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Abstract: Buildings are estimated to account for more than a third of the world’s resources in construction, 40 percent of 

global energy (including embodied energy), 12 percent of fresh water use, and generate 40 percent of greenhouse gases 

(GHGs) emissions and make up 40 percent of waste to landfill. The worldwide concerns for the impending resource crunch  

and the dangers of global warming, and the understanding of the role that buildings can play to contribute positively to the 

economy, energy security, human health and the environment have led to a quiet green building revolution around the globe 

over the last decade. Energy plays a vital role over the life cycle of a building, hence sustainable buildings and energy 

refurbishments in buildings hold enormous potential for energy saving and a reduction of greenhouse gas emissions. The 

main target of this paper is to find out the effectiveness and sustainability in green building design implementations which 

evaluates energy performances. In addition, the paper explains the key feature of the green building as well as its usefulness, 

current challenges and barriers. 
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1. Introduction 

The world’s urban population has now reached to 3.2 

billion where the rate of growth is much higher in 

less-developed countries. Building sector accounts for about 

one-fifth of the world’s total delivered energy consumption 

which includes both residential and commercial buildings. 

Buildings are estimated to account for more than a third of 

the world’s resources in construction, 40 percent of global 

energy (including embodied energy), 12 percent of fresh 

water use, and generate 40 percent of greenhouse gas (GHG) 

emissions and make up 40 percent of waste to landfill [1]. 

The annual growth of building sector energy consumption 

was 52.8 EJ in 2007, which is projected to reach 72.8 EJ in 

2035 [2]. Nevertheless, countries of Asia and the Pacific 

region are facing unprecedented financial and 

environmental challenges in their pursuit of achieving rapid 

growth and the Millennium Development Goals (MDGs). 

The lower and middle income countries in Asia and the 

Pacific may be in different stages of development, but they 

are all urbanizing rapidly and feel the pressure to create 

adequate infrastructure in order to cope with the growing 

demand for housing, industries, transportation and other 

services. Asian cities are home to more people than all the 

urban dwellers in the rest of the world. In China, for example, 

urbanites use almost double the energy per capita as the 

national average [3]. Besides, the building stock in China is 

estimated to be 35 billion m2. Moreover, nearly 2 billion m2 

of floor space are likely to be added every year by 2020, 

representing almost half of the global total [4]. In addition, 

buildings account for 42 percent of the total energy use in 

China. In 2005, end-use energy consumption in the building 

sector shows that heating, ventilation and air conditioning 

accounts for 45 percent, followed by water heating (19 

percent), appliances (14 percent) and lighting (10 percent) 

[5,6].
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Figure1. Global GHG Abatement Curve for the Building Sector (scenario perspective 2030) 

There are three major factors influencing the growth of 

energy use in buildings: demographic evolution (population 

growth), socio-cultural changes (nuclear families, lifestyle 

changes), and design of buildings and equipment (energy 

use per unit building area).  In industrialized countries, 

appliances accounted for only 16% of the household energy 

in 1990, but its share had grown to 21% by 2005, despite of 

increased appliance efficiency [3]. Buildings are estimated 

to be worth US$7.5 trillion per year, contributing to 

approximately 10 percent of global GDP [7].  There are 

several issues [8] which has driven the building sector 

towards sustainable practices which include increasing 

scarcity of natural resources, population growth, extreme 

weather phenomena, growing awareness of environmental 

issues, legislation on environmental issues in building codes, 

increasing interest in human health and wellbeing aspects, 

rapid and continuous urbanization, aging population in 

industrialized countries, a rise of living standards in 

developing countries, rapid development of ICT solutions. 

Moreover, Buildings create direct employment for over 111 

million people around the world, with 75 percent in 

developing countries and 90 percent in micro firms [9]. 

The building energy efficiency, the thermal performance 

of buildings and the material efficiency are considered as 

significant parameters of sustainable energy performance 

indicators to be fully taken into consideration during the 

performance evaluations [10]. According to the study by 

Joelsson [11], with a view of the effectiveness of green 

buildings towards decreasing the use of energy and its 

negative impacts on the environment, there are fundamental 

strategies, including ‘reducing the energy demands’, 

‘enhanced energy efficiency’ and ‘application of passive 

design techniques’. Likewise, the utilization of appropriate 

building envelopes is influential in more than half of the 

embodied energy distribution in a building, particularly in 

residential buildings [12]. 

Climate change and CO2 emissions are a major challenge 

because a wide range of predicted environmental changes 

associated with climate change will have a direct or indirect 

impact on the building industry. Directly, the building 

industry will incur higher operational costs associated with 

rising energy, water and management costs. Along with the 

building operating costs, construction and demolition costs 

will also increase due to rising oil prices and transportation 

costs, as well as increasing landfill charges. Buildings can 

however play a major proactive role in our fight against 

climate change. Green buildings have the potential to not 

only reduce pressure on infrastructure and CO2 emissions, 

but also contribute to the improvement of the air quality, 

social welfare and enhanced energy security. IPCC 2007 

estimated that around 30 percent of the baseline CO2 

emissions in buildings projected for 2020 could be avoided 

cost-effectively by the use of various technological options, 

resulting in a number of co-benefits such as decreased air 

pollution, better health and reduced mortality, improved 

social welfare and energy security [2]. Sustainable energy 

performances can be achieved by green buildings, which is 

holding some of the most profitable means of abating climate 

change. According to McKinsey [13], an international 

consulting firm, carbon emissions in the building sector can 

be reduced substantially, either with net economic benefits or 

at low cost, using a range of proven technologies aimed at 

demand reduction and energy efficiency. The Global 

greenhouse gas abatement cost curve for the building sector 

shows that  changes in building design and construction 

could offset up to 6 billion tonnes of carbon emissions 

annually through measures with a zero or negative net 

life-cycle cost (see also the global GHG abatement cost 

curve in Figure 1). In other words, green buildings have the 

potential to save money and carbon emissions at the same 

time through effective insulation, glazing, water heating, air 

conditioning, lighting, and other energy-efficiency measures. 
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2. Key Features of a Green Building 

A green building incorporates design techniques, 

materials and technologies that minimize its overall 

impacts on the environment and human health which can 

be achieved by sustainable design, material selection, 

construction, maintenance, removal, and possible reuse. 

Main outcomes are minimum site disruption, reduced fossil 

fuel use, lower water consumption, and fewer pollutants 

used and released during construction, occupation and 

disposal of the building [14]. Building a green building is 

not just a matter of assembling a collection of the latest 

green technologies or materials. Rather, it is a process in 

which every element of the design is first optimized and 

then the impact and interrelationship of various different 

elements and systems within the building and site are 

re-evaluated, integrated, and optimized as part of a whole 

building solution. For example, interrelationships between 

the building site, site features, the path of the sun, and the 

location and orientation of the building and elements such 

as windows and external shading devices have a significant 

impact on the quality and the effectiveness of natural day 

lighting. These elements also affect direct solar loads and 

overall energy performance for the life of the building. 

Without considering these issues early in the design process, 

the design is not fully optimized and the result is likely to 

be a very inefficient building. Green buildings are 

associated with some key features which give the unique 

architectural design characteristics that are missing in 

traditional construction. These include sustainable site 

design; water conservation and quality; energy and 

environment; indoor environmental quality; and 

conservation of materials and resources. 

2.1. Sustainable Site Design 

Sustainable design incorporates the minimize urban 

sprawl and needless destruction of valuable land, habitat 

and green space, which results from inefficient low-density 

development. The design also concentrates on the higher 

density urban development, urban re-development and 

urban renewal, and brownfield development as a means to 

preserve valuable green space. Besides, the sustainable 

design also preserves key environmental assets through a 

careful examination of each site along with put emphasis 

on design and construction process that minimizes site 

disturbance which preserves and actually restores or 

regenerates valuable habitat, green space and associated 

eco-systems that are vital to sustaining life. Some aspect 

should be taken into consideration to achieve better comfort 

and lower the energy bill include landscaping, building 

orientation, building form, building fabric, air infiltration, 

natural delighting and ventilation and passive solar heating 

and cooling. 

2.2. Water Quality and Conservation 

Managing of water and the waste from the beginning of 

the construction period until demolition is an important 

feature of a green building. This feature follows the 

hydrological systems where the existing natural water is 

recycled. Emphasis should be placed on retention of storm 

water and on-site infiltration and ground water recharge 

using methods that closely emulate natural systems. One of 

the significant features of this design is to minimize the 

unnecessary and inefficient use of potable water on the site 

while maximizing recycling and reuse of water, including 

harvested rainwater, storm water, and gray water. 

 

Figure2. Strategy to Manage Water, Wastewater and Solid Waste in Green 

Buildings [14] 

2.3. Energy and the Environment 

To achieve sustainable development, Energy 

conservation and environmental protection are essential. 

One of the main aims of a green building is to minimize 

adverse impacts on the environment (air, water, land, 

natural resources) through optimized building siting, 

optimized building design, material selection, and 

aggressive use of energy conservation measures. Figure 3 

depicts how buildings can be designed to minimize their 

dependence on fossil forms of energy, lower their operating 

costs, create a healthier environment for their occupants 

and contribute to the fight against climate change, without 

necessarily incurring high total cost. 

 

Figure3. Strategy to design a building to minimize its dependence on fossil 

energy [14] 

The major strategies and technologies for energy 

conservation and environment protection include: optimize 

passive solar orientation, use of external shading devices, 

optimize building orientation, massing, shape, design, and 
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interior colors and finishes, use high performance low-e 

glazing, optimize the value of exterior insulation and the 

overall thermal performance of the exterior envelope 

assembly, use energy efficient t-8 and t-5 bulbs, high 

efficiency electronic ballasts, and lighting controls, use 

state-of-the art, high efficiency heating, ventilation and air 

conditioning (HVAC) and plumbing equipment, chillers, 

boilers, and water heaters, etc., avoid the use of HCFC and 

Halon based refrigeration, cooling and fire suppression 

systems, use energy star certified energy efficient 

appliances, office equipment, lighting and HVAC systems 

and consider on-site small-scale wind, solar, and/or fuel 

cell based energy generation and co-generation. 

2.4. Indoor Environmental Quality 

Green building focuses healthy, comfortable and 
productive indoor environment for building occupants and 
visitors. Green buildings are designed to create a healthy, 
pleasant and productive work environment which offer the 
best possible conditions in terms of indoor air quality, 
ventilation, thermal comfort, access to natural ventilation 
and day lighting, and effective control of the acoustical 
environment. The technologies which is used to fulfill this 
criteria include material selection, maximize the use of 
natural day lighting, maximize the use of operable windows 
and natural ventilation, design building envelope and 
environmental systems in such a way that not only treat air 
temperature and provide adequate ventilation, but also 
respect all of the environmental conditions which affect 
human thermal comfort and health, including the mean 
radiant temperature of interior surfaces, indoor air humidity, 
indoor air velocity, and indoor air temperature. 

2.5. Material and Resources 

Green building involves establishing construction to 

minimize the use of non-renewable construction materials 

and other resources such as energy and water through 

efficient engineering, design, planning and construction and 

effective recycling of construction debris as well as to 

maximize the use of recycled content materials, modern 

resource efficient engineered materials, and resource 

efficient composite type structural systems wherever 

possible. This feature integrates the maximum use of 

re-usable, renewable, sustainably managed, bio-based 

materials along with identifying the ways to reduce the 

amount of materials used and reduce the amount of waste 

generated through the implementation of a construction 

waste reduction plan. One of the biggest positive impacts 

on the environment is to prevent and recycle waste which 

has a reduced depletion of natural resources such as trees, 

oil and minerals, lower from manufacturing and 

transportation, lessen the demand for energy and water 

compared to virgin material manufacturing processes, and 

reduced the greenhouse gas emissions due to lower demand 

for energy in manufacturing and transportation. One of the 

studies carried out in Sweden where buildings were 

constructed with recycled materials which reduced the 

environmental impacts by 45 percent in comparison with 

those using all new materials [15]. Besides, a significant 

amount of energy (12 percent to 40 percent) can be saved if 

recycled materials are used for building construction [16]. 

3. Sustainable Energy Performance in 

Green Buildings 

The concept of sustainability is a broad global issue 

where various studies about people, the environment and 

society are correlated [17]. This sustainability represents a 

new approach which holds the concepts of ‘green 

infrastructure’, encompasses three fundamental constituents 

as environmental, socio-cultural and economic 

sustainability represented in Figure 4 [17, 18]. 

Sustainability of built environments is recognized as a 

holistic approach to the adaptation of environmental, 

economic and socio-cultural concerns in the design and 

built evolution of architecture. 

 

Figure4. The Basis of Sustainable Developments 

As the concern has been raised now-a-days on global 

warming, climate change and the incompatibility of natural 

resources and energy demand due to the depletion of 

energy resources, the consideration of natural resources and 

energy conservation has become a global issue. In line with 

the environmental issues, different studies have been 

carried focusing on the concepts of energy maintenance, 

efficiency and conservation, embodied energy and 

renewable energy resources, leading to the concept of the 

green sustainable built environment [19, 20]. In order to 

arise sustainability concept in green building, it is 

important to pay sufficient attention to the sustainable 

construction of green buildings. Thereby, the sustainable 

construction criteria must be introduced to the architects 

and developers in order to be used in the entire cycle of the 

construction process of green buildings. 
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Figure5. Key Factors for Sustainable Developments 

Kibert [21] described the major criteria for sustainable 

construction of green building which include reducing 

resource consumption, reusing resources, utilization of 

recycled materials, conservation of the natural environment, 

removing toxic, considering the economic efficiency, and 

reinforcing the quality are substantially recommended for 

ensuring sustainable construction. Ding [22] described the 

four sustainable key factors for sustainable construction of 

green building which include reduction of environmental 

impacts, decreasing the utilization level of resources, 

increasing utility, and exploiting the economic 

considerations which is shown in Figure 5. John [23] 

mentioned that sustainable buildings must be developed 

based on a clear understanding of the main targets of 

sustainable developments for a low-carbon future including 

resource efficiency, energy efficiency (including 

greenhouse gas emissions reduction), pollution prevention 

(including indoor air quality and noise abatement), 

harmonization with environment, integrated and systematic 

approaches. 

Wang [24] evaluated the energy use in a building where 

he focused six substantial areas which include climate, 

building envelope, building services, the user's attitudes 

towards energy consumption and indoor environmental 

quality. Juan [25] revealed the sustainable energy 

performance indicators in order to improve the energy 

performance for reducing the energy consumption. Omer 

[26] considered the consequences of CO2 and NOX 

emissions on environments as well as sustainability in 

building energy performance where emphasis has been 

given on improving indoor environmental quality, cost 

efficiency and energy efficiency which enable the buildings 

to reach the acceptable level of performance. From another 

viewpoint, Chwieduk [27] indicated three main constituents 

as energy efficient buildings, environmentally responsive 

buildings and sustainable buildings for reducing the level of 

energy conservation. Qaemi [28] investigated the 

substantial criteria for sustainable energy as a basic concept 

for sustainable developments. Thereby, the respective 

criteria are deduced to have six main constituents as shown 

in Table 1. 

Table1. Six Main Constituents of a Green building 

No. Criteria Explanation 

1 Renewable Energy 
Encourage and recognize increasing levels of on-site renewable energy self-supply in order to 

reduce environmental and economic impacts associated with fossil fuel energy use. 

2 Minimum energy performance Establish the minimum level of energy efficiency for the proposed building and systems. 

3 
Fundamental commissioning of the 

building energy systems 

Verify that the building's energy related systems are installed, calibrated and perform according to 

the owner's project requirement, the basis of design and construction documents 

4 Enhanced commissioning 
Begin the commissioning process early during the design process and execute additional 

activities after system performance verification is completed 

5 Measurement and verification Provide for the ongoing accountability of building energy consumption over time 

6 Optimize energy performance 
Achieve increasing levels of energy performance above the baseline in the prerequisite standard to 

reduce environmental and economic impacts associated with excessive energy use 
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Referring to the essence of sustainable developments, the 

use of renewable energy is a substantially significant 

approach towards decreasing the level of energy 

consumption in buildings. The energy which is derived 

from the natural resources such as wind, solar, rain, etc; is 

called renewable energy as one of the most influentially 

common principles [30]. One of the most commonly used 

integrated renewable energy systems is the solar-based 

energy application of photovoltaic systems [29]. Hence, it 

is proposed to consider utilizing the solar energy based 

integrated systems for enhancing sustainable energy 

performances. Usage of different types of renewable energy 

is illustrated in the Table 2. 

In line with the sustainable energy performance of green 

building, Kumar [30] proposed an integrated solution 

where green roof is integrated with solar shading devices. 

Moreover, Jaffal [31] evaluated the effectiveness of green 

roofs towards indoor enhanced thermal comfort and energy 

performance of building based on the analysis of a 

residential case model. 

Table2. Versatile Types of Renewable Energy 

Renewable Energy Description and Benefits 

Active solar 
Energy 

• Convert solar energy into another more useful form of energy. 

• This would normally be a conversion to heat or electrical energy. 

• Inside a building this energy would be used for heating, cooling, or offsetting other energy usage or 
costs. 

• The basic benefit is that controls can be used to maximize its effectiveness. 

• Photovoltaic solar panels are in this group. 
 

Passive solar energy 

• In passive solar building design, windows, walls, and floors are made to collect, store, and distribute 
solar energy in the form of heat in the winter and reject solar heat in the summer. 

• The key to designing a passive solar building is to better take advantage of the local climate 
 

Wind energy 
Wind power is the conversion of wind energy into a useful form of energy, such as using wind turbines to 
make electricity, windmills for mechanical power, wind pumps for water pumping or drainage 

Geothermal energy Geothermal energy is thermal energy generated and stored in the Earth 

Fuel cell 
A fuel cell is a device that converts the chemical energy from a fuel into electricity through a chemical 
reaction with oxygen or other oxidizing agent. Hydrogen is the most common fuel. 

 

For ensuring effective sustainable performance of the 

buildings, many researchers recommended to use 

ecological sustainable design (ESD) [32]. The term 

‘ecological’ is a terminology related to the interactions 

between living organisms and physical surroundings. In the 

context of architecture and the built environment, it reflects 

the interactions between human, buildings and the 

environment. Ghaffarian [33] also suggested to use the 

concept of ecological sustainable design (ESD) which is an 

approach towards the development of green built 

environments and must be taken into consideration as one 

of the main targets of governmental sectors as well as 

policy makers in the creation of a better and greener 

environment for the population. Due to the vulnerability of 

global warming, the integration of ESD into the respective 

building designs can also play a vital role to mitigate the 

greenhouse effect. Hypothetically, ESD is considered to be 

a substantial standard in the modern architecture and 

construction developments in order to ensure the reduction 

of negative environmental impacts. Accordingly, the 

integration of ESD is deemed to become a prominent basis 

to set criteria for the setting and orientation of the buildings, 

eco-materials usage, landscape integration design, interior 

space design, building details and bioclimatic of 

surroundings [34]. 

A study by Juan [24] deliberates an operative and 

effective approach for sustainable development of buildings 

which indicates five main parameters to be taken into 

account during the design and construction of buildings. 

Firstly, it is crucial to make sure that, the building should 

be properly oriented, considering the location, and 

characteristics of the land where the building will be 

located in with a view to its greeneries. Secondly, it is 

necessary to adopt wastewater technological approaches 

where potable water is used by recycling and reusing, 

including harvested rainwater, storm water, and gray water. 

Thirdly, it is important to consider the energy efficiency of 

the building with regards to its energy performance, 

thermal comfort, HVAC systems and innovatively 

integrated energy saving technologies. Fourthly, it is 

essential to make a healthy, pleasant and productive work 

environment which offer the best possible conditions in 

terms of indoor air quality, ventilation, thermal comfort, 

access to natural ventilation and day lighting. Lastly, it is 

required to consider the significant role of material 

suitability and the application of recycled materials. 

A new ranking system regarding sustainable energy 

performances was studied by Mwasha [10] which is shown 

in the Figure 6. The findings represent that the level of 

energy consumption, conservation is the top-ranked 

parameter with the highest level of importance index 

followed by operational energy, energy subsidies and 

policies.  



186 Molla Shahadat Hossain Lipu et al.:  An Approach towards Sustainable Energy Performance by Green Building:  
A Review of Current Features, Benefits and Barriers 

 

 

Figure6. Energy Efficiency Criteria 

4. Benefits of Green Buildings 

Based on the several thousands of green buildings 

designed and operated over the last couple of decades, there  

is increasing evidence around the world that green 

buildings deliver a suite of economic, social and 

environmental benefits that conventional buildings do not. 

Buildings have the potential to reduce energy consumption 

by 75 percent, contributing to 20 percent reduction in the 

world’s total energy needs, improving the quality of life, 

creating over a million jobs and reducing pressure on 

energy price [35]. 

Table3. Benefits of Green Buildings [14] 

Benefits Explanation 

Capital cost saving 

The approach of green building design helps in substantial cost saving. For example, green building is built 

considering the local climate condition can cut down the need for heating/cooling substantially, thus helping 

to downsize the HVAC system, including the bulky mechanical equipment and ductwork; the space saved 

can be sold or leased to earn additional revenue. For example, the first LEED-certified commercial building 

in China was the TaiGe serviced apartments in Shenzen which was established in 2004 has performed 

satisfactorily by cutting down a significant amount of energy. The effectiveness and potentiality saves 75 

percent of lighting power and 50 percent of air conditioning power consumption while providing the same 

visual and thermal comfort [36]. 

Better performance and operational  

cost savings 

The bioclimatic architecture along with the use of insulation, high efficiency equipment and appliances can 

guarantee substantial operational cost savings (e.g. typically 30 to 50 percent lower energy and water bill 

and waste disposal costs, along with reduced carbon footprint from energy savings). This is particularly 

relevant in the context of high fossil fuel and prices which are unlikely to come down in the future.  

Reduced construction time schedule 

An integrated and teamwork approach to designing is adopted while constructing a green building, resulting 

in minimized conflicts during the construction phase, allowing the project to be commissioned ahead of 

schedule. Time saved on the project allows the builder to lower the cost and gain higher benefit. 
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Benefits Explanation 

Improved marketability and  

enhanced value 

In order to improve the marketability, attracting and retaining employees, and building corporate image, 

green buildings can be considered as distinct products. As such buildings are conceived to provide an 

improved indoor environment and improved productivity of employees, the scope for selling or renting them 

is enhanced. 

Higher future value of property 

Green buildings guarantee lower operating costs, rendering them more competitive for sale or to be leased at 

a premium. According to American and British studies, the asset value of a building can increase by 6-15 

percent if it is covered by trees. Moreover, clients see better future prospects of selling the acquired 

properties. 

Reduced advertising costs 
Because of their superior design and ecological contribution, green buildings attract media attention and get 

free publicity, thus helping them to cut down the expenditure on promotional advertising. 

Reduced liability and risk 

As insurance companies get a better aware of the positive contribution of green buildings in terms of lower 

operating costs and better indoor environment, they are likely to link lower insurance premium to green 

buildings. 

 
5. Barriers to the Propagation of Green 

Building 

The challenges and barriers confronting the greening of 

buildings are different for industrialized and developing 

countries. Industrialized countries have a head-start in 

addressing challenges and overcoming barriers but they are 

overburdened by the predominance of existing building 

stock that are to be retrofitted and converted into green 

assets. On the other hand, developing countries have a huge 

need to construct new buildings but are lagging behind in 

adopting suitable policies to tackle various barriers to green 

building. In addition to the typical economic and financial 

challenges, there is also a huge vacuum in terms of 

awareness and capacity to deliver. There is urgency for 

developing countries in Asia to hasten policy efforts in 

order to achieve the paradigm change needed to make new 

buildings sustainable and avoid the huge financial burden 

of retrofitting them later [14]. 

Understanding the different barriers that hinder the 

growth of green buildings and community is extremely 

important before any action or measure can be taken to 

bring in the changes. While many believe that a major 

barrier to green buildings is the cost, this is not true in most 

cases. In the urban context, it is the land price that makes 

the difference. In central urban areas such as Singapore, 

Hong Kong and Shanghai, land prices can represent up to 

75 percent of the total cost for a building, so adding a few 

percent of building cost would be quite marginal to the total 

[38]. Thus barriers are more linked to lack of policies, 

understanding of the crucial issues, business models, 

markets, know-how and technologies, commitment, etc. 

The Carbon Trust classifies the barriers into four categories, 

as shown in the Table 4.

Table4. Barriers Hindering the Penetration of Energy-Efficiency in the Building Sector [37] 

Barriers Categories Definition Example 

Financial costs/ 

Benefits 

Ratio of investment cost to value of 

energy savings 

• Higher upfront costs for more efficient equipment 

• Lack of access to financing 

• Energy subsidies 

• Lack of internalization of environmental, health and other external cost 

Hidden costs/  

benefits 

Cost or risks (real or perceived) that are 

not captured directly in financial flows 

• Costs and risks due to potential non-compatibilities, performance risks, 

transaction costs, etc. 

• Poor power quality, particularly in some developing countries 

Market failures 

Market structures and constraints that 

prevent the consistent trade-off between 

specific energy-efficient investment and 

the energy-saving benefits 

• Limitations of the typical building design process 

• Fragmented market structure 

• Landlord/tenant split and misplaced incentives 

• Administrative and regulatory barriers (e.g. in the incorporation of distributed 

generation technologies) 

• Imperfect information 
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Barriers Categories Definition Example 

Behavioral constraints 

Behavioral characteristics of  

individuals and organizational  

characteristics of companies that  

hinder energy efficiency  

technologies and practices 

• Tendency to ignore small opportunities to energy conservation 

• Organizational failures (e.g. internal split incentives) 

• Non-payment and electricity theft 

• Tradition, behavior, lack of awareness and lifestyle 

• Corruption 

 

6. Recommendations to Overcome the 

Barriers to Green Building 

Development 

Some policies have been initiated and implemented by the 

government around the world to address country-specific 

barriers to the propagation of green buildings. Appropriate 

policy instrument is needed to be addressed corresponding 

to each type of barrier encountered. In this article, the policy 

measures are classified into five distinct categories [14]. 

6.1. Awareness and Sensitization 

The first barrier which is needed to address is the lack of 

awareness and understanding about the potential benefits 

that can be accrued from green buildings. Creating 

awareness and/or sensitization requires identification of the 

target groups along with individuals. The target groups in 

this case are not only the private players such as building 

developers and users but also politicians as well as planners, 

policy makers, and economic players. A survey by IEA 

(2010) identified that the barriers towards development of 

energy efficient buildings where lack of information and 

low awareness has been cited most. Other frequently cited 

barriers included low energy prices, difficulty in accessing 

affordable financing and lack of policy implementation 

capacity [8]. 

6.2. Innovative Financing 

Investment in green building does not necessarily 

generate revenue but leads to operational cost reduction is 

not well recognized by financial institutions. On one hand, 

there is a need to create awareness among financial 

institutions that green buildings can actually render the loan 

repayment more attractive, especially in the unstable 

environment of sudden energy price hikes. At the same 

time, it needs strong advertisement to promote green 

building investment to address the genuine problem of the 

target beneficiaries to invest in green buildings. This is an 

important aspect to take into consideration in order to avoid 

market distortions because green technological solutions 

that are intended to be financed should make business 

sense. 

6.3. Market Transformation 

There are various ways to boost up the market for green 

building development. Generally, the private sector is most 

active in the marketplace and the government does not have 

much of a role to play there. However, it’s the government 

whose initiate and intervention is required most to trigger 

the market transformation and make green buildings more 

affordable. In this step, it is essential to favor public and 

private cooperation so that the private sector participates 

actively in the program implementation and the limited 

public funding is leveraged by private sector investment to 

accelerate the process of market transformation. It is a 

relatively inexpensive mechanism for stimulating 

innovation and competition among potential manufacturers 

by guaranteeing higher market share for their products. 

6.4. Advice and Capacity Building 

Lack of knowledge and inadequate capacity of the target 

groups to adopt green building technologies and practices 

always hinder to the growth of green building development. 

Green features invariably add to the costs and entail delays 

in project execution which is traditionally assumed by most 

of the people. However, in reality, it's not always hold true. 

Therefore, it is necessary to assist important stakeholders to 

upgrade their knowledge of green building design process 

and help them to understand the multiple benefits of 

making an investment not on first-cost alone but on the 

basis of life-cycle analysis. Another type of support may be 

in the form of training and capacity building of targeted 

players so that they are capable of making their own 

decision and taking appropriate steps towards the 

implementation of suitable solutions.. 

6.5. Legislation and Regulation 

Laws and regulations can be in the form of energy codes, 

labels, and standards. This guideline may serve various 

purposes including providing the required information to 

the intended beneficiary, ensuring a minimum guarantee of 

the green performance of the equipment or product, or even 

eliminating very low-quality products from the market. 

Setting of appropriate standards for new products or 

construction projects can play a crucial role in the context 

of developing countries in Asia that have high demand for 

new  buildings and  facilities associated with the rapid 

economic growth. 

7. Conclusion 

The detailed analytical review shows that the sustainable 

energy performance of green buildings has played a vital 
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role to reduce the energy consumption. Besides, sustainable 

buildings hold some of the most profitable means of 

abating climate change. With the present-day methods of 

design, construction, use and maintenance, large quantities 

of resources such as materials, energy and money are 

consumed. Green building practices strive for integral 

quality in a very broad way, including economic, social and 

environmental performance. Rational use of resources and 

appropriate management of building stocks contributes to 

saving scarce resources, reducing energy consumption and 

improving the environmental quality. Sustainable buildings 

can achieve cost reductions because of the lower need for 

lighting, ventilation, heating and cooling, they may incur 

slightly higher capital costs because of the additional 

features and systems incorporated in these buildings, such 

as on-site energy generation, rainwater harvesting or 

wastewater recycling, etc. However, the marginally higher 

investments guarantee the generation of several-fold higher 

life-cycle savings. Further benefits can be in the form of 

better thermal, visual and acoustic comfort, improved air 

quality and human health, enhanced performance and 

productivity. Sustainable landscaping and adoption of 

bioclimatic features can help the buildings to improve the 

urban microclimate and air quality. On the whole, green 

buildings have considerable potential benefits for their 

owners, users, the environment, and the society in general. 

Moreover, with a view to the current challenges and 

barriers, the study demonstrates that it is substantially 

crucial to innovate and develop efficient energy solutions 

associated with green buildings for addressing the future 

energy demands. Besides, corresponding to each type of 

barrier encountered, the study also suggests the possible 

policy options is needed to overcome the barriers. 
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