a|.‘:E' Characternstics &

Bactope Cutdaoor Amenity
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LR-1 Energy LR-2 Resources and LR-3 Off-site Environment
Score: SLR1 =40 Materials SLR3 =38
SLR2 =39

Building  MWatural Efficiency Efficient ‘Water Reduction of  Materals Global Local Surraunding
Thermal Emergy in Building Operstion Resources Neon with Low Warming Environment  Emvironment
Load Utilization Service Renewable Health Risks

System Material Use

[ LR. Reduction of Building Environmental Loadings ] SLR= 39 (SLR : Score of LR category )

Multi-functional vertical louvers

PONLUUAAAY Vertical Louvers Inllaaudnuaenisldauivainuane wu iedesiusedainusouain
wao1iing inanududnsmnigluiosnuld Tiianfiuuaghidudunsesuvssauiumgleiu Wudu

While annual hours of daylight in Naha and Tokyo are both approximately 2,000 hours, in Naha,
however, daylight hours are long in summer and short in winter (opposite Tokyo's daylight pattern),
making the blocking of particularly intense, extended summer daylight a key element of sustainable
design for this region.

To this end, the hospital was furnished with light-weight GRC vertical louvers with no wood frame to
block Okinawa's strong sunlight, while its deep-set facade design protects the building openings
from strong wind gusts and flying objects from typhoons. In addition, some louvers are set
diagonally outward in order to provide patient privacy by blocking the view from opposing windows.
Use of multi-functional vertical louvers (i.e., sun shielding, environmental performance, wind gust
protection and privacy protection) provides the hospital with long-lasting sustainability well-adapted
to the regional climate.

Task/ambient A/C system for 4-bed inpatient room (cool air radiated from ceiling)

angaumniunnssseritamgluesinaulduazameuenanansiieysendanadsny wagldnannisuisdves
enuuuinaimauliifeangiiaunswasUssndandsay
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Parporeil and Asmblenr Lowss A4Sl iosing Bypatem in FourBed Sloiongoes

= e n
—
e —

nmm =m 1

s s g B 9 P s . e | s

Air conditioning is required almost year-around in Okinawa with the exception of 1 to 2 weeks
typically between mid-January and early February when heating is required. Outside air temperature
remains high with little day and night fluctuation, particularly in summer. Thus, minimizing
temperature differences in and outside of inpatient rooms is an important energy-saving feature for

sustainable design.

4-bed inpatient rooms are equipped with task/ambient A/C system. While ambient indoor air set at
approximately 28°C provides a small temperature difference from outside, the system allows
individuals to adjust their personal environment by controlling air flow according to their
preferences and needs. Furthermore, the system achieves improved patient comfort and energy
efficiency in individual spaces by using the Coanda effect, in which cooling air is supplied along the

ceiling surface, allowing cooling air to radiate from the ceiling and eliminating cold drafts.

Desiccant A/C system and water-conveyance cold-source system using mid-large temperature

difference
ldsguvansgannudulussuudiuanaiieannisaufsamdanulunisanninuiu

Desiccant Air Conditioning and Heatnsnurce System
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The energy required for air cooling/dehumidifying process in Okinawa is 2.5 times that of Tokyo due
to its climate. In a hospital setting, where high fresh air intake occurs and humidity control is crucial,
reduction in energy use for the dehumidification process is a key element in sustainable design.
The desiccant A/C system for this hospital uses absorbent material for dehumidification, thus
achieving a 38% reduction in cold energy under outdoor air design conditions. Furthermore, a
water-conveyance system using mid-large temperature difference (10-20°C) was selected based on
the characteristics of the desiccant A/C system that allow dehumidification by sensible heat cooling
at approximately 23°C. This heat source system resulted in both an improvement in refrigerator COP
(Uup 3.8%) and a reduction in water conveyance motive energy (down 43%), achieving a total
reduction of approximately 41% in power consumption when combined with the desiccant A/C
system.

A performance study of desiccant A/C systems based on climate data for 10 domestic sites and 7
overseas sites shows the reduction in annual primary energy consumption per outdoor air intake
decreases in proportion to the latitude, indicating higher performance in high-humidity areas at low
latitudes.
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3.3 ASAIANEINISUUIZANS AW 19UV 991ANSUTEAN LS ILLTU*

ECONOMIC BUILDING (ECON) :

“Etap Hotel” - Toulouse, France

Project Detail : Etap Hotel (Toulouse, France)

Type : Hotel

Envelope : Extra-thick insulation, double glazing

HVAC : Geothermal heat pump

Etc. High energy-efficient pumps, Under floor heating/cooling in the hotel

Renewable Energy : Domestic hot water production by solar panels and by a geothermal heat
pump,110 m2 of solar panels

Energy Use Intensity : Total energy consumption (ventilation, heating, and lighting) will be 60
kWh/m2 equipment

Reference : Planet 21, ACCOR

91A15159U53 Etap Hotel d%a9Wnauiu 106 vos TufuAismwingy 2,200 ans1amns Tesunisesnuuulil
Usz?m%ﬂwwmqwé’mummdwmmsﬁ"ﬂﬂm’mﬁﬂgwmEJﬁmumﬁa 3 w1 lnedisyuudSuennid szuuyinaay
Zou warsruurhindeuildndumaunuiasiluunediuan Geothermal Heat pump ez Solar Panel R
Tinan1susendandsanuuseann 15,000 glssial (270,000 kwh/U) Iummzﬁﬁﬂ%’fma‘[,umssziauﬂﬁa 394
Uszann 3,000 glseed
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g a a a o 4 1%
3.4 AFUANYINTISINNUIZEANTNINNAIITIUVDIDIATUTSAONAUYNITAN*
Heotl il

“AEON” Shiga - Yokohama, Japan

Project Detail : AEON Mall, Shiga (Yokohama, Japan)

Type : Shopping Mall

Certified : CASSBEE S

Envelope : Louvers of recycled lumber obscuring

HVAC : Night purge

Lighting : LED

Etc. - Ice thermal storage, groundwater and rainwater, Green wall and green roof
Renewable Energy : Solar panels: rooftop 190kW/south exterior wall 10 kW
Energy Use Intensity :

Reference : IBEC
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Lmdvﬁ'agai’hﬁﬁ : Japan Sustainable Building Database
http://www.ibec.or.jp/jsbd/AM/tech.htm

Basic Information

[CASBEE rank] S (ki)

[CASBEE tool used] CASBEE for New Construction (2008)
[Location] Kusatsu, Shiga Prefecture
[Completion date]  2008/11/20

[Site area] 102,827m?

[Total floor area] 165,238m?

[Structure] Steel reinforced concrete/Steel structure
[Floors] 6 floors aboveground /1 basement floor
[Owner] Aeon Mall Co., Ltd.

[Designer] Takenaka Corporation

[Contractor] Takenaka Corporation

Rooftop Solar Panel 190 kW
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Restoration of rice field

Biotope area designed to simulate natural ecosystem of

Lake Biwa

Louvers with Recycled lumber

Eco information panel
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Special Features

Q-1 Indoor
Environment

Q-2 Quality of
Service

Q-3 Outdoor
Environment on Site

LR-1 Energy

LR-2 Resources and
Materials

Central A/C system for year-around A/C area (individual system for other
areas)

Light wells for daylight utilization

Time scheduled control of individual public area lighting (full/half lighting)
Occupancy sensor for emergency stairs/staff washrooms

Four-star rated products for all finishing materials

Interior designed to enhance ease of cleaning and maintenance
Completely closed-off smoking sections

Ample floor and ceiling heights
Multiple devices in place as backup for equipment failure

Electric equipment installed on 2nd floor or higher to ensure improved reliability
in case

Of flooding
Universal design
Maintenance measures (e.g., use of filter cleaning robot and LED lighting)

Low-rise building design, louvers of recycled lumber obscuring views of
parkade ramps

And he mall from the lake side and reduced light level for signs and
illumination systems were incorporated in order to enhance integration with
surrounding landscape

Green space: 28.26% of outside area by planting native seedlings and
installing green

blocks for parkade
Green zoning targets set based on vegetation study including preservation of

mature nettle trees and creation of biotope area that reflects realistic
ecosystem in Lake

Biwa wetland grass area

Restoration of rice field in order to conserve surrounding vegetation including
Elymus

humidus, which is listed as an endangered species

Collaborative art projects with Shigaraki pottery using subsoil of Lake Biwa
(e.g.,

monuments and tiles)

Eco-stations set up to raise community's environmental awareness

Exposure to sunlight load reduction by installing smaller windows with
exception of north

side of the building; PAL value lowered by 23% (retail area)

Large temperature difference A/C system using cascading control with ice
thermal

storage

system as heat source

Night purge system

Solar panels: rooftop 190kW/south exterior wall 10kW
High-efficiency lighting system

Energy data collection using BEMS

Post-construction, monthly commissioning meetings conducted to implement
operational

improvement measures

Water resource management using groundwater and rainwater

Use of water-saving mechanisms

Use of recycled materials: local forest thinnings from Shiga Prefecture area,
recycled

lumber for louvers, recycled interlocking blocks and laminated materials for
railings
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LR-3 Off-site Segregated garbage collection and waste reduction measures
Environment Ample parking space with multiple entrance/exit points and on-site bus depots
for public

transportation in order to reduce traffic congestion

Wind hazard prevention and thermal environment improvement planning
based on wind

simulations

Effluent load reduction with bio-processing of waste water from restaurants

Green walls with Shigaraki moss tiles at each entrance

Green roof using cogon grass seedlings previously harvested at building site
pre-

construction

Q. Building Environmental Quality & Performance] sQ= 4.1 (SQ : Score of Q category )

Q-1 Indoor Environment Q-2 Quality of Service Q-3 Qutdoor Environment on Site
Score: 3Q1 =3.7 S5Q2=4.0 5Q3=45
5 5 5
5.0
4 4.5 4.3 + 4.7 - 4 o 1 4.5 1
5 3.5 4 _ 3
3.0 3.3
T — | — T 2
1 i 1
Nolse & Thermal nghtll'lg & Aur U’I..ﬁllt‘,' Service L-ll.llal.'lllll.'j' HI}.':ID”IT‘,' Preservation T owWinsCape Local
Acousiics Comiort INwmdnation beIHT}' E:HEII&L'IHIL'!,I Maﬂ[al.'llhl.'y & Creation of & Lancsf:ape Characteristics &
Elotlope Curbdoor |"U'I"IE'I'II[}'
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LR-1 Energy LR-2 Resources and LR-3 Off-site Environment
Score: SLR1 =45 Materials SLR3 =42
SLR2=3.5

Bailding Watural Efficiency  Effickent \Water Reduction of  Materals Global Local Swraunding
Themmnal Emergy i Building  Operation Resources Mon with Low Warming Emvironment  Emvironmment
Load Lilization  Service Renawable Health Rizks

System Matenal Uee

[ LR. Reduction of Building Environmental Loadings ] SLR= 4.1 (SLR : Score of LR category )

A/C system using large temperature difference with cascade control

L AR
s
| BEzaT iERANRmEL)
b
5% 1TE it P

TR e e N TR R A (Y T0)
BEZ 0~ 4T (1506

Heat source/air conditioning system

overview

Fagimee T

— ;illhlu

Tdnsfiundsnumenisyiiiuds (ce Thermal Storage) saufuiesesinindulszdninings ey
Uszdvdnmnsvhenudulugauunuazgeion  Inefiasannslivssleniansaumnglenmanisueniiie
annsENSAILEY

An ice thermal storage system combined with a super high-efficiency chiller is used as the heat
source. Secondary A/C links FCU with AHU, using return air from FCU in AHU with cascade control.
The system performs processes such as water conveyance using temperature difference of 13°C in

summertime and water heat exchange in AHU after temperature of cold water is first raised in FCU
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in wintertime. The processes allows the temperature of outdoor air diffused inside the building to
be raised to 15-16°C and enables heat recovery from cold water by lowering its temperature by
3-4°C using even colder outdoor air, thus achieving a reduction in A/C energy consumption. It also
significantly contributed to electric-load leveling, as approximately half of power consumption has

shifted to night-time (annual night-time power consumption of heat source: 53%).

Light wells

TouselorianuassssueAnudeslanuiiainauluuiinueie sgramnzau

Daylight is utilized to provide natural light in the mall through openings in vaulted ceiling
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Progress Report # 4

Project : Promoting Energy Efficiency in Commercial Buildings (PEECB)
Master Plan (4 Years) : Work Plan and Progress

Promoting of Energy Efficiency in Comercial Buildings,PEECB Project

% of Payment Planning- by Quarter 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 5 5 5 5
% of Payment Planning - Accumulation 5 | 10| 15 | 20 | 30 | 40 | 50 [ 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 100
Iltem Details of Activiites/Sub-Activities Y2013 Y2014 Y2015 Y2016 Y2017
:Z?trilésn Status % Work Progress
(%)
Q2 | Q3 |Q4/1|Q4/2| Q1 | Q2| Q3| Q4| Q1| Q2|Q3|Q4]|Q1|Q2|Q3|Q4|0Q1
4Vl Proje anageme 6.91%
406 | 0.68 | 0.66 | 0.52 | 1.19
A 406 | 0.68 | 0.66 | 0.52 | 1.19
PM-A) Project Meeting & Workshop & Seminar
A.1) Project Team Meeting (UNDP & DEDE & BMC (Consultant)) 2.54% B 5 8 5 7 10 | 10 | 10 5 5 5 5 5 5 5 5
a a 5 5 8 5 7
A.2) Inception Workshop 1.69% 100
a 100
A.3) Meeting with International Expert (Japanese) 3.38% 5 5 6 4 15 | 30 | 30 5
A a 5 5 6 4 15
A.4) Project Public Seminar 1.69% 5 5 35 20 20 15
a a 5 5
A.5) Stakeholders Meeting 0.85% 5 5 35 20 20 15
a a 5 5
PM-B) TOR for DEDE to select the competence consultant for Component 2 & 3
B.1) TOR Development 0.85% 100
Actua 100
B.2) Bidding Process 0.34% 100
Actua 100
B.3) Proposal Evaluation 0.34% 100
Actua 100
PM-C) Project Board & Project Management Unit & Working Group
C.1) Preparation of project document and invitation document 0.17% 100
Actua 100
C.2) Set up coordination 0.85% 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 5 5 B 5
a a 5 5 5 5 10
C.3) Organize the meeting 0.85% 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 B 5 5 5
a a 5 5 5 5 10
PM-D) Project Administration
D.1) General organization and administration 2.54% 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 B 5 B B
a a 5 5 5 5 10
D2.) Report Preparation 0.85% 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 B 5 5 B
a a 5 5 5 5 10
Sub-Total PM 16.91%
C1 [COMPONENT 1: Awareness Enhancement on Building EE Technologies and Practices 63.28%
0.91 | 5.02 | 857 | 8.04 | 1125 |
Actua 091|538 857 | 419 |9.18 |
1.1|Establish Commercial Building EE Information Center (CBEEC)
111 Activity 1.1.1 Establishment of the Commercial Building EE Information Center (CBEEC)
1.1.1a |Conduct of Situation Analysis 3.16% 5 5 10 5 75
a 5 12 | 10 5 63
1.1.1 b |Design and Development of the CBEEC 1.90% 1 1 5 2 91
a 1]185| 5 2 81
1.1.1 C |Administration and Maintenance of the CBEEC 6.33% 5 5 9 5 5 6 |10 | 10| 10| 5 |10 | 10| 2 2 2 4
a 5 5 9 2 10
1.1.1d |Collaboration on Database of the CBEEC 1.90% 1 1 1 5|10 10| 10| 5 5120 |12 2 2 2 5 9
A 1 1 6
12 A system of information exchange and dissemination on EE technologies and practices for
“|commercial building stakeholders
1.2.1 Activity 1.2.1 Promoting CBEEC as the information portal for the Commercial Bldg. Sector in Thailand
1.2.1a |Design effective promotional scheme 1.27% 1 1 50 48
Actua 1 1 50 18 | 20
1.2.2 Activity 1.2.2 Implementation of Awareness Raising Campaigns
1.2.2a |Review of Profiles and Level of Awareness of Target Audience 1.27% 1 1 50 48
a a 1 1 50 15 25
1.2.2b |Compilation and Production of Marketing and Promotional Tools and Materials 1.90% 1 1 50 48
a a 1 1 50 10 10
1.2.2 ¢ |Design and Implementation of Awareness Campaigns 1.90% 5 5 5 10 | 10 | 10 | 10 5 5 5 5 5 5 5 5 5
a a 5 5 5 5
1.2.3 Activity 1.2.3 Implementation of Information Disclosure Program for Commercial Bldg. Energy Consumption
1.2.3a |Design Information Disclosure (ID) program & publication materials (link with C2.2) 1.27% 5 5 5 5 10 5 B 10 | 10 | 10 | 10 | 10 | 10
Actua 2
1.3|Development and Promoted Energy Use Simulation Models for Commercial Building Design
1.3.1 Activity 1.3.1 Assessment of the Utilization of Building Energy Simulation Models (BESM) in Thailand
1.3.1a |Assessment of the two (2) most popular simulation models 3.16% 10 | 40 | 40 10
Actua 10 | 40 | 40 10
1.3.2 Activity 1.3.2 Development of a Customized BESM for Commercial Buildings in Thailand
1.3.2a [Selection and Modification of BESM 6.33% 20 | 20 | 20 | 20 | 20
Actua 20 | 20
1.3.2b |Preparation of Promotional and Training Program 1.90% 50 | 50
1.3.3 Activity 1.3.3 Implementation of Sustainable Promotional and Training Program on EE Commercial Building Design
1.3.3a |Conduct the BESM training courses 1.90% 10| 20 | 30 | 15 | 25
14 Completed training courses on EE technologies and practices, and financial arrangement for
"“|commercial buildings
1.4.1 Activity 1.4.1 Capacity Building Need Assessment for Commercial Building Stakeholder
1.4.1a |Scoping Study on the Training Program 3.16% 1 50 | 45 4
a a 1 50 | 45 4
1.4.1b [ldentification of Training Activities for Stakeholders 1.27% 1 40 | 49 10
a a 1 40 | 49 10
1.4.1c |Development of the Overall Training Program 1.27% 1 40 | 49 10
a a 1 40 | 49 10
1.4.2 Activity 1.4.2 Design and Implementation of Training Courses on EE Technologies and Practices
and Financial Arrangement for Commercial Buildings
1.4.2 a |Design of Technical Training Courses 1.27% 5 40 | 55
A a 5 35
1.4.2 b |Design and Preparation of Training Materials 1.90% 25 | 50 | 25
1.4.2 ¢ |Conduct of Training Program 1.27% 10| 10 | 10 | 10 | 10 | 10 | 10 | 20 | 10
1.4.2d |Certification and Quality Assurance Mechanism 1.27% 10| 10 | 10 | 10 | 10 | 10 | 10 | 20 | 10
1.4.2 e |Training Program Monitoring and Evaluation 1.27% 10 | 10 | 10 5 5 10| 10 | 20 | 10 | 10
1.4.2f |Sustainable Follow-up Capacity Development Program Design 1.27% 10 | 10 | 10 5 5 10| 10 | 20 | 10 | 10
1 5|Completed training courses on financial assessment of EE application projects in commercial _
*|buildings
1.5|Activity 1.5 Completed Training Courses on Financial Assessment of EE Application Projects in Commercial Buildings
15a Design of Non-Technical Training Courses 1.27% 5 5 5 80 5
a 5 5 5 35
15b Design and Preparation of Training Materials 1.90% 50 | 50
A 30
Prepared by Bright Management Consulting Co.,Ltd
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Progress Report # 4

Project : Promoting Energy Efficiency in Commercial Buildings (PEECB)
Master Plan (4 Years) : Work Plan and Progress

Promoting of Energy Efficiency in Comercial Buildings,PEECB Project

% of Payment Planning- by Quarter 5 5 5 5 10 | 10 | 10 | 10 5 5 5 5 5 5 5 5
% of Payment Planning - Accumulation 5 | 10| 15 | 20 | 30 | 40 | 50 [ 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 100
Item Details of Activiites/Sub-Activities Y2013 Y2014 Y2015 Y2016 Y2017
15¢  |Conduct of Training Program 1.27% 1010|120 1020 [ 20 10 10 L
Actual
1.5d Training Program Monitoring and Evaluation 1.27% 5 10 5 10| 10 | 20 | 10 | 10 | 20
Actual
15e Sustainable Follow-up Capacity Development Program Design 0.63% 5]10| 5| 10| 10| 20| 10 | 10 | 20
Actual
Additional Activity : Design and Conduct the Capacity Building - Train the Trainer for DEDE's staff
1|Design and develop the Train the Trainer curriculum for DEDE's staffs 1.27% 15 | 80 5
Actual 15 | 80 5
2|Develop and Preparation of Training Materials 1.90% 5 5 90
Actual 5 5 50
3|Conduct of Training Program 1.27% 100
Actual
16 Established business linkages between supplier of EE technologies, building owners, banks and
"~ |building practitioners
1.6|Activity 1.6 Established Business Linkages Between Suppliers of EE Technologies, Building Owners
Banks, and Building Practitioners
16a Framework Study of Commercial Building Business in Thailand 3.16% 5 5 5 85
Actual 5 5 2 40
1.6b Establish Business Linkages 1.27% 5 5 5 5 10| 10| 10 | 10| 5 5 10 | 10
Actual &
Sub-Total Component 1 63.28%
C2 [COMPONENT 2 : EE Building Policy Frameworks 6.86%
0.0 |0.14| 0.24 | 0.21 | 1.41
Actual 0.0 |0.14| 0.24 | 0.34 | 1.17
2.1|Updated and More Effective Policy Measures on Energy Efficiency in Commercial Buildings
211 Evaluation and recommendation of effective approaches and incentives for inclusion of building EE technologies
and practices in the design and operation of various types of commercial buidlings
2.1.1.1 |Evaluation of Best EE Options for Commercial Buildings
2.1.1.2 [Modification of Existing and Development of New EE Policy Instruments for Commercial Buildings
2.1.1.3 |Seeking Approval on New and Modified Policy from Policymakers
212 Strengthening implementation effectiveness of the new Building Energy Code
2.1.2.1 |Integration of the BEC Requirements with the EIA Approval Process
2.1.2.2 |Establishment of the BEC Self-Learning Course for Building
2.1.2.3 [Maintain Ongoing Dialogues with Municipalities and LAOs
2.1.2.4 [Strengthening the Inter-Ministerial Coordination Process
213 Assessment of DEDE's building energy labeling scheme and preparation of recommentations for strengthening implemen on in buildings
2.1.3.1 [Review of Available Information on Buildings Energy Labeling and Green Building Scheme
2.1.3.2 |Assessment and Recommendation of Collaboration between the DEDE's Building Energy Label and Other Rating Sche
22 Revised and Up-to-date Data and Information to Facilitate Policy Implementation of Commercial
"“|Building EE
221 Activity 2.2.1 Compilation and Update of Energy Performance Database for Building Construction Materials
and Electrical Equipement for Commercial Buildings
2.2.1a |Data Review of BESM Software 0.69% 5 20 15 | 60
Actual 5 20 15 35
2.2.1b |Compile and Update of Energy Performance Database 0.69% 5 15| 30| 30 | 20
Actual 5
222 Activity 2.2.2 Review and Update of DEDE's SEC Studies and Compilation of Building Stock Data
2.2.2a |Review the Existing Specific Energy Consumption Index (SEC) 1.37% 5 5 5 30 | 55
Actual 5 5 15 30
2.2.2b |Update the SEC for Commercial Building Sector in Thailand 2.06% 5 15| 20 | 25 | 35
Actual 5
2.2.3 Activity 2.2.3 Review and Assessment of DEDE's M&V Scheme and Development of an Improved M&V Protocol
for Commercial Building EE Projects
2.2.3a |Review Existing M&V Scheme for Completed Projects in Thailand 0.69% 5 5 5 25 | 60
Actual 5 5 5 25
2.2.3b |Develop recommended M&V Scheme for Commercial Bldgs EE Project in Thailand 1.37% 20 | 20 | 60
Actual 15
2.3|Approved and Implemented New and Improved Financing Models for Commercial Buildings _ _
231 Development of new and improved financing models for EE commercial building investments
232 Approval and implementation of new fiscal policies to promote EE building design for new existing buildings
2.3.2.1 [Conclusion of New Fiscal Policies to Promote EE building Design for New and Existing Buildings
2.3.2.2 |Organization and Conduct of EE Building Fiscal Policy Workshop
2.3.2.3 |Conduct of Targeted Policy Coordination Meetings
2.3.2.4 |Approval and Implementation of new fiscal policies for EE building Projects
Apprnved energy efficiency promotion action plan (short and long term) to supplement DEDE - _
" |Activities
a Preparation of draft energy efficiency promotion Action Plan (Short and long term) to supplement DEDE
" |activities
Sub-Total Component 2 6.86%
C3 [COMPONENT 3: EE Building Technologies and Applications Demonstration 12.95%
|
0] 0o | 00 |o00 | ]
31 Improved confidence in the feasibility, performance, energy, environmental and economic _
"~ |benefits of EE technologies and practices in commercial buildings
il al Installed and operational demonstration projects in selected buildings
Conduct of comprehensive feasibility studies and determination of implementation requirement,
8111 . . . . 4 . |
costing and engineering studies/design of selected demonstration projects
3.1.1.1a |conduct of Comprehensive Feasibility Studies of Demonstration Projects
3.1.1.1b |Determination of PEECB Implementation Requirements for Demonstration Projects
3.1.1.1c |Establishment of Baseline Data for the Demonstration Project Sites
3.1.1.1d |Finalized Design of Demonstration Projects
a2 Improved local technical and managerial capacity to design, manage and maintain EE _
" |technologies and practices
3.21 Documentation on the results of the demonstration projects and available EE technologies in the markets and disseminat of demo project results
3.2.1.1 |Activity 3.2.1.1 Documentation of Results of the Demonstration Projects
3.2.1.1 a|Collect Data and Information of Demonstration Projects 0.65% 10| 10 | 25 | 25 | 30
Actual 0
3.2.1.1 b |Documentation of Results of the Demonstration Projects 1.30% 5 5 5 5 5 5 5 20 | 20 | 20 | 5
Actual
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Progress Report # 4

Project : Promoting Energy Efficiency in Commercial Buildings (PEECB)
Master Plan (4 Years) : Work Plan and Progress

% of Payment Planning- by Quarter
% of Payment Planning - Accumulation

Promoting of Energy Efficiency in Comercial Buildings,PEECB Project

Iltem Details of Activiites/Sub-Activities
3.2.1.2 |Activity 3.2.1.2 Documentation of Information on the Availability and Quality of EE Technologies and Practices
Applied in Thailand and Other Countries
3.2.1.2 a|Review the Existing Demonstration Projects and Case Studies in Other Countries 0.65%
Actual
3.2.1.2 b|Documentation of Information on the Availability & Quality of EE Technologies and Practices Applied in Th  2.59%
Actual
3.2.1.3 |Activity 3.2.1.3 Dissemination of Successful Case Studies on Demo Projects
3.2.1.3 a|Dissemination of Successful Case Studies on Demo Projects 3.89%
Actual
3.2.2 Completed training courses for personnel attached to the demo projects
3.2.2.1 |Activity 3.2.2.1 Design and Conduct of Training Courses for Demo Building Personnel
3.2.2.1 a|Design the Training Course Outline on Demo Projects & DEDE's Capacity Building 2.59%
Actual
3.2.2.1 b|Conduct the training Courses on Demo Projects 1.30%
Actual
m Replication of demonstration projects within the commercial building sector
831 Completed project documents/recommendations for EE project replication in the commercial building sector
e Prlep:alration of projef:t documents/recommendations for project replication in hotels, hospitals, office
buildings and shopping malls
Sub-Total Component 3 12.95%
Total ( Sub Total PM+Sub Total Component 1 + 2 + 3) : For Contract 1 Only 100%
Note: responsible by the consultant of contract-2

Prepared by Bright Management Consulting Co.,Ltd
March, 2014
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