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Abstract: The green building certification system of Taiwan, EEWH (Ecology, Energy Saving, Waste
Reduction and Health), has been in operation for more than 20 years (since 1999). In order to
understand the relationship between green building certification and the construction costs of
residential buildings, this study obtained 37 green building-certified residential cases and 36 general
residential cases available from public information and conducted a comparative analysis. The results
of this study showed that the average construction cost of a green building certification residential
building was only 1.58% higher than a general residential building, indicating that green building
certification does not require a large increase in costs. However, for residential buildings, achieving a
high-grade (gold-grade or diamond-grade) green building certification means an increase of 6.7% to
9.3% in construction costs. This shows that the pursuit of higher levels of green building certification
does require higher construction costs. In addition, the results of this study can not only provide
important references for the government in making green building policies, but also offer a practical
strategy for developers for decision-making.
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1. Introduction

In order to practice the goal of sustainable development, several countries launched green building
promotion activities by the end of the 20th century; moreover, many countries have developed various
evaluation systems and certification systems for green buildings [1–4], such as the BREEAM (Building
Research Establishment’s Environmental Assessment Method) in the UK in 1990 [1,3–7]; LEED
(Leadership in Environmental and Energy Design Leadership) in the USA in 1998 [1,2,4,7–9]; EEWH
(Ecology, Energy Saving, Waste Reduction and Health) in Taiwan in 1999 [10–16]; the Comprehensive
Assessment System for Built Environment Efficiency (CASBEE) in Japan in 2001 [7,15]; the GB TOOL
in Canada in 2005 [1,7]; the Green Mark in Singapore in 2005 [1,4,14,15,17,18]; the Evaluation Standard
Green Building (ESGB) in China in 2006 [1,2,18,19]; the Code for Sustainable Homes (CSH) for
residential buildings in the UK in 2008 [2]; and the Green Star in Australia in 2015 [1,8,9,19,20]. In other
words, in the past two decades, many green building certification systems have emerged, and numerous
green buildings have been built.

Ample studies in the literature have raised the benefits of green buildings, such as energy savings,
emissions savings, water savings, operations and maintenance saving, and productivity and health
benefits, which conventional buildings do not have [9,15,18,21–25]. Therefore, in terms of revenue
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considerations, green buildings are also worthy of investment [9,18,22,23,26]. However, although
green buildings have many advantages, the additional construction costs of green buildings are also
very important issues.

According to the results of a study in Singapore, the market premium of green building certificated
buildings is about 10% at the resale stage, compared to about 4% during the pre-sale stage [27].
As energy efficiency is beneficial to those who use the building, it does not produce any direct benefits
for the building developer. Therefore, a better strategy is to encourage construction developers to
reduce the additional cost of residential buildings in order to achieve green building certification
through planning and design.

Regarding the construction cost of a green building, according to relevant research results, the
extra costs of a green building for office buildings in Israeli are 4.33%–11.6%, 75%–96% of these costs are
spent on energy saving improvements [22]. One paper presented a comprehensive cost comparative
analysis of residential housing in China, which showed that the incorporation of green building systems
such as energy-efficient appliances, equipment, and lighting caused the construction costs to increase
by 10.77% compared to traditional buildings [28]. Another literature study of China’s green building
case analysis showed that the average green premium percentage of the overall project investment
in China is 10.9% (Hotel 8.5%, residential building 10.3%, office 13.9%) [29]. In addition, a green
building study in China pointed out that the incremental costs of the energy efficiency technology
application (EETA) accounted for a large proportion (more than 50%) of the total incremental costs of
green buildings, even though the EETA on green buildings could bring incremental economic benefits
as well as environmental benefits [18].

Although many studies have confirmed that the cost of green buildings is more expensive than
general buildings, from the conclusions of a study on the US “LEED” evaluation system in the design
phase to confirm the goals of sustainable design and the budget of the building, building a green
certified building (library, laboratory, and academic classroom projects) does not necessarily require
an increase in budget [30]. In addition, according to a literature study in the UK [31], consultants
generally think that more energy efficient and environmentally friendly buildings have an extra cost
about 5% to 15%; however, as long as the design is appropriate, the additional costs of more energy
efficient and environmentally friendly buildings should not be more than 1% when compared with a
general building. Therefore, the misconception that green buildings cost more in capital cost terms
should start to be dispelled.

According to the above literature analysis, some studies focus on the establishment mechanism
and comparative analysis of green building evaluation systems; some of the research aims to discuss
the energy conservation, water saving, and economic benefits of green buildings; some articles focus
on the analysis of the differences of construction cost between green buildings and general buildings.

The green building certification system of Taiwan, EEWH, has been in operation for more than
20 years (since 1999). There are thousands of cases of green certified buildings that meet the green
building objectives of ecology, energy saving, waste reduction, water conservation, and a healthy
environment. Although there have been many studies on green building and sustainable development
in Taiwan [10,13–15,32–37], there are still very limited studies on the green building costs of residential
buildings in Taiwan. Since most of the literature is based on the cost of the entire building [30,31,38–41],
this study also uses similar data to facilitate the comparison between the research results and the
literature. Therefore, the aim of this paper was to analyze the difference in construction costs between
green buildings and general buildings by the green residential building case studies. The results of
this research can not only become a reference source for future research on the cost of green buildings
across nations or regions, but also can lead to strategies for making green property projects more cost
effective in the Taiwanese market.

2. Methods and Materials

In order to clarify the construction cost differences between green building certified residences and
general residences in Taiwan, this study collected 37 cases of residential buildings with green building
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certification and 36 cases of general residential buildings through government public information
websites and architectural professional magazines (Table 1; Figure 1). In order to ensure the credibility
of the results of this study, the study did not use any non-public information, but used Taiwan’s most
open and fair data for analysis. In addition, many of the studies on green building cost analysis
have focused on planning and design costs, construction costs, management costs, or maintenance
costs. In order to avoid confusion, the cost of all cases in this study included planning and design
fee, construction cost, landscape cost, and interior decoration cost. In order to avoid buildings with
different completion periods and the difference in construction costs due to differences in material
prices and wages, the building samples selected in this study were completed in the same period.
All cases used in this study were completed from 2010 to 2018. According to government statistics,
the average annual growth rate of the consumer price index during the period from 2010 to 2018 is only
1.05%, which is a period of stable prices. Therefore, this study does not adjust the case for different
years [42].

Table 1. Background information on the green building certification residential cases and general
residential cases of this study.

Data
Information

General Residence (by 36 Cases) Green Residence (by 37 Cases)

Total Floor
Area (m2)

Total Project
Cost (USD)

Unit Area
Cost (USD)

Total Floor
Area (m2)

Total Project
Cost (USD)

Unit Area
Cost (USD)

Average 7966 11,435,341 1529 32,204 47,515,607 1553
Maximum 48,788 70,933,474 2821 122,097 144,235,293 2289
Minimum 302 298,313 704 2085 4,366,650 959

Median 2157 3,405,971 1313 22,596 35,507,250 1571
Standard
Deviation 11,129 16,985,225 602 27,557 35,847,457 332

Data sources: [43–45].
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Figure 1. Flow chart of this study.

According to the basic statistics of all of the cases used in this study (Table 2), the overall building
scale and total construction cost of the green building case were relatively higher than the general
building, but the difference of the average cost per square meter was small (only 24 USD/m2). The
above results are mainly due to the background of the green building policy in Taiwan as well as
the research restrictions on the collection of data related to the comparison of green building costs in
Taiwan. The Taiwanese government requires that most public buildings, especially those built by the
government (such as public housing, public schools, and government buildings), are obliged to obtain
green building certification. In addition, for residential buildings built by private developers, there is
no mandatory requirement for green building certification. As for the residential buildings built by
private developers with green building certification, it is rare to disclose the construction price and
relevant basic information based on trade secrets and other concerns. As a result, most of the green
building certification residential cases that the study was able to collect were public housing projects
built by the government.

Regarding the data distribution state, in the sample of residential buildings with green building
certification in this study, the maximum construction cost per m2 was $2289, with a minimum of $959
and an average of $1553; furthermore, all green residential samples showed a normal distribution
(Figure 2). In the general residential building sample in this study, the maximum construction cost
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per m2 was $2821, with a minimum of $704 and an average of $1529; moreover, the distribution of all
general residential samples was relatively discrete (Figure 3).

Table 2. Related research results of extra increase in construction costs of green building certificated
buildings.

References Country Building Type Extra Construction Costs

[31] UK housing, commercial, industrial 5%–15% or less than 1%

[29] China hotel, residential building, office
hotel 8.5%, residential

building 10.3%, office 13.9%
(Average 10.9%)

[28] USA residential housing 10.77%
[46] USA office, school 0.66%–6.5%
[30] USA library, laboratory, academic classroom 0%
[47] USA bank 2%–3%
[48] New Zealand office 0%
[22] Israel office 4.33–11.6%
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3. Results and Discussions

3.1. Average Construction Cost of Green Residences

Since many related research results show that buildings with green building certification may
increase construction costs (Table 2), people have the impression that a green building certified
residential building may require extra construction costs to strengthen the building’s materials and
equipment to meet the high requirements of green building certification in Taiwan. Therefore,
recognition of “the construction cost of green building certified residence is relatively high” has always
been a stereotype believed by people.

Due to the difference in requirements of the building base and building capacity, the means for
each building case to meet the green building certification standards are slightly different. Therefore,
in some cases, under the environmental conditions of the base or the setting of the building function,
the requirements for green building certification can be met at a lower construction cost. However, in
some cases, the goal of obtaining a green building certification must be achieved with a more expensive
strategy. The average construction cost (USD per m2) of green building certified residence cases was
only 1.58% higher than general residences in this study (Table 3). The results of this study were
similar to the research in the UK (less than 1%) [31] and in the USA (below 2%) [47], which means that
environmentally friendly buildings are not necessarily accompanied by more expensive construction
costs. According to the results of one study, which developed an optimization algorithm to derive the
minimum score for a desired green building certification level at minimal cost in the US [39], through
analysis, planning, and design, there are many strategies and ways for building residences to achieve
the green building certification standard.

Table 3. Average cost and standard deviation data of each level of green building certified residences.

Grade (cases) Average
(USD)

Standard
Deviation (USD)

Difference (Compared with the
Average of Green Building

Certified Residences, USD 1553)

Difference (Compared with
the Average of General
Residences, USD 1529)

Diamond (1) 1632 — 5.1% 6.7%
Gold (15) 1671 377 7.6% 9.3%
Silver (20) 1476 286 –4.9% −3.4%
Bronze (0) — — — —

Qualified (1) 1238 — −20.3% −19.0%
All graded (37) 1553 333 0.0% 1.58%

3.2. Construction Cost of Green Residences in Different Grades of Green Building Certification

In addition, in terms of the construction cost comparison between residential buildings with
different grades of green building certification, the construction costs of buildings that have obtained
silver-grade and qualified-grade green building certification is lower than the average value of all green
certification buildings. However, the results of this study also showed that the average construction
cost of a residential case with a silver-grade green building certification (1476 USD/m2) was lower than
the average construction cost of a general residence (1529 USD/m2). This means that medium-grade
green residential buildings do not have significantly higher construction costs.

In addition, the construction cost per m2 of obtaining gold-grade and diamond-grade green
building-certified residential buildings was about 7.6% and 5.1% higher than the average value of all
green building certificated residences (Table 3). This shows that the pursuit of higher levels of green
building certification does require a higher construction cost.

The results of this analysis confirmed that only high-grade (gold- and diamond-grade) green
building certification residences will inevitably require higher construction costs. This phenomenon is
derived from the high-grade green building certification of residential buildings because it is impossible
for building designers and architects to avoid adding additional construction costs in order to enhance
the quality of building greening, use high-efficiency energy-saving and water-saving equipment,
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or increase the use of environmentally-friendly building materials. Therefore, for developers, the
pursuit of the appropriate level of building certification is the best strategy.

3.3. Total Construction Cost of Green Residences of Different Building Sizes

Buildings with a higher total floor area have a higher total project cost. However, according
to the results of this study, there was no significant difference in the total project cost trend as the
building size increased, regardless of whether the building was certified by a green building evaluation
system (Figure 4). Moreover, the construction cost per m2 for residential buildings of different sizes
was also different depending on the case. According to the results of this study, no correlation was
found between the construction cost per m2 and the size of the building, either in the green building
certified residences or general residences (Figure 5). In fact, there are many key factors affecting the
construction cost of residences, and green building certification is only one of these factors.
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green building certified residences and general residences.
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3.4. The Relation between Construction Cost of Residences with a Green Building Evaluation System

The construction cost of a new residential building comes from four major components: planning
and design fees; building construction; landscape; and interior decoration. In Taiwan, planning and
construction costs are usually combined into the building’s construction budget. Therefore, as long as
the planning and design fees are not reduced, the designers and architects are willing to work hard to
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make the building meet the green building certification standards and obtain certification without
increasing the total budget. Therefore, the results of this study were quite reasonable and the difference
between the average construction cost of a green certified building and the average construction cost
of a typical residential building was small.

In order to reduce the additional construction costs added by the green building certification,
Taiwan’s green building evaluation system was developed with the aim of enabling designers and
architects to adopt a planning and design strategy to enhance the building’s energy efficiency and
environmental protection functions. Therefore, the threshold for obtaining a medium-level green
building certification is not high.

According to the results of this study (Table 3), the silver-grade green building certification
standard is an important demarcation. According to the analysis of this study, the green building
certification level is higher than the silver (gold and diamond) cases, and the construction cost is
usually higher than the average of all cases.

Due to the difficulty of obtaining data, this study only analyzed limited data. The green building
certification residential building cases obtained in this study are mostly concentrated on the silver
and gold levels. Therefore, the clarification of the relationship between the highest and lowest green
building certification levels and construction costs is restricted by a lack of relevant evidence in
this study.

4. Conclusions

In order to understand whether a residential building with green building certification required
higher construction costs, this study obtained 37 green building certified residential cases and 36
general residential cases from public information and conducted a comparative analysis. The results of
this study showed that the average construction costs of green building certified residences were only
1.58% higher than the general residences and also indicated that the green building certification did not
require a large increase in costs. Compared to the reduction in the maintenance and management costs
derived from the energy-saving and water-saving benefits of green buildings, the slightly increased
construction costs were even less significant. Therefore, the results of this study confirmed that
obtaining a mid-grade green building certification was a good choice for developers to achieve both
environmental protection and investment benefits.

In order to reduce the additional construction costs added by the green building certification,
Taiwan’s green building evaluation system, EEWH, was developed with the aim of enabling designers
and architects to adopt a planning and design strategy (such as adjusting the building orientation, using
natural ventilation and lighting to reduce building power consumption) to enhance the building’s
energy efficiency and environmental protection functions. However, for residential buildings that
require high-grade green building certification, it is impossible to avoid increasing the construction costs.

The results of this study have also proven that to achieve high-grade green building certification,
expensive construction costs must be paid. For residential buildings, achieving a high-grade (gold-
or diamond-grade) green building certification means an increase of 6.7% to 9.3% in construction
costs. In addition, the highest level of green building certification often requires more complex
equipment to achieve energy and water saving requirements, which means higher management
and maintenance costs and equipment renewal costs in the future. Therefore, unless there are very
specific needs or reasons, it is better for developers and users to obtain the appropriate level of green
building certification within a reasonable budget. In other words, there is no need to increase excessive
construction costs in pursuit of the highest level of green building certification.

Although many studies have analyzed the relationship between green building certification and
construction costs, the reference value of these research results has declined due to differences in
the individual research topics (such as building types) and the environmental, social, and economic
differences between the research areas. According to the conclusions of this study, the average
construction cost (per m2) of green building certified residences is 1.58% higher than that of general
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residences in Taiwan. Although the relevant research results show that the additional construction cost
of buildings with green building certification is greater than 10%, the conclusions of this study are
similar to some related research results, which proves that green buildings do not necessarily increase
many construction costs.

This study explored the relationship between green building certification and the construction costs
for residential buildings in Taiwan. In addition to providing basic data for researching green building
residential cases, the results of this study can also provide an important reference for developers in
practical decision-making. Finally, we recommend that future researchers, in addition to continuing
to focus on the construction cost analysis of green building in various countries, also try to propose
strategies to reduce the construction price of green building, such as green building materials (e.g.,
bio-based building products [49]), ecological engineering [50], and sustainable maintenance and
management [51].

In addition, since the data of the cost of decomposing construction is more helpful to understand
the difference between the green building certification building and the general building, it is
recommended that future studies use the breakdown costs instead of total costs to provide more
valuable research results.
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