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Abstract: The world has not been able to achieve minimum greenhouse gas emissions in buildings’
energy consumptions because the energy and emissions optimization techniques have not been fully
utilized. Thermal comfort is one of the most important issues for both residential and commercial
buildings. Out of the 40% of global energy consumed by buildings, a large fraction is used to
maintain their thermal comfort. In this study, a comprehensive review of the recent advancements in
building energy conservation and efficiency application is presented based on existing high-quality
research papers. Additionally, the retrofit of the heating/cooling and hot water system for an entire
community in Cyprus is presented. This study aims to analyze the technical and environmental
benefits of replacing existing electric heaters for hot water with heat pump water heating systems
and the use of heat pump air conditioners for thermal comfort in place of the existing ordinary air
conditioners for space heating and cooling. One administrative building, 86 apartments (including
residential and commercial) buildings, and a restaurant building is retrofitted, and the feasibility of
the project is determined based on three economic indicators, namely; simple payback period (SPP),
internal rate of return (IRR), and net present value (NPV). The electrical energy required by the hot
water systems and the heating/cooling system is reduced by 263,564 kWh/yr and 144,825 kWh/yr,
respectively. Additionally, the retrofit project will reduce Cyprus’ CO, emission by 121,592.8 kg
yearly. The SPP, IRR, and NPV for the project show that the retrofit is economically feasible.

Keywords: energy conservation; energy efficiency; retrofit; review; techno-economic analysis

1. Introduction

The emission of greenhouse gases into the atmosphere has caused an increase in
average temperature known as the ‘greenhouse effect’. Greenhouse effect results in the
heating of the earth’s surface with a consequential effect on climate changes. Scientists
posit that the general rise in average temperature is caused principally by emissions [1].
However, most of these greenhouse gas emissions are caused by human factors. Human
activities such as burning fossil fuels (for energy) and deforestation (for agriculture and
construction purposes) are the leading cause of climate changes [2]. Yet, as the world
shifts its attention to the use of renewables, the combustion of fossil fuels keeps on rising
in some countries. As a result of this, climate change keeps worsening because global
emissions are galloping. For instance, in 2017, global emissions increased by 1.6% and
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were projected to reach 2.7% in 2018 [3]. The increment in global emissions was mostly
triggered by emissions from fossil fuels and industrial activities [4]. The gradual shift
to an industrial economy with zero climate change action puts the world at risk, hence
the need for immediate attention [5]. Against this backdrop, the use of renewable energy
sources with improved efficiency and conservation measures are considered instrumental
in reducing global emissions [6].

To reduce global emissions, literature depicts that energy conservation [7], energy
efficiency [8], coupled with the use of renewables [9] are the key. Energy conservation
connotes putting relentless efforts to reduce the consumption of energy by using fewer
energy services [10]. Thus, changes in consumption patterns due to the implementation
of effective conservation measures reduce cost as well as global emissions [11]. Energy
efficiency is achieved when less energy is used in performing the same or similar task that
requires more energy [12]. To efficiently utilize energy, energy-efficient electrical equipment
and appliances are required in buildings [13]. Another viable option for reducing global
emissions is by substituting the use of fossil fuels with a more reliable and safe energy
supply from renewables [5]. Renewable sources of energy are projected to be harmless
and are naturally replenished [12]. These energy sources are obtained from sunlight (solar
energy), wind (wind energy), rain (hydroelectric energy), tides (tidal energy), waves (wave
energy), and heat from the earth (geothermal). Renewable energy sources are forecasted
to have the capacity to fulfill all of the world’s energy demand but, unfortunately, the
proportion of its use is highly insignificant especially in some developing and emerging
economies [14]. Notwithstanding, the gradual shift to the use of renewable energy sources
is gaining roots due to the transition measures signed by the conference of parties in the
Paris Agreement. For instance, in 2018, members of the European Union (EU) substituted,
on average, 18% of their total energy demand with renewable energies [15]. As the use
of renewable energy sources stems from policy pronouncements on a macro and micro
level, policies for utilizing renewable energy in buildings are considered as an initial step
in reducing global emissions to a more considerably lower level [10].

According to Yiiksek and Karadayi [16], buildings use approximately 40% of the
world’s energy. Hinging on energy in buildings, another report [17] estimated that energy
used in buildings constitutes approximately 42% of the world’s total energy use. This
energy use in different buildings is high because, as household buildings are powered to
provide enough energy for heating, cooling, and use electrical appliances [18], industrial
buildings are powered to enhance production and other commercial activities. It is worth
noting that the choice of energy used in buildings may vary depending on the availability
of energy source, affordability, and energy preference measures. Nonetheless, it is rec-
ommended that in order to contribute to reversing climate changes, buildings must be
designed to be energy efficient [19]. As energy in buildings is used for heating and cooling,
ventilation, lighting, etc. to reduce energy consumption in buildings, there must be efforts
to design buildings that have good natural aeration and ventilation, good natural lighting,
with effective and efficient heating/cooling systems. For instance, using a transparent
roof made from fiber-reinforced glass ensures the passage of light rays into buildings
serving as a more efficient system to light up buildings, hence calling for retrofits in many
buildings [20].

Thermal comfort is one of the most important issues for both residential and commer-
cial buildings. Out of the 40% of global energy consumed by buildings, a large fraction is
used to maintain thermal comfort [21]. Energy used in achieving thermal comfort (heat-
ing, lighting, and cooling) in buildings accounts for 28% of global CO, emissions [22].
Retrofitting existing buildings presents an opportunity for emission reduction as well
as energy conservation/efficiency. Studies in literature have highlighted the importance
of building retrofits. Biswas et al. [23], presented a whole building retrofit using energy
performance analysis and vacuum insulation panels. Based on their model, a significant
reduction in annual energy consumption was achieved in retrofitted buildings as compared
to baseline buildings [23]. A new model to enhance retrofit decisions for residential build-
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ings was presented by Uidir et al. [24]. The simulation of nine distinct building archetypes
with a sample size of 700,000 households presented an additional 86% energy efficiency
gains. The implementation of different policies has been very instrumental in the reduction
of energy consumption in buildings. China as a country has about 191 policies documented
for building retrofit [25].

Retrofitting ensures the addition of technologies that can improve energy efficiency
and reduce emissions [26]. Yet, the major obstacle with retrofitting is the level of complexi-
ties and disruptions involved. Irrespective of the complexities involved in retrofitting, it
should be encouraged due to its environmental friendliness coupled with its benefit of
proposing a more efficient method to optimize energy in less efficient buildings [26]. In this
research, the retrofit of the heating, cooling, and hot water system for an entire community
building in Cyprus is presented.

The energy efficiency directive (EED) implemented by the European Union (EU) in
2012 was updated in 2018. This directive was amended to headline a 32.5% minimum
energy efficiency target for 2030. The EED identified existing building stock as the biggest
potential for energy savings [27]. A comprehensive review of the recent advancements
in building energy conservation and efficiency application is first presented based on
existing high-quality research papers. Recently published studies about energy efficiency,
energy conservation, and renewable energy applications in buildings are reviewed in order
to highlight the recent developments in this field of study. This review will also help
researchers understand the state of the art in building energy research and applications.
The study aims to analyze the technical and environmental benefits of replacing existing
electric heaters with heat pump systems for hot waters. The community considered in
this study comprises single-bedroom, double-bedroom, and triple bedroom apartments
for both commercial and residential purposes. A total of 88 residential and commercial
apartments (including a big administrative building and a restaurant) are retrofitted in this
study. Although the use of heat pumps for retrofit purposes have been presented [28,29],
however, the estimation is based on the theoretical coefficient of performance (COP) of the
systems. In this study, the techno-enviro-economic analysis will be based on the seasonally
adjusted COP (SCOP). In comparison to existing kinds of literature, the present study will
provide a comprehensive analysis of a community, identify the most economically feasible
means of saving energy, and implement the identified retrofit measures. The economic
feasibility of the retrofit will be based on the simple payback period (SPP), internal rate of
returns (IRR), net present value (NPV). The carbon emission reduction will be analyzed
with reference to #6 fuel oil which is the most commonly used fuel oil for electricity
generation in Cyprus. A comprehensive review of building energy demand, retrofits,
energy conversation/efficiency as well as renewable energy integration with buildings is
first presented in Sections 2 and 3. The methodology adopted for the retrofitting considered
in this study is presented in Section 4. The potency of the retrofitting is discussed in
Section 5 based on the results from this study while the conclusion of the entire study is
summarized in Section 6.

2. Overview of Energy Demand in Buildings

The volume of energy demand in a building depends on several factors. Figure 1
depicts the determinants, uses, sources, and costs of energy for buildings while high-
lighting the cost of pump-based energy sources. Various researchers have posited several
of these factors and can be categorized into building characteristics, socio-demographic
characteristics of occupants, the general economic trends, resource availability, regulatory
systems, and geography. Salari and Javid [30], in their study, identified socio-economic
and demographic characteristics of occupants, characteristics of the building, location of
the building, temperature, and energy prices as key determinants of residential energy
expenditure. The study reported that large households, with older people, high family
income, and a high level of householder education tend to demand an increased amount of
energy. They added that buildings in metropolitan areas, with high or low temperatures,
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equally impact the overall energy demand in buildings. Eon et al. [31], Hu et al. [32],
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behavior and building characteristics do affect energy demands in buildings and corre-
sponding efficiencies. Gouveia et al. [35] demonstrated that the environment and location
characteristics do affect household energy demand in buildings while O’Leary et al. [36]
added that the design configuration of residential buildings also impacts energy demand.
O’Leary et al. [36] posited that design configurations in terms of external and internal walls,
windows and doors, roof, lower and upper floors, ceiling, and external shading impact the
energy performance of residential buildings.
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Figure 1. Overview of determinants, sources, costs, and benefits of existing sources of energy for buildings.

There are several sources of energy that serve various purposes in residential build-
ings. Bee et al. [37] assessed the potential of self-consumption for photovoltaic systems
and air-source heat pumps as sources of energy for residential heating and cooling in
European climates. They found that variations in energy demand for heating and cooling
purposes in the building are explained by variations of properties of the opaque enve-
lope. They observed that though there are some minor differences in seasonal coefficient
of performance (SCOP) and seasonal energy efficiency ratio (SEER) of the heat pumps
for two types of buildings, it is difficult to assess variations in the SCOP and SEER with
different building types since they also depend on the size of the heat pump; which also
varies in each case. Buffa et al. [38] investigated about 40 thermal networks that work
at a temperature level close to the ground temperature. Their study covered both the
heating and cooling loads of buildings in Europe via means of distributed heat pumps (as a
source) with installation skewed towards customer substations to propose an unambiguous
definition for “Fifth-Generation District Heating and Cooling”(5GDHC networks). They
identify ten forms of 5GDHC networks based on some metrics such as the method of heat
extraction, number of pipelines, and the combination of the flow direction of energy and
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source. Christodoulides, Aresti, and Florides [39] identified and compared the costs of
two sources of energy for buildings; namely, Ground Source Heat Pumps (GSHPs) and
Air Source Heat Pumps (ASHPs), for air-conditioning purposes of houses in moderate
climates. Hou and Taherian [40] provided an extension of GSHPs and proposed a hybrid
system coupling various auxiliary components to the original system to help improve
the overall performance. Other studies that proposed hybrid sources of energy systems
for the building [41-43] expounded on ground source pump-based sources of energy for
heating in residential buildings. They proposed different innovative heat pumps that
utilize active magnetic regenerator technology. Li et al. [44] identified “central forced-air
heating, ventilation, and air conditioning” (HVAC) as among the commonest systems for
conditioning systems in residential buildings. Sayadi et al. [45] performed an extensive
dynamic energetic assessment for large complex building cases. Other sources of energy
for heating and cooling in residential buildings include thermoelectricity [46].

It is worth noting that each source of energy for heating and cooling purposes in
buildings do have advantages and disadvantages, in both economic and non-economic
perspectives. Buffa et al. [38] presented several pros and cons of 5GDHC networks. On
the positive side, 5GDHC networks allow for recovery of excess heat at low-temperature,
exhibit modularity, and resiliency to changes in loads and building-level efficiency results in
thermal losses that are trifling can be deployed with pipelines made of polymeric materials
and synergizes with seasonal which results in lower losses. On the negative side, 5GDHC
networks are more expensive because substations and installations must be made for
individual domestic hot water (DHW) tanks, require pipelines with a larger diameter and
thermal capacity, results in highly variable pumping costs, require massive space, and is not
suitable for direct heating due to the proximity of temperature to the ground temperature.
In an attempt to assess GSHPs and ASHPs interchangeability using cost estimates as
a yardstick, Christodoulides et al. [39] reported that GSHP systems are not feasible for
workable investment towards energy conservation and that ASHP systems which are
specifically designed with inverter technology heat pumps are highly competitive. They
added that GSHPs require huge initial capital for room and ground loop installations,
drilling, piping, fittings, as well as backup heating and cooling systems.

As remedies for pump-based systems, conventional non-pump-based sources of
heating and cooling of homes and hot water have been proposed by various researchers.
Gerber et al. [47] investigated the use of direct current (DC) as an efficient source of energy
for selected appliances (including cooling gadgets such as bath fans, refrigerators) in
buildings. They showed that, though direct-DC loads are generally efficient, the efficiency
is higher in loads that are unequivocally designed for DC from the ground up relative to
an alternating current (AC) modification. The unavoidability of huge costs in providing
energy for heating (including hot water) and cooling in the building has made retrofitting a
viable option. Ferrante and Semprini [48] iterated that retrofitting constitute light to radical
means of improving energy performance in urban buildings. Several studies [49-51] have
performed comprehensive analyses on retrofit as an emerging and cost-efficient approach
to fulfilling energy demand in buildings. Most of these studies used buildings in Europe as
case studies; however, they did not consider the specific application proposed in this study
(the replacement of existing electric heaters with heat pump systems for cooling/heating
and hot waters).

2.1. Brief History of Global Energy Consumption in Buildings

Growth in the world’s population has a direct impact on energy consumption in build-
ings. Maslow’s need theory posits that the need for shelter/accommodation is important
and it is one of the basic needs that every rational human being seeks to satisfy in their
endeavor to achieve their life ambitions [52]. Therefore, each member of the human popula-
tion requires an accommodation in the form of buildings. When these buildings are erected,
the next possible thing that individuals demand is energy to regulate life activities within
such buildings. As far as the human population continues to increase, energy consumption
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in buildings surges [12]. However, Share [53] claims that the construction of buildings
uses 36% of global energy and accounts for 39% of carbon dioxide emissions. Although
efforts are being channeled to more sustainable building systems, the pace in attaining a
more efficient energy-driven and sustainable building has not been adequate to fulfill the
changing need of building energy demand. Therefore, to achieve global building energy
sustainability targets, energy efficiency/conservation in buildings must improve on an
average of 30% by 2030 [54].

Showing a more recent trend in global energy consumption in buildings, a report [55]
indicated that energy use by buildings rose from 119 exajoules (EJ]) in 2010 to about 125 EJ
in 2016. Final energy use in buildings grew from 2820 million tonnes of oil equivalent
(Mtoe) in 2010 to around 3060 Mtoe in 2018, while the share of fossil fuels decreased only
slightly, from 38% in 2010 to 36% in 2018 [53]. The speed of energy intensity reductions in
the buildings sector has fallen in recent years, from around 2% in 2015 to an estimated low
of 0.6% in 2018—which is significantly less than the floor area increases of 2.5% from 2017
to 2018. However, the good news is that emissions in buildings globally reached a peak of
9.5 gigatonnes of CO; in 2013 and decreased to 9.0 gigatonnes in 2016 [55]. According to
this report [55], such reduction was a result of progress made in reducing carbon intensity.
The argument is that the world has not been able to achieve minimum greenhouse gas
emissions in buildings because the energy and emissions optimization techniques have
not been fully utilized [56]. This is due to the continued use of less efficient technologies
with zero stringent policies to enforce building regulations. As energy use in buildings is
also affected by human factors, some countries have already started to promote occupant-
friendly technologies and building attributes that could enable energy savings. A typical
example is the use of human factors in building codes in China. In the United States and
Canada, there is documentation of best practices for building design and construction
available [57]. Many countries in the European Union have legislation in place for these
issues as well [58]. More occupant-friendly technologies in buildings take the form of good
building orientations and designs amongst the others.

2.2. Role of Building Orientation, Wall Design, and Fenestration Details on Energy Consumption
in Buildings

Building orientation, wall design, and fenestration details are known to affect energy
use in buildings [59]. Typically, the positioning of a building and the use of different mate-
rial for the building construction is an integral part of energy demand/supply in buildings.
It is claimed that the most optimized building orientation with regards to directions is when
buildings face south-southwest (north hemisphere) and vice-versa [60]. It is estimated that
about 4% of energy could be lost/gained depending on the orientation of buildings [60].
A similar study asserts that, when building orientation is south-west facing (between
60° to 75°), it receives maximum solar energy for heating demands but if it is north-east
facing (between 255° to 270°) it achieves minimum cooling demand [61]. Therefore, to
achieve optimal orientation for a building with minimum heating and cooling demands,
the main facade should be north facing (between 165° to 195°). Building orientation is
one of the most important factors affecting energy consumption [62]. An air-conditioned
building that has a southern facade consumes less energy and a western facade causes
higher annual energy consumption by 26% over the southern facade [62]. In terms of a
two-facade building, the lowest energy consumption is obtained between the northern and
southern orientations [62]. Therefore, building orientation must be considered as crucial
during the initial stages of building construction because the orientation can determine
the amount of daylight and natural ventilation entering the building thereby, affecting
the consumption of energy in buildings. Total energy consumption increases when the
window-wall ratio increases [63]. It becomes more significant as the window orientation
is east or west. To ensure high energy efficiency, low-emissivity glass is preferable to
hollow glass (double glazing) [63]. The influence and sensitivity of the window-wall ratio
on total energy consumption are related to the operation mode of the air conditioning
system, the orientation of the outside window, and the glazing types of windows [63].
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However, the design and orientation of buildings can impact energy conservation and
efficiency levels and the problem has been to find the most energy-efficient form adaptable
to different buildings. The difficulty in attaining the optimal energy-efficient form-aspect
ratio has emanated various responses to building orientations. For instance, Koranteng
and Abaitey [64] argued that for optimal form-aspect ratio, a detailed functional method
of spaces in designing schemes by applying simulation for design alternatives should
be applied.

2.3. Energy Conservation in Buildings

One way of conserving energy in buildings is the use of insulation. Well-installed
insulation ensures energy efficiency in every part of the building envelope including
ground decks, roof lofts, walls, and facades [65]. Insulation could be applied in both cold
regions and hot ones. In cold/cool regions, insulations act to keep buildings warm and
reduce the potential amount of energy that is needed for heating, whereas in hot/warm
regions, insulation systems keep the heat out and reduce the need for air conditioning. The
shape of buildings influences energy use in buildings [66]. When buildings are compact,
it reduces the surfaces in contact with the exterior, thus the building and its openings are
given an appropriate orientation (preferably towards the south) and this promotes energy
conservation. Leakages can cause either heat loss or heat gain and either of these can affect
energy conservation in buildings. The infiltration of cold outside air may result in cold
droughts occurring within the building [67]. In the same way, exfiltration can cause heat
loss and energy waste through the leakage of warm air.

Additionally, the direction of windows influences energy conservation. Windows
facing the east and west have a greater impact on the energy consumption of bedrooms [68].
Therefore, they should either be avoided, or the window-wall ratio must be limited. Exter-
nal windows with suitable shading coefficients should be used. It is also recommended
that, to ensure energy conservation design in buildings, the windows of bedrooms should
be at the north or south facade with appropriate ventilation, natural lighting, and heating
systems. Studies [69,70] indicate that the use of passive solar heating, passive cooling,
natural ventilation flow, and daylight can be a good way of maximization of natural energy
gains and can result in a significant reduction of delivered energy required to meet a
building’s energy needs. Therefore, environmentally smart buildings make good use of
energy resources, while minimizing waste. Another way of ensuring natural energy gains
is by capitalizing the potential contribution of a building’s performance offered by its
surroundings. To be able to tap impending benefits, the shapes of buildings must enable
the flow of daylight and natural ventilation and reduce heat losses [71]. In summary, to
increase energy conservation, natural ventilation should be considered wherever practical
and appropriate and must be combined with mechanical ventilation or air conditioning.
There must be good levels of thermal insulation and prevention of unwanted air infil-
tration through the building envelope. This is buttressed with intrinsically efficient and
well-controlled building services, well-matched to the building fabric and its expected
use [17].

2.4. Energy Efficiency in Buildings

Energy efficiency concepts measure a building’s energy efficiency performance against
standard benchmarks measured considering the standards of a given country [72]. Building
energy efficiency is determined by several factors including; the degree of electrification,
the level of urbanization, the amount of building area per capita, the prevailing climate,
as well as national and local policies to promote energy efficiency [17]. Recently, energy
efficiency in buildings has received much research attention as studies indicated that
it can influence economic growth and improved living standards [20,72]. The energy
efficiency of a building highly depends on the building’s ability to; reduce heating demand,
reduce cooling demand, reduce energy requirements for ventilation, reduce energy use
for lighting, heating water, and also reduce the energy consumption of equipment and
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appliances. According to Simona et al. [73], ensuring efficiency in energy use is a step in the
right direction to enhance the fight against climate change. However, most of the buildings
in the world today do not meet energy efficiency standards and hence need retrofitting [74].

To achieve the required level of energy efficiency in buildings, there is a need for
regulations and enforcement. As a result, the USA has adopted energy codes and regu-
lations that are estimated to save more than 14.8 exajoules of energy between 2009 and
2030, with annual savings of 1.8 exajoules in 2030 [59]. In monetary terms, the codes are
expected to save the USA more than USD 15 billion in annual savings on energy bills in
2030. Aside from its monetary benefits, it is projected to help reduce pollution and achieve
carbon emissions targets [59]. Additionally, to ensure energy efficiency in buildings, the
EU mandated its members to obey minimum energy performance requirements for both
new and existing buildings undergoing a major renovation. The directive requires building
energy performance certificates (EPCs) when a property is sold or leased. For HVAC
systems specifically, the directive requires either mandatory inspections of large boilers,
air-conditioning plants, and heating systems older than 15 years of age; or advice on the
efficient use and replacement of these systems.

2.5. Renewable Energy Integration in Buildings

Renewable energy does not emit any form of greenhouse gas and does not cause any
form of pollution. Most importantly, investing in renewable energy technologies contribute
to economic development and job creation, and environmental improvement [75]. Due to its
advantages, renewable energy is considered to be the best substitute for fossil fuel to achieve
environmental sustainability targets [76]. This makes it essential for buildings to integrate
renewable energy sources (solar, wind, biogas, geothermal, biomass, hydroelectricity as
well as wave and tidal power). The integration of renewable energy in buildings has the
potential to complement energy-efficient designs of high-performance new buildings by
reducing the energy requirements from conventional technologies. Buildings should
be designed with a low energy demand, which is met by renewable energy sources.
For instance, India’s model building bylaws from 2016 conforms to the requirement of
integrating renewable energy specifically solar in buildings [77].

On a statistical scale, the projections from the global status report in 2017 indicate that
about 18% of global final energy consumption in 2016 came from renewables, with 13%
coming from traditional biomass, such as wood-burning. Hydropower was the next largest
renewable source providing 3%. Modern technologies such as geothermal, wind, solar, and
ocean energy together provided as little as 0.8% of final energy consumption [78]. Accord-
ing to this statistical report, it is worth noting that renewable energy integration cannot
be done effectively without a corresponding advancement in technologies. Currently, the
technologies commonly used are; Solar PV, solar thermal, solar ventilation preheating sys-
tems, geothermal techniques, wind resources, and bioenergy [78]. To integrate renewable
energy technologies in buildings, well-planned design, and energy-efficient technologies
must be deployed and assessed at every stage of the building construction project. The
renewable energy integration process starts by assessing renewable energy options. This is
followed by screening, renewable energy feasibility studies, and size and design systems.
When this is carried out appropriately, it ensures that the right renewable energy options
are used with the best available technologies. This optimizes the integration process for
the best result.

3. Review of Research on Building Retrofits

Buildings face functional and maintenance issues in retrofitting and the same applies
to renovation and demolishing [79]. Another concern is that for retrofitting, environmental,
social, and technical issues are often examined separately in the decision process. Yet,
retrofitting presents an opportunity to reduce energy waste and curb air pollution and
global warming [20,79]. Initially, there were long lists of inefficient all-glass curtain walls,
promoted due to retrofitting. Those all-glass curtain wall buildings rely on artificial
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ventilation, cooling, and heating, and suffer from poor insulation, which collectively makes
them energy hogs. Recent developments in building retrofitting have made it possible to
increase energy efficiency, optimize building performance, increase tenants’ satisfaction,
and boost economic return while reducing greenhouse gas emissions [74]. In the United
States retrofitting is projected to offer a USD 279 billion investment opportunity [80]. It is
also projected that, in the next decade, retrofitting can help the United States save over USD
1 trillion on energy bills and reduce CO; emissions by 600 million metric tons annually.

In terms of macroeconomic gains, retrofits can lead to the creation of over 3.3 million
jobs either directly or indirectly in the USA [80]. In the United Kingdom, the majority of
large-scale retrofit projects are conducted through elemental retrofit, which uses one or two
retrofit measures with relatively low cost and can generally reduce energy consumption and
CO; emissions by 10% to 30% [81]. In China, [20] claims that fabric retrofit could reduce up
to 54% of gas consumption in buildings. This claim is substantively based on transitioning
to a less heating demand with an improved building envelop. Furthermore, the study
asserted that electricity use can be significantly reduced through installing solar PV to the
roof and the south facade above the third floor, with reductions of 82.2 to 90.9% for high-
rises, and 168.8 to 179.2% for mid-rises and multi-buildings. The best retrofitting results
can be achieved by applying the highest specification of the ‘whole-house’ approach, which
combines fabric, system, and renewable retrofit measures, with annual CO, emissions
reductions of 75.6 to 80.6% for high-rises, and 104.7 to 105.2% for multi-storey and mid-rise
buildings [20]. Table 1 presents a summary of studies on building energy efficiencies and
conservation. Additionally, recent building energy policies are reviewed and presented
in the same table. The materials summarized in this table have been chosen based on
their relevance to the field of energy buildings and their qualities. While most of the
materials summarized are research papers published in top journals, some reports about
building energy efficiency and conservation by reputable global energy organizations are
also considered.

From all the reviewed materials, it is clear that building energy efficiency, conservation,
and management is a global issue that requires immediate attention. Based on these studies,
it can be concluded there is a vast potential for building energy conservation if adequate
measures are taken, and if the right policies are implemented. Although different studies
have proposed different measures to reduce or conserve energy in buildings, there is still a
need for researchers to develop other models to solve this same issue. Additionally, the
implementation of the existing models and methodologies is required in different parts of
the world to validate their adaptability to different buildings and climates. In this study, the
use of walk-through energy audit method is used to identify the retrofit measures required
to save energy in a community in one of the Mediterranean islands. The details of the
retrofit measures and the results are presented in subsequent sections (Sections 4 and 5).
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Table 1. Summary of studies for energy efficiency, conservation, and policies in buildings for the last decade.

Energy Conservation and Efficiency for Buildings

Title and Reference

The Objective of Research and
Contribution to Literature

Methodology or Model Used

Significant Results and Main Conclusions

Energy-Efficient building:
Multi-annual roadmap for the
contractual PPP under Horizon
2020 [82].

Achieving a high-tech building industry,
which turns energy efficiency into a
sustainable business.

A multi-scale cross-disciplinary
holistic approach fostering
interactions among players

(including software suite and
training)

A holistic optimization framework is required to minimize CO,
emission, energy consumption, and cost of ownership, where
Life Cycle Assessment supports decision making a teaching
stage of the building value chain

Energy Efficiency or Conservation
for Mitigating Climate Change? [8].

To examine both the potential and barriers to

the adoption of energy reduction measures,

with particular attention to domestic energy
and passenger transport.

Reviews

Findings indicate that energy efficiency approaches alone are
unlikely to deliver anywhere near the energy reductions needed
in the limited time available. Instead, most energy reductions
will have to come from energy conservation, involving less use
of energy-using devices, including private vehicles. Achieving
such reductions will require changes in lifestyles, especially for
residents of OECD nations.

Improving the Energy Efficiency of
the Residential Buildings in
Jordan [83]

To investigate the impact of energy retrofit
programs for the existing residential buildings
under the typical Jordanian climate.

Parametric analyses

The results show that implementing level 3 energy efficiency
measures can save up to 43% of the annual electricity
consumption, save up to 842 MW on peak demand energy, and
2190 kilo-ton/year reduction of CO, emission. Another finding
shows that energy conservation programs could create jobs.

Energy Efficiency in Commercial
Buildings [84].

To obtain a clear understanding of energy
efficiency in buildings and specifically in
commercial buildings outlining what would
be the most feasible renewable technique to be
adopted in commercial buildings

Review

The energy performance of a building will directly impact the
resale and rental income of the building.
There is a need to consider energy efficiency before the impact of
renewable technologies can be maximized.

Compendium of best practices on
standards and technologies for
energy efficiency in buildings in the
UNECE region [85].

To identify best practices on adopting,
implementing, and enforcing energy efficiency
standards and energy efficiency technologies

for the building sector in the UNECE region
and prepare a compendium of best practices.

Case study

The analysis of the presented cases highlights the high efficiency
of existing energy efficiency finance and investment schemes,
which are widely used across all countries of the UNECE region.
However, the proper implementation of financial mechanisms
requires long-term project sustainability.

What is wrong with energy
efficiency? [86].

To develop a more fundamental critique and
to argue that, far from being a solution,
efficiency, as currently constituted,
undermines that which it is expected to
achieve.

The study used Bruno Latour’s
notion of purification and Ian
Hodder’s ideas about entanglement

If carbon emissions are to be reduced on any significant scale,
then it is essential to consider the meanings, the levels of service,
the types of consumption, and demand that efficiency policies
support and perpetuate.
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Table 1. Cont.

Energy Conservation and Efficiency for Buildings

Title and Reference

The Objective of Research and
Contribution to Literature

Methodology or Model Used

Significant Results and Main Conclusions

Energy efficiency developments and
potential energy savings in the
Greater Mekong sub-region [87].

Energy efficiency targets and developments in
five countries in the Greater Mekong
Subregion (GMS): Cambodia, the Lao People’s Review
Democratic Republic (Lao PDR), Myanmar,
Thailand, and Vietnam.

The GMS countries envisage substantial energy efficiency
savings over the next 15-20 years, with Thailand projected to
score the highest savings, ranging from 20 to 40%, in its industry
and transport sectors.

For Cambodia, the Lao PDR, and Myanmar, the residential and
commercial sectors are expected to be the major source of
savings. For Vietnam, energy savings are expected to be greatest
in the industrial sector.

The national energy efficiency action plans of the five countries
identify energy efficiency savings potential in the 30-50% range
for energy-intensive industries, such as the glass, cement, and
steel industries.

Overall energy efficiency savings for the five countries could
amount to almost 60 million tons of oil equivalent (Mtoe) yearly
by 2030.

Energy Efficiency and Conservation
Measures: Tools for Sustainable
Energy Development in Nigeria [88].

To assess possible ways to efficient energy
utilization and conservation measures for
sustainable energy development in economic
sectors in Nigeria.

Review

Energy is an important production factor and therefore should
be managed in parallel with land, labor, and capital.
Energy utilization in Nigeria is far from efficient.

Forest and woodland reserves are being depleted for heating and
cooking purposes using stoves of efficiency less than 10%
The oil extraction process includes a lot of waste in the form of
spillage resulting in serious environmental problems.
Continuous flaring of large volumes of natural gas in the oil
fields of the Niger Delta is worsening the energy supply
situation.

Inefficient electrical appliances (lighting, refrigeration, air
conditioning, motors, fans, etc), especially in the residential,
commercial, and industrial sectors in the face of inadequate
supply has aggravated the demand-supply energy imbalance.

Urban building energy modeling- A
review of a nascent field. [89].

Review of emerging simulation methods and
implement workflows for such bottom-up Thermal modeling
urban building energy models (UBEM).

Significant progress has recently been made towards the
development of simulation workflows to estimate overall
operational building energy use across neighborhoods. Given
the insight that one may gain from such simulations for
planning, design, and policy decisions, the required effort level
to set up and run such models seems justifiable.
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Table 1. Cont.

Recent energy policies in buildings

Title and Reference

Objective of research and contribution to

literature Methodology or model used

Significant results and main conclusions

A review of building energy
regulation and policy for energy
conservation in developing countries
[10].

Investigates the progress of building energy
regulations in developing countries and its
implication for energy conservation and
efficiency.

Online Survey

The level of progress on energy regulation activities in Africa,
Latin America, and the Middle East is increasing given the
higher number of energy standard proposals recorded in these
regions.

Developing countries are still far behind in building energy
regulation development, implementation, and compliance when
compared to developed nations.

Also, decision making regarding energy regulations is still from
the government only, with little or no input from
non-governmental entities.

There is lower energy regulation development recorded in these
regions compared to regions with integrated and consensus
approach.

Renewable energy policy review,

To facilitate the exchange of expertise and
technology on renewable energy between
China and Ghana, with a focus on building

Ghana also shows some commitment to overcome the remaining

Identification of Gaps, and Solutions o . Review barriers needed for the accelerated growth in renewable energy
in Ghana [90] the institutional framework and capacity development and deplovment
’ required to facilitate the local absorption of P ploy '
the technologies.
Highlights how the transport sector could be Energy systems should have thg ability to respond p.romptl.y and
- . , flexibly to energy emergencies. In some cases, this requires
decarbonized and what role Finland’s . . .
. . . - . . collective mechanisms and action
Energy policies of IEA countries: domestic wood-based biofuels could play in it. . . . .
- . - L Review The environmentally sustainable provision and use of energy are
Finland 2018 review [91]. Suggest how Finland could maintain .
- . central to the achievement of these shared goals.
energy-efficient combined heat and power .
. More environmentally acceptable energy sources need to be
(CHP) production
encouraged and developed.
New and Renewable Energy Policy Discuss new and renewable ener. olicies as bzg(e;llrlliiiooir;?gni?ergs};jzi reﬁﬁ%ﬂi:ﬁ:ﬁﬁéﬁ anr;’? fofo’f;[rrtl(;l
in Developing Indonesia’s National 8y P Review &Y ty P ’

Energy Resilience [92].

an effort to build national energy security.

The policy on the use of new and renewable energy aims to
prepare the carrying capacity of national energy security.
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Table 1. Cont.

Recent energy policies in buildings

Title and Reference

Objective of research and contribution to
literature

Methodology or model used

Significant results and main conclusions

Building Energy Efficiency: Policy,
learning, and technology change
[93].

Analyses the role of policy instruments and
policy packages in the development of
energy-efficient end-use building technologies
and their emerging markets

Innovation theory

The results show that technology change requires timely,
long-term, and flexible policy support.
The research also highlights the importance of policy support for
learning processes in the innovation system and as a
determinant of technology change.

Energy policies in Cameroon: a
holistic overview [94].

To address energy issues (reliability,
accessibility, and security) in Cameroon and
bring to light the potential and meaningful

contributions of renewables in solving energy
concerns.

Review

The energy sector of Cameroon holds promising possibilities for
development and diversification gave the country’s energy
potential. With adequate policy, standards, regulations,
awareness, capacity building, and off-grid renewable energy
investment measures, it is possible for Cameroon to meet future
energy targets and ensure meaningful development throughout
the country.
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4. Methodology

In this study, the retrofit of a community in Cyprus is presented. This section will
describe the step taken during this retrofit and presents the economic model used. The
emission constants used for environmental analysis will be highlighted.

4.1. Retrofit Process and Data Collection

This retrofit focused mainly on the heating, cooling, and hot water system within
the housing stock. The general architectural plan/layout for this community is presented
in Figure 2. The community consists of both residential and commercial apartments. It
also has a central building (housing for administration offices) and a restaurant. The
residential apartment consists of 30 units of 2-bedroom apartments and 20 units of 3-
bedroom apartments. The commercial apartment (hotel) consists of 16 units of 2-bedroom
apartments and 20 units of 1-bedroom apartments. The commercial apartments are mostly
occupied by tourists who are on a long-term vacation in the country.

GENERAL LAYOUT
OLGEK : 1/200

GREEN

Figure 2. Community Architectural Plan/Layout.

The flow chart of the retrofit process is shown in Figure 3. These processes (Figure 3)
are used to determine the retrofit measures suitable for different buildings. Additionally,
based on the flow chart, buildings that over-consume energy and do not fit into any retrofit
measure should be demolished except if it is for some significant purpose (e.g., ancient
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landmark, tourist attraction, monuments, etc.). Based on the pre-retrofit survey conducted,
the use of electric heaters for hot water production, ordinary resistance electrical heaters
for space heating, and air-conditioning systems for cooling were identified as the three
main energy-consuming units. This is estimated to consume a sizeable amount of energy
(Table 2) for each of the buildings thereby, resulting in high overall energy consumption
in the community. The goal of the retrofit is to reduce the energy consumption of these
buildings. A walkthrough and data-based energy audit is conducted.

Pre-retrofit
surve
) Client resources and

\
expectations J ¢i Establish goals & targets |

Y

Data collection and
building en¢rgy auditing

) Audit scope and level )

Energy performance

indicators and performance >f

Building performance assessment and
energy use baseline establishment

!

Energy audit report and performance assessment

Client review

assessment tool

Database of building
retrofit measures /

Building specific information\ Identify possible retrofit |4
and characteristics measures

F v

Y
Energy calculation/ | N .
) simulation method | -l Quantify energy benefits |

\
) Environmental assessment Cost-benefit Environmental

method : |,-> anallvsis analvlsis

A

) Economic analysis tool

| Prioritize retrofit measures |

'

| Develop an action plan |

Tools selection/strategic methods & planning

Pre-retrofit activities

| Client review and comments |

Yes

Implementation

Figure 3. Retrofit Flow Chart.
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Table 2. Hot water and heating/cooling load summary.

Tvpe of Apartment Average Number of Hot Water Area and Average
yp P Occupants Consumption (L/yr.) Heating/Cooling Load
. . 2-bedrooms 3 persons 120m? @ 6 kW each
Residential apartments 5
3-bedrooms 4 persons 7,533,600 145m~ @ 8 kW each
Commercial 2-bedrooms 3 persons 80m? @ 8 kW each
apartments 1-bedroom 2 persons 60m? @ 6 kW each
. . Offices/Restaurant - 784,750
Administrative 395m? @ 100 kW
Pool shower - 375,000
Total 8,693,350

The hot water consumption is calculated based on the number of occupants in the
apartments while the cooling/heating requirements are based on the total area of each of
the apartments. The data collected via the audit process is summarized in Table 2. The
average hot water consumption for each occupant in the apartments (both residential and
commercial) is 80 L/day. The restaurant serves an average of 300 meals/day and each meal
requires an average of 6 L of hot water. The hot water consumption by the restaurant and
administrative staff is estimated to be 350 L on average. The community also has a general
swimming pool for the guests residing in the commercial apartments with an attached
shower. Based on the data collected, this shower consumes 2500 L/day of hot water and the
pool is only available during the summer season. The office/restaurant area that required
conditioning is 395 m? and this requires an average of 100 kW of heating/cooling load.

The existing hot water systems are 20 units of an 80-L electrical boiler, 46 units of 100-L
electric boiler, 20 units of 120-L electric boiler, and a 1000-L gas heated boiler. The existing
cooling and heating equipment in these apartments are about 15 years old. They have a
COP and EER value of 2.8 and 2.65, respectively. The electrical energy cost (0.15 € /kWh) for
this area is the same for both commercial and residential buildings. After the data collection
and building energy auditing stage, the energy use baseline and building performance
assessment were carried out. This indicates that there will be a significant reduction in
energy consumption if the retrofit process is carried out. Based on client review, the retrofit
process was approved.

4.2. Cost—Benefit Analysis

In the subsection, the models used to determine the cost benefits of this research are
presented. The economic analysis is based on the simple payback period (SPP) of the
project, the net present value (NPV), and the internal rate of return (IRR). These indicators
have been widely used in many existing studies to determine the viability of a project
and will serve as economic indicators for the retrofit project in this study. RETScreen
energy modeling software is used to perform the economic analysis and the mathematical
modeling for these economic indicators are presented in Equations (1)—(3):

Total Initial Investment

PP = 1
S Total annual revenue x Total Life Span @
n
Ry

NPV = ()

t; (1+i)

N

CE
0=NPV=) ——— 3
n;l (1+IRR)" )

where:
R; = Net cash inflow-outflows during a single period ¢
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i = Discount rate or return that could be earned in alternative investments

t = Number of timer periods

CF = Initial investment/Outlay

N = Holding period

n = each period

IRR is defined in terms of NPV as it involves the ratio of initial investment to the
outlay over a period of time as well as considering the holding period. Holding period
return is calculated on the basis of the total returns from the asset or income plus change
in value.

4.3. Environmental Analysis

The fuel oil used for electricity production in Cyprus is #6 and this will be used for the
emission analysis in the study. The emission factor for this fuel oil is presented in Table 3.

Table 3. Emission Factor table [95].

CO, 0.263 kg/kWh
#6 fuel oil emission factor NOy 0.000743 kg/kWh
SOx 0.00147 kg/kWh
Coal 0.477 kg
Fossil fuel reductions Natural Gas 0.286 m>
Petroleum 0.276 L

Additionally, the fossil fuel savings (considering a 33% overall conversion efficiency)
of the retrofit measures were calculated considering coal, petroleum, and natural gas
energy types. The emission values used for this analysis presented in this study are also
summarized in Table 3.

5. Results and Discussions

In this research, a comprehensive review of energy conservation measures in buildings
has been presented. Additionally, the retrofit of a community that consists of 86 (residential
and commercial) apartments as well as an administrative building and a restaurant in
Cyprus have been analyzed. Hot water and heating/cooling system energy consumption
was identified as the prime opportunity to reduce the energy consumption by the building.
A summary of the results from the building energy retrofit is presented in Table 4.

From the data collected, the daily hot water consumption is 22,000 L and this will
consume an electrical energy equivalent to 1023 kWh/day. The gas consumption for the
hot water requirement (considering a calorific value of 50,000 k] /kg and 90% combustion
efficiency) is 81 kg/day. The proposed heat pump system has a SCOP of 4.5. Based on
the annual hot water requirements (Table 2), the proposed units for the apartments are
30 self-contained heat pump boiler 200-L units (for apartments with 2 bedrooms), 10 self-
contained heat pump boiler 300-L unit (for apartments with 3 bedrooms), 4-sets (1000-L
boiler + air to water heat pump) for hotel apartments, and 1 unit (2000-L boiler + air to
water heat pump) for the administrative building. The maximum temperature for the hot
water is set to 50 °C.

The annual energy required to meet this demand is 404,342 kWh/yr. This com-
prises the total electrical and gas energy consumption by the existing system which is
350,400 kWh/yr and 53,941 kWh/yr, respectively. The heat pump system will consume
86,836 kWh/yr to produce the same amount of hot water (Table 4). The total running cost
(which includes the energy cost and maintenance) for the existing system is 61,033 €/yr.
The initial investment and operation/maintenance costs for the proposed heat pump
system are 142,000 €/yr and 20,578 €/yr, respectively (Table 4). Based on the economic
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analysis, the SPP for this project is 3.58 years. This is highly feasible considering that the
heat pumps have a lifespan of 15 years.

Table 4. Hot water and heating/cooling retrofit summary.

Parameters Hot Water System Heating/Cooling System
Existing system running cost (€/yr) 61,033 55,063
Replacement cost (€) 142,000 123,500
New System
Running cost (€/yr) 20,578 33,339
Difference in running cost (€/yr) 40,455 21,724
. Electrical energy consumption (kWh/yr) 350,400 367,087
Existing system
Gas energy consumption (kWh/yr) 53,941 -
New system energy consumption (kWh/yr) 86,836 222,262
Electrical 263,564 144,825
Energy saved (kWh/yr)
Gas 53,941 -
Simple payback period (years) 3.58 5.68
Internal rate of return (%) 24 11
Net present value (€) 170,089 26,951

For the heating/cooling retrofit, an inverter type heating/cooling (reverse cycle) air
conditioning (AC) unit is proposed to replace the old AC units. The new system will cost
125 € per kilowatt cooling capacity on average. The cooling/heating requirement of these
apartments have been highlighted in Table 2. Based on the cooling/heating requirement,
the total replacement cost is EUR 123,500 (Table 4). The existing AC units have COP and
EER values of 2.8 and 2.65, respectively, and the salvage market value of these systems
is equivalent to 10% of the new systems. The new inverter units have a SCOP of 4.6 and
SEER of 4.4, respectively.

Based on data collected the heating degree days (with base temperature = 17 °C)
of Cyprus is 389 while the cooling degree days (with base temperature = 26 °C) is 288.
The design conditions used for energy consumption, respectively, are: 20 °C indoor, 2 °C
outdoor for winter and 24 °C indoor, 38 °C outdoor for summer. The heating and cooling
requirements based on these conditions are 512,443 kWh/yr and 487,790 kWh/yr, respec-
tively. The replacement and running costs for the new proposed system are EUR 123,500
and 33,339 €/yr. The SPP for this projected is 5.68 years and this is very good considering
that these systems have a 15-20 years lifespan.

One of the main aims of this study is to reduce building energy consumption. The elec-
trical energy required by the hot water systems and the heating/cooling system is reduced
by 263,564 kWh/yr and 144,825 kWh/yr, respectively. Additionally, about 53,941 kWh/yr
of gas is saved from being used for hot water production through the retrofit project
(Table 4). Furthermore, considering a discount rate of 8%, the IRR for the hot water system
and heating/cooling system replacements are 24 and 11%, respectively. A project is said to
be feasible if the IRR is greater than the discount rate; therefore, this retrofit is economically
viable. Likewise, the positive NPV (EUR 170,089 for hot water system retrofit and EUR
26,951 for heating/cooling system retrofit) further justifies the economic feasibility of the
proposed retrofit project.

The environmental benefit of this retrofit project is enormous considering the im-
portance of reducing carbon emission. The retrofit project will reduce Cyprus CO, by
121,592.8 kg yearly (Figure 4). The natural gas and petroleum equivalence, respectively, for
the project are; 90,806,430 m? and 87631.38 L for hot water system retrofit, 414,199,550 m3
and 39,971.7 L for air conditioning system retrofit. The NOy and SOy saved are also
highlighted in Figure 4.
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Emission Reduction

69,081.53

Coal 151,449.89

107.6
NOX 235.91

M Heating/Cooling (kg/yr) H Hot Water (kg/yr)

212.89

SOX Mae6.73
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co2 83,503.82
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Figure 4. Retrofit carbon emission reduction.

6. Conclusions

In the paper, recent studies on building energy efficiency, conservation, policies, and
renewable energy application in buildings have been reviewed and presented. Additionally,
the importance of retrofitting buildings in order to reduce buildings” energy demands are
highlighted. Furthermore, the retrofit of 86 apartments and an administrative /restaurant
building was carried out and the analysis is presented in this study. This retrofit only
focused on the heating/cooling system and the hot water system of the apartment buildings.
The use of heat pump systems to replace the commonly used electric water heaters has
been considered for hot water production while inverter type heating/cooling (reverse
cycle) systems are proposed to replace the old-style AC units.

From the result of the analysis, the hot water and heating/cooling systems of the
apartments were found to be the two main energy-consuming elements. The retrofit of
these systems will save a sizeable amount of energy and reduce the building’s overall
energy demand. As much as 408,389 kWh/yr of electrical energy and 53,941 kWh/yr
equivalent of gas supply can be saved by adopting the retrofit measures presented in this
study. Based on the economic results of the retrofit study (3.58 years SPP, 24% IRR, and
EUR 170,089 NPV for the hot water system retrofit; 5.68 years SPP, 11% IRR, and EUR
26,951 NPV for the heating/cooling system retrofit), it can be concluded that the retrofit
project is very viable. The environmental analysis in terms of carbon emission reduction
further justifies the importance of the proposed retrofit project. In future studies, the
proposed retrofit methodology will be applied to other building types like hospital and
school buildings.
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