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ABSTRACT
�e traditional construction industry has a signi�cant and far-reaching impact on 
the environment, economy, and society. Green-certi�ed buildings, with LEED 
(Leadership in Energy and Environmental Design), BREEAM (Building Research 
Establishment Environmental Assessment Method), DGNB (Deutsches Gütesiegel 
Nachhaltiges Bauen), or other certi�cations during the design stage, have great 
potential for increasing the e�ective use of resources and energy, reducing pollution, 
etc., and so their number has increased greatly in recent years. �e post-occupancy 
evaluation (POE) of green buildings involves assessing whether they meet expected 
performance during the in-use phase and comprises four steps: (i) carrying out the 
research purpose/goal; (ii) determining the research objectives; (iii) conducting data 
collection, analysis, and visualization; and (iv) obtaining the results and drawing con-
clusions. However, there is a lack of reviews of POE research and analysis of reasons 
for actual performance gaps. In response and through a comprehensive literature 
review/analysis, this article summarizes the actual performance gaps of various green-
certi�ed projects, analyzes the reasons for failures, and proposes potential solutions. It 
is found that 74%, 12%, and 14% of the projects perform better, similar, and worse, 
respectively, than their non-green counterparts. Future POE green building projects 
can be optimized from the perspective of the building, user, and POE system. To 
optimize green building actual performance, it is important to ensure the su�cient 
education of installation and maintenance personnel and occupants� green behavior, 
while interior design and decoration, the impact of user demographics, and POE 
performance indicators are key factors to be considered in green building design 
strategies and lifecycle evaluation systems.
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1.  INTRODUCTION
In recent decades, the construction industry has been shown to have great environmental, 

social, and economic impacts on society. �e energy consumed in the building sector, which 
consists of residential and commercial end-users, accounts for almost 20.1% of the world�s total 
consumed delivered energy [1]. As part of a global response to human impacts causing pollu-
tion, resource shortages, and global climate change, green buildings (GB) are expected to have 
an outstanding performance in energy e�ciency, resource-saving, and other aspects during the 
construction, occupancy, renovation, repurposing, and demolition process. In a broad sense, 
green building refers to being environmentally responsible and resource-e�cient throughout a 
building�s life cycle. But at the company level, green buildings need to align with the organiza-
tion�s core values and sustainability objectives.

�erefore, lacking a de�nite de�nition to date, buildings awarded LEED, BREEAM, 
DGNB, or other GB certi�cations during the design stage, are broadly recognized as green 
buildings. �e green building certi�cation system promotes sustainable design and construc-
tion practices through a suite of rating processes that identify projects that implement strate-
gies for better environmental, economic, and social performance. Since the 1990s, a series 
of green building rating and certi�cation systems have been developed that are adapted to 
regional conditions, and share compliance and correlation with each other [2]. Of these, LEED 
(Leadership in Energy and Environmental Design)�introduced in the U.S. in 1993 as one of the 
most complete and internationally recognized green building evaluation standards � was used 
as a reference worldwide. Other widely used certi�cation systems include BREAM in the UK, 
DGNB in Germany, Green Mark in Singapore, and Green Star in Australia. �e number of 
LEED registrations has steadily increased since its implementation, reaching 69,066 in 2019 
in the U.S. [3]. However, there is no clear evidence that certi�ed sustainable buildings reach 
their expected performance and bene�ts during the operational stage.

�e post-occupancy evaluation of green buildings (GB POE) involves a general process 
of evaluating the performance of buildings after they have been occupied for several years. 
Various POE systems, such as LEED for Building Operations and Maintenance (LEED O+M), 
focus on every aspect of a building�s footprint to provide for the green improvement of exist-
ing buildings. Other GB POE relevant studies are also conducted worldwide, aiming to rec-
ognize the performance of speci�c features of existing GB. Despite some studies indicating 
that green-rated buildings do not perform as well as expected in their actual operation [4, 
5], with their indoor environmental quality (IEQ) being even worse than their non-green 
counterparts [6], green buildings now seem to be in a state of post-occupancy dilemma, 
enjoying undeserved fame after actually put into use. �ere have been a series of studies of 
the purpose, indicators, and data processing methods of GB POE [7, 8], but the reasons why 
green buildings fail to perform in the operation stage have yet to be systematically summarized 
and responded to.

In response, this paper conducts a systematic review of studies of GB POE to establish 
their actual performance, reasons for malfunction, and provide suggestions for improvement 
to the various stakeholders involved. �ere are four goals: 1) to present an overview of green 
building POE systems, 2) to review the literature relating to POE projects, 3) to investigate 
the reason for performance gaps during the operational stage, and 4) to identify the research 
needed to improve GB performance.
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2.  METHODS

2.1  Data acquisition methods
�roughout this paper, GB POE refers to a combination of a great many activities aimed at 
evaluating and rating building performance during the in-use stage, which consists of four 
steps of (i) carrying out the research purpose/goal; (ii) determining the research objectives; 
(iii) conducting data collection, analysis, and visualization; and (iv) obtaining the results and 
drawing conclusions. As depicted in Fig. 3, these are tightly bound with each other, constantly 
a�ecting each other.

A total of 422 journal papers is �rstly identi�ed using the keywords of post-occupancy 
�evaluat*,� �POE,� �green building,� �sustainable building,� and �evaluation NEAR/5 building� 
in the WoS Core Collection database between 2010 and 2020. CiteSpace, a literature analysis tool 
that can visually present the relationship between scienti�c research studies, is used to build the 
keyword co-occurrence cluster based on the 422 papers. Of these, 49 studies involve speci�c 
POE projects and 15 are carried out from a comparative perspective. For the purpose of this 
study, these 15 publications are selected and a speci�c system and project analysis is performed 
for a further in-depth review of building types, climate zone, country, evaluation indicators, 
and results.

2.2  Publication analysis
Fig. 1 shows the trend and regional distribution of research into GB POE from 2010 to 2020, 
indicating that the number of studies increases yearly. �ey are also unequally distributed 
around the world, with more from China, the United States, and European countries, which 
shows GB POE to be applied more in economically prosperous areas�most likely because 
there are more GB applications there, and there is a stronger awareness of the associated ben-
e�ts involved.

FIGURE 1.  POE system overview.
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