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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

The US-led APEC-funded workshop titled “Building Back Better: Energy Effi-
ciency, Renewable Energy, and Energy Resiliency in the New Normal (EWG 12 
2021A)" was organized by Scripps College, California, United States, and King 
Mongkut's University of Technology Thonburi, Thailand. We hosted the three-day 
workshop at Chatrium Hotel, Bangkok, Thailand during 11-13 January 2023. Co-spon-
soring APEC economies are Australia; Canada; Hong Kong, China; Chinese Taipei; and 
Thailand. 

The project received funding from the Energy Efficiency and Low-Carbon Mea-
sures fund. The event was held under APEC Project: The APEC Workshop Further-
ing University Collaboration to Support Data Gathering and Analysis in Energy 
Efficiency, Renewable Energy, and Energy Resiliency (EWG 12 2021A). As the 
COVID-19 Pandemic was fading away, the organiser decided to take advantage of an 
in-person workshop, allowing face-to-face interaction among the attendees and a field 
trip in Bangkok as well. This decision was also in line with the participants’ suggestions 
from the APEC-funded online workshop we organised last June 2021(EWG 06 2019A).  

1.2 GOALS 

APEC's Energy Working Group (EWG) and its subfora have identified a broad 
range of strategic goals to work towards from 2019-2023.  They are in line with the 
APEC aspirational goals endorsed by APEC Ministers and Leaders to 1) double the 
share of renewables in the APEC energy mix from 2010 levels by 2030 and 2) reduce 
APEC's energy intensity by 45% from 2005 levels by 2035. These ambitious goals and 
projects require extensive data gathering and synthesis, in addition to the work the poli-
cymakers are already doing.  

This project aims to identify and begin to ameliorate data gaps for policymaking 
in renewable energy, energy efficiency, and energy resiliency by work on current 
projects around Reducing the Lighting Carbon Footprint in the Tropics and Energy Use 
and Resiliency for New Work Patterns and Lifestyles with the COVID-19 Pandemic. It 
also aims to develop new collaborations and projects between EWG policymakers, re-
search institutes, and university faculty. 
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The three-day workshop brought together policymakers from APEC member 
economies, faculty from universities in APEC economies, a researcher from APERC, 
and energy experts from the private sector to discuss energy data requirements and po-
tential EWG/University collaborations. The event was tailored to include several ses-
sions for the key themes described above with varying topics, such as expert presenta-
tions, case studies, break-out group discussions, and a field-trip to maximize learning 
and retention.  

1.3 PROJECT OBJECTIVES 

The project aims to: 

1. Further develop a network of university faculty that provide data gathering
and analysis to support EWG’s needs and goals in collaboration with policy-
makers and researchers from institutes.

2. Communicate progress of collaborative projects developed during a virtual
workshop held in June 2021 (EWG 06 2019A). Policymakers, participants
from research institutes and faculty members will all be invited to participate
in projects and/or provide feedback and input on the data gathering and re-
search direction.

3. Develop ideas for new collaborations. Policymakers can share data needs that
they have for developing energy policy, and all participants can discuss ideas
for new projects that will fill these data gaps.

4. Incorporate energy resiliency and economic analysis into projects. A key part
of policymaking is understanding the economic cost of different policy op-
tions, so participants will discuss how to include this into current and future
research projects.

5. Identify best practices for communicating project results between the EWG
policymakers, research institutes, and universities. This is critical for universi-
ty faculty to understand key data and policy gaps for future research projects.

This publication is a final report of the workshop and comprises four chapters.   
Following the introduction, which presents the workshop’s project goals and objectives, 
Chapter 2 describes key outputs of this project - the background report titled “The Im-
pact of Hybrid Work on Energy Efficiency and Resiliency in the Built Environment” and 
the workshop (the participants and the methodology). The workshop agenda was divid-
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ed into eleven sessions over three days, including a half-day boat trip to understand po-
tential energy savings from the use of public transportation.   

Chapter 3 compares the key outcomes with the project's objectives for three as-
pects: 1) Data gaps identified and needs from the policy-makers 2) Potential new col-
laborations and projects with common interests and 3) Awareness of women in energy 
fields and university students engagement in energy research projects.  

Chapter 4 summarizes all presentations at the workshop and key issues derived 
from break-out group discussions, organised according to the workshop agenda (see 
APPENDIX A).  The first part of the workshop included the policymakers’ and APERC 
presentations, examples of current research that could be developed into collaborative 
projects, and the experiences of gender issues shared by women energy experts.  The 
group discussions were divided into three groups - Reducing lighting carbon footprint in 
the tropics; Energy efficiency and resilient in transportation, and Renewable Energy.  
Finally, Chapter 5 concludes with key findings, follow-up activities, and potential future 
collaborations on the three themes mentioned above. A summary of the participant’s 
evaluation (APPENDIX B) provides feedbacks and suggestions for organising a more 
efficient future workshop.   
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CHAPTER 2 

THE BACKGROUND REPORT AND THE WORKSHOP 

This chapter describes two key outputs of the project: the background report and 
the three-day in-person workshop.  The background report was developed, written, and 
shared with the attendees prior to the workshop (see the full report in APPENDIX C). 
Since the COVID-19 Pandemic is constantly changing, the report aims to provide in-
formation on current circumstances as a framework for discussions about its impact on 
energy and resiliency at the workshop in January 2023. The onsite workshop went well 
and was an interactive event.  It attracted policymakers, University faculty, and energy 
experts from 14 APEC economies who could contribute to and, at the same time, benefit 
from future collaborations that developed out of this workshop.   

2.1 THE BACKGROUND REPORT 

2.1.1 Introduction 

This report is titled “Impact of Hybrid Work Energy Efficiency and Resiliency in 
the Built Environment”. It provides background information for the APEC workshop 
held in Bangkok, Thailand, titled: "Building Back Better: Energy Efficiency, Renew-
able Energy, and Energy Resiliency in the New Normal (EWG 12 2021A)". The re-
port was developed based on the results obtained from the 2-day online APEC-funded 
workshop in June 2021. Results from the previous workshop suggested exploring sever-
al themes further to provide better data gathering for achieving ambitious APEC energy 
goals. One of the main themes was the impact of the COVID-19 Pandemic on the 
changing work patterns and lifestyles (Figure 1); and how these changes may affect en-
ergy use and resiliency in the APEC economy. 

“Hybrid Work means a combination of working onsite and spending some time 
away from the office”; and “ Teleworking means the activity of working at home, 
while communicating to your office by  phone or email, or using the internet".  
Definition of ‘teleworking’ by Cambridge Dictionary. (Cambridge University 
Press, n.d.) 
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The background report focused on energy efficiency and renewable energy in the 
built environment and transportation sector, as they are closely linked to the new work-
ing and living patterns. Another central theme was reducing lighting's carbon footprint, 
taking advantage of advanced light sources (LED) and control technologies. In particu-
lar, daylighting in the tropics is of a concern, where daylight is abundant, but its use is 
still limited. Thus, this workshop emphasizes data required by policy-makers in the 
APEC economies that will inform energy policies and strategies and help achieve a 
green recovery from the setback and disruptions caused by the COVID-19 Pandemic.  

2.1.2 Organization 

This document obtained information from a review of reports by international or-
ganizations and research centers, surveys by private sectors in the commercial real es-
tate industry and workplace consultants, and published articles in international journals, 
mainly from 2019-2022. The report comprises three main chapters:  

1) Chapter One provides an overview of drivers for change and summarises how
the new working and living patterns may impact the design and energy use at building 
and urban scales. It also presents an initial survey on efficient lighting strategies, includ-
ing the employee preference for the workplace and lighting after the pandemic. 2) 
Chapter Two presents the trends and factors affecting energy use in public, commer-
cial, and residential buildings during the pandemic. It also reviews changes in economy-
wide policies and strategies for renewable energy of APEC economies. 3) Chapter 
Three shows a systematic review of energy use and trends in the transportation sector 
post-COVID. Finally, it recommends developing ideas for further discussions and as-
sessment between policymakers, researchers, and experts at the upcoming workshop.  
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2.1.3 Key Findings 

The following includes key findings from the literature reviews, divided into four 
parts. Details are as follow:  

Resilience in the Built Environment: Drivers for Change 

 The disruptions caused by the complexities of the current global crisis significant-
ly impact organizational dynamics and new ways of working and living. Organizations 
have faced external and internal risks in the past three years that have forced them to 
transform and adapt. Although some of these risks are not new and started to have a 
global impact before 2019, the pandemic has indeed accelerated and magnified its con-
sequences.  

• In addition to a global pandemic, societal risks include climate change, natural
disasters like flooding and fire, and war or military conflict.

• Internal factors include talent wars, the adoption of hybrid work, and the health
and well-being of the worker.

• Employees' expectations and priorities have shifted toward more flexibility in
choosing where and when they work, better work-life balance, and health and
well-being.

      The New Working and Living Lifestyle 

 At the end of 2022, the pandemic was not yet over. Several surveys of business 
leaders and employees in different APEC regions, such as the US, Latin America, and 
Southeast Asia, suggest that the final model of working and living - where and how we 
work and live after the pandemic, is still an ongoing topic of discussion. However, some 
changes during the pandemic will be permanent, and to some extent, this new lifestyle 
certainly impacts the energy demand and resiliency in the built environment.  

• Hybrid work, a combination of working onsite and spending some time away
from the offices, is here to stay. Employees' ideal combinations are working re-
motely for 2-3 days and the rest in the office.

• The percentage of employees who prefer to work full-time remotely is much
smaller but varies by region. Those in developing economies and, particularly,
mothers with young children, tend to favor working from home.

• While employees still value human interaction and meetings with their col-
leagues and team managers onsite, reducing wasted time commuting and better
work-life balance are among the main advantages of working remotely.
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• One in five employees may leave their company shortly, and if they are back on
the job market, they would prefer an organization that offers a flexible work
model located near a public transportation hub.

• With a shifting focus on health and well-being, employees consider working for
companies providing ergonomic furniture (including natural light and views)
and nutritional food as benefits.

• Due to the talent wars and the continuing Great Resignation trend, employers
are embracing this new demand for a flexible work model and still investing in
improving workplace quality to attract and retain their talent.

• Despite the wide adoption of hybrid work, headquarters are still the focus of the
office operation, with smaller satellite locations or shared working space on a
flexible lease. However, organizations are not just renting space but require a so-
lution for productivity, including flexible working and meeting facilities.

• Small talent-rich urban areas, as opposed to traditional urban cores, with good
public space and transport connections, should be developed to attract employ-
ees looking for a better environment to live a good quality of life.

Impacts on Energy Demand and Resiliency 

• As teleworking and hybrid work increases, the overall energy consumption in
office buildings and transportation is reduced.  While the energy demand was
reduced in commercial buildings, such as offices, retail, and hospitality sectors,
the energy use in residential buildings increased.  These changes vary across the
APEC region, reflecting not only the impact of weather conditions, but also so-
cio-economic and cultural differences.

• The profile of peak energy demand for residential buildings shifted as most peo-
ple were working and learning from home. Pre-COVID-19, the peak energy de-
mand was in the evening when everyone was home and turned on the television
and air-conditioning (AC). Peak energy demand now changed to the afternoon to
early evening. The flexible work patterns allows movement from and distribu-
tion of energy consumption from the city centre to the suburb areas.

• Despite the major interruption on daily life and devastating economic impact on
the global scale, the pandemic has temporarily restored the natural environment
and improved the air quality.  The small particles (PM10 and PM2.5) and other
air pollution indicators decreased mainly due to much less transportation, con-
struction, and industrial production.
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 Preference for Mode of Transport and Travel Behaviour 

• Preference for active mobility options like biking, bike sharing, and walking has 
increased slightly before, during, and after the pandemic. However, this trend 
needs attention from planners to enable comfortable and safe passage. Even 
though bike-sharing is a shared mobility, due to the size of the network and ac-
cessibility of the vehicles, users may be able to have control over the possibility 
of contagion using individual sanitization before use.  

• The perceived threat of shared mobility or public transit has negative perceptions 
both during and after the pandemic mainly due to the possibilities of contagion, 
inequitable access, and lack of personal control.  

2.2 OVERVIEW OF THE WORKSHOP 

        2.2.1 Workshop Objectives 

       The workshop was a three-day onsite event to bring together energy policymakers 
from APEC economies, researchers from universities in APEC economies and APERC, 
and experts from energy-related fields in the private sector. The workshop included 1) 
presentations from the experts, energy policymakers, and university faculty; and 2) 
break-out group discussions on data requirements (particularly post-COVID-19 Pandem-
ic, and discussion of possible collaborative projects to be developed during the next aca-
demic year.  The policymakers, faculty, and experts from private sector brainstormed 
about potential future projects that will benefit both the EWG and the university part-
ners.  

2.2.2 The Participants 

Since the COVID-19 pandemic is fading away, we decided to host this US-led, 
APEC-funded onsite in Bangkok, Thailand. The workshop occurred at Chatrium Hotel 
Riverside, 9:00-17:00 (GMT+7 time zone) on 11-13 January 2023. Sixteen speakers and 
45 participants attended this three-day workshop. Speakers and participants included 
36% policymakers, 48% researchers and University faculty, 16% energy experts from 
the private sector, and graduate students from fourteen APEC economies. Approximate-
ly 60% were male, and 40% were female participants. These included Australia; Brunei 
Darussalam; Chile; Hong Kong, China; Indonesia; Japan; Malaysia; Mexico; the 
Philippines; Singapore; Chinese Taipei; Thailand; The United States; and Viet Nam. 
Due to budget and personal reasons (sudden illness and prior engagement), speakers 
from Australia; Hong Kong, China; Mexico; and The United States participated online 
via Zoom platform.  
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2.2.3 Methodology 

The background report, described in section 2.1, was distributed via email to all 
participants prior to the onsite workshop in Bangkok, Thailand. At the end of 2022 and 
early 2023, the COVID-19 Pandemic and its disruptive impacts on people’s lives and 
energy use in the built environment and transportation sectors were still dynamic. Thus, 
this report provided the current context at the time as a common framework for the 
speakers and participants to consider during the group discussions on energy efficiency 
and resiliency.   

The first day (Wednesday, 11 January 2023) started with an introduction and dis-
cussion of objectives of the workshop. This was followed by a welcome speech. There 
were four sessions, focusing on an overview of the APEC energy goals and activities, 
data collections and energy refocus for the post-COVID-19 period, and finally a presen-
tation of the case studies on energy resilience in commercial buildings. Each presenta-
tion was approximately 20 minutes, followed by a Q&A session. In addition to the pre-
sentations, groups in the first breakout session discussed policymaker needs and further 
ideas around data gathering and analysis: 1) to achieve energy resiliency in buildings 
and transportation; 2) to reduce lighting carbon footprint; and 3) to achieve renewable 
energy goals. Finally, the organiser summarised the key issues from presentations and 
discussions from the first day. See Figure 3 for main activities at the workshop.  

The second day (Thursday, 12 January 2023) started with a brief summary of key 
points from the first day, and an overview of the day two’s activities and goals followed. 
There were two sessions; the first was a series of presentations on the impact of hybrid 
work on energy use and resilience in buildings and transportation, and the second one 
was a group discussion, emphasising data collection. The morning session was comple-
mented by a boat trip (see section 2.3) along canal networks in west Bangkok to experi-
ence one of the collaborative projects, promoting the use of clean energy and low im-
pact transportation. The second day ended nicely with a complimentary dinner on the 
Chaophraya River supported by EnviroLab Asia, Claremont Colleges.  

The last day (Friday, 13 January 2023) began with a recap of the main ideas 
learned from the second day, including the field trip. There were five sessions emphasis-
ing the two themes. The first session focused on the energy efficiency and resiliency 
policy implications and recommendations. The second was sharing experiences on gen-
der issues related to the energy sector and exchanging ideas about developing collabora-
tive projects.  Finally, the project overseer gave closing remarks and invited all partici-
pants to contribute to the workshop evaluation and, if interested, continue their in-
volvement with the follow-up online meetings.  
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2.3 The Boat Trip: Clean Energy and Sustainable Transportation 

The traffic issues in Bangkok not only waste energy, but also harm the economy 
and the environment. Thus, we purposely chose solar-powered boats and the route along 
the canals (see Figure 3) that had intersections with mass transit networks. This was dis-
cussed during the presentation in Session 5 by Dr. Ampol Karoonsoontawong (KMUTT, 
Thailand) and focused on the proposed canal transit network for west Bangkok. 

To reduce the traffic and air quality problems in the city centre, in 2019 the 
Bangkok Metropolitan Administration (BMA) launched a policy to promote more con-
venient and seamless connections between road transport, mass transit (i.e., overground 
and underground trains), and water transport. The city proposed new routes of boat ser-
vices at some main piers in west Bangkok connecting people who use buses and other 
popular road vehicles (such as motorcycle-taxis and micro-buses), sky trains, and un-
derground trains. 

There are over 1,000 canals in the Bangkok Metropolitan area, and the total length 
of these canals is around 2,600km. In the past, these canal networks had prominent so-
cio-economic and cultural roles in Thai society. They were the main thoroughfares for 
transportation of people and goods; they were also essential for agriculture and house-
holds’ everyday life. They also served as recreational areas and venues for cultural and 
religious events. However, most are not in use and the conditions deteriorated. 
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Figure 3 Expert presentation, Q&A session, and group discussions



  

Figure 4: Route of the field trip by solar-powered boats along the Chao Phraya River              
and the canals of Western Bangkok. 

Due to rapid urbanisation and construction of new concrete road networks, major 
developments have turned their back to the canals. As a result, water quality and living 
conditions of the communities along the canals deteriorated. In addition, water gates 
have been built at the intersections between the river and the canals to manage the daily 
water levels and during the annual flooding period in Bangkok. These watergates pre-
vented the water transport services that used to serve daily commuters using long-tail 
boats traveling from their home along the canals to main piers on the river. To experi-
ence the reminiscence of old ways of life on the water and current problems, we started 
our boat trip on the afternoon of day two. 

Environmentally conscious drivers picked up the participants in three solar-pow-
ered boats from the hotel pier and traveled slowly from the Chao Phraya River into Dao 
Kanong Canal. Each boat can accommodate up to 8-10 people and had at least one local 
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host who can provide useful information to the participants. They converted the original 
diesel-engine boats, commonly used by the famous 'long-tail' boats, to solar PV and bat-
teries (see Figure 4). They are a group of seven operators, each owning 1-3 boats. There 
are only a few of these boats, but they all believe this sustainable approach is better for 
their local tourism business and the environment in the long term. In addition to using 
renewable energy, these boats run quietly and emit no fumes, producing no noise or air 
pollution compared to their counterparts, the long-tail boats. Particularly after the 
COVID-19 Pandemic, more tourists prefer to travel in smaller groups and would like to 
reduce their environmental impact while traveling and enjoying new experiences.  

Figure 4 The solar-powered boats          Figure 5 The boat at the watergate 

The participants experienced how the existing canal networks could be integrated 
with local public transportation - for example, motorcycle-taxis, mini-buses, and tuk-
tuks - and mass transit systems such as local trains (see Figure 6), skytrains and under-
ground trains. There are also canal-side paths along the waterways, promoting micro-
mobility and non-motorised transportation (i.e. cycling and walking).  

Figure 6  The local train             Figure 7  The boat vendors 
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Another objective of this trip is to demonstrate how a research collaboration be-
tween the university, local authorities, and communities can contribute to more sustain-
able transport and better environmental quality.  The participants also experienced the 
old way of life and local culture, such as the boat vendors selling seasonal fruits and 
street food (see Figure 7).  After some 40 minutes, the boats stopped for a short break at 
Rachaorot Temple in Jomthong District, established since the Ayudhaya Period over 300 
years ago and later renovated with exquisite fusion of Thai and Chinese arts and archi-
tectural style. In Thailand, the temple ground serves as a public space for religious and 
community events as well as recreational activities. The provision of public lighting is 
therefore important for functional and cultural purposes.  

The participants in the first boat, many of whom are lighting experts focusing on 
reducing lighting carbon footprints, did observe the pole lights in the temple. They are 
typical 3-meter high poles with glass lampshades (see Figure 8a-8c) and conventional 
light sources (i.e. compact fluorescents and mercury vapour lamps). Although the light 
poles are nicely design for the cultural context and some already have LED light bulbs, 
they tend to have low efficiency due to diffuse light distributions. The local authority 
should consider using LED technology with a lens that would control light distribution 
on both horizontal and vertical surfaces. The common practice of LED lamp replace-
ment only will not take full advantages of this new light source and control technolo-
gies. 

       Figure 8  The public lighting at the temple 

After the break, we took the local train from nearby the temple to Talad Plu, a fa-
mous food market three stops away. This train line runs from Mahachai, the area famous 
for the wholesale seafood and fresh markets, west of Bangkok, to Wong Wien Yai Sta-
tion - now also served with the BTS skytrain.  
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The original route used to go further from Wong Wien Yai to the river, where 
goods and produce from agricultural areas are delivered to main ports, then transferred 
to other parts of Thailand by boats. This local train is still popular among the locals due 
to relatively low costs, such as students and families with children, who mainly take 
short rides. Talad Plu as the BTS skytrain station is very central, only 4 stops from the 
Taksin Bridge Station, the main pier and the start of Bangkok’s central business district 
(Sathorn and Silom area).   

At the market, a number of riders from various companies (e.g., Grab and Line-
man) waited to pick-up ready-made food from the famous street vendors and restau-
rants. Similar to other economies in Southeast Asia, such as the Philippines, Malaysia, 
and Indonesia, the food and essential household products delivery service has dramati-
cally increased during the COVID-19 pandemic lockdowns. Although, there is no 
longer restriction on travel and visits to food and beverage outlets, this scenario may 
suggest that people still avoid dining in at the restaurants and rely on home delivery ser-
vices, thus reducing their journey to retail outlets. However, to understand the real im-
pact of this lifestyle change on energy use for daily journeys, especially by private vehi-
cles, we would need more data.   

After letting the participants observe local lifestyles and patterns of transport at 
the market, the boats picked us up again from the pier and continued our journey back 
to the river and then the hotel.   

2.4 Summary  

 In summary, this chapter gives details of the materials and methodology of 
conducting the three-day workshop, including the boat trip on the river and canals. It 
also describes the distribution of the workshop participants from fourteen economies 
and how they contribute to the workshop activities and objectives. The following chap-
ter will present the key outcomes of the workshop as a result of the presentations, group 
discussions, and, finally, the follow-up meetings of new collaborations on potential col-
laborative projects.   
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CHAPTER 3
KEY OUTCOMES


This chapter presents key outcomes compared with the objectives of the workshop 
in the following three aspects: 1) Data gaps identified and needs from the policymakers; 
2) Potential new collaborations and projects with common interests; and 3) Awareness 
of women in energy fields and university students engagement in energy research 
projects. While they are the primary outcomes of the three-day workshop, potential new 
partnerships and projects, in particular, are being developed from the ongoing exchange 
of ideas- both online and onsite meetings.   

3.1 Data Gaps Identified and Needs From the Policy-makers 

 This section summarises the group discussions, and we organized them in two as-
pects. The first is data required for supporting energy efficiency in the building and 
transportation sectors from the first two groups, and the other is data for promoting re-
newable energy and resiliency from the last group.   

 3.1.1 Energy Efficiency in Building and Transportation Sectors 

 As the APEC economies share ‘Green’ common goals, and the lighting and cool-
ing systems are major contribution to the electricity use in the tropics. The group dis-
cussed the benefits of data collection (e.g. occupancy data in buildings and outdoor pub-
lic spaces) and best practices in design and operation in this hot-humid region. They 
proposed collective activities - a collaboration on data collection to establish baseline 
activity and energy use in these systems before and after the COVID-19 pandemic. This 
time-based activity data will be valuable, for example, to inform how to adjust light lev-
els of street lighting to reduce energy use, while maintaining safety and security.  

 For office buildings post-COVID-19, this data should support a provision of flex-
ible space arrangement, lighting, and cooling (as opposed to centralised systems) that 
can optimise the electricity use, employee’ comfort, and work performance. Data on oc-
cupancy and energy use in industrial buildings and large retail outlets is also important 
to optimising design and operation for energy efficiency. This is due to the impact of 
COVID-19 and digital transformation; many factories are replacing staff with au-
tomation and increasing online shopping may leave large shopping malls with less cus-
tomers. These changes can have an effect on energy use for cooling per square meter.  
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Regarding the relationship between teleworking and carbon neutrality, the partici-
pants agreed that there is a need to collect more comprehensive data to understand the 
real impact of new work patterns and energy-related behavior in residential buildings, 
workplaces, and transportation. As illustrated in the initial studies of Dr. Ichinose 
(Japan) and Dr. Diaz (The Philippines), summarised in Chapter 4, these patterns and the 
extent to which they will impact the energy efficiency measure in both sectors and each 
economy might differ.  

Thus, the participants proposed the development of a common survey with short 
(8-10) questions to share and collect baseline data to compare. Each economy could in-
tegrate this survey into the existing data collection channels. For example, through sur-
veys, Thailand and the Philippines collect data on electricity use in residential buildings, 
which may need updating.     

Regarding the best practices in building system design and operation, the 
economies can share design recommendations and guidelines, information on available 
technology and performance, and education and training materials. For example, de-
signing and implementing adaptive street lighting would require information of appro-
priate light source characteristics (e.g., correlated colour temperature (CCT) and illumi-
nance), control types, and energy sources (main electricity or solar-power). The partici-
pants also suggested that there should be recorded training materials and best practices 
can be shared and, through local contact and partner in different economy, they can be 
translated into local languages.  

3.1.2 Renewable Energy and Resiliency 

According to the renewable energy group discussions moderated by Dr. Katie Purvis- 
Roberts (The United States), the following are data gaps and needs identified:  

1. The potential area on rooftops for solar PV installation

2. Data about end-of-life treatment for solar panels when they have to be replaced.

3. Resource assessment for bioenergy implementation.

a. Private control of land, making it difficult to obtain missing datas.

b. Fuel security - Identifying land for growing crops near bioenergy plants for
shorter transportation to power plants 

c. Data about land most suitable for growing bio-crops that are close to the pow-
er plant 
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d. Data about the impact of fuel bio-crops on food security 

e. Competition for land with other potential uses 

f. Identifying the fastest growing plants (e.g., Napier grass) to produce for bio-
crops for energy  

  4. Data about the increase in the storage of electricity  

a. Figure out how to increase PV and wind energy generation with an addi-
tional storage capacity 

b. Data about costs of energy storage 

c. Information about which technologies would work best, and potential im-
provements  

3.2 Potential New Collaboration and Projects with Common Interest 

 This part describes potential new collaborations and projects with common 
interests among the participants. These are from each of the three breakout group dis-
cussions at the workshop: 1) Reducing lighting carbon footprint for the tropics; 2) De-
creasing energy use and improving urban transportation in Thailand and the Philippines; 
and 3) Investigating effective models for the promotion of solar PV for communities in 
the APEC. Details are as follows. 

   
 3.2.1 Reducing Lighting Carbon Footprint in the Tropics 

 The first group members are interested in energy-efficient lighting (for indoor and 
outdoor applications) and daylight harvesting in the tropics. They are the university fac-
ulty, environmental consultants, and policymakers with expertise in lighting system de-
sign and technology and building physics and energy policies from Brunei Darussalam; 
Indonesia: Japan: Singapore: Thailand: and The United States. As most of them are 
from tropical economies in Southeast Asia, they focus on integrating daylight and artifi-
cial lighting to reduce the energy intensity and, at the same time, to increase the share of 
renewable energy for buildings used during the daytime.  

 After the workshop and during a few online and in-person meetings, a col-
laboration between lighting and building physics experts (from Japan; Singapore; and 
Thailand) has been formalized. Dr. Chanyaporn Bstieler (Thailand), the research project 
leader, invited Dr. Masayuki Ichinose, Department of Architecture and Building Engi-
neering, Graduate School of Urban Environmental Sciences, Tokyo Metropolitan Uni-
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versity, Japan, and Dr. Szu-Cheng Chien, Singapore Institute of Technology (SIT), Sin-
gapore to collaborate on an ongoing project funded by the Thailand Science and Tech-
nology Research Agency. This research plan covers two years (2022-2024) and is titled: 
"Developing Lighting Innovation for Future Workplace." Currently, the first phase of 
the project (2022-2023) is funded, and the second phase (titled: "Development of Day-
lighting Integration for Future Workplace to Reduce Environmental Impact and Promote 
Well-being: A Case Study of Bangkok") is still under budget review.  

 This project aims to identify the new patterns of working and living in APEC 
economies in Southeast Asia post-COVID-19, and how they influence the development 
of lighting innovations that reduce lighting energy use while improving the lit environ-
ment for better health and well-being of the users. These include Indonesia; Malaysia; 
the Philippines; Singapore; Thailand; and Viet Nam - all of which are APEC members. 
Dr. Masayuki Ichinose has been invited as a research advisor to the project due to his 
extensive surveys in green office buildings in Southeast Asia and his graduate student's 
research on a similar topic conducted in Tokyo, Japan. This work was titled: "Indicators 
to Evaluate the Introduction of Telework Post-COVID-19 flexible work arrangements" 
and published in the Proceedings of Passive and Low Energy Architecture (PLEA) Con-
ference Santiago 2022. He also gave permission to use the questionnaire employed in 
his work for this current employee survey in the APEC economies in ASEAN. The 
project leader will adjust some questions and then translate the questionnaire from Ja-
panese into English and other official languages of each economy before distributing it.  

 Another data collection method is in-depth interviews with key stakeholders - 
such as heads of Human Resources in large companies, building facility managers, and 
policymakers. Dr. Szu-Cheng Chien agrees to introduce this research and coordinate 
with critical stakeholders in Singapore. We also discussed the possibility that SIT grad-
uate students might incorporate these questionnaire surveys into their projects. This re-
search has also been introduced to other participants in the group discussion; some from 
Indonesia and the Philippines would consider contributing to the questionnaire surveys.  

 Another possible partnership is with the USAID Southeast Asia Smart Power 
Program (SPP). Mr. Balaji MK and Dr. Amornwan Resanond, speakers at our work-
shop, are two key people for the SPP project responsible for the increased deployment 
of advanced energy systems and clean and sustainable energy, respectively. There was a 
follow-up meeting after the workshop (May 2023), where they invited Dr. Bundit 
Fungthamasan, Dr. Pipat Wiwatworakul, and Dr. Chanyaporn Bstieler (JGSEE and 
KMUTT, Thailand) to join their year three annual work plan meeting in June 2023. The 
purpose was to exchange ideas and discuss possible collaborations on reducing lighting 
energy use by developing lighting design standards and specifications for LED street-
lights and lighting and cooling energy use in airport buildings.     
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 Finally, the last potential collaboration regarding lighting is between The United 
States and Thailand and involves developing demand-response lighting codes and stan-
dards. After Dr. Michael Siminovitch's presentation, the Ministry of Energy, Thailand's 
representative, expressed her interest in establishing a lighting standard to take advan-
tage of today's advanced LED and lighting control technologies. These include, for ex-
ample, daylight sensors, motion sensors, and PIR sensors that can reduce the light inten-
sity or switch off depending on the available daylight or the actual use of that space. 
Since Dr. Siminovitch has experience in current lighting practices in offices, education, 
and some industrial buildings in Thailand, he agrees that this approach would be possi-
ble and timely as the technologies have become more affordable and easier to operate. A 
meeting to explore the possibility of working together will be arranged around mid-Au-
gust 2023 when he is in Bangkok.  

3.2.2 Sustainable Transportation 

  The urban and transportation group members have common interests in explor-
ing two issues further. These are the impact of COVID-19 on energy use in the trans-
portation sector in APEC economies and a comparative study on challenges and oppor-
tunities to utilize water transportation in Bangkok and Manila. Dr. Crispin Diaz (The 
Philippines) has conducted an initial survey among the commuters in Metro Manila to 
understand the changing behavior due to the COVID-19 pandemic. After an online 
communication and exchange of ideas, there was also a suggestion to modify this sur-
vey and combine it with other questions about work methods and energy use in build-
ings mentioned in the section above. We could develop a standard survey, then send it to 
many APEC economies and see variations in different locations. 

 Another project concerns the potential of water transportation to lessen the traffic 
problems in Bangkok and Manila, which would consequently reduce energy waste and 
air pollution. For Metro Manila, the Pasig River, which flows from the east toward 
Manila Bay in the west, has been identified as potential for water transportation. How-
ever, current services could be more extensive and perhaps more reliable to attract peo-
ple. Also, there were problems with inconvenient connections and high costs.  

 On the other hand, water transportation in Bangkok offers a variation of boat 
services on the Chao Phraya River and in some canals, as seen during the boat trip on 
day two. Conducting a comparative study between Manila and Bangkok would help 
gain valuable insights into the challenges and opportunities associated with water trans-
portation in both cities. Dr. Diaz and Dr. Budhimethee will organize an online meeting 
to discuss and develop these two projects in detail. These two possible projects would 
improve urban transportation while reducing energy use and environmental impacts.  
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3.2.3 Investigating effective models for community-based Solar PV in the APEC 

 Another possible new renewable energy and resiliency project will focus on 
investigating practical approaches to support community-based solar PV in the APEC 
economies. Dr. Norashikin Ahmad Ludin (Malaysia) and Dr. Katie Purvis-Roberts (The 
US) led the working group and proposed an initial idea for collaboration on solar PV, 
developed from the group discussions at the workshop. Subsequently, the group extend-
ed to include Dr. Bundit Fungthammasan, Dr. Athikom Bangwiwat, and Dr. Worajit Set-
thapun (Thailand). The members exchange information on current situations of solar 
energy for communities and rooftop projects in Malaysia and Thailand.  

 Many homeowners in Malaysia are facing an increased electricity bill, as the 
current subsidy will be reduced stage by stage by the end of 2023. The support only ap-
plies to the B40 group under the income generation classification, so most people living 
in the urban community will no longer be eligible for the subsidy. As a result, many 
have considered installing solar rooftops to reduce electricity bills. However, the in-
vestment cost is still the main barrier.  

 Meanwhile, in Thailand, there are many incentives and supporting schemes to 
promote the use of solar rooftop PV. However, the details of these supports are varied 
and perhaps needed to be better understood by the public. Previous solar home projects 
also faced maintenance issues after the installation by the real estate developer. Another 
issue is the current community solar energy project that allows private companies to in-
vest, install solar PV in the community, then sell the electricity to the residents. As a re-
sult, the residents have no ownership of solar energy generation and do not benefit from 
the lower costs of electricity generated in their community.  

 As solar PV projects gain more popularity, especially during the COVID-19 
pandemic and recent energy crisis, there seemed to be effective models to support 
community-based solar PV implemented in other APEC economies. So this group has 
developed an outline for a new concept note to seek funding from the APEC's EWG in 
2024. The group leaders also plan to invite other possible partners from Chile to collab-
orate, then develop potential case studies. The proposed main activities will include fo-
cus group discussions, workshops, and policy dialogue with, for example, policymakers, 
regulators, utilities, community leaders, and installers. The project will identify different 
types of barriers, conduct barrier validation and analysis, and then propose a policy rec-
ommendations.  

3.3 Awareness on Women in Energy Fields 

 This APEC project raised awareness of women in the energy fields by inviting 
prominent female speakers and encouraging other female attendants to take essential 
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and visible roles at the workshop. For example, fourteen female attendants served as 
speakers and moderators. At the workshop's beginning, the PO invited Dr. Geri Rich-
mond, the Under Secretary for Science and Innovation at the Department of Energy 
(The United States), also a distinguished female scientist, to deliver her inspiring open-
ing speech (recorded) to the workshop participants. She emphasized the importance of 
promoting more females in science and energy fields, new collaborations, and integrat-
ed efforts to achieve the APEC's ambitious energy goals. Subsequently, President 
Suzanne Keen, Scripps College (The United States), also gave her welcome remarks 
and encouraged the participants to join efforts between the policymakers, the university 
faculty, and the students.  

 There were also two dedicated sessions on gender issues related to the energy 
sector (Session 8) and the energy project's impact on education and students' interest in 
clean energy (Session 9). Session 8 was moderated by Dr. Bstieler (Thailand) and had 
two female speakers from universities in Malaysia and Thailand, and the last speaker, 
Dr. Amornwan Resanond, a private consultant (Deloitte, Thailand).  

 Dr. Norasikin Ahmad Ludin (Malaysia) illustrated the gender disparity in career 
advancement within the science and energy sectors, with women holding fewer high-
level positions than men. Several factors contribute to this gap, including challenges in 
maintaining work-life balance, gender stereotypes associated with women in these 
fields, and limited access to training and career progression opportunities. In 2022, 
however, there was distinguishable progress in Malaysia, where women now hold 40% 
of senior leadership positions. This positive change is attributed to businesses in the en-
ergy sector adapting to new challenges and opportunities arising from the post-COVID-
period. The companies have introduced flexible working patterns and committed to di-
versity and inclusion at work over the past year. 

 Dr. Norasikin Ahmad Ludin also addressed the gender issue in society through her 
current project. The work aims to strengthen women's roles in the innovative sustainable 
energy and cooling sector to address poverty and household dynamics through a gender-
based study about energy and cooling access, to improve health and well-being, to de-
velop financing for gender-sensitive energy cooling solutions, and to support awareness 
raising activities such as education and sharing platforms. 

 The second speaker, Dr. Jirawadee Polprasert (Thailand), referred to section 5 of 
the UN's SDGs on gender equality and addressed the gender-related energy challenges 
in Thailand. The gender issue encompasses various domains, such as household energy, 
electricity accessibility and pricing, renewable energy technology options, energy-effi-
cient household management, and the social implications of significant energy in-
frastructure projects. To close the gender gap, she proposed the following steps to con-
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nect domestic and international efforts, empowering women from the bottom up, pro-
viding targeted funding, improving access to networks, and implementing supportive 
policies for gender equality. 

 Dr. Resanond addressed the crucial role of gender equality and social inclusion 
(GESI) for sustainable development. She presented a case study for implementing this 
concept for public EV transport policy formulation in Nakornratchasrima Province (Ko-
rat), a major city in northeastern Thailand. She also emphasized the data collection 
sampling and methods, such as interviews and field surveys, that included women, chil-
dren, older people, persons with disabilities (PWD), and marginalized groups.   

 After this session, there were contributions from Ms. Elvira Gelindon (APERC) 
and Dr. Michael Siminovitch (The US). Ms. Gelindon added that women researchers 
play a crucial role in data collection, as they can gather more profound insights during 
individual interviews. According to her experience in the energy sector, she perceives no 
gender bias, as the office where she previously worked in the Philippines comprises 
numerous young female researchers.  In order to improve the gender issue in the ener-
gy sector, Dr. Siminovitch proposed that incorporating evidence-based practices and 
objective indicators could contribute to advancing the problems of gender issues in the 
workplace. For instance, research conducted in the United States reveals that organiza-
tions led by female CEOs tend to achieve greater success. Therefore, the proposal 
should focus on examining the underlying mechanisms and identifying what factors 
contribute to this phenomenon and why. 

  

3.4 University Faculty Works with Data on Energy Projects and Impact on Educa-
tion and Developed Interest for Student in Pursuing Clean Energy Work 

 This section summarises the university faculty projects from Session 9 and draws 
from other presentations that also engaged students in energy data collection to illustrate 
the benefits of this approach to education and developing student interests in clean en-
ergy work. Dr. Norasikin Ahmad Ludin (Malaysia) shared the experience of collecting 
data on selected solar farms with students from Indonesia; Malaysia; and Thailand. The 
project investigated the Dynamic Life Cycle Assessment (LCA) & Life Cycle Cost 
Analysis (LCCA) of Distributed Energy Systems. This research has led to new networks 
and collaborations with domestic and international agencies. The students who partici-
pated also benefit from presenting at conferences and joint research. Her Ph.D. student 
is also investigating this research topic. 
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 Dr. Szu-cheng Chien (Singapore) addressed the importance of raising students' 
awareness of creating a sustainable environment. For Singapore, the hot-humid climates 
offer an excellent opportunity to use daylight to reduce electricity use while improving 
occupants' visual comfort and productivity. One of his research focuses is the integra-
tion of daylighting and other building systems, and the project usually involves stu-
dents. He also shared the program that the Singapore Institute of Technology (SIT) used 
to align the student's understanding of sustainability. The Sustainable Education Pro-
gramme consists of 4 groups of integrated modules– projects, data workshops, guest 
lectures, and internships. This systematic learning approach has built the necessary 
knowledge and skill sets for the students to advocate for clean energy projects and inno-
vate for a sustainable future.   

 Prof. Katie Purvis-Roberts (The US) and Dr. Kanjanee Budhimethee (Thailand) 
shared their collaborative project on developing a commuter boat network on Bangkok 
canals. The goal is to investigate different locations along the canals suitable for creat-
ing a network of commuter boats and propose new facilities. KMUTT graduate students 
in Bangkok collected water and air samples, while undergraduate students in Claremont 
analyzed the data. Subsequently, KMUTT students incorporated the environmental data 
into their design concepts and proposed small design projects to facilitate the boat ser-
vice, such as a new pier and smart lighting as air quality indicators along the canals. 
Students in this joint class learned about the challenges of collecting and analyzing real-
world environmental data and created evidence-based design solutions accordingly. 
Claremont students, in particular, got very interested in the idea of solar boats.  

 In addition to the presentations in this session, others also engage their students in 
energy data collection. For example, Dr. Wan Yun Hong (Brunei Darussalam) investi-
gated the energy consumption and CO2 emission of lighting for commercial buildings in 
Southeast Asia. She assigned her students to collect data on lighting energy consump-
tion in commercial buildings, particularly the university library, where they regularly 
use it. The study also compared the energy use between artificial lighting and a combi-
nation of daylight in the library. This engagement could make them more aware of re-
newable energy choices and the impact on the building energy intensity.  

 Dr. Masayuki Ichinose (Japan) shared his project on the impact of hybrid work on 
energy consumption and CO2 emission in Tokyo and its implication for green building 
design. This work also involved his undergraduate student, who was accepted to present 
and published in the proceedings of the PLEA international conference (2022) titled: 
"Indicators to Evaluate the Introduction of Telework Post-COVID-19 flexible work 
arrangements". This student has now pursued her graduate study and continued investi-
gating the similar impact of hybrid work on energy use.   
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3.5 Summary  

This chapter describes the main outcomes of the workshop. Time-based occupancy 
and activity data in residential buildings, workplaces, and transportation are needed to 
support energy efficiency in buildings and transportation sectors. Feasibility studies for 
generating solar power, land use, and appropriate crops for biomass are required to 
promote renewable energy and resiliency.  

As a result of the interaction at the workshop and further exchanges of ideas, some 
participants with common interests created new partnerships and initiated collaborative 
projects. Finally, it illustrated that the workshop successfully raised awareness of gender 
equality in energy fields and that student engagement in energy data collection has a 
beneficial impact on their interest in clean energy further education and practice.  
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CHAPTER 4
SUMMARY OF PRESENTATIONS

This chapter summarises nineteen presentations given by the policymakers, uni-
versity faculty, and energy experts over three days. The summaries are organised into 
four groups as follow: 1) Overview of the APEC energy goals, data collection, energy 
policy refocus for the post-COVID-19; 2) Case studies on energy efficiency and the im-
pact of hybrid work on energy use in buildings and transportation; 3) Renewable energy 
and resiliency and policy implications; and 4) Gender issues related to the energy sector.  

 
4.1 APEC energy goals, data collection, and energy policy refocus post-COVID-19

Session 1: Dr. Cary Bloyd (United States) Pacific Northwest National Laboratory. 
Overview of APEC Renewable Energy, Energy Efficiency, and Energy Resiliency Ac-
tivities. 

Dr. Bloyd gave an overview of the APEC structure, clean energy mandate, and 
current projects supported by the Expert Group on Energy Efficiency and Conservation, 
the Expert Group on New and Renewable Energy Technologies, and the APEC Energy 
Resiliency  Task  Force.  The  Energy  Working  Group  is  supported  by  eight  sub-fora 
groups. APEC Leaders and energy ministers provide clean energy goals. The goals (set 
in 2015) are to reduce aggregate energy intensity by 45 percent by 2035 and double re-
newable energy in the regional energy mix from 2010 levels by 2030 to achieve sustain-
able and resilient energy development within the Asia-Pacific. 

The APEC host economy sets annual themes and priorities, and the theme for the 
2023 US host year is: “Creating a Resilient and Sustainable Future for All.” The US has 
identified three priorities:

1. Interconnected:  Building  a  resilient  and  interconnected  region  that  ad-
vances broad-based economic prosperity.

2. Innovative: Enabling an innovative environment for a sustainable future.

3. Inclusive: Affirming an equitable and inclusive future for all.

Dr. Bloyd also gave examples of current projects supported by the APEC Expert 
Groups and, more specifically,  the projects that universities in APEC economies are 
conducting to help define future APEC energy options. 
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Session 2: Data Collections for Energy Policy Post COVID-19  
Moderator: Dr. Chanyaporn Bstieler  
Ms. Elvira Gelindon: Research Fellow, APERC (Japan). APEC Energy Overview: 
APEC twin goals and a lot more. 

Ms. Gelindon gave an overview of the APEC Energy Overview produced annual-
ly by APERC since 2000. Two types of data are collected: the social and economic indi-
cators (WB) and the energy data submitted by the member economies. Where possible, 
the APEC Overview uses data provided by Experts Group on Energy Data and Analysis 
(EGEDA) and Energy Statistics and Training Office (ESTO) for consistency. The APEC 
Energy Overview objectives are: 1) To share the latest information on energy-related 
government policies of member economies; 2) To provide up-to-date information and 
insights to policymakers and researchers in the region; and 3) To promote the use of 
EGEDA/APEC data. Until 2014, APEC's progress towards its goal of reducing energy 
intensity was incorporated in the Executive Summary. In 2017, the report also included 
the analysis on doubling the share of renewable energy (RE) goal. Thus, the APEC En-
ergy Overview became a platform for monitoring progress of APEC's two goals.  

The APEC energy supply trend decreased from 2019-2020 due to reduced eco-
nomic activities during the COVID-19 lockdowns. While APEC electricity generation 
during 1990-2020 had a compound annual growth rate (CAGR) of 3.1%, from 2019 to 
2020 growth was only 0.2%, most probably due to COVID-19 lockdowns. The share of 
renewable energy increased to almost 25% in 2020 from 1990 level, mainly from hy-
dropower, wind, and solar. APEC's final energy consumption showed an increased 
CAGR from 1990-2020 but likewise decreased during pandemic. By type of fuel, oil 
consumption dropped 10.1% from 2019 to 2020. The transport sector took the brunt de-
clining 11.4% from 2019 to 2020 due to travel restrictions imposed during pandemic. 
Energy consumption in the services sector likewise declined by 6% from 2019 to 2020 
as the place of work activity shifted from offices to residential. Historically, both final 
and primary energy intensities decreased substantially from 1990-2020. CO2 emissions 
has the biggest year-on-year decline in 2020. 

 In conclusion, Ms. Gelindon shared that if this trend on final energy consumption 
continues, APEC's aspirational goal of reducing energy intensity by 45% from 2005 to 
2035 is likely achievable. Likewise, efforts should be sustained to achieve APEC's aspi-
rational goal of doubling the share of renewable energy from 2010 to 2030. Finally, she 
suggested that we closely monitor the energy efficiency and renewable energy trends 
after 2020, post-pandemic energy consumption. Next steps for the APEC Energy Over-
view is to include discussion on energy transition, in view of the global race to carbon 
neutrality and the enhanced collaboration with IEA, for the May 2023 publication.  
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Ir Prof. Harry Lai (Hong Kong, China) Principal Advisor/Carbon Neutrality, 
EMSD, Government of the Hong Kong, China. Achieving Carbon Neutrality In Col-
laboration with Universities and Research Institutions.  

Ir Prof. Lai first reviewed global developments in achieving carbon neutrality, in-
cluding the Intergovernmental Panel on Climate Change (IPCC) established in 1988 and 
the United Nations Framework Convention on Climate Change (UNFCCC) formed in 
1994. He then presented Hong Kong, China's goal, targets and strategies to achieve car-
bon neutrality before 2050. Electrical and Mechanical Services Department (EMSD) 
contributed to achieving the said carbon neutrality goal mainly via the Energy Efficien-
cy & Conservation (EE&C) route, which included setting up the Energy Efficiency Of-
fice in 1994, mandatory and voluntary energy efficiency labeling schemes, building en-
ergy codes, building energy efficiency and district cooling services ordinances, and as-
sisting to formulate the energy saving and climate action plans. 

Apart  from the EE&C plan,  other  carbon neutrality-related issues  under  study 
would  include,  amongst  others,  renewable  energy,  carbon  capture,  net-zero  energy 
buildings,  and  green  transport.  EMSD's  Support  Framework  for  Carbon  Neutrality 
comprised a Steering Committee and a Carbon Neutrality Group, leading the Energy 
Work Group, District Cooling System Work Group, and Hydrogen Team to collaborate 
with universities and research institutions to conduct the study. 

Potential areas of collaboration were:
• To keep abreast of high-end developments of new decarbonization technolo-
gies globally
• To facilitate the Government's understanding of the latest technologies
• To assist in the formulation of forward-looking policies
• To provide training opportunities for future leaders of relevant Departments

Examples of collaboration with universities and researchers included smart ther-
mostat for fan coil units, and solar hydrogen via Photocatalyst by City University of 
Hong Kong; performance of PV panels in local environment, and energy storage system 
with retired vehicle batteries by Hong Kong Polytechnic University; sustainable smart 
campus as a living lab by Hong Kong University of Science and Technology, etc. Be-
sides, the E&M AI Lab was launched to support the development of Big Data and AI 
applications for Building E&M Facilities to combat future challenges, including smart 
city initiatives, while focusing on Data Hub, Semantic AI, and Platform. 

Finally,  he  concluded  by  quoting  the  IEA Report:  Net  Zero  by  2050 that  we 
should drive a huge leap in clean energy innovation as most of the reductions in CO2 

emissions through 2030 would come from technologies already in the market. But in 
2050, almost half of the emission reductions would come from technologies currently in 
demonstration or prototype phases. Hence, major innovative efforts must take place this 
decade to bring these new technologies to the market in time.
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Session 3: Energy Policy Refocus for the Post-COVID-19 Era  
Moderator: Dr. Chanyaporn Bstieler  

Ms. Shu-mei Peng.  (Chinese Taipei) Senior Executive, Bureau of Energy, Ministry 
of Economic Affairs, Planning Division.  Chinese Taipei’s Energy Policy and Devel-
opment in the New Normal.   

Ms. Peng presented Chinese Taipei's Energy Consumption under COVID-19 and 
the net zero transition in the economy. The energy mix in Chinese Taipei is imported 
energy (nearly 98%) and local (only 2.3%), mainly from biomass and waste. The indus-
trial sector is the largest energy consumption (62.3%), while the transportation sector is 
the second largest (14.4%). Chinese Taipei's economy is export-oriented. During the 
COVID-19 pandemic, domestic energy consumption increased by 5.1% compared with 
2019, while the Industrial sector increased by 9.4%. The impact of the lockdown on 
other major sectors included transportation reduced by 4.4%, residential increased by 
8.1%, and services declined by 1.2%. 

Regarding the net zero transition in Chinese Taipei, Chinese Taipei's goal is to 
achieve Net Zero Energy goals by 2050. Net Zero transition strategy in Chinese Taipei 
includes (from low carbon to no carbon) decreasing the import of low carbon fuel while 
increasing the share of indigenous energy (renewable energy) by 60% and planning to 
improve power system integration and power storage.  

Key strategies include energy-saving through strengthening laws and regulations 
and expanding the scope of incentives and assistance. In addition, the economy will 
promote renewable energy, focusing on solar and wind power development. The solar 
PV development target is 20GW by 2025 with an offshore wind power target 
of 5.6GW by 2025. The rapid expansion of solar PV, based on the mapping of domestic 
land area inventory and technology forecast, shows an estimated solar energy potential 
in 2050 of between 40-80GW. This is subject to technology advancements(i.e., module 
efficiency). The solar PV pathway focuses on R&D in advanced battery technology, 
grid integration, and recycling.  

Two demonstration projects of offshore wind farms generated a total of 237.2MW. 
The process has three steps: demonstration, potential site selections, and zonal devel-
opment. The economy also involves developing innovative energy technologies, such as 
baseload geothermal and marine energy are prioritized, with the expansion of biomass 
energy. It will also expand the production of hydrogen. Energy storage development 
concerns the grid, power generation, and end-users (mandatory renewable energy and 
energy storage for large electricity users). Finally, for energy resiliency, the aim is to 
strengthen grid resilience.  She concluded that: 
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1. Chinese Taipei has been promoting energy transition policies promoting green
energy, increasing natural gas, reducing coal-fired, and achieving nuclear-free since 
2016, and has caught up with the worldwide agenda of net-zero emissions.  

2. Transitioning to zero carbon will focus on developing renewables and innova-
tive energy technologies (e.g., hydrogen). In addition, the economy plans to expand 
the energy-storage facilities to ensure power supply stability while improving ener-
gy efficiency and conservation implementation to utilize natural resources better 
and thereby reduce carbon emissions.  

3. Under the new normal, the energy transition policy toward a net-zero future is
essential to optimize energy structure and strengthen energy security.  

Mr. Daniel Collin G. Jornales. (The Philippines) Supervising Science Research 
Specialist EE&C Program Management and Technology Promotion Division En-
ergy Utilization Management Bureau Department of Energy, the Philippines. 
Energy Policies of the Philippines for the Post-Pandemic Era.  

This presentation gave an overview of the energy demand outlook of the Philip-
pines and the impact of the COVID-19 pandemic on the future scenario. After the ener-
gy demand declined in 2020, total final energy demand increased and returned to its 
pre-pandemic levels in 2023, continuing its growth trajectory with 38.7MTOE in 2024. 
Growth in total final energy demand rebounds in 2021, then normalizes by 2022 to 
2024, moving in parallel with economic growth. He presents policies on energy effi-
ciency, renewable energy, and energy resiliency.  

Adopting Energy Resiliency in Planning and Programming prompts the energy 
sector to mitigate the potential impacts of disasters, and promotes planning and invest-
ment in energy resiliency to ensure the economy's energy infrastructure continues to 
deliver while anticipating and reducing vulnerabilities. The RE Act aims to accelerate 
the development of the economy's renewable energy resources, including biomass, so-
lar, wind, hydro, geothermal, and ocean energy sources, including hybrid systems. The 
Energy Efficiency and  Conservation (EEC) Act institutionalizes energy efficiency and 
conservation, enhances energy use, and grants incentives to energy efficiency and con-
servation projects. 

The introduction of Designated Establishments (DEs), referring to private entities 
identified as energy-intensive industries from the commercial, industrial, and transporta-
tion sectors, aims to increase energy efficiency. Other strategies included the design 
guidelines, particularly Building Envelope, Mechanical and Electrical Systems (thermal 
performance, ventilation, and high efficiency), and the launch of the Energy Efficiency 
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Excellence (EEE) Awards (a total of 24 awardees in 2022). As of 2021, the EE projects 
implemented by ESCO resulted in an energy saving of 7.65MKWh.  

The government also encourages and promotes the energy-conserving design of 
buildings and their services to reduce the use of energy with regard to the cost-effec-
tiveness, building function, comfort, health, safety, and productivity of the occupants. 
This strategy covers new buildings and their systems and any expansion or modification 
of existing facilities with connected electrical loads of at least 112.5kWh or at least 
10,000m2 Total Gross Floor Area (TGFA). Other strategies included the design guide-
lines, particularly the mechanical systems (high efficiency and clean air), and the launch 
of the Energy Efficiency Excellence Awards (a total of 24 projects in 2022).  

Ms. Sutthasini Glawgitigul. (Thailand) Chief of Energy Cooperation Section, 
Strategy and Planning Division Department of Alternative Energy Development 
and Efficiency. Thailand Energy Policy Refocus for the Post-COVID-19 Era. 

This presentation addressed the effects of the COVID-19 pandemic on the energy 
sector in Thailand. The energy demand declined, and there was a shift in energy use due 
to reduced income and supply chain disruptions. In 2022, the overall energy consump-
tion increased by 3.2%. The primary consumption trends in 2023 have also gone up by 
2.7%. The direction of energy policy in 2023 addressed three goals: energy security, a 
carbon-neutral goal in 2050, and Net Zero Emission in 2065. Thailand's energy policy 
comprises four dimensions. 

Dimension 1: Energy creates stability for a low-carbon society. This dimension 
includes, for example, a domestic energy plan, grid modernization, and EV investment.

Dimension 2: Energy to strengthen the economy. This aspect involves developing 
financial tools to promote energy conservation, implementing the Building Energy Code 
(BEC) in the public sector through the Energy Service Companies (ESCO) mechanism,
and promoting electricity generation from renewable energy.  

Dimension 3: Energy to reduce inequality and improve life quality. This element 
specifically addresses using biomass and biogas from energy crops for communities and 
local economy, sustainable island and remote areas, and support for vulnerable groups 
through public welfare schemes.

Dimension 4: Organizational Development for Service Providers. This aspect in-
volves, for example, providing services to the National Energy Information Center and 
analyzing and designing digital  technology systems to  increase  efficiency in  energy 
business regulation.
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Dr. Wahyu Sujatmiko. (Indonesia) Specialist Engineer-Directorate for Settlement 
and Housing Engineering Development-Directorate General of Human Settle-
ments. Indonesia Green Building Regulations. 

Dr. Sujatmiko presented the development of green building policies, regulations, 
and implementation in Indonesia. In 2030, Indonesia predicts that Green House Gas 
(GHG) emissions will increase by more than 1,500MtCO2, and the economy aims to 
achieve Net Zero Emissions by 2060. Indonesia established a green building roadmap 
and strategies to overcome challenges, involving building research and innovation, and 
developing Green Building Standard Conformity Test Equipment. The Ministry of Pub-
lic Works and Public Housing (MPWH) was responsible for preparing and developing 
the Green Building Performance Assessment/Rating.  

Green building regulations require Green Building Performance Assessments for 
new and existing buildings, community neighborhoods, as well as new and existing 
green space. The assessment parameters include site management, energy and water ef-
ficiency, indoor air quality, waste management, and wastewater management. To date, 
many commercial and public buildings are certified as Green Buildings. Indonesia's 
new capital city is among several projects preparing for Green Building Certification.  

During the planning stage, the Green Building Simulation Support is available, for 
example this includes fire safety simulation. Strategies to promote the implementation 
of Green Building Policies include capacity building through training and providing a 
transition period, accelerating the implementation by local Government, and improving 
the assessment parameters. The economy also supports green building research and in-
novation, such as a prototype of low-carbon apartments incorporating the hybrid ap-
proach, a combination of active and passive design.  

Mr. Joan Manuel Romero Ubiergo and Ms. Priscilla Leufuman. (Chile)
Ministry of Energy, Chile. Energy Policy Refocus for the Post-COVID-19 Era. 

  In March 2020, the Chilean Government declared a state of emergency and 
implemented quarantine measures. As a result, public and private companies adopted 
remote work policies. The economy established several measures to monitor electricity 
consumption and energy demand to ensure energy supply throughout the logistic chain 
and prioritize worker health and safety. 

During the state of emergency, various sectors experienced reduced electricity 
demand, particularly the commercial sector. Additionally, suspending electrical con-
sumption during peak hours in the summer aimed to support families, economic activi-
ty, and employment. The Government also implemented a contingency plan to provide 
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support during this challenging time, benefiting over 3,000,000 low-income Chilean 
families by covering their energy bills. Furthermore, the Government allocated USD5 
million towards renewable energy and energy efficiency projects. 

Chile aims to achieve Carbon Neutrality by 2050 through four key aspects: 

• Increasing the share of renewable energy and phasing out coal power
plants 

• Promoting energy storage and electromobility (the principle of using elec-
tric propulsion for a wide range of transportation types) 

• Emphasizing hydrogen technologies

• Implementing energy efficiency measures

In 2021, the approval of the energy efficiency law marked an important step in 
this direction. The law includes provisions for institutionalizing energy efficiency, im-
plementing energy management systems in industries, establishing energy labeling for 
buildings, and setting efficiency standards for vehicles. Chile also incorporates the 
process of public participation in energy policy. There is an ongoing discussion within 
the working group comprising the Minister of Energy, representatives from the public 
sector, and the National Energy Commission. 

4.2 Case Studies 

Session 4: Case Studies on Energy Resilience in Commercial Buildings 
Moderator: Dr. Katie Purvis-Robert
Prof. Michael Siminovitch (The United States) Rosenfeld Chair, California Light-
ing Technology Center, UC Davis. Experimental research and data collection to in-
form energy policies in California.  

Dr. Siminovitch presented the vision for California that aims for a 15% 
reduction in GHG emissions, and "The 100 Percent Clean Energy Act of 2018," or Sen-
ate Bill 100 (SB 100) that, requires 100% electricity created by zero-carbon resources 
by 2045. The University of California set a goal to achieve Carbon Neutrality by 2025. 
Buildings account for almost 40% of The US’s carbon emissions. Achieving zero-net-
energy buildings would require government policy, new technologies, best practices, 
and reducing wasted energy. Wasted energy is commonplace and represents more than 
50% decarbonization opportunity. He highlighted a gap between an ideal building's en-
ergy use profile and the energy use in real buildings, where unoccupied buildings tend 
to use the same energy as those occupied.    
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However, translational research can drive policy through laboratory research, 
demonstration, training, and codes and standards. But currently, policy goals need to be 
mapped to strategy, addressing the lack of standards and effective regulations, and edu-
cational programs. Dr. Siminovitch also suggested that we need building monitoring 
data to realize these energy-saving opportunities and to understand where and when en-
ergy is used in lighting. He shared examples of how data from research and demonstra-
tion projects help drive building standards, a mandatory measure leading to actual ener-
gy savings.  

For example, his study found 75% of energy-saving opportunities in common 
spaces, particularly corridors, stairwells, bathrooms, and large parking lots. This data 
informed the following policies in California: a policy requirement for residential sen-
sors (2005) and load shedding, with and without adaptive lighting controls (demand re-
sponse). Sensor-based commercial building standards (2019) require corridors and 
hallways with bi-level control (lights to 50% power on vacancy, automatically to 100% 
on occupancy, with sensors) and contribute to 40% savings.  

Prof. Masayuki Ichinose. (Japan) Tokyo Metropolitan University. The impact of 
hybrid work on energy consumption and CO2 emission in Tokyo and its implication 

for green building design.   

Dr. Ichinose gave a brief overview of the history and future scenarios of energy 
consumption as well as CO2 emission in Asia. These scenarios call for more rigorous 
energy efficiency measures in the building sector, resulting in wider adoption of in-
ternational and local voluntary 'green building' labeling schemes throughout the region. 
These include LEED (Leadership in Energy and Environmental Design), one of the 
most widely used green building rating systems worldwide.  

However, Dr. Ichinose and his local collaborators conducted field measurements 
and questionnaire surveys in certified green buildings in tropical APEC economies, such 
as Singapore; Thailand; and Viet Nam. They found an insignificant relationship between 
the designed energy performance and the actual energy use intensity (EUI). The occu-
pant survey also revealed physical symptoms from too low-temperature settings and 
other discomfort due to poor indoor environmental quality control. Therefore, he pro-
posed that the economies require real energy data and occupant surveys from occupied 
buildings to incorporate into future green building assessments.  

Finally, he presented the results from his investigation (Tsukahara et al., 2022) on 
the impact of hybrid work on the overall energy-saving potential for building and trans-
portation sectors, using an insurance company in Tokyo as a case study. The study con-
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sidered the number of employees who occupied the office and the frequency and cost of 
travel to work in the office. The results indicated the data types needed for the economy 
to decide on hybrid work policies and still benefit from energy savings.  

Prof. Wan Yun Hong. (Brunei Darussalam) Universiti Brunei Darussalam. Energy 
consumption and CO2 emission of lighting for commercial buildings in Southeast 

Asia.  

Dr. Wan Yun Hong presented her research investigating an appropriate approach 
for estimating energy consumption, CO2 emissions, and electricity cost of lighting in 
commercial buildings in Southeast Asia. The aim was to suggest a lighting decarboniza-
tion pathway and support the global ambition of net zero emissions. Although some 
80% of lighting in Asia-Pacific is covered by the Minimum Energy Performance Stan-
dards (MEPS), accelerating the adoption of high-efficiency light-emitting diodes (LED) 
would significantly reduce the energy intensity and lighting carbon footprint (IEA, 
2022).  

The first study (Hong & Rahmat, 2022) compared building energy intensity 
(BEI), lighting energy use, CO2 emissions, and electricity cost among six commercial 
building types in Brunei Darussalam; Malaysia; Singapore; and Thailand. The results 
suggested that retail paces are the largest contributor to lighting carbon footprint. In ad-
dition to adopting LED, integrating daylight and appropriate lighting control strategies 
would increase lighting energy savings potentials. The second study (Hong & Rahmat, 
2021) investigated models for estimating energy-saving prospects of different lighting 
designs and control scenarios. She suggested that the best model for estimating lighting 
energy consumption was the multiple non-linear regression model (MNLR). 

Session 5: The Impact of Hybrid Work on Energy Use in Buildings and Trans-
portation 
Moderator: Prof. Szu-cheng Chien  

Prof. Crispin Emmanuel D. Diaz. (The Philippines) School of Urban and Regional 

Planning, University of the Philippines – Diliman. Hybrid work and transportation 

mode choices in Metro Manila: an initial survey.  

Dr. Diaz presented the results from his initial survey on the relationship between 
hybrid work and transportation mode choices in metro Manila. Telecommuting, the 
practice of working from home, using the internet, email, and the telephone, allows 
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employees to avoid travel costs and time spent traveling. Thus we expect the reduction 
in energy use to correspond to decreasing pollution. Based on estimates, current 
telecommuting arrangements save, on average, PHP159.64 per week per employed 
person and 103.49minutes per week per employee. Local studies suggest that the 
"commute time reduction" will likely be used by people for resting, spending more time 
with family, and leisure. Retaining telecommuting, where possible, can significantly 
impact the quality of life.  

However, this initial study has the following limitations. The survey may 
underrepresent some occupations. Actual telecommuting arrangements may change, 
with employers making further adjustments to boost productivity. While telecommuting 
allows people to avoid transport costs, the survey needed to verify if they stayed home 
to do their remote work. Telecommuting may induce additional expenditure related to 
energy and material use at home (instead of at the office); the survey did not inquire on 
"new" activities or practices or changes in the allocation of time to various activities 
within a working day (and possible energy implications). Travel cost-saving estimates 
did not account for potential reductions resulting from congestion relief (based on the 
premise that fewer people on the road will reduce traffic volumes).  

Dr. Ir. Rizki A. Mangkuto. (Indonesia) IPM Building Physics Research Group. 
Faculty of Industrial Technology, Institut Teknologi Bandung. Towards ‘Locally-
Relevant’ Daylight Metrics in the Indonesian Context.  

Dr. Mangkuto addressed the benefits of daylight to our visual performance, 
health, and well-being, but at the same time, daylight also directly contributes to ther-
mal comfort and heat gain, particularly in tropical buildings. Daylighting design in the 
tropics requires an accurate assessment of its visual and thermal impact on the build-
ings, which is still challenging. Currently, we rely on lighting modeling, computer simu-
lations, and real measurements to evaluate the visual and thermal performance of light-
ing design and energy use. Therefore, daylight metrics suitable for the local context in 
Indonesia are essential to predicting indoor lighting quality. 

His ongoing research includes daylight modeling and simulations in elementary 
schools, passive design optimization of building envelops, building-integrated photo-
voltaic (BIPV) facade optimization, and daylight evaluation and simulation in a room 
with a kinetic facade. He also compared the advantages and disadvantages of different 
daylight metrics and sky models. While detailed results vary, he suggested that useful 
daylight illuminance (UDI) can be a good predictor of indoor daylight availability in the 
tropical context. Further study is investigating variables due to the different microcli-
mates of various locations in Indonesia.
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Prof. Ampol Karoonsoontawong (Thailand) Faculty of Engineering, King 
Mongkut’s University of Technology Thonburi (KMUTT). Sustainable transporta-
tion: the proposed canal transit network for west Bangkok.  

Dr. Karoonsoontawong presents the development of water transport systems in the
Bangkok  Metropolitan  Area  that  is  consistent  with  Thailand’s  20-year  strategies 
(2018-2037) and emphasized the promotion of a water transportation network, conser-
vation of clean canals and rivers, and canal and river tourism. The study presents the 
criteria for classifying rivers and canals, the type of boat, and pier sizes for developing a 
water transportation network map (W-MAP). The objective is to investigate possible 
canal boat transportation routes, pier locations, pedestrian paths, and connections be-
tween piers and existing public transport stations in Western Bangkok and forecast the 
canal boat transportation demand by applying the existing travel demand model incor-
porating the proposed canal boat transportation system.

He points out the benefit of water transport, which is that travel costs and con-
struction prices are cheaper than land travel by road. Also, the challenges in urban travel 
and transportation services, such as balancing efficient travel and transportation services 
with environmental friendliness, safety, and energy savings, provides the possibility of 
creating sustainable urban travel and transport methods in megacities with an increasing 
number of people, mobility efficiency, sustainable, and inclusive for users of all ages. 

The researcher categorized the potential of 108 canals in Bangkok for transporta-
tion into three types; the first type can be used for water travel and the second group has 
potential but needs some improvement, while the last group has no potential. The results 
suggested that future travel patterns in the west of Bangkok have developed rapidly ac-
cording to the development of public transportation projects, but are not connected to 
the public transport system on the ground and grow without clear direction. 

Dr. Karoonsoontawong addressed the importance of stakeholder involvement in
the development of policies to support water travel. It is also important for parallel stud-
ies to create new alternatives to the public transport system and the process of collecting 
sampling data in waterfront areas, both the physical aspects of the canal route, water 
quality, air quality, activities, and quality of life of riverside communities in 4 districts 
of western Bangkok (Khlong San, Thon Buri, Chom Thong, and Thung Khru). 

The research also includes maps showing the potential of using the canal to con-
nect to travel in west Bangkok, the environmental quality and vibrancy of weekdays, 
community and quality of life satisfaction, and proposes six different routes from the 
stakeholder  surveys.  Future  work  is  proposed  for  the  canal  transit  network  in  west 
Bangkok: studying the piers on the proposed six routes with high passenger demands on 
the connections to nearby bus/rail stations, estimating a new mode choice model that 
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separately considers the proposed canal boat transportation mode, and evaluating the 
environmental impacts of the proposed canal boat system in western Bangkok.

Notes from the event presentations and discussions: 

Energy use in the Asian economy's transportation is a significant contributor due 
to rapid industrialization, urbanization, and increased vehicle ownership. Thailand's data 
shows the need to address transportation energy use, and water transportation can play 
an important role in the transportation energy policy of the APEC region. By promoting 
an intermodal transport system integrated with waterways, APEC can encourage the de-
velopment  of  infrastructure  and logistics  systems that  facilitate  seamless  intermodal 
connectivity, alleviate pressure on congested roads and reduce energy consumption in 
the transportation sector. 

APEC economies can advance sustainable, efficient, and reliable coastal and in-
land waterway transport  by developing low-emission vessels,  optimizing routes  and 
scheduling to minimize fuel consumption, and investing in infrastructure to support en-
vironmentally friendly water transport. APEC can foster research and innovation in wa-
ter  transportation  technologies  and  practices  by  encouraging  collaborative  research 
projects, sharing of best practices, and facilitating technology transfer to accelerate the 
development and adoption of energy-efficient and sustainable solutions in the maritime 
sector. This activity can involve partnerships between governments, industry stakehold-
ers, and research institutions to drive technological advancements.

It is important to recognize that the significance of water transportation may vary 
across different APEC economies depending on geographical characteristics, trade pat-
terns, and infrastructure development. Therefore, specific policies and strategies related 
to water transportation should consider each economy's unique circumstances and prior-
ities within the APEC framework.

Session 7: Energy Resiliency and Policies Implications 

Moderator: Prof. Michael Siminovitch  

Prof. Thang Nam Do. (Australia) Australian National University. Harnessing solar 
and wind for sustainable cross-border electricity trade in the Greater Mekong Subre-
gion. 

From 1995 to 2016, the Greater Mekong Subregion (GMS) annual electricity gen-
eration increased by 430%, reaching 775TWh, mainly relying on hydro and coal power, 
which is an unsustainable pathway that leads to many environmental consequences, e.g., 
biodiversity loss, fishery, and sediment losses, increased droughts and salt intrusions, air 
pollution, and climate change. 
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Potential solutions exist for more sustainable methods of generating and storing 
electricity in the GMS. Generating electricity from wind and solar energy is comple-
mentary on a seasonal basis. Thus, wind and solar with short-term, diurnal energy stor-
age should be enough, as 25,500GW solar PV and 1,100GW onshore wind at sites 
would far exceed current electricity generation, plus there is good potential offshore 
wind in Viet Nam and Guangxi. Furthermore, the Levelized Cost of Energy (LCOE) for 
solar PV and onshore wind fell by about 85% and 56% between 2010–2020. And for the 
low environmental impact energy storage solution is off-river pumped hydro energy 
storage, which also reduces risks of insufficient water availability for dam operation in 
some seasons. 

However, some strategies exist to implement solutions in the region, enabling 
community participation in decision-making, developing regional high-voltage direct-
current super grids, crediting systems to verify and validate ‘sustainable’ electricity, and 
boosting regional electricity trade. 

Mr. M.K. Balaji. (Thailand) Director, Advanced Energy Systems, USAID’s South-
east Asia’s Smart Power Program: Southeast Asia Energy Transition From RE 
Power and Policy  

The primary goals of USAID's Smart Power Program encompass three key 
objectives: 

• Deploying Advanced Energy Systems

• Mobilizing financing

• Increasing regional energy trade by 5% in Southeast Asia within five years

This program aims to strengthen energy security in Southeast Asia by establishing 
transparent and open energy markets, promoting energy trade, and transforming the en-
ergy sector to ensure widespread access to clean, reliable, and affordable energy. The 
technology readiness level (TRL) of generation, transmission, and distribution, as well 
as energy utilization, is quite mature, ranging from 8 to 10, signifying that these systems 
have been fully integrated into commercial designs and are ready for market implemen-
tation. 

USAID conducts comparisons across various dimensions of the energy landscape 
in economies across Southeast Asia, including the level of policy support, regulatory 
and fiscal support, natural resource potential, stage of market development, and status of 
investment and access to capital. The statistics indicate that investing in existing envi-
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ronmental resources is more feasible than creating new ones, resulting in lower invest-
ments for Singapore and Malaysia than the overall investment in this region. There are 
noticeable trends in startup investment facilitated by environmental, social, and gover-
nance funds, blended finance, and green bonds. However, challenges arise from a need 
for more understanding of the clean energy sector by financiers and startups, a scarcity 
of appropriate capital options, limited monetization alternatives, and high transaction 
costs associated with clean energy investments. 

Essential indicators for environmental startups encompass the number of new en-
ergy startups, research laboratories, universities, and networking assets, including start-
up events, incubators, capacity-building initiatives, supporting organizations, and envi-
ronmental entrepreneurship. 

4.3 Gender Issues Related to the Energy Sector


Session 8: Gender Issues Related to the Energy Sector  

Moderator: Dr. Chanyaporn Bstieler  

Prof. Norasikin Ahmad Ludin (Malaysia) Solar Energy Research Institute (SERI) 
National University of Malaysia. Women Empowerment in the Energy Sector.  

Statistics reveal a gender disparity in career advancement within the science and 
energy sectors, with women holding fewer positions than men. For instance, women 
comprise only 32% of the energy workforce, with 45% occupying administrative roles 
and only 28% in technical positions. Several factors contribute to this gap, including 
challenges  in  maintaining  work-life  balance,  particularly  during  maternity,  gender 
stereotypes associated with women in these fields, and limited access to training and 
career progression opportunities.

A panel discussion on career pathways and opportunities for women in the energy 
sector and circular economy businesses in Malaysia revealed that in 2022, there had 
been notable progress in women's representation within companies. They now hold 40% 
of senior leadership positions, including roles on the director board, energy policy deci-
sion-makers, engineers or technicians, and CEOs. This positive change is attributed to 
businesses in the energy sector adapting to new challenges and opportunities arising 
from the post-COVID-19 era, including the climate crisis, energy security concerns, and 
increasing prices. The companies have introduced flexible working patterns and com-
mitted to diversity and inclusion over the past year.

Closing the gender gap in the energy sector's work environment requires a strong 
commitment from the government, industry, and stakeholders to foster equal opportuni-
ties for women and promote best practices in inclusive work culture. Moreover, provid-
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ing professional training and mentoring programs is vital for women's career develop-
ment. The ongoing work is to strengthen women's roles in the innovative sustainable 
energy and cooling sector to address poverty and household dynamics through a gender-
based study on energy and cooling access, to improve health and wellbeing as tempera-
ture affects men and women differently, to develop financing gender-sensitive energy 
cooling solution, and to support awareness raising activities such as education and shar-
ing platform.

Dr. Jirawadee Polprasert (Thailand) Faculty of Engineering. Naresuan University. 
Gender Issue Related Energy Sector.

Sector 5 of United Nations Sustainable Development Goals is about gender equal-
ity, aiming to achieve gender equality by 2030. Key definitions related to the topic in-
clude sex, gender, gender equality, gender mainstreaming, empowerment of women, and 
gender parity/balance. The issues concerning equality and energy issues are basic hu-
man rights, education, health, and access to jobs and livelihoods for women and men. 
Therefore, gender equality is an intrinsic human right to narrow the gaps in wellbeing 
between men and women and an instrument for economic development, productivity, 
family welfare, and the establishment of inclusive institutions. 

Gender-related energy challenges in Thailand encompass various domains, such 
as household energy, electricity accessibility and pricing, renewable energy technology 
options, energy-efficient household management, and the social implications of major 
energy infrastructure projects, including displacement, resettlement issues, immigration 
concerns, inequitable benefit sharing, and land-related concerns. 

Finally, the author proposed the following next steps to help make society more 
inclusive and fair for everyone: 

• Connecting domestic and international efforts.

• Empowering individuals from the bottom-up.
• Providing targeted funding.
• Improving access to networks.
• Implementing supportive policies for gender equality.

Dr. Amornwan Resanond (Thailand) Director, Clean and Sustainable Energy, 
Southeast Asia’s Smart Power Program.  GESI Implementation: A Case Study of 
Public EV Transport Policy Formulation in a City, Thailand. 

Promoting gender equality and social inclusion (GESI) is crucial for sustainable 
development as it benefits everyone equally. GESI mainstreaming involves: 
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• Considering the impact of planned actions on all individuals and incorpo-
rating diverse perspectives in designing. 
• Monitoring and evaluating policies and programs across political, econom-
ic, and societal domains.  

There are four levels of GESI mainstreaming: Level 0 - non-compliance (GESI 
unaware) when the project fails to identify different needs and impacts for women and 
marginalized groups. Level 1 - minimum compliance (voice) when the project addresses 
women's and marginalized groups' basic needs and vulnerabilities. Level 2 - empower-
ment (choice), when women and marginalized groups are equally involved in decision-
making in the project. Level 3 - transformation (control), when women and marginal-
ized groups have active control over resources. 

In the case of Korat City in Thailand, the team incorporated GESI into formulat-
ing the Public Electric Vehicle (EV) policy. The process begins with transport surveys 
that ensure the inclusion of women, persons with disabilities (PWD), and marginalized 
groups, comprising 50% of the survey population. These surveys gather preferences for 
transport behavior through questionnaires and conduct focus groups to understand the 
condition of transitioning to the proposed e-bus system. Additionally, a field survey of 
infrastructure identifies potential issues that may impact the safety and accessibility of 
women, children, older people, and PWD. The project involves data collection and 
analysis of travel routes of local citizens, with a particular focus on women, which will 
inform the development of transportation policies. 
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CHAPTER 5 
CONCLUSIONS AND NEXT STEPS

This report summarises the activities and key findings from the US-led APEC-
funded workshop titled “Building Back Better: Energy Efficiency, Renewable Ener-
gy, and Energy Resiliency in the New Normal (EWG 12 2021A)." The three-day 
workshop in Bangkok, Thailand, from 11-13 January 2023, comprised 22 presentations, 
four group discussions, and a half-day boat trip. Forty-five speakers and participants 
from 14 APEC economies actively participated in the workshop: policymakers, univer-
sity faculty, graduate students, and energy experts from APERC and the private sector. 
The main findings include data required to support the policymakers, energy policy rec-
ommendations, new partnerships, and four potential collaborative projects. Finally, it 
presents the next steps each working group will take to develop project proposals and 
obtain funding for further activities.  

5.1 Main Findings 

5.1.1 Data Required for Policymakers 

1. Time-based activity and occupancy data for non-residential buildings and main public
spaces requiring area lighting

2. Hybrid work and travel patterns and energy use in residential and office buildings and
transportation sectors

3. Assessment of energy performance and lighting quality for new lighting and control
technologies for commercial buildings and public lighting

4. Potential areas and feasibility study of small-scale solar energy projects and disposal
of expired solar panels

5. Bio-mass appropriate crops for each economy and land use models to ensure food se-
curity

6. Available technologies and cost of the energy storage systems for solar PV and wind
energy, and the improvement of new technologies for higher efficiency and capacity
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5.1.2 Policy Recommendations 

1. Energy use patterns monitoring policy. APEC economies shall require newly built
and renovated buildings (over certain usable areas) to install some level of monitoring
that provides data on energy use, including daily and seasonal patterns. The data will
provide insights for policymakers about energy management and energy-saving oppor-
tunities.

2. Assess the net energy use and make informed Work from Home (WFH) policy
decisions. APEC economies shall assess the net energy use in the building and trans-
portation sectors, resulting from the new work and travel patterns after the COVID-19
pandemic. This project would contribute to establishing WFH policies that would help
APEC economies to achieve energy efficiency and resiliency goals and, at the same
time, reduce environmental impact.

3. Provide an enabling mechanism in solar energy management. APEC economies
shall provide enabling means for solar energy installation and management for small-
scale projects, such as individual homes and communities. The economies should con-
duct a feasibility study of new solar projects and provide financial and technical sup-
port. The energy regulations should allow private homeowners and local communities
to own, produce, and use their clean electricity. The economies shall have a clear strat-
egy for the disposal of solar panels and batteries after the end of life.

4. Require training for energy professionals and education for youth. The APEC
economies shall require energy practitioners to implement energy policies to complete
a comprehensive training path. Additionally, the economies shall encourage schools to
integrate fundamental knowledge of energy and electricity consumption and cost into
compulsory education.

5. Reduce gender disparity in energy-related careers and policies. Regarding gender
equality in the energy sector, APEC economies shall provide appropriate training op-
portunities and implement supportive working policies to reduce career gaps for
women in energy-related fields. The economies should also incorporate women’s re-
quirements and behavior in the energy policy formation.

5.2 New Collaborations and Potential Projects  

5.2.1 Reducing Lighting Carbon Footprint in the Tropics 

Experts in building physics, energy policy, and lighting from Brunei 
Darussalam; Indonesia; Japan; the Philippines; Singapore; Thailand; and The United 
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States have common interests in integrating daylight and artificial lighting to reduce the 
energy intensity and, at the same time, to increase the share of renewable energy for 
buildings used during the daytime. Another new partnership between KMUTT and the 
USAID Southeast Asia Smart Power Program (SPP) was also developed. The follow-
ings are potential collaborative projects: 

• The second phase (2023-2024) of the research project funded by the Thailand
Science and Technology Research Agency was titled: "Development of Daylight-
ing Integration for Future Workplace to Reduce Environmental Impact and
Promote Well-being: A Case Study of Bangkok". This forms part of a three-year
research plan on "Developing Lighting Innovation for Future Workplace", led by
the Lighting Research and Innovation Centre, KMUTT.

• The energy experts from USAID Southeast Asia Smart Power Program (SPP)
and KMUTT are exploring new collaborations and funding schemes to develop
lighting design standards and specifications for LED streetlights and lighting
and cooling energy use in airport buildings in Thailand, and then may expand to
Indonesia.

• The representative from the Department of Alternative Energy Development and
Efficiency (DEDE), Ministry of Energy, Thailand, is interested in developing
demand-response lighting codes similar to the California standards proposed by
the California Lighting Technology Center, University of California Davis (The
US). These advanced lighting codes will allow the economy to utilize LED and
lighting control technologies fully.

5.2.2 Sustainable Transportation 

A new collaboration between the Philippines and Thailand was developed, and the 
key members agreed to explore two potential research projects to reduce energy use and 
environmental impacts from the transportation sector post-COVID-19 pandemic. These 
are the following:   

• Dr. Crispin Diaz (The Philippines) proposed an online survey to investigate the
APEC economies' changing work and travel behavior post-COVID-19. The sur-
vey questions can be modified from his initial study in Metro Manila. As this
project has common objectives as the one proposed by the energy in buildings
group, the two groups will explore the best way to combine both aspects into the
same survey.
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• Dr. Kanjanee Budhimethee and Dr. Ampol Karoonsoontawong (Thailand), and
Dr. Crispin Diaz (The Philippines) will develop a joint proposal to conduct a
comparative study on challenges and opportunities to integrate water transport in
Bangkok and Manila's sustainable transportation plan. They will focus on the
City of Bangkok's plan to link different modes of transportation with boat ser-
vices in the Chao Phraya River and canals in west Bangkok and the Pasig
River in Manila.

5.2.3 Investigating effective models for community-based Solar PV in the APEC 

 For renewable energy and resiliency, a new collaboration has been established 
between Dr. Norashikin Ahmad Ludin (Malaysia), Dr. Katie Purvis-Roberts (The United 
States), Dr. Bundit Fungthammasan, Dr. Athikom Bangwiwat, and Dr. Worajit Settha-
pun (Thailand). The following outlines the new project proposal developed for obtain-
ing funding from the APEC's Energy Working Group in late 2023.  

      The project will assess the available areas for solar power generation and the most 
effective models to support small and community-based solar PV installations. The 
main activities will comprise case studies, focus group discussions, workshops, and pol-
icy dialogue with key stakeholders from the public and private sectors, including com-
munity representatives, in the APEC economies. Figure 5.1 shows the diagram of a 
community-based solar PV installation and connection to the main grid. 

Figure 5.1 Community-based solar PV installation and Grid Connection 
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5.3 Next Steps 

    According to the potential new project concepts described above, each project has 
lead members who will coordinate further online and, in some cases, onsite meetings to 
discuss and develop the proposals to obtain the necessary funding. As some proposals 
are part of a long-standing research plan that is already funded, the project leaders can 
integrate the new collaboration more easily than the ones newly established. The fol-
lowing are planned activities in the coming months: 

• Modification of the questionnaire surveys created by Dr. Ichinose and Dr. Diaz
and combined with questions on workplace lighting by Dr. Bstieler for investi-
gating the impact of new work and travel patterns on energy use in six APEC
economies in Southeast Asia.

• Developing proposals for creating lighting standards and common specifications
for LED streetlights and lighting and cooling best practices for airports in devel-
oping economies in collaboration with USAID Southeast Asia Smart Power
Program and consultation with relevant public sectors and other regional agen-
cies, such as Thailand’s Department of Airport, Ministry of Transportation and
the ASEAN Centre for Energy (ACE).

• Organising a meeting between Dr. Michael Siminovitch (California Lighting
Technology Center, the United States) and the representative of DEDE, Thai-
land, and exploring the possibility of collaborating on establishing an advanced
lighting standard for demand-response in commercial and industrial buildings.

• Developing a proposal for a comparative study on challenges and opportunities
to integrate water transport in Bangkok and Manila's sustainable transportation
plan. Appropriate funding in Thailand or the Philippines will need to be identi-
fied.

• Developing a concept note for APEC's EWG funding to assess the potential of
solar power generation and the most effective models to support small-scaled
and community-based solar PV installations in the APEC developing economies.
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5.4 Conclusion 

In conclusion, this three-day APEC-funded workshop titled "Building Back 
Better: Energy Efficiency, Renewable Energy, and Energy Resiliency in the New 
Normal (EWG 12 2021A)" was a successful and interactive event where speakers and 
expert par-ticipants from 14 economies attended. The workshop also reached the project 
objectives of identifying data gaps required by policymakers to achieve the APEC's 
aspirational energy goals, establishing new collaborations, and developing potential new 
projects to realize these projects. Finally, it also raised awareness on reducing the 
gender gap for women in energy-related careers and involvement of women's behavior 
and opinion in forming energy policies.  
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APPENDIX B 

SUMMARY OF THE EVALUATION 

This section summarises the workshop evaluation survey which we distributed a 
link to the evaluation form via email to all participants at the end of the workshop and 
twice after the event to collect as many evaluations as possible. We received 24 re-
sponses (37.5% are female and 62.5% are male) from 45 participants. The survey com-
prised twenty questions and statements and was divided into two types: the first provid-
ed five multiple choices - with an option to provide additional comments, and the other 
were open-ended questions. Overall, most of the respondents agree and are satisfied 
with the workshop objectives, materials, methods of delivery, and outcomes. Most also 
reported that they learned new knowledge, and participating in the event motivated 
them to explore new collaborations with other economies. Details are as follows: 

Nearly 80% of the respondents strongly agree, and 20% agree that the workshop's 
objectives were clearly defined. More than half (54%) strongly agree, and 46% agree 
that the project achieved its objectives. Seventy-one percent strongly agree, and twenty-
nine percent agree that the agenda items and topics were relevant. Almost 80% strongly 
agree, and 21% agree that the content was well-organized and easy to follow. Half 
(50%) of the respondents strongly agree, and the other half (50%) agree that the work-
shop sufficiently addressed gender issues.  

Almost all respondents (92% strongly agree and 8% agree) are confident that the 
speakers, experts, and moderators were well-prepared and knowledgeable about the top-
ic. They find the materials distributed useful (58% strongly agree and 42% agree). 
While more than 90% agree that the time allowed for each session is enough, 8% felt 
that the time for each presentation with Q&A session could be longer. There are also 
suggestions that group discussions could be placed at the end of each day. 

Some 92% consider this project very much and most relevant to them and their 
economy, particularly because of the workshop's main theme of identifying data needed 
for renewing energy policies and strategies after the COVID-19 pandemic. In their 
views, the project's achievements include 

1. Exchanges of information (e.g., energy-related regulations and standards)
and new knowledge from other disciplines and economies; 

2. Alignment of the energy goals and action items between the economies;
and 
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3. network between policymakers and academics for future collaborations
and possible new projects. 

The respondents rated their knowledge of the topic after the workshop higher than 
before the event. Seventy-five percent of the respondents indicated that the workshop 
impacted their interest in collaborating with other organizations, and two-thirds are ex-
tremely likely to explore the possibility of new collaborations. There are interests in col-
laborating with or learning more about other organizations between policymakers (In-
donesia; the Philippines; Chinese Taipei; and Thailand), research institutes (APERC and 
IEA), and university faculties in other economies. For example, the Ministry of Energy, 
Thailand, is interested to learn more about the advanced lighting standards developed by 
the University of California, Davis (The US); the Ministry of Public Works and Public 
Housing, Indonesia and the Ministry of Energy, the Philippines are open to exploring 
new collaborations with multiple universities and economies.  

The respondents plan to apply the project contents and knowledge gained from the 
workshop at their workplace. These include:  

• Developing new policy initiatives on energy efficiency and revising exist-
ing regulations (such as WFH policies and green building standards),  

• Organizing the training about developing the renewable energy project in
Thailand and SE Asia 

• Developing the core technical concerns when selecting the street lighting
technology 

• Improving surveys and procedures for data collection to investigate the
impact of WFH on energy use in buildings and transportation 

• Harmonizing green building standards and Minimum Energy Performance
Standards (MEPs) 

Many respondents suggested that APEC could disseminate the outcomes of this 
project and support more of this workshop that brought together policymakers and re-
searchers from energy-related fields. They also recommended that the APEC could sup-
port cooperative data collection as identified at the workshop, which can inform energy 
policies in each economy. Finally, the respondents proposed some improvements to the 
workshop, such as adding a writing proposal at the end and making a roadmap for each 
topic discussed to monitor and evaluate the project's progress and effectiveness regular-
ly. This will allow for any necessary adjustments to ensure the project is meeting its ob-
jectives. 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EXECUTIVE SUMMARY 

Background

This report provides background information for the upcoming US-led APEC-funded 
workshop held in Bangkok, Thailand, from 11-13 January 2023. The workshop is titled: 
"Building Back Better: Energy Efficiency, Renewable Energy, and Energy Resiliency in the 
New Normal (EWG 12 2021A)". The report has been developed based on the results obtained 
from the 2-day online APEC-funded workshop in June 2021, which brought together policy-
makers and academics from 16 economies. Results from the previous seminar suggested explor-
ing several themes further to provide better data gathering for achieving ambitious APEC ener-
gy goals.  

One of the main themes was the impact of the COVID-19 pandemic on the changing 
work patterns and lifestyles; and how these changes may affect energy use and resiliency in the 
APEC economy. We are focusing on energy efficiency and renewable energy in the built envi-
ronment and transportation sector as they are closely linked to the new working and living pat-
terns. Another central theme was reducing lighting's carbon footprint, taking advantage of ad-
vanced light sources (LED) and control technologies. In particular, daylighting in the tropics is 
of a concern, where daylight is abundant, but its use is still limited. Thus, this workshop empha-
sizes data required by policy-makers in the APEC economies that will inform energy policies 
and strategies and help achieve a green recovery from the setback and disruptions caused by the 
COVID-19 pandemic.  

Organization  

This document obtained information from a review of reports by international organiza-
tions and research centers, surveys by private sectors in the commercial real estate industry and 
workplace consultants, and published articles in international journals, mainly from 2019-2022. 
The report comprises four main chapters: 1) Chapter One provides an overview of drivers for 
change and summarises how the new working and living patterns may impact the design and 
energy use at building and urban scales. It also present an initial survey on efficient lighting 
strategies, including the employee preference for workplace and lighting after the pandemic. 2) 
Chapter Two presents a trend and factors affecting energy use in public, commercial, and resi-
dential buildings during the pandemic. It also reviews changes in domestic policies and strate-
gies for renewable energy of APEC economies. 3) Chapter Three summarises a systematic re-
view of energy use and trends in the transportation sector post-COVID-19. Finally, it recom-
mends developing ideas for further discussions and assessment between policymakers, re-
searchers, and experts at the upcoming workshop.  
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Resilience in the Built Environment: Drivers for Change 

The disruptions caused by the complexities of the current global crisis significantly im-
pact organizational dynamics and new ways of working and living. Organizations have faced 
external and internal risks in the past three years that have forced them to transform and adapt. 
Although some of these risks are not new and started to have a global impact before 2019, the 
pandemic has indeed accelerated and magnified its consequences.  

• In addition to a global pandemic, societal risks include climate change, natural disasters like
flooding and fire, and war or military conflict.

• Internal factors include talent war, the adoption of hybrid work, and the health and well-be-
ing of the worker.

• Employees' expectations and priorities have shifted toward more flexibility in choosing
where and when they work, better work-life balance, and health and well-being.

The New Working and Living Lifestyle

At the end of 2022, the pandemic has yet to be over. Several surveys of business leaders 
and employees in different APEC regions, such as The US, Latin America, and Southeast Asia, 
suggest that the final model of working and living - where and how we work and live after the 
pandemic is still an ongoing topic. However, some changes during the pandemic will be perma-
nent, and to some extent, this new lifestyle certainly impacts the energy demand and resiliency 
in the built environment.  

• Hybrid work, a combination of working onsite and spending some time away from the of-
fices, is here to stay. Employees' ideal combinations are working remotely for 2-3 days and
the rest in the office.

• The percentage of employees who prefer to work full-time remotely is much smaller but
varies by region. Those in developing economies and, particularly, mothers with young chil-
dren tend to favor working from home.

• While employees still value human interaction and meetings with their colleagues and team
managers onsite, reducing wasted time commuting and better work-life balance are among
the main advantages of working remotely.

• One in five employees may leave their company shortly, and if they are back in the job mar-
ket, they would prefer an organization offering a flexible work model located near a public
transportation hub.

• With a shifting focus on health and well-being, employees consider working for companies
providing ergonomic furniture (including natural light and views) and nutritional food as
benefits.

• Due to the talent war and the continuing Great Resignation trend, employers are embracing
this new demand for a flexible work model and still investing in improving workplace quali-
ty to attract and retain their talents.

• Despite the wide adoption of hybrid work, headquarters are still the focus of the office oper-
ation, with smaller satellite locations or shared working space on a flexible lease. However,
organizations are not just renting space but require a solution for productivity, including
flexible working and meeting facilities.

• Small talent-rich urban areas, as opposed to traditional urban cores, with good public space
and transport connections, should be developed to attract employees looking for a better en-
vironment to live a quality life.
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Impacts on Energy Demand and Resiliency 

• As teleworking and hybrid work increases, the overall energy consumption in the buildings
and transportation seems to be reduced.  While the energy demand reduced in commercial
buildings, such as offices, retail, and hospitality sectors, the energy use in residential build-
ings increased.  These changes vary across the APEC economy, reflecting not only the im-
pact of weather conditions, but also socio-economic and cultural differences.

• The profile of peak energy demand for residential buildings shifted as most people were
working and learning from home. Pre-COVID-19, the peak was in the evening when every-
one was home and turned on the television and air-conditioning (AC), which it is now
changed to the afternoon to early evening. The flexible work patterns allow movement from
and distribution of energy consumption from the city centre to the suburb areas.

• Despite the major interruption on daily life and devastating economic impact on the global
scale, the pandemic has temporarily restored the natural environment and improved the air
quality.  The small particles (PM10 and PM2.5) and other air pollution indicators decreased
mainly due to much less transportation, construction, and industrial production.

Preference for Mode of Transport and Travel Behaviour 

• Preference for active mobility options like biking, bike sharing, and walking has increased
slightly before, during, and after the pandemic. However, this trend needs attention from
planners to enable comfortable and safe passage. Even though bike-sharing is a shared mo-
bility, due to the size and accessibility of the vehicles, users may be able to have control over
the possibility of contagion using personally sanitization before use.

• The perceived threat of shared mobility or public transit has negative perceptions both during
and after the pandemic mainly due to the possibilities of contagion, inequitable access, and
lack of personal control.
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CHAPTER 1  

CHANGING WORK PATTERNS AND LIFESTYLES 

1.0 INTRODUCTION 

In the past three years, every aspect of life including living, working, and learning are 
disrupted according to multiple waves of corona virus outbreaks. According to the World Health 
Organisation (WHO 2022), we are approaching the end of COVID-19 pandemic as the number 
of new cases and deaths steadily declined. Despite the expert forecast (2022) that there will be 
new waves towards the winter months of 2022 and early 2023, it will be a slower pace and not 
as severe. Currently, November 2022, the pandemic appears to be coming to an end and will 
become an endemic disease with vaccines to provide enough public immunity. Each economy 
has relaxed restrictions against travel and social gathering; life has started to return to the ‘next 
normal’.  Although where and how we work and live after the pandemic has not yet settled, it is 
clear that some changes will be permanent. These new lifestyles will certainly have an impact 
on the energy demand and resiliency in each economy.   

This chapter reviews reports and studies on the changing work patterns, as to when, 
where, and how we work now and in the future.  In particular, it focuses on how the ‘hybrid 
work’ has evolved in the APEC region and how the future forecast will influence the require-
ments for space and support facilities in buildings. To some extent, these changes in work pat-
terns will result in different scenarios of energy use in offices and residential buildings.   

1.1 NEW WORKING AND LIVING PATTERNS   

 “ Hybrid Work means a combination of working onsite and spending sometime away 
from the offices”; and “ Teleworking means the activity of working at home, while communicat-
ing with your office by  phone or email, or using the internet".  Definition of ‘teleworking’ by 
Cambridge dictionary. 

Asia-Pacific 

Over the last three years, a number of surveys and research that attempts to better un-
derstand ‘hybrid work’ in practice, including the viewpoints from both employers and employ-
ees on this issue.  In PwC’s latest Global Workforce Hopes & Fears Survey (July 2022), nearly 
18,000 employees in the Asia-Pacific participated.  Results are inline with other International 
studies: hybrid work is here to stay.  The survey shows that, on average,  the proportion of em-
ployees who want to work remotely, hybrid, and in person varies across the Asia-Pacific region, 
which is similar to the global survey. The distribution of preference for these three types of 
work varies across economies. 

Figure 1.1 shows a summary of responses from 10,930 Asia-Pacific employees who 
state that their job can be done remotely from home. Factors affecting these preferences include, 
but are not limited to, type of business, type of job, demographics (age and gender), and local 
connections. Although economies included in this study are not all APEC members, many rep-
resent major APEC economies and show great differences between the developed and emerging 
economies.   
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For example, the average percentage of employees who want to work remotely in China 
and Indonesia are 10% and 11%, while it is 34% and 39% in Australia and New Zealand respec-
tively. This study also highlighted the different perception and plan of each generation during 
the next 12 months.  It shows that Generation Z and Millenials are more concerned about their 
future work than the older generations.  These results shows that the physical office will still be 
central to work.   

Latin America
According to the Redefining work models  in Latin America (2022),  WeWork and HSM 

surveyed more than 10,000 business leaders and executives in Latin America (Argentina, Brazil, 
Chile, Colombia, Mexico, and Peru). The results highlighted new priorities these corporations 
needed to overcome one of the most challenging times. It helps us understand the pandemic's 
impacts on offices and work dynamics in the APEC economies in this region, namely Chile, 
Mexico, and Peru - representing 25% of survey respondents.     

The results highlight the importance of human contact. During the lockdown period and 
remote work, some 70% of the respondents rated the interaction with colleagues and team man-
agers as the aspect missed the most (in-person company meetings and physical workspace were 
only missed 25% and 26% respectively). Among the benefits of in-person activities, integration 
between departments and employees of the same organization was emphasized by 70% of the 
respondents. According to 42% of respondents, the ideal setup would be to work remotely three 
days a week, followed by 28% who prefer to work in this scheme up to two days a week. 
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There has been greater adoption of hybrid work recently as it helps separate professional 
and personal life, which 45% of the respondents considered a benefit of working onsite. The per-
ception of distractions and interruptions during office work remains a crucial point of attention 
(highlighted by 42% of the respondents, though in Chile, the average drops to 38%). The majori-
ty (62%) prefer the possibility of a stipend to work from home or a shared workspace; 31% 
would be willing to give up at least one benefit in exchange for the freedom to choose his/her 
own work environment. 

Many companies follow large corporations, such as Google, which continue to invest in 
physical  offices.  The physical  space promotes team interaction and innovation and creates a 
greater sense of identity.  Among the top three main benefits of the home office are reduced 
commuting time (99%) and operating costs, e.g., office rental, maintenance, and cleaning (71%) 
and time management (61%). At the same time, the main challenges of the in-person work model 
are time wasted with travel and commuting (99%) and distractions in the workplace (42%). In 
terms of productivity, the respondents rated the hybrid model (4.5), remote (4.3), and in-person 
4.0) on a scale of 5.0. Two-thirds (75%) of the respondents feel safe returning to in-person activi-
ties.  

Forty-one percent of the companies have moved to smaller offices, while only 23% have 
moved to a larger office, 28% remain unchanged, and 18% closed their offices. Ninety percent of 
the companies have moved to the same area as the previous one. Multiple work models have de-
centralized  commuting  flows  and  distributed  work  environments  among  neighborhoods  and 
cities. This trend might be beneficial to companies and to the urban configuration itself.   The 
proximity of the workplace to public transport emerges as a common need for all economies and 
positions (leaders and non-leaders) - 82%.

Organizations require a hybrid and flexible future - not a 'space' provider but a 'service and 
solution provider’- for productivity. Hybrid work, the new work model had significant impacts 
on the structure, configurations, and lease agreements of Latin American offices. The organiza-
tions in Peru, in particular, had 45% of their operations moved to smaller properties, and 54% of 
these changes resulted in more flexible lease agreements. Thus, the flexible lease agreements 
suggest that each organization may not want to invest heavily to improve its physical work envi-
ronment. On the other hand, this could be an opportunity for real estate providers, including co-
working spaces, to attract corporate clients by offering a better quality work environment.  

The region's executives assessed the cost-benefit of different models of operation and lease 
of work environments in the post-pandemic period. More than half (52%) perceived that the fu-
ture office is not a single location but a network of spaces and services. The network should 
comprise spaces designed for specific tasks, including focused work, team brainstorming, cus-
tomer presentations, employee training, and meetings. In addition to office spaces, 40% of the 
respondents valued having common spaces for socializing. More than one-third (38%) see the 
value of more flexible terms of the lease length and the versatility of the environments. One-third 
(33%) also valued the ability to customize their lease flexible space with their brand's visual 
identity. 

Some 22% rated the ability to own their workspace and outsource to a third party for op-
erational management, facilities, and hospitality. One-fifth of the respondents (21%) agreed that 
tenants want more than 'space' to work; they are looking for a productivity solution to help them 
attract and retain the best talent.  The majority of leaders were open to future disruptions. Three-
quarters (75%) of the respondents see similarities between the on-demand cars of mobility ap-
plications and on-demand workspaces.  
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The ideal portfolio of services and infrastructure to engage professionals in the future of 
work requires comfort,  stability,  and interactivity.  The surveys suggested that  offices for the 
post-pandemic period should be improved or adapted to meet the new demands of the workforce.

These  include  ergonomic  furniture  (and lighting)  as  part  of  the  new order  of  structure, 
benefits, and facilities, as well as the space infrastructure itself. The perception of value for stu-
dios to produce institutional content, such as live streaming and webinars, is declining. This is 
particularly the case for Chile, where demand was mentioned by 46% of respondents. Meeting 
rooms with a structure for virtual meetings are valued by some 75% of respondents who work in 
in-person and hybrid modes.  

Three-quarters (75%) of respondents feel safe returning to the office, considering spaces 
with rigid safety protocols, use of masks, and distancing. For job benefits and perks, health in-
surance and quality food services are highly valued as crucial factors for attracting and retaining 
talent for 80% and 75% of respondents.  

Surveys and studies from other APEC economies also suggest similar findings that would 
impact the location, space requirement, and physical design of the future workplace.

• The number of days working remotely and in the office vary across the region and types of
organisation.  Not all types of organisation can adopt hybrid work, and not every function in
the same organisation can work remotely.  Usually the professional employee can work
away from the office, but not those who need to provide services for their customers. These
include frontline and operational workers.

• While the majority would prefer some degree of hybrid work, two extreme cases include the
employees who want to work remotely the whole week, and those who no longer want to
work from home (almost 30% and 21% respectively, in The US).

• There are demographic differences between these two groups.  While those who want to
work remotely are mainly female employees with young children living in the suburb, the
others who want to come back to work in the office are those young and single professionals
living in small apartments in the city center.

• Surveys in multiple economies, such as the US and Latin America, found that employees
who can work remotely at least part of the week are happier and more efficient.  In particu-
lar, meetings with up to four people can be done effectively online with no need to com-
mute. However, meetings and conference calls with up to 10 people or more are better off
in-person.

• While some companies may want to give full flexibility to the employees to choose when
and where they work, experts in business management have two concerns.  The first is that
given a choice, some workers, especially women with young children, may want to work
from home and this might lead to inequality when it comes to promotion, comparing to
young single males who work onsite closer to the boss.  Secondly, given a choice for which
day to work from home, most people would choose Monday and Friday, leaving the office
empty on those two days while completely full on others.  This scenario will not help the
company to provide space and facility management effectively.  It will also have an effect
on energy use.

• Most companies are trying to improve their working environment in the office to attract and
retain top talent.  Workplace consultants carried out surveys to investigate what the employ-
ees expect from their workplace and their motivation to go to work in the office.  These in-
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clude clean air, access to natural elements, such as daylight and views, personalised work-
stations, adjustable lighting, and other hygienic factors.   

• Generally, the employees demand office design that supports better health and well-being,
while providing comfort and personalised environment as they work from home.  An impor-
tant motivation to come to work in the office is doing work that requires focus.

• According to these surveys and studies, it seems that after the pandemic ends in the future,
space requirements and occupation rates may decrease as a result of permanent hybrid work.
Studies in 2022 by Microsoft Asia and SAP (two large tech and software cooperates with
offices in Australia; Japan; Singapore; and India) confirm that hybrid work will be perma-
nent, and the office space and facilities need to be rethought and redesigned to facilitate
these new work patterns. Companies will still open new offices in other locations. Space
requirements for each location may decrease, but they will maintain the investment in a
proper renovation to provide a high quality workplace to attract and retain their talent.

• Jones Lang LaSalle (JLL), Future of Work Survey (2022) conducted a survey that included 
over 1,000 respondents, covering part of APEC economies, including Canada; China; Japan; 
Singapore; and the US.  The results suggest that corporate real estate (CRE) decision-makers 
are considering long-term transformation of their real estate portfolios to continue beyond 
this global pandemic.  They consider the period from 2022 to 2025 as a critical window of 
opportunity for companies to redefine their workplace strategies and to create flexible, tech-
enabled, future-proof real estate portfolios.

1.2 RESILIENCE IN THE BUILT ENVIRONMENT 

The disruptions and changes caused by the complexities of the current global crisis sig-
nificantly impacts organizational dynamics and new ways of working and living. The JLL 
Global Research Report (2022) suggests that we understand the drivers for change better and 
proposes how organisations can achieve resilience in the built environment. Organizations have 
faced external and internal risks in the past three years that have forced them to transform and 
adapt. Although some of these risks are not new and started to have a global impact before 
2019, the pandemic has indeed accelerated and magnified its consequences. In addition to a 
global pandemic, societal risks include climate change, natural disasters like flooding and fire, 
and wars or military conflict can also impact the way we work.  
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• Internal factors include talent war, the adoption of hybrid work, and the health and well-
being of the worker.

• Employees' expectations and priorities have shifted toward more flexibility in choosing
where and when they work for better work-life balance and health and well-being.

The JLL report (2022) proposes that resilience in the built environment relies on an 
ecosystem which is complex and ambiguous.  To be resilient, we must consider factors across a 
network of interconnected entities that support and rely on each other to sustain shocks and dis-
ruptions.  It is an ecosystem built around Enterprise resilience, Societal resilience, and Personal 
resilience (See Figure 1.2).  

1.3 THE EMPLOYEE EXPERIENCE AND FOCUS ON WELLBEING

1.3.1 The Employee Experience and Wellbeing
Since before the COVID-19 pandemic, studies on the employee experience have suggested

an increased awareness and demand for a work environment that supports health and wellbeing. 
Jeanne C. Meister (2018), a leading HR advisory firm Future Workplace surveyed 1,614 North 
American employees about what elements of office design contribute to a great employee expe-
rience. The study found that access to natural light and views of the outdoors ranked as the num-
ber one attribute of the workplace environment, overtaking more fashionable office 'perks,' such 
as treadmill desks, nap pods, and onsite fitness. Most employees felt they did not have enough 
daylight and felt negatively towards windowless space. Some felt the workplace should improve 
indoor air quality (IAQ). This survey suggested that the employee highly valued fundamental 
and essential physical elements of their working environment.  

Enhancing employee experience has become a priority for more organizations worldwide. 
The COVID-19 pandemic has put pressure on both employers and employees. Due to the com-
petitive market for talent, especially specialized skill workers in high demand, companies need 
to provide what would contribute to the total experience of their employers. This greater empha-
sis on the employer experience is used to attract and retain promising talent with them for the 
long term. WTW, an international business consultancy, conducted the Employee Experience 
Survey from the end of March to April 2021. The respondents are 1,550 employers operating in a 
local market, regionally, and worldwide, representing 9.45million employees from eight different 
industries. These include, for example, manufacturing, financial services, general services, IT 
and telecom, healthcare, and energy and utilities. 

While most organizations expect to arrive at their final new work patterns beyond 2022, they 
anticipate that in three years, some 25% of their employees will work as a mixture of onsite and 
remote working. This hybrid workforce is in addition to the 19% who will mainly work remote-
ly. The findings suggested much greater awareness of enhancing employer experience as a priori-
ty after the pandemic, at least for the next three years, due to the negative impact of the pandem-
ic. Some 35% of the respondents reported decreasing productivity as an issue, and 50% agreed 
that the pandemic hurts employees' physical and mental health. Only 52% of the employees, 
compared to 92% of organizations, reported enhancing employer experience as their priority be-
fore and after the pandemic. The report also acknowledges challenges in enhancing employee 
experience after this significant disruption and uncertainties. To overcome these challenges, the 
report highlighted three areas organizations should focus on in the new reality of work, wellbe-
ing, and total rewards. Sixty-three percent of organizations recognize the need to prioritize em-
ployee wellbeing to enhance the overall positive experience.   
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 The focus on wellbeing is in line with other studies that suggest thriving in the future 
workplace; employees demand a working environment that contributes to their physical and 
mental health. As a result of this, there are wellness and productivity implications. These find-
ings support a larger trend of the growing importance of employee wellbeing. According 
to Gallup’s most recent iteration of the State of the American Workplace poll, more than half of 
employees report better overall well-being as “very important” to them.  In the same survey, 
work-life balance and overall well-being were determined to be the second most important fac-
tors when choosing to work for an organization. When employees are fulfilled in all aspects of 
their well-being, this leads to increased employee engagement and increases individual perfor-
mance. 

1.3.1 The Role of Daylight on Wellbeing 

 There has been a greater interest in the health effects of daily light exposure that should 
follow the natural cycle of daylight. In addition to the visual benefits of daylight as a light source 
for seeing and performing visual tasks, its dynamic intensity and spectrum throughout the day is 
one of the main time-keepers for human circadian rhythms that regulate our body main biologi-
cal functions. These include, for example, the modulation of core body temperature and the se-
cretion of hormones such as melatonin that synchronises our sleep-wake cycle and cortisol that 
modulates stress and alertness.    

 Since the discovery of the third type of photoreceptors in the human retina and the emerging 
knowledge on the non-image forming (NIF) effects of light through the circadian rhythms has 
contributed to renewed interest in daylighting research and design practice. This discovery pro-
vides a better understanding of how the provision of daylight and artificial lighting during the 
design process plays a critical role in regulating the secretion of hormones, such as melatonin 
and cortisol, and changes core body temperature during a 24-hour cycle. There are wellness and 
productivity implications too.  

 Researchers from Cornell University (Hedge, 2022) have found that workers with natural 
daylight in their office environments reported a 51% drop in the incidence of eyestrain, a 63% 
drop in the incidence of headaches, and a 56% reduction in drowsiness. Optimization of natural 
light, therefore, would be beneficial not only to reducing electricity use, but also to improve the 
overall health and wellbeing of the worker. The study also found that the absence of natural light
and outdoor views hurts the employee experience. Over a third of employees feel that they don’t 
get enough natural light in their workspace. About 47% of employees admit they feel tired or 
very tired from the absence of natural light or a window at their office, and 43% report feeling 
gloomy because of the lack of light.  According to a Northwestern Medicine neurologist  and 
sleep specialist (ZEE, 2022), there is increasing evidence to support exposure to natural light, 
particularly in the morning.  This would be beneficial to health via its effects on mood, alertness, 
and metabolism.  Especially for workers, who as a group are at risk, as they usually spend most 
daytime hours indoors without the exposure to bright light needed for their circadian rhythms.  A 
proper daily light exposure to natural and bright artificial lighting, with appropriate spectrum and 
timing, would also have a positive impact on mental health and sleep quality.  
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1.4 CONCLUSION 

This chapter presents main findings on changing working and living patterns from 
major APEC economies and how these changes might impact the energy use and resilience in the 
physical workplace and urban settings.  These include the global adoption of the hybrid work 
model and factors that organisations would have to concern regarding the provision of physical 
workplaces to attract and retain their talent.  This is mainly due to the changing expectation and 
new focus of employees on the work-life balance, health, and wellbeing.  Finally, it provides 
some evidence that the provision of daylight and views out could reduce energy use and, at the 
same time, improve the employee health and wellbeing. 
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CHAPTER 2 

THE COVID-19 IMPACT ON ENERGY USE AND RENEWABLE ENERGY 

2.0 INTRODUCTION 

The global COVID-19 pandemic caused massive disruption to the building sector world-
wide, creating uncertainty regarding restrictions to economic activities. The lockdown policies 
from government administrations and public cooperations, such as stay-at-home orders, quaran-
tine state, social distancing, and isolation of confirmed patients at high risk, have prompted a 
full-time home-based activity. Thus, buildings' energy consumption significantly changed during 
the pandemic, which modified the energy landscape and its mitigation efforts in the post-pan-
demic era. 

Previous studies analyzed energy use patterns according to the building types, since occu-
pants'  behavior and lifestyle significantly influenced building use. The following provides an 
overview of how energy use in public and residential buildings changed due to the pandemic and 
other socio-economic factors. 

2.1 IMPACT ON BUILDING ENERGY USE
2.1.1 Decreasing Building Energy Use 

The sudden disturbance in energy use in 2020 during the global pandemic is the largest in 
the last  70 years.  Global energy demand in 2020 decreased by 6% compared to 2019 (IEA, 
2020). The decrease in energy demand for public buildings was mainly due to measures imple-
mented during the temporary closures with restrictions (GABC, 2021). These included reduced 
opening hours and a limited number of users while practicing the work-from-home policies. This 
period of low or no occupancy can be challenging for building energy patterns, as the deviation 
from normal operations may decrease energy demand.

The pandemic forced organizations to adapt and experiment with work-from-home policies 
to keep their  operations running while maintaining their  employees'  safety.  Over 80% of all 
global workplaces were partly or fully closed after COVID-19's first wave (Chen et al., 2020). 
The lockdown period presents an opportunity to examine energy reduction patterns in vacant 
public buildings under those restricted conditions. For example, Deiss et al. found a 10.3% in 
energy reduction in commercial buildings in The US compared to before the COVID-19 period. 
Duarte and Cortiços performed energy simulations in office buildings in China under the post-
COVID-19 scenarios, resulting in upward and downward trends based on the climate zones. Su 
et al. compared the energy consumption patterns and indoor air quality of a large green commer-
cial buildings in China and reported that the building energy consumption decreased by an aver-
age of 55.4% and the indoor air quality compliance rate increased. Kang et al. analyzed the im-
pact of the lockdown on average electric consumption of buildings such as offices, hotels, and 
religious facilities in Korea and observed reductions of 1.36%, 7.00%, and 10.91%, respectively.

In Chile, the researchers (Sánchez-López et al., 2022) analyze the impacts of the first wave 
of COVID-19 (March to September 2020) on the electricity demand of residential, commercial, 
and industrial buildings. They obtained hourly data from 230 thousand smart meters of residen-
tial and commercial consumers in 32 communes of Santiago. The results show that the electricity 
demand in commercial buildings significantly declined and that the restricted measures most af-
fect the hospitality and construction sectors.  
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Educational buildings also experienced energy use reduction as faculties, researchers, and 
students had limited access to on-campus facilities. For example, Geraldi et al. assessed the im-
pact of the lockdown on electric use of municipal buildings such as health centers, administrative 
buildings,  elementary  schools,  and  nursery  schools  in  Brazil  and  saw reductions  of  11.1%, 
38.6%, 50.3%, and 50.4%, respectively. Chihib et al. measured the impact of the temporary clo-
sure of different facilities categories on energy consumption at a university in Spain. During the 
pandemic-related lockdown in 2020, compared to electricity consumption in 2019, the most sig-
nificant reduction was found in supporting facilities like libraries, while the research category 
had a minor decrease. 

Gui et al. investigated changes in energy use during the COVID-19 lockdown at a university 
in Australia. The results suggest that energy use was 16% lower than in a typical academic year. 
López-Sosa et al. evaluated the electricity consumption of 13 public state universities in the state 
of Michoacan in Mexico and reported savings in consumption between 10-90% and carbon foot-
print reduction potentials. Nasir et al. measured the electricity consumption in the research com-
plex at a university in Malaysia during the lockdown in 2020 and found it was 11% lower than 
the typical year (2019). 

Gaspar et al. also assessed the impact of the lockdown on energy consumption in 83 aca-
demic buildings at a university in Spain; their results revealed a 19.3% decrease compared to the 
post-COVID period. In Thailand, Chaloeytoy et al. (2022) found that energy use in a leading 
university during the pandemic year was 35.50% lower than in the pre-pandemic year. The re-
sults align with the previous research in Spain; the research facilities had less energy use reduc-
tion than classrooms and supporting facilities.  It is important to note that despite the low occu-
pancy and activities during the lockdown and closure, the remaining systems (heating, ventila-
tion, and air conditioning - HVAC) and power plug loads or servers still consume a substantial 
amount of electricity.  

2.1.2 Increasing Building Energy Use
In 2020 the global pandemic caused almost all organizations to implement the work-from-

home model; as a result, energy demand shifted from the commercial, industrial, and transporta-
tion sectors into the residential sphere (Chen et al., 2020). As discussed in the first chapter, a hy-
brid work model will remain part of the new working and living lifestyle - at least for knowledge 
workers. This combination of remote and onsite work will undoubtedly impact the energy use in 
residential buildings now and in the future. Although the final formula for the hybrid work model 
is still developing, we can learn how the extreme scenarios during the first waves of COVID-19 
increased home energy use and shifted the peak load demand.   

In Australia, the residential electricity demand during the lockdown in March 2020 in-
creased by 14% compared to pre-lockdown (Farrow, 2020). In Chile, Sánchez-López et al. 
(2022) found that the energy demand of residential consumers increased throughout the first 
wave and was independent of the weather. Moreover, this growing demand in 32 different Santi-
ago communes reflected residential consumers' socio-economic background. In Europe, after a 
13% decline below the five-year average in April, cross-sector electricity demand partly recov-
ered during the summer months (IEA, 2021b). In New Zealand, electricity demand from the in-
dustrial sector fell while the residential market rose, and it was the only sector where consump-
tion surpassed the 2019 levels (MBIE, 2021). In the UK, statistics showed that midday residen-
tial energy consumption increased by about 30% (BBC, 2020). In the US, electricity consump-
tion in the residential sector increased by 20% (DiSavino, 2020).  
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The lockdown has caused the residents to use more energy for daily activities (Villeneuve 
et al., 2020). Many residences have been transformed into office settings for workers or class-
room environments for students. While working and learning from home, people use computers, 
laptops, lighting, and other appliances typically used in their offices and schools. Moreover, im-
posing severe restrictions on outdoor entertainment activities has caused people to find alterna-
tives within their homes, increasing energy consumption (Abdeen et al., 2021). Many studies 
draw on evidence from these behavioral interventions to report changes in energy patterns. In 
addition to individual research focus on each economy, Krarti and Aldubyan conducted a sys-
tematic analysis of energy demand data and indicated that electricity consumption has shifted 
from commercial buildings and manufacturing facilities to the residential building sector.  

For example, Abdeen et al. found a 12% increase in household electricity consumption 
from 500 homes in Canada when comparing 2020 to 2019. Another study by Rouleau and Gos-
selin found a 46% increase in electricity use in social housing in Canada during the lockdown 
period. In The US, Kawka and Cetin surveyed 225 housing units from 2018 to 2020 based on the 
resident's income groups and found the effect of household income on the increased electricity 
demand. The results suggested the most significant increase of 66.9% in the lowest household 
income group, while the middle-income group experienced the least.  In Indonesia, Novianto et 
al. (2022) collected energy data through online questionnaires from more than 1,000 households; 
they found that the number of family members, the use of air conditioning, and the use of 
kitchen appliances significantly contributed to the increase in electricity. 

Interestingly, the work-from-home lifestyle has also shifted peak demand in the residential 
sector. As millions of people stayed at home, the changes in routines modified the intensity of 
peak times from returning home from work or early evening hours into the daytime (Aweh & 
Goldstein, 2019). Li et al. predicted residential electricity use during the daytimes on weekdays 
while practicing work-from-home under the lockdown period in The US. The researcher predict-
ed that 9am - 5pm residential electricity usage on weekdays would be 15% – 24% higher than 
under prior, pre-pandemic conditions. This forecast could lead to substantially higher utility costs 
for residents. Moreover, the residential hourly peak demand between 12pm and 5pm on week-
days could be 35% – 53% higher than that under pre-pandemic conditions.  

2.1.1 Suburban migration of energy density
The impact of the pandemic on the energy sector is an inherently geographical process at the 

urban scale as it  is likely to be site-specific, varying according to socio-economic and urban 
structure, geographic context,  and institutional or cultural change (Kanda & Kivimaa, 2020). 
During the lockdown and subsequent restricted measures, most employees worked from home, 
typically in suburban communities, and some even moved back to their hometowns away from 
the city. As a result, energy consumption patterns changed to reach deeper into the rural and peri-
urban areas. 

Rowe et al. used night-time light satellite imagery from December 2019–June 2020 across 
50 of the world's largest urban conurbations to estimate spatiotemporal changes in urban energy 
consumption in response to COVID-19. The results highlighted the diversity of changes in ener-
gy consumption between and within cities. The dominant narratives of a shift in energy demand 
away from dense urban areas to suburban communities reflect widespread and more localized 
geographical changes across the urban landscape. This trend suggested the "suburbanization" of 
energy demand in several urban contexts during the early phases of COVID-19 as the dominant 
spatial pattern of energy usage as lockdowns continued. Moreover, the significant change is in 
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the shape of the load profiles during the daytime as household schedules, and daytime mobility 
patterns change. 

There is an urgent need for employers to develop new working policies and consider their 
energy impact.  With a transfer  from urban agglomerations to smaller  areas,  teleworking can 
cause  much  more  significant  decreases  in  energy  use  (O'Brien  &  Yazdani  Aliabadi  2020; 
Whitaker 2021). However, when deciding on stipends for work-from-home expenses, employers 
must remember that  teleworkers may have increased energy bills.  Government policymakers 
may  consider  incentivizing  occupancy  adaptability  of  all  buildings  (Ouf,  O'Brien  & Gunay 
2019). Additionally, the pandemic has indicated the need for a reliable localized energy supply as 
the local power generation, with renewable sources like solar and wind at the forefront (Olabi et 
al., 2022). It will provide opportunities to connect household energy to the electric grid system 
within the areas. Meanwhile, private organizations or homes can sell their generated electricity 
back to energy companies or governments, which will be an essential element of future energy 
systems. 

During  the  COVID-19  pandemic,  home  solar  panel  installations  are  growing  in  many 
economies. In 2021, The US Energy Information Administration reported a 34% increase in resi-
dential solar power installations in The US. The growth could be higher after The US President 
has recently signed a law that includes a 30% solar tax credit. According to Pew Research Cen-
ter's January (2022) survey, 39% of the US homeowners - particularly those in the West - seri-
ously considered installing solar panels over the past year.

2.2. IMPACT ON RENEWABLE ENERGY
 As the pandemic limited economic activities, pollutant emissions have declined, and envi-

ronmental damage has also fallen in most areas. The lockdown has postponed vital negotiations 
on global environmental governance with respect to climate change (OECD, 2020). On the other 
hand, the adverse effect of the pandemic can convert the negative impacts into a great opportuni-
ty for renewable energy implementation, expected to be the only energy source to grow during 
the pandemic, in contrast to fossil fuels and nuclear. IEA (2021) forecasted that the renewable 
capacity additions would achieve double-digit growth in 2019 after stalling the year before, and 
expected to grow in 2020 before declining in 2021, but not halting. The world saw the share of 
renewable energy in electricity substantially increase at record levels due to a mixture of past 
policies, regulations, incentives, and innovations embedded in the power sectors of many for-
ward-thinking economies (Mojarro, 2020). The following section provides an outlook on renew-
able energy development during and after the global pandemic. 

2.2.1 Growing awareness of the environment and renewable energy
Despite major disruptions in every aspect of life, the pandemic has positively impacted the 

environment. Several lockdowns and restricted mobility in most economies, with people not able 
to travel around, resulted in decreasing global energy demands. Consequently, greenhouse gas 
emissions were reduced by more than 5% (Gili, 2020). Air pollution (such as nitrogen dioxide 
and carbon dioxide emissions) decreased in many regions (McMahon, 2020). This trend is an 
opportunity for structural reforms for climate strategies. With more awareness of the environ-
ment and renewable energy impacts, energy mitigation strategies and policy recommendations in 
the post-COVID-19 era should take advantage of this to become more innovative and sustainable 
over the long term. 

Improving air quality can maximize the amount of sunlight reaching the earth, reaching the 
solar panels in photovoltaic (PV) systems and leading to increased energy production. Watts and 
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Kommenda observed a decrease in atmospheric pollution during the pandemic. Naderipou et al. 
found that implementing the Movement Control Order (MCO) law in Malaysia reduced envi-
ronmental pollution, especially air pollution. Greenhouse gas emissions, 8MtCO2 eq. from Jan-
uary 2020 to March 2020, was reduced to <1MtCO2 eq. for April and May. Reducing both GHG 
emissions and pollutant gases allowed more sunlight to reach photovoltaic panels, increasing the 
renewable energy generation in the economy. On the other hand, it is essential to note that the 
pandemic has resulted in some negative impacts due to the increased medical waste and high 
consumption of sanitizing chemicals, which put a significant burden on wastewater and solid 
waste management systems. 

2.2.2 Transition to renewable sources
Under the lockdown, the pace of the transition was fast-tracked, as the radical substitution of 

clean sources (such as wind and solar) for fossil fuels happened in a short period of unprecedent-
ed pandemic situations. This transition is an opportunity to become less dependent on fossil fuels 
(Olabi, 2022), while shifting to distributed energy generation using local and renewable sources 
to decarbonize and decentralize power generation systems that do not require pricey and logisti-
cally challenging transmission networks to achieve the goal of total energy access and sustain-
ability (Apanada, 2020).

At the same time, the lack of capital investment, manufacturing facilities, and supply chain 
disruption seriously affected the renewable energy sector. Many companies slowed the transition 
to sustainable energy or green and low-carbon energy progress due to the global decline in econ-
omy-driven demand (Hosseini, 2020). However, several economies registered new records for 
renewable sources and saw their share in electricity substantially increase. In the US, renewable 
energy outputs have passed coal for the first time in 130 years, while the UK hit a record for so-
lar generation (Mojarro, 2020). Renewable energy made significant progress with accelerated 
growth due to overwhelming research activities, technology advancements, and supporting poli-
cies in the sector. The pandemic experience has demonstrated that developing renewable and 
sustainable energy in future infrastructure is a safe strategy (Hosseini, 2020). In terms of poli-
cies, most economies formulated strategies to ensure the sector's development globally (Olabi, 
2022). The following provides examples from some of the APEC economies. 

Australia –  Australia has announced plans to shift  away from fossil  fuels to renewable 
sources such as offshore wind farms, hydropower facilities, and solar panels, which accounted 
for 32.5% of the economy's total electricity generation in 2021, an increase of almost 5% com-
pared to  2020,  according to  the  Clean Energy Council,  a  non-profit  industry  body (Mercer, 
2022). For solar energy in particular, the Australian Renewable Energy Agency (ARENA) con-
siders the next-generation grid-scale batteries pivotal to this transition, with inverter technology 
that can maintain grid stability without the need for coal and gas generators. In October 2022, 
ARENA announced AUD200 million in grant funding for the Community Batteries for House-
hold Solar Program. This new program aims to deploy community batteries across Australia, al-
lowing households to  store and use the excess  power they produce.  In December 2022,  the 
agency announced its plan to support eight grid-scale battery projects across Australia. These 
projects represent a tenfold increase in grid-forming electricity storage capacity currently opera-
tional in the National Electricity Market (NEM). 

Brunei Darussalam - Brunei Darussalam's energy sector focused on reducing dependency 
on imported fuel products while continuing to generate products for export. The economy has 
developed renewable resources, particularly PV and waste-to-energy, to target its share of the 
power generation mix from renewable energy to at least 10 percent by 2035. The government 
also plans to introduce policy and regulatory frameworks that will stimulate investment by the 
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government and the private sector in developing and deploying renewable energy (Energy and 
Industry Department of Prime Minister's office, 2016).

Canada  – Canada generates  a  large share of  its  electricity  from renewable sources,  in-
cluding hydro generation. Near-term (2018-2023) changes to capacity are primarily based on re-
newable energy projects that are under construction or have been completed or proposed by the 
National Energy Board (NEB, 2017), while the Energy Futures series includes long-term projec-
tions of the Canadian energy system focus on a net-zero energy system (CER, 2020). During 
COVID-19, however, the projects under development suffered the most, particularly hydropower 
plants, as the pandemic restricted travel to remote areas and made it more challenging to find the 
human resources to carry out the projects.  

Chile  – New renewables,  solar  and wind,  have become more relevant,  while hydro has 
decreased in prominence. The government is working with companies to suspend coal and gas 
plants to reach 60% renewables by 2035 and 70% by 2050. Green hydrogen has begun to in-
crease interest among governments, as there is a task force addressing potential uses (Baker & 
McKenzie, 2020).

China – China has had substantial growth in renewables. The economy is gradually shifting 
its policy focus from large, central plants to distributed energy, agricultural energy, building-in-
tegrated energy, offshore wind, and floating PV. According to the Renewable Energy Law, re-
newable energy will be a high portion of the energy system and developed on a large scale in a 
market-oriented way.  China is determined to become carbon neutral by 2060 (Hove et al., 2021).

Hong Kong, China – The government published its Climate Action Plan 2050 to eliminate 
the use of coal for electricity generation by 2035. The economy aims to become more innovative 
and sustainable over the long term, with small-scale renewable energy systems installed at gov-
ernment buildings and increased renewable energy. Property and transport sectors present signif-
icant opportunities to reduce the city's carbon footprint, as the pandemic has positively affected 
attitudes toward digital transformation, technology adoption, and data sharing (KPMG, 2022).

Indonesia – The economy has set an overall target to have modern renewables provide 23% 
of the total primary energy supply by 2025 and 31% by 2050. According to IRENA (2017), in-
vestments need to accelerate rapidly to achieve this goal. Indonesia's Ministry of Energy and 
Mineral Resources (MEMR) has developed a roadmap for 2030, highlighting ways to increase 
the uptake of renewable energy beyond the economy's present policies and plans to increase the 
share of renewable energy.

Republic of Korea – In recent years, the economy has experienced significant change by 
increasing the share of renewable energies in the overall energy mix. The greater interest in the 
potential of renewable energy and the long-run impact of sustainable business gained popularity. 
In order to keep the promise of safe and clean energy, the expansion of renewable energy contri-
bution to the energy mix is pivotal (World Energy Council, 2022)

New Zealand – The share of total energy supply from renewables was at its highest since 
reporting started in 1990. The percentage of modern renewables in final energy consumption in-
creased to 28.4%.

Papua New Guinea – The government has set the ambitious goal of reaching 70% access 
to electricity by 2030 and becoming fully carbon-neutral by 2050. It is already working to im-
plement the National Electrification Rollout Plan for the economy with support from develop-
ment partners, emphasizing the development of renewable energy to cut down on the use of fos-
sil fuels. It is also evident that energy has great potential to become a significant catalyst for wel-
fare improvements and economic prosperity in the economy (NRI, 2022).
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The Philippines  –The Philippines Climate Change Commission has called for economic 
recovery to build climate resilience. This appeal includes supporting low-carbon technologies, 
eco-construction and design policies, research and development for ecological purposes and nat-
ural  capital  investment  for  ecosystem resilience and regeneration,  including reducing depen-
dence on large fossil fuel power plants and shifting to distributed energy generation using local, 
renewable sources (Apanada, 2020).

Singapore  –  Singapore  will  continue  to  harness  its  "four  switches"  of  energy,  namely 
natural gas, solar energy, regional power grids and emerging low-carbon alternatives. By 2030, 
solar energy - Singapore's second switch - is expected to supply around 3% of the economy's to-
tal electricity consumption (Tan, 2020).

Chinese Taipei – The solar sector is performing greatly in the short term of 2020 despite the 
pandemic. Combined growth in the solar and wind sectors would enable Chinese Taipei to meet 
its energy target of 65% non-hydro power renewables by 2030. 

2.3. CONCLUSION
Buildings energy use changed during the COVID‑19 pandemic due to the temporary clo-

sure, with restrictions on opening hours, and limitations on the number of users because of the 
stay-at-home policies. Studying building use patterns shows a direct correlation between occu-
pancy conditions and building types; for example, energy consumption in commercial buildings 
decreased due to limited economic activities, while those in residential and healthcare buildings 
increased during an extended stay with home-based activities.  This caused an energy density 
transfer from urban agglomerations to smaller, more suburban areas.

Many residents switched to working or undertaking education from home, which has be-
come a "new normal" lifestyle in the post-pandemic era. Households may increase their expendi-
tures by using air conditioning and kitchen appliances with longer running times. These home-
based activities have also shifted peak demand. Thus, planning for future residential energy use 
during the weekdays should be further discussed. Policies from governments or organizations 
may want to consider incentivizing occupancy adaptability. Upgrading the energy efficiency of 
government or private facilities, such as retrofitting, training, and accreditation could also sup-
port better energy management.

Should the world continue to follow this pattern of work or study, energy demand for do-
mestic purposes is likely to surge. Thus, medium-sized localized power generation systems need 
to be developed to serve local electric utilities in suburban areas (Olabi, 2022). As clean energy 
sources spread during the pandemic, renewable energy, such as solar and wind, could be  re-
quired to be incorporated with microgrid systems in the area as a localized grouping of electrici-
ty generation. This could provide an opportunity for energy reforms and policy recommendations 
to shift away from fossil fuels and raise environmental awareness with a target on carbon neu-
trality. Moreover, it could also create jobs to support the energy sector in the economic recovery 
process after the pandemic. Intelligent policies with the government's support could convert the 
negative impacts of the pandemic into tremendous opportunities for the world's sustainable ener-
gy development toward renewable energy in the long run.
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CHAPTER 3  

POST-COVID TRENDS IN TRANSPORTATION SECTOR  

3.0 INTRODUCTION 

The  new  working  and  living  lifestyles  post-COVID-19  also  impact  energy  use  in  the 
transportation sector worldwide and influence the development of alternative modes of transport. 
During the peaks of this global pandemic, travel restrictions and lockdowns resulted in reduced 
mobility, particularly in public transportation and energy use. At the same time, many new mo-
bility modes are being introduced,  such as electric  vehicles,  zero-emission vehicles,  e-bikes, 
bike-sharing, and ride-hailing platforms, due to concerns about using public transport and rising 
energy prices. Based on systematic literature reviews, this section focuses on preferences for al-
ternative modes of transportation and electric or zero-emission vehicles over internal combustion 
engine vehicles to achieve energy efficiency, sustainability, or resilience. 

This review followed the systematic literature protocol, which included finding, screenings, 
and assessing 474 articles and then narrowing the analysis down to the most relevant 19 articles. 
Subsequently, a content analysis was conducted to extract the narratives responding to the re-
search question and validated evidence. Eight out of 19 articles promoted alternative active mo-
bility such as bicycle, biking, and bike sharing, while the same number of articles mentioned 
negative preferences towards shared/public transport. Analysis also show patterns emerging in 
travel behaviors, other pollution-related findings, and support for alternative transportation. Fi-
nally, this study suggests that future research should widen the investigation on alternative trans-
port or mobility by including different modes. These include water transport or mobility, for an 
equitable and ubiquitous system, especially in developing economies with the distinctive urban 
fabric and existing transportation infrastructure.

3.1 RESEARCH QUESTION AND FRAMEWORK

Current development in urban mobility is transforming towards carbon neutrality (Hepburn, 
et al., 2021). Various modes of transportation are going greener, including bio-diesel vehicles to 
solar buses.  The most significant changes are happening in personal mobility, where passengers 
are adopting electric vehicles over other alternative fuel vehicles. 

This research aims to identity themes within recent findings on the preferences of electric 
vehicles  (EV)  and  zero-emission  vehicles  (ZEV)  over  internal  combustion  engine  vehicles 
(ICEV) concerning the pandemic related teleworking, work-from-home and/or for achieving en-
ergy efficiency, sustainability, or resilience. This study limits its search to the academic literature 
and original research conducted in APEC member economies. 
This research aims to answer the following question:

Are  post-pandemic  situations  such  as  teleworking  and  working  from 
home favoring electric vehicles or equivalent zero-emission vehicles over ICE vehi-
cles  in  the  APEC economies  to  achieve  energy  efficiency,  sustainability,  and  re-
silience?
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3.2 METHODOLOGY

The methodology of this systematic review is described in Major et al. (2010). This study 
follows the SPICE framework proposed by Booth (2004) as suggested to be suitable for social 
science and healthcare research (Systematic reviews: Formulateyourquestion, 2022).  

Table 1: SPICE Framework for this research

3.2.1 Search Strategies

Following the framework described above, the search strategies were devised for five well-
known databases as listed in Table 2 for search strategies. There were limitations on how many 
keywords could be used, even in the advanced search options of many databases (IEEE, 2022), 
and some had a restriction on Boolean connectors (Elsevier, 2018). Therefore, this study includ-
ed carefully selected keywords in the search strategies to avoid discrepancies across the selected 
databases. Since the population was seldom mentioned in the keywords, title or abstracts, this 
aspect was manually screened during the funneling process (Vassar, Atakpo, & Kash, 2016). 

3.2.2 Selection Criteria

The inclusion criteria for primary studies included the following: 
• Publications reporting on the policy or planning using case studies, as opposed to theoret-

ical research, on electric or zero-emission vehicles are included.
• Papers that involve an empirical study or have a ‘lessons learned’ (experience report)

element are included.
• Where several papers have reported the same study, only the most recent article will be

included. Most publications included in this section are from 2020 onwards.
• Grey literature (such as technical papers or government reports) will be accepted if rele-

vant.
• All literature will have its subject within APEC member economies.

Aspects Keywords

Situation COVID-19, pandemic, post-COVID, post-pandemic, epidemic, plague, outbreak, 
lockdown, hybrid work, teleworking, work from home, remote work, rebound, counter 
urbanization,

Population APEC Economies: Australia; Brunei Darussalam; Canada; Chile; People's Republic of 
China; Hong Kong, China; Indonesia; Japan; Republic of Korea; Malaysia; Mexico; New 
Zealand; Papua New Guinea; Peru; The Philippines; The Russian Federation; Singapore; 
Chinese Taipei; Thailand, The United States; Viet Nam

Intervention ICE, Internal Combustion Engine Vehicles, Fossil Fuel Vehicle, Petrol Vehicle, CNG, NGV, 
LPG, Diesel vehicle

Comparator EV, Electric Vehicle, e-Bike, e-Cycle, e-scooter, electric car, electric bus, ZEV, or EZEV,

Evaluation policy, planning based on energy efficient, efficiency, alternative, alternate, resilient, 
resilience, sustainable, sustainability
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Table 2: Search Strategies for databases 

This literature review excluded publications written in languages other than English and 
those that only provided abstracts. Subsequently, the researcher created a set of questions as a 
checklist for the quality assessment of each publication (Dyb˚a & Dingsøyr, 2008). The first two 
questions are used to screen out non-academic papers. Simultaneously, the researcher extracted 
relevant data to contribute to understanding the subject matter and answering the research ques-
tion. For data extraction, the researcher employs a reference manager (Endnote X9.3.3. in com-
bination with Microsoft Excel 2019, Google Doc, and Microsoft Word 2019) to manage, assess, 
and mark the articles found through the search strategies. The findings extracted from selected 
papers are then presented in a tabulated format and narrative analysis. The results are as follows. 

3.3 PREFERENCE FOR MODE OF TRANSPORT AND TRAVEL BEHAVIOUR

3.3.1 Screening Results
This research aims to address the planners'  and policymakers'  interests.  Therefore,  it  in-

cluded  publications  in  journals  related  to  transportation,  urban  planning,  or  policy-making 
among the APEC members. After applying the search strategies to the advanced search options 
of selected databases, it derived a total of 474 full papers. However, most of these papers were 
later removed as some were duplicated, and others needed more relevant keywords. Finally, the 
detailed analysis  presented here used twelve articles addressing APEC populations.  Figure 2 
shows the network map of topics found in 79 articles, and Figure 3 shows the network map of 
keywords from selected articles (general terms removed).  
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Database Search Syntax Remarks on filters used

Science Direct (teleworking OR “work from home”) AND 
(resilient OR sustainable) AND (mobility OR 
"electric vehicle" OR "zero emission vehicle" OR 
"internal combustion engine vehicle")

[search field: Title, abstract or 
author-specified keywords] 
[review articles, research articles, 
open access, 2020-2023]

Google Scholar (teleworking OR “work from home”) AND 
(resilien* OR sustainab*) AND (mobility OR 
"electric vehicle" OR "zero emission vehicle" OR 
"internal combustion engine vehicle")

[2020 - 2023, patents and citations 
excluded]

Pubmed ((("hybrid work") OR (teleworking) OR ("work 
from home") OR ("remote work")) AND 
((resilien*) OR (sustainab*)) AND ((mobility) OR 
("electric vehicle") OR ("zero emission vehicle") 
OR ("internal combustion engine vehicle")))

[Text availability: Abstract, Free 
Full Text, Full Text, English, 
2020-2023]

Scopus ( teleworking  OR  "work from home" )  AND  
( resilient  OR  sustainable )  AND  ( "electric 
vehicle"  OR  "zero emission vehicle"  OR  
"internal combustion engine vehicle" ) )

[TITLE-ABS-KEY] [PUBYEAR 
> 2019] [Selected Document Type: 
Article, Conference Paper, Review, 
Book Chapter]

IEEE Explorer (teleworking OR “work from home”) AND 
(resilient OR sustainable) AND (mobility OR 
"electric vehicle" OR "zero emission vehicle" OR 
"internal combustion engine vehicle")

[Years: 2020-2022]



�

Figure 2: Network map of topics found in 79 articles 

�
Figure 3: Network map of keywords from selected articles (general terms removed) 

3.3.2 Narrative Analysis
It is noteworthy that most of the selected literature (see Table 3) draws their cases and direct 

relevance from articles published in the recent past, if not contemporary. The few articles re-
ferred to also suggested that bicycle or bike-sharing will be a prominent mode of mobility in the 
future, based on their research, such as (Pucher & Buehler, 2008), and (Campbell & Brakewood, 
2017). An interesting study investigated the pandemic's impact on mobility concerning Indone-
sia's socio-economic factors. This study revealed that people who significantly reduce their mo-
bility could be characterized as prosperous, residing in urbanized areas with formal sectors, em-
ployed in the manufacturing or tourism industry, with relatively higher education, and digitally 
connected. The research suggests that developing economies should address the gap in their digi-
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tal infrastructure by providing access as far and wide to prepare their people for pandemic-like 
situations (Khoirunurrofik, Abdurrachman, & Rachmanto, 2022). 

A scenario study in Changzhou, China, suggested that people preferred bicycles or private 
cars over shared or public transportation during the pandemic. The use of bicycles correlated 
with reducing CO2 and other pollutants (Zhang & Zhang, 2021). In another city of Huzhou, look-
ing at the travel behavior of patients,  they found that people preferred bicycling over public 
transportation during the pandemic. They also suggested that bicycling can be related to better 
fitness and well-being of commuters (Yang, et al., 2021). 

!  of !86 100



Table 3: Description of the selected research articles 

Author Situation Mode1 Mode2 Aim Economy Method

Khoirunurrofik, 
et. al. 2022

Travel behavior - - Socio-Economic 
impact on travel

Indonesia Regression, Scatter 
Plot

Zhang and 
Zhang 2021

New Normal Bicycle and 
Car

Shared, 
Public 
Transport

CO2 Reduction China Scenario, (+- 10%) 

Yang et. al. 2021 Travel behavior Bicycle Public 
Transport

Fitness & 
Wellbeing 

China Recommendation

Lu et. al. 2022 Transportation 
Decarbonization

Near Zero IGT and 
MEV

Better health 
benefits

China Scenarios

Xu et. al. 2022 BMV Collisions Bicycle Motor 
Vehicle

Increased Safety Hong Kong, 
China

Empirical 
(Bayesian) 

Li, Ha and Lee 
2022

Travel behaviour Public 
Transport

Cars Study long term 
impact of COVID

Korea Hist gradient 
boosting model

Lee and 
Finerman 2021

Travel Behavior, - - Study pollution 
reduction due 
COVID lockdown

Korea Panel regression 
model

Kawaguchi, 
Kitao and Nose 
2022

Work from Home - - WfH adaptation 
and its impact on 
company sales

Japan Heterogeniety in 
descriptive stats.

Arimura et. al. 
2020

Travel Behavior - - Changes in 
Population 
Density

Japan Geo-spatial 
regression

Dilley et. al. 
2022

Counter-Urbanization - - Japan Critical Analysis

Mayo et. al. 
2021

Travel behavior - - Changes in 
purpose for 
traveling

The Philippines Visualization,  
Multi Logic 
Regression

Sersli et.al. 2021 Bicycling Recreational 
Bicycling

Transportatio
n Bicycling

Study 
Demography

Australia Multilevel logistic 
regression

Vecchio et. al. 
2022

Delivery Ridership in 
Pandemic

Delivery 
Ridership

- Risks in Delivery 
Ridership

Chile Interviews, Survey 
Triangulation

Teixeira and 
Lopes 2020

Choice,  
Behaviour

Bike sharing Subway Resilience The US GIS, ridership

Wang et. al. 
2022

Travel behaviour - Public Transit Equity The US Regression Model

Shamshiripour 
et. al 2020

Travel behaviour - - Public dynamics 
during and after 
COVID

The US Descriptive stats. 
Visualization

Sevtsuk, et al., 
2022

Travel behaviour - - Travel pattern by 
SEI groups

The US Spatial analysis

Koon et. al. 2022 Mobility disability - - Travel options for 
disabled

The US Descriptive stats, 
content analysis

Fatmi, Orvin and 
Thirkell 2022

Work from Home 
choices

- - Assess long term 
impact of WfH 
post COVID

Canada RPOL model
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Research in Beijing, China, employed five scenarios of the transportation situation, namely 
a) Business as Usual (BAU), b) Increased Green Transport (IGT), c) More Electric Vehicles
(MEV), d) IGT+MEV, and e) Near zero. They modelled IGT with walking, cycling and public 
transport, MEV with three types of electric vehicles: battery electric vehicle, plug-in hybrid, and 
range extender electric vehicles. For the "Near Zero" scenario, the researcher used the combina-
tion of IGT and MEV with 100% electrification of all cars and a gradual reduction of the number 
of passenger vehicles to near zero by 2050 (Lu, et al., 2022). While all four latter scenarios re-
sulted in a decrease in CO2 emissions, the "Near Zero" scenario promised much better health 
benefits.  

There is also evidence that changing transportation modes contribute to better environmental 
quality. A study in the Republic of Korea compared travel patterns of Seoul and Daegu provinces 
in 2019 and 2020 with the pollution data of these two regions over two years and analyzed them 
by a panel regression model. It shows that for every 1% of decreasing commuting flows, there 
was a significant drop in pollution levels of PM2.5 by 0.11%, PM10 by 0.17%, NO2 by 0.14%, 
and CO by 0.09% (Lee & Finerman, 2021). Another research project investigated the long-term 
impact of the pandemic in Seoul, Korea, using a hist gradient boosting model and other machine 
learning tools. The results indicate a) travel in Seoul decreased unevenly, b) consumer, service, 
and foreign tourism continue to be affected, c) neighborhoods with higher car ownerships and 
higher female residents show long-term weaker resilience of their public transport, and d) short-
distance commuters and commuters to city centers returned to public transport in the second year 
(Li, Ha, & Lee, 2022).  

An economy-wide survey in Japan focusing on specific companies linking sales and hours 
work with publicly available data from Google Community Mobility Report. This study found 
that a 10% reduction in mobility reduced sales by 2.8% and hours worked by 2.1%. However, 
the companies that adopted work-from-home before the pandemic could mitigate term sales by 
55% and hours worked by 35%. Moreover, engaging more short-term remote workers helped 
reduce the negative impact on sales and hours worked. They finally suggested that adopting to 
work from home benefits can be realized at a public scale reducing the burden of subsidy of la-
bor hoarding (Kawaguchi, Kitao, & Nose, 2022).

A spatial  mobility  and  demographic  study  in  Sapporo,  Japan,  looked  at  the  population 
distribution and density variations during the pandemic. They found that population distribution 
and concentration significantly decreased on weekdays after the second emergency declaration, 
with minimum change during the weekends and holidays. Interestingly, population distribution 
was concentrated primarily in the downtown areas. This study suggests that the residents of Sap-
poro reduced their mobility in cohorts with the Japanese government announcements during the 
pandemic (Arimura, Ha, Okumura, & Asada, 2020).  

A critical review of literature and policies on counter-urbanism in Japan, a trend during the 
beginning of the pandemic, indicates that there are two faces to this phenomenon. One supported 
by the public organization is the "furusato" - idealization of the countryside/hometown, and an-
other is the rustic rural reality – "inaka" is still contrary to the generally perceived prosperity – 
keeping 29% of Japanese in Tokyo. While idealization has been catalyzed during the pandemic, 
this study suggested that more systemic measures are needed to mediate between the two faces 
of this phenomenon (Dilley, Gkartzios, & Odagiri, 2022).

Another research project in the city of Santiago, Chile, investigated the aspect of digital 
injustice towards the riders working for delivery apps using a series of interviews and surveys 
before and during the pandemic. It revealed that the riders face critical danger apart from the tire-
less work routine. The riders considered this type of work as very risky (42% before compared to 
69% during the pandemic), prone to road accidents (80%), aggressive clients (76%), stressful 
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daily targets (52%), and fear of contagion (76%). It emphasized the need for a spatial dimension 
of fairness to mitigate the impacts of injustice delivered within the digital platforms (Vecchio, 
Tiznado-Aitken, Albornoz, & Tironi, 2022). 

In The US, a comparative study between the Citi Bike Sharing and NYC Subway ridership 
over February and March 2019 versus 2020 found that bike-sharing ridership is more resilient 
than subways. They also found that bike rides were longer in 2020, and there was a modal shift 
from the subway to bike sharing during February-March 2020 (Teixeira & Lopes, 2020). Re-
searchers in another study used smartphone location data points in North Carolina to track the 
travel  patterns  of  residents  in  three  socio-economic statuses  (low,  medium,  and high).  They 
found that low and medium-SES residents were frequenting retail and offices during the lock-
down, putting them in a vulnerable position. They suggested that policymakers should facilitate 
safe and convenient transportation, especially in public transit, for people of low SES (Wang, 
Kaza, McDonald, & Khanal, 2022). 

In Chicago, Illinois, a preference survey was carried out, coupled with Illinois Department 
of Public Health (IDPH) data as of June 2020, to understand peoples' travel behavior during the 
pandemic and its future prospects. The results revealed a significant drop in public confidence in 
shared mobility (such as shared taxi, shared bike, and shared e-bike) and public transit due to the 
threat of contagion. However, part of the people sampled still used public transit, while most 
people preferred private cars, private bikes, and walking to be safer. The research recommends 
that the transportation system be more equitable to enable safe travel for people who may not 
have access to a private vehicle (Shamshiripour, Rahimi, Shabanpour, & Mohammadian, 2020). 

Another study covering multiple cities in The US (Sevtsuk, et al., 2022) found a mobility 
gap between the high and low socio-economic index (SEI) groups across the economy. The peo-
ple in the low SEI group would travel short distances within their respective city blocks, while 
those in the high SEI group would make trips to the parks, healthcare providers, and retail spaces 
even before the pandemic. Transit-served and walkable neighborhoods benefited the high SEI 
people more than the low SEI group. This result suggested that the built environment influences 
not only the mobility but also the well-being and resilience of the various groups of SEI differ-
ently (Sevtsuk, et al., 2022). 

Yet another survey-based mixed method study found that people with mobility disabilities 
faced another challenge during the pandemic regarding transportation restrictions compared to 
pre-pandemic times. Their main concerns were a) fear of contagion, b) difficulty embarking/dis-
embarking, and c) access to reliable/effective choices given that none could bike and some had 
limitations with wheelchair use. Thus, transportation modes should consider giving all-time ac-
cess to people with disability providing safety and convenience (Koon, et al., 2022) 

In the Central Okanagan region of British Columbia, Canada, residents of large dwellings, 
away from urban centers, with children, having higher incomes, and living in highly residential 
areas showed an inclination towards working from home. This trend also resonates with female 
participants even though they showed less interest in working from home. This research also 
confirmed that residents of areas with alternative transportation, such as more extended bike 
lanes or sidewalks, showed less preference for working from home. They suggested that local 
authorities plan transits options to accommodate the work schedules (Rahman Fatmi, Orvin, & 
Thirkell, 2022).

This narrative analysis discusses various common themes: travel behavior or patterns, work 
from home, and choices/preferences. To examine preference of electric vehicle or zero emission 
vehicle over internal combustion vehicles, it may be necessary to look for evidence (see Table 4) 
the selected literature provides. The evidence table shows that most of the authors of the selected 
articles reviewed favor bicycles as opposed to public transit. Since these articles examined travel 
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behavior in conjunction with the work-from-home practices prevalent during the pandemic, it 
may be said that public transit modes need reconsideration for preparing for such global phe-
nomena, especially in the Asia Pacific region. 

Table 4: Evidence table of the select articles reviewed 

3.3.3 Preference for Alternative Transport 

The previous reviews provide a clear picture of the general preference for using bicycles 
while moving away from public transit. Private cars were also preferred in two cases, though it 
needed to be clarified if these vehicles were either electric or zero-emission vehicles. Walking is 
another mode considered safer than shared/public transit during the pandemic. Internal combus-
tion engine vehicles or motor vehicles were less preferred in the two articles. Thus, there is a 
clear preference for active transport such as bicycle, bike-sharing, and walking over shared or 
public transport primarily due to the threat of contagion, safety, access, and personal control. 

The literature highlighted above casts light on several issues, and further discussion may 
help synthesize the findings and suggestions put forward by the reviewed articles. This section is 
organised according to the following themes:

Author Economies Theme Supports EV/
ZEV

Over ICEV

Khoirunurrofik, et. al. 2022 Indonesia Travel behaviour - -

Zhang and Zhang 2021 China New Normal Bicycle, Car Share/Public Transit

Yang et. al. 2021 China Travel behavior Bicycle -

Lu et. al. 2022 China Transportation Decarbonization Bicycle and EV ICEV 

Xu et. al. 2022 Hong Kong, China BMV Collisions Bicycle Motor Vehicle

Li, Ha and Lee 2022 Korea Travel behavior - Public Transit

Lee and Finerman 2021 Korea Travel Behavior, - -

Kawaguchi, Kitao and Nose 
2022

Japan Work from Home - -

Arimura et. al. 2020 Japan Travel behavior - -

Dilley et. al. 2022 Japan Perception vs. Population - -

Mayo et. al. 2021 The Philippines Travel behavior - Public Transit

Sersli et.al. 2021 Australia Bicycling Bicycle -

Vecchio et. al. 2022 Chile Inequity - -

Teixeira and Lopes 2020 The US Choice, behavior Bike Sharing Public Transit

Wang et. al. 2022 The US Travel behavior - Public Transit

Shamshiripour et. al 2020 The US Travel behavior Car, Bike, Walk Shared/Public Transit

Sevtsuk, et al., 2022 The US Travel behavior - -

Koon et. al. 2022 The US Travel behavior (of Disabled) Private Car Public Transit

Rahman Fatmi et. al. 2022 Canada Work from Home choices Bike Lanes Public Transit
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Preference for active mobility options like biking, bike sharing, and walking has increased 
slightly before, during, and after the pandemic. However, this trend needs attention from plan-
ners to enable comfortable and safe passage. Even though bike-sharing is a shared mobility, due 
to the size and accessibility of the vehicles, users may be able to have control over the possibility 
of contagion using personally sanitation before use. 

The perceived threat of shared mobility or public transit has negative perception during 
and after the pandemic mainly due to the possibilities of contagion, inequitable access, and lack 
of personal control. 

3.3.4 Travel Behaviour
Travel Behavior, the most common theme in the literature reviewed, reveals the following: 
High socio-economic groups in the west (particularly in the US) were open to travel during 

the pandemic (Koon, et al., 2022), (Sevtsuk, et al., 2022), and (Shamshiripour, Rahimi, Shaban-
pour, & Mohammadian, 2020). On the other hand, people in this category were reluctant to trav-
el in the east such as China; Indonesia; Japan; and the Philippines. (Dilley, Gkartzios, & Odagiri, 
2022), (Khoirunurrofik, Abdurrachman, & Rachmanto, 2022), (Mayo, Maglasang, Moridpour, & 
Taboada, 2021), and (Yang, et al., 2021). 

There is a similarity in terms of equity across the articles, suggesting that people with lower 
socio-economic status or limited options for personal mobility had to opt for public transit or any 
other mode of transport to meet their daily goals (Wang, Kaza, McDonald, & Khanal, 2022), 
(Mayo, Maglasang, Moridpour,  & Taboada,  2021),  (Khoirunurrofik, Abdurrachman, & Rach-
manto, 2022). This factor also relates to the inequity generated by the digital delivery platforms, 
as noted by (Vecchio, Tiznado-Aitken, Albornoz, & Tironi, 2022) in Santiago. 

In general, people will prefer to commute less if not necessary because the pandemic has 
catalyzed the culture of working from home, online shopping, and delivery services, and also 
created a negative perception of crowded places. 

Pollution, mainly air pollution, has decreased due to the reduction of travel in many places 
such as Changzhou (Zhang & Zhang, 2021), Huzhou (Yang, et al., 2021), New York City (Teix-
eira & Lopes, 2020), Seoul and Daegu (Lee & Finerman, 2021). This improvement supports the 
argument that electric vehicles may lead the way to net or near-zero-emission transportation, as 
envisioned by Lu, et al. (2022). 

Evidence from this systematic review supports the introduction of alternative transport in 
the global east (Zhang & Zhang, 2021) (Yang, et al., 2021) (Lu, et al., 2022) and (Lee & Finer-
man, 2021). It is also beneficial in the global west, as noted by (Sersli, Turrell, Burton, Brown, & 
Heesch, 2021), (Teixeira & Lopes, 2020), (Shamshiripour, Rahimi, Shabanpour, & Mohammadi-
an, 2020) and (Rahman Fatmi, Orvin, & Thirkell, 2022). Even though China is seen as a global 
leader in bike-sharing, followed by the Republic of Korea and Japan, the difference may be be-
cause the bike sharing is not as ubiquitous and equitable in the east as it is in the west, especially 
in Europe (Shaheen, Guzman, & Zhang, 2010). 

Synthesis of findings
The pandemic has exposed the vulnerabilities of shared mobility and public transit, which 

will continue into the near future. There is an inclination towards active mobility catalyzed dur-
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ing the pandemic due to its benefits on health, accessibility, and zero emissions. Based on their 
socio-economic status and available choices, people are making conscious preferences when it 
comes to their travel behavior, which may not only be limited to choosing the transportation 
modes but also deciding to travel, which may further impact urban mobility. More emphasis will 
be given to reducing pollution while planning transportation modes in the future to ascertain 
achieving global sustainability goals. In the process, it will be necessary to reevaluate the alter-
native transportation scenarios to be more accessible and equitable,  especially in developing 
economies.

3.4 CONCLUSION

This literature review shows that the mobility and transportation sectors will fundamentally 
change after the pandemic. There will be more preference for personal or active mobility, while 
shared and public transit will have to be reconsidered due to its perceived threat of contagion, 
emission, and access. Travel behavior may have patterns based on socio-economic status, where 
people of lower socio-economic status choosing shared and public transport may look for more 
equitable and accessible options. 

Generally, people will travel less compared to the past due to digitization, telecommuting, 
working from home, and online shopping, which became more familiar during the pandemic. 
Pollution reduction will be a significant agenda in transportation, limiting the use of internal 
combustion engine vehicles, which may be replaced by electric or zero-emission vehicles cou-
pled  with  biking  or  walking.  Alternative  transport  will  be  encouraged  more  in  developing 
economies which may need to have it equitably ubiquitous.  

This research points out that the transportation sector in APEC economies needs to consider 
the changes brought forth by the pandemic to plan a future sustainable and resilient system. Us-
ing alternative or active mobility like bicycles in developing economies should provide more eq-
uitably ubiquitous. Finally, achieving the global sustainable development goals should be kept in 
mind to execute the infrastructure plans in the future. 

Future studies should bring other alternative transport,  such as water-based mobility and 
transportation, because it seems to be a promising area of interest given the imminent sea level 
rise (Tannum & Ulvensøen, 2019). Especially in Bangkok, Thailand, there have been plans to 
execute extensive water-based transportation utilizing its canal network with the Chao Phraya 
river system (OTPP, 2021). 
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