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Abstract: Published data or available literature on planning, design, construction, performance, and 

renovation criteria for sustainable buildings have been focused on some stages, such as design and 

construction stages, or some parts of each stage due to a limited number of collaborative scholars or 

the scope of their research. These data usually have been published scattered or partially presented 

in many different papers―there have not been any papers published these data, all-stage ‘plan-

design, construction, performance, and renovation’ criteria, together. Hence, this paper aims to col-

lect and review these data and publish them together. The data collection and review were con-

ducted by our team, 25 members, who specialized in sustainable urban, architectural, and civil en-

gineering and construction management. The review outputs were combined and then validated 

based on a group consensus. This consensus-based validation proceeded through several times of 

meetings. These meetings extensively discussed the relevance and importance of the validated data 

(main criteria and sub-criteria, including their descriptions, of sustainable building in all stages) and 

more focused on their importance and applicability to the Cambodian context. The collective and 

review data demonstrated in this paper would be useful to researchers in the fields. They could also 

be useful collective knowledge and information for policymakers from the governments and devel-

opment partners, as well as for architecture and building construction companies. 

Keywords: sustainability; sustainable building criteria; sustainable building planning and design; 

sustainable site selection; sustainable construction; performance and renovation criteria. 

 

1. Introduction 

Buildings are seen a lot in cities; particularly, they are rapidly growing in the cities of 

developing countries. Even though the buildings provide a lot of benefits to residents and 

visitors, as well as businessmen and other groups, the research shows that the buildings 

can generate heats [1] whereas most of the heats are generated from the types of machin-

ery using inside the buildings. Increasing the use of air conditioning systems for cooling 

inside the buildings is generally releasing the waste heat into the atmosphere [2]. The 

waste heat from air conditioners at night can raise the urban temperature by more than 
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1°C [1,3]. Furthermore, when the temperature in a city center is getting higher than its 

surrounding areas is known as an urban heat island (UHI) effect, and the buildings are 

significantly contributing to UHI effects. The following are some of the main reasons: 

Blocking the wind (densely situated buildings), keeping the buildings cool inside (in-

creased use of air conditioners), trapping the heat by their canopies, and using low albedo 

materials. Thus, UHI effect mitigation strategies and sustaining the environment, public 

health, and human gathering in cities were widely reviewed and discussed [4]. Due to 

densely situated buildings, most cities generally have a limited number of spaces, partic-

ularly public green and opened spaces. This condition leads to face difficulties of having 

or constructing more forested areas in the city towards cooling the urban air and reducing 

the urban heat. Also, this condition limits the construction of more urban water bodies or 

lakes. Then, the following strategies as alternatives have been getting more popular and 

applied in order to reduce the environmental impacts in cities: 

- Planning and designing new buildings by following the sustainability concepts 

and principles (sustainable plan-design); 

- Constructing new buildings by using environmentally friendly materials and 

technologies (sustainable construction); 

- Performing the functions of the constructed buildings as sustainable as we can 

(sustainable performance―operation and maintenance); and 

- Renovating the existing low-performance buildings by following the sustainabil-

ity concepts (sustainable renovation). 

Even though the concepts of sustainable building plan-design, construction, perfor-

mance, and renovation are getting more interested, still how to apply these concepts are 

quite challenging, especially in developing countries [5] due to limited skills, resources, 

and technologies. Cambodia, a developing country in Southeast Asia, is also facing these 

problems whereas its construction sectors are rapidly growing. Currently, construction is 

one of its key development sectors while thousands of buildings in the main cities, such 

as Phnom Penh and Sihanoukville, have been operating and are being built. However, 

most of the buildings have not been considered to include sustainable concepts [6]. Ac-

cording to the UNDP in Cambodia, the building sector is the most significant final energy 

consumer in Cambodia, with an estimated share of about 52 percent whereas residential 

and commercial buildings consume almost 80 percent of electricity in the country, and 

energy consumption in buildings will more than double until 2040 [7]. Thus, promoting 

sustainable buildings in Cambodia is quite necessary. By realizing that buildings should 

be rated on the standard basis with focusing on reducing environmental impacts and 

maintaining human health, Cambodia’s National Council for Sustainable Development is 

currently implementing a sustainable building guideline and certification project, which 

is funded by the Mekong-South Korean Cooperation Fund [8]. This guideline and certifi-

cation project is under reviewing criteria; however, it is scoped to base on and adopt from 

the US LEED, German DGNB, Vietnamese LOTUS, or Excellence in Design for Greater 

Efficiencies (EDGE) of the World Bank International Finance Corporation (IFC). 

This paper subsequently collected and reviewed the data of sustainable building cri-

teria based on existing relevant research literature in the fields, which could contribute to 

sustainable building criteria selection and development process in Cambodia. Moreover, 

we have seen that the published data or available literature on planning, design, construc-

tion, performance, and renovation criteria for sustainable buildings have been focused on 

some stages, such as design and construction stages, or some parts of each stage due to a 

limited number of collaborative scholars or the scope of their research. Especially, these 

data usually have been published scattered or partially presented in many different pa-

pers―there have not been any papers published these data, all-stage ‘plan-design, con-

struction, performance, and renovation’ criteria, together. Hence, this paper mainly aims 

to collect and review these data and publish them together. These collective and review 

data would be useful to researchers in the fields. They could also be useful collective 

knowledge and information for policymakers from the governments and development 

partners, as well as for architecture and building construction companies.  
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2. Methods  

Reviewing literature is important to summarize and report the relevant existing lit-

erature on the factors that influence the research topic. Conducting a research based on 

existing knowledge is also addressed as building block of all academic research activities, 

regardless of discipline [9,10]. Recently, various papers have applied consensus methods 

to obtain accurate information and define areas where there is considerable uncertainty 

or a lack of agreed knowledge, as well as handle complex problems that require more 

judgmental analysis [11–16]. Accordingly, this paper validated the data collection and re-

view outputs of sustainable building plan-design, construction, performance, and reno-

vation criteria based on a group consensus through several meetings. The summary of 

data collection and validation (criterial review) procedure is shown in Figure 1. 

The data collection and review were conducted by our team, 25 members, who spe-

cialized in relevant fields, such as sustainable urban, architectural, and civil engineering 

and construction management. The review outputs were sourced from existing relevant 

research literature available in Google Scholar whereas sustainable building planning and 

design criteria, sustainable building construction criteria, sustainable building perfor-

mance criteria (or sustainable building operation and maintenance criteria), and sustain-

able building renovation criteria were among the search keywords. Additional resources 

were also used to support, reflect, and confirm the review outputs. The methods have four 

major steps and their short explanations are shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Summary of data collection and validation (criterial review) procedure. 

Brainstorming team members on sustainability concepts and on sustainable building 

plan-design, construction, performance, and renovation criteria was the first step. All 

team members were brainstormed based on two comprehensive guidebooks [17,18]. 

Then, they were asked to preliminarily review the plan-design, construction, perfor-

mance, and renovation criteria for sustainable buildings as practice. More importantly, all 

members fully conducted the review in the second step. A total number of eight, seven, 

five, and five members were responsible for each stage, plan-design, construction, perfor-

mance, and renovation, respectively. Furthermore, the review outputs were combined in 

the third step. Moreover, the combined outputs were finally validated by re-checking, im-

proving, and selecting based on a group consensus of 25 members. This consensus-based 

validation procedure was conducted through meetings. These meetings extensively dis-

cussed the relevance and importance of sustainable building plan-design, construction, 

performance, and renovation criteria outputs (main criteria, sub-criteria, and their de-

scriptive importance) and more focused on their applicability to Cambodia. 

 

STEP ONE: BRAINSTORM 

Brainstorming team members 
on sustainability concepts and 
sustainable building criteria   
collection, combination, and 

validation procedure. 
   

STEP TWO: COLLECTION 

Collecting and reviewing existing 
relevant literatures on sustainable 

building plan-design, construction, 
performance & renovation criteria, 
and their descriptive importance. 

  

  STEP FOUR: VALIDATION 

Validating the review outputs of 
sustainable building plan-design, 
construction, performance, and 

renovation criteria, and their 
descriptive importance. 

 

STEP THREE: COMBINATION 

Combining all review outputs of 
sustainable building plan-design, 
construction, performance, and 

renovation criteria, and their 
descriptive importance. 
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3. Data Description 

Sustainable plan-design criteria are needed to monitor and assess buildings towards 

becoming sustainable buildings. The plan-design criteria for sustainable building are very 

important to guide a sustainable building project and its progress to meet the sustainable 

building requirement during the planning and design stage. Based on the data collection 

(validated outputs) demonstrated in Table A1, the plan-design criteria for sustainable 

buildings, including sub-criteria and their descriptive importance, are various and cov-

ered on many aspects, and based on the group consensus, 13 main criteria and 116 sub-

criteria were found to be applicable sustainable building planning and design criteria for 

Cambodia. Most of the main criteria and sub-criteria are not only targeting to achieve 

sustainable buildings in the construction stage but also targeting to achieve sustainable 

buildings in the performance (operation and maintenance) and renovation stages. More-

over, there are four main criteria and forty-two sub-criteria concerning directly human-

related dimensions, such as the sustainable team formation and potential stakeholder in-

volvement while other criteria concerning about technical dimensions, such as sustainable 

site selection and design, water-energy efficient design, and building cost reduction. 

Construction criteria for sustainable buildings are very important in maintaining the 

construction of sustainable buildings progressing in a right, safe, and sustainable way. 

These criteria are also important to further specify, reflect, and check again even if the 

constructors have followed the sustainable plan-design criteria for sustainable buildings. 

This is because the plan and design assignments are not really hundred percent the same 

with the construction assignments during the actual construction process. Thus, sustain-

able construction criteria are specifically essential to guide, monitor, and assess a sustain-

able building construction project and its progress to meet the sustainable building re-

quirement during the construction stage. Based on the data collection (validated outputs) 

demonstrated in Table A2, the construction criteria for sustainable buildings, including 

sub-criteria and descriptive importance, are variously covered on the multifunctional as-

pects of sustainability, and based on the group consensus, there are 13 main criteria and 

112 sub-criteria found to be applicable sustainable building construction criteria for Cam-

bodia. Principally, these construction criteria are not only targeting to achieve sustainable 

buildings in the construction stage but also targeting to achieving sustainable buildings 

in performance (operation and maintenance) and renovation stages. Moreover, as the con-

struction stage is very technical and costly, and if we already constructed an unsustainable 

building, at the end we could not help or re-construct it. Therefore, assessment criteria 

will be beneficial in guiding the building construction in a right way.  

In order to effectively and sustainably perform the function of constructed buildings, 

sustainable building performance (operation and maintenance) criteria are needed to 

guide the building owners and managers, as well as the building operators. They can fol-

low the guiding criteria and sub-criteria and use them as a tool to monitor and assess their 

building performances in a sustainable way. Based on the data collection (validated out-

puts) demonstrated in Table A3, the performance criteria for sustainable buildings, in-

cluding sub-criteria and their descriptive importance, are variously covered on many as-

pects of sustainability, and based on the group consensus, there are 12 main criteria and 

67 sub-criteria found to be applicable sustainable building performance criteria for Cam-

bodia. Within the performance (operation and maintenance) stage, most of the criteria are 

targeting to improve energy efficiency and reduce environmental impacts. As listed in the 

table, most of the criteria are related to managing the systems effectively, using the appli-

ances efficiently, and maintaining the equipment and facilities properly.  

The renovation criteria for sustainable buildings are also very important and needed 

to monitor and assess the building renovation towards achieving sustainable and high-

performance buildings. Sustainable building renovation criteria are also important to use 

as a tool to monitor and assess a sustainable building renovation project and maintain its 

sustainability progress. Based on the data collection (validated outputs) demonstrated in 

Table A4, the renovation criteria for sustainable buildings, including sub-criteria and their 

descriptive importance, are variously covered on many aspects of sustainability, and 
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based on the group consensus, there are 12 main criteria and 56 sub-criteria found to be 

applicable sustainable building renovation criteria for Cambodia. Most of the criteria, as 

well as sub-criteria, are not only targeting to achieve sustainable building renovation in 

the renovation planning and design but also aiming to achieve sustainable buildings in 

all stages after renovation, especially in the performance (operation and maintenance) 

stage. As it is also related to re-designing, the plan-design criteria for sustainable buildings 

can also be partially applied to guiding a sustainable building renovation project. 

4. User Notes 

This paper revealed that sustainable building criteria for the planning and design 

stage quite a lot compared to construction, performance, and renovation stages. These 

criteria are almost twice compared to the performance and renovation criteria whereas 

comparable to the construction criteria. This shows that the planning and design stage is 

not only the earlier stage for a sustainable building project to take consideration but also 

it is the stage that we have to have well-planned and put more efforts on. This confirms 

that we need a comprehensive planning and inclusive design in order to achieve a sus-

tainable building project. By having a proper planning and design in the beginning, it is a 

good and smart start towards achieving building sustainability in all stages. 

In general, most of the buildings have been successfully registered and certified as 

sustainable buildings by their construction. In this case, we see that if the constructed 

building was not certified as a sustainable building, we could not help because it was 

already built. Therefore, putting many efforts and getting qualified since the beginning 

would be the best choice. With this regard, sustainable building planning and design cri-

teria are very important to monitor and assess the sustainable building project to getting 

qualified since the beginning. Establishing a sustainable building certification system for 

the planning and design stage can also provide benefits to both building owners and au-

thorized evaluators (the government or independent institution). The government or in-

dependent evaluators can enhance their works leading to having more buildings certified 

as sustainable buildings whereas the owners can promote their buildings and sells after 

successfully obtaining the sustainable building planning and design certificate. 

This paper reviewed the data by collecting, combining, and validating planning and 

design, construction, performance (operation and maintenance), and renovation criteria 

for sustainable buildings based on a group consensus. However, in order to verify the 

levels of importance of these criteria in Cambodia is normally required a decision support 

tool. Systematizing these criteria by using a decision support tool with experts or relevant 

stakeholders in Cambodia is also important; for example, participatory system dynamics 

modelling is quite significant [19]. The technique to verify their priority weights in Cam-

bodia is also significant, especially the technique using a pairwise comparison method to 

analyze the importance of criteria (priority weights). For example, AHP (analytic hierar-

chy process) and ANP (analytic network process) are the techniques using pairwise com-

parison. Especially, the AHP technique was found to be significant to verify the relative 

importance (priority weight) [20]. Therefore, future research applying AHP to verify the 

relative weights of these criteria in Cambodia would be a significant contribution.                       
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Appendix A. Data Collection of Plan-Design, Construction, Performance and Renovation Criteria for Sustainable Buildings 

Table A1. Plan-design criteria for sustainable buildings. 

Main Criteria Sub-criteria Description Ref. 

Sustainable Project 

Orientation 

Sustainability brainstorming 
Introducing sustainability principles to the team members can provide a better work outcome by improving the cooperative work 

in all the building systems to achieve a sustainable mission. 
[21,22] 

Sustainability goal setting 
Early setting sustainability goals is quite important, and a proper set of these goals and project priorities can make the framework 

clear that will help in the later decision makings in the project.  
[18,21] 

Sustainable project briefing 
Pre-introduction, before the project starts, will sup-port the effort and effectiveness of the design towards achieving green building 

and sustainability goals, as well as cost-effectiveness. 
[22,23] 

Sustainable project baseline 
During defining project scope and charter, design drawing, management plan, and contract, it is crucial to include the sustainability 

re-quirement in order to select the best option to achieve the target of sustainability. 
[21,24] 

Code of behaviors 
A set of conventional principles and expectations for a particu-lar group can be a useful regulatory tool and setting the early criteria 

can help achieve the goals of sustainability for the associated stakeholders. 
[21] 

Governing rule orientation 
Stakeholders with appropriate skills and competencies are driven or get approved by the strong governing rules or the effective 

monitoring principles in terms of using sustainable technology for environmental advantages. 
[24] 

Integrated key dimensions 
Environmental, socio-cultural, and economic dimen-sions have to be integrated in sustainable building planning and design, and 

achieving these dimensions together will lead to achieving the sustainability of buildings. 
[22] 

Stakeholder orientation 
The orientation of stakeholders is very important to a sus-tainable building project, especially during the planning and design stage. 

Involving them in the sector is encouraged to experience the sustainable benefits. 
[24] 

Project cost intimation 
The building project director needs to prepare an actualized expense to the clients corresponding to the efforts of stakeholders in 

terms of sustaina-ble design and construction intention. 
[24] 

Incentive support provision 
Incentives play an important role in sustainability promotion. Incentives can be provided in terms of money or others to the 

stakeholders to improve the working performance, including the sustainability perception. 
[21] 

Available material briefing 
The comprehension of material sources, characteris-tics, and certification is encouraged essentially to stakeholders to understand 

the availability of sustainable materials in the construction industry. 
[24] 

Sustainable Project 

Planning 

Early engagement 
By bringing all stakeholders to collaborate and share ideas as early as possible in plan-ning stage, the project can be achieved at a 

lower cost. Well-functioned team in the early stage tends to show better quality in the following preparation. 
[24] 

Design charrette 
A design charrette, an intense period of design or planning activ-ities, to the regular progress meeting since the beginning in the 

planning stage can im-prove the effectiveness in communication and the exchanges of ideas. 
[24] 
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Working together 
When various groups of stakeholders work together in the early process using effective communication, which includes engineering, 

operation and maintenance, and outsider, a sustainable building project can provide a better result. 
[21] 

Inclusive documenting 
The incorporation of sustainability and integrated sustainable design requirements into the comprehensive project documentation 

and project plans are crucial for delivering a successful project. 
[21,24] 

Commissioning process 
Adding the commissioning process in the planning stage can ensure that the system performs as designed, and the issue in the 

system can be solved in the pre-design stage which can reduce the cost spent. 
[24] 

Whole-building design 
A cost-effective building can be achieved through the use of the whole-building design approach (corporates the knowledge from 

all relevant stakeholders) to maximize multiple benefits resulting from independencies in the systems. 
[21,25] 

Perspective reflection 
Sustainable development considers all the relevant stakeholders’ perspectives in decision making as the planning and design process 

can determine the future performance of the building. 
[24] 

End-user reflection 
The design fulfilling the community’s needs and performing its purposes well tends to be given more care and sustainable; thus, the 

reflection from the users or representatives of end-users is important in the planning and design stage. 
[24] 

Sustainable Team 

Formation 

Sustainability qualification  
Selecting participants should consider the quality and capacity in the focus of sustainability, as well as the familiarity of product 

type, market, and experiences with the project, which can contribute to the success of the project. 
[21,24] 

Competence qualification 
Professionals of the team who will work throughout the whole process are required to be certified in terms of engineering ethics and 

sustainability concept awareness since the concept has recently popped up and is being developed. 
[21,22] 

Individual qualification 
Towards forming a qualified sustainability team, the comprehensive knowledge and understanding of sustainability concepts of 

each member are important that can make the project achieved the desired future results. 
[22,24] 

Integrated project team 

The core integrated project team with a cross-functional system allows different parties to work closely and understand each other’s 

concerns and problems, which can allow all the stakeholders to be actively engaged in the planning process to achieve a sustainable 

building planning and design project. 

[21,24] 

Sustainability missions 
The formed sustainability team, selected sustainability partners, and all relevant stakeholders are well informed of the sustainability 

missions that need to be achieved at the end of the project’s completion. 
[21,22] 

Sustainability bureau  
The sustainability-operational bureau should be established with a group of sustainability specialists in order to maintain and 

coordinate the sustainability goals and missions of the project with the design team. 
[24,26] 

Collaborative session 
Similar to a design charrette, an intense period of design or planning activities, the collaborative session should be a multi-day 

design/planning activities that produces consensus among stakeholders through the design phase. 
[27] 

Progress meetings 
Progress meetings are also important. They are significant occurrences of concluding the involving candidates’ ideas and availability 

to meet the possible peak of the project goals and missions before the construction starts. 
[17] 

Lenders and investors 
Lenders can be introduced in sustainable project knowledge; therefore, they can take the chance to spread green and sustainable 

concepts and understand the investors to feel the encouragement and advantages from the concepts. 
[17] 
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Potential 

Stakeholder 

Involvement 

Construction managers 
The knowledge of selecting structural materials and construction strategies is another important factor to achieve sustainable 

building design, and construction managers have a good understanding and knowledge on this matter. 
[28] 

Sustainability coordinators 
Sustainability coordinators provide advice or solutions to project stakeholders in the company to obtain sustainability goals and 

provide recommendations on reducing environmental impacts and carbon footprint. 
[24] 

Facility managers 
Facility managers (who may or may not be the owners) have an important role in the performance stage of the building as they 

monitor, take care of, and maintain the whole operation after the building is completed. 
[29] 

Local stakeholders 
The involvement from local communities or local administration can ensure that the building planning follows and satisfies the 

municipality’s regulations and needs, as well as the achievement of sustainability goals. 
[17,24] 

After-design stakeholders 
The stakeholders who are always along after architects and engineers finish the drawing and planning. A good communication with 

them will avoid the extra cost and ensure the process of green materials supply, confidentially. 
[17] 

Civil engineers 

The roles of civil engineers in the sustainable building planning and design stage can help to address the site problems, especially 

for potential hazard issues, such as environmentally polluted sites, and for the water-related issues, such as water resource 

management and stormwater management. 

[17,30] 

Mechanical engineers 

Mechanical engineers have important roles in distributing and supplying energy, such as in heating and cooling systems. Having 

them involved in sustainable building project planning can lead to having a good plan for reducing energy consumption and 

environmental impacts of buildings. 

[30] 

Electrical engineers 

Electrical engineers are responsible for circuit, wiring, and telecommunication design, as well as electrical lighting in some cases. 

Having them involved in sustainable building planning can lead to reducing a large amount of energy consumption, especially in 

commercial buildings. 

[30] 

Plumbing engineers 

Plumbing engineers have important roles in the use of water fixtures and the connection of water systems. As the water becomes 

scarcer, having them involved in sustainable building planning is very important and can lead to improving the use of water and 

sustainability. 

[30] 

Design professionals 
Sustainability design professionals are very important and their competence must be certified or qualified in terms of architectural 

planning and drawing with the understanding of sustainability concepts and principles. 
[17,30] 

Interior designers 

Interior designers play an important role in providing good indoor air quality and the sustainability of materials and furniture, such 

as the resources used for manufacturing, and life duration, as well as the potentials for recycling because interior designers are the 

ones who plan and design the whole space. 

[30] 

Landscape architects 
Landscape architects normally cover sustainable landscape design. Their roles are to maintain the sustainable plan and design in 

terms of greenery and sustainable landscape in order to make the construction more alive. 
[17,30] 

In-house employees 
The project personnel and vendors have important roles in making sure that sustainability concepts are included in their works, and 

adherence to the company’s sustainable development methodology is realized. 
[17,24] 

Market representatives 
Market representatives such as brokers, lenders, and appraisers play an important role in the determination of the asset’s value and 

viability, which is crucial to be introduced in the sustainability and project delivery process. 
[24] 
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Sustainable Site 

Selection 

Environmental goals 

Good surrounding environments are the key aspects for the site selection of a sustainable building. At the start of the project, building 

owners need to specify environmental performance goals. Having a friendly environment in the building areas is among the goals 

of sustainable buildings. 

[31] 

Retrofitting building  

Sustainable site selection is not all about finding new land to build a new building. Retrofitting an existing building is also among 

the options of sustainable site selection goals. It can generally be more cost-effective than building a new facility while reusing the 

existing structure is a sustainable way. 

[31,32] 

Brownfield location 

Brownfields are the sites that were previously developed which may or may not be environmentally contaminated and usually 

require the site cleanup before reuse. By reusing the site on brownfields, the quality and sustainability of land use can be achieved 

while further destruction of the natural land is reduced. 

[33,34] 

Energy-saving location 

The proper selection of building location according to the direction of sun path and wind direction can take the advantages of the 

saving energy; for example, using natural light instead of artificial light and relying on the wind through an open window (natural 

method to force cool exterior air into the building). 

[17,34] 

Geographic accessibility 

Accessibility, connectivity, and friendliness of the building location are very important aspects. The accessible sidewalks and bike-

friendly roadways are encouraged the culture of walking and biking to and from the buildings, and it can contribute to reducing the 

carbon emissions from excessive vehicle uses. 

[17,35] 

Environmental impacts 
The environment-suitable location must be taken into account during the site selection. It is essential to minimize the negative 

environmental impact on the soil, land, and water and to preserve the ecosystem in the areas. 
[36] 

Livable infrastructures 
Sustainable site selection maintains livability and existing services. Revitalization of existing infrastructures is an important factor 

for inhabitants to access the available services surrounding the site and can promote livability. 
[37] 

Community connectivity 
Connectivity of the community after the building is constructed is also important. Selecting the right location of the building can 

promote and enhance the connectivity within the community and surrounding areas. 
[38] 

Landscape connectivity 

The position of buildings in a city generally creates an urban landscape. Having an interconnected building landscape can provide 

more beauty and attractiveness to the city. Proper building position or site selection can promote urban landscape connectivity 

towards the sustainable urban landscape. 

[39,40] 

Material availability 

Finding a location that accessible to construction materials or close to construction material suppliers, especially to salvaged 

construction material suppliers. When materials can be found easily and closely, it helps a lot in terms of saving cost and time for 

transport the materials to the construction site. 

[31] 

Near basic services 

Choosing the site surrounded by basic services, such as public transportation, pedestrian path (sidewalks), and bicycle routes can 

improve the quality of living in terms of transportation cost and promote environmentally sustainable cities by reducing 

environmental pollution from vehicle usages. 

 [17,33] 

Urbanized location 
Selecting the site that is located in the developed and urbanized areas is also an important aspect. It can provide many good and 

quality services for daily life, such as better quality of roads and better public transport. 
[31] 
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Mixed-use location 

Mixed-use development is a form of urban development or zoning that combines residential, commercial, cultural, institutional, 

and/or entertainment uses into a single space. If the building is constructed in this area, it will become a building used for many 

purposes and to promote social inclusion. 

[31,41] 

Desirable location 

Convenience is a welcome part of daily life. A convenient location for building construction is a very important aspect and is a 

desirable location. It can make life more pleasant, easier, and safer. It is a good decision to choose a place that has a desirable amenity 

for sustainable development. 

[31,42] 

Sustainable Site 

Design 

Ecological preservation 
Sustainable site design aims to maintain ecosystems in the area. It is a strategy to preserve and improve the site's ecological integrity 

and biodiversity by providing shelter to wildlife and planting native or local species. 
[31,33] 

Smart outdoor lighting  

Artificial outdoor light can have many impacts on the environment, such as disrupting the natural pattern of light and dark that can 

affect the animal’s sleep cycle, plant growth, and glare and temporary blindness, as well as waste energy. Therefore, smart outdoor 

lighting design can reduce the above problems. 

[34,42] 

Clustering home design 

The design of clustering homes, dense communities with open spaces that can be used as a recreational or environmental park 

(similar to the Borey development situation), can increase the site value and promote the sense of community while preserving open 

spaces and landscapes. 

[33,43] 

Passive solar design 
Passive solar design is the design using the natural energy of the building’s site as resources, such as wind and sunlight, as well as 

green vegetation that provides good conditions for ventilation, heating, and cooling purposes. 
[17] 

Surface water design 
Surface water design is the design of the site features to minimize the erosion and rainwater runoff, as well as water installation 

separators, while harvesting, storing, and treating rainwater for internal use. 
[35,37] 

Irrigation system design 
The irrigation system design must be a smart and strategic design. Few strategies should be conducted such as harvesting rainwater 

or wastewater for irrigation systems and using water-efficient plants and irrigation. 
[32,44] 

Lower UHI effect design 
In most cities, the design that can minimize the urban heat island effect is very important. It can be achieved by maximizing green 

spaces and pervious surfaces and providing shading and more effective strategies to practice. 
[31,42] 

Site protection design 

The design that can minimize the site disturbance usually decreases the impact of new building construction on the site and the local 

ecosystem. This can be made by minimizing the part of the site impacted by development, limiting grading and soil erosion, and 

safeguarding existing plants and other natural resources. 

[31,42] 

Low emission design 
Introducing low emission design can promote building sustainability by producing clean and renewable sources of energy in the 

area and collecting the stored gases to prevent it from affecting the atmosphere. 
[45] 

Compact building design 
Compact building design uses the least amount of land for development and supporting infrastructure that is reasonable under the 

circumstances. It leads to reduce pollution and cost of vehicle usage and improve social interaction. 
[33,37] 

Sustainable landscape design 
Sustainable landscape design can provide an effective irrigation system to reduce the amount of water usage in irrigation. Sustainable 

landscape design can also help reduce the urban heat island effect in the city. 
[17,37] 
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Resource 

Conservation Plan 

Land use conservation 

Urban expansion is one of the concerns in both developed and developing countries. Therefore, the use of land should be optimized 

by effective planning. Preserving undeveloped land and open space is also important to reduce urban sprawl towards reducing car 

usage and transportation needs. 

[32] 

Material conservation 

Most raw materials are extracted from natural resources. Therefore, the selection of materials and waste management should be 

taken into consideration at the planning and design phases. Using materials efficiently can also save cost, reduce waste, and preserve 

the environment and natural resources. 

[32,46] 

Water conservation 

A huge amount of water has been consumed to operate throughout the life cycle of the building which can lead to a water crisis. 

Hence, water conservation planning should be developed during the planning and design phase in order to mitigate the utmost 

concern for environmental issues. 

[47,48] 

Energy conservation 

The large amounts of energy and resources are consumed throughout the entire process of construction. It is related to all 

construction- and operation-energizing costs, increasing energy supply, and producing air pollution (CO2 emissions). Thus, strategic 

planning should be considered beforehand. 

[32,34] 

Buiding Cost 

Reduction Plan 

Material cost saving 

Local manufacture products are cheaper and more convenient than the imported materials. A case in China shows that it saves 10.9% 

compared to the average cost of a normal building whereas the LEED rating standard estimates the cost on the local material usage 

or eliminates some features to save overall costs. 

[49] 

Energy cost saving 

The energy consumption cost has been discovered to be higher than normal equipment. A study shows that the total energy cost has 

covered more than the excessive cost of constructing the building. By having energy cost saving plan and design, the building, in 

the long run, is able to generate its useful features for power consumption and save the electricity cost by a great amount. 

[50] 

Productive worth 

It is able to reach worthiness through green building design towards sustainable productivity of users. All the features such as 

heating, lighting, and energy-efficient equipment are very costly, but at the same time, a sustainable energy consumption planning 

can lead to anticipate productive gain of the building. 

[51] 

Design cost saving 
Design cost saving is also an important aspect to achieve sustainable cost management of the building. The varieties of value and 

cost-saving encountered run parallel with making plans and design of the building. 
[49] 

Initial cost reduction 

The initial (entire) cost, such as the cost of land, materials, and construction, is a large amount. We should consider some reduction 

because the economic evaluation of the initial cost is the primary concern for the client. A reduction plan should be taken into 

consideration at the design phase to make the project feasible. 

[32,52] 

Operation cost reduction 

The operation cost will exist during the building getting ready to serve or after the building construction is finished. Thus, it should 

be estimated in the design phase in order to develop the strategic method to minimize the operation costs which can reduce the total 

cost over a long-term period. 

[32,52] 

Maintenance cost reduction 

The maintenance cost happens during the performance stage. Having a well-planned maintenance cost reduction in advance during 

the planning and design stage of the buildings can help reduce the maintenance cost of the constructed buildings during the 

performance stage. 

[52,53] 

Retrofitting cost planning 
Building cost reduction plan is not only in new building construction. Retrofitting an existing building is also required a cost 

reduction plan. It can provide the project owner more cost-effectively while reusing existing facilities. 
[32] 
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Sustainable Building 

Space Design 

Efficient building shape 
Some building shapes use resources more efficiently than others; so, efficient building shapes should be considered in the plan. Ex. 

a square-shaped building uses lesser resources than the rectangular one for the same floor area. 
[54,55] 

Lower building footprint 
As the size of the household decreases and the cost of building increases, smaller units of apartments or homes become more 

demanded. Smaller buildings use lesser resources to construct as well as require less operating energy. 
[17,56] 

Space utilization strategy 
The effective design with the full use of spaces for small and compact units can provide a fully functional apartment or home that 

uses lesser resources and energy. Therefore, space utilization strategies are also important. 
[17,57] 

Elimination of corridors 
The elimination of the corridors or hallways through organizing the floor plan around the living room can efficiently transform the 

free spaces into the living spaces; in particular, it can save some spaces. 
[17] 

Creating common spaces 
By providing common spaces, it can create efficient use of the spaces. For example, the spaces with the shared facilities for having 

meals and meetings can improve the use of spaces and create more sense of community. 
[25,43] 

Multifunctional spaces 
Some spaces can serve multiple functions. Furthermore, some spaces can have a future change in use. Therefore, the plan for open 

layout and the reduction in the interior wall can create more flexibility in space used. 
[17,52] 

Unnecessary item removal 
By eliminating finishes or unnecessary items, such as drop panel ceiling and building storages that are recessed to the floor, can 

provide an opportunity for designers to create a more functional space or reduce the building size. 
[17,25] 

Indoor 

Environmental 

Management 

Indoor light control 
A building with good quality of light allows the natural sunlight or uses the lighting system to work as similar to the natural light 

as possible. With the right amount of light, it helps users to concentrate more and be productive. 
[34,51] 

Thermal management 
With good control, we can benefit from the energy consumption that is supposed to be used by the heater or air conditioner to 

moderate the comfort level of temperature which boosts productivity and concentration. 
[29,51] 

Ventilation management 
With suitable natural ventilation, the process can help promote users’ well-being and productivity and save electricity bills. It begins 

with the site selection where there is an adequate amount of free space of the air flow. 
[58] 

Humidity control planning 

With the right amount of moisture content of the air, people can avoid dehydration due to dryness of the air that can pose many 

problems to our skin and respiratory system. Furthermore, when excessing humidity up to 16% can lead to molding in wood which 

causes unhealthy air quality as well. 

[50] 

Indoor carbon reduction 

Carbon can be produced as a form of carbon dioxide (CO2) from any combustion machine and metabolism of the organism's body. 

High amounts of the CO2 level in the building commonly occur in grounded areas, such as office spaces and conference halls, and 

also in tidy spaces, lack of ventilation. Hence, the design for indoor carbon control is important to reduce CO2 emissions. 

[59] 

Noise pollution control 

Noise from appliances, such as lighting, ventilation systems, and motor, and from other sources can bring some discomfort and 

sometimes affect the health. Some subtle background noise can also cause irritation and loss of productivity. Therefore, the design 

for noise pollution control is important. 

[34] 

Odor pollution control 
The disturbing smell or odor pollution can be controlled by removing and isolating the contaminants that cause odor. Also, odor 

pollution can be controlled by choosing and purchasing lesser odorous products. 
[34] 
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Value aesthetic decisions 

The provision of good views and connections between people and nature can contribute to improving the indoor environmental 

quality, including the color and shape of the building, the arrangement of the plants, the view on the walking path, and the design 

of the fountain or aquarium. 

[32,34] 

Hazardous risk mitigation 
The risk mitigation plan to prevent any hazardous event like an earthquake, fire incident, flooding, and terrorism should be 

implemented to eliminate the loss of human life and physical resources and properties. 
[32] 

Emitting pollutant prevention 
Some materials emit pollutants, such as volatile organic compounds, which can affect the health of the occupants and the 

environment; thus, those pollutant materials should not be accepted to use in a sustainable building. 
[34] 

Sustainable Water 

Management 

Plumbing system management 

Water use management in a building can be improved by utilizing an efficient system in the flow of handheld or sensor equipment, 

such as sensor toilets, urinals, showerheads, washing machines, and sinks. Thus, the design aiming to use this efficient system can 

save a lot of water and energy. 

[23,32] 

Dual plumbing installation plan 
Dual plumbing installation is also important for a sustainable building. It is useful in recycling water for toilet flushing or to have a 

greywater system recovering rainwater or not-potable water for site irrigation. 
[32] 

Rainwater storage management 

A building usually requires storage to contain rainwater. Sustainable water storage is used to reduce water consumption supplied 

by the authority by using rainwater as drinking water instead of in the rainy season. It is also used for reducing treated water 

consumption by using greywater for irrigation. 

[32,60] 

Proper pressure reduction plan 
A proper design can lower the pressure of the water that can correspond to the related parameter hydraulically, such as the water 

flow rate. This is also an effective way to control the water-saving system. 
[32,61] 

Water recirculation management 
Hot water recirculating system is also important. A proper design can enhance the distribution to conserve water which can lead to 

reducing the wastewater from the warming duration that the users are waiting for. 
[32,62] 

Sustainable Energy 

Management 

Renewable energy plan 

The design planning for promoting renewable energies can reduce the environmental impacts of the building. Renewable energies, 

such as solar and wind energies, are perceived to be a clean source of energies and contributes to reducing air pollution and carbon 

footprint, especially in urban areas. 

[23,34] 

Effective daylighting design 

The effective use of daylighting while preventing heat gain can reduce building energy consumption. The daylighting design 

strategies for providing daylighting include placing the windows according to the orientation of the building as well as equipping 

automatic lighting controls. 

[23,35] 

Natural ventilation design 

The design to maximize the use of natural ventilation provides fresh air for occupants and can improve working productivity. 

Moreover, the use of natural ventilation through an operable window can reduce the need for the cooling system; consequently, it 

saves cost and energy. 

[23,34] 

Energy optimization plan 
The use of building information modeling (BIM) can optimize the design of mechanical systems and the building shell in the design 

stage. Therefore, it can optimize energy consumption in the building. 
[34] 

Insulation use management 
Building insulation is very significant for thermal purposes. It is necessary to design a proper energy conservation system to reduce 

the heat surplus in warmer weather to conserve the energy in the building. 
[32] 
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Material choice-based design 
The design based on a wise choice of material selection can significantly reduce energy consumption in the building. Thus, the design 

targeted to use sustainable materials will be leading in environment and cost-saving. 
[23,32] 

Material Use 

Planning and 

Condition 

No material pollution 
Pollution prevention by material selection must be included in the building plan. Low environmental pollution is caused by the 

effort of the design during manufacturing and transportation. 
[32,63] 

No chemical pollution 
Hazardous chemicals can be natural chemicals (such as lead) or synthetic (such as dioxin) which can affect health. Thus, hazardous 

chemical reduction is necessary and must be included in the material selection plan. 
[34,61] 

Local material promotion 
Promoting local materials by using locally manufactured products can minimize the environmental impacts through less distance 

transportation. Those products or materials can also be found at a low cost. 
[32,61] 

Energy-efficient materials 

Using energy-efficient materials is also a sustainable building goal. Materials that improve energy efficiency use less energy. 

Therefore, those materials produce less environmental impacts and air pollution. An example can be the materials of the building 

envelope that control the solar heat gain. 

[61] 

Efficient embodied energy 

The total invested energy, known as embodied energy, is required to produce the materials or products. Hence, the best use of 

materials has to be promoted to avoid the embodied energy being wasted. For example, the use of 500-year-old trees to make papers 

is not an efficient use of embodied energy. 

[34,61] 

Material durability 
Material durability is also an important aspect that should be included in the building plan. The material with great durability can 

delay the frequency of material replacement, which can save resources and energy. 
[35,64] 

Integrated maintainability 
Maintainability refers to the ability of a facility that after the maintenance, the specific condition can be retained or restored. The 

integration of maintainability usually starts right from the design stage. 
[61,65] 

Material waste control 

A proper waste control plan and management can minimize the use of natural resources by reusing construction wastes and 

materials to the utmost possibility and managing the waste storage appropriately, especially for checking and controlling non-

preventable wastes and toxic materials. 

[66,67] 

Recycled material use 
Recycled content has been made from pre-and post-consumer materials. The use of recyclable materials can contribute to minimizing 

waste generation and reducing environmental impacts. 
[34,68] 

Table A2. Construction criteria for sustainable buildings. 

Main Criteria Sub-criteria Description Ref. 

Efficient Use of 

Material Resources 

Life cycle assessment 
In the early construction stage, it is an optimization assessment on environmental impacts and life cycle cost building which includes 

energy consumption, resources used, and greenhouse gas and pollution production. 
[69,70] 

Certain material costs  
It measures the real financial benefits of a certain material. It takes into account the cost of purchasing, installing, expected life span, 

replacement, and maintenance compared to the material being replaced. 
[18,71]  

Total energy analysis 
Analysis of the total energy being used for the production and transportation of materials is an embodied energy analysis. It can be 

used to access the right materials that decrease sufficient amounts of energy consumption. 
[72,73] 
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Material sustainability 

The performance and sustainability of the construction materials need to be properly assessed and evaluated. When construction 

material selection cannot be fully demonstrated by the embodied energy analysis, the green building rating system should be used 

for this assessment and evaluation. 

[74–76] 

Using local materials 
Locally available materials are normally coming from a 500-mile radius. Using the local materials can help reduce the embodied 

energy of materials, transportation, fasten the construction time, and reduce the energy spent on the dwelling.  
[77,78] 

Material resilience 
The resilience of materials is very important. This aspect involves selecting materials that account for cost, maintenance (cost and 

period), recyclability, low-environmental impact, durability, and long-lasting. 
[17,79] 

Recycled materials 

Using recycled materials is an efficient way of using materials and helps reduce the waste amount and save the environment. It is 

very significant due to the limitation of raw materials in construction. Recycled materials may come from construction wastes, 

industries, residents, and businesses. 

[80,81] 

Salvaged materials 
Salvaged and reused materials are materials suitable to reuse for building construction and should not contain any hazardous 

substances. They can be from on-side, in case of renovation, and off-site locations. 
[81,82] 

Waste management 
In order to get qualified as a sustainable building, it is compulsory to manage waste and avoid pollution. Therefore, experts need to 

assess the optimization of waste management for sustainable building. 
[83,84] 

Cost-benefit analysis  
Cost-benefit analysis is important to show that vertical greenery systems are economically sustainable. In addition to this, incentives, 

like tax reduction, can lower the personal initial costs of the materials and promote green systems.  
[85,86]  

Efficient Building 

and Roofing 

Systems 

Fly ash concrete 

Fly ash can be used to replace the Portland cement from 15 to 20% of cementitious materials. It reduces the mixing water requirement, 

heat from hydration in the curing process, the impact on the environment, energy, and CO2 emissions at the same time and gives a 

better strength performance to the concrete.  

[17,87] 

Recycled aggregate 

Recycled aggregate concrete is considered one of the most recognized sustainable construction materials due to its reduction in raw 

materials (natural aggregate) usage. It is composed of construction wastes that undergo certain procedures that will convert into 

usable aggregates. 

[88–90] 

Insulating concrete forms 

Insulating concrete forms are the system foam insulating formwork for reinforced concrete walls that permanently stay in place. 

They are used to maintain the temperature indoors, warm in winter, and cool in summer. Besides that, they also function as acoustic 

foam for the building. 

[79,91] 

Engineered trusses 
Engineered trusses are truly a sustainable roofing system due to their low weight, which refers to the decrease of material usage and 

high performance with the adequate design of the trusses. 
[17,92] 

Parallel chord trusses 
Parallel chord trusses maximize the interior spaces because the top and bottom chords are parallel to one another; the roof slope and 

cathedral ceiling are both the same angle in these homes. 
[17,93] 

Scissor trusses 
Scissor trusses produce a finished cathedral ceiling which is half the pitch of the roof. The area can be utilized for attic or loft spaces 

with a standard floor if the roof pitch is steep enough.  
[17,93] 

Organic shingles 
Recycled-content organic asphalt shingles work similarly to fiberglass asphalt shingles for the roof. It uses recycled materials, such 

as waste paper and/or reclaimed mineral slag in their aggregate surface. 
[79,94] 
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Cool roof system 
A cool roof system is popular in sustainable roofing for three main reasons: It reduces the energy use in the building with its reflective 

coating, avoids the green office effect, and reduces urban heat effect since its surface is not dark. 
[95,96] 

Green roof system 

A green roof system is an extension of the existing roof which involves, at a minimum, high-quality waterproofing, root repellent 

system, drainage system, filter cloth, a lightweight growing medium, and plants. It is a sustainable design concept aiming to reduce 

heat and improve energy efficiency. 

[97,98] 

Sustainable 

Windows and Doors 

Louvered windows 
A louvered window is a window composed of parallel glass, acrylic, or wooden louvers set in a frame. It is a type of window blind 

or shutter that has horizontal slats that increase natural ventilation and cool temperature of the building.  
[99,100] 

Vinyl sash windows 
Vinyl sash windows are top-shelf windows that hold the glass and the framework around the glass to keep it in place. It contains 

solar heat gain coefficient and visible transmittance.  
[17,101] 

Low emissivity glass 
Low emissivity glass is an essential part of most energy-efficient windows and doors. It has a surface coating that operates as follows: 

It allows short wavelength heat from the sun to enter your home through the glazing. 
[79,102] 

Window sash kits 
Window sash kits are comprised of the sashes themselves, which come with insulated glass, new jamb liners, and hardware. They 

are a simple and economical way to improve the thermal efficiency of the buildings.  
[17,101] 

Exterior doors 
The exterior doors or outside doors are also important aspects. They usually separate the interior of the home from the element. 

They should be insulated units or wood units with composite cores.  
[17] 

Air and Lighting 

Quality 

Management 

Source pollution control 
It is required to limit or eliminate the source pollution from cleaning chemicals, the use of carpet which traps dust, by replacing with 

low or no volatile organic compound paints, stains, sealers, and adhesives to improve indoor air quality.  
[17,79] 

Mechanical ventilation 

Mechanical ventilation is the intentional fan-driven flow of outdoor air into a building. Its systems may include supply fans (which 

push outdoor air into a building), exhaust fans (which draw air out of the building and thereby cause equal ventilation flow into a 

building), or a combination of both. 

[103,104] 

Air purifying plants 
The selection of plants to purifying the air is also important. Those plants play a role in purifying the air sustainably by filtering out 

toxins, pollutants, and carbon dioxide and replacing them with life-sustaining oxygen. 
[105,106] 

Energy-efficient devices 
It is important for the construction project to use appliances that consume less energy than the conventional choices. For example, 

the project encourages the use of more efficient electrical appliances and devices. 
[107,108] 

Natural lighting use 

Promoting the installation of windows or light shelves that allow natural light to come into the building is also a very important 

aspect of sustainable buildings. This situation will help reduce the energy consumption of electrical devices, such as light bulbs, 

LEDs (light-emitting diodes), and lamps. 

[109] 

Lighting control system 

The lighting control system is a system that regulates the operation of lighting utilities in the building and good for a sustainable 

building. For example, an automated on/off light will help reduce the overall energy consumption as it will be turned on 

automatically at a certain time and place. 

[109] 

Efficient lighting equipment 
Efficient lighting equipment is also an important aspect of a sustainable building. It is very important because the building uses 

sustainable lighting equipment will be energy efficient. For example, choosing LED lights over incandescent lights. 
[107] 
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Lighting from living trees 

Living trees can generate weak sources of electricity; thus, buildings can utilize the electrical energy from trees to operate lighting 

systems in some areas such as parking lots that consume less energy. One of those living trees, gliricidia sepium, is existing in 

Cambodia and suitable for this condition. 

[110,111] 

Green Insulation 

Systems 

Fiberglass loose fill insulation 
It is a composition of 40-60% recycled glass, thus, it can be considered as a green material. It is used for insulating finished areas, or 

irregular shape areas. With good insulation, the building will consume less energy.  
[112,113] 

Cellulose insulation materials 
Its composition is made out of mostly recycled materials (up 82-85%) whose main component is recycled paper. It can also be 

implemented with loose-fill insulation technique. 
[112–115] 

Cotton batt and loose fill 

insulation 

This material and technique is another solution for sustainability of the building, since it is made from recycled denim and cotton 

fiber. Therefore, it can keep the wall slumping and energy efficient.  
[115] 

Air infiltration 
Air infiltration happens due to the unawareness of air (heat) leaking into the building. Some mitigations are seal plate gaskets, tape, 

house wraps, foams, and many more, to seal the gap that the air leaks into. 
[17,116] 

Drainage planes 
This aspect is about making sure there’s no leakage of moisture or water into the building via cavities (windows, doors, or many 

more) by providing wraps. Therefore, the building is more comfortable and efficient.  
[17] 

Solar radiation control systems 
This system reduces the energy transmitted from sunlight into the building, thus, reducing the need for air-conditioning. There are 

three types of systems, static solar protection, static and dynamic shading, and dynamic glazing systems.  
[117] 

Green Plumbing 

and Heating 

Systems 

On-demand tankless or 

Instantaneous 

This system will guarantee that hot water never runs out. Hot water can be produced instantaneously and this also mitigates the 

standby heat loss of conventional water heat tanks.  
[118,119] 

Heat-pump water heaters 
Heat is transferred into the water and is kept at almost the same temperature in an insulated tank. In addition, it is more efficient 

than other water heaters in which its energy factor can reach up to 2.0. 
[118] 

Comfort cove radiant heat 

This radiant heating machine does not follow the law of air convection, but rather, it radiates heat directly to a position. It reduces 

energy consumption compared to conventional heaters. Moreover, it is not harmful and does not reduce the humidity of the indoor 

environment. 

[120] 

Geothermal heat pumps 
This water/air heating system uses earth energy or heat to provide the need for hot water, which is also sustainable. It can be done 

by either closed or open loop operation.  
[121–123] 

Desuperheaters 
A type of heat exchanger that captures heat waste from heat-generating sources such as air-conditioners and refrigerators. This heat 

waste can be captured and the energy can be transferred to heat up water. 
[118] 

Usage of cross-linked 

polyethylene pipe 

PEX pipe is a cross-linked polyethylene pipe that becomes a sustainable solution to the plumbing system due to its durability and 

economicality under the LCA (Life-cycle assessment).  
[124,125] 

Water efficient landscaping 
Landscaping irrigation is the application of water to land areas in a systematic manner to meet the water requirements of decorative 

and landscape plants. Low-volume irrigation, flood irrigation, and sprinkler irrigation are all used in landscape irrigation. 
[126,127] 

Innovative wastewater 

technologies 

An efficient sustainable design focuses on lowering wastewater generation within a facility while enhancing aquifer recharge in the 

surrounding area. It can be used to improve the sustainability of the building and its surrounding.  
[128,129] 
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Building water-use reduction 
Water efficiency can be improved in a facility in two ways: by the design and installation of high-efficiency water consuming devices, 

and through educating the building's occupants. 
 [130,131] 

Commissioning 
This idea is utilized to ensure that building systems are built and installed according to the owner's intent, and that the owner has 

received adequate training on how to operate and maintain each commissioned system.  
[126,132] 

Indoor environmental quality 
A sustainable plumbing design will call for the use of systems that reduce or eliminate the use of traditional construction processes 

like welding, brazing, soldering, and gluing. 
[133,134] 

Well-designed toilet 
Toilet plays a very important role in the construction project; therefore, a well-designed one can reinforce the sustainability indicator 

of the building by reducing the materials used in the toilet and also the energy and water consumption.  
 [135,136] 

Renewable Energy 

Wind 
Wind energy is a type of renewable energy that converts the wind energy into usable types of energy. Wind turbines are the main 

sources of wind energy in many developed countries, but there are also other sources as well.  
[137–139] 

Hydroelectric 
Hydroelectric or hydropower energy is also another solution. There are also some side-effects toward the ecosystem for constructing 

the hydropower dam, but it is more sustainable than oil and gas-based energy for residential purposes.  
[138,140] 

Solar water heaters 
Solar water heaters turn sunlight into energy to heat the clean water for the building. It comes with two types passive, which uses 

convection of water to transfer heat and active heater, which forces convection to transfer heat.  
[141,142] 

Evacuated tube solar collectors 

This is another form of solar absorbing device (in Tube form) that has lower heat loss compared to flat-plate collectors (FPC). It is 

less dependent on climate conditions. A study has shown its better efficiency in the performance of water heating compared to 

normal FPC. 

[143,144] 

Solar photovoltaic panels 
Photovoltaic or PV panels function as a converter from sunlight to usable form of energy (thermal and electrical). PV panels can be 

installed on the exterior of a building; for example, used as lighting on the outside or the surrounding campus.  
[145–147] 

Water Conservation 

Indoor water usage 
Indoor water usage can be reduced by replacing some parts of the building with water efficient components. It will further reduce 

the water usage and waste water; therefore, no additional water is drawn from resources.  
[126,148] 

Pressure reduction 
Because flow rate is related to pressure, the maximum water flow from a fixture operating on a fixed setting can be reduced if the 

water pressure is reduced. Therefore, water can be conserved by lowering the water pressure.  
[3] 

Rain water harvesting system 
This system collects the rainwater and converts it to usable water without leaving it running off. There are three stages of this system 

which are Collection, Distribution, and Storage stages.  
[126,147] 

Catchment area 
Housing shape and form can have various impacts on catchment areas which introduce roof catchment areas, it will affect the amount 

of rainwater harvested and can also be different.  
[149,150] 

Precipitation rate 
The weather condition which the buildings situated in also influence the amount of rainwater harvested annually. Therefore, 

buildings need to be evaluated on rainwater harvesting and water conservation before the construction starts. 
[149,150] 

Greywater reuse system 
Greywater sources are from bathrooms, wash basins, clothes washing, sinks, and other sources that contain low organic matter. This 

type of water can be recycled (treated with disinfection) and used for various purposes. 
[151–153] 
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Low utility bills 
The passive rainwater harvesting was built from the roof top and required no pump for delivering water as an additional source of 

energy. The results of economic analysis showed this system saves tons of water per year.  
[154] 

Landscape water usage 
Water cannot flow to waste in sustainable building, therefore, landscape water usage on plants and species also can save water from 

going to waste directly. It acts as fertilizers to give nutrients to the greenery and vegetation. 
[17] 

Water conservation index 
The water conservation index is the ratio of actual water usage in a building to average water consumption in the general population. 

It can be used to assess the water consumption and reduction of the building.  
[126] 

Green Floor 

Framing Systems 

Engineered structural lumber 
Structural composite lumber (SCL) refers to a group of engineered wood products used in structural applications. Good wood with 

enough strength for the flooring system is a limited resource, so it is important to use the alternatives.  
[155] 

Construction materials for flooring 
The direct reduction of embodied energy is to increase the number of columns which reduce spans of beams and floors. Thus, 

reducing the thickness of the floor which lowers the construction materials, and it is sustainable for the buildings.  
[156,157] 

One-way floor slab 
As floor is a structural component that consumes most of construction materials, it also poses significant embodied CO2 due to its 

manufacturing process. One-way slabs allow designers to achieve a portion of embodied CO2 reduction.  
[158] 

Timber concrete composite 
Implementation of sustainable design without sacrificing the structural integrity of a building is important. The timber concrete 

composite (TCC) offers superior sustainability and quick installation compared to other composite floors.  
[159–161]  

Timber steel composite 
The combination of cold-form steel and cross-laminated timber possess lightweight and relatively higher strength characteristics. A 

study found that it satisfied structural performance and construction sustainability. 
[162,163] 

Precast concrete slab 
Precast concrete offers a wide range of benefits recognized by LEED which require minimum energy and increase the life span of 

buildings. It is durable and requires low-maintenance and no construction waste is generated in the field.  
[164,165] 

Flat plate floor system 
Flat plate floor systems are considered as time-saving construction that are often used in residential buildings and also reduce the 

floor height. Additionally, it also contributes to the largest influence on determining greenhouse gas emissions.   
[166,167] 

Green Wall Systems 

Advanced framing 
The framing system is cost effective, sustainable, and energy efficient. It is less expensive than conventional framing, optimizes 

material usage, reduces construction wastes, and has many more positive environmental impacts. 
[17,168] 

Panelized homes 
It offers several environmentally sustainable practices, such as foreseeable environmental control, mass manufacturing and materials 

production which results in efficient energy and resources consumption.  
[169] 

Outdoor green wall 
Are mostly made up of visual components. Although they can save money by lowering general temperatures, capturing rainwater, 

or insulating buildings, they are primarily utilized to provide greenery to the urban scene.  
[170] 

Indoor green wall 
They have greater size restrictions because they must fit within the spaces, they are in. As a result of this restriction, they are 

frequently easier to maintain and more sustainable for the building and comfortable for the occupants.  
[170,171] 

Open wall 
The minimalism practice in the wall system of the building also pushed the sustainable indicator of the building due to its reduction 

in energy consumption, material usage, and environmental footprint of the materials.  
[172] 

Structural insulated panels walls 
Structural Insulated Panels as closed walls is a sustainable solution for the construction project due to its high insulation thermal 

performance, which is well-known in cold countries.  
[163] 
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Planter tiles 
This is also known as a green wall system that is a sustainable solution since it maximizes the functional benefits of the plant 

combining it with the building performance.  
[170] 

Reduing UHI effect 
Greenery significantly helps cooling buildings and surrounding areas through the process of shading, reduction in reflected heat, 

and evapotranspiration. In addition to this, it also promotes natural air cooling.  
[174,175]  

Improved exterior air quality 
The increase of air pollution and CO2 emissions footprint lead to an environmental problem and polluting the air. Utilizing the green 

facade is capable of capturing airborne pollutants and atmospheric deposition on leaf surfaces. 
[174,176]  

Aesthetic improvement 
Green walls provide aesthetic improvement and link to improve human health and mental well-being. It also provides a unique 

view and attracts people to come around which eventually add up to the property values. 
[174,177]  

Improved energy efficiency 
It serves as the thermal insulation capacity of the building. However, the saving energy depends on various factors such as 

surrounding climate, and density of plant coverage that can impact both cooling and heating.  
[174,178]  

Building structure protection 
Buildings are exposed to weathering (contraction and expansion) which cause the building materials to erode or decay over time. 

With the help of a green facade, the exterior finishes is not prone to critical weathering and is more durable.  
[174,179] 

Noise reduction 
Noise reduction contributes to the reduction of sound level transmitted through the living wall system. It also varies depending on 

the overall area of coverage and materials used as structural components in the living wall system. 
[174,180]  

Green trim packages 

There are several alternatives for wall trimming that can be more sustainable for the building. For example, the radius wall corner 

and the false baseboard reduces the usage of construction materials and trimming materials. Moreover, it also saves time and energy 

during the constructing process.  

[17,173] 

Green Exterior 

Finish Materials 

Locally made metal roofing 
This sub-category is similar to the locally available categories in the category of materials resource efficiency and waste management. 

Therefore, it is kind of redundant with the sub-category above.  
[17,77] 

Cementitious siding 
Cementous siding or cement board is considered as an practical and sustainable solution due to its durability and high maintenance 

efficiency. Regardless of the performance, it also improves the asthetic of the building architecturally.  
[17,181] 

Corrugated metal 
Corrugated metal is also a remarkable sustainable solution since metal or steel can be used in a very long period of time and it also 

can be recycled and even upcycled which prevent raw materials wastage.  
[182,183] 

Gypsums separation walls 
In a multi-unit building, provide 2-hour fire protection and noise reduction between surrounding units. These walls are compatible 

with conventional floor-to-ceiling height and can be utilized on structures up to four floors.  
[163] 

Common cladding alternative 
Cladding, which is simply the application of one material over another, has become one of the most popular options for upgrading 

the exterior of an existing structure.  
[184] 

Insulated wall panels 
It is utilized in floors, walls, and roofs to provide a high-performance material that is exceptionally durable, sustainable, and energy-

efficient. Engineered panels, or SIPs, are used to build walls, ceilings, and floors. 
[185,186] 

Precast concrete slabs 
This concrete slab is made in a manufacturing facility and delivered to construction sites in portions. A lightweight filler, such as 

foam insulation, is frequently encased by the outer layers.  
[187,188] 
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Porch and deck flooring 
This material is a composite body material that can perform as well as a good piece of timber in construction projects. Therefore, its 

durability and low maintenance needs are the key ideas for sustainable building.  
[17,189] 

Natural clay plaster 
It is one of the conventional materials that have been used for a very long time, but it is unique since it improves the sustainability 

of the building due to low energy consumption for the production and transportation.  
[190,191] 

Green Interior 

Finish Materials 

Wheat board 
Wheatboard, sometimes called Eco-board, is a type of MDF fiberboard that is the next generation. It is entirely harmless to the 

environment. Wheatboard is composed entirely of high-quality natural wheat straw rather than wood. 
[17,192] 

Stone veneers 
Stone veneers are great for producing unique interior design features, such as accent walls. A great usage of natural stone design 

that can provide a visual framing for the fireplace and mantel is a stone veneer fireplace.  
[193] 

Recycled metal 
A recycled aluminum chair's gleam not only effectively produces industrial design in your home, but it's also a more environmentally 

friendly solution. Plus, it also comes with lower price and similar performances.  
[194,195] 

Bio-glass 
Although you may not want to sit on a bio-glass chaise, it is an excellent green choice for anything from design to bathroom sinks, 

worktops, and flooring. It can be used for decoration in different spots of the building.  
[196,197] 

Sustainable plywood 
Plywood that is made from sustainable yield forest is also considered as a sustainable solution compared to other materials. This 

might not be famous in Cambodia, but it is also one of the sustainable solutions for the building.  
[17,198] 

Corrugated metal 
Corrugated metal roofing is made out of metal sheets that have been rolled into panels. Screws are then used to secure the panels to 

the roof. Corrugated sheet metal is often circular and wavy in form.  
[183] 

Sheet galvanized 
Galvanized steel is ordinary steel that has been zinc-coated to make it corrosion resistant. Regular steel is formed of iron, which rusts 

when exposed to moisture, whether from rain or humidity in the air.  
[17,199] 

Natural clay plaster 
Clay plaster is proven to be an internal humidity regulator due to its natural properties which are vapor permeable properties and 

hygroscopic. the energy usage of the building. 
[17,200] 

Natural fiber wall coverings 
Natural fiber is a widely available and low-cost material. It is considered to be a material, biodegradable, and lightweight material. 

Also, natural fiber wall coating is made of natural fibre of cotton, wood, bamboo etc. and is environmental-friendly. 
[201,202] 

Green cabinets and storage 
Cabinets and storage should be produced from eco-friendly materials as sustainable plywood. Green is both a timeless and soothing 

hue that can make any space in your abode feel more inviting. 
[17,203] 

Open shelving 
Open shelving concept is similar to the open wall system. The concept of minimalism improves the materials efficiency and 

sustainability. Open shelving is perhaps one of the most popular kitchen design trends right now. 
[17,204] 

Green Flooring 

Systems 

Recycled carpet 
The carpet that is made from poly-ethylene terephthalate (PET), which are materials that are recycled from plastic waste, is known 

as a sustainable material, since it solves the waste problems and creates construction materials.  
[17] 

Carpet squares 
Carpet squares are sustainable materials as long as they do not contact plastic (PVC) that should be avoided. It comes with the long 

lifespan and the flexible ability to serve the building purposes with heavy traffic. 
[17] 

Natural linoleum 
Linoleum is a sustainable material that can be recycled after it is worn out. Moreover, the production of these materials does not 

require sufficient energy and raw materials.  
[205,206] 
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Tile flooring 
Tile installation tool is a device that can assist construction workers or instructors in more quickly and efficiently installing tile. It is 

a conventional and also sustainable solution for the construction projects in terms of flooring.  
[207] 

Wool and wool blend carpets 
In terms of comfort and durability, this one is the best one is sustainable flooring. However, it is a little bit expensive compared to 

others. Moreover, it is not a famous solution for tropical countries (warm temperature country).  
[208,209] 

Flooring shape 
Floor shape is an important contribution in green building design which has a significant impact on energy performance and 

construction costs. Typical floor optimization also contributes to life-cycle cost and life-cycle of the materials.  
[210]  

Floor green view index 
It is defined as the area of visible green on a particular floor of a city building. This indicator is a very powerful tool for urban design, 

landscape architecture, urban green planning and management to develop more green space in the city. 
[211]  

Table A3. Performance criteria for sustainable buildings. 

Main Criteria Sub-criteria Description Ref. 

Effective 

Performance 

Management 

Performance services 
Performance services, such as energy services are those functions performed using energy which are means to obtain or facilitate 

desired end services. 
[212,213] 

Performance efficiency  
Performance efficiency is the comparison between technologies that perform the same functions but different amounts of energy-

saving and efficiency. 
[212,214] 

Performance metrics 
Performance metrics are defined as figures and data representative of the building performance. The measurements analyze the 

impact on water, energy, etc. 
[215] 

Performance upgrades 
It is very important to upgrade the existing building’s facilities, including restoring spaces, small rooms, or converting open spaces 

in order to improve the building performance. 
[216] 

Performance cycles 
Performance cycles are the implying methods that are capable of green and sustainable performance cycles, energy protection to 

increase the quality of indoor air. 
[217] 

Effective Monitoring 

and Maintenance  

Post occupancy program 
The post occupancy program is the development and implementation of a post-occupancy tenant education program focused on 

evaluating the building. 
[218,219] 

Smart monitoring 
Installing separate meters for each unit and using habits are reinforced by direct feedback. A smart meter can accurately detect 

appliance consumption. 
[218–220] 

Maintenance training 
Training all maintenance personnel on the specific heating and cooling equipment installed in order to maintain optimal 

performance. 
[219,220] 

Effective budgeting 
Effective budgeting is the development of the effective budgeting processes to ensure adequate capital improvement and 

maintenance or replacement reserves. 
[218] 

Maintenance schedule 
Following a replacement/maintenance schedule. Don’t be tempted to cut corners which may save in the short run but will cost more 

in the long run. 
[218] 
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Building Envelope 

Integrity  

Air-based active building 

envelopes 

The air-based active building envelope is known as an important installation for air operation that is able to remove a layer of warm 

air from the building. 
[221] 

Water-based active building 

envelopes 

There are two water-based active building envelope models. One for an active water pipe-embedded wall, and another is a water 

evaporative cooling wall. 
[221] 

Solid-based active building 

envelopes 

There are three major categories of solid-based active building envelopes, such as photovoltaic (PV), thermoelectric (TE), and PV-TE 

wall or roof. 
[221] 

Kinetic active building envelopes 
The kinetic active building envelope is known as adaptive, that can bring appropriate outside air into indoor rooms which can lead 

to reduce energy consumption in the building. 
[221] 

Effective HVAC 

Management 

Underfloor air-supply systems 
Technique that organizes the space conditioning inside the building which is considered as a serious alternative to ceiling base air 

distribution system. 
[222] 

Desiccant-based cooling systems 
Desiccant-based cooling systems are the heat-driven cooling units that can be utilized as an option in contrast to the ordinary vapor 

pressure and absorption cooling system. 
[223] 

Demand-controlled ventilation 
In HVAC (heating, ventilation, and air conditioning) management, the demand-controlled ventilation uses humidity control which 

allows good quality outside air to flow into the inside of the building. 
[224,225] 

HVAC equipment selection 
Heating and cooling needs, energy efficiency, humidity control, potential for natural ventilation to codes and standards, outdoor air 

quantity and quality, indoor air quality, and cost. 
[224,226] 

Air distribution 
Duct boards and duct liners are widely used in duct systems due to the excellent thermal and control properties. Duct systems pose 

no greater risk of mold.  
[224] 

Outdoor air quantity  
Providing HVAC systems and outside air volumes in order to save energy and help control moisture by reducing the quantity of 

humid outside air. 
[224] 

HVAC operation and maintenance 
Labeling of HVAC parts is a cheap and powerful technique for aiding the office work and force to appropriately work and keep up 

the HVAC frameworks. 
[224] 

Measuring ventilation 
Measuring ventilation is important to determine a particular ventilation rate for instruction, design, or computing purpose using in-

situ measurement techniques. 
[226] 

Lighting and Plug 

Load Controls  

Time switch controls 
The time-switch control is using technology that detects human activity or non-business hours which automatically turns off the 

light to save energy power. 
[227,228] 

Occupancy sensor controls 
Occupancy sensor control is using the sensor technology to detect and shut off the circuit when occupants are away from control 

space like auto lightning on the stair.  
[227,228] 

Electrical wiring for plug load 

controls 

Hardwired plug load controls require the installation of both controlled and uncontrolled receptacles, which require two sets of 

electric circuits to support the two sets of receptacles. 
[227] 

Schedule timer controls 
Optimizing the energy use by analyzing the operation schedule or occupant work like non-business hours, out-of-office hours, and 

empty conference rooms. 
[227,228] 
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Site Management 

Overhauling 

Preventative maintenance  
Method that involved regularly scheduled inspection, repairment, replacement and other tasks that minimize the risks and maximize 

the lifespan of the building.    
[229] 

Predictive maintenance 
Determining performance and studying the future plans to improve the maintenance of the asset like a collection of data from sensor 

technology, and environmental measurement. 
[229] 

Reliability-centered maintenance 
Methods that focus on reliability and availability with the goals of identifying an optimal maintenance program anchored on many 

maintenance strategies.  
[229] 

Condition-based maintenance  
Identifying visual inspection, operational performance, and other tasks which result minimize time spent to maintain a building and 

optimize the expansion.  
[229] 

Energy and System 

Management 

Smart energy devices 
Using smart energy devices to optimize engery use within the building. For example, a smart plug is a smart home device for 

controlling energy use. 
[230] 

Energy performance 
Energy performance under energy and system management criteria is for accurate predictions on the building performance using 

all energy quantification methods. 
[230] 

Smart energy monitoring  
Smart energy monitoring under energy and system management criteria is able to recognize the issue such as danger of an outbreak 

or a system that fails on functioning. 
[230] 

Heat and power system 
Heat and power system is a system for air conditioning resulting in energy saving, and reduction of CO2 emissions which provide 

a good quality to the occupant.  
[230] 

Smart technologies 
It is very significant to use modern and smart technologies to minimize energy and also to provide security for occupants like sensor 

lightning, smart cameras, and energy-saving air conditioning. 
[230] 

Energy efficiency 

High-performance windows  Controling the cooling load and reducing the solar heat by adding solar control glass into the area that has a large glass. [231] 

Indoor air quality control Installing the duct system in order to exhausts stale air from bathroom and kitchen and absorb the fresh air into a building.  [231] 

Low air leakage rate Wrapping a plastic sheet around the edge of the floor system and sealing it to the wall above and foundation below. [232] 

Renewable energy Solar energy or the particles of sunlight that reach the earth, is a clean, renewable energy source that can be harnessed. [232] 

Water Consumption 

Management 

Alternative water sources Using other alternative sources of water, such as rain and water harvesting, in order to collect water from natural rain. [233] 

Water metering and monitoring Controlling and monitoring the water consumption inside the building to determine and differentiate the water usage in each month. [234] 

Water efficient equipment Promoting and using the high-quality equipments to optimize the water distribution within the building and prevent water leakages. [233] 

Standard specifications Technical specifications for all plumbing products such as pipes, fixture is used to minimize water leakage in the building. [233] 

Non-revenue water reduction 
Recovery of water frameworks including the main pipelines and distribution lines to reach the proficiency in transmission and 

prevent water contamination. 
[233] 

Reducing water losses 
It is very important to create guidelines that will help to decrease water losses, for example, washing vehicles, walkways, carports, 

and roads with clean water. Rainwater or used water is recommended.  
[233] 
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Water conserving landscapes  
It is also important to keep executing water-conserving landscapes and harvest the positive output from it and update landscape 

principle for proficient landscape water use in the park of the building. 
[233] 

Water harvesting  Technology or method that is used for collecting the water from nature to keep inside the building like rainwater harvesting. [234] 

Water-waste restriction 
Limiting water usage and apply modern technologies inside the bathroom or kitchen can save more water or reuse the water in an 

effective way. 
[233] 

Water restoration 
Methods that can restore the wastewater like take out the trash and prevent it flow into the water or catchment area which cause the 

water pollution.    
[233] 

Groundwater management Identify the groundwater table in order to estimate the next day's water storage and try to keep the groundwater at a constant rate.  [235] 

Indoor Environment 

Controls 

Lighting quality 
Good lighting quality enhances the productivity of the occupants as well as their visual comfort and improves the environment 

inside the building. 
[232,236] 

Acoustic quality 
Good acoustic quality will reduce the noise level for occupants who reside in different offices. Moreover, it also provides occupants 

with more privacy when their noises could not be heard by other people. 
[232,237] 

Thermal comfort 
Occupants should be able to control the thermal environment around them in order to maintain the productivity and comfortability 

of their own. 
[232,238] 

Air quality control 
Good air quality control within the building will help reduces building sick syndrome and enhances the overall betterment of health 

for the occupants. 
[239,240] 

Airflow analysis 
This criteria is important to analyz the air flow rate through specific ventilation components. For instant, terminal diffuser of an air 

conditioning system. 
[241,242] 

Airborne particles 
Indoor air may contain a variety of contaminants that occur as airborne particles. Measuring the airborne particle technique is for 

determining its rate. 
[232,243] 

Air permeability Measuring air permeability or leakage rate and physical property of a building that indicate the resistance of its fabric to air flow. [244,240] 

Stormwater 

Management  

Green infrastructure   
Relying on plants, soils, and microbial action of soil organisms to encourage stormwater infiltration and evaporation in order to 

reduce the stormwater surrounding the building.   
[245] 

Existing landscapes  Reducing the runoff problem by preserving the natural area or natural vegetation which absorb the flood water around the building. [245] 

Stormwater runoff 
Stormwater runoff is the way that we release the water from the surface near the building into our systems which have pipe systems, 

storm drains, and gutters.   
[245] 

Solid Waste 

Management 

Waste collection 
Proper waste collection is important for environment quality and public health. Government and private collectors to be paid by 

homeowners should work together in order to collect all solid wastes in the local area. 
[246,247] 

Furnace operation  
The technology for reducing the volume of solid waste by burning it in the proper design inside the furnace under a very careful 

condition in order to reduce the amount of CO2 emissions. 
[246,248] 
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Energy recovery 
Utilizing a refractory-lined furnace coupled to a boiler in order to recover energy from solid wastes and permit the energy substance 

of the refuse to be recycled. 
[246,249] 

Sorting and shredding  
Sorting and shredding are carried out mechanically. The decomposable materials in reject are segregated from glass, metal, and 

other inorganic things through arranging and isolating tasks.  
[246,250] 

Digesting and processing  
Waste is prepared for treating either by the open windrow technique or in an enclosed mechanical facility. Windrows are long, low 

mounds of refuse. 
[246,251] 

Controlled by product  
Organic material and inorganic material must be controlled in the proper way in order to avoid the pollutants and difficulties to 

control those wasted.   
[246] 

Solid waste recycling  
One sort of recycling is the recovery and reuse of heat energy, a practice discussed separately in incineration. Composting can be 

viewed as a recycling process.  
[252,253] 

Table A4. Renovation criteria for sustainable buildings. 

Main Criteria Sub-criteria Description Ref. 

Site Remodeling 

Disruption minimization 
The top layer soil is valuable for earth’s living resources. During remodeling, the plants and trees should be protected. Plus, keeping 

existing soil protected will benefit the landscape design stage. 
[254] 

Construction waste recycling 
Recycling construction and demolition wastes help the reduction of land wastes disposal, transportation cost and can sometimes 

generate profit by extracting raw materials from the waste. 
[255] 

Solar access design 
Solar access should be taken into consideration. The optimum solar access can provide the maximum amount of solar power, which 

is a sustainable power resource. Designers should design the building to always have optimum solar access at the site. 
[18] 

Groundwork 

Retrofit 

Pest controls 
Physical pest control and nontoxic pest control are the options that constructors install to the junction of the foundation slab, wall 

framing, and structural wood to prevent the building from pests and protect human health. 
[255,256] 

Crawl space moisture 
Crawl space is the enclosed or free space that is located beneath the first floor of the building. Generally, it is affected by the moisture 

due to rain and broken water pipes. The retrofitting of the crawl space can be done by controlling the moisture. 
[257] 

Admixture in concrete 
Fly Ash is an inexpensive material for mixing with the Portland cement used in concrete. Fly Ash and slag could also increase the 

strength and durability of the concrete. 
[258] 

Recycled content aggregate 
Recycled content aggregate is the crushed cement concrete or asphalt pavement from construction debris that is reused in other 

building projects. Crushed concrete and debris can be used for backfill and drainage at the foundation's base. 
[259] 

Landscape Features 

Enhancement 

Resource efficient landscape 
Resource-efficient landscapes are the landscapes that minimize environmental impacts. They use resources and techniques that are 

better suited to the local soils, wildlife, rainfall, and climate. 
[254,259] 

Fire-safe landscape 
Fire-safe landscaping techniques applied into the landscape in order to prevent building and home from fire. It will reduce the risks 

of harm by fire to the building and people in the building. 
[259,260] 
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Efficient irrigation system 
The highly-efficient irrigation system uses smart irrigation controller’s sensors to control the flow rate of the water. It provides only 

the amount of water that the plants needed in order to save the water usage. 
[259,261] 

Composting topsoil 
The compost can be made from waste material such as vegetables, fruit and leaves. Generally, adding of the compost to soil is to 

reduce the soil erosion, provide more nutrition by water retaining and improve the soil condition. 
[262] 

Recycled landscape materials 
There are many waste materials that can be recycled and used for the designing in the landscape with the plant for these purposes. 

Recycled material could be car wheels, pieces of wood etc. 
[263] 

Light pollution reduction 
Light pollution can be defined as the brightening from the exterior system of the building which could have the effects on our 

ecosystem such as the night animal. 
[264] 

Solar lamp 
Solar lamp is a function of low voltage, high efficiency, flexibility and economically. Therefore, the use of solar lamp in the landscape 

could save the energy. 
[254] 

Rainwater collection system 
Rainwater harvesting is a technology that stores and provides water utility, it may be collected from many sources such as roofs, 

pavement, hill or land catchment. 
[265] 

Hydro-zoning 
The technique involves grouping plan by water needs consists of dividing the landscape into low, medium, and high water-use to 

prevent overwatering. 
[18] 

Material Efficient 

Structural Frame 

Engineered lumber 
Engineered lumber could reduce demand for large-sized logs and reduce the strain on old-growth trees to be cut down. Engineered 

timber could make a more durable and higher quality building. 
[259,266] 

Steel stud interior frame 
Steel stud is generally lighter than wood, and it’s stronger and easier to recycle. In addition, the use of steel studs reduces the need 

of wood as interior walls. 
[18,260] 

Certified harvesting wood 
The timbers which are certified by the Forestry Administration were obtained by harvesting in a sustainable way; therefore, the 

precious, old-growth trees could be protected for long-term benefits. 
[18,266] 

Energy-heel trusses 
This was found to be important when energy heels raise the height of the truss at external wall top plates to enable additional 

insulation at the house’s perimeter. 
[267] 

Advanced framing techniques 
The advance framing could help to reduce the material cost by reducing the diameter of material and labor cost; therefore, it makes 

the more efficient structure. 
[259,268] 

Garage pollution design 
Pollution from the garage can be carbon monoxide (CO), and carbon dioxide (CO2). It can be prevented from entering the to the 

building by having a proper design, installation, and maintenance of gas appliances. 
[269] 

Exterior Finish 

Renovation 

Recycled decking materials 
Plastic lumber and wood lumber are two examples of recycled-content decking materials. These materials have a better durability 

than wood and could also be cost saving. 
[259,266] 

House wrap 
House wrap helps by allowing water vapor to pass through the membrane. The installation of house wrap before the siding 

installation could help to minimize the moisture buildup in stud cavities. 
[259,268] 

Durable siding materials 
Siding materials, generally made of metal, stone, brick stucco, and fiber cement are durable and noncombustible which means that 

it could prevent fire. 
[259,260] 
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Rain screen wall system 
Rain screen wall system is a system that helps the building from the external moisture penetration. It allows for an air space between 

the wall structure, and it protects the home from rain intrusion. 
[18] 

Provision of 

Insulation 

Floor insulation 
The floor insulation in the crawl space could protect interior air quality from moisture that can grow in wet crawl areas and improves 

comfort by insulating the floor. 
[257,267] 

Ceiling and wall insulation 
Ceiling and wall insulation is about increased insulation in the walls and ceilings provides more comfort, lowers heating and cooling 

costs, and makes the property quieter. 
[18,267] 

Caulking and weather stripping 
Caulking and weather stripping seals the gaps in the doors and windows, and does allow the unwanted air, pollen, mold, dust, and 

contaminants to get in the home. It helps to reduce air filtration, lower energy bills, and increase comfort. 
[18] 

Water-efficient 

Plumbing System 

Water heater jacket 
Water heater jacket insulation is an insulated wrapper that is secured around the hot water tank or it is able to preserve the 

temperature in the water tank. 
[260] 

High efficiency toilets 
High efficiency toilets (HETs) help to save water usage such as using the dual flush feature. HET allows residents to reduce water 

and sewer costs. 
[18,270] 

Water-efficient faucets and 

showerheads 

Showerhead water filters help to reduce chemicals and particulates from the water supply. Water efficient showerheads cand save 

the amount of the water used by optimizing the flow of water. 
[18] 

Efficient hot water distribution 
By insulating the entire length of hot water piping, energy loss can be reduced. Another way is to insulate all accessible hot water 

pipes inside the buildings. 
[18] 

Energy-efficient 

HVAC system 

Kitchen hood venting 
Kitchen hood venting is the machine to extract the smoke and smell coming from the cooking by improving indoor air quality, 

preventing overheating, and excess moisture. 
[18,271] 

Hydronic heating 
Hot water is forced through vents in various areas or zones throughout the building by hydronic heating. It's most commonly used 

as baseboards or in floors. 
[271] 

High-efficient HVAC filter 
HVAC stands for heating, ventilation, and air conditioning systems. Dust and particulates are removed from the air by high 

performance filters. 
[259,260] 

Installing whole house fan 
Through exhausting warm indoor air and taking in vast amounts of fresh, cold outside air at night, whole house fans can cool a 

house without using the air conditioner. 
[267] 

Fresh air mechanical ventilation 
The system provides the ventilation by allowing the air to enter the house and exchanges with the living area. Then attic ventilation 

systems improve convenience, lower air conditioning costs, and eliminate issues. 
[259,260] 

Carbon monoxide alarms 
When the poisonous gas or carbon monoxide (CO) occurs inside the house, alarm from the system will provide a loud alert to signal 

the owner to get out of the house. 
[272] 

Good location of ductwork 
This is important to install the effective ductwork at a good location in the building significantly reduce the energy lose and improve 

owner comfort. 
[18] 

Renewable Energy 

Adoption 
Solar water heating 

Solar water heating systems use solar panels to collect heat from the sun, and the hot water is stored for use later. The benefit of the 

system is the reduce in the use of gas or electricity for water heating. 
[267] 
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Photovoltaic system 
Running wires from the roof to the electric utility entrance or circuit breaker panel will help save money on photovoltaic panel (PV) 

construction in the future. Photovoltaic systems convert solar power to energy. 
[259] 

Wind energy 
Wind energy is the energy created by air in motion. Extracting wind energy is a technique to convert the wind power from the 

moving turbine to produce the electricity. 
[273] 

Biomass energy 
Biomass energy is an effective renewable energy source because the energy is obtained by decomposing organic waste, and the waste 

would transform into methane gas from a controlled manner, which could provide energy. 
[270] 

Tile Resurface 

Renewable flooring materials 
There are two main renewable woods used in flooring material such as bamboo and cork because they are fast in growing and can 

be replenished. Importantly, they are durable, hardwood, fire and moisture resistant. 
[271] 

Recycled ceramic tile 
Tiles made from recycled-content materials are extremely durable and perform well since it is very thick, and it could decrease the 

quantity of moisture and stains absorbed into the tile and make it more resilient. 
[18,259] 

Exposed concrete floor 
The floor can be made by polishing the concrete slab surface as flooring finish. It’s durable, hard wearing, easy to clean and could 

save money from buying tiles. 
[259] 

Thermal mass floors 
It refers to the flooring materials (tile and wood) that improve thermal mass. It could help reduce the energy for heating and cooling, 

and keep constant comfortable temperature. 
[18] 

Indoor Air Quality 

Enhancement 

Low-VOC products 
The products (such as paint) that have low amount of VOC (volatile organic compound) could avoid the harmful emissions in the 

building, reduce potential harmful effects on the health of residents and installers, and therefore improves indoor air quality. 
[18,268] 

Entryway design 
A proper entryway design could reduce the dust that might be stuck with the shoes from entering the building. Generally, designers 

should consider the addition of the storage for placing the shoes before entering the building. 
[260] 

Whole house vacuum 
This is about whole house vacuums that exhaust the dust to the outside rather than collecting them in a bag that may not filter the 

dust effectively. 
[259] 

Efficient Appliances 

and Equipment 

Energy-efficient dishwasher 
The use of water-efficient dishwashers can save energy. This is because most of the energy consumed by dishwashers is used for 

heating the water. 
[267] 

Energy-efficient clothe washer 
It was found that the use of energy star clothes washing machine helps the owner to save time, save energy, cut down water usage 

and electric bill. 
[18,259] 

Energy-efficient refrigerator 
Refrigerators and freezers are the necessary appliances in the building. New appliances are much more energy efficient such as the 

energy star refrigerators. 
[18,268] 

Built-in recycling 
The built-in recycling center in the building provides separated recycling bins and bins for food waste. It provides convenient sorting 

and managing of the waste. 
[18,259] 

Lighting control systems 
Lighting control system could switch lights off in unused areas or when not necessary using the smart sensors. It could save the 

electricity by allowing the light to be turned on for less period of time. 
[260,264] 
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