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Abstract: To achieve a sustainable future, Sri Lankan condominium buildings must be retrofitted with sustainable energy features.
As the existing households account for 37% of energy consumption in the building sector considering the existing condominium
stock is crucial. However, there is a lack of research on implementing energy conservation methods in Sri Lanka's existing
condominiums, including social, financial, and technical challenges. Thus, this study aims to fill this gap by providing practical
solutions to address the efficient energy consumption in existing condominium. Using a qualitative research approach, semi-
structured interviews were conducted with industry experts. Findings revealed a wide range of adaptable energy features for
retrofitting, such as green roofs, LED lighting, tinted glasses, solar systems, and IT applications. Barriers for implementing
sustainable energy features were identified and categorized as social, technical, financial, legal, market, and government-related
barriers. Strategies to overcome these barriers include raising awareness, modifying policies, offering incentives, involving
professionals, and exploring funding options. This research guides the adaptation of sustainable energy features in Sri Lanka's
existing condominiums thereby enhancing the efficient energy usage within the condominium sector:
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1. Introduction

The concept of ‘condominium’ is much popular and offers a better answer to the urban housing problem when land
is scarce, and demand is growing along with population. Regarding Sri Lanka, the condominium project has been in
operation for more than 60 years (Prathapasinghe et al.,, 2018). According to Wickramasinghe and Karunanayake
(2018), 727 condominiums were constructed between 2007-2017 in Sri Lanka which consists of 12,643 parcels
(units). In 2018, 84 condominiums were constructed, and this number increased to 153 in 2019.

Condominium buildings are a significant contributor to the energy consumption in Sri Lanka. Heating, cooling,
ventilation, and lighting are the most energy-consuming functions of a residential building, which needs electricity
(Ndiaye & Gabriel, 2011). According to Hamilton et al., (2020) electricity usage in building operations accounts for
about 55% of worldwide electricity consumption. Furthermore, Zhou et al (2018) portrayed that, buildings in Sri
Lanka, particularly households, account for a large portion of national electricity generation. Most of the electricity
generation in Sri Lanka is done with thermal energy (51.65%), on which 43.18% is generated with coal. Electricity
generation using coal has detrimental effects on human health and environmental pollution (CEB, 2022; Restrepo et
al,, 2012). High energy consumption causes environmental impacts such as ozone layer depletion and global warming
(Del Rio & Burguillo, 2008). This underscores the need for energy optimization in buildings (Yu et al., 2012)

Energy retrofitting is essential for existing condominium buildings to improve energy efficiency and reduce
energy consumption (Sharutte, 2014). Energy conservation in the existing building stock is critical to achieving
energy conservation targets (Grillone et al.,, 2020). Sustainable energy features must be implemented, especially in
existing buildings. As per Ashrafetal. (2017), sustainable energy feature-adapted buildings are 30-40% more energy-
saving than conventional structures. Despite the benefits of energy retrofitting, there are numerous challenges,
including uncertainty and complexity, financial barriers, technical, and social challenges (D’Oca et al., 2018a; Noori et
al,, 2016a). These barriers can impede the successful approval of energy retrofitting initiatives. Nevertheless, it is
crucial to address energy conservation methods for existing building stock, particularly in Sri Lanka, which is facing
an energy crisis due to the high energy consumption of its building stock.
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2. Literature Review

2.1 SRI LANKAN CONDOMINIUM BUILDING SECTOR.
Sri Lanka has a 0.5% population growth, while urban population growth is estimated to be around 1.86% in 2021,
according to the (World Bank, 2022). UN-HABITAT (2008) estimated that 22% of the urban population in Sri Lanka
struggles to have shelter, leading to slum dwellings. As per Subasinghe, (2015) Low-income flats have been
introduced in Sri Lanka, especially in Colombo, to improve the life welfare of slum dwellers. Paniagua (2002), noted
that people migrate to urban areas due to reasons such as fewer opportunities in rural areas, community and
connectivity, and infrastructure facilities, leading to urbanization. The growing urban population and land scarcity
issue derived an increasing demand for condominiums in Sri Lanka. According to Jayalath, (2016), numerous
condominiums have been added to Colombo over the past decades. The data available from the condominium’s
development authority shows that there were 964 condominiums registered to units of about 15000, indicating many
people living in condominiums in Sri Lanka. In Sri Lanka, the demand for high-rise condominium buildings is
increasing due to land scarcity and the growing population density of urban areas (Ariyawansa & Udayanthika, 2012)
Identifying factors that affect energy consumption in a building is necessary when seeking energy optimization
opportunities. Due to technological advancements, building services can increase comfort levels, leading to increased
time spent in a building and which ultimately results in energy demand in condominium buildings
(Buranaaudsawakul & Wisaeng, 2021).

2.2 SUSTAINABLE ENERGY FEATURES IN CONSTRUCTION PROJECTS.

According to Finnegan et al. (2018), sustainable energy features are technological features that no longer impact the
environment and facilitate the reduction of a building's embodied energy and emission. These features help to reduce
the long-term cost and final energy consumption of buildings, as per Kats (2003), Sustainable energy features offer
several benefits for the environment, economy, and occupants' health. Eichholtz et al. (2010), mentioned that
sustainable energy features reduce CO2 and greenhouse gas emissions, thus decreasing energy consumption.
Furthermore, Shah & Ali (2010), stated that sustainable energy features reduce overall energy consumption and cost
of operation. In terms of health and safety, Ries et al. (2006), note that buildings with low indoor air quality and
hazardous emissions cause sick building syndrome, however green principle-designed buildings have more indoor
air quality and lower emissions. Table 1 demonstrates sustainable energy features were identified through a
literature survey.

Table 1 Sustainable energy features in the construction industry

Sustainable Energy Feature Author

Thermal comfort features Tinted Glasses 1

Low-E Glasses 2,3

Double Pane Glasses 4,5,6

Triple Pane Glasses 7,8

Opal Glasses 9

Green Roof 10,11,12,13

Green Facades 14,15

Building Shading Devices 16,17

Building Insulation Material 18,19
Lighting features Tubular Daylighting Devices 20,21,22

Fiber Optic Daylighting 23,24

LED 25,26

HID 27,28

Clerestory Windows 29,30, 31, 32,33
Heating features Solar Water Heaters 34,35,36,37

Heat Pumps 38, 39,40,41

Biomass 42,43
Ventilation features Roof Ventilator Turbine 44,45

Trickle Vents 46,47,48
Sustainable on-site renewable energy features | Solar Photo Voltaic 49,50,51, 52,

53

Wind Turbines 54,55, 56,57
IT appliances Sensor-controlled HAVC and luminaires 58

Automatic Dimming luminaires 59

Digital Ceiling 60

Al-integrated Building service 61,62,63
1 (Gorantla et al,, 2018) 2. (Somasundaram etal.,, 2020) 3. (Han et al., 2010) 4. (Moreland, n.d.) 5. (Muneer et al,,
1998) 6. (Aguilar et al. 2015) 7. (Brdnik, 2021) 8. (Kee et al, 2010) 9. (Carmody & Northern star, 2012) 10. (Magill
etal, 2011) 11. (Sebi, 2018) 12. (Theodosiou, 2009) 13. (For et al., 2005) 14. (Manso & Castro-Gomes, 2015) 15.
(Elhady et al, 2019) 16. (Shahdan et al,, 2018) 17. (Evola et al., 2017) 18. (Huang et al.,, 2020) 19. (Jelle et al., 2010)
20. (Shuxiao et al,, 2015) 21. (Marwaee & Carter, 2006) 22. (Whang et al,, 2019) 23. (Sedki & Maaroufi, 2017) 24.
(Werring et al., 2009) 25. (Kwon et al,, 2013) 26. (Gan et al., 2013) 27. (Farrell, 1975) 28. (Cori et al,, 2015) 29.
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(Asdrubali, 2003) 30. (Gashniani, n.d.) 31. (Snyder et al., 2008) 32. (Torcellini et al.,2002) 33. (Xue et al,, 2014) 34.
(Kakaza & Folly, 2015) 35. (Gong & Sumathy, 2016) 36. (Shamsabadi et al.,, 2018) 37. (Sadhishkumar & Balusamy,
2014) 38. (Sarbu & Sebarchievici, 2014) 39. (Marini et al,, 2014) 40. (Tagliafico et al,, 2012) 41. (Bianco et al,,
2017) 42. (Chen et al,,2018) 43. (Calero et al., 2018) 44. (Pantaleo et al., 2014) 45. (Dangeam, 2011) 46. (Biler et
al,, 2018) 47. (Cornaro et al., 2013) 48. (Axley, 2001) 49. (Hantula, 2010) 50. (Bhatia, 2000) 51. (Dominguez et al.,
2011) 52.(Sreedevi etal, 2014) 53. (Karthikeyan et al,, 2017) 54. (Dayan, 2006) 55. (Francis et al., 2021) 56.
(Ahmed, 2013) 57. (Shadmand & Balog, 2012) 58. (Mumma & Jeong,2005) 59. (Loshkarev et al,, 2019) 60. (Dounis
,2010) 61. (Yan etal.,2020) 62. (Merabet etal.,2018) 63. (Mataloto etal., 2019)

2.3 IMPACT OF SUSTAINABLE ENERGY FEATURES ON THE ENERGY DEMAND OF BUILDINGS

As per Ashraf et al. (2017), sustainable energy feature-adapted buildings are 30-40% more energy-saving than
conventional structures, but how well they adapt to sustainable energy features is key. The Department of Energy US
(2015), reports that heating, ventilation, and air conditioning (HVAC) account for 43% of the energy consumption of
residential buildings, with lighting taking 11% and appliances, including electrical devices, using the remainder.
Therefore, HVAC and lighting are critical areas when aiming for energy conservation in residential buildings.
Gunvantbhai et al. (2019) explained that sustainable energy features reduce cooling and ventilation energy
consumption by using passive environmental controls and enhancing the thermal comfort of the building, leading to
less energy required to maintain building comfort. Moreover, green lighting technologies, such as daylighting and
energy-efficient luminaires, can also help reduce the energy demand of the building.

2.4 USE OF SUSTAINABLE ENERGY FEATURES IN CONDOMINIUM BUILDINGS

Green building technologies, such as natural ventilation and shading devices, can increase energy efficiency, indoor
air quality, and thermal comfort in condominium buildings (Wang et al., 2018). Heating, cooling, ventilation, and
lighting are the most energy-consuming functions of a residential building (Ndiaye & Gabriel, 2011). Sustainable
ventilation features, such as roof ventilators and louver panel windows, can reduce the energy consumption of HVAC
systems (Kotani et al,, n.d.). Building shading devices, such as green facades and roof gardens, can reduce solar heat
gain and cooling loads (Babota et al., 2013; Jeff Sonne, 2005; Wong & Baldwin, 2016). Thermal insulation and energy-
efficient window glazing can further reduce indoor and outdoor temperatures (Amit, 2017; He et al., 2019).
Decentralized hot water systems and renewable energy options, such as solar, biomass, and wind power, can reduce
the energy consumption of water (Hamza, 2016; J. Huang et al., 2019). Smart technologies, such as IoT applications
and motion-sensor-controlled devices, can aid in energy management and reduce energy waste (Casini, 2014; Cheng
& Lee, 2016).

2.5 CONSTRAINTS TO ADAPTATION SUSTAINABLE ENERGY FEATURES TO EXISTING CONDOMINIUMS.
Streicher et al. (2017) mentioned that energy retrofitting of existing condominium buildings stock is challenging
compared to other types of buildings due to constraints. The following constraints were identified through a literature
survey.

Table 2 Constraints to the adaptation of sustainable energy features to existing condominiums.

Constraints Authors
Owners are less willing to pay. 1-23
Disturbances to building operations and neighbuors during renovation activities.
Relocation issues during renovation activities.
Decision-making process.
Poor Communication between stakeholders.
Resistance to change of stakeholders.
Customs, beliefs, and traditions.
Lack of building information. 24-42
Lack of experienced and knowledgeable professionals.

Social
constraints

= 2 :
S £ | Lack of labourer skills
= & | Lack of codes and standards, lack of research and development opportunities in green
é £ | building technologies.

© | Lack of information related to renovation and sustainable energy features.

Risks and uncertainties in green building technologies.

— High up-front costs and a long payback period ,
é =1 High cost of sustainable energy features (Initial & maintenance) 43-50
E Lack of financial schemes

Split incentives
Lack of standards and labeling systems 51-57
4 Lack of incentive programs

‘{ Lack of green building codes and regulations

Lack of research and development opportunities
Energy codes not covering the whole life of buildings
Lack of tax incentives

Parties’ objections 58-62
Prevailing laws to prevent from nuisance.
Lengthy and complex permissions

Lack of legal penalties due to non-compliance

Government
related

Legal
constrai
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| No reviewing process for existing policies |
1. (Piro, 1974) 2. (Liu et al,, 2021a) 3. (Abreu et al., 2017) 4. (C. Huang et al, 2021) 5. (Moshood et al,, 2022) 6. (Sichali
etal, 2017) 7. (Huang et al,, 2021) 8. (Rothgeb, 2010) 9. (Celik & Budayan, 2016) 10. (Botta, 2005) 11. (D’Oca et al.
2018b) 12. (Greetsema & Sahin 2007) 13. (Baeten et al,, 2017) 14. (Ma et al,, 2022) 15. (Tiun Ling, 2000) 16. (Reymen
etal, 2006) 17. (Aymen et al,, 2018) 18. (DuBose et al.,, 2007) 19. (Du et al,, 2014) 20. (Shirazi, 2005) 21. (Othman et al,,
2015) 22. (Santangelo & Tondelli, 2017) 23. (Li et al,, 2019) 24. (Newman, 2001) 25. (Bean et al., 2017) 26. (Noori et
al,, 2016) 27. (Juan et al,, 2009) 28. (Li et al,, 2019) 29. (Moshood et al,, 2022) 30. (Chan et al., 2018a)31. (Arditi and
Gunaydin 1997) 32. (Zhang et al., 2011) 33. (Gunvantbhai et al.,, 2019) 34. (Samantha, 2021) 35. (Utting, 2010) 36. (Ho,
2016) 37. (Ahn etal,, 2013) 38. (Karlstréom and Sanden 2004) 39. (Brown & Hendry, 2009) 40. (Gruntova Kolingerova
2018)41. (Darko et al. 2017b) 42. (Y. Wang et al. 2021) 43. (D’Oca et al. 2018) 44. (Sovacool 2017) 45. (Chan et al,,
2018) 46. (Kibert,2008) 47. (WorldGBC 2013) 48. (Samari et al. 2013) 49. (Chan et al. 2018) 50. (Dadzie et al. 2018)
51. (Ozdemir 2000) 52. (Chan et al. 2018) 53. (Darko et al. 2017) 54. (Davies& Osmani 2011) 55. (Kensek et al. n.d.)
56. (Okoye et al,, 2009) 57. (Gou et al. 2013) 58. (Piro 1974) 59. (Demgrcgefe 2009) 60. (Rahmat n.d.) 61. (Khairi, et al.
2017) 62. (Mansfield 2009)

3. Methodology

This paper aims to provide a guideline for addressing the barriers to adopting sustainable energy features to existing
condominium stock in Sri Lanka. To attain the objectives and establish validity, two rounds of semi-structured
interviews were conducted among experts; the preliminary interview round was to validate the data collected from
a systematic literature review and the second round of interviews to obtain the outcome of the research. Each
interview was semi-structured, to generate rich data to advance understanding and consequently develop empirically
and theoretically grounded arguments about the barriers and strategies. Five (05) experts and fifteen (15) experts,
who have exposed knowledge and experience in the study area were contacted to collect data for the first and second
rounds respectively.

Participants for the first rounds were selected from both industry and academia with experience from five to ten
years. Similarly, participants for the second round were selected in the construction industry having experienced
from ten to thirty years, who are expertise in the following field: Architecture, Quantity Surveying, Facilities
Management, Mechanical, Electrical and Plumbing Engineering, and Project Management. This above combination
was used to maximize the value and originality of the data from the Interview. All interviews were conducted face to
face having an Interview duration from 30 to 90 minutes. To increase the reliability of the data and minimize bias and
errors, all interviews were recorded, notes were taken by the researcher during the interview, and manual content
analysis was used for data analysis. Finally, the findings were used to identify the most impactful constraints with the
process and to propose strategies to overcome constraints specifically to the condominium building stock in Sri
Lanka.

4. Research Findings and Discussion
4.1 ADAPTABLE SUSTAINABLE ENERGY FEATURES TO EXISTING CONDOMINIUM BUILDINGS STOCK IN SRI LANKA.
Table 3 demonstrates the level of adaptability of sustainable energy features to existing condominium buildings in

Sri Lanka

Table 3 Adaptability of sustainable energy features to existing condominium building stock.

Trickle Vents

Sustainable energy features E E E E E E E E E E E E E E E
o o o0 o o0 o0 o0 o0 0 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
Tinted Glasses v VvV Y Vv Vv Vv VvV VY VY VvV VY V VY V (
Low E Glasses X X X X & X X X X % % X X X X
Double Pane Glasses X X X X &% X X X X % & X X X X
Triple Pane Glasses X X X X K& X X X X & K& X X X K
Opal Glasses (Opaque) X X X X #& X X X X & % X X X X
Green Roof v v v Vv Vv Vv Vv Vv Vv Vv ¥V vV Vv Vv V
Green Facade v Vv % Vv Vv VY vV vV VvV VY YV X VvV VvV
Building Shading Devices D RV A A AV A S S SR SR SRRV ARV A L SR
Building Insulation Materials DAY ARV AR S SRRV A SRRV ARV AR SHED A GHD SN SRRV AR ¢
Tubular Daylighting Devices X K& &% X X X & X X &% X X X X X
Fiber Optic Daylighting Devices X % K& X X % K& X X X & ¥ & X X
LED v Vv Vv Vv Vv V VY Vv Vv Vv Vv V V V
HID v Vv Vv Vv Vv V VY Vv Vv Vv Vv V V V
Clerestory Windows o X Kk % X s o ok X % % kX %
Solar Heaters Y v vV vV vV S YV K xS VS
Heat Pumps DAV SR S S~ RV AN D SR R X S N SRR AR
* v vV vV vV vV S S % vV vV VvV VIV
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Solar Photo Voltaic

Wind Turbines

Digital Ceiling

Automatic Dimming Luminaires
Al Integrated Building Services
Sensor-Controlled Luminaires/
HVAC

Double Skin Facades

Green Walls

Passive Solar Techniques
Natural/Cross Ventilation
Skylights

Energy
submetering/monitoring/BMS

X N SAXSASFSL
XXX XSS FXSSKKKLK
XX XSS SXKSKLKK
X% ¥ S% SXSSsLsL

XXX XSS SX*<S%s
XX XSS SXSSFSL

XXX XSS XKLL
XXXXSKS XS <
XX XSS XSS KK
XXX XSS XSS K
XX XSS XSS FSL
XXX XN SXSFSASK
XX XSS SAXSF XS
X X XSS XS ASK
%SNS XSS YS

Highly adaptable

v
e Adaptability is medium
X Difficult to adapt

Highly adaptable sustainable energy features are those that can be easily integrated without major alterations to
buildings, building elements, or deep structural changes. Medium adaptability refers to sustainable energy features
that can be incorporated with minor modifications and limited structural adjustments, while difficult-to-adapt
features require extensive structural changes and significant effort.

The findings of the study indicate that following sustainable energy features are highly adaptable for existing
condominium building stock in Sri Lanka: tinted glasses, green roofs, green facades/walls, LED lighting, high-intensity
discharge (HID) lighting, digital ceilings, solar water heaters, solar panels, double skin facades, automatic dimming
luminaires, and sensor-controlled luminaires/HVAC systems, as affirmed by 15 industry experts who participated in
the secondary interview round. While building shading devices, heat pumps, wind turbines, clerestory windows, and
energy submetering/BMS were identified as moderately adaptable.

42 THE SEVERITY OF CONSTRAINTS TO ADAPTING SUSTAINABLE ENERGY FEATURES IN EXISTING
CONDOMINIUM BUILDINGS IN SRI LANKA

The study's secondary interview round with 15 industry experts identified lack of interest from unit owners,
reluctance to pay for sustainable energy features, limited knowledge among society, poor communication among
stakeholders, stakeholders' resistance to change and new ideas, lack of awareness of sustainable energy practices,
potential disturbance to the neighborhood during renovations, relocation issues during renovations, and disturbance
to occupants during renovations/modifications as the most impactful social constraints to the adoption of sustainable
energy features in existing condominium building stock in Sri Lanka. While split incentives, high up-front costs and a
long payback period, high cost of sustainable energy features (Initial & maintenance), and lack of financial schemes
were identified as the most impactful financial constraints.

The experts mention the lack of green building technologies suppliers, lack of market demand, professionals and
contractors' lack of experience regarding procurements of renovation projects and sustainable construction projects,
poor after-sales services for appliances and systems, lack of long-term warranties for energy-efficient equipment and
materials, and lack of long-term warranties for energy-efficient equipment and materials were highly impactful
market-related constraints to the process. On the other hand, difficulties in doing structural changes, the extra burden
associated with some green features, and incompatibilities of existing buildings/systems with new technologies were
identified as highly impactful technical constraints whereas lack of incentive programs, lack of research and
development opportunities, and lack of tax incentives identified as highly impactful technical constraints and parties’
objections to renovation were the major legal constraints as per the experts.

4.3 STRATEGIES TO MITIGATE THE IMPACT OF CONSTRAINTS TO ADAPTING SUSTAINABLE ENERGY FEATURES TO
EXISTING CONDOMINIUM BUILDING STOCK IN SRI LANKA

The interviewees provided suggestions to mitigate the impact of various constraints to adapting sustainable energy
features in existing condominium building stock in Sri Lanka. The majority of interviewees identified the lack of
interest in the unit owners, unit owners' less willingness to pay, lack of knowledge within society, poor
communication among stakeholders, lack of green building technologies suppliers, and lack of market demand as the
major constraints that arise due to the lack of awareness and education. The interviewees suggested conducting
awareness programs, team-building activities, and social media campaigns to create awareness among the public and
professionals. Additionally, they proposed developing professionals' awareness conferences, training programs, and
financial incentives to increase interest in sustainable energy features. Pilot projects were also recommended to
demonstrate the outcomes and benefits of adopting sustainable energy features. To address stakeholders' resistance
to change and root ideas, the interviewees suggested providing a cost-benefit analysis through leaflets campaigns.
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The experts proposed several ways to mitigate the impact of disturbance caused to the neighborhood during
renovations, relocation issues, and disruption to the occupants during the renovations/modifications. All the experts
suggested arranging proper time slots for the renovations and taking necessary precautions to reduce the
disturbance. A few experts also suggested using sinking funds for temporary residences and doing the renovation
systematically in parts without doing a complete renovation.

To address the difficulties in doing structural changes, the extra burden associated with some green features, and
the incompatibilities of existing buildings/systems with new technologies, all experts recommend selecting
sustainable energy features that do not require deep structural changes and are compatible with existing systems.
Proper studies should be conducted before choosing sustainable energy features. Additionally, to tackle the high up-
front costs and long payback periods associated with sustainable energy features, experts suggest conducting cost
analyses to select features that provide maximum benefits while avoiding those with high costs. Finally, the high cost
of sustainable energy features can be addressed by selecting features that require lower initial and maintenance costs.

Experts provide strategies to mitigate the impact of the following constraints lack of financial schemes, lack of
incentive programs, lack of research and development opportunities, and lack of tax incentives. All experts
emphasized the importance of government involvement in adopting sustainable energy features for existing
condominium buildings in Sri Lanka. Most experts mentioned that government financial concessions and low-interest
credit facilities for energy-efficient renovations are effective strategies for the lack of financial schemes and incentive
programs. Further, providing tax concessions is recommended by all interviewees.

To mitigate the impact of constraints related to sustainable energy features in existing condominium buildings in
Sri Lanka. To address the low quality of equipment and materials, experts suggested selecting high-quality equipment
and materials and conducting proper research before making a purchase. For maintainability issues, some experts
suggested hiring a maintenance company, while others recommended training and forming a maintenance team
within the management corporation. Additionally, all experts emphasized the importance of proper agreements with
equipment and system providers to ensure good after-sales service and long-term warranties for energy-efficient
equipment and materials. Overall, it is important to conduct thorough research, select high-quality equipment and
materials, and establish proper agreements to mitigate the impact of these issues on sustainable energy features in
existing condominium buildings in Sri Lanka.

5. Conclusion

This study has identified sustainable energy features that can be adapted to existing condominium buildings in Sri
Lanka and assessed their adaptability through two interview rounds with experts. The study identified constraints to
adapting sustainable energy features and proposed strategies to overcome them. The findings suggest that while
certain sustainable energy features, such as tinted glasses, green roofs, LED lights, and solar water heaters, are highly
adaptable to existing condominium buildings, several constraints need to be addressed, including a lack of interest
among unit owners, unwillingness to pay for energy-efficient renovations, risks and uncertainties, and difficulties in
doing structural changes. Strategies such as creating awareness through workshops and social media, appointing
accredited professionals, and purchasing insurance policies to transfer risks were proposed to overcome these
constraints. Overall, this study provides useful insights for stakeholders in the construction industry in Sri Lanka who
are interested in promoting sustainable energy features in existing buildings.

6. References

Abreu, M. L, Oliveira, R., & Lopes, J. 2017. Attitudes and Practices of Homeowners in the Decision-making Process for
Building Energy Renovation. Procedia Engineering, 172, 52-59. https://doi.org/10.1016/j.proeng.2017.02.016

Ahmed, N. A. 2013. A novel small-scale efficient wind turbine for power generation. Renewable Energy, 57, 79-85.
https://doi.org/10.1016/].RENENE.2013.01.023

Ahn, Y. H, Pearce, A. R., Wang, Y.,, & Wang, G. 2013. Drivers and barriers of sustainable design and construction: The
perception of green building experience. International Journal of Sustainable Building Technology and Urban Development,
4(1), 35-45. https://doi.org/10.1080/2093761X.2012.759887

Ariyawansa, R. G., & Udayanthika, A. G. P. I. 2012. Living in high-rise: An analysis of demand for condominium properties in
Colombo. International Journal of Sociology and Anthropology, 4(1), 31-37. https://doi.org/10.5897/1J]SA11.104

Asdrubali, F. 2003. Daylighting performance of sawtooth roofs of industrial buildings. Lighting Research and Technology,
35(4), 343-358. https://doi.org/10.1191/1365782803L10940A

Ashraf, A, Salim, D. K,, & Vishnu, G. P. 2017. Comparative study of conventional and green residential building. International
Journal of Innovative Science and Research Technology, 2(4). Retrieved from www.ijisrt.com

Babota, F, Aciu, C., Molnar, L., Manea, D. L., & lernutan, R. 2013. Shading-the way for solar control and reduction of heat gain
in buildings. Retrieved from https://www.researchgate.net/publication/332735985.

Baeten, G., Westin, S., Pull, E., & Molina, I. 2017. Pressure and violence: Housing renovation and displacement in Sweden.
Environment and Planning A, 49(3), 631-651. https://doi.org/10.1177/0308518X16676271

Bean, F, Fabbri, M., & Kontonasiou, E. 2017. Barriers that hinder deep renovation in the building sector Project Title:
EmBuild-Empower public authorities to establish a long-term strategy for mobilizing investment in the energy efficient
renovation of the building stock Grant Agreement N° 695169-Deliverable N° 4.1 Work Package 4 Lead Partner: BPIE. Retrieved
from www.embuild.eu

Bhatia, A. 2000. Leed Rating System for Green Buildings Credit: 6 PDH.

126



FARU Proceedings 2023

Bianco, V., Scarpa, F, & Tagliafico, L. A. 2017. Estimation of primary energy savings by using heat pumps for heating
purposes in the residential sector Thermophysical Property Estimation by Transient Experiments View project Energy building
View project. https://doi.org/10.1016 /j.applthermaleng.2016.12.058

Biler, A, Tavil, A. U,, Su, Y., & Khan, N. 2018. A review of performance specifications and studies of trickle vents. Buildings,
8(11). https://doi.org/10.3390/buildings8110152

Botta, M. 2005. Towards sustainable renovation: three research projects. School of Architecture, Royal Institute of
Technology.

Brdnik, A. P. 2021. Thermal performance optimization of double and triple glazing systems for Slovenian climate conditions.
Sustainability, 13(21). https://doi.org/10.3390/su132111857

Brown, ]., & Hendry, C. 2009. Public demonstration projects and field trials: Accelerating commercialisation of sustainable
technology in solar photovoltaics. Energy Policy, 37(7), 2560-2573. https://doi.org/10.1016/].ENPOL.2009.01.040

Buranaaudsawakul, T, & Wisaeng, K. 2021. Oversized electrical appliance impacts on condominium energy efficiency and
cost-effectiveness management: Experts’ perspectives. Applied System Innovation, 4(4). https://doi.org/10.3390/asi4040098

Calero, M., Alameda-Hernandez, E., Ferndndez-Serrano, J., Mateos-Aparicio, ., & Ros, M. 2021. Reducing the energy footprint
of residential buildings through passive solar strategies: A review of sustainable solutions. Sustainability, 13(9).
https://doi.org/10.3390/su13094964

Carmody, J., & Northernstar, K. H. 2012. Measure Guideline: Energy-Efficient Window Performance and Selection. Retrieved
from www.ntis.gov/ordering.html

Casini, M. 2014. Internet of things for Energy efficiency of buildings. Retrieved from http://www.scientific-
journal.com/articles/architecture_engineering.html

Celik, T, & Budayan, C. 2016. How the Residents are Affected from Construction Operations Conducted in Residential Areas.
Procedia Engineering, 161, 394-398. https://doi.org/10.1016/j.proeng.2016.08.580

Chan, A. P. C,, Darko, A., Olanipekun, A. 0., & Ameyaw, E. E. 2018a. Critical barriers to green building technologies adoption in
developing countries: The case of Ghana. Journal of Cleaner Production, 172, 1067-1079.
https://doi.org/10.1016/j.jclepro.2017.10.235

Chan, A. P. C,, Darko, A., Olanipekun, A. 0., & Ameyaw, E. E. 2018b. Critical barriers to green building technologies adoption in
developing countries: The case of Ghana. Journal of Cleaner Production, 172, 1067-1079.
https://doi.org/10.1016/j.jclepro.2017.10.235

Cheng, C. C., & Lee, D. 2016. Enabling smart air conditioning by sensor development: A review. Sensors (Switzerland),
16(12). https://doi.org/10.3390/s16122028

Dadzie, ., Runeson, G., Ding, G., & Bondinuba, F. K. 2018. Barriers to adoption of sustainable technologies for energy-efficient
building upgrade-Semi-structured interviews. Buildings, 8(4). https://doi.org/10.3390/buildings8040057

Dangeam, S. 2011. An electric generator driven by a roof ventilator. Energy Procedia, 9, 147-158.
https://doi.org/10.1016/].EGYPR0.2011.09.016

Darko, A, Chan, A. P. C,, Ameyaw, E. E,, He, B. ], & Olanipekun, A. 0. 2017. Examining issues influencing green building
technologies adoption: The United States green building experts’ perspectives. Energy and Buildings, 144, 320-332.
https:/doi.org/10.1016/j.enbuild.2017.03.060

Davies, P, & Osmani, M. 2011. Low carbon housing refurbishment challenges and incentives: Architects’ perspectives.
Building and Environment, 46(8), 1691-1698. https://doi.org/10.1016/].BUILDENV.2011.02.011

Dayan, E. 2006. Wind energy in buildings: Power generation from wind in the urban environment - where it is needed most.
Refocus, 7(2), 33-38. https://doi.org/10.1016/5S1471-0846(06)70545-5

del Rio, P, & Burguillo, M. 2008. Assessing the impact of renewable energy deployment on local sustainability: Towards a
theoretical framework. Renewable and Sustainable Energy Reviews, 12(5), 1325-1344.
https://doi.org/10.1016/j.rser.2007.03.004

Demgrcgefe, A. 2009. DELAYS IN ISSUING OF BUILDING PERMIT AND OCCUPANCY PERMIT: AN ANALYSIS OF CAUSES AND
DURATIONS. Retrieved from https://core.ac.uk/download/pdf/324144874.pdf

Department of Energy US. 2015. AN ASSESSMENT OF ENERGY TECHNOLOGIES AND RESEARCH OPPORTUNITIES Chapter
5: Increasing Efficiency of Building Systems and Technologies.

D’Oca, S., Ferrante, A, Ferrer, C., Pernetti, R., Gralka, A., Sebastian, R., & Veld, P. op t. 2018a. Technical, financial, and social
barriers and challenges in deep building renovation: Integration of lessons learned from the H2020 cluster projects. Buildings,
8(12). https://doi.org/10.3390/buildings8120174

D’Oca, S., Ferrante, A, Ferrer, C., Pernetti, R, Gralka, A., Sebastian, R., & Veld, P. op t. 2018b. Technical, financial, and social
barriers and challenges in deep building renovation: Integration of lessons learned from the H2020 cluster projects. Buildings,
8(12). https://doi.org/10.3390/buildings8120174

D’Oca, S., Ferrante, A, Ferrer, C., Pernetti, R,, Gralka, A., Sebastian, R., & Veld, P. op t. 2018c. Technical, financial, and social
barriers and challenges in deep building renovation: Integration of lessons learned from the H2020 cluster projects. Buildings,
8(12). https://doi.org/10.3390/buildings8120174

Dominguez, A, Kleiss], ]., & Luvall, J. C. 2011. Effects of solar photovoltaic panels on roof heat transfer. Solar Energy, 85(9),
2244-2255. https://doi.org/10.1016/j.solener.2011.06.010

Du, P, Zheng, L. Q., Xie, B. C., & Mahalingam, A. 2014. Barriers to the adoption of energy-saving technologies in the building
sector: A survey study of Jing-jin-tang, China. Energy Policy, 75, 206-216. https://doi.org/10.1016/].ENPOL.2014.09.025

DuBoseg, J. R, Bosch, S.]., & Pearce, A. R. 2007. ANALYSIS OF STATE-WIDE GREEN BUILDING POLICIES. Retrieved from
http://ssl.csg.org/dockets/26cycle/2006b/26bbills/0326b02wa.pdf

Eichholtz, P, Kok, N., Quigley, ]. M., Org, E., Borenstein, S., Davis, L., Fisher, L., Green, R,, Jaffee, D., Sanstad, A., & Rao, N. W. M.
2010. The Economics of Green Building. https://escholarship.org/uc/item/3k16p2rj

Electricity Generation. 2022. In Ceylon Electricity Board. https://www.ceb.lk/electricity-generated/en retrieved
2022/06/05

Evola, G., Gullo, F, & Marletta, L. 2017. The role of shading devices to improve thermal and visual comfort in existing glazed
buildings. Energy Procedia, 134, 346-355. https://doi.org/10.1016/j.egypro.2017.09.543

Farrell, W. S. 1975. Luminaire Design Criteria for HID Light Sources. IEEE Transactions on Industry Applications, IA-11(2),
226-228. https://doi.org/10.1109/TIA.1975.349274

127



FARU Proceedings -2023

Finnegan, S., Jones, C., & Sharples, S. 2018. The embodied CO2e of sustainable energy technologies used in buildings: A
review article. Energy and Buildings, 181, 50-61. https://doi.org/10.1016/j.enbuild.2018.09.037

Francis, S., Umesh, V,, & Shivakumar, S. 2021. Design and Analysis of Vortex Bladeless Wind Turbine. Materials Today:
Proceedings, 47, 5584-5588. https://doi.org/10.1016/].MATPR.2021.03.469

Gan, C. K, Sapar, A. F, Mun, Y. C,, & Chong, K. E. 2013. Techno-economic analysis of LED lighting: A case study in UTeM'’s
faculty building. Procedia Engineering, 53, 208-216. https://doi.org/10.1016 /j.proeng.2013.02.028

Gashniani, M. G. (n.d.). Investigating the Effect of Clerestory Window Components to Improve Daylight [lluminance in
Pitched Roof Buildings in Humid Climates.

Gong, ., & Sumathy, K. 2016. Active solar water heating systems. Advances in Solar Heating and Cooling, 203-224.
https://doi.org/10.1016/B978-0-08-100301-5.00009-6

Gorantla, K., Shaik, S., & Setty, A. B. T. P. R. 2018. Thermal and cost analysis of float and various tinted double window glass
configurations on heat gain into buildings of hot & dry climatic zone in India. International Journal of Heat and Technology,
36(1), 252-260. https://doi.org/10.18280/ijht.360134

Gou, Z,, Siu-Yu Lau, S., & Prasad, D. (n.d.). MARKET READINESS AND POLICY IMPLICATIONS FOR GREEN BUILDINGS: CASE
STUDY FROM HONG KONG. http://meridian.allenpress.com/jgb/article-pdf/8/2/162/1766607 /jgb_8_2_162.pdf

Grillone, B., Danov, S., Sumper, A, Cipriano, J., & Mor, G. 2020. A review of deterministic and data-driven methods to quantify
energy efficiency savings and to predict retrofitting scenarios in buildings. In Renewable and Sustainable Energy Reviews (Vol.
131). Elsevier Ltd. https://doi.org/10.1016/j.rser.2020.110027

Gruntova Kolingerova, H. 2018. Lack of information and difficulty of implementation as the obstacles to the adoption of
performance measurement systems at Czech organisations. Central European Journal of Management, 3(2).
https://doi.org/10.5817 /cejm2016-2-1

Gunvantbhai Patel Sardar Vallabhbhai, C., Mistri, A.,, Patel, C. G., & Pitroda, J. R. 2019. CAUSES, EFFECTS AND IMPACTS OF
SKILLS SHORTAGE FOR SUSTAINABLECONSTRUCTION: A REVIEW. In JETIR1904H58 Journal of Emerging Technologies and
Innovative Research (Vol. 6). JETIR. www.jetir.org

Hamilton, I, Kennard, H., Rapf, O., Kockat, J., Zuhaib, S., Abergel, T, & Oppermann, M. 2020. Global Alliance for Buildings and
Construction 2020 GLOBAL STATUS REPORT FOR BUILDINGS AND CONSTRUCTION Towards a zero-emissions, efficient and
resilient buildings and construction sector EXECUTIVE SUMMARY 2020 GLOBAL STATUS REPORT FOR BUILDINGS AND
CONSTRUCTION Towards a zero-emissions, efficient and resilient buildings and construction sector. http://www.un.org/Depts/

Hamza, N. 2016. The sustainable high-rise building renewables and public perceptions. In Sustainable High Rise Buildings in
Urban Zones: Advantages, Challenges, and Global Case Studies (pp. 103-116). Springer International Publishing.
https://doi.org/10.1007/978-3-319-17756-4_6

Han, J., Ly, L., & Yang, H. 2010. Numerical evaluation of the mixed convective heat transfer in a double-pane window
integrated with see-through a-Si PV cells with low-e coatings. Applied Energy, 87(11), 3431-3437.
https://doi.org/10.1016/j.apenergy.2010.05.025

Hantula, Richard. 2010. How do solar panels work? Chelsea Clubhouse.

Ho, P. H. K. 2016. Labour and skill shortages in Hong Kong’s construction industry. Engineering, Construction and
Architectural Management, 23(4), 533-550. https://doi.org/10.1108/ECAM-12-2014-0165

Hsieh, M. C,, Jair, D. K., & Chou, H. M. 2013. The Development of a New Type Rooftop Ventilator Turbine. Engineering,
2013(10), 16-20. https://doi.org/10.4236/ENG.2013.510A003

Huang, C,, Ma, ], & Song, K. 2021. Homeowners’ willingness to make investment in energy efficiency retrofit of residential
buildings in china and its influencing factors. Energies, 14(5). https://doi.org/10.3390/en14051260

Huang, H., Zhou, Y., Huang, R., Wu, H,, Sun, Y,, Huang, G., & Xu, T. 2020. Optimum insulation thicknesses and energy
conservation of building thermal insulation materials in Chinese zone of humid subtropical climate. Sustainable Cities and
Society, 52, 101840. https://doi.org/10.1016/].5SCS.2019.101840

Huang, ]., Fan, |, Furbo, S., & Li, L. 2019. Solar water heating systems applied to high-rise buildings-lessons from experiences
in China. Energies, 12(16). https://doi.org/10.3390/en12163078

Jayalath, ]. M. A. I. K. 2016. Determinants of Market Value for Condominium Properties: Case Study in Dehiwala, Colombo.

Jayaweera, N., & Rajapaksha, U. 2018. CONDOMINIUM DEVELOPMENT IN SRI LANKA “In tune with nature” View project
RESOLVED DUALITY: External double skin envelopes for passive cooling in office buildings in the tropics View project.
https://www.researchgate.net/publication/344325100

Jeff Sonne. 2005. Evaluating Green Roof Energy Performance

Juan, Y. K, Kim, ]. H,, Roper, K., & Castro-Lacouture, D. 2009. GA-based decision support system for housing condition
assessment and refurbishment strategies. Automation in Construction, 18(4), 394-401.
https://doi.org/10.1016/j.autcon.2008.10.006

Kaiser, H. F. 1974. AN INDEX OF FACTORIAL SIMPLICITY*.

Kakaza, M., & Folly, K. 2015. Effect of solar water heating system in reducing household energy consumption. IFAC-
PapersOnLine, 48(30), 468-472. https://doi.org/10.1016/j.ifacol.2015.12.423

Karthikeyan, V., Rajasekar, S., Das, V., Karuppanan, P, & Singh, A. K. 2017. Grid-connected and off-grid solar photovoltaic
system. Green Energy and Technology, 0(9783319501963), 125-157. https://doi.org/10.1007/978-3-319-50197-0_5

Kats, G. H. 2003. Green Building Costs and Financial Benefits. www.masstech.org.

Kee, M. S, Ryan Hughes, D., Michele Lee, A, McMillan, M., Eric Plewa, |, Ryan, D., Michele, A, & Eric, J. 2010. Energy Efficient
Windows Triple Pane Window. https://trace.tennessee.edu/utk_chanhonoproj/1389

Khairi, M., Jaapar, A, & Yahya, Z. (n.d.). The application, benefits and challenges of retrofitting the existing buildings.
https://doi.org/10.1088/1757-899X/271/1/012030

Kibert, C.]. 2008. Sustainable Construction: Green Building Design and Delivery. Jhon Wiely & Sons.
https://books.google.lk/books?hl=en&Ir=&id=2xgWCgAAQBA]&oi=fnd&pg=PR15&0ts=G9Zo5Nf5qy&sig=kfShr_JNgABASRXqge
hEtCfLfn7Y&redir_esc=y#v=onepage&q&f=false

Kotani, H., Satoh, R, & Yamanaka, T. (n.d.). Natural ventilation of light well in high-rise apartment building.

Kwon, ]., Byun, ], Hong, I, Lee, B,, & Park, S. 2013. Intelligent Household LED Lighting System Considering Energy Efficiency
and User Satisfaction. In IEEE Transactions on Consumer Electronics (Vol. 59, Issue 1).

128



FARU Proceedings 2023

Li, Y, Song, Y., Wang, J., & Li, C. 2019. Intellectual capital, knowledge sharing, and innovation performance: Evidence from the
Chinese Construction Industry. Sustainability (Switzerland), 11(9). https://doi.org/10.3390/su11092713

Liu, G, Tan, Y., & Huang, Z. 2021. Knowledge mapping of homeowners’ retrofit behaviors: An integrative exploration. In
Buildings (Vol. 11, Issue 7). MDPI AG. https://doi.org/10.3390/buildings11070273

Ma, |, Qian, Q. K., Visscher, H., & Song, K. 2022. Barriers for Homeowners in Decisions to Undertake Government-Led Energy
Efficiency Renovation Projects in Northern China. Sustainability, 14(12), 7298. https://doi.org/10.3390/su14127298

Magill, J. D., Midden, K., Groninger, ]. W,, & Therrell, M. D. 2011. A History and Definition of Green Roof Technology with
Recommendations for Future Research. https://www.researchgate.net/publication/236649272

Mansfield, J. 2009. Sustainable refurbishment: policy direction and support in the UK. Structural Survey, 27(2), 148-161.
https://doi.org/10.1108/02630800910956470

Manso, M., & Castro-Gomes, J. 2015. Green wall systems: A review of their characteristics. In Renewable and Sustainable
Energy Reviews (Vol. 41, pp. 863-871). Elsevier Ltd. https://doi.org/10.1016/j.rser.2014.07.203

Marini, D., Yang, Z., Mustafaraj, G., Costa, A., & Keane, M. 2014. Model calibration for building energy efficiency simulation
Related papers Calibrating whole building energy models: Detailed case study using hourly measured data Paul Raftery A Model
Calibration Framework for Simultaneous Multilevel Building Energy Simulation Model calibration for building energy efficiency
simulation. https://doi.org/10.1016/j.apenergy.2014.05.019

Marwaee, M. Al, & Carter, D.]. 2006. A field study of tubular daylight guidance installations. Lighting Research & Technology,
38(3), 241-258. https://doi.org/10.1191/1365782806Irt1700a

Moreland. (n.d.). WHAT IS DOUBLE GLAZING?

Moshood, T. D., Rotimi, F. E., & Rotimi, J. 0. B. 2022. Knowledge transfer and management in the construction industry:
Trends and future challenges. International Journal of Construction Supply Chain Management, 12(1), 72-102.
https://doi.org/10.14424 /ijcscm120122-72-102

mwape Sichali, M., Banda, L. ],, Sichali, M., & John Banda, L. 2017. Awareness, Attitudes and Perception of Green Building
Practices and Principles in the Zambian Construction Industry International Journal of Construction Engineering and
Management, 6(5), 215-220. https://doi.org/10.5923/j.ijcem.20170605.04

Ndiaye, D., & Gabriel, K. 2011. Principal component analysis of the electricity consumption in residential dwellings. Energy
and Buildings, 43(2-3), 446-453. https://doi.org/10.1016 /j.enbuild.2010.10.008

Newman, A. 2001. Structural Renovation of Buildings: Methods, Details, and Design Examples, Second Edition.

Noori, A, Saruwono, M., Adnan, H., & Rahmat, I. 2016a. Conflict, Complexity, and Uncertainty in Building Refurbishment
Projects. In InCIEC 2015 (pp. 251-258). Springer Singapore. https://doi.org/10.1007/978-981-10-0155-0_24

Noori, A, Saruwono, M., Adnan, H., & Rahmat, I. 2016b. Conflict, Complexity, and Uncertainty in Building Refurbishment
Projects. In InCIEC 2015 (pp. 251-258). Springer Singapore. https://doi.org/10.1007/978-981-10-0155-0_24

Okoye, C. U, Alausa, D. W. S., & Okoye, E. C. U. 2009. The Effect of Research and Development in Developing Countries:
Nigeria’s Perspective Design and construction of electronic voting machine with alternative ballot box View project Certificates
of Achievements, Accomplishments and Awards View project Alausa Dele The Federal Polytechnic, Ilaro The Effect of Research
and Development in Developing Countries: Nigeria’s Perspective. http://www.akamaiuniversity.us/PJSThtml

Othman, Z., Aird, R., & Buys, L. 2015. Privacy, modesty, hospitality, and the design of Muslim homes: A literature review. In
Frontiers of Architectural Research (Vol. 4, Issue 1, pp. 12-23). Higher Education Press Limited Company.
https://doi.org/10.1016/j.foar.2014.12.001

Ozdemir, M. H. 2000. AN ALTERNATIVE INCENTIVE SYSTEM TO IMPROVE PRODUCTIVITY AT THE TURKISH NAVAL
SHIPYARDS.

Paniagua, A. 2002. Urban-rural migration, tourism entrepreneurs and rural restructuring in Spain. Tourism Geographies,
4(4), 349-371. https://doi.org/10.1080/14616680210158128

Pantaleo, A, Candelise, C., Bauen, A., & Shah, N. 2014. ESCO business models for biomass heating and CHP: Profitability of
ESCO operations in Italy and key factors assessment. In Renewable and Sustainable Energy Reviews (Vol. 30, pp. 237-253).
Elsevier Ltd. https://doi.org/10.1016/j.rser.2013.10.001

Pérez-Lombard, L., Ortiz, ]., Pout, C., & Uk, *-Poutc@bre Co. 2004. A REVIEW ON BUILDINGS ENERGY CONSUMPTION
INFORMATION.

Piro, A. R. 1974. Condominium Renovation. Fordham Urban Law Journal, 3. https://irlawnet.fordham.edu/ ulj/vol3/iss1/2

Prathapasinghe, D., Perera, M. P.R. I, & Ariyawansa, R. G.(2018). Evolution of Condominium Market in Sri Lanka: A Review
and Predict. 2nd International Conference on Real Estate Management and Valuation, 92-99.
https://www.researchgate.net/publication/328137013

Rahmat, L. bin. (n.d.). The Planning and Control Process of Refurbishment Projects. Faculty of the Built Environment
University College London. Retrieved September 14, 2022, from https://discovery.ucl.ac.uk/id/eprint/1317640/1/265000.pdf.

Restrepo, A, Miyake, R., Kleveston, F, & Bazzo, E. 2012. Exergetic and environmental analysis of a pulverized coal power
plant. Energy, 45(1), 195-202. https://doi.org/10.1016/j.energy.2012.01.080

Reymen, I, Hoezen, M. E. L., Reymen, . M. M. ]., & Dewulf, G. P. M. R. 2006. The problem of communication in construction
Interactive knowledge development in coastal projects View project Coupling project governance, business models, and funding
and financing in infrastructure projects: a probabilistic causation approach View project Mieke Hoezen Ministry of
Infrastructure and the Environment The problem of communication in construction.
https://www.researchgate.net/publication/254858936

Ries, R, Bilec, M. M,, Gokhan, N. M,, & Needy, K. L. 2006. The economic benefits of green buildings: A comprehensive case
study. Engineering Economist, 51(3), 259-295. https://doi.org/10.1080/00137910600865469

Rothgeb, S. 2010. Summary of Gaps and Barriers for Implementing Residential Building Energy Efficiency Strategies.
http://www.osti.gov/bridge

Sadhishkumar, S., & Balusamy, T. 2014. Performance improvement in solar water heating systems—A review. Renewable and
Sustainable Energy Reviews, 37, 191-198. https://doi.org/10.1016/].RSER.2014.04.072

Samantha, C. 2021. Retrofit Skills Market Analysis.

Samari, M., Godrati, N., Esmaeilifar, R, Olfat, P,, Wira, M., & Shafiei, M. 2013. The Investigation of the Barriers in Developing
Green Building in Malaysia. Modern Applied Science, 7(2). https://doi.org/10.5539/mas.v7n2p1

Santangelo, A., & Tondelli, S. 2017. Occupant behaviour and building renovation of the social housing stock: Current and
future challenges. Energy and Buildings, 145, 276-283. https://doi.org/10.1016/j.enbuild.2017.04.019

129



FARU Proceedings -2023

Sarbu, I., & Sebarchievici, C. 2014. General review of ground-source heat pump systems for heating and cooling of buildings.
Energy and Buildings, 70, 441-454. https://doi.org/10.1016/].ENBUILD.2013.11.068

Sedki, L., & Maaroufi, M. 2017. Design of parabolic solar daylighting systems based on fiber optic wires: A new heat filtering
device. Energy and Buildings, 152, 434-441. https://doi.org/10.1016/j.enbuild.2017.07.023

Senaratne, S., Zainudeen, N., & Wedikkara, C. 2006. Factors Affecting Condominium Development In Sri Lanka. 07(01:2006),
23-28.

Shadmand, M. B., & Balog, R. S. 2012. Optimization of photovoltaic-wind hybrid system for apartment complexes and other
community living environments by minimizing excess capacity. Conference Record of the IEEE Photovoltaic Specialists
Conference, 531-536. https://doi.org/10.1109/PVSC.2012.6317671

Shah Alj, A. 2010. Design information in managing refurbishment projects in Malaysia The Frequency of Inspection and
Maintenance to Improve the Residents’ Satisfaction of High-Rise Residential Buildings View project. In Article in International
Journal of Physical Sciences. https://www.researchgate.net/publication/267697904

Shahdan, M. S., Ahmad, S. S., & Hussin, M. A. 2018. External shading devices for energy efficient building. IOP Conference
Series: Earth and Environmental Science, 117(1). https://doi.org/10.1088/1755-1315/117/1/012034

Shamsabadi, A. A., Khechekhouche, A., Pahavan, S., & Jahangiri, M. 2018. Feasibility study of solar water heaters in Algeria, a
review. www.jser.ut.ac.ir

Sharutte, M. 2014. Policy Challenges for the Built Environment: The Dilemma of the Existing Building Stock. In E. D. Coyle &
R. A. Simmons (Eds.), Understanding the Global Energy Crisis (pp. 255-276). Purdue University Press.

Sher, F, Kawai, A, Giileg, F, & Sadiq, H. 2019. Sustainable energy saving alternatives in small buildings. Sustainable Energy
Technologies and Assessments, 32, 92-99. https://doi.org/10.1016/j.seta.2019.02.003

Shirazi, A. 2005. Transformation of traditional home to modern housing. Plek publications.

Shuxiao, W, Jianping, Z., & Lixiong, W. 2015. Research on energy saving analysis of tubular daylight devices. Energy
Procedia, 78, 1781-1786. https://doi.org/10.1016/j.egypro.2015.11.305

Snyder, M. E,, Megri, A. C., & Haghighat, F. (2008). Analysis and Design of a New Roof Monitor for Day and Night Illumination
of a Large Volume Room. Retrieved from
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.945.7355&rep=rep1&type=pdf.

Somasundaram, S., Chong, A., Wei, Z., & Thangaveluy, S. R. (2020). Energy saving potential of low-e coating based retrofit
double glazing for tropical climate. Energy and Buildings, 206. https://doi.org/10.1016/j.enbuild.2019.109570

Sovacool, B. K. (2017). Experts, theories, and electric mobility transitions: Toward an integrated conceptual framework for
the adoption of electric vehicles. Energy Research & Social Science, 27, 78-95. https://doi.org/10.1016/].ERSS.2017.02.014

Sreedevi, J., Ashwin, N., & Naini Raju, M. (2014). 21st International Conference on Telecommunications (ICT) took place 4-7
May 2014 in Lisbon, Portugal.

Subasinghe, W. (2015). Quality of Life Study on Slum Dwellers (With Special Reference to Sri Lanka). In International Journal
of Scientific Research and Innovative Technology (Vol. 2, Issue 3).

Tagliafico, L. A., Scarpa, F, Tagliafico, G., & Valsuani, F. (2012). An approach to energy saving assessment of solar assisted
heat pumps for swimming pool water heating. Energy and Buildings, 55, 833-840.
https://doi.org/10.1016/j.enbuild.2012.10.009

Tiun Ling, T. (2000). MANAGING HIGH-RISE RESIDENTIAL BUILDING IN MALAYSIA: WHERE ARE WE?

Torcellini, P, Judkoff, R., & Hayter, S. (2002). Zion National Park Visitor Center: Significant Energy Savings Achieved through
a Whole-Building Design Process: Preprint. Retrieved from http://www.osti.gov/bridge.

UN-HABITAT. (2008). State of the World'’s Cities 2010/2011 Bridging the Urban Divide.

Utting, P. (2010). The risks of skills shortage in Construction.

Wang, Y, Chong, D., & Liu, X. (2021). Evaluating the critical barriers to green construction technologies adoption in China.
Sustainability (Switzerland), 13(12). https://doi.org/10.3390/su13126510

Werring, C. G., Professor, M., Wilkinson, R., & Ap, L. (2009). DESIGN AND APPLICATION OF FIBER OPTIC DAYLIGHTING
SYSTEMS.

Whang, A.]. W, Yang, T. H., Deng, Z. H,, Chen, Y. Y,, Tseng, W. C., & Chou, C. H. (2019). A review of daylighting system: For
prototype systems performance and development. In Energies (Vol. 12, Issue 15). MDPI AG.
https://doi.org/10.3390/en12152863

Wickramasinghe, K., & Karunanayake, C. (2018, August 28). Building the Future: Sustainable Condominiums in Sri Lanka.
Institute of Policy Studies of Sri Lanka.

Wong, 1., & Baldwin, A. N. (2016). Investigating the potential of applying vertical green walls to high-rise residential
buildings for energy-saving in sub-tropical region. In Building and Environment (Vol. 97, pp. 34-39). Elsevier Ltd.
https://doi.org/10.1016/j.buildenv.2015.11.028

WORLD BANK. (2022). Sri Lanka Urban Population 1960-2022.

WorldGBC. (2013). THE BUSINESS CASE FOR GREEN BUILDING A Review of the Costs and Benefits for Developers, Investors
and Occupants Project Partner Principal Sponsors Sponsors. Retrieved from www.worldgbc.org

Xue, P, Mak, C. M., & Cheung, H. D. (2014). New static lightshelf system design of clerestory windows for Hong Kong.
Building and Environment, 72, 368-376. https://doi.org/10.1016/j.buildenv.2013.11.017

Yu, Z., Fung, B. C. M., Haghighat, F,, Yoshino, H., & Morofsky, E. (2012). A Systematic Procedure to Study the Influence of
Occupant Behavior on Building Energy Consumption.

Zhang, X., Platten, A,, & Shen, L. (2011). Green property development practice in China: Costs and barriers. Building and
Environment, 46(11), 2153-2160. https://doi.org/10.1016/].BUILDENV.2011.04.031

Zhou, A, Wimalasena, N. K. R, Siyabalapitiya, T, & Song, P.-B. (2018). Sri Lanka: Energy Sector Assessment, Strategy, and
Road Map. https://doi.org/10.22617 /TCS190557-2

130



