
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 

IMPROVEMENT OF THERMAL PERFORMANCE OF EXISTING 
STANDARD GOVERNMENT HIGH-RISE OFFICE BUILDINGS IN 

MALAYSIA THROUGH ENVELOPE RETROFIT 
 

 
 
 
 
 
 
 
 
 

NOOR LAILY BT MOHAMAD 

 
 
 
 
 
 
 
 
 
 
 
 

FRSB 2021 7 



 
 

 

 

 

 

 

IMPROVEMENT OF THERMAL PERFORMANCE OF EXISTING 

STANDARD GOVERNMENT HIGH-RISE OFFICE BUILDINGS IN 

MALAYSIA THROUGH ENVELOPE RETROFIT 

 

 

 

 

 

 

 

By 

 

NOOR LAILY BT MOHAMAD 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 

Fulfilment of the Requirements for the Degree of                                                    

Master of Science 

 

November 2020 
© C

OPYRIG
HT U

PM



 
 

COPYRIGHT 

 

All material contained within the thesis, including without limitation text, logos, icons, 

photographs and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis for 

non-commercial purposes from the copyright holder. Commercial use of material may only 

be made with the express, prior, written permission of Universiti Putra Malaysia.  

 

Copyright © Universiti Putra Malaysia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 
 

DEDICATION 

 

This thesis is dedicated to Almighty Allah The Best Planner. 

 

 

© C
OPYRIG

HT U
PM



i 

 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the Degree of Master of Science 

 

IMPROVEMENT OF THERMAL PERFORMANCE OF EXISTING STANDARD 

GOVERNMENT HIGH-RISE OFFICE BUILDINGS IN MALAYSIA THROUGH 

ENVELOPE RETROFIT 

 

By 

NOOR LAILY BT MOHAMAD 

 

November 2020 

Chairman : Assoc. Prof. Zalina Shari, PhD  

Faculty  : Design and Architecture 

 

 

In most countries, office buildings make up the largest energy-consuming building type 

within the commercial sector due to their high operating energy requirements. This study 

revealed that typical government high-rise office (before up-grading works of ACMV 

system) in Malaysia are operating at an average BEI of 161 kWh/m2/year, which is higher 

than the GBI standard for a commercial office building and EPU standard for public 

buildings (140 kWh/m2/year). Therefore, this study aims to develop a validated model 

for building envelope retrofit that can contribute to annual energy savings with 

objectives: 1) to establish a case model from selected case building to help understand 

the influence of building envelope components on overall building energy consumption; 
2) to identify the Energy Retrofit Measures (ERMs) and evaluate their impacts on the 

level of buildings' energy efficiency; and 3) to develop a systematic approach in 

optimising building envelope retrofit interventions and identify a range of intervention 

levels in relation to their energy reduction levels. The study was conducted in two phases: 

1) identification of case studies and extraction of their energy-related data to facilitate a 

simulation study, and 2) simulation of energy performance using IES<VE> software to 

determine an optimised retrofit intervention strategies. The proposed three levels of 

interventions with a combination of selected building envelope ERMs were applied to 

the validated case model. The effectiveness of each intervention level and the ERMs was 

evaluated by comparing the simulated annual and space cooling energy consumption 

with the base case model. The simulation results in all levels of retrofit interventions 

demonstrated compliance with the BEI benchmark margins; 116 kWh/m2/year in minor 
intervention level, 113 kWh/m2/year in moderate intervention, and 110 kWh/m2/year in 

major intervention level, respectively. The average reduction of BEI for all intervention 

levels in comparison with GBI standard was between 23% (minor level) to 27% (major 

level) and with EPU standard was between 18% (minor level) to 21% (major level). 

Moreover, the results indicated a lower OTTV value than MS 1525:2014 standards of 50 

W/m2; with 40.94 W/m2 for minor level, 39.06 W/m2 for moderate level and 37.90 W/m2 

for major level. It was observed that a combination of efficient glazing and opaque wall 

intervention with suitable external shading devices plays an important role in energy 
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reduction when retrofitting a building envelope. This study provides a methodological 

framework and staged approach of retrofit interventions with integrated ERMs that can 

be applied by the building sector in general, and the Government of Malaysia in 

particular, to improve the thermal envelope performance of existing buildings. 
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Abstrak tesis yang dikemukakan kepada SenatUniversiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Sarjana Sains 

 

PENAMBAHBAIKAN PRESTASI TERMAL BAGI BANGUNAN TINGGI 

PEJABAT KERAJAAN SEDIA ADA DI MALAYSIA MELALUI RETROFIT 

FASAD BANGUNAN 

 

Oleh 

NOOR LAILY BT MOHAMAD 

 

November 2020 

Pengerusi : Prof. Madya Zalina Shari, PhD  

Fakulti  : Reka Bentuk dan Seni Bina 

 

 

Di dalam kebanyakan negara, bangunan pejabat merupakan penyumbang terbesar dalam 

penggunaan tenaga bagi bangunan komersial kerana beroperasi dengan menggunakan 

tenaga yang tinggi untuk pencahayaan serta sistem pendingin hawa.  Kajian telah 

mendapati bangunan tinggi tipikal pejabat kerajaan (sebelum kerja naik taraf sistem 

pendingin hawa) mengesahkan ianya mempunyai BEI 161 kWh/m2/tahun yang melebihi 

piawai GBI bagi kategori pejabat dan EPU bagi bangunan kerajaan. Oleh itu, kajian ini 

bertujuan untuk menghasilkan satu model simulasi bagi retrofit fasad bangunan yang 

memenuhi standard dan menyumbang kepada penjimatan tenaga dengan objektif 

berikut: 1) untuk menyediakan model simulasi daripada kajian kes bagi memahami 
pengaruh komponen binaan fasad bangunan terhadap penggunaan tenaga tahunan; 2) 

untuk mengenalpasti kaedah retrofit cekap tenaga (ERM) dan menilai kesannya terhadap 

kecekapan tenaga yang efisien; dan 3) untuk mendapatkan satu pendekatan sistematik 

dalam mengoptimumkan intervensi retrofit fasad bangunan dan mengenal pasti 

peringkat-peringkat intervensi yang bersesuaian dengan kadar penjimatan tenaga. Kajian 

ini dijalankan dalam dua fasa: 1) mengenalpasti kajian kes dan pengekstrakan data 

berkaitan tenaga bagi membantu kajian simulasi tenaga; dan 2) simulasi tenaga 

menggunakan perisian IES<VE>. Tiga peringkat intervensi (minima, sederhana dan 

utama) dengan kombinasi ERMs dan hasil simulasi dikaji secara analisis perbandingan 

keputusan simulasi.  Kadar kecekapan penjimatan tenaga daripada setiap tahap intervensi 

dan ERM dianalisa dengan membandingkan keputusan simulasi kadar penggunaan 

tenaga ruang yang didinginkan dan penggunaan tenaga tahunan model asas. Hasil 
simulasi semua peringkat intervensi menyumbang kepada penurunan penggunaan tenaga 

dan memenuhi piawai GBI dan EPU; 116 kWh/m2/year (peringkat minima), 113 

kWh/m2/year (peringkat sederhana) dan 110 kWh/m2/year (peringkat utama). Kadar 

peratusan penurunan BEI pada semua peringkat intervensi adalah antara 23% (peringkat 

minima) hingga 27% (peringkat utama) dibandingkan dengan piawai GBI dan 18% 

(peringkat minima) hingga 21% (peringkat utama) dengan EPU.  Penurunan nilai OTTV 

juga dibuktikan dengan nilai semua peringkat intervensi adalah 40.94 W/m2 (peringkat 

minima), 39.06 W/m2 (peringkat sederhana) dan 37.90 W/m2 (peringkat utama). Hasil 
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pemerhatian mengenalpasti gabungan semua ERM dalam setiap peringkat intervensi 

menghasilkan penjimatan penggunan tenaga dalam bangunan. Hasil kajian ini dapat 

menyediakan satu rangka metodologi dengan pendekatan berperingkat dalam intervensi 

retrofit beserta integrasi ERM. Ianya boleh digunapakai dalam sektor bangunan, secara 

umum dan Kerajaan Malaysia, khususnya bagi meningkatkan keupayaan kecekapan 

tenaga bangunan sedia ada 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



v 

 

ACKNOWLEDGEMENTS 

 

I would never have been able to finish my study without the guidance of Almighty Allah, 

my committee members, help from friends, and support from my family. 

 

 

I want to express the most profound appreciation to my committee chair, Associate 
Professor Dr. Zalina Shari for her guidance, care, patience, and endless support 

throughout my research journey. Also, I want to thank my supervisor committee member 

Dr. Nur Dalilah Dahlan for her help. My appreciation also goes to all staff and members 

of the Faculty of Design and Architecture, Universiti Putra Malaysia for their hospitality 

and professionalism. 

 

 

I would also like to thank my parents, in-laws, and my siblings who have always 

supported me and encouraged me with their prayers. Finally, I would like to thank my 

husband, who has always been there for me, cheering me up and believing in me 

completing this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement of the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

 

Zalina Shari, PhD 

Associate Professor 
Faculty of Design and Architecture 

Universiti Putra Malaysia 

(Chairman) 

 

Nur Dalilah Dahlan, PhD 

Senior Lecturer 

Faculty of Design and Architecture 

Universiti Putra Malaysia 
(Member) 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

  
 
ZALILAH MOHD SHARIFF, PhD 

Professor and Dean 

School of Graduate Studies 

Universiti Putra Malaysia 
 

 

Date: 11 March 2021 

 

© C
OPYRIG

HT U
PM



viii 

 

Declaration by graduate student 
 

 

I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other degree at 

any institutions; 

 intellectual property from the thesis and copyright of the thesis are fully-owned by 

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia (Research) 

Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy Vice-

Chancellor (Research and Innovation) before thesis is published (in the form of 

written, printed or in electronic form) including books, journals, modules, 

proceedings, popular writings, seminar papers, manuscripts, posters, reports, lecture 

notes, learning modules or any other materials as stated in the Universiti Putra 

Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly 

integrity is upheld as according to the Universiti Putra Malaysia (Graduate Studies) 

Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia (Research) 

Rules 2012.  The thesis has undergone plagiarism detection software. 

 
 

Signature:___________________________  Date: _____________________ 

 

Name and Matric No.: Noor Laily Bt Mohamad, GS38911 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



ix 

 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013) were adhered to. 

 

 

 

 
Signature:  _______________________________________ 

Name of Chairman  

of Supervisory  

Committee:  Assoc. Prof. Dr. Zalina Shari 

 

 

 

 

Signature:  _______________________________________ 

Name of Member  

of Supervisory  
Committee:  Dr. Nur Dalilah Dahlan 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

© C
OPYRIG

HT U
PM



x 

 

TABLE OF CONTENTS 

 

 

Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiii 

LIST OF FIGURES xv 

LIST OF ABBREVIATIONS xviii 

  

CHAPTER      

   

1 INTRODUCTION 1 

 1.1 Background 2 

 1.2 Problem Statement 3 

 1.3 Research Questions 3 

 1.4 Research Objectives 3 

 1.5 Research Methodology 3 

 1.6 Significance of the Study 4 

 1.7 Scope and Limitations of the Research 4 

 1.8 Research Framework 5 

   

2 LITERATURE REVIEW 7 

 2.1 Introduction 7 

 2.2 Global Scenario and Building Energy Consumption 7 

 2.3 Energy Scenario in Malaysia 8 

  2.3.1 Building Energy Consumption 8 

  2.3.2 Implementation and Initiatives through 

Governance 

9 

  2.3.3 Energy Efficiency Potential in Existing 

Government Office Building 

10 

 2.4 Building Energy Retrofit 11 

  2.4.1 Definition of Building Retrofit 11 

  2.4.2 Energy Savings through Retrofits of Existing 

Building 

12 

  2.4.3 Factor Affecting Office Buildings Energy 

Consumption 

13 

  2.4.4 Energy Audit and Building Assessment 14 

  2.4.5 Retrofitting Measures – Standard and Deep 

Retrofit 

15 

 2.5 Envelope Elements and Thermal Properties 17 

  2.5.1 Building Envelope Thermal Performance 18 

  2.5.2 Thermophysical Properties of Building 

Materials 

19 

  2.5.3 Building Envelope Thermal Performance 

Indices 

22 

© C
OPYRIG

HT U
PM



xi 

 

  2.5.4 Building Envelope Retrofit Strategies for 

Tropical Regions 

24 

  2.5.5 Thermal Performance Improvement – 

Opaque Wall 

25 

  2.5.6 Thermal Performance Improvement – 

Glazing Wall 

27 

  2.5.7 Thermal Performance Improvement – 

External Shading Devices 

29 

 2.6 Building Envelope Retrofit for Office Building 31 

  2.6.1 Case Studies of Building Envelope Retrofit 

in Tropical Countries 

32 

   2.6.1.1 Case Study 1: Zero Energy 

Building, 

33 

   2.6.1.2 Case Study 2: China Resources 

Building, Hong Kong 

34 

   2.6.1.3 Case Study 3: High Street Centre, 

Singapore 

35 

  2.6.2 Case Studies Review 36 

 2.7 Previous Local Retrofit Studies and Research Gap 37 

 2.8 Building Energy Simulation Software Review 38 

 2.9 Conclusion 40 

   

3 RESEARCH METHODOLOGY  43 

 3.1 Introduction 43 

 3.2 Case Study Combined with Simulation Strategy 

Methodology 

43 

 3.3 Phase 1: Building Selection 46 

  3.3.1 Site Study Location and Climatic 

Descriptions 

52 

  3.3.2 Case Study: Wisma Persekutuan Seremban, 

Negeri Sembilan 

53 

  3.4.3 Sub-subheading 3 52 

 3.4 Phase 1: Energy-related Data Extraction 55 

  3.4.1 Document Analysis 55 

  3.4.2 Site Visit Data Gathering: Physical 

Observations and Walkthrough Site 

Observation 

56 

 3.5 Phase 2: Energy Performance Simulation 577 

  3.5.1 Selection of Building Energy Simulation 

Tool – IES<VE> 

57 

  3.5.2 Establishment of Design Building Model 58 

  3.5.3 Calibration and Validation 59 

  3.5.4 Identification of Retrofitting Intervention 

Strategy 

60 

  3.5.5 Simple Cost-Based Analysis 62 

  

 

 

4 RESULTS AND DISCUSSION 64 

 4.1 Introduction 64 

 4.2 Results from Phase 1: Results of Energy-related Data 

Extraction 

64 

© C
OPYRIG

HT U
PM



xii 

 

  4.2.1 Phase 1: Document Analysis – The Case 

Study Building 

64 

  4.2.2 Phase 1: Document Analysis – Building 

Energy Intensity (BEI) and OTTV 

69 

  4.2.3 Site Visit Data Gathering: Physical 

Observations and Walkthrough Site 

Observation 

71 

 4.3 Result from Phase 2: Energy Performance Simulation 76 

  4.3.1 Establishment of Case Building Model 76 

  4.3.2 Calibration and Validation of the Case 

Building Model 

77 

  4.3.3 Simulation of Retrofit Interventions Proposal 79 

  4.3.4 Results of Retrofit Interventions on Energy 

Consumption 

80 

  4.3.5 Analysis of ERMs and Retrofit Intervention 

on Energy Consumption 

84 

  4.3.6 Simple Cost-based Analysis of Retrofit 

Interventions  

87 

 4.4 Discussion 89 

  4.4.1 Optimised Retrofit Intervention Strategy 89 

  4.4.2 Building Energy Standard Compliance 90 

  4.4.3 Energy Consumption Reduction 91 

 4.5 Summary 92 

   

5 CONCLUSION AND RECOMMENDATIONS 94 

 5.1 Conclusion  94 

 5.2 Future Research 96 

   

REFERENCES 97 

BIODATA OF STUDENT 118 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

© C
OPYRIG

HT U
PM



xiii 

 

LIST OF TABLES  

 

Table       Page 

   

2.1 List of demonstration project by the government – new building 

and retrofit 

10 

    
2.2 Typical percentage of electrical energy consumption breakdown in 

a typical office building 

14 

    

2.3 Differences between standard and deep retrofit measures for 

commercial buildings 

16 

    

2.4 Retrofit measures options (standards and deep retrofits) applicable 

to office buildings 

16 

    

2.5 Properties of opaque and glazing wall that are related to a building 

energy performance 

18 

    
2.6 Design strategies to minimise heat/moisture losses for building in a 

hot and humid climate countries 

24 

    

2.7 Opaque wall technology/intervention recommended for building in 

hot and humid climate countries 

26 

    

2.8 The global position and solar noon of six (6) main cities in Malaysia 30 

    

2.9 Opaque and glazing wall retrofit measures for office buildings 32 

    

2.10 Opaque and glazing wall retrofit measures for ZEB 33 
    

2.11 Summary of case studies review 37 

    

2.12 Comparison of building energy simulation software with respect 

to the overview of application-oriented features for simulating 

building envelope system 

41 

    

3.1 Location of typical Wisma Persekutuan high-rise office building 

in Malaysia 

47 

    

3.2 Sets of data in document analysis 55 
    

3.3 Types of building input data and calibration levels 59 

    

3.4 Acceptable tolerance for monthly data calibration 60 

    

3.5 Description of the proposed interventions and individual ERMs 63 

    

4.1 Data for envelope geometrical characteristic of the case building 68 

    

© C
OPYRIG

HT U
PM



xiv 

 

4.2 Description of the case building, Wisma Persekutuan Seremban 68 

    

4.3 Building monthly electric bill data for the year 2017 and 2018 69 

    

4.4 Building monthly electric bill data for the year 2019 70 

    

4.5 Calculated BEI of case building for the year 2017, 2018 and 2019 70 

    

4.6 Calculated percentage values of MBE and Cv(RMSE) for 2018 

and 2019 

78 

    
4.7 Calibrated case model verification and validation with standard 

guidelines  

79 

    

4.8 Comparison of annual energy consumption between original case 

model and modified case model with WWR reductions 

81 

    

4.9 Simulation results for all simulation strategies and difference in 

annual consumption in comparison to the original case model 

83 

    

4.10 Comparison of annual energy and space cooling consumption 

with original case model, glazing and opaque retrofit measures 

84 

    

4.11 Calculated BEI for all interventions 85 

    

4.12 Calculated energy reduction and simple payback (year) for all 

retrofit interventions using OTTV reduction formula 

88 

    

4.13 The energy-efficient retrofit design for opaque and glazing wall 90 

    

4.14 The contribution of ERMs attributes to energy consumption 

reduction 

92 

    

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

© C
OPYRIG

HT U
PM



xv 

 

LIST OF FIGURES  

 

Figure     Page 

   

1.1 The research framework 6 

    

2.1 The world building final energy consumption by end-use in 2010 8 
    

2.2 Summary of energy consumption breakdown in a typical office 

building in Malaysia 

9 

    

2.3 Diagram of external and internal heat loads in a building during 

cooling and heating modes 

19 

    

2.4 Typical external thermal insulation application using expanded 

polystyrene (EPS) board thin plaster 

26 

    

2.5 Typical daylight harvesting strategies for the hot and humid 

climatic region 

28 

    

2.6 Three glazing retrofit scenarios that applicable to most type of 

buildings 

28 

    

2.7 Solar shading systems for buildings 29 

    

2.8 Main solar shading types for buildings 30 

    

2.9 Sun path diagram for Kuala Lumpur, Malaysia 31 

    

2.10 Building envelope retrofit measures of CRB 34 
    

2.11 CRB before (left) and after (right) after retrofitting 35 

    

2.12 HSC before (left) and after (right) after retrofitting 36 

    

3.1 Conceptual case study framework for research method in 

architecture studies 

44 

    

3.2 Research methodological framework 45 

    

3.3 Flow diagram of case study and energy data extraction in Phase 1 46 
    

3.4 a) Ground floor plan and b) typical upper floor plan of Wisma 

Persekutuan  

47 

    

3.5 Examples of typical Wisma Persekutuan office buildings in 

Malaysia: (a) Wisma Persekutuan Melaka, (b) Wisma Persekutuan 

Johor Bahru, (c) Wisma Persekutuan Taiping; and (d) Bangunan 

Tun Datuk Patinggi Tuanku Haji Bujang, Sarawak 

48 

    

© C
OPYRIG

HT U
PM



xvi 

 

3.6 Selected Wisma Persekutuan high-rise office building with their 

long façade oriented to East-West orientation: a) Wisma 

Persekutuan Taiping, Perak, b) Wisma Persekutuan Alor Setar, 

Kedah; and c) Wisma Persekutuan Tawau, Sabah 

49 

    

3.7 Satellite images of PWD Block F, Kuala Lumpur 50 

    

3.8 a) A typical façade design of Wisma Persekutuan office building 

and b) Overall façade of JKR Headquarters Block F, Kuala Lumpur 

after the retrofit 

50 

    
3.9 Satellite images of Wisma Persekutuan Kuantan, Pahang 51 

    

3.10 Original façade of Wisma Persekutuan Kuantan; b) New 

refurbished façade of Wisma Persekutuan Kuantan; and c) Close-

up detail of Wisma Persekutuan Kuantan’s new glazing wall 

52 

    

3.11 Overall map of Malaysia 53 

    

3.12 Overall map of Negeri Sembilan 53 

    

3.13 Satellite images of Wisma Persekutuan Seremban, Negeri 
Sembilan 

54 

    

3.14 a) Front façade of Wisma Persekutuan Seremban; and b) Close-up 

detail of Wisma Persekutuan Seremban’s window and shading 

devices 

54 

    

3.15 Formula for estimating energy savings using OTTV values 62 

    

4.1 Main input and general data flow of simulation engines 64 

    

4.2 Sectional drawing of external shading devices of Wisma 

Persekutuan Seremban  

65 

    

4.3 a) Ground floor plan and b) typical upper floor plan of Wisma 

Persekutuan Seremban 

66 

    

4.4 a) Front elevation (south), b) Rear elevation (north), c) Section; and 

d) Sectional drawing  

67 

    

4.5 OTTV detail calculation for Wisma Persekutuan Seremban 71 

    

4.6 a) Existing timber frame defects; b) Operable timber frame 

window; and c) View of the external wall with concrete ledge 
projection and polycarbonate shading fix to existing external wall 

and edge of the ledge 

72 

    

4.7 The photographs of each part of elevations with the ground floor 

plan as a key plan  

73 

    

© C
OPYRIG

HT U
PM



xvii 

 

4.8 The photographs of opaque and glazing wall of Wisma Persekutuan 

Seremban 

74 

    

4.9 The building envelope component and materials 74 

    

4.10a Google Earth generated map of Wisma Persekutuan Seremban 

indicating roadways, buildings and other 'plane' elements. 

75 

    

4.10b Figure 4.10b Google Earth in 3D view generated map: A) 

Entrance to the Wisma Persekutuan, B) Case study - Wisma 

Persekutuan Seremban, C) Parking; and D) Adjacent building - 
Wisma Negeri 

75 

    

4.11 Thermal zones and usages of Wisma Persekutuan Seremban 76 

    

4.12 Southeast (front) and southwest (right) elevation; and b) Northeast 

(rear) and northwest (left) elevation 

77 

    

4.13 Comparison between the simulated result of the case model with 

2018 and 2019 measured electricity usage of case building 

78 

    

4.14 a-b) 40% WWR reduction of case model, c-d) 35% WWR 
reduction of case model; and d-e) 30% WWR reduction of case 

model 

80 

    

4.15 Comparison of annual energy consumption for all intervention 

levels with the base case model by using the WWR ERM parameter 

82 

    

4.16 Comparison of space cooling consumption for all intervention 

levels with the base case model by using the WWR ERM parameter 

83 

    

4.17 OTTV detail calculation for minor intervention level strategy 86 

    

4.18 OTTV detail calculation for moderate intervention level strategy 86 
    

4.19 OTTV detail calculation for major intervention level strategy 87 

    

   

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



xviii 

 

LIST OF ABBREVIATIONS  

 

ACMV Air conditioning, Mechanical and Ventilation 

 

ASHRAE American Society of Heating Refrigerating and Air-

conditioning Engineers 

 
BEI Building Energy Index/Intensity 

 

Cv(RMSE) Coefficient of variation of the Root Mean Square Error 

 

ERM Energy Retrofit Measures 

 

FEMP Federal Energy Management Programme 

 

EPU Economic Planning Unit of Malaysia 

 

GBI Green Building Index 

 
GoM Government of Malaysia 

 

HVAC Heating, Ventilation and Air conditioning 

 

IPMVP International Performance Measurement and Veification 

Protocol 

 

kWh/m2/year Kilowatt hours per square metre per year 

 

kWh Kilowatt-hour 

 
LSG Light-to-Solar Gain 

 

MBE Mean Bias Error 

 

MS1525 Malaysian Standard 1525 

 

MWh Megawatt-hour 

 

SHGC Solar Heat Gain Coefficient 

 

SC Shading Coefficient 
 

VLT Visible Light Transmission 

 

VT Visible Transmittance 

 

WWR Window-wall-ratio 

 
© C

OPYRIG
HT U

PM



1 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background  

It has been well proven and documented that global energy demands and consumptions 

are the largest contributions to carbon dioxide (CO2) emissions, which also the leading 

cause of world climate change (Lucon et al., 2014; Pérez-Lombard, Ortiz and Pout, 2008; 

Levine et al., 2007). The past decade has seen rapid urbanisation globally, where cities 

are growing in population density and complexity.  Research confirms that buildings are 

responsible for over a third of global energy-related CO2 emissions and the key for low-

cost climate mitigation globally (Harvey, 2014; Levine et al., 2007; UNEP, 2007). By 

the same token, Edenhofer et al. (2014) highlighted that in 2010, the energy use in the 

building sector was responsible for 8.8 GtCO2eq emissions, 32% of the global total of 

energy-related emissions. 

 

In relation to the built environment, sustainable architecture integrated with energy 

efficiency concepts has become one of the key elements in the physical development 

framework for most developed and developing countries based on international treaties 

and cooperation (e.g., Kyoto Protocol and Bali Road Map 2007). In the same vein, 

Intergovernmental Panel on Climate Change (IPCC) has emphasised the importance of 

new buildings and the existing buildings to play a major role in reducing their energy 

usage to mitigate climate change (and associated reductions in CO2 emissions) (Levine 

et al., 2007). According to the World Business Council for Sustainable Development 
(WBCSD, 2008), around 80% of a building's energy consumption occurs during the 

operational phase. Furthermore, due to the significant contribution of buildings to 

greenhouse gas (GHG) emissions, it is of paramount importance for building 

professionals to become deeply involved in the drive to reduce their buildings' energy 

consumption, both in the design of new buildings and through retrofitting of existing 

buildings (Levine et al., 2007; Ürge-Vorsatz, Danny Harvey, Mirasgedis and Levine, 

2007). Moreover, the IPCC Fifth Assessment Report concludes that retrofit forms a vital 

part of the mitigation strategy in countries with a large number of existing building stocks 

(Edenhofer et al., 2014). Predominantly, populations and development activities are 

rising rapidly, notably in developing countries such as Malaysia. Moreover, CO2 

emissions from Malaysia's building are considered uncontrolled and set to continue to 

rise due to the rising trend of electricity consumption per capita in the building sector 
(Yong, Lesjak, Hor, Rowse and Tandon, 2017). 

 

 

Factors found to influence the sustainable strategies in retrofitting the building stock have 

been explored in a large and growing body of case studies and literature.  Appropriate 

energy retrofit interventions can minimise the time and cost involved in improving 

energy efficiency (Lucon et al., 2014; Carbon Trust, 2008; Shiel, 2009). Similarly, 

Harvey (2006, ch. 14) summarised numerous published studies and showed that 50-70% 

energy savings could be achieved in commercial buildings through aggressive 

implementation of integrated sets of retrofits measures. The concept of building energy 

retrofit is frequently based on the following consolidated and simplified strategies: site 
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and building survey; energy consumption estimates; predesign; benefit estimates; 

effectively achieved energy-saving and enhancing assessment (Aste and Del Pero, 2013; 

Carbon Trust; 2008; Harvey, 2009) 

 

 

While significant literature exists on retrofitting strategies, energy savings through 

retrofits of existing buildings are still under-developed and lack effective strategies (Aste 

and Del Pero, 2013; Dascalaki et al., 2010). Also, retrofits are considered difficult due 

to the lack of well-established methods and precise information on energy saving 

potential (Lucon et al., 2014; Aste and Del Pero, 2013). Dascalaki and Santamouris 

(2002) argued that many energy-related retrofitting projects were carried out worldwide. 
However, they were mainly concerned with active building system interventions and 

ignored aspects related to passive methods of building energy savings such as building 

envelope, solar heating, daylighting and passive cooling of the building. Put differently, 

there has been little empirical research into integrated interventions with the objectives 

of optimising the building's energy performance while maintaining thermal and visual 

comforts and its operational features and relationship with the surrounding environment. 

Shiel (2009) highlighted that retrofit and new buildings should be designed in an 

integrated and holistic manner with passive retrofit measures adopted to achieve better 

results with enhanced building energy performances. 

 

 
Retrofitting existing buildings also gained interest during the past few years in Malaysia.  

Under the United Nations Development Programme (UNDP), there are only three retrofit 

government office building projects ever completed in the country: the JKR Blok F 

Building, the Prime Minister's Office, and the Ministry of Natural Resources and 

Environment's Building. In line with these initiatives, there is still a strong need to further 

demonstrate energy performance improvement in existing government buildings' 

operations through retrofits. It is feasible to improve the average BEI of a building from 

205 to 187 kWh/m2/year through simple interventions in the design of new buildings 

and the incorporations of energy efficiency elements/systems in existing buildings with 

little or minimal additional cost compared to business type-as-usual type 

construction/renovation projects (UNDP, 2011). The improvement of overall BEI is 

estimated at 10-15% (Stephen, 2012).  

 

1.2 Problem Statement 

Malaysia's present lack of policy and financing framework for driving energy efficiency 

in the building sector has created a condition where the collected energy-related data 
from the building stock are coordinated or synchronised to meet the national 

sustainability goals (Yong et al., 2017). It has conclusively been shown that many 

building industry professionals only adopt new practices if they are required by the 

regulations (Lucon et al., 2014; Sisson and Van Aerschot, 2007). Surprisingly, given the 

importance of building retrofits to achieve low carbon cities and the voluminous 

literature on urban carbon governance, there is little discussion available on enabling 

retrofitting through governance (Bulkeley and Castán Broto, 2013; IEA, 2010). Our 

national energy policies have ignored the potential and effectiveness of energy retrofit 

on Malaysia's building stock. By the same token, conducting case studies to showcase 

the potential energy savings by retrofitting existing buildings in Malaysia are considered 
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rare. CK Tang highlighted that Malaysia's retrofitted buildings are mainly commissioned 

without considering enhancing the buildings' energy performance (Stephen, 2012).  

 

However, Malaysia's above-mentioned retrofit projects focused primarily on active 

energy retrofit interventions and neglected passive energy efficiency strategies such as 

external building envelope. Most of the existing government office building designs have 

not optimised passive design strategies (Yong et al., 2017; Rashid et al., 2011). Passive 
energy efficiency strategies are susceptible to meteorological factors and require a 

broader understanding of the climatic factors (Sadineni, Madala, and Boehm, 2011; 

Dascalaki and Santamouris, 2002). Therefore, this study's main purpose is to understand 

how interventions in building envelope components could improve energy performance, 

particularly in existing government office buildings in Malaysia. It aims to provide a 

systematic approach to the current energy consumption patterns and properly identify 

the best envelope retrofit measures for existing buildings to ensure that they perform 

efficiently in the local climate.  

 

 

1.3  Research Questions 

Main research question: What are the best retrofit strategies to be made to the envelope 

system of existing government high-rise office buildings to improve their energy 

performance? The following sub-research questions have been identified for this study: 

 

1. How can building envelope components of existing government high-rise office 

buildings in Malaysia be retrofitted to maximise their annual energy 

consumption savings? 

2. How can retrofit intervention strategy for existing government high-rise office 
buildings be optimised to achieve energy efficiency and BEI reduction? 

 

 

1.4.  Research Objectives 

The study aims to develop a validated model for building envelope retrofit to contribute 

to annual energy savings. To achieve this goal, the following objectives have been 

formulated: 

 
1. To establish a case model from selected case building to help understand the 

influence of building envelope components on overall building energy 

consumptions. 

2. To identify the Energy Retrofit Measures (ERMs) and evaluate their impacts on 

the level of buildings' energy efficiency. 

3. To develop a systematic approach in optimising building envelope retrofit 

intervention strategies and identify a range of intervention levels concerning 

their energy reduction levels. 

 

 

1.5  Research Methodology 

To achieve the stated objectives, this research implemented a case study combined with 

a calibrated simulation approach. This study was conducted in two phases: 1) identifying 
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a case building and energy-related data extraction, and 2) energy performance 

simulation. In the first phase, an existing typical government high-rise office building of 

Wisma Persekutuan Seremban was selected as the case building study. The energy-

related information was extracted to facilitate the simulation of the case model. The 

sources of energy-related data were extracted from document analysis (i.e., drawings, 

technical data, and energy audit report) and site visits data gathering of the selected case 

building. 

 

 

In the second phase, the simulation of energy performance and energy intensity 

calculation on all case models were performed using IES<VE> software to determine 
optimised retrofit interventions. Energy simulation was conducted on the case building 

by utilising the energy-related data gathered in the first phase for two purposes: 1) to 

demonstrate the buildings' energy consumptions, and 2) to conduct a comparative 

analysis by correlating the building envelope design properties with the overall buildings' 

energy performance. Basically, the following five steps were taken in developing the 

model using a calibrated simulation approach: 1) preparation of the base case model; 2) 

model calibration; 3) model validation, 4) ERMs evaluation phase; and 5) optimisation 

of retrofit interventions strategy.  

 

1.6  Significance of the Study 

This study intends to provide a systematic methodological framework and staged 

approach to integrating ERMs in retrofitting existing government high-rise office 

buildings in Malaysia. Specifically, this research explores how energy-related data, 

energy modelling and research findings can be effectively combined to demonstrate a 

feasible and systematic approach to optimising retrofit intervention strategy. The study 
employed a staged approach integrated with selected pre-defined quantitative criteria of 

building envelope ERMs. The established validated case model that considers the 

buildings' design parameters offers a platform for the impacts of ERMs technologies to 

be well understood, based on Malaysia climatic condition, material and feasibility in the 

local market. Findings from this study provide a source of reference points for specific 

energy savings for different retrofit intervention levels. There also provides the building 

sector, particularly the Government of Malaysia (GoM), with a tool for investment 

prioritisation and objectives setting to improve buildings' energy efficiency. It is also 

expected that the adopted measures will become a useful guide for the GoM in the 

energy-related policymaking processes to maximise the effectiveness of its energy 

efficiency actions. 

 

1.7  Scope and Limitations of the Research 

This study focused on investigating an envelope retrofitting strategy with three levels of 

interventions (minor, moderate, and major) for the standard government high-rise office 
building that reduces energy usages. A range of building envelope ERMs (i.e., an 

improvement on opaque and glazing wall energy efficiency and WWR) with pre-defined 

quantitative criteria related to thermal characteristics were applied to the validated case 

model energy simulations. The simulation results between different interventions and 

selected individual ERMs were compared. Notably, the investigation did not include 

building rooftops as the study focused on understanding the impacts of opaque and 
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glazing wall thermal mass and their properties on the overall buildings energy 

performance. Due to time, cost and equipment constraints, energy audit and 

questionnaire survey to investigate the case building’s indoor thermal comfort were not 

performed. This limitation did not affect the results considering this study employed 

Level 2 calibration level. Furthermore, the calibrated model was validated based on the 

statistical indices approach using 2-year monthly utility bills, drawings, and interviews 

with the facility manager. 

 

1.8  Research Framework 

In answering the research questions and achieving the research aim, the following tasks 

were identified and carried out. The research framework is divided into two phases (refer 

to Figure 1.1). The first presents a theoretical discourse that reviews energy scenario, 

envelope elements, thermal properties, and best practices within tropical countries. It 

also reviews the approaches found globally to address energy efficiency using building 

envelope retrofits for high-rise office buildings. This study also attempts to test and 
appraise calibrated energy simulation notions in building envelope retrofit domain, as 

suggested by scholars and practices. 

 

The second phase aims to increase general insight focussing more on demonstrating a 

calibration process and explains how to create a reliable model to serve as a base case 

for evaluating the energy performance. The research method is divided into two parts; 1) 

identifying case study and extract its energy-related data for the simulation study, and 2) 
conducting energy performance simulation of the case study and base case models. This 

study developed multiple acceptable base case models for evaluating retrofit intervention 

levels and selected individual ERMs. The empirical case study of typical government 

high-rise office buildings aims to describe and examine a representative sample, the 

relations, and the mutual impacts and influences. Consequently, it serves as a vehicle to 

link the ideas and propositions and cross-examine specific building envelope retrofitting 

strategies. 

 
The simulation results were analysed to evaluate the energy savings in terms of electricity 

usage, BEI and OTTV indicators, and financial performance using a simple cost-based 

calculation. The results were discussed to understand the effects of ERMs on the building 

envelope thermal performance and their energy savings. Conclusions were drawn from 

the main findings according to the study’s objective. A systematic methodological 

framework for standard government high-rise office buildings in Malaysia was proposed 

based on Wisma Persekutuan Seremban building as the case study. Finally, 

recommendations for further study on the subject of building envelope retrofits were 

proposed. 
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Figure 1.1: The research framework 

© C
OPYRIG

HT U
PM



97 

 

REFERENCES 

 

Abdul-Rahman, H., Wang, C., & Kho, M. Y. (2011). Potentials for sustainable 
improvement in building energy efficiency: Case studies in tropical zone. 

International Journal of the Physical Sciences, 6(2), 325-339.  

Ahmad, M., & Lim, Y. W. (2012). Daylighting as a sustainable approach for high-rise 

office in topics.  

Al-Homoud, M. S. (1997). Optimum thermal design of office buildings. International 

Journal of Energy Research, 21(10), 941-957.  

Al-Tamimi, N., & Fadzil, S. F. S. (2012). Energy-efficient envelope design for high-rise 
residential buildings in Malaysia. Architectural Science Review, 55(2), 119-127.  

Ander, G. D. (2003). Daylighting performance and design. John Wiley & Sons.  

Annunziata, E., Frey, M., & Rizzi, F. (2013). Towards nearly zero-energy buildings: The 
state-of-art of national regulations in Europe. Energy, 57, 125-133.  

ASHRAE, A. S. (2004). Standard 90.1-2004, Energy standard for buildings except low 
rise residential buildings.  Atlanta, GA: American Society of Heating, 

Refrigerating and Air-Conditioning Engineers, Inc. 

 
American Society of Heating, Ventilating, and Air Conditioning Engineers (ASHRAE). 

(2014). Guideline 14-2014, Measurement of Energy and Demand Savings; 
Technical Report; American Society of Heating, Ventilating, and Air Conditioning 

Engineers: Atlanta, GA, USA, 2014. 

Asia-Pacific Economic Cooperation (APEC). (2011). Peer review on energy efficiency 
in Malaysia. APEC Energy Working Group. 

Aste, N., & Del Pero, C. (2013). Energy retrofit of commercial buildings: Case study and 

applied methodology. Energy Efficiency, 6(2), 407-423.  

Attia, S., & De Herde, A. (2011). Early design simulation tools for net zero energy 
buildings: a comparison of ten tools: Proceedings of 12th International Building 

Performance Simulation Association, Sydney, Australia.  

Bahar, Y. N., Pere, C., Landrieu, J., & Nicolle, C. (2013). A thermal simulation tool for 
building and its interoperability through the building information modeling (BIM) 

platform. Buildings, 3(2), 380-398. 

Bellia, L., Marino, C., Minichiello, F., & Pedace, A. (2014). An overview on solar 
shading systems for buildings. Energy Procedia, 62(20140), 309-317. 

© C
OPYRIG

HT U
PM



98 

 

Building, Construction & Authority (BCA). (2014).  Code on envelope thermal 
performance for buildings. Retrieved from 

http://www.bca.gov.sg/PerformanceBased/other/RETV.pdf  

Bulkeley, H., & Castán Broto, V. (2013). Government by experiment? Global cities and 
the governing of climate change. Transactions of the institute of British 

geographers, 38(3), 361-375. 

Carbon Trust. (2008). Low carbon refurbishment of buildings:  A guide to achieving 
carbon savings from refurbishment of non-domestic buildings. UK: The Carbon 

Trust.  

Cellai, G., Carletti, C., Sciurpi, F., & Secchi, S. (2014). Transparent building envelope: 

Windows and shading devices typologies for energy efficiency refurbishments. 
Building refurbishment for energy performance (pp. 61-118) Springer.  

Chidiac, S., Catania, E., Morofsky, E., & Foo, S. (2011a). Effectiveness of single and 

multiple energy retrofit measures on the energy consumption of office buildings. 

Energy, 36(8), 5037-5052.  

Chirarattananon, S., Hien, V. D., & Tummu, P. (2012). Thermal performance and cost 

effectiveness of wall insulation under Thai climate. Energy and Buildings, 45(0), 

82-90. doi:http://dx.doi.org/10.1016/j.enbuild.2011.10.025  

Chua, S. C., & Oh, T. H. (2011). Green progress and prospect in Malaysia. Renewable 
and Sustainable Energy Reviews, 15(6), 2850-2861. 

doi:http://dx.doi.org/10.1016/j.rser.2011.03.008  

City of Melbourne. (2021). What is a building retrofit? Retrieved from 
https://www.melbourne.vic.gov.au/business/sustainable-business/1200-

buildings/Pages/1200-buildings.aspx 

Crawley, D. B., Hand, J. W., Kummert, M., & Griffith, B. T. (2008). Contrasting the 
capabilities of building energy performance simulation programs. Building and 

environment, 43(4), 661-673. 

Dall'O, G. (2013). Green energy audit of buildings: A guide for a sustainable energy 
audit of buildings Springer.  

Dascalaki, E., & Santamouris, M. (2002). On the potential of retrofitting scenarios for 
offices. Building and Environment, 37(6), 557-567.  

Dascalaki, E. G., Droutsa, K., Gaglia, A. G., Kontoyiannidis, S., & Balaras, C. A. (2010). 
Data collection and analysis of the building stock and its energy performance—An 

example for Hellenic buildings. Energy and Buildings, 42(8), 1231-1237. 

 

© C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/j.enbuild.2011.10.025
http://dx.doi.org/10.1016/j.rser.2011.03.008


99 

 

Department of Standard Malaysia (MS 1525: 2014). (2014). Malaysian Standards 
1525:2014 Energy efficiency and use of renewable energy for non-residential 

buildings – Code of practice (Second revision).  Cyberjaya: Department of 

Standards Malaysia. 

Ebbert, T. (2010). RE-FACE: Refurbishment strategies for the technical improvement of 
office façades TU Delft, Delft University of Technology.  

Economic Planning Unit of Malaysia (EPU). (2005). Ninth Malaysia Plan report. 
Putrajaya: Prime Minister Department.  

Economic Planning Unit of Malaysia (EPU). (2010). Tenth Malaysia Plan report. 

Putrajaya: Prime Minister's Department.  

Energy Commission of Malaysia (EC). (2008). National energy balance 2008. Putrajaya: 
Suruhanjaya Tenaga (Energy Commission).  

Energy Conservation Building Code 2017 (ECBC). Retrieved from 
http://currentaffairs.gktoday.in/tags/energy-conservation-building-code-2017-

ecbc-2017  

Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Kadner, S., Minx, J. C., Brunner, S., ... 
& Broome, J. (2014). Technical Summary in: Climate change 2014: Mitigation of 

climate change.  Contribution of working group III to the fifth assessment report 

of the intergovernmental panel on climate change.  Cambridge, UK and New York, 

NY, USA: Cambridge University Press. 

Energy Commission (EC) (2012). National energy balance 2012. (No. 0128-6323). 
Putrajaya: Suruhanjaya Tenaga (Energy Commission).  

Energy Commission (EC) (2014). Malaysia Energy Statistics Handbook 2014. (No. 
0128-6323). Putrajaya: Suruhanjaya Tenaga (Energy Commission).  

Evola, G., Gullo, F., & Marletta, L. (2017). The role of shading devices to improve 
thermal and visual comfort in existing glazed buildings. Energy Procedia, 134, 

346-355. 

Fabrizio, E., & Monetti, V. (2015). Methodologies and advancements in the calibration 
of building energy models. Energies, 8(4), 2548-2574. 

Freewan, A. A. (2014). Impact of external shading devices on thermal and daylighting 
performance of offices in hot climate regions. Solar Energy, 102, 14-30. 

Giap, T. K., Anh, N. L. P., Sasidaran, G., & Duong, L. N. T. (2016). 2015 annual 

competitiveness analysis, agricultural productivity and development vision for 

ASEAN-10. Singapore: World Scientific Publishing Co. Pte. Ltd.  
© C

OPYRIG
HT U

PM

http://currentaffairs.gktoday.in/tags/energy-conservation-building-code-2017-ecbc-2017
http://currentaffairs.gktoday.in/tags/energy-conservation-building-code-2017-ecbc-2017


100 

 

Güçyeter, B., & Günaydın, H. M. (2012). Optimization of an envelope retrofit strategy 
for an existing office building. Energy and Buildings, 55(0), 647-659. 

doi:http://dx.doi.org/10.1016/j.enbuild.2012.09.031  

Harvey, L. D. (2009). Reducing energy use in the buildings sector: Measures, costs, and 
examples. Energy Efficiency, 2(2), 139-163.  

Harvey, L. D. D. (2014). Global climate-oriented building energy use scenarios. Energy 

Policy, 67(0), 473-487. 
doi:http://ezproxy.upm.edu.my:2099/10.1016/j.enpol.2013.12.026  

Hestnes, A. G., & Kofoed, N. U. (2002). Effective retrofitting scenarios for energy 

efficiency and comfort: Results of the design and evaluation activities within the 

OFFICE project. Building and Environment, 37(6), 569-574. 
doi:http://dx.doi.org/10.1016/S0360-1323(02)00003-3  

Hillebrand, G., Arends, G., Streblow, R., Madlener, R., & Müller, D. (2014). 

Development and design of a retrofit matrix for office buildings. Energy and 

Buildings, 70, 516-522.  

Hills, J. (2011). Retrofitting existing building: The low cost, high volume solution to 

climate change. Sustainability Asia Pacific, 4, 10-15.  

Hosseini, S. E., Wahid, M. A., & Aghili, N. (2013). The scenario of greenhouse gases 
reduction in Malaysia. Renewable and Sustainable Energy Reviews, 28, 400-409.  

Ibrahim, H. (2011). Energy management in hospital. Persidangan Jurutera 2011 
Kementerian Kesihatan Malaysia, Port Dickson, Negeri Sembilan, Malaysia.  

India Bureau of Energy Efficiency (IBOEE). (2009). Energy conservation building code 
(ECBC) user guide. New Delhi, India: Author 

International Energy Agency (IEA). (2008). Energy efficiency requirements in building 
codes: Policies for new buildings. Retrieved from 

https://www.iea.org/reports/energy-efficiency-requirements-in-building-codes-

policies-for-new-buildings 

International Energy Agency (IEA). (2010a). Energy efficiency governance. Paris: 
OECD/IEA.  

International Energy Agency (IEA). (2011). World energy outlook 2011. Paris: 
OECD/IEA.  

International Energy Agency (IEA). (2013a). Technology roadmap: Energy efficiency 

building envelopes. Paris: OECD/IEA.  

International Energy Agency (IEA). (2013b). Transition to sustainable buildings: 
Strategies and opportunities to 2050. Paris: OECD/IEA.  

© C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/j.enbuild.2012.09.031
http://ezproxy.upm.edu.my:2099/10.1016/j.enpol.2013.12.026
http://dx.doi.org/10.1016/S0360-1323(02)00003-3
https://www.iea.org/reports/energy-efficiency-requirements-in-building-codes-policies-for-new-buildings
https://www.iea.org/reports/energy-efficiency-requirements-in-building-codes-policies-for-new-buildings


101 

 

International Energy Agency (IEA) & Economic Research Institute for ASEAN and East 
Asia (ERIA). (2013). Southeast Asia energy outlook. Paris: OECD/IEA.  

Johansson, R. (2007). On case study methodology. Open house international, 32(3), 48. 

Kamaruzzaman, S. N., Lou, E. C. W., Wong, P. F., Wood, R., & Che-Ani, A. I. (2018). 

Developing weighting system for refurbishment building assessment scheme in 

Malaysia through analytic hierarchy process (AHP) approach. Energy Policy, 112, 

280-290. 

Kandar, M. Z., Sulaiman, M. S., Rashid, Y. R., Ossen, D. R., Abdullah, A. M., Wah, L. 

Y., & Nikpour, M. (2011). Investigating daylight quality in Malaysian government 

office buildings through daylight factor and surface luminance. Engineering and 

Technology, 59. 

KFM Holdings. (2013). The prime minister's office sets high green building benchmark. 

Retrieved from http://www.kfmsolutions.com.my/#!news/nws1/C50F02FA-1048-

476D-AEF3-1ABFB10A5797/the-prime-minister%E2%80%99s-office-(pmo)-

sets-high-green-building-benchmark  

Lau, A. K. K., Salleh, E., Lim, C. H., & Sulaiman, M. Y. (2016). Potential of shading 

devices and glazing configurations on cooling energy savings for high-rise office 

buildings in hot-humid climates: The case of Malaysia. International Journal of 

Sustainable Built Environment, 5(2), 387-399. 

Levine, M., Ürge-Vorsatz, D., Blok, K., Geng, L., Harvey, D., Lang, S.,…Yoshino, H. 

(2007). Residential and commercial buildings in climate change 2007: Mitigation. 

Contribution of working group III to the fourth assessment report of the 
intergovernmental panel on climate change. USA: Cambridge University Press.  

Lim, Y., Kandar, M. Z., Ahmad, M. H., Ossen, D. R., & Abdullah, A. M. (2012). 

Building façade design for daylighting quality in typical government office 

building. Building and Environment, 57(0), 194-204. 
doi:http://dx.doi.org/10.1016/j.buildenv.2012.04.015  

Lojuntin, S. A. (2014). Energy efficient buildings-the way towards low carbon 

development. International Construction Week Eco Build SEA, Kuala Lumpur, 

Malaysia.  

Loonen, R. C., Favoino, F., Hensen, J. L., & Overend, M. (2017). Review of current 

status, requirements and opportunities for building performance simulation of 

adaptive facades. Journal of Building Performance Simulation, 10(2), 205-223. 

Lucon, O., D. Ürge-Vorsatz, A. Zain Ahmed, H. Akbari, P. Bertoldi, L. F., & Cabeza, 
M. V. V. (2014). Buildings in: Climate change 2014: Mitigation of climate change. 

Contribution of working group III to the fifth assessment report of the 

intergovernmental panel on climate change. USA: Cambridge University Press.  

© C
OPYRIG

HT U
PM

http://www.kfmsolutions.com.my/#!news/nws1/C50F02FA-1048-476D-AEF3-1ABFB10A5797/the-prime-minister%E2%80%99s-office-(pmo)-sets-high-green-building-benchmark
http://www.kfmsolutions.com.my/#!news/nws1/C50F02FA-1048-476D-AEF3-1ABFB10A5797/the-prime-minister%E2%80%99s-office-(pmo)-sets-high-green-building-benchmark
http://www.kfmsolutions.com.my/#!news/nws1/C50F02FA-1048-476D-AEF3-1ABFB10A5797/the-prime-minister%E2%80%99s-office-(pmo)-sets-high-green-building-benchmark
http://dx.doi.org/10.1016/j.buildenv.2012.04.015


102 

 

Lu, Y., Wu, Z., Chang, R., & Li, Y. (2017). Building Information Modeling (BIM) for 
green buildings: A critical review and future directions. Automation in 

Construction, 83, 134-148. 

Ma, Z., Cooper, P., Daly, D., & Ledo, L. (2012). Existing building retrofits: 
Methodology and state-of-the-art. Energy and Buildings, 55(0), 889-902. 

doi:http://dx.doi.org/10.1016/j.enbuild.2012.08.018  

Maile, T., Fischer, M., & Bazjanac, V. (2007). Building energy performance simulation 
tools-a life-cycle and interoperable perspective. Center for Integrated Facility 

Engineering (CIFE) Working Paper, 107, 1-49. 

Mahlia, T. M. I., Razak, H. A., & Nursahida, M. A. (2011). Life cycle cost analysis and 

payback period of lighting retrofit at the University of Malaya. Renewable and 
Sustainable Energy Reviews, 15(2), 1125-1132. 

Martinez, A., Patterson, M., Carlson, A., & Noble, D. (2015). Fundamentals in façade 

retrofit practice. Procedia Engineering, 118, 934-941.  

Mickaityte, A., Zavadskas, E. K., Kaklauskas, A., & Tupenaite, L. (2008). The concept 
model of sustainable buildings refurbishment. International Journal of Strategic 

Property Management, 12(1), 53-68.  

Miller, E., & Buys, L. (2008). Retrofitting commercial office buildings for sustainability: 
tenants' perspectives. Journal of Property Investment & Finance, 26(6), 552-561. 

Ministry of Energy, Green Technology and Water (MEGTW). (2014). Government 
initiatives on energy efficiency in Malaysia. EE Challenge 2014 Award Ceremony 

& Seminar on EPC ImplemGBSBentation in Government Buildings, Kuala 

Lumpur, Malaysia.  

Mohammad, S., & Shea, A. (2013). Performance evaluation of modern building thermal 
envelope designs in the semi-arid continental climate of Tehran. Buildings, 3(4), 

674-688. 

Nazria, A. Q., Mohammadb, I. S., Babab, M., Zainola, N. N., Lokmana, M. A. A., 
Woona, N. B., & Ramlia, N. A. (2015). The Need for Retrofitting to Achieve 

Sustainability of Malaysian Buildings. Journal Teknologi, 75(10), 171-176.Ng, S. 

(2012, March). Proper retrofits can slash building energy use by half. Green 

Purchasing Asia, 10.  

Neale, P., Thapa, S., & Boyce, C. (2006). Preparing a case study: A guide for designing 
and conducting a case study for evaluation input. Massachusetts: Pathfinder 

international. 

Oldfield, P., Trabucco, D., & Wood, A. (2009). Five energy generations of tall buildings: 
An historical analysis of energy consumption in high-rise buildings. The Journal 

of Architecture, 14(5), 591-613.  

© C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/j.enbuild.2012.08.018


103 

 

Oral, G. K., Yener, A. K., & Bayazit, N. T. (2004). Building envelope design with the 
objective to ensure thermal, visual and acoustic comfort conditions. Building and 

Environment, 39(3), 281-287. doi:http://dx.doi.org/10.1016/S0360-

1323(03)00141-0  

Pacific Northwest National Laboratory (PNNL) & Portland Energy Conservation 
(PECI). (2011). Advanced energy retrofit guides: Office buildings. Retrieved from 

http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-

20761.pdf  

Pan, D., Chan, M., Deng, S., & Lin, Z. (2012). The effects of external wall insulation 
thickness on annual cooling and heating energy uses under different climates. 

Applied Energy, 97(0), 313-318. 

doi:http://ezproxy.upm.edu.my:2099/10.1016/j.apenergy.2011.12.009  

Pan, Y., Huang, Z., Wu, G., & Chen, C. (2006). The application of building energy 
simulation and calibration in two high-rise commercial buildings in 

Shanghai. Proceedings of Second National IBPSA-USA Conference, Cambridge, 

MA.  

Patterson, M., & Vaglio, J. C. (2011). Facade retrofits: The dilemma of the highly glazed 
high-rise facade. 2011 Building Enclosure Sustainability Symposium: Integrating 

Design & Building Practices, Cal Poly Pomona.  

Pérez-Lombard, L., Ortiz, J., & Pout, C. (2008). A review on buildings energy 
consumption information. Energy and Buildings, 40(3), 394-398. 

doi:http://ezproxy.upm.edu.my:2099/10.1016/j.enbuild.2007.03.007  

Performance Management and Delivery Unit (PEMANDU). (2012). Economic 
transformation programmes: Annual report 2011. Putrajaya, Malaysia: 

Performance Management and Delivery Unit (PEMANDU).  

Raftery, P., Keane, M., & O’Donnell, J. (2011). Calibrating whole building energy 
models: An evidence-based methodology. Energy and Buildings, 43(9), 2356-

2364. 

Rallapalli, H. S. (2010). A comparison of EnergyPlus and eQUEST whole building 

energy simulation results for a medium sized office building (Doctoral dissertation, 
Arizona State University). 

Rashid, Y. R., Sulaiman, M. S., Aziz, A., Selamat, H., Yani, A. H. M., & Kandar, M. Z. 

(2011). Greening government's office buildings: PWD Malaysia experiences. 

Procedia Engineering, 21, 1056-1060.  

Reeves, T., Olbina, S., & Issa, R. R. (2015). Guidelines for using Building Information 

Modeling for energy analysis of buildings. Buildings, 5(4), 1361-1388. © C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/S0360-1323(03)00141-0
http://dx.doi.org/10.1016/S0360-1323(03)00141-0
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-20761.pdf
http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-20761.pdf
http://ezproxy.upm.edu.my:2099/10.1016/j.apenergy.2011.12.009
http://ezproxy.upm.edu.my:2099/10.1016/j.enbuild.2007.03.007


104 

 

Retrofit. (2015). In Oxford English dictionary online (2nd ed.), Retrieved from 
http://www.oxforddictionaries.com/definition/english/retrofit  

Sadineni, S. B., Madala, S., & Boehm, R. F. (2011). Passive building energy savings: A 
review of building envelope components. Renewable and Sustainable Energy 

Reviews, 15(8), 3617-3631. doi:http://dx.doi.org/10.1016/j.rser.2011.07.014  

Sadrzadehrafiei, S., Mat, K. S. S., & Lim, C. (2011). Energy consumption and energy 

saving in Malaysian office buildings. Models and Methods in Applied Sciences, 
ISBN, 978-971.  

Sadrzadehrafiei, S., Sopian, K., Mat, S., Lim, C., Hashim, H., & Zaharim, A. (2012). 

Enhancing energy efficiency in office buildings in a tropical climate, malaysia. 

International Journal of Energy and Environment, 6(2), 209.  

Saidur, R., & Masjuki, H. (2008). Energy and associated emission analysis in office 

buildings. International Journal of Mechanical and Materials Engineering, 3(1), 

90-96.  

Saidur, R. (2009). Energy consumption, energy savings, and emission analysis in 
Malaysian office buildings. Energy Policy, 37(10), 4104-4113. 

doi:http://dx.doi.org/10.1016/j.enpol.2009.04.052  

Santamouris, M., & Dascalaki, E. (2002). Passive retrofitting of office buildings to 
improve their energy performance and indoor environment: The OFFICE project. 

Building and Environment, 37(6), 575-578.  

Sanvido, V. E. (1991). Managing Retrofit Projects (Doctoral dissertation, University 
Park, PA 16802 Georgia) Retrieved from  

http://www.engr.psu.edu/ae/cic/publications/TechReports/TR_025_Sanvido_199

1_Managing_Retrofit_Projects.pdf 

Shiel, J. (2009). Practical greenhouse gas reduction strategies for the existing building 
stock. Architectural Science Review, 52(4), 270-278.  

Singapore Building and Construction Authority (BCA). (2010). Existing building 
retrofit. Singapore: The Centre for Sustainable Buildings and Construction.  

Singapore, Building and Construction Authority. (2014). BCA building energy 
benchmarking report 2014. Singapore: Building and Construction Authority 

(BCA) of Singapore. 

Sisson, B., & Van Aerschot, C. (2007). Energy efficiency in buildings: Business realities 
and opportunities; summary report. World Business Council Sustainable 

Development (WBCSD). © C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/j.rser.2011.07.014
http://dx.doi.org/10.1016/j.enpol.2009.04.052
http://www.engr.psu.edu/ae/cic/publications/TechReports/TR_025_Sanvido_1991_Managing_Retrofit_Projects.pdf
http://www.engr.psu.edu/ae/cic/publications/TechReports/TR_025_Sanvido_1991_Managing_Retrofit_Projects.pdf


105 

 

Sousa, J. (2012, September). Energy simulation software for buildings: review and 
comparison. In International Workshop on Information Technology for Energy 

Applicatons-IT4Energy, Lisabon. 

Sozer, H. (2010). Improving energy efficiency through the design of the building 
envelope. Building and Environment, 45(12), 2581-2593. 

doi:http://dx.doi.org/10.1016/j.buildenv.2010.05.004  

Soy, S. K. (1997). The case study as a research method. University of Texas at Austin. 

Stephen, N. (2012, March).  Proper retrofits can slash building energy use by half.  

Retrieved from http://www.greenprospectsasia.com/content/proper-retrofits-can-

slash-building-energy-use-half#sthash.O3MS36go.dpuf 

Tang, C. K., & Chin, N. (2013). Building energy efficiency technical guideline for 
passive design. Malaysia Building Sector Energy Efficiency Project (BSEEP). 

United Nation Development Programme (UNDP). (2011). Building sector energy 
efficiency project (BSEEP).  

United Nations Environment Programme (UNEP). (2007). UNEP 2007 Annual Report 
Paris: United Nations Environment Programme.  

United Nations Environment Programme (UNEP). (2009). Buildings and cllimate 
change: Summary for decision-maker. Paris: United Nations Environment 

Programme.  

United Nations Environment Programme (UNEP). (2014). Climate finance for cities and 
buildings: A handbook for local governments. Paris: UNEP Division of 

Technologies, Industry and Economics (DTIE).  

Ürge-Vorsatz, D., Danny Harvey, L., Mirasgedis, S., & Levine, M. D. (2007). Mitigating 
CO2 emissions from energy use in the world's buildings. Building Research & 

Information, 35(4), 379-398.  

Vanegas, J. A., DuBose, J. R., & Pearce, A. R. (1996). Sustainable technologies for the 
building construction industry. Proceedings, Symposium on Design for the Global 

Environment, Atlanta, GA. 

Vijayalaxmi, J. (2010). Concept of overall thermal transfer value (OTTV) in design of 

building envelope to achieve energy efficiency. International Journal of Thermal 
& Environmental Engineering, 1(2), 75-80. 

Wan, K., Cheung, G., & Cheng, V. (2015). Retrofit: Climate change in Hong Kong: 

Mitigation through sustainable retrofitting. CTBUH Journal, (3), 20-25. © C
OPYRIG

HT U
PM

http://dx.doi.org/10.1016/j.buildenv.2010.05.004


106 

 

Wang, X., Zhang, Y., Xiao, W., Zeng, R., Zhang, Q., & Di, H. (2009). Review on thermal 
performance of phase change energy storage building envelope. Chinese science 

bulletin, 54(6), 920-928. 

Wittkopf, S. (2015). Tropical net zero. Retrieved from 
http://www.hpbmagazine.org/attachments/article/12186/15S-Zero-Energy-

Building-BCA-Academy-Singapore.pdf 

World Business Council for Sustainable Development (WBCSD). (2008). Energy 
efficiency in building facts & trends. (No. 978-3-940388-26-1). Switzerland: Atar 

Roto Presse.  

World Weather & Climate Information (WWCI). (2017).  Climate and average weather 

in Malaysia. Retrieved from https://weather-and-climate.com/average-monthly-
Rainfall-Temperature-Sunshine-in-Malaysia  

Xu, P., Shen, Y., & Hua, J. (2012). Effectiveness of energy retrofit methods in public 

buildings in China. Institute for Building Efficiency: Whitewater, WI, USA. 

Yik, F. W. H., & Wan, K. S. Y. (2005). An evaluation of the appropriateness of using 
overall thermal transfer value (OTTV) to regulate envelope energy performance of 

air-conditioned buildings. Energy, 30(1), 41-71. 

Yin, R. K. (2013).  Case study research design and methods (5th ed.)  California: SAGE 
Publications. 

YKK, AP (2015). Façade retrofitting. Retrieved from 
https://dev.ykkapfacade.com/facade-retrofitting 

Yong, M., Lesjak, M., Hor, K., Rowse, B., & Tandon, S. (2017). Compendium of policy 
and financial instruments for accelarating building sector energy efficiency in 

Malaysia.  Building Sector Energy Efficiency Project (BSEEP): Kuala Lumpur, 

Malaysia. 

Yu, Z., Fung, B. C., & Haghighat, F. (2013, June). Extracting knowledge from building-
related data—A data mining framework. In Building Simulation (Vol. 6, No. 2, pp. 

207-222). Tsinghua Press. 

Yusof, M. A. (2014). Rethinking energy efficiency in commercial building. Unpublished 
manuscript.  

Zafirol, A., & Al-Hafzan, Energy Efficiency Towards Building. (2010). Envelope an 
analysis study between main library of University of Malaya building and library 

of UiTM Perak building. International Journal of Environmental Science and 

Development, 1(2), 208-213.  © C
OPYRIG

HT U
PM

http://www.hpbmagazine.org/attachments/article/12186/15S-Zero-Energy-Building-BCA-Academy-Singapore.pdf
http://www.hpbmagazine.org/attachments/article/12186/15S-Zero-Energy-Building-BCA-Academy-Singapore.pdf
https://weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine-in-Malaysia
https://weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine-in-Malaysia
https://dev.ykkapfacade.com/facade-retrofitting


107 

 

Zakaria, R., Amirazar, A., Mustaffar, M., Mohammad Zin, R., Majid, A., & Zaimi, M. 
(2013). Daylight factor for energy saving in retrofitting institutional building. 

Advanced Materials Research, 724 1630-1635.  

Zhai, J., LeClaire, N., & Bendewald, M. (2011). Deep energy retrofit of commercial 
buildings: A key pathway toward low-carbon cities. Carbon Management, 2(4), 

425-430.  

Zhao, H. X., & Magoulès, F. (2012). A review on the prediction of building energy 
consumption. Renewable and Sustainable Energy Reviews, 16(6), 3586-3592. 

Zhou, Z., Zhang, S., Wang, C., Zuo, J., He, Q., & Rameezdeen, R. (2016). Achieving 

energy efficient buildings via retrofitting of existing buildings: a case 

study. Journal of Cleaner Production, 112, 3605-3615. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM




