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ENERGY RETROFITS TO ENHANCE 
ENERGY PERFORMANCE OF EXISTING 

BUILDINGS: A REVIEW 
M.F.F. Fasna1 and Sachie Gunatilake2  

ABSTRACT 

Inefficient buildings use three to five times the energy as efficient buildings. Herein, 
improving the Energy Efficiency (EE) of buildings, specifically existing buildings that 
account for a large part of the building sector, has become a major priority. Energy 
Retrofits (ER) are identified as the main approach to enhance energy performance of 
buildings to achieve energy reduction targets. Yet, a general lack of awareness exists 
with respect to ER, types of ER and the possible ER measures through which building 
EE could be enhanced. Thus, the aim of this paper is to fill this research gap by critically 
reviewing the relevant literature on ER. With the intention of avoiding the 
misperceptions on the concept of ER, the paper first analysed various definitions of ER 
provided by different authors. This had made it clear that in addition to enhancing EE, 
ER also result in upgraded functionality, improved architectural quality, increased 
aesthetic value, reduced resource consumption, decreased CO2 emissions and improved 
indoor air quality. Besides, based on the critical review of literature, the paper also 
discusses different types of ER that could be adopted to retrofit a particular building and 
different ER measures that could be used to retrofit different building elements/systems. 
The findings of this study could be used by practitioners as a basis in understanding the 
available ER types and measures for the buildings that would be of use in making 
effective decisions during their endeavours to enhance the EE of existing buildings. 

Keywords: Definition; Energy Efficiency (EE); Energy Retrofits (ER); Existing 
Buildings; Retrofit Measures; Retrofit Types. 

1. INTRODUCTION 
Among the energy end-use sectors, improving the Energy Efficiency (EE) of buildings 
has become a major global priority (Bertone et al., 2018). This is because, buildings 
account for almost half of the worldwide energy consumption, together with resultant 
Greenhouse Gas (GHG) emissions (Liang et al., 2016). Thus, to reach the emissions 
reduction targets and to enhance the sustainability of the built environment, a shift has to 
be made towards more energy efficient practices (Rydin et al., 2012).  
Within the context of built environment, EE is all about using less energy for operations 
(i.e. for heating, cooling, lighting and other appliances), without impacting the health and 
comfort of its occupants (Ruparathna et al., 2016). ESMAP (2014) and Hendron (2013) 
had disclosed ‘improved design and construction’ techniques that reduce heating, 
cooling, ventilating, and lighting loads; ‘active management of energy use’; and ‘ER’ i.e. 
building upgrades and replacement of energy-using equipment, as the key EE 
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improvement approaches to enhance the energy performance of the buildings (i.e. both 
new and existing buildings) (refer Figure 1). As existing buildings encompass the largest 
segment of the built environment (Zhou et al., 2016) and have a huge potential for energy 
saving (Xu et al., 2013), improving the EE of existing buildings is perceived as a crucial 
step in minimising overall energy use (Panthi et al., 2017) and improving the energy 
performance (Mohareb and Kennedy, 2014).  

 
Figure 1: EE improvement approaches to enhance the EE of buildings (Source: Adapted from BASF, 

2009; Escrivá-Escrivá, 2011; ESMAP, 2014; Hendron, 2013) 

Various studies have made evident that among the two main approaches to enhance the 
EE of existing buildings, energy consumption in existing buildings can be reduced 
significantly through adopting ER (Chidiac et al., 2011; Sesana et al., 2016). Hence, 
retrofitting existing buildings is considered as the key approach to achieve energy 
reduction targets (Liang et al., 2015) and sustainability in the built environment (Liang et 
al., 2015; Ma et al., 2012) at relatively low cost and high uptake rates (Ma et al., 2012). 
However, still there appear to be confusions around conceptualization of ER, ER types 
and the respective measures that could be adopted under each ER type to enhance energy 
performance of the built environment. Hence, this paper is aimed at reviewing the existing 
literature to identify and explore the concept of ER, different types of ER, and available 
ER measures to enhance the energy performance of the existing buildings. Using these 
findings as a basis, this paper conceptualises the different ER types and measures that 
could incentivise the practitioners in determining and implementing the suitable types of 
ER and measures for a particular built environment.  

2. RESEARCH METHODOLOGY 
A systematic literature review is a vital research methodology that is capable of, 
synthesizing the existing body of knowledge; creating new knowledge on a wider scale 
than is possible with empirical studies; and identifying new agendas for future research 
(Denyer and Tranfield, 2009). This study utilized systematic literature review to achieve 
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the aforementioned aim. The methodology adopted to do the systematic literature review 
is shown in Figure 2, which is found to be in line with the suggestions of Denyer and 
Tranfield (2009) and Mostafa et al. (2016).  

Figure 2: Research process followed to do the systematic literature review 

As depicted in Figure 2, this study followed three stages. The intention of the first two 
stages were to select appropriate research outputs for the review while the third stage was 
focused on extracting all the needed facts from the derived articles and synthesising 
accordingly. Among the available search engines, ‘Google Scholar’, ‘Scopus’, ‘Emerald’, 
and ‘Science direct’ were selected for this study, as these domains have been widely used 
in similar reviews (e.g. Yang et al., 2009). This had also ensured that adequate research 
outputs were captured for the review. Though there are other numerous alternative terms 
for retrofits identified in literature including ‘commercial property retrofit’ (Dixon et al., 
2014), ‘sustainable retrofit’ (Swan et al., 2013), ‘EE retrofit’ (Xu et al., 2015), and ‘green 
retrofit’ (Alm et al., 2005; Liang et al., 2015; Liang et al., 2016), the basic search term 
adopted to retrieve the research publications under this study was ‘retrofit’. Search was 
conducted for the period from year 2000-2018. By following the three stages indicated in 
Figure 2, this study derived a total of 90 articles appropriate for this study. The articles 
were analysed using code based content analysis. 

3. ER DEFINITIONS AND PERSPECTIVES  
When discussing the upgrade of a property’s physical characteristics to improve its 
environmental performance, the terms ‘modernisation’, ‘retrofit’ and ‘refurbishment’ are 
all used within the literature (Jenkins, 2010). This has led to some confusions regarding 
the clear-cut difference between retrofit and refurbishment. To avoid such confusions, 
Kolokotsa et al. (2009) have defined both terms clearly in a literal sense. According to 
them, the term ‘refurbishment’ implies the necessary modifications needed to return a 
building to its original state, whereas ‘retrofit’ includes the necessary actions that will 
improve the building’s energy and/or environmental performance. 
As highlighted by Dixon (2014), in academic literature, there has been much debate over 
the meaning of ‘retrofit’ and its distinction since different authors have used different 
terminologies (refer Section 2). Out of the 90 selected articles, 16 were found to have 
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provided definitions for ER (refer Table 1). These definitions were analysed with the 
intention of setting clear boundaries for the concept of ER.  

Table 1: Definitions for ER 

Source Definitions for ER 
Alm et al. (2005) The process of renovating the systems and structure of a building to improve 

efficiency, reduce resource consumption, and create improved Indoor Air 
Quality (IAQ) 

Ashrafian et al. 
(2016) 

The modifications done to the existing building systems and equipment to 
enhance the energy performance of the buildings 

Brown et al. (2014) Upgrade of the building fabric, systems or controls to improve the energy 
performance of the property 

Energy Efficient 
Buildings Hub 
[EEBH] (2012)  

An optimally engineered improvement designed for a particular building based 
on its unique energy usage profile and potential for energy savings, costs of 
proposed energy saving solutions, potential for increased asset valuation, 
available financial incentives and resources, owner and occupant needs, and 
other factors 

Han et al. (2006), 
Sun and Liu 
(2007), Xu et al. 
(2009), (2015) 

Projects aimed at reducing the operational energy use in buildings through 
building envelope improvement and mechanical systems upgrades, while 
preserving the comfort of the indoor environment (i.e. reduce energy 
expenditures and minimises emissions) 

Jafari and Valentin, 
(2017), Syal et al. 
(2014)  

Physical or operational change in a building, its energy-consuming equipment, 
or its occupants’ energy-use behavior to reduce its amount of energy 
consumption, and thereby to convert the building to a lower energy consuming 
facility 

Jaggs and Palmer 
(2000) 

Actions that allow an upgrade of the building’s energy and environmental 
performance to a higher standard than was originally planned  
Changing or modifying building systems to achieve an improved and desired 
energy performance 

Liang et al. (2016) Incremental improvement of the fabric and systems of a building with the 
primary intention of improving EE and reducing carbon emissions 

Shanghai Con-
struction and 
Transportation 
Commission (2008) 

Approaches to improve the building envelope and equipment systems, that 
reduces building energy use while maintaining the comfort of the building’s 
indoor environment 

Swan et al. (2013)   Upgrades to the fabric or systems of a property that may reduce energy use or 
generate renewable energy 

Tryson (2016) Making changes to the elements or components of a building 
Wilkinson (2011) The induced modernisation and improvement of an existing structure/building 

due to its degradation and the need to improve EE, architectural appeal and 
Indoor Environmental Quality (IEQ) for the benefit of the community 

According to Chunduri (2014), the main aim of ER is to save energy or reduce the usage 
of energy by changing or modifying the systems, equipment or parts of the building. The 
analysis of many of the definitions given in Table 1 affirms this viewpoint. However, a 
few authors like Jafari and Valentin (2017) and Syal et al. (2014) had stated that making 
changes to occupants’ energy-use behavior with the intention of reducing energy 
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consumption would also fall within the scope of ER. But, according to ESMAP (2014), 
this should be considered as a separate EE improvement approach (refer Figure 1). 
According to Wilkinson (2011), making modifications or upgrades to the existing 
structure owing to its degradations is also called as ER if it results in enhanced EE. This 
appear to be contradicting with the perspectives of rest of the authors. By critically 
reviewing the definition domain of ‘retrofit’, this study had defined ER as, “any type of 
upgrade or alterations made to an existing building, either to its elements or systems, 
with the primary intention of improving its energy performance”. 
It is vivid from the definitions of ER in existing literature that in addition to the 
enhancement in EE, ER also results in upgraded functionality (Kalc, 2012), improved the 
architectural quality (Kalc, 2012; Wilkinson, 2011), increased aesthetic value (EEBH, 
2012; Kalc, 2012), reduced resource consumption (Alm et al., 2005), decreased CO2 
emissions (Liang et al., 2016) and improved IAQ (Alm et al., 2005; Shanghai Con-
struction and Transportation Commission, 2008; Sun and Liu, 2007; Wilkinson, 2011; 
Xu et al., 2009, 2015). 

4. ER TYPES AND MEASURES 
ER is an area with a broad scope ranging from minor alterations to major retrofit projects 
(refer Chunduri, 2014). So far numerous authors have identified various types of ER that 
can be adopted to enhance building energy performance (Ma et al., 2012). These have 
been classified in various ways based upon different criteria (refer Chunduri, 2014). 
Review of literature made it clear that, even though different authors have classified ER 
in different ways on the basis of different criteria or perspectives, it is still possible to find 
some commonalities and overlaps among these categories despite the terminology being 
used. Figure 3 portrays the classification of ER types along with the criteria considered 
by previous authors as well as the other criteria that can also be a basis in stemming the 
same classification. 
Analysis revealed different terms used by authors such as, existing building 
commissioning, shallow retrofits, retro commissioning, lite retrofits, and quick wins are 
all interchangeable with one another. Similarly, standard or staged retrofits, medium scale 
retrofits, partial retrofits, rational paybacks, and conventional retrofits are ascertained as 
the substitutable to medium retrofits. Correspondingly, whole building retrofit, 
comprehensive scale retrofits, integrated design, substantial retrofits, comprehensive 
retrofits, deep measures and deep energy retrofits are found to be identical with deep 
retrofits. Hence, it is possible to derive that despite these classifications, ER can be 
classified mainly in to three types as shallow, medium and deep retrofits, on the basis of 
‘energy saving’, ‘effort’, ‘cost’, ‘number of building systems’, ‘payback period’, ‘scale 
of the project’, and ‘parties involved’. Table 2 provides a snapshot of the types of ER 
along with their unique features compiled from the review of literature. 
Detailed evaluations of the classifications given in Table 2 disclosed that even though 
shallow retrofit is the easiest type of retrofit to be implemented, it provides comparatively 
lower energy savings. Further, it made it clear that deep retrofit is a combination of many 
shallow and medium retrofits covering several systems of the building (PNNL and PECI, 
2011) and focused on achieving higher energy savings compared to shallow and medium 
retrofit measures by incorporating a whole-building approach (SEAI, 2015). 
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Figure 3: Classifications of ER types based on different criteria 

Among the derived classifications of ER (refer Figure 3), Nock and Wheelock (2010) had 
classified ER into four (i.e. retro commissioning, ESCO, integrated design, and net zero 
energy) on the basis of energy saving, cost and payback (i.e. classification 6). Among 
these ER types, the retro commissioning and integrated design are found to be similar to 
shallow and deep retrofits respectively. It had been ascertained from the literature review 
that ESCO is a type of stakeholder who tend to execute ER project, while net zero energy 
is merely an outcome rather an ER type. By considering these facts, in this study the 
classification of ER by Nock and Wheelock (2010) has not been included. 

Table 2: Comparison of shallow, medium, and deep retrofits  

Criteria ER types 
Shallow Medium Deep 

Energy saving  Up to 15% [5]   15-45% [3, 5, 9] 45% - 60% [2, 3, 4, 5, 9]  
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easy to install [3, 6] 
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implement [3, 5, 6] 
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Criteria ER types 
Shallow Medium Deep 

Cost  Very low upfront cost [3, 
4, 5, 6] 

Require lower investment 
costs [4] 

High upfront cost [2, 3, 5, 
6]  

Number of 
building systems 

 2 or more [7] but is 
limited to 2-7 [2] 

7 or more [2] 

Payback  Slightly over one year and 
less than 2 years [8]  

Less than 5 years [3] (i.e. 
4-5 years [1]) 

Longer payback [2, 5] i.e. 
more than 5 years 

Scale or scope Limited to retro-
commissioning [7, 8] (i.e. 
repair damaged 
equipment, weather strip 
doors and windows, 
improve control strategies 
etc. [4]) 

Adopts a system approach 
i.e. upgrade or 
replacement of building 
systems [1] (An 
integrated design 
approach is adopted to 
some extent [4, 7]) 

Focuses on multiple 
building systems [2, 9] and 
adopt an integrated design 
approach [2, 3, 4, 7]  
Involves whole-building 
analysis [2, 3, 6, 8]  

Parties involved Sub-contractors or 
building system suppliers 
(Design or engineering 
professionals or general 
contractors are not 
involved) [7] 

One or no design & 
engineering 
professional(s), with or 
without the participation 
of the general contractor 
[7] 

All members of the 
Architecture, Engineering 
& Construction community 
– design & engineering 
professionals as well as a 
general contractor/ project 
manager [7] 

[1] BASF, 2009; [2] Chunduri, 2014; [3] ESMAP, 2014; [4] Hendron, 2013; [5] PNNL and 
PECI, 2011; [6] SEAI, 2015; [7] Trubiano, 2012; [8] UNEP FI, 2014; [9] Zhai et al., 2011 

As there are different types of retrofit projects as shown in Figure 3, the ER measure(s) 
to be used under one project may differ from another. Simply, ER measures (also referred 
to as ‘ER options’, ‘ER technologies’, and ‘ER actions’) are the actions that can be 
applied to reduce the energy consumption of buildings (Chidiac et al., 2011) and thereby 
promote building EE and sustainability (Ma et al., 2012). Currently, a wide range of 
technological options or solutions are available to increase the EE of buildings 
(International Finance Corporation Sri Lanka [IFCSL], 2013; Kolokotsa et al., 2009; 
Mitalidou, 2015; Sri Lanka Energy Managers Association [SLEMA], 2009; Sri Lanka 
Sustainable Energy Authority [SLSEA], 2008).  
As per Xu and Chan (2010), three key retrofit measures for building ER projects are 
building envelope refurbishment, energy consumption equipment replacement, and 
Energy Management Systems (EMS) improvement. Hence, it is clear that ‘building 
envelope’, ‘building services/systems’ and ‘EMS’ are the key areas to be focused when 
identifying the common ER measures. As building systems like Heating, Ventilation and 
Air-conditioning (HVAC) and lighting are the dominant energy consuming systems in 
buildings (Abu-Bakar et al., 2015), during retrofitting priority should be given for lighting 
and HVAC systems to gain sufficient energy consumption reduction. Thus, during 
literature review, under ‘building services/systems’ focus was given towards identifying 
the ER measures relating to lighting and HVAC systems improvements, as has been 
highlighted by Doukas et al (2009).   
Review of literature disclosed that while selecting the suitable ER measure(s) several key 
criteria should be considered (e.g. Ma et al., 2012; Menassa and Baer, 2014; Mondrup et 
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al., 2014). Figure 4 conceptualises the modified classification of different ER types and 
common ER measures that could be adopted under ER projects and different criteria to 
be considered to determine the most suitable ER measures.  
As shown in Figure 4, depending on the selected type of ER project, the most suitable ER 
measure(s) should then be selected. For instance, if HVAC or lighting retrofit is selected 
under ‘demand side management retrofits’ (i.e. intended to reduce overall energy demand 
of a building) or ‘medium retrofits’, one or few of the ER measures pertinent to the 
respective building systems to be selected as illustrated in Figure 4. Equally, if an 
organisation decides to move on with shallow retrofits, among these elicited list of ER 
measures low cost measures to be selected, while in case of deep retrofits high cost 
measures that could offer significant savings could be selected, as has been highlighted 
by SEAI (2015). 
As per Duah et al. (2014), to make an informed decision about the most suitable ER 
measure(s) for a particular building having sufficient and sound knowledge on these 
retrofit measures is found to be crucial for the building owners and Facilities Managers 
(FMs). Within this context, it is believed that this developed conceptual framework would 
facilitate the practitioners. 

5. CONCLUSIONS AND THE WAY FORWARD 
This study provided a full picture of the available EE improvement approaches to enhance 
the energy performance of buildings along with the respective strategies that could be 
adopted under each approach (refer Figure 1). Among these derived key EE improvement 
approaches, building retrofits is ascertained as the best opportunity to improve the EE of 
the existing buildings. It was revealed that the key intention of ER is to enhance the energy 
performance of existing buildings mainly through making upgrades or alterations to the 
building elements or systems. Besides, the paper presents different types of ER projects 
that would be of use for a particular organisation to determine the suitable type of ER 
project to be adopted depending on their needs and context. Further, a comprehensive list 
of different ER measures that can be used enhance the EE of different ‘building elements’, 
‘building services/systems’ and ‘EMS’ were also being compiled through the review of 
articles pertinent to the study arena and presented in this paper (refer Figure 4).  
The findings of this study could help industry practitioners to have a better understanding 
of ER types, possible ER measures, and criteria to be considered in determining the 
suitable ER measure(s), which would be of use for them during their endeavours to 
enhance the energy performance of their facilities. Though through compiling different 
literature sources, the possible ER measures could be identified (refer Figure 4), the level 
of energy cost reduction and other benefits that could be gained through each of such 
measures is not well known, which is found to be crucial to make fruitful decisions. 
Hence, assessing the level of energy saving that could be gained through each of the ER 
measures found to be a worthy research area. 
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the space
Install daylight linked lighting control system

 w
hich m

akes use of 
daylight sensors and dim

m
ers to either sw

itch on/off or dim
 the lam

ps 
to suit the lighting requirem

ents
A

dopt tim
e based controls (i.e. lighting controlled by tim

e scheduling) 
to turn-on/off lighting at pre-determ

ined tim
es

K
ey building services

H
V

A
C

Install V
ariable Frequency D

rives (V
FD

) or V
ariable Speed D

rives 
(V

SD
) for fan m

otors and pum
p m

otors
R

eplace C
onstant A

ir V
olum

e (C
A

V
) system

s w
ith V

ariable A
ir 

V
olum

e (V
A

V
) system

s
Install V

ariable R
efrigerant V

olum
e (V

R
V

)
U

se heat recovery system
s (for e.g. E

nergy R
ecovery V

entilator 
(E

R
V

) to precondition the outdoor ventilation air w
ith the help of 

indoor exhaust air
Install heat exchangers in the supply air stream

 for system
s w

hich uses 
large volum

es of fresh air
R

eplacem
ent of inefficient room

 A
/C

 w
ith efficient A

ir C
onditioners 

(A
/C

) like inverter A
/C

, solar A
/C

 or hybrid A
/C

 
R

eplace air cooled condensers w
ith w

ater cooled condensers R
eplace 

norm
al chillers w

ith high heat recovery chillers 
Incorporate autom

atic controls (i.e. clock controls and program
m

able 
therm

ostats) for A
/C

 system
s 

A
dopt D

em
and C

ontrol V
entilation (D

C
V

) system
s

Provide exhaust system
s w

ith m
otorised or gravity dam

pers or any 
other m

eans of autom
atic volum

e shutoff or reduction
Seal, caulk, gasket or w

eather strip ducts and plenum
s

E
M

S
E

M
S

Install E
M

S or B
uilding A

utom
ation System

 (B
A

S
) or B

uilding 
M

anagem
ent System

 (B
M

S)
Incorporate energy saving features like start/stop optim

ization and 
energy m

anagem
ent optim

ization, to the B
A

S or B
M

S

Selection criteria (i.e. criteria to be considered w
hile selecting ER

 m
easures)

Investm
ent cost

Energy saving
Em

ission reduction
IA

Q
Total energy &

 
m

aintenance expenditures
Return on investm

ent
Payback period
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