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Abstract: The purpose of this study is to identify the most relevant renewable energy technologies
for buildings and to assess the effectiveness of their implementation in the long term for Kuwait.
Methods of analogies and comparisons were used to determine the features of energy efficiency
based on the technologies under study. The study proposes the methodological approach to assessing
the effectiveness of the introduction of renewable energy technologies, determining the direction
of increasing the energy efficiency of buildings and the investment efficiency of introducing these
technologies. Renewable energy efficiency analysis for buildings in Kuwait confirms that solar energy
systems have been the most widely available for widespread use of solar energy over the past three
years. An increasing level of energy efficiency with a decrease in the notional cost of increasing
energy savings is characteristic of solar collectors with booster reflectors. The proposed model for
assessing the level of energy saving provides an opportunity for economic justification of introducing
renewable energy technology in buildings.

Keywords: energy efficiency; energy saving; investments; net present value; payback period; sus-
tainable development

1. Introduction

Climate warming is the main threat to all countries in the world. The Risk Report of
the World Economic Forum, which took place in January 2019 in Davos, emphasized five
risks related to climate change out of ten possible risks for the future development of world
civilization. Humanity has only 12 years to eliminate them. This requires coordinated
action on this issue by all countries of the world, without exception. First of all, it is
necessary to maintain the level of climate warming within 1.5 degrees (according to the
terms of the Paris Climate Agreement), which has not yet been achieved. According to the
forecasts of the World Bank experts, by 2050, 140 million of the world’s inhabitants may
become internally displaced due to climate change [1].

Renewable energy targets are on the rise in many countries. For example, the European
Union has changed the minimum target until 2030 from 27% to 32% [2]. It is planned
to increase the share of renewables in total US energy demand from 11% to 17% [3].
At the same time, the Hawaiian Islands in the United States intend to secure 70% of
their energy independence by 2030, with 40% of which coming from renewable energy
sources [4]. China, a world leader in energy production and consumption, uses renewable
energy sources to meet growing energy demand and prevent air pollution. In 2018, China
accounted for more than half of all global 94 GW solar photovoltaic (PV) systems. However,
in 2018, a quota was introduced for the use of solar PV installations and it was decided
to phase out tariffs for their commissioning, which is expected to lead to a decrease in
installed capacity [5]. The Russian Federation, which has one of the world’s largest fossil
fuel resources, is stepping up the use of solar and wind energy by organizing auctions
to boost employment, support science and technology, and improve energy efficiency
for people living in isolated areas [6]. Kuwait has decided to diversify its sources of
electricity. For instance, there have been multiple projects launched to meet the 15%
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of Kuwait’s electricity demand from renewables by 2030. The Renewable Energy Park
(Al-Shagaya Renewable Energy Park—SREP), which is one of those projects, provides
PV, CSP (Concentrated Solar Power), and wind power solutions. Although it has been
designed in several phases, much remains to be done to achieve the goal of reducing
“carbon dioxide emissions”. Kuwait’s emissions per capita are expected to be more than
four times the global average in 2035. This problem encourages Kuwaiti leaders to take
immediate actions [7].

At the same time, an increase in living standards in the future is inextricably linked
with an increase in the unit consumption of energy and energy carriers per inhabitant. A
large part of these costs is related to providing a comfortable environment for a person
to live or stay in a particular building. Maintaining a comfortable environment through
improved energy efficiency in buildings is important not only to keep people safe and pro-
ductive, but also to reduce carbon emissions by using renewable energy sources instead of
fossil and carbonized ones. Optimal environmental parameters for health and performance
are provided not only through the use of heating, ventilation, and air conditioning (HVAC)
or thermal systems, but also through constructive energy-efficient solutions implemented
in the architecture of buildings. However, the development of modern architecture, the
expansion of the typology of residential and public buildings pose problems that cannot
be solved based on traditional experience. The limited nature of natural resources forces
humankind to resort to a policy of saving them, in particular, energy saving in architecture
and construction in general. Calculation and regulation of the impact on the microclimate
and the energy balance of premises are among the priority tasks of the construction of an
energy-efficient building. In the context of globalization, improving the energy efficiency
of buildings has become one of the most important aspects of government regulation. In
addition to saving energy, these requirements are aimed at protecting the environment from
harmful emissions and rational use of natural resources. At the same time, the solution to
the problem of reducing energy consumption is largely implemented by the introduction
of energy efficient technologies, modernization of energy supply systems, and the use of
renewable energy sources in buildings.

Parameters of buildings, forming their energy efficiency based on renewable energy
technologies should be laid at the pre-investment and investment stages of construction.
In doing so, energy efficiency can be considered both in terms of economic benefits and
in terms of achieving sustainability goals by reducing carbon emissions through the use
of renewable energy sources instead of primary energy sources. With this approach to
the definition of energy efficiency, it becomes necessary to develop scientific foundations,
methods and means for increasing the energy efficiency of buildings. This served as
the motivation for this study, which is aimed at developing a methodological approach
based on a model for assessing the effectiveness of the introduction of renewable energy
technologies in the pre-investment phase in buildings in Kuwait.

2. Literature Review

Current studies and forecasts focus on possible future scenarios, according to which
the total primary energy consumption and carbon dioxide emissions from energy con-
sumption will increase [8]. Energy consumption in buildings will play a key role in this.
As part of the solution to this problem, many governments and international organizations,
mainly located in the US and the EU, have developed a variety of special regulations, the
purpose of which is to reduce the level of energy consumption of buildings and reduce their
environmental impact. This will improve the energy efficiency of buildings and promote
solutions that involve the widespread use of renewable energy sources. Thus, the ZEB
(Zero-Energy Building) has established itself as a benchmark for targeted achievements [9].
The University of Southampton (UK), based on the results of research on climate change,
has created a simulator of fluctuations in meteorological parameters for the period up
to 2080. It makes it possible to simulate changes in meteorological parameters to make
climate forecasts. In the future, such predictive data can be implemented to calculate the
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energy efficiency of various buildings and optimize the design to achieve better control
of energy consumption, including the use of renewable energy technologies [10,11]. Thus,
the installed systems will be used longer, resulting in higher maintenance and repair costs.
Solar energy systems can be used for sustainability in innovative buildings in the context
of improving their performance to provide energy savings. Since the buildings sector is
known to account for about 35% of final energy consumption and 40% of gas emissions, it
is estimated that energy savings could be 60% if solar energy systems are used for heating
and cooling [12].

There are also a number of strategies, approved in different countries, that promote
the refurbishment of buildings, stimulate the dissemination of modern technologies for
increasing energy efficiency, and allow reducing their impact on the environment, eco-
nomic and social indicators. In addition to this, a European Commission directive has
been enacted on the commitment to energy efficiency in newly constructed buildings [13].
The “Passive House” is widespread in European countries for certifying standardized
buildings with low energy intensity [14]. European and American urban development and
energy efficiency programs focus on ZEB. Other countries such as China, India, and Latin
American countries, which are some of the main consumers of energy, are still not showing
results despite significant initiatives being taken [15–17]. As part of promoting sustainable
development and accelerating the transition to green building, the South African govern-
ment has established an Energy Performance Certificate (EPC) for buildings. In this model,
the planned optimal options for the conversion of the entire building are established on
an ongoing basis, with the simultaneous use of both the shell components and the inte-
rior. Long-term investments within the framework of the model are distributed to annual
short-term investments, which become more attractive to investors. To compensate for
the long-term return on investment, a country’s current tax incentive program is taken
into account [18]. By 2025, the energy goals set by the Korea Building Energy Code are to
be achieved through passive building technologies as well as zero- or near-zero-energy
buildings (nZEBs) [19].

Kuwait has one of the highest per capita energy consumption rates in the world.
In Kuwait, ventilation, air conditioning, and lighting systems consume about 85% of
the energy used in buildings during summer peaks and 60% of the total annual energy
consumption in the construction sector. Such large-scale consumption negatively affects
natural resources and the environment [20]. Accordingly, the need to improve energy effi-
ciency, to minimize the environmental footprint, and to reduce the energy use in Kuwait’s
construction sector is of paramount importance [21]. Kuwait, like all oil-producing coun-
tries today, is faced with a changing energy world. The shift in trends in demand, supply,
and technology has led to the emergence of an energy world in which volatility in oil prices
and uncertainty in the market are the defining characteristics [22]. Therefore, to ensure
economic development and social prosperity in the coming years, Kuwait will need a new
energy strategy, coupled with a plan to diversify the economy and reduce dependence on
fossil fuels [23].

For Kuwait, by 2035, the total primary energy demand is projected to increase to
47 million TOE, which is an average of 1.5% per year. However, the achieved growth rates
are significantly lower than the average annual rates of the previous five years, and this is
the result of changes in population and GDP growth rates [24]. According to the forecast of
the Ministry of Electricity and Water Resources, by 2030, the highest demand is expected to
be reached in the amount of 30 thousand MW, while 70% of this volume will come from
new housing construction [25]. This requires significant actions to be taken to employ
the Energy Conservation Code and thus to improve the energy efficiency of the Kuwaiti
construction sector until 2035 [26]. Today, air conditioning accounts for over 70% of the
annual peak electricity demand during the summer months. However, over the forecast
period, electricity demand growth is projected to slow down, increasing by an average
of 1.6% per annum, reflecting the expected slowdown in economic and demographic
growth and stronger adherence to energy efficiency standards in buildings [27]. The final
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electricity demand in 2035 is expected to be 60.8 TWh and the final electricity consumption
to 11.9 MWh [24].

In Kuwait, as elsewhere in the world, energy conservation through improving en-
ergy efficiency in the construction sector has become of great importance. Among the
main directions of energy saving in buildings, it is necessary to highlight, first of all, the
construction of passive buildings with almost zero energy consumption. The use of energy-
efficient materials in their construction plays a special role. It is very important to introduce
energy-saving equipment in order to reduce energy consumption during operation. Of
great importance is the use of renewable energy technologies for a wide range of applica-
tions [28]. In accordance with international norms and standards that are being actively
implemented, buildings are considered as complex energy systems in combination with
enclosing structures, sources of the internal and external environment. The complex of
indicators of thermal energy efficiency of a building includes an assessment of energy
consumption. The assessment of the efficient use of energy for heating and/or cooling is
determined based on the energy requirement of a building [29]. Geometric solutions and
orientation have a significant impact on a building’s energy efficiency. This is determined
by building area and functional purpose of premises, facade area, size, number, type, and
orientation of windows and doors, as well as width, length, compactness, configuration,
shape of the building plan and premises, solutions and orientation of the quarter, streets,
buildings, apartments, and premises [30].

Studies on the development of a scenario for a potential sustainable energy develop-
ment are present and the issue of integrating this strategy into the framework of the Action
Program for the period up to 15–20 years is being considered. The strategy is based on
diversifying supply to meet 15% of demand for renewable energy sources by 2030, reducing
electricity consumption in buildings by 12% and reducing carbon dioxide emissions by
33% by 2035 [31]. In this regard, it is important to study the impact of driving forces on the
energy consumption of buildings in Kuwait. Using baseline final consumption informa-
tion to determine the load on residential premises provides an important foundation for
understanding consumption patterns [32].

In order to assess the potential for energy savings through various criteria, one may
analyze various alternatives and diagnose their implementation costs. A variety of scenar-
ios help design the energy policy such that it permits the promotion of renewable energy
in urban areas. Hence, the results of those scenarios should be clearly communicated to
decision makers [33].

Today, there is a wide range of studies on renewable technology development in
Kuwait. However, the problem of adapting and applying modern approaches of the world
practice of using renewable energy technologies in buildings to the conditions of Kuwait
remains unresolved, as well as assessing the effectiveness of their implementation. The
transition to this type of building can significantly reduce the consumption of fuel and
energy resources, reduce energy costs, and reduce greenhouse gas emissions. All the said
has determined the purpose of this study, which is to identify the most relevant renewable
energy technologies in buildings and assess the effectiveness of their implementation in the
long term for Kuwait. In the process of achieving the formed research goal, the following
hypotheses were proposed:

Hypothesis 1 (H1). The choice of renewable energy technology has a significant impact on
the level of energy savings in Kuwait’s buildings.

Hypothesis 2 (H2). The integrated implementation of renewable energy technology and
storage systems has a significant impact on the level of energy savings in buildings
in Kuwait.

To achieve this goal, the following tasks were identified and achieved:
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- a model for assessing the energy saving of buildings based on the introduction of
renewable energy technologies was formed;

- the level of use of renewable energy sources in Kuwait in the context of the construc-
tion sector was explored;

- the energy efficiency of buildings was assessed in Kuwait based on renewable sources;
- renewable energy technologies implementation was analyzed on the basis of net

present value (NPV), taking into account energy storage systems;
- the forecast of indicators of buildings’ energy saving up to 2040 was formed on the

basis of assessing the investment efficiency of renewable energy technologies use in
Kuwaiti buildings;

- an analysis of variance (ANOVA) was carried out of the effectiveness of renewable
energy technology implementation and storage systems.

3. Materials and Methods

The study used the methods of analogies and comparisons to determine the character-
istics of the energy efficiency of the technologies under study in Kuwait. In general, it was
conducted in five stages shown in Figure 1.

Energies 2021, 14, x FOR PEER REVIEW 5 of 18 
 

 

- the level of use of renewable energy sources in Kuwait in the context of the 
construction sector was explored; 

- the energy efficiency of buildings was assessed in Kuwait based on renewable 
sources; 

- renewable energy technologies implementation was analyzed on the basis of net 
present value (NPV), taking into account energy storage systems; 

- the forecast of indicators of buildings’ energy saving up to 2040 was formed on the 
basis of assessing the investment efficiency of renewable energy technologies use in 
Kuwaiti buildings; 

- an analysis of variance (ANOVA) was carried out of the effectiveness of renewable 
energy technology implementation and storage systems. 

3. Materials and Methods 
The study used the methods of analogies and comparisons to determine the charac-

teristics of the energy efficiency of the technologies under study in Kuwait. In general, it 
was conducted in five stages shown in Figure 1. 

 
Figure 1. Research stages. Source: formed by the author. 

At the first stage, information was collected, and a description of the possibilities of 
using different renewable technologies for energy-efficient buildings was formed. To-
gether with this, the features of renewable energy sources use in energy-efficient buildings 

Figure 1. Research stages. Source: formed by the author.

At the first stage, information was collected, and a description of the possibilities of
using different renewable technologies for energy-efficient buildings was formed. Together
with this, the features of renewable energy sources use in energy-efficient buildings were
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described using such technologies as flat plate thermosiphon units, built-in collector storage,
solar collectors with colored absorbers, solar collectors with booster reflectors, unglazed
solar collectors (designed for hot water supply), as well as Fresnel lens for building atriums,
and hybrid integrated (solar-wind) systems (used to generate power flows). Thus, various
energy-using services are considered.

The second stage presupposed assessment of the energy efficiency of buildings in
Kuwait using renewable energy sources by determining the level of energy savings and the
notional cost of 1% of energy production. To determine the level of costs for the transition to
energy-efficient buildings, a modeling method was used. Based on the formed investment
projects to improve the energy efficiency of buildings, its assessment was carried out, and
the average notional cost of 1% of energy efficiency for the studied renewable energy
technologies was determined.

At the third stage, the investment performance of the implementation of renewable
energy technology in buildings, as well as in combination with energy storage systems,
was assessed on the basis of net present value. The modeling is based on the assumption
that there is an efficient investment in renewable energy technologies used in building
applications. Based on the econometric diagnostics of the obtained results of simulation
modeling, an analysis of the interdependence of the level of energy saving and energy
efficiency as a result of the introduction of a particular technology in the building, namely
the corresponding volume of investments, is carried out. In this case, the following
dependence is assumed:

ϕτ(∆ES) = esinv
0τ + esinv

0τ ∆ES (1)

where ∆ES—the level of energy saving of the building as a result of the introduction of
technology for the use of renewable energy sources (%);

τ—renewable energy investment option index, τ = 1, 7;
ϕτ(∆ES)—the amount of power generation for the investment option τ;
esinv

0τ , esinv
1τ —parameters of the econometric model for the investment option τ on the

introduction of renewable energy technology.
Based on the proposed methodological approach to the construction of investment

projects for the implementation of renewable energy technologies, the mathematical ex-
pectation of the function of energy-saving volumes was determined ϕτ(∆ES) of a random
variable ∆ES with distribution density f (∆ES). While f (∆ES) means:

f (∆ES) =
1

σ
√

2π
e−

(∆ES−ERS)2

2σ2 (2)

where ERS—Expected Resource Saving;
σ—the level of its possible mean deviation.
In this case, the mathematical expectation for the energy saving function (EV–Expected

Value) has the following form:

EV[ϕτ(∆ES)] =

+∞∫
−∞

ϕτ(∆ES) f (∆ES)d∆ES (3)
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Based on the substitution within the integration and replacement of certain mathemat-
ical models, the equation takes the following form:

EV[ϕτ(∆ES)] =
7∫

0

(
esinv

0τ + esinv
1τ ∆ES

)
· 1

σ
√

2π
e−

(∆ES−ERS)2

2σ2 d∆ES

=
esinv

0τ

σ
√

2π

7∫
0

e−
(∆ES−ERS)2

2σ2 d∆ES

+
esinv

1τ

σ
√

2π

7∫
0

∆ESe−
(∆ES−ERS)2

2σ2 d∆ES

= esinv
0τ

[
ϕ
(

7−ERS
σ

)
+ ϕ

(
ERS

σ

)]
+

esinv
1τ

σ
√

2π

7∫
0

∆ESe−
(∆ES−ERS)2

2σ2 d∆ES

(4)

where ϕ (y)—integral Laplace function taking into account the parameter y.

In order to determine the integral 1
σ
√

2π

∫ 7
0 ∆ESe−

(∆ES−ERS)2

2σ2 d∆ES, it is assumed that

x = ∆ES−ERS
σ and x is accepted as a new variable. As a result, ∆ES = xσ + ERS. While,

d∆ES = σdx. By replacing the variables, one can get:

1
σ
√

2π

∫ 7
0 ∆ESe−

(∆ES−ERS)2

2σ2 d∆ES = σ
σ
√

2π

∫ (7−ERS)/σ
−ERS/σ (xσ+ ERS)e

x2
2 dx =

σ√
2π

∫ (7−ERS)/σ
−ERS/σ xσe

x2
2 dx + ERS√

2π

∫ (7−ERS)/σ
−ERS/σ e

x2
2 dx =

σ√
2π

∫ (7−ERS)
σ

− ERS
σ

e
x2
2 d
(
− x2

2

)
+ ERS

[
ϕ
(

7−ERS
σ

)
+ ϕ

(
ERS

σ

)]
= σ√

2π

[
e−

ERS2

2σ2 − e−
(7−ERS)2

2σ2

]
+ ERS

[
ϕ
(

7−ERS
σ

)
+ ϕ

(
ERS

σ

)] (5)

Thus, the mathematical expectation of a building’s energy saving as a result of the introduction
of renewable energy technologies will have the following form:

EVτ = EV[ϕ(∆ES)] = esinv
0τ

[
ϕ
(

7−ERS
σ

)
+ ϕ

(
ERS

σ

)]
+

+esinv
1τ

{
ERS

[
ϕ
(

7−ERS
σ

)
+ ϕ

(
ERS

σ

)]
+ σ√

2π

(
e−

ERS2

2σ2 − e−
(7−ERS)2

2σ2

)} (6)

The proposed methodological approach to assessing the effectiveness of the introduction of
technologies for the use of renewable energy sources allows one to take into account the drivers of
energy saving, to determine the directions for improving the energy efficiency of buildings and to
promote favorable investment support for the introduction of renewable energy technologies.

The fourth stage implied forecasting energy savings in buildings after introducing renewable
energy solutions in Kuwait buildings. When predicting the effectiveness of investments in renewable
energy technologies in buildings, it is assumed that maintenance costs can be as low as 1% per year
of investments [34]. Investment performance forecasting in this study has a limitation. It lies in the
fact that, in the forecasting period, the conditions of implementation and operation of the studied
technologies may change, as well as new substitute technologies may emerge. All of this may affect
the estimated profitability of the investments in renewable energy technologies in buildings.

Determining the economic value of introducing renewable energy technologies for buildings is
based on a net present value (NPVtech) in the period i for every renewable energy technology:

NPVtech =
n

∑
i=1

CFtechi

(1 + d)i −
n

∑
i=0

Invtech

(1 + d)i (7)

When justifying the economic feasibility of introducing technologies for using renewable energy
sources for buildings, the possible emergence of new technologies was also taken into account.
At the same time, attention was paid to the decrease in the possible level of investment in the
introduction of renewable energy technologies used in building applications in the period under
review as a result of their obsolescence. Taking into account that the assessment has been formed for
a long-term period (20 years), it should be noted that there is a certain limitation of the proposed
methodological approach, which manifests itself as the emergence of innovative technologies both
in construction and in renewable energy. This can distort projected performance indicators in the
context of economic benefits.
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The final research stage was the analysis of variance of the effectiveness of the introduction of
renewable energy solutions and energy storage systems. This analysis was carried out with reference
to a possible 5% deviation of indicators designating the influence of the introduction of renewable
energy solutions and energy storage systems on energy saving in buildings. This allowed an inference
that the above factors do not have a notable effect on the energy saving level for all technologies
under study.

4. Results
Kuwait is entirely dependent on fossil fuel resources for energy production, and its energy

demand will triple by 2030. By this time, in order to expand the range of its own energy balance,
Kuwait plans to increase the share of renewable generation to fifteen percent [35]. At the same time,
Kuwait is actively developing in this direction (Figure 2).
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the data from International Renewable Energy Agency [36].

Over the past three years, Kuwait has seen a significant increase in the use of renewable energy
sources. However, improving energy efficiency in building construction in Kuwait requires clear,
long-term government policies, coupled with well-thought-out comprehensive strategies, backed by
adequate capacity to implement them and sufficient enforcement. The Kuwait Energy Conservation
Code, adopted in 1983, lacked adequate oversight, auditing, and enforcement. For 27 years, the 1983
code has not been revised, and the construction sector is one of the main sources of inefficient energy
use with a very large reserve of energy efficient buildings. Almost thirty years later, a revised draft
code was adopted with stricter requirements for energy efficiency measures in new buildings. In
2014, this Energy Conservation Code was revised again to take into account even stricter standards in
the context of the minimum energy efficiency requirements for the design of new buildings in Kuwait.
The 2017 Code for Government and Commercial Buildings established minimum requirements for
power density, material properties, and the use of efficient air conditioning systems.

Tighter adherence to regulations and codes in the buildings sector is expected to contribute to a
significant slowdown in residential energy demand growth. It can also be facilitated by a slowdown
in population growth and economic growth. Residential electricity demand is growing at 1.2% per
year, significantly slower than the 5% average annual growth rate over the past five years. The
growing demand for energy for cooling and space heating, which will account for about 70% of the
total energy consumed by the population, is mainly due to the annual increase in the average annual
temperature, estimated at almost 0.1◦C per year. Kuwait intends to build 128,000 new housing units
by 2035, all of which will meet the higher standards set out in the latest energy conservation codes
and regulations. Government agencies are responsible for ensuring proper compliance with building
codes [24].

In terms of industry development, renewable energy may account for the largest share of total
final energy consumption (TFEC) in the construction sector. In Kuwait, energy efficiency is a key
pillar, which mainly consists of modernization, refurbishment, and renovation activities, as well
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as the introduction of higher standards for household electrical appliances and the reduction of
emissions from the construction of new buildings [37].

Evaluation of the efficiency of using renewable energy sources in energy-efficient buildings was
carried out using technologies such as flat plate thermosiphon units, built-in collector storage, solar
collectors with colored absorbers, solar collectors with booster reflectors, unglazed solar collectors,
Fresnel lens for building atriums, hybrid integrated (solar-wind) systems.

It is anticipated that small solar water heaters such as flat plate thermosiphon units (FPTUs) and
integral collector storage (ICS) systems may be relevant for Kuwait. In Kuwait, ICS solar systems are
easier to use and less expensive than FPTU systems because of their simpler assembly design. Single
families may install the ICS system in their homes as a stand-alone unit, while industrial facilities may
have these systems connected to an insulated storage tank inside a building for larger applications.

Solar collectors with colored absorbers (SCCA), used for hot water supply, possess great
potential in the Kuwait’s solar energy sector. SCCA have many advantages over the conventional
black collectors such as lower absorption and lower thermal efficiency. They also come in different
colors, which allow making the façade walls and roofs of buildings more attractive to the eye. In
terms of cost, increasing the collector area by 20% or so will give a similar heat output as if it was a
black-absorber collector of the same type.

Solar collectors with booster reflectors (SCBR), used for hot water supply, placed between
the collector rows produce about 20 to 50% more energy comparing to collectors without booster
reflectors. They are suitable for horizontal roofs, which is also driving demand in Kuwait. Not only
does this type of installation operates at high (spring and autumn) temperatures, it also adapts to the
cooling requirements of the room, which is very important in Kuwait’s climatic conditions.

Unglazed solar collectors (USC) may be used an alternative technology in hot water heating
applications. Integrating open collectors with colored absorbers will make the look of the Kuwait
building more interesting.

Hybrid photovoltaic systems achieve a higher efficiency of energy conversion thanks to their
design (these systems consist of PV modules and water or heat extracting units). Thus, some
configurations such as the PV-Trombe wall may be used as a room cooling system.

Fresnel lenses (FLS) are devices suitable for concentrating solar radiation and are lighter, have
less focal length, and are less expensive than thick conventional lenses. Because Fresnel lenses
separate direct from scattered solar radiation, they may be used in Kuwait buildings for lighting and
interior temperature control.

Hybrid Photovoltaic-Wind Systems (HPVWS) can offer great opportunities in Kuwait’s solar-
wind power generation. In areas where weather conditions are favorable, such as the rural regions,
the combined use of PV and wind turbines gives excellent results for most of the day-night period.

The results of an analysis of the level of energy efficiency of buildings in Kuwait based on
renewable sources are shown in Figure 3. The basis for determining the level of energy efficiency is
the proposed model, namely the determination of the mathematical expectation of energy savings in
buildings as a result of introducing renewable energy technologies. When diagnosing the level of
energy savings from the use of renewable energy sources, the technical capabilities of the technologies
under study, as well as prices and tariffs for energy in Kuwait for 2017–2019, were taken into account.
This takes into account the average notional cost of energy savings based on reducing the use of
primary fossil energy sources.
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Thus, solar energy systems such as FPTU have been the most readily available for widespread
building applications in Kuwait over the past three years. Increasing energy efficiency while decreas-
ing the notional cost of 1% of energy savings in Kuwait is typical for SCBR. The main prerequisite
for this is the ability of horizontal roofs of buildings to effectively use booster reflectors to convert
the incoming solar radiation. A slight decrease in the notional cost of energy savings is recorded
for FLS, with the help of which lighting and temperature control in the interior of a building can be
achieved. They require special maintenance and as an alternative to the building, new solar devices
and hybrid systems can be used. For example, wind power systems can be seen not only as more
interesting renewable energy devices for buildings in combination with solar systems, but also take
into account installation and maintenance costs. At the same time, the level of cost of improving the
energy efficiency of buildings decreases over the studied period.

In order to determine the effectiveness of the introduction of renewable energy technologies in
buildings in Kuwait, an investment assessment was carried out (Figure 4).
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In Kuwait, virtually all renewable energy technologies in buildings pay off in less than 20 years.
The most beneficial, according to the modeled NPV level, are HPVWS, FPTU, and SCCA. The
payback period for HPVWS is 10 years, for FPTU—12 years and SCCA—14 years. The least attractive,
from an economic point of view, are USCs. Despite a fairly fast payback period (13 years), NPV for
USC has the lowest rate among all the technologies studied ($246). Although they are popular in
other countries due to the expansion of design and architectural opportunities, given the climatic
conditions of Kuwait, the feasibility of their implementation is low. This affects the level of demand
and cost.

The efficiency of the introduction of renewable energy resources depends not only on the
technologies for their use but also on the methods of storing the generated energy. This is because it
is desirable to install energy storage systems in addition to renewable power energy. The main reason
for this is that solar power energy is generated unevenly throughout the day. For example, solar
energy is generated only during daylight hours but is consumed throughout the day. When a cloudy
day comes, the total energy generated may be less than the building’s daily electricity consumption.
Therefore, a forecast of the effectiveness of the introduction of renewable energy technologies in
buildings was carried out, taking into account investments in storage systems (Figure 5). At the
same time, the peculiarities of “storing” energy for the technologies under study were taken into
account. For example, for technologies designed to heat water, storage tanks are provided to store
it and maintain its temperature. For on-site power generation technologies, special systems for its
accumulation are required. Since these systems have technological differences, the forecast assumes
that the average cost of such an installation is 60% of the cost of implementing renewable energy
technologies in buildings. At the same time, the fact that the service life of such a system does not
exceed 10 years was taken into account. Since the cost of energy storage systems decreases annually,
one can also assume that at the end of the life of the storage system, its cost will be half of the initial.
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Figure 5. Implementing renewable energy technologies in Kuwait’s buildings and energy storage systems on a net present
value basis (NPV). Source: formed by the author.

The integrated implementation of renewable energy technologies with energy storage systems
significantly affects their payback period. For example, for HPVWS, it will increase by 6 years (up to
16 years in general), for FPTU—by 3 years (up to 15 years in general), for SCCA—by 4 years (up to
16 years in general). For other technologies, the payback period is approaching 2040 (up to 20 years
in general). Despite the fact that the net present value is at a very low level, it has a positive value,
which confirms the feasibility of the integrated implementation of renewable energy technologies in
Kuwait’s buildings.

Based on the assessment of the investment efficiency of the introduction of renewable energy
technologies in the buildings of Kuwait, a forecast of the level of energy saving was formed (Figure 6).
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Figure 6. Forecast indicators of energy savings of buildings as a result of introducing renewable energy technologies in
buildings in Kuwait. Source: formed by the author.

The highest level of energy savings is observed for technologies such as HPVWS, FPTU, and
SCBR, on the basis of which energy savings can be achieved in the building until 2030–39—42%, and
by 2040–48—53%. The use of energy storage systems increases the notional cost of 1% of energy
savings, but its level can increase much more. For technologies such as HPVWS, FPTU, and SCBR,
energy savings can be increased 1.5 times. Until 2040, the active introduction of HPVWS technology
can provide 93% energy savings, while USC—27%. Among the studied technologies, the lowest
notional cost of 1% energy saving is typical for FPTU.

With the aim of a deeper study of the implemented renewable energy technology and its storage
system in buildings, a two-factor analysis of variance was carried out. Its results are shown in Table 1.
The following key indicators were used: SS-Sums of Squares, df-Degrees of freedom, MS-Mean
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Squares, F-actual value of Fisher’s ratio, p-value probability of error, Fcrit.-critical value of Fisher’s
ratio and Factor Influence.

Table 1. Indicators of two-factor analysis of variance for the effectiveness of renewable energy
technology implementation and its storage system.

Table Source
Variation SS df MS F p-Value F Crit. Factor

Influence

ICS Evtech 875460 2 437730 75.85 0.000000002 3.55 0.87
Evst 24991 2 12496 2.17 0.143660265 3.55 0.02

FPTU Evtech 1538179 2 769089 75.73 0.000000002 3.55 0.85
Evst 86063 2 43031 4.24 0.031044966 3.55 0.05

SCCA Evtech 747924 2 373962 76.75 0.000000002 3.55 0.86
Evst 31748 2 15874 3.26 0.022002871 3.55 0.04

SCBR Evtech 2358598 2 1179299 75.66 0.000000002 3.55 0.84
Evst 172364 2 86182 5.53 0.013430311 3.55 0.06

USC Evtech 775297 2 387649 75.77 0.000000002 3.55 0.85
Evst 37228 2 18614 3.64 0.047100000 3.55 0.04

FLS Evtech 3441818 2 1720909 75.80 0.000000002 3.55 0.86
Evst 140907 2 70454 3.10 0.069516960 3.55 0.04

HPVWS Evtech 2921450 2 1460725 75.70 0.000000002 3.55 0.84
Evst 186675 2 93337 4.84 0.020837057 3.55 0.05

Source: formed by the author.

The choice of renewable energy technology has a particular impact on the level of energy
savings in buildings. This is confirmed by the p-value < 0.05. The degree of influence of renewable
energy technology is 84–87%. At the same time, the introduction of energy storage systems does not
have an impact on the level of energy saving for absolutely all technologies under study (Figure 7).
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This can be explained by the fact that, for example, ICS and FLS are less adapted to the
conversion and storage of large amounts of energy. However, in general, for five out of seven
investigated renewable energy technologies, the introduction of energy storage systems has a fairly
high degree of influence on the level of energy saving—about 5%. Thus, this study not only confirms
the stated Hypotheses H1 and H2, but at the same time also suggests that at this stage, the choice
of renewable energy technology has a higher impact on the level of energy savings in Kuwait
buildings than energy storage systems. It also provides an opportunity to identify the most influential
renewable energy technology that has great potential in Kuwait. At the same time, among these
technologies, the lowest notional cost of 1% energy saving is typical for FPTU. Thus, through the
introduction of renewable energy technologies for buildings and the use of modern equipment, it
is possible to significantly save energy costs. In building projects, it is advisable to use modern,
innovative technologies that are able to accumulate and absorb energy, in particular, SCCA. The use of
energy-saving technologies and materials as well as improving the energy efficiency of construction
industry facilities can be considered as the priority areas of Kuwait’s modern development in the
context of its transition to sustainable energy.
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5. Discussion
This study not only proves the high impact of the choice of renewable energy technology,

especially HPVWS, FPTU, and SCBR, and energy storage on the cost of 1% of the building’s energy
savings, but also allows one to determine the extent of this impact. Thus, it confirms the direct impact
on the level of energy savings, which is a consequence of investment in the process of introducing
renewable energy technologies in buildings in Kuwait.

The proposed model for assessing the level of energy saving provides an opportunity for
an economic justification for introducing a particular technology. At the same time, a significant
limitation of this study is the general assumptions of the technical characteristics of the technologies
being introduced, which may differ in capacity, service life, energy storage volume, cost of assembly
depending on the characteristics of the building, etc. Therefore, the results can be more accurate for a
specific project or program with precise technical characteristics and implementation timeframes. At
the same time, forecasting in the study was carried out for a sufficiently long-term period, for which
new breakthrough technologies may appear. It is not possible to predict which ones at present, but
this factor can also affect the final resulting indicators.

Improving the energy efficiency of buildings through the introduction of renewable energy
technologies is essential to achieve Kuwait’s sustainable development scenario. Based on the pro-
posed methodological approach to assessing energy savings in buildings, it is recommended for this
state to introduce mandatory building codes and regulations over the next decade, including hybrid
technologies [38] to meet the ambitions formed today and make the introduction of renewable energy
technologies in buildings a clear policy priority. However, it should be noted that high-efficiency,
zero-carbon buildings are essential to realizing the ambition in the context of Kuwait’s sustainable
development [39]. Clear and detailed metrics need to be set to identify energy-efficient buildings with
zero carbon emissions and market targets for energy efficiency in buildings need to be established to
identify and guide investors’ priorities. The government can serve as an example for implementing
these measures, for example, based on established requirements for high-performance and energy-
efficient construction for new public buildings. Financial incentives should also be generated to
motivate high-performance solutions for integrating renewable energy technologies with Kuwait
buildings [40]. In the future, this study can be deepened towards the formation of a complex of state
incentives for construction projects and environmentally friendly materials. The main premise for
this is that implementing high-performance construction and renovation activities will require greater
access to finance, as well as innovative business models that bring together borrowers, lenders and
regulators. Kuwait can do this with policies that shape market rules to improve access to finance and
reduce the risks for clean energy investments [41]. For example, these measures may include the use
of tax incentives, grants, loans, auctions, and obligations [42]. The government can also work with
the financial sector, banks, and investors, in particular to create a common classification scheme and
a reliable evidence base for such investments [43]. Standardizing verification procedures to reduce
uncertainties associated with energy savings estimates will help investors understand the benefits of
scaling up investments and their repeatability, making investments more attractive.

In Kuwait, existing buildings likely represent a significant proportion of buildings that need
to be upgraded. Therefore, large-scale refurbishment of buildings should be a key political priority
for the state in the coming decade [44]. In the future, this study can be aimed at assessing the
effectiveness of building renovation in the context of renewable energy technologies [45]. At the same
time, it is necessary to overcome a significant limitation, which consists in compiling a comprehensive
and reliable base of factual technical and economic data, as well as experimental programs with the
help of which it will be possible to demonstrate effective results as well as their deviations. Further
research can review the prospects for the creation of various classes, such as commercial, industrial,
and household. Since the above classes have different purposes, it is possible to integrate different
technologies in the context of the best practice.

This study’s limitation is the fact that the construction of a building using renewable tech-
nologies involves a complex integrated solution. Therefore, the technologies under study can be
complementary in the context of meeting different energy needs. However, it is not possible to assess
their synergy, because each building structure has its own purposes and specific features of operation.

The projections of building energy savings from the introduction of renewable energy technolo-
gies in Kuwait will ultimately need to be reinforced with increased participation and coordinated
action among the various stakeholders and government agencies involved in the energy scenario and
design process. The study can help develop long-term strategies that take into account both energy
and climate aspects in Kuwait in the context of the introduction of renewable energy technologies in
buildings. The results of this study can be useful to those responsible for the formation of long-term
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strategies, projects, and programs that take into account both energy and climate aspects in Kuwait
in the context of the introduction of renewable energy technologies in buildings.

6. Conclusions
The results obtained in this study allow drawing comprehensive conclusions about the fea-

tures of the used renewable energy technologies for buildings and their long-term implementation
effectiveness for Kuwait.

1. The use of renewable energy sources has increased significantly in Kuwait over the past three
years. Energy efficiency is a key element, which mainly consists of implementing modernization,
refurbishment, and renovation measures, as well as introducing higher standards for household
electrical appliances and reducing emissions from new buildings. Although the 2017 Code for
Government and Commercial Buildings in Kuwait has established minimum regulatory requirements,
improving energy efficiency in the construction sector still requires clear long-term government
policies combined with comprehensive strategies based on adequate capacity to implement them.

2. The investment efficiency of the introduction of renewable energy technologies in buildings
in Kuwait on a net present value basis confirms that virtually all renewable energy technologies in
buildings pay off in up to 20 years. The most profitable from an economic point of view are hybrid
photovoltaic-wind systems, flat plate thermosiphon units, and solar collectors with colored absorbers.
Moreover, these technologies have the fastest payback period. Unglazed solar collectors are the least
profitable. Although this technology has a fairly fast payback period, unglazed solar collectors have
the lowest NPV. Despite their popularity in other countries, taking into account the possibilities of
expanding design and architectural possibilities, but in the climatic conditions of Kuwait, they do
not have reasonable feasibility of implementation.

3. The installation of energy storage systems plays a special role in the implementation of
renewable energy technologies in buildings. Despite the fact that this requires additional investment
and increases the payback period of the technology in the complex, the addition of storage systems
can significantly increase the level of energy savings in buildings. In particular, for technologies
such as HPVWS, FPTU, and SCBR, energy savings using energy storage systems can significantly
increase compared to their implementation only for energy conversion. This should be taken into
account when formulating government programs to increase the level of energy saving of buildings
in Kuwait since this aspect contributes to a higher level of self-sufficiency of energy for the population
or government buildings.

4. Based on the predicted energy savings of buildings resulting from the introduction of renew-
able energy technologies in Kuwait’s buildings, the highest level of energy savings for technologies
such as hybrid photovoltaic-wind systems, flat plate thermosiphon units, and solar booster collectors
has been determined. Based on the introduction of these technologies in a building, energy savings
can be achieved at the level of 39–42% until 2030 and 48–53% until 2040. ANOVA has confirmed the
high impact of renewable energy technology on the level of energy savings in buildings, the degree
of which is 84–87%. At the same time, technologies have been identified in which the introduction of
energy storage systems does not have a particular effect on the level of energy saving. These include
ICS and FLS. Taking into account the fact that most of the studied renewable energy technologies
with energy storage systems have a fairly high degree of influence on the level of energy saving,
this study confirms that the choice of renewable energy technology is more relevant for increasing
energy saving in buildings in Kuwait at the present stage of its development. At the same time,
energy storage systems can be an effective addition to the development of complex projects and
energy-saving programs for buildings in Kuwait.

5. The proposed model for assessing the level of energy saving provides an opportunity for
economic justification of introducing renewable energy technology in buildings. Based on the forecast,
one can state the expected efficiency of investment projects in Kuwait based on HPVWS, FPTU, SCBR
technologies, which are designed for a period of up to 20 years. At the same time, the investment
plan in Kuwait cannot be focused on the short-term perspective, since at the moment none of the
technologies under study involves obtaining a positive NPV for a period of up to 10 years. When
assessing the required investment, it should be noted that adding storage to renewable energy
technologies in buildings on average increases the notional cost of 1% energy savings by 67%. At the
same time, its level is on average 1.5 times higher than without the introduction of storage systems.

By introducing renewable energy technologies for buildings and using modern equipment in
Kuwait, significant energy savings are possible, reducing the negative impact on the environment,
improving comfortable conditions and living standards for the population, as well as increasing
the level of sustainable development of the country as a whole. The use of renewable technologies
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to improve the energy efficiency of construction facilities in Kuwait is a priority area of modern
development in the context of renewable energy and adaptation to the country’s energy transition as
a whole.
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