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 24 

Abstract  25 

 26 

Evidence indicates that green buildings can outperform conventional (non-green) buildings in many performance areas. 27 

Nevertheless, the perceived higher upfront cost by building owners and investors is frequently cited as a hurdle to a 28 

widespread adoption of green buildings. In this study, an extensive literature survey was conducted to aggregate the 29 

green cost premiums which were reported as results of published empirical studies that investigated the cost premium 30 

associated with the green building. Results and methodologies of 17 empirical studies were tabulated and comparatively 31 

analyzed to find a conclusive answer whether the green building costs more or less than its conventional counterpart. 32 

Yet, consensus is not reached, and a significant gap exists in the quantified cost premium range. More than 90% of the 33 

reported green cost premiums through empirical investigations fall within a range from -0.4 - 21%. Two studies found 34 

that green buildings cost less than their conventional counterparts. Surprisingly, among the 17 reviewed empirical 35 

studies, only six publications were classified as academic publications, of which four research articles published in peer-36 

                                                           
*
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2 Highlights:  

3  

4 • We analyzed the empirical studies which address the issue of green cost premium.  

5 • There is not conclusive answer about the green buildings cost premium. 

6 • There is no conclusive empirical evidence that the green building tends to cost more.  

7 • Significant gap exists in the quantified cost premium range. 

8 • The green cost premium that can be generalized ranges from -0.4 – 21%.  

9  10  11  12  13  
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reviewed journals, one conference paper, and one book. The size of the literature which addresses the issue of green 37 

buildings cost premium does not reflect the significance of the problem.  38 

 39 

Keywords: Green buildings; Cost premium; Conventional buildings; Literature survey. 40 

 41 

1. Introduction 42 

 43 

Being the largest contributor to pollution and greenhouse gas emissions, the construction sector has gained 44 

momentum in sustainable development and plays a significant role in sustainability achievement [1–3]. The 45 

Construction sector occupies the first place as the largest contributor to pollution and greenhouse gas emissions [3]. 46 

According to the United Nations Environmental Program [3], one third of the total energy end use is consumed in 47 

buildings, it is also responsible for one third of the global resources consumption including 12% of all fresh water usage, 48 

as well as it produces around 40% of the total solid waste volume. Based on these estimates, in response to the concept 49 

of sustainable development triggered in the United Nations Global Assembly on March 20, 1987 through the report of 50 

Brundtland Commission [4], known as Our Common Future, in the early nineties, green buildings were introduced as a 51 

high potential solution to reduce gas emissions and to improve the economic, health, and environmental performance of 52 

the built environment [2,5]. 53 

While there is consensus about several benefits associated with the green building, its initial construction cost 54 

in comparison to a conventional counterpart is still debated. Several market surveys concluded that green building 55 

practitioners believe that the construction cost of the green building is significantly higher than that of its conventional 56 

counterpart [6,7]. However, still there is no much empirical evidence supports this general perception formed in the 57 

mindset of building owners and investors; the issue of green cost premium is still debated and three different opinions 58 

can be found in the literature. The first opinion suggests that there is no significant variation between the cost of green 59 

buildings and conventional buildings [8–10]. Advocates of this view empirically argue that green buildings cost 60 

premium is insignificant and even green buildings can be achieved with little or no added cost [11–13]. The second 61 

opinion says that the green building tends to cost more than its conventional (non-green) counterpart [14–16]. A third 62 

opinion suggests that the green building may cost less than a conventional building [17,18].    63 

The purpose of this research is to survey the existing body of literature in order to aggregate the findings of    64 

the empirical investigations which address the controversial issue of green cost premium, and to comparatively     65 

analyze the evidences in order to find an answer whether the green building costs more or less than its conventional 66 

counterpart. 67 

 68 

2. Background Information 69 

 70 

2.1. The Concept of Green Buildings 71 

 72 

The terms green buildings, high performance buildings, sustainable buildings, sustainable construction, high 73 

performance construction, or green construction are used interchangeably [2,12,19,20]. Intrinsically, sustainable 74 

construction should take into account the environmental aspects through the whole life cycle of a facility, including 75 

material acquisition, installation, operation, disposal, and recycling. However, the green building definition varies and 76 

there are numerous definitions for the green building [21,22]. Yudelson [23] defines the green building as: “A high-77 
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performance property that considers and reduces its impact on the environment and human health”. According to 78 

Yudelson [23], the green building is designed to use less energy and water as well as to reduce the life cycle 79 

environmental impact of the used material. Likewise, Kibert [2] suggests that the term green building describes the 80 

characteristics of the building which complies with the principles and practices of sustainable construction, he defines 81 

the green building as: “Healthy facilities designed and built in resource-efficient manner, using ecologically based 82 

principles”. Green buildings or sustainable buildings, according to the International Energy Agency [24], are 83 

characterized by increased energy and water efficiency, reduced material and natural resource consumption, in addition 84 

to improved health and environment.  85 

Aforementioned definitions imply similar characteristics of the green building; there is a consensus among the 86 

definitions that the green building is a healthy facility that has less negative impacts on the environment through using 87 

fewer natural resources. However, none of the definitions indicates life cycle thinking as a fundamental approach in 88 

assessing the performance of the green building. Life cycle thinking, which is also known as life cycle perspective [25], 89 

has recently gained considerable attention to account for the three pillars of sustainable development which are: 90 

environmental, economic, and social aspects [26–28]. In its principle, life cycle thinking means taking account of a 91 

product’s impact on the three pillars of sustainability throughout its entire life cycle [25,29]. The term product is defined 92 

as any good or service [29,30].    93 

In the light of discussed characteristics of the green building, and considering the life cycle approach, the green 94 

building can be defined as an eco-friendly economic facility that uses less natural resource to build and operate. It 95 

positively impacts productivity, health, and welfare of human being throughout its entire life cycle. This definition 96 

inherently adheres to the concept of sustainable development which balances the three pillars of sustainability 97 

[26,27,31]. The added keywords to the definition which are: economic and life cycle, are backed up by a growing body 98 

of evidence as discussed in the subsequent section 2.2.  99 

The green building can reduce the carbon emissions up to zero levels through utilizing renewable energy 100 

systems to meet the requirements of its occupants [32]. Renewable energy systems in the green building can be either 101 

passive or active systems [3,33], while passive energy systems refer to improvements of building envelope elements to 102 

minimize the total energy demand [34], the active systems utilize newer technology and more efficient electrical devices 103 

and appliances to reduce energy demand, and to produce energy from renewable energy sources such as solar, wind, 104 

geothermal (Heat from the earth) [24,34]. Passive solar design has a potential to eliminate 50 – 75% of cooling and 105 

heating energy demand in buildings [35]. 106 

Energy efficiency and renewable energy sources utilization are key features of the green building [2,32,35,36]. 107 

Reducing energy demand through proper building orientation, more efficiently insulated and glazed building envelope, 108 

passive solar design approaches, in addition to more efficient electrical appliances and devices are major design 109 

strategies to meet the concept of the green building [5,24,35]. Reducing energy demand allows on-site energy production 110 

through renewable energy sources to cover a higher percentage of the total building energy demand [5], or completely 111 

cover the energy demand using renewable energy sources [32,35].  112 

 Typically, the environmental performance of green buildings is assessed and rated using building 113 

environmental assessment methods, in which a standard definition and performance for green buildings against 114 

sustainable development requirements are defined [2,23,37,38]. The main purpose of the green rating tools is to assess 115 

the sustainable design of a building in terms of compliance to sustainability requirements with various levels of 116 

assessment [38]. However, there is a plethora of green building standards and rating tools which vary from country to 117 

country based on need and climate requirements [39]. Internationally, almost 60 countries in the world [2] have 118 



Page 4 of 16

Acc
ep

te
d 

M
an

us
cr

ip
t

Page 4 of 4 

 

developed their own rating systems to evaluate and promote the green building. Being the leading examples of green 119 

rating tools, the British Research Establishment Environmental Assessment Method (BREEAM) and the American 120 

Leadership in Energy and Environmental Buildings (LEED) are the first and most internationally recognized 121 

environmental assessment methods for green buildings [39,40].   122 

Launched in 1990, the British Research Establishment Environmental Assessment Method (BREEAM) is an 123 

assessment and rating tool for sustainably designed buildings in which a standard definition and performance for the 124 

green building against sustainable development requirements are proposed [2]. In BREEAM, buildings are rated (or 125 

labeled) and certified based on a scale of Good, Very Good, Excellent, and Outstanding [41]. Later in 2002, the U.S 126 

Green Building council developed the Leadership in Energy and Environmental Buildings (LEED), it is also a rating 127 

system for green buildings with multilevel certification. Based on credit points achievement against sustainability 128 

requirements, buildings according to LEED are rated as: Certified, Silver, Gold, or Platinum, the sustainability 129 

requirements are increased for each level of certification [40]. Developed by the Green Building Council of Australia in 130 

2003, Green Star is another internationally recognized sustainability rating system for buildings [42], in which buildings 131 

are assessed based on nine environmental categories, among others, indoor environment quality, energy efficiency, 132 

water efficiency, and emissions. Based on credit points achievement in the evaluation categories, buildings are rated as: 133 

4 Star (best Practice), 5 Star (Australian excellence), or 6 Star (world leadership) [43]. The sustainability requirements in 134 

the discussed green rating systems are extensive and varied. It is not in the scope of this paper to review and analyze 135 

these requirements. However, as a general rule, sustainability requirements are increased to achieve higher levels of 136 

certification.      137 

 138 

2.2. Green Buildings Benefits  139 

 140 

From life cycle perspective, unprecedented consensus about a wide spectrum of green buildings merits and 141 

benefits can be found in the literature. A good example of these benefits to building owners and investors is the widely 142 

cited study which was conducted by Kats et al. [12], in which the authors concluded that green buildings cost less to run 143 

and save energy on an average of 30%. The authors further argue that by adding other benefits, such as reduced water 144 

consumption, maintenance cost, improved health and productivity, the financial benefits are 10 times as high as the 145 

average cost premium which equals 1.84%. Based on the Australian and international case studies and research, Madew 146 

[42] identified the following key economic benefits of green buildings: 60% reduction in water and energy consumption, 147 

1-25% productivity increase, minimum 14% higher rate of return, 10% higher market value for asset, 5–10% higher 148 

rental rate, in addition to free promotion. Yudelson [23], listed 14 benefits of green buildings, among others, 30 – 50% 149 

typical energy and water saving, reduced maintenance cost, increased property value, a typical  3 – 5% improvement in 150 

productivity, 5% reduced absenteeism, in addition to other benefits related to health, risk, marketability, and 151 

competitiveness. In the health context, the author further argues that a green building can annually reduce the sick 152 

building syndrome of its occupants by 41.5%.  153 

In a case study research, Ries et al. [44] argue that productivity increased about 25%, and energy decreased 154 

about 30% in a green precast concrete manufacturing facility certified by Leadership in Energy and Environmental 155 

Buildings (LEED) green rating system. In another case study research, Lau et al. [45], saying that a low energy office 156 

building with green features such as solar design and utility-interactive Photovoltaic (PV) system is saving 50.1% of 157 

energy cost compared to conventional buildings. In comparison to the US national buildings average performance, GSA 158 
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Public Buildings Service [46] summarized the following key findings of commercial green buildings benefits: 26% less 159 

energy use, 13% lower aggregate maintenance cost, 27% higher occupants satisfaction, and 33% fewer CO2 emissions.  160 

 161 

2.3. Green Buildings Cost  162 

 163 

Notwithstanding the numerous benefits associated with green buildings, the upfront cost issue is a frequently  164 

cited paramount obstacle which precludes a widespread adoption of green buildings [3,6,12,23,42,47–50]. Reviewing 165 

the literature shows some controversy related to the estimated cost premium associated with the green building. Among 166 

the literature, some views argue that green buildings cost is not greater than conventional (non-green) buildings 167 

[8,10,51,52]; they suggest that green features can be achieved with little or no added extra cost [8,10,12,13,53,54]. In the 168 

most widely cited investigation of green buildings costs and benefits, Kats et at. [12] compared the cost of 33 LEED 169 

certified green buildings with a conventional design for the same buildings and found that the cost of the investigated 170 

green buildings increased around 1.84% on average, which is equivalent to 4$ per square foot in California state. In a 171 

later study, Kats [13] investigated the design and construction cost of 30 green schools in different places in the United 172 

States and comparatively concluded that, on average, green schools tend to cost around 2% more than conventional 173 

schools. In a more recent study, the same author [53] conducted a survey for more than 100 architects, building owners, 174 

green building consultants to obtain information about the green cost premium of more than 170 green buildings in the 175 

United States and some other countries and concluded that most green buildings cost slightly higher than conventional 176 

buildings. The author found that the reported green cost premium for the whole sample ranging from 0 - 18%. But he 177 

argues that the cost premium of more than 75% of the analyzed green buildings falls within the range from 0 - 4%. The 178 

author also contends that investigating the incremental cost of green buildings using different approaches yields the 179 

same results. 180 

In another widely cited study conducted by Matthiessen & Morris [10], the authors compared the actual 181 

construction cost of 45 buildings seeking green certification from Leadership in Energy and Environmental Design 182 

(LEED) against another 93 similar conventional buildings. In the study, the authors conducted a point by point 183 

evaluation of 69 elective points as sustainability measures grouped under six green rating categories which are: 184 

sustainable sites, water efficiency, energy and atmosphere, materials and resources, indoor environmental quality, and 185 

innovation and design. Interestingly, they noted that the cost per square foot for LEED buildings was scattered 186 

throughout the cost range of the whole sample which consists of 138 buildings. As a result of using the t-test to analyze 187 

the sample variation, the authors statistically concluded that there is no significant difference between green and non-188 

green buildings cost. In the same study, the authors also investigated the ability of 61 green buildings to meet certain 189 

LEED certification levels within the initially established budget and concluded that majority of the 61 green buildings 190 

were able to meet LEED certification without additional budget. The authors, however, contend that as there are low 191 

cost and high cost non-green buildings, there are also low cost and high cost green buildings.  192 

In a later study, Matthiessen & Morris [8] confirmed the previous findings through analyzing the cost of a 193 

larger sample consists of 221 buildings, of which 83 buildings were seeking LEED certification and the other 138 194 

buildings were designed following conventional standards. They contend again that the average cost of green buildings 195 

is not significantly different than the average cost of non-green buildings, and majority of projects were able to meet 196 

LEED certification levels without the need to extra budget. In New Zealand, Rehm & Ade [9] compared the actual cost 197 

of 17 green office buildings, certified as green by the New Zealand Green Building Council’s rating tool (Green Star NZ 198 

Version 1.0), against cost models developed using cost manuals and handbooks for the same buildings. The authors used 199 
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non-parametric Wilcoxon matched-pairs signed ranks test to determine whether the actual cost is significantly higher 200 

than the modeled cost. They found that green buildings cost were higher on average when compared to modeled cost 201 

estimates, but the difference is not statistically significant. Davis Langdon [11], an international cost consulting firm, 202 

indicated that the cost premium for constructing green office buildings under the National Green Rating System in 203 

Australia (Green Star) ranges from 3 - 5% for 5 Star certified buildings (buildings achieve 60 – 74 sustainability credit 204 

points according to Green Star rating scale), and this ratio goes beyond 5% for 6 Star non-iconic buildings (Buildings 205 

which are not designed as show-case and achieve more than 75 sustainability credit points according to Green Star rating 206 

scale). They argue that many cost drivers affect projects cost, and projects with similar nature have different cost rates 207 

which are not necessarily attributed to green features. However, as a trade publication, the consulting firm did not 208 

provide much information regarding the adopted methodology in their research. In conjunction with Davis Langdon, the 209 

U.S. Green Building Council [52] examined the construction cost of 107 luxury residential new construction projects 210 

and commercial interior projects to assess the green design impact on projects cost. They found that the cost per square 211 

foot between green and non-green buildings is not significantly different.  212 

In contrast, there are views and findings in the literature contradict the former arguments that green buildings 213 

can be achieved at a very little cost premium or at no extra costs, and there is no significant difference between the cost 214 

of green buildings and their conventional counterparts. A good example of these counter views is a study by Shrestha & 215 

Pushpala [16], in which the authors analyzed the construction cost and time of completion of 30 green school buildings 216 

and another 30 non-green school buildings. As a result of statistical analysis, the authors comparatively concluded that 217 

the green school buildings cost is 46% higher than that of the conventional school buildings, and the mean construction 218 

cost per square foot of the green schools was significantly higher than that of the conventional schools. The green school 219 

buildings, which were used in the analysis, were new constructed energy efficient school buildings adopted sustainable 220 

construction methods or incorporated sustainable features include improved air quality and day lighting, and solar 221 

energy utilization for heating and cooling. However, the authors were silent regarding the level of compliance by the 222 

green school buildings to a specific sustainability rating tool, or design code. 223 

In a recent study by Kim et al. [14], the authors reported an increase of 10.77% in the construction cost due to 224 

incorporating new green building code for residential projects development, as a result of comprehensive cost and time 225 

of completion comparative analysis of one residential building as a case study. According to the authors, the case study 226 

which was used in the analysis is a single-family residential building designed and constructed in compliance to the 227 

applied Green Building Code in Los Angeles (Article 9, Green Building Code of Los Angeles Municipal Code). It 228 

incorporates green features include a grid connected or utility-interactive Photovoltaic (PV) system as alternative power 229 

supply, electrical vehicle charging system, high-efficiency cooling and heating system, energy efficient water heater and 230 

electrical device, in addition to energy efficient lighting fixtures.      231 

Using a five-story federal courthouse and a nine- story federal office building as case studies, Steven Winter 232 

Associates [17] investigated the cost implications associated with achieving different levels of sustainability credit 233 

points in Leadership in Energy and Environmental Design (LEED version 2.1) which are: Certified (achieving 28 credit 234 

points), Silver (achieving 35 credit points), and Gold ratings (achieving 41 credit points), they concluded that the green 235 

cost premium ranges from 1 - 8.1% depending on the sought level of certification. 236 

In a single case study research conducted by the National Association of Home Builders (NAHB) Research 237 

Center [15], the authors evaluated the cost impact of incorporating the National Green Building Standard (ANSI ICC 238 

700-2008) to a green home in USA. In the study, the authors argue that the case study meets the Silver level (minimun 239 

406 points) of the National Green Building Standard in which buildings are rated as: Bronze (minimun 222 points), 240 
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Silver (minimun 406 points), Gold (minimun 558 points), and Emerald (minimun 697 points) [15]. As a result of 241 

conducting itemized cost impact analysis for each green credit point achieved by the case study, the authors concluded 242 

that the required cost premium to achieve the Silver level (minimun 406 points) of the National Green Building Standard 243 

(ANSI ICC 700-2008) is around 17%. However, it is worth noting that with the exception of Shrestha & Pushpala [16] 244 

work, aforementioned empirical investigations are based on one or two case studies at most. 245 

 246 

3. Research Methodology 247 

 248 

Systematic literature search was conducted to collect data from empirical published research which includes 249 

scholarly articles published in peer-reviewed journals and conference proceedings, books, study reports, and trade 250 

publications. Based on contents, the following databases were searched to find potential literature sources: Web of 251 

Science, American Society of Civil Engineers, EBSCOHost, Emerald, Sage Journals, Science Direct, Scopus, Springer 252 

Link, Taylor and Francis, Wiley Online Library, and Google scholar.  253 

A pilot literature search was performed to evaluate the size of the literature which addresses the economic 254 

issues of green buildings. It was observed that the literature which addresses the various economic implications of green 255 

buildings is bulky and extensive. Furthermore, considerable portion of the literature investigates the economic returns 256 

and benefits associated with green buildings from life cycle perspective. Since the main objective of the research is to 257 

aggregate and review the empirical arguments about the issue of green cost premium, the search was limited to the 258 

articles and publications which provide empirical evidence about the green cost premium associated with the green 259 

building. A challenge represented in finding the literature sources which meet this selection criterion was reduced by the 260 

assumption that the terms “green building”, or “sustainable building” and “cost” supposed to be used in the title of the 261 

publication or in the publication keywords. Therefore, these terms were used as keywords in the search fields which 262 

were limited to publication title and keywords. However, this option was possible in all of the searched databases except 263 

Google Scholar, EBSCOHost, and Springer Link in which the search field was limited to publication titles only due to 264 

unavailability of keywords search option.  265 

A summary of the search results is shown in table (1). It is worth noting that summing up the results does not 266 

provide meaningful information due to the fact that many publications appear in more than one database search. The 267 

retrieved publications were evaluated and a literature source was considered in the analysis if it meets the following 268 

criteria: (i) the publication addresses the issue of green buildings cost premium as a main topic in the research, (ii) the 269 

publication draws a clear conclusion about the cost premium issue, (iii) the publication relies on empirical data to draw 270 

the conclusion. As a general rule, publications which address the economics of green building and do not provide 271 

empirical argument about the estimated cost premium were excluded. Based on these criteria, a total of 17 empirical 272 

studies were left for further review and analysis. 273 

 274 

Table 1: Summary of the search results  275 

Number of retrieved results for each search term 

 
No. 

 
Database 

 
Search Fields 

"green building*" 
and cost 

"Sustainable 
building*" and cost 

1 Web of Science Title, keywords 24 3 
2 American Society of Civil Engineers Title, keywords 3 1 
3 EBSCO Title 57 7 
4 Emerald Title, keywords 0 0 
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6 Sage Journals Title, keywords 1 0 
7 science Direct Title, keywords 8 4 
8 Scopus Title, keywords 85 35 
9 Springer Link Title 13 3 
10 Taylor And Francis Title, keywords 0 0 
11 Wiley Online Library Title, keywords 5 1 
12 Google scholar Title 157 42 

276  276 

 277 

Each publication was studied in term of reported green cost premium and how the premium was concluded, in 278 

addition to how many buildings were used in the analysis. Then, a descriptive analysis was conducted after tabulating 279 

the results and the adopted methodologies in each reviewed study. Besides summarizing the findings and methodologies, 280 

the purpose of the tabulation is to classify the studies in term of publication type. The classification was essential to 281 

investigate if significant variations in term of result and methodology can be observed between the different types of 282 

publication.           283 

 284 

 285 

4. Results and Discussion 286 

 287 

Being the frequently cited paramount obstacle hurdles a widespread adoption of green buildings, this literature 288 

survey shows that the published empirical studies which address the issue of green cost premium are very limited and do 289 

not reflect the significance of the problem. Notably, very few academic studies were published. Among a total of 17 290 

reviewed empirical studies, only six publications were classified as academic research, of which four scholarly articles 291 

were published in peer-reviewed journals, one conference paper, and one book contains empirical study about the green 292 

cost premium. All of the academic publications are relatively recent and published from 2010 onwards. The remaining 293 

11 studies are professional research conducted and published by industry professionals and green building consultants. 294 

In term of the geographical distribution of the studies, more than 80% of the studies (14 studies out of 17) were 295 

conducted in the United States of America, one study in the United Kingdom, one trade publication in Australia, and one 296 

academic research in New Zealand.  297 

Although the concept of green buildings emerged in the early nineties [2,5], the publications which address the 298 

issue of green buildings cost are recent in general. The earliest publication found is a trade publication, a case study 299 

research report conducted by Xenergy and Sera Architects in 2000 to assess how three built buildings could have been 300 

built to meet LEED criteria which were not available when the original design of the three buildings were prepared, and 301 

to determine the cost and benefits that would have occurred as a result of meeting the LEED requirements [18]. 302 

Interestingly, the first academic publication was published in 2010, a book, authored by Greg Kats, contains empirical 303 

studies about the costs and benefits associated with green buildings [53]. It took almost 20 years until the first academic 304 

research was published.  305 

Technically, there is no standardized definition for the green cost premium [54], as well as there is no clear 306 

methodology that describes its components and estimation methods. Kats [53] proposed a definition for the green 307 

premium as the differential cost between green and conventional (non-green) “version” of the same building. Houghton 308 

et al. [54] used a definition for the green cost premium as the additional design and construction cost associated with 309 

specific green components. Without standardized operational definition of the term “green cost premium” it would be 310 
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difficult to answer the problematic question raised by Matthiessen and Morris [10]: if the green building costs more, 311 

more than what?    312 

In terms of methodology, three approaches and methodologies were used in the studies to quantify the 313 

differential cost associated with the green design, and therefore, results must be interpreted with care. The first approach 314 

is comparing the design and construction cost of a green building with a similar conventional counterpart is the most 315 

predominant approach found in the literature. This approach was used in nine studies [8,10,11,13,14,16,51,52,55]. 316 

Rather than using modeled cost data, the rigor of this approach represented in the possibility of using actual cost records 317 

from both the green building and its conventional counterpart, and therefore, the obtained results can be more accurate 318 

since potential errors associated with cost modeling are eliminated.  319 

The second approach is comparing the design and construction cost of the green building with the modeled cost 320 

of a proposed conventional design for the same building. This approach was used in seven studies [9,12,15,17,18,53,56]. 321 

In this approach, since the proposed conventional design does not exist in reality, the cost comparative analysis can be 322 

conducted using only one dataset of actual cost records; the other dataset relies on a modeled cost. The third approach is 323 

comparing the actual design and construction cost of the green building with its initially established budget. This was the 324 

least used approach and used in two studies only [10,54]. Table (2) provides more detailed information about the cost 325 

comparison methodologies used in the studies, in addition to a summary of the findings in each study. 326 
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 327 

Table 2: Summary of the empirical studies which address the issue of green cost premium  328 

No. Author(s) (Year) 
Publication 
Type 

Country Methodology Findings 

1 Xenergy and Sera 
Architects  (2000) 

Trade 
publication  

USA Multiple-Case study research: Cost analysis of re-
designing three constructed office buildings to meet 
certain LEED criteria. 

The cost premium required to meet LEED 
requirements ranges from -0.3 - 1.3%. 

2 Packard Foundation 
(2002) 

Trade 
publication  

USA Single case study research: Comparative modeled cost 
analysis of different LEED certification levels against a 
market baseline typical office building.  

The green cost premium ranges from 0.9 - 21% for 
various LEED levels.    

3 (Kats et al. (2003) Trade 
publication  

USA Cost comparative analysis of 33 LEED certified green 
buildings against conventional design for the same 
buildings.  

The average green cost premium is 1.84%.  

4 Matthiessen and 
Morris (2004) 

Trade 
publication 

USA Statistical analysis of the actual cost of 45 LEED seeking 
buildings against 93 similar conventional buildings.  
 
Cost comparative analysis of 61 LEED seeking buildings 
against their initial budget.  

There is no statistically significant difference between 
the cost of green buildings and the cost of 
conventional buildings. Majority of buildings were 
able to achieve LEED certification without additional 
budget. 

5 Steven Winter 
Associates (2004) 

Trade 
publication 

USA Cost comparative analysis of modeled cost of various 
green design scenarios for two buildings against modeled 
conventional design cost for the same buildings. 

The cost premium ranges from around -0.4 - 8.1% 
depending on the level of LEED certification. 

6 BRE and Cyril 
Sweett (2005) 

Trade 
publication  

UK Multiple-case study: Cost comparative analysis of the 
actual cost of four case studies against modeled design 
cost based on standard building regulations.  

The green cost premium ranges from 0 - 7%. 

7 Kats (2006) Trade 
publication 

USA Cost comparative analysis of the cost of 30 green schools 
against the average national conventional schools cost.  

Green schools cost on average 1.7% more than 
conventional schools. 

8 Matthiessen and 
Morris (2007) 

Trade 
publication 

USA Cost per square foot comparative analysis of 83 LEED 
seeking buildings against another 138 conventional 
buildings.  

There is no significant difference in average cost for 
green buildings as compared to non-green buildings.  

9 Davis Langdon 
(2007) 

Trade 
publication  

Australia Cost comparative analysis of green office buildings 
modeled cost against similar non-green buildings.  

The impact on the construction cost ranges from  
3 - 5% for 5 Star rating. And more than 5% for 6 Star 
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No. Author(s) (Year) 
Publication 
Type 

Country Methodology Findings 

non-iconic design solutions. 

10 Houghton et al 
(2009) 

Scientific 
journal article – 
peer reviewed 

USA Multiple-case study: Cost comparative analysis of the 
impact of green design on the cost of 13 Healthcare 
LEED buildings  

The green cost premium ranges from 0 - 5%.  

11 NAHB Research 
Center (2009) 

Trade 
publication 

USA Single case study research: Itemized cost impact analysis 
of incorporating the National Green Building Standard to 
a green home. 

The cost premium required to meet a silver level is 
around 17%. 

12 USGBC (2009) Trade 
publication 

USA Statistical analysis of a sample of 15 LEED residential 
new construction projects and 22 non-LEED projects, 
and for a sample of 12 LEED commercial interior 
projects and 13 non-LEED projects. 

The cost per square foot of green buildings is not 
significantly different than that of non-green buildings. 

13 Kats (2010) Book USA Estimating the green cost premium of 170 green 
buildings through information from green buildings 
developers and architects.  

The green cost premium ranges from 0% - 18%, but 
majority of the cost premiums fall within a range from 
0 - 4%.     

14 Mapp et al. (2011) Scientific 
journal article – 
peer reviewed 

USA Multiple-case study: Cost comparative analysis of the 
actual cost of two LEED certified bank buildings against 
the actual cost of similar eight non-green bank buildings.  

The cost of green bank buildings is similar to and 
within the range of the cost of non-green bank 
buildings. LEED certification process adds less than 
2% to the total project cost.  

15 Shrestha and 
Pushpala (2012) 

Conference 
paper  

USA Cost comparative analysis of 30 green school buildings 
against 30 conventional school buildings using statistical 
methods.  

The green school buildings cost is 46% higher than 
conventional school buildings. The mean construction 
cost per square foot of green schools is significantly 
higher than that of conventional schools.  

16 Rehm and Ade 
(2013) 

Scientific 
journal article – 
peer reviewed 

New 
Zealand 

Cost comparative analysis of the actual cost of 17 green 
office buildings against modeled cost for the same 
buildings using statistical methods.  

Green office buildings cost is higher on average than 
conventional buildings, but the difference is not 
statistically significant.  

17 Kim et al (2014) Scientific 
journal article – 
peer reviewed  

USA Single case study. Cost comparative analysis of one 
green residential building against similar conventional 
counterpart.  

Construction cost increased by 10.77% as a result of 
incorporating green features. 

329 
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In term of results and findings, significant variations can be observed among the findings. As shown in table (3) 329 

below, 13 studies reported a green cost premium greater than 0%, and this, indeed, represents 100% of the studies since 330 

not all of the reviewed 17 studies aimed to quantify the extra cost associated with the green building. Only 13 studies 331 

have numerical results about the green cost premium. Out of the 13 studies, eight studies recorded a cost premium 332 

greater than 5%, and out of these eight studies, five studies recorded a premium greater than 10%, and out of the five 333 

studies, only two recorded a green cost premium greater than 20%. On the other hand, only two studies recorded a green 334 

cost premium less than 0% for some cases, which implies saving. However, none of these two studies have used actual 335 

cost record in the analysis, and both studies investigated a limited number of green buildings; not more than three green 336 

buildings at most.   337 

 338 

Table 3: Number of studies that recorded a green cost premium higher than certain margins  339 

No. Green Cost Premium Number of Studies Reference 

1 Less than 0% 2 [17,18] 

2 Equals 0% 5 [17,18,53,54,56] 

3 More than 0% 13 [11–18,51,53–56] 

4 More than 5% 8 [11,14–17,53,55,56] 

5 More than 10% 5 [14–16,53,55] 

6 More than 20% 2 [16,55] 

340  340 

The lowest recorded green cost premium was -0.4% (saving) found by Steven Winter Associates [17] as a 341 

result of cost comparative analysis of modeled cost of various green design scenarios for two buildings against modeled 342 

conventional design cost for the same buildings, followed by -0.3% found by Xenergy and Sera Architects [18] as a 343 

result of cost analysis of re-designing three constructed office buildings to meet certain LEED criteria. Contrarily, the 344 

highest green premium is 46% found by Shrestha and Pushpala [16] as a result of comparing the Cost of 30 green school 345 

buildings against 30 conventional school buildings. The second highest finding is 21% reported by Packard Foundation 346 

[55]. By eliminating the finding of 46% as a potential outlier in the data, the green cost premium which can be 347 

generalized to include 92% of the studies (12 out of 13 studies) ranges from -0.4 - 21%. Only five out of 13 studies 348 

(38%) [11–13,18,54] found that the green cost premium ranges from 0 – 5%.    349 

 350 

5. Conclusion      351 

 352 

Reviewing the literature that addresses the benefits of the green building demonstrates conclusively that green 353 

buildings outperform conventional (non-green) buildings in all performance areas, and there is an extensive list of green 354 

building benefits. However, when it comes to the question whether or not the green building cost more than its 355 

conventional counterpart, there is no conclusive answer yet, and a significant gap exists in the quantified cost premium 356 

range. More than 90% of the results reported in the investigated empirical studies fall within the range from -0.4 - 21%. 357 

Very little evidence supports that the green building costs less than a conventional counterpart.  358 

Remarkably, the literature which addresses the issue of green cost premium is limited and did not reach 359 

maturity yet. Moreover, the size of the literature does not reflect the significance of the problem. Only six publications 360 

were classified as academic research, while more than 70% of the empirical studies found in the literature are trade 361 
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publications in some instances commissioned by governmental bodies. This provides clear evidence that the literature is 362 

dominated by professional studies executed by professional agencies rather than academic research. However, there is 363 

no remarkable variation between the academic and the trade publications in term of methodologies and findings. Both, in 364 

general, report the green cost premium as a percentage range.       365 

All of the reviewed studies are devoid of generalization. A majority of the trade publications are unclear about 366 

the adopted methodology in the investigation and almost they are silent regarding the used data in the analysis. This, 367 

however, does not apply for the academic publications, but representativeness of the sample in the academic research, in 368 

addition to sampling criteria form a serious concern in term of generalizability. This can be deemed as a call for 369 

researchers to conduct more detailed research to evaluate the published research in term of scientific rigor. Further 370 

research is still required to provide measurable definitions for the green building and to define the green cost premium 371 

and its measurement methods.    372 

   373 
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