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Abstract. By 2050, a significant proportion of the buildings expected to be in use will have already been con-
structed. Given the substantial energy consumption associated with the construction industry, the adoption of
energy efficiency strategies is essential. Net Zero Energy Buildings (NZEB) play a critical role in reducing energy
use and carbon emissions. Despite the growing emphasis on NZEB, limited studies have focused on prioritizing
the most effective energy efficiency strategies for retrofitting existing buildings in the Sri Lankan context. This
study aimed to identify and prioritize energy efficiency strategies suitable for retrofitting existing buildings to-
wards NZEB in Sri Lanka. A mixed method approach was adopted. Initially, a literature review was conducted
to identify energy efficiency strategies, followed by preliminary interviews to validate their applicability in the
Sri Lankan context. Subsequently, a questionnaire survey was administered to assess the criticality of each
strategy, and the data were analyzed using one sample t-test. The findings revealed that eleven out of twelve
strategies were critical, with natural ventilation, energy audits, and energy-efficient windows identified as the
most impactful. The study provides actionable insights for practitioners and policymakers to guide effective
retrofitting interventions and support sustainable, low-carbon building practices in Sri Lanka.

Keywords. Energy efficiency, Existing building, Net Zero Energy Buildings, Retrofitting

1. Introduction

The construction industry is one of the major contributors to energy consumption, ac-
counting for approximately 40% of the total energy consumption worldwide (Thir-
uchelvam & Uduwage, 2025). As a result of rapid urbanization and the increased demand
for built infrastructure, energy consumption through the construction industry is consid-
erably higher than in other industries, which has increased attention towards improving
building energy efficiency (Andujar & Sergio, 2020). According to Sokolovska & Krytskyi
(2022), the term energy efficiency refers to the integration of architectural and engineer-
ing solutions to reduce energy consumption while preserving a comfortable indoor envi-
ronment. In recent years, the concept of Net Zero Energy Buildings (NZEB) has gained
significant attention due to their self-sustaining and improved energy efficiency charac-
teristics (Jaysawal et al., 2022). NZEB are defined as buildings that are designed in a way
that balances the energy consumption of the buildings with the energy production of the
building through renewable sources over a specific period of time (Noh et al., 2024).
According to Langevin et al. (2024), the majority of the buildings that will be utilized by
2050 are already built, which highlights the need for greater consideration toward retro-
fitting existing buildings to improve energy efficiency.

Retrofitting refers to adding additional features to existing building structures to in-
crease their durability, strength and safety against environmental forces (Mohankar,
2024). Retrofitting existing buildings towards NZEB requires the incorporation of energy
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efficiency strategies in order to improve energy efficiency within the building. For in-
stance, incorporating passive design strategies and solar photovoltaic (PV) systems within
buildings located in tropical climates has the potential to reduce energy demand by 48-
50% (Ohene et al., 2022). Aksamija (2015) highlighted that the integration of passive
design strategies within commercial buildings in Holyoke has the potential to improve
energy efficiency. A case study conducted in an office building in Portland proved that
energy efficiency strategies can reduce energy consumption intensity by 60% (Alajmi et
al., 2020). Biloria & Abdollahzadeh (2022) noted that the preparation of daylight-based
zoning, solar radiation-based zoning, insulation improvements, and efficient lighting sys-
tems has significant potential to serve as energy efficiency strategies for retrofitting ex-
isting buildings.

When considering the Sri Lankan context, the country experiences a tropical climate
characterized by high temperatures and high humidity levels (Punyawardena, 2020).
Therefore, the energy efficiency strategies applicable to the Sri Lankan context differ from
those used in countries that experience polar climates with extremely low temperatures
or freezing conditions (Gajaba & Dissanayake, 2025). Fasna & Gunatilake (2019) con-
ducted a case study on Sri Lankan hotel buildings and identified barriers and strategies
for overcoming barriers to implementing energy efficiency strategies. Toga et al. (2023)
highlighted that energy efficiency strategies such as space cooling improvements, lighting
and passive measures are applicable to Sri Lankan commercial, public and industrial build-
ings. Razzaq et al. (2023) suggested that building envelope retrofits, upgrades of electri-
cal appliances, and the integration of solar systems can help to retrofit existing buildings
in Sri Lanka in an energy efficient manner.

Moreover, although the concept of NZEB is widely recognized as a way to improve
energy efficiency and reduce energy consumption, scholarly attention towards retrofitting
existing buildings into NZEB remains limited, particularly within the Sri Lankan construc-
tion industry. Several studies have been conducted in different countries. For instance,
Razzaq et al. (2023) focused on retrofitting existing buildings into NZEB in Pakistan, while
Patel et al. (2019) examined energy retrofitting of commercial buildings in India. Ohene
et al. (2022) developed retrofit guidelines in the Ghanaian context, and Ananwattanaporn
et al. (2021) investigated NZEB retrofitting in Thailand. However, the findings of these
studies are context specific and cannot be directly transferred to the Sri Lankan construc-
tion industry due to differences in climatic conditions, economic constraints, policy frame-
works, and technological availability across countries (Thiruchelvam & Uduwage, 2025).
In particular, Sri Lanka’s tropical climate, characterized by high temperature and humid-
ity, requires energy efficiency strategies that focus more on cooling demand reduction
rather than heating, which is commonly emphasized in many global studies (Punyawar-
dena, 2020). Although some studies conducted in Sri Lanka have listed suitable energy
efficiency strategies for retrofitting existing buildings towards NZEB, scholarly attention
on identifying the most effective energy efficiency strategies for retrofitting existing build-
ings towards NZEB remains limited. Identifying the most effective energy efficiency strat-
egies is essential to accelerate the implementation of energy efficiency measures for ret-
rofitting existing buildings towards NZEB. To fill this gap, this study aims to identify and
prioritize energy efficiency strategies for retrofitting existing buildings towards NZEB in
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the Sri Lankan construction industry. To achieve this aim, the following objectives were
formulated.
1. To identify energy efficiency strategies applicable for retrofitting existing buildings
towards NZEB in the Sri Lankan construction industry.
2. To evaluate and prioritize the identified energy efficiency strategies based on their
impact on improving building energy efficiency in the Sri Lankan construction in-
dustry.

2. Literature review

2.1. NET ZERO ENERGY BUILDINGS AND THEIR IMPORTANCE

Net Zero Energy Buildings (NZEB) refer to buildings that produce as much renewable
energy as they consume over a specific period of time through energy efficiency improve-
ments and renewable energy integration (Rosen, 2015). In other words, NZEB balance
the energy consumption of the building with its energy production (Noh et al., 2024).
NZEB provide several benefits across environmental, economic, and social dimensions.
For instance, reducing greenhouse gas emissions and mitigating climate change are core
environmental benefits associated with NZEB (Ohene et al., 2022). In terms of economic
benefits, NZEB result in lower lifecycle energy costs, which attracts building owners to-
wards adopting NZEB (Biloria & Abdollahzadeh, 2022). Furthermore, NZEB prioritize oc-
cupant comfort and indoor environmental quality, which helps improve occupant wellbe-
ing and contributes to social benefits (Aksamija, 2015). NZEB focus on the combination
of energy efficiency strategies and the integration of renewable energy technologies
(Rosen, 2015). Once the energy demand is reduced through energy efficiency strategies,
renewable energy technologies such as solar photovoltaic (PV) systems can be used to
meet the remaining energy requirements of the building (Sokolovska & Krytskyi, 2022).
Therefore, energy efficiency strategies play a crucial role in achieving NZEB.

2.2. RETROFITTING EXISTING BUILDINGS TOWARDS NZEB

Although the concept of NZEB is often associated with new building construction, ac-
cording to Langevin et al. (2024), approximately 80-90% of the buildings that will be in
use by 2050 have already been constructed. Therefore, greater attention is required for
converting existing buildings to NZEB rather than solely focusing on new building con-
struction. Building retrofitting refers to the process of altering existing buildings to im-
prove their performance by incorporating new technologies or upgrading existing building
components (Mohankar, 2024). Existing studies have shown that the incorporation of
energy efficiency strategies within existing buildings through retrofitting significantly sup-
ports the transition towards NZEB (Biloria & Abdollahzadeh, 2022).

2.2.1. Energy efficiency strategies for retrofitting existing buildings towards NZEB

Energy efficiency strategies are often acknowledged as one of the most effective meth-
ods for reducing energy consumption while preserving a comfortable indoor environment
(Sokolovska & Krytskyi, 2022). According to Alajmi et al. (2020), the implementation of
energy efficiency measures can reduce energy consumption intensity by up to 60%. Ex-
isting studies have identified several energy efficiency strategies for retrofitting existing
buildings towards NZEB, as outlined in Table 1.
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Table 1, Energy efficiency strategies

Energy efficiency strategies

Sources

Building envelope improvements

Upgrade insulation

(21, [3], [4], [7], [8],
[10], [11]

Install energy efficient windows

(31, [4], [5], [7], [8],
[10], [11]

Use reflective roofing materials and solar photovoltaic (PV) sys-
tem

(2], [4], [6], [8], [9],
[10], [11]

Energy-Efficient HVAC Systems

Implement inverter-based air conditioning

(3], [4], [7], [11]

Demand-controlled ventilation

(2], [11]

High efficiency ceiling fans

(4], [7], [8], [10], [11]

LED Lighting and Smart Controls

Replace incandescent bulbs with LED lighting

(21, (31, [6], [7], [8],
(91, [10], [11]

Install motion sensors and timers to reduce unnecessary energy
consumption.

(3], [4], [6], [7], [8],
[10], [11]

Energy Audits

Conduct an energy audit before renovation to identify inefficien-

(31, [7], [11]

cies and optimize improvements

Passive Cooling Techniques
Utilize natural ventilation

[1], [31, [4], [5], [7],
[8], [10], [9], [11]
[3], [5], [7], [9], [11]
(11, [3], [4], [5], [7],
[8], [10], [11]

[1] Aksamija (2015); [2] Biloria & Abdollahzadeh (2022); [3] Lan et al. (2019); [4] Lu et
al. (2015); [5] Ohene et al. (2022); [6] Razzaq et al. (2023); [7] Rodriguez-Ubinas et al.
(2014); [8] Shayan (2020); [9] Toga et al. (2023); [10] Tumminia et al. (2019); [11] Wu
& Skye (2021)

Shaded areas
Green roofs to reduce cooling demand

A total of 12 energy efficiency strategies were extracted from the existing literature for
retrofitting existing buildings towards NZEB. These strategies were categorized into five
major aspects, namely building envelope improvements, energy-efficient HVAC systems,
LED lighting and smart controls, energy audits, and passive cooling techniques. Under
building envelope improvements, three key strategies were identified. Upgrading building
insulation, particularly for key elements such as roofs, walls, and windows, helps to min-
imize heat transfer and reduce the required heating and cooling loads in buildings (Lu et
al., 2015). The installation of energy-efficient windows limits unwanted heat gain and
heat loss between indoor and outdoor environments (Ohene et al., 2022). The use of
reflective roofing materials can reduce solar heat absorption, while the integration of solar
photovoltaic (PV) systems supports on-site renewable energy generation. These uses of
reflective roofing materials and solar photovoltaic (PV) systems are particularly more suit-
able for tropical climate countries (Wu & Skye, 2021).

The second category discusses energy-efficient HVAC systems. Inverter-based air con-
ditioning systems enhance efficiency by adjusting compressor speeds to match cooling
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demand precisely, thereby avoiding unnecessary energy waste (Lan et al., 2019). De-
mand-controlled ventilation optimizes indoor air quality while minimizing energy use by
regulating airflow based on occupancy (Biloria & Abdollahzadeh, 2022). High-efficiency
ceiling fans increase thermal comfort with low power consumption (Shayan, 2020).

The third category focuses on LED lighting and smart controls. LED lighting consumes
significantly lower energy compared with conventional incandescent bulbs (Biloria &
Abdollahzadeh, 2022). Therefore, replacing incandescent bulbs with LED bulbs can sig-
nificantly reduce the energy demand of a building. Motion sensors and timers help reduce
unnecessary energy consumption by automatically switching off electrical systems when
spaces are unoccupied (Tumminia et al., 2019).

Before initiating proper retrofitting, it is recommended to conduct an energy audit to
identify inefficiencies in building energy use and provide suitable recommendations for
improvements (Rodriguez-Ubinas et al., 2014). Therefore, energy audits were identified
as another subcategory of energy efficiency strategies. Finally, passive cooling techniques
were identified as another subcategory, which includes utilizing natural ventilation, cre-
ating shaded areas, and implementing green roofs. Moreover, these energy efficiency
strategies collectively contribute to reducing building energy consumption and improving
the energy performance of existing buildings.

However, the selection of energy efficiency strategies for retrofitting existing buildings
towards NZEB varies depending on several factors, including climate zone, building type,
occupant safety, and economic feasibility (Bruck, 2023). For instance, countries with polar
climates mainly focus on insulation and airtightness, whereas countries with tropical cli-
mates focus more on solar shading and cooling efficiency (Gajaba & Dissanayake, 2025).
Furthermore, the decision on selecting retrofitting strategies heavily depends on the total
cost over the building lifespan as well as occupant behaviour in terms of energy usage
patterns and willingness to adopt newly incorporated technologies (Aksamija, 2015). Even
though several studies have been conducted to identify energy efficiency strategies for
retrofitting existing buildings towards NZEB, their contextualization within the Sri Lankan
context remains limited. Existing literature in the Sri Lankan context has mainly focused
on identifying available energy efficiency strategies. However, limited attention has been
given to identifying the most critical strategies. Identifying the most effective energy ef-
ficiency strategies can support the retrofitting of existing buildings towards NZEB more
efficiently and cost-effectively.

3. Research methodology

The study adopted a mixed research method to prioritize energy efficiency strategies
for retrofitting existing buildings towards NZEB in the Sri Lankan construction industry.
The target population of the study consists of construction industry professionals in Sri
Lanka who are involved in building design, construction, and building services, as they
are primarily engaged in decision making during the retrofit planning and implementation
stages (Kulasekara et al., 2023; Periyannan et al., 2023). The sample frame includes
professionals with a minimum of three years of experience in building design, construc-
tion, building services engineering, or energy management. The purposive sampling
method was used to select professionals who possess relevant knowledge and experience
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in energy efficiency and retrofitting practices. Figure 1 presents the research design of
the study.

To identify and prioritize energy efficiency strategies for retrofitting existing
buildings towards NZEB in the Sri Lankan construction industry

Identify the energy efficiency strategies for
retrofitting existing buildings towards NZEB H
—» ( Determine the target population )
> ( Determine the sample frame )
L ( Defining sampling method ) > ( Data collection )
N ( Preliminary Interview )
— ( Questionnaire development )
— ( Questjonnaire administration ) ......................................... .E
Prioritize energy efficiency strategies for One
— | retrofitting existing buildings towards NZEB in Samplet | seeeresennnnn » Data analysis
the Sri Lankan construction industry test

Provides guidance for selecting effective retrofit
strategies to improve building energy performanc

Figure 1, Research design

Initially, a comprehensive literature review was conducted to identify energy efficiency
strategies for retrofitting existing buildings towards NZEB. Then, preliminary interviews
were conducted with five experts in order to validate the identified energy efficiency strat-
egies within the Sri Lankan context. After that, a questionnaire survey was conducted.
The questionnaire was distributed to 100 construction industry professionals through
online platforms such as email, LinkedIn, and WhatsApp. The collected data were then
analyzed using one sample t-test in SPSS software. One sample t-test allows the com-
parison of the mean score of each energy efficiency strategy against a predetermined
threshold value in order to identify the critical energy efficiency strategies. The study used
3.5 as the threshold value to determine the critical energy efficiency strategies, as
Ahadzie et al. (2007) used 3.5 as a threshold value to extract critical factors in a similar
study.

The following hypotheses were formulated for the analysis.

¢ Null Hypothesis (Ho): The energy efficiency strategy is considered critical.
e Alternative Hypothesis (H1): The energy efficiency strategy is not considered
critical.
If the mean value is greater than 3.5, the null hypothesis is accepted. Otherwise, the null
hypothesis is rejected.

373



4. Research findings

Twelve energy efficiency strategies for retrofitting existing buildings towards NZEB
were identified through a comprehensive literature review. Then, preliminary interviews
were conducted with five experts who had more than 15 years of experience in the con-
struction industry and had direct involvement in projects incorporating sustainable or en-
ergy-efficient practices to validate the identified energy efficiency strategies in the Sri
Lankan context. Table 2 presents the profile of the experts consulted during the prelimi-
nary interview. The experts confirmed that all twelve identified strategies are relevant to
the Sri Lankan context, and no additional strategies were suggested or removed.

Table 2, Preliminary interview experts’ profile

Experts Years of experi- Key area related to research objectives
code ence
El 30 Construction management, sustainable building design
E2 27 Sustainable construction, resource management
E3 18 Building services, sustainable construction
E4 16 Energy management, Energy auditing
E5 22 Green building practices, project management

Based on the preliminary interview responses, a questionnaire survey was developed
and distributed among 100 construction professionals. A total of 63 valid responses were
received, resulting in a 63% response rate. Respondents were asked to rate the energy
efficiency strategies based on their impact on retrofitting existing buildings towards NZEB
using a 1-5 Likert scale (1-No impact, 2-Low impact, 3-Moderate Impact, 4-High impact,
5-Very high impact). The responses were then analyzed using one sample t-test, and the
results are presented in Table 3.

Table 3, One sample t-test result for energy efficiency strategies impact

Code Energy efficiency strategies N | Mean | Standard
deviation
ES1 Utilize natural ventilation 63 | 4.10 0.875

ES2 Conduct an energy audit before renovation to identify ineffi- | 63 | 3.87 1.055
ciencies and optimize improvements

ES3 Install energy efficient windows 63 | 3.83 0.871

ES4 Replace incandescent bulbs with LED lighting 63 | 3.78 0.832

ES5 Upgrade insulation 63 | 3.78 0.906

ES6 Use reflective roofing materials and solar photovoltaic (PV) sys- | 63 | 3.75 0.915
tem

ES7 Green roofs to reduce cooling demand 63| 3.71 1.007

ES8 Install motion sensors and timers to reduce unnecessary en- | 63 | 3.70 1.116
ergy consumption.

ES9 Demand-controlled ventilation 63 | 3.65 0.806
ES10 | Implement inverter-based air conditioning 63 | 3.63 1.052
ES11 | Shaded areas 63 | 3.62 1.023
ES12 | High efficiency ceiling fans 63 | 3.19 0.913

As presented in Table 3, one sample t test employed to determine the mean score of
each energy efficiency strategy, which is significantly greater than the threshold value of
3.5, which represents the level at which a strategy is considered critical. Among the 12
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energy efficiency strategies, 11 strategies show mean values higher than the threshold
value of 3.5. Therefore, these 11 strategies are considered critical energy efficiency strat-
egies for retrofitting existing buildings towards NZEB. At the same time, high efficiency
ceiling fans (ES12) showed a mean value lower than 3.5. Therefore, ES12 was considered
a non-critical energy efficiency strategy. Prioritization of strategies was subsequently car-
ried out based on the mean values of the statistically significant strategies.

5. Discussion

Among the identified critical energy efficiency strategies for retrofitting existing build-
ings towards NZEB, natural ventilation (ES1) recorded the highest mean value among all
other strategies, indicating the respondents’ priority towards ES1. This priority might be
due to the tropical climatic conditions of Sri Lanka (Punyawardena, 2020). Proper place-
ment of windows and ventilation openings can reduce reliance on mechanical cooling sys-
tems. Since the majority of existing buildings in Sri Lanka already incorporate features
such as verandas and large openings, improvements to natural ventilation can be done
with minimal structural changes. Energy audits allow identification of major inefficiencies
and help prioritize suitable energy efficiency strategies, avoiding unnecessary invest-
ments (Rodriguez-Ubinas et al., 2014). Therefore, respondents might have viewed ES2
as the second most critical strategy. ES3’s priority is also directly linked to the tropical
climate of Sri Lanka, where excessive solar radiation entering through windows increases
cooling demand (Punyawardena, 2020).

Regarding ES4, since LED lighting has become widely available, energy-saving, and
relatively affordable in Sri Lanka, respondents might view replacing incandescent bulbs
with LED lighting as a high energy-saving option (Biloria & Abdollahzadeh, 2022). Strat-
egies ES5, ES6, and ES7 are related to lowering indoor temperature and reducing cooling
loads (Umar & Asfour, 2025). Since existing buildings in Sri Lanka were constructed with-
out adequate consideration for insulation, strategies ES5, ES6, and ES7 might significantly
impact retrofitting existing buildings towards NZEB. In Sri Lanka, electricity costs have
been increasing in recent years. Automated systems with motion sensors and timers
(ES8) can significantly reduce energy consumption (Gupta et al., 2025). However, ESS8 is
associated with high initial costs and requires proper installation and maintenance, which
might have influenced respondents to assign a moderate ranking. Similarly, ES9 and ES10
are associated with advanced control systems and high initial costs, which might have
caused respondents to assign a lower priority (Ozdagli et al., 2018).

Although shading is an effective passive cooling strategy, its implementation in existing
buildings may require structural modifications or additional installations. This might be
the reason for the lowest priority assigned to ES11. At the same time, high-efficiency
ceiling fans (ES12) were identified as a non-critical energy efficiency strategy. Since ceil-
ing fans are already widely used in Sri Lanka as a basic cooling method, respondents
might not have viewed them as critical compared to other available strategies.

Overall, the findings of the study highlight several context specific insights related to

the Sri Lankan construction industry. For instance, studies conducted in cold climate coun-
tries tend to give more priority to improvements in insulation and heating efficiency
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(Biloria & Abdollahzadeh, 2022), whereas the findings of this study indicate a greater
priority towards natural ventilation and cooling related strategies. This difference is pri-
marily due to the tropical climate conditions in Sri Lanka, which are characterized by high
temperatures and humidity (Punyawardena, 2020). Furthermore, low cost energy effi-
ciency strategies such as natural ventilation and LED lighting have been ranked higher
compared to more technically advanced and relatively high-cost strategies such as the
use of motion sensors and timers, demand-controlled ventilation, and inverter-based air
conditioning. This highlights the influence of economic feasibility and technological acces-
sibility on the prioritization of energy efficiency strategies in the Sri Lankan context. Based
on these findings, several practical implications emerge. Industry professionals can use
this study as guidelines to select energy efficiency strategies for retrofitting existing build-
ings towards NZEB. Prioritization of energy efficiency strategies may help to allocate re-
sources more effectively under constraints such as limited financial resources, technical
limitations, and varying building conditions, thereby achieving maximum improvement in
building energy performance. Countries with similar characteristics to Sri Lanka can adopt
the findings of this study to improve energy performance in their buildings.

5. Conclusion

The study aimed to identify and prioritize energy efficiency strategies for retrofitting
existing buildings towards NZEB in the Sri Lankan construction industry. Twelve energy
efficiency strategies were identified through a literature review and validated for the Sri
Lankan context. A one sample t-test was used to prioritize the energy efficiency strate-
gies. Based on the results, eleven out of the twelve strategies were identified as critical.
Natural ventilation (ES1), energy audits (ES2), and energy-efficient windows (ES3) were
found to be the most impactful strategies, while only high-efficiency ceiling fans (ES12)
were considered non-critical due to their existing prevalence and limited impact on overall
energy consumption.

Moreover, the findings provide valuable insights for practitioners, policymakers, and
construction professionals by highlighting the most effective strategies for retrofitting ex-
isting buildings towards NZEB. Prioritizing these interventions can support energy effi-
ciency improvements, reduce carbon emissions, and promote sustainable building prac-
tices in Sri Lanka. Future studies can extend this research by evaluating the long-term
economic and environmental feasibility of different retrofit strategies across various build-
ing types. Furthermore, the role of government policies, financial incentives, and regula-
tory frameworks in promoting the adoption of retrofits in the Sri Lankan construction
industry can be examined by future researchers.

6. References

Ahadzie, D., Proverbs, D., & Olomolaiye, P. (2007). Critical success criteria for mass house build-
ing projects in developing countries. International Journal of Project Management, 26(6),
675-687. https://doi.org/10.1016/j.ijproman.2007.09.006

Aksamija, A. (2015). Regenerative design of existing buildings for Net-Zero energy use. Procedia
Engineering, 118, 72-80. https://doi.org/10.1016/j.proeng.2015.08.405

Alajmi, A., Short, A., Ferguson, J., Poel, K. V., & Griffin, C. (2020). Detailed energy efficiency
strategies for converting an existing office building to NZEB: a case study in the Pacific
Northwest. Energy Efficiency, 13(6), 1089-1104. https://doi.org/10.1007/s12053-020-
09861-9

Ananwattanaporn, S., Patcharoen, T., Bunjongjit, S., & Ngaopitakkul, A. (2021). Retrofitted exist-
ing residential building design in energy and economic aspect according to Thailand Build-
ing Energy Code. Applied Sciences, 11(4), 1398. https://doi.org/10.3390/app11041398

376



Anddujar, J. M., & Sergio, G. M. (2020). Energy efficiency in buildings.
https://doi.org/10.3390/books978-3-03928-703-1

Biloria, N., & Abdollahzadeh, N. (2022). Energy-Efficient Retrofit measures to achieve nearly zero
energy buildings. In IntechOpen eBooks. https://doi.org/10.5772/intechopen.101845

Bruck, A. (2023). On the feasibility and techno-economic values of Positive Energy Districts in Eu-
rope. reposiTUm (TU Wien). https://doi.org/10.34726/hss.2023.74942

Fasna, M., & Gunatilake, S. (2019). Overcoming barriers for building energy efficiency retrofits:
insights from hotel retrofits in Sri Lanka. Built Environment Project and Asset Manage-
ment, 10(2), 277-295. https://doi.org/10.1108/bepam-01-2019-0010

Gajaba, P. Y., & Dissanayake, P. (2025). Enablers to implement energy efficiency strategies to
heating, ventilation and air conditioning of airside in commercial buildings in Sri Lanka.
Construction Innovation. https://doi.org/10.1108/ci-08-2024-0243

Gupta, N. N., Kulavardhan, K., Likhitha, P., Keerthika, D., Teja, B. S. C., & Charitha, D. I. (2025).
Energy efficient classroom automation with student detection sensors. In Synergies in
Smart and Virtual Systems Using Computational Intelligence (pp. 382-389).
https://doi.org/10.1201/9781003685364-65

Jaysawal, R. K., Chakraborty, S., Elangovan, D., & Padmanaban, S. (2022). Concept of net zero
energy buildings (NZEB) - A literature review. Cleaner Engineering and Technology, 11,
100582. https://doi.org/10.1016/j.clet.2022.100582

Kulasekara, G., Mallawaarachchi, B., & Damsari, A. (2023). Assessment of design and construc-
tion related factors influencing maintainability of green roofs: a case of high-rise buildings
in Sri Lanka. In Proceedings of the 11th World Construction Symposium (pp. 250-259).
Ceylon Institute of Builders - Sri Lanka. https://doi.org/10.31705/wcs.2023.21

Lan, L., Wood, K. L., & Yuen, C. (2019). A holistic design approach for residential net-zero energy
buildings: A case study in Singapore. Sustainable Cities and Society, 50, 101672.
https://doi.org/10.1016/j.scs.2019.101672

Langevin, J., Wilson, E., Snyder, C., Narayanamurthy, R., Miller, J., Kaplan, K., Reiner, M., Risser,
R., Mahoney, M., Geyer, J., & Ciraulo, R. (2024). Decarbonizing the U.S. Economy by
2050: A National Blueprint for the Buildings sector. https://doi.org/10.2172/2338089

Lu, Y., Wang, S., Yan, C., & Shan, K. (2015). Impacts of renewable energy system design inputs
on the performance robustness of net zero energy buildings. Energy, 93, 1595-1606.
https://doi.org/10.1016/j.energy.2015.10.034

Mohankar, R. H. (2024). Retrofitting Techniques: A Comprehensive review. INTERANTIONAL
JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT, 08(10), 1-5.
https://doi.org/10.55041/ijsrem38081

Noh, Y., Jafarinejad, S., & Anand, P. (2024). A review on Harnessing renewable energy synergies
for achieving urban Net-Zero Energy buildings: Technologies, performance evaluation,
policies, challenges, and future direction. Sustainability, 16(8), 3444.
https://doi.org/10.3390/su16083444

Ohene, E., Hsu, S., & Chan, A. P. (2022). Feasibility and retrofit guidelines towards net-zero en-
ergy buildings in tropical climates: A case of Ghana. Energy and Buildings, 269, 112252.
https://doi.org/10.1016/j.enbuild.2022.112252

Ozdagli, A., Liu, B., & Moreu, F. (2018). Low-cost, efficient wireless intelligent sensors (LEWIS)
measuring real-time reference-free dynamic displacements. Mechanical Systems and Sig-
nal Processing, 107, 343-356. https://doi.org/10.1016/j.ymssp.2018.01.034

Patel, A., Ghodasara, D., Bhatt, N., & Kandya, A. (2019). Energy retrofitting of a commercial
building towards a” net zero energy building” by simulation model. Proceedings of the
Creative Construction Conference 2019. https://doi.org/10.3311/ccc2019-096

Periyannan, E., Ramachandra, T., & Geekiyanage, D. (2023). Assessment of costs and benefits of
green retrofit technologies: Case study of hotel buildings in Sri Lanka. Journal of Building
Engineering, 78, 107631. https://doi.org/10.1016/j.jobe.2023.107631

377



Punyawardena, B. V. R. (2020). Climate. In World soils book series (pp. 13-22).
https://doi.org/10.1007/978-3-030-44144-9_2

Raji, B., Tenpierik, M., & Van Den Dobbelsteen, A. (2014). A comparative study of design strate-
gies for energy efficiency in 6 High-Rise buildings in two different climates. Research Re-
pository (Delft University of Technology). http://resolver.tudelft.nl/uuid:eal171576-11c5-
4120-b1f2-f2ba89aff57a

Razzaq, I., Amjad, M., Qamar, A., Asim, M., Ishfaq, K., Razzaq, A., & Mawra, K. (2023). Reduc-
tion in energy consumption and CO2 emissions by retrofitting an existing building to a net
zero energy building for the implementation of SDGs 7 and 13. Frontiers in Environmental
Science, 10. https://doi.org/10.3389/fenvs.2022.1028793

Rodriguez-Ubinas, E., Montero, C., Porteros, M., Vega, S., Navarro, 1., Castillo-Cagigal, M.,
Matallanas, E., & Gutiérrez, A. (2014). Passive design strategies and performance of Net
Energy Plus Houses. Energy and Buildings, 83, 10-22.
https://doi.org/10.1016/j.enbuild.2014.03.074

Rosen, M. A. (2015). Net-Zero Energy Buildings and Communities: Potential and the role of En-
ergy storage. Journal of Power and Energy Engineering, 03(04), 470-474.
https://doi.org/10.4236/jpee.2015.34065

Shayan, M. E. (2020). Solar energy and its purpose in Net-Zero energy building. In IntechOpen
eBooks. https://doi.org/10.5772/intechopen.93500

Sokolovska, I., & Krytskyi, Y. (2022). Modern approaches to improving the energy efficiency of
buildings. In Sworld-Us conference proceedings (Issues usc29-00, pp. 17-23).
https://doi.org/10.30888/2709-2267.2025-29-00-009

Thiruchelvam, K., & Uduwage, D. (2025). Assessing SDG 7 Performance: Identifying relevant
KPIs for the Sri Lankan construction industry (pp. 203-215). Proceedings of the 13th
World Construction Symposium. https://doi.org/10.31705/wcs.2025.16

Toga, M., Rodriguez, M., Sarkar, A., Vayrynen, J., & Samarasinghe, A. (2023). Sri Lanka: A
Roadmap to Energy-Efficient Buildings. In World Bank eBooks.
https://doi.org/10.1596/40695

Tumminia, G., Guarino, F., Longo, S., Aloisio, D., Cellura, S., Sergi, F., Brunaccini, G., Antonucci,
V., & Ferraro, M. (2019). Grid interaction and environmental impact of a net zero energy
building. Energy Conversion and Management, 203, 112228.
https://doi.org/10.1016/j.enconman.2019.112228

Umar, H. H., & Asfour, O. S. (2025). Retrofit strategies to improve energy efficiency through the
integration of thermal insulation into the residential buildings of Saudi Arabia. Case Stud-
ies in Thermal Engineering, 73, 106620. https://doi.org/10.1016/j.csite.2025.106620

Wu, W., & Skye, H. M. (2021). Residential net-zero energy buildings: Review and perspective. Re-
newable and Sustainable Energy Reviews, 142, 110859.
https://doi.org/10.1016/j.rser.2021.110859

378



