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This work aims to reduce the energy consumption of existing buildings through
retrofitting and converting them into net zero energy buildings (NZEBs). Various
retrofits for an existing academic building were modeled and analyzed using REVIT
software. Energy consumption was reduced to approximately 34% through retrofits,
and a Solar System of 41.6 kW was integrated to meet the reduced energy demand,
consequently converting the building into an net zero energy building (NZEB).
Furthermore, environmental and economic analyses were conducted, and the
results show a reduction of 32.8 metric tons of CO2 emissions per year as a
result of retrofitting the building, converting it into an net zero energy building.
The building envelope retrofits and electrical appliances have a payback period of
2.96 and 2.62 years, respectively, whereas the proposed Solar System has a payback
period of only 2.3 years. Moreover, the building was rated using the Leadership in
Energy and Environmental Design (LEED) rating tool, and it qualifies for silver
certification after retrofits and the integration of renewable energy sources (RES).
The reduction in energy consumption and integration of renewable energy sources
contribute to achieving Sustainable Development Goal (SDG) 7, and reduced CO2

emissions save climate variations, which leads to achieving Sustainable Development
Goal 13.
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1 Introduction

Net zero energy building (NZEB) is an emerging reform in building construction, which
addresses the increasing energy demands around the world, especially in developing and
energy-deficient countries (Valasai et al., 2017) (Yousuf et al., 2014). Due to the speedy growth
of urbanization and infrastructure change, the energy crisis has become a major issue, not only
in developing countries but across the globe (Raheem et al., 2016). To meet the ever-increasing
energy demands, fossil fuels are depleting at a much higher rate. Moreover, they are also
responsible for greenhouse gas emissions (GHG) in the atmosphere, which is a serious
environmental concern (Pervez et al., 2021). Since the energy deficit and GHG emissions
have become a global concern, the World Health Organization (WHO) has recently issued a set
of Sustainable Development Goals (SDGs) and has set a target of 2030 to transform the world
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into a better place for all (Pradhan et al., 2017). There are 17 SDGs that
aim to remove poverty, protect our environment, and make this planet
safer and more reliable for humanity (Chirambo, 2018). SDG
7“Affordable and Clean Energy” and SDG 13“Climate Action” are
primarily related to the energy reforms required globally that ensure a
reduction in energy scarcity and carbon emissions for a better climate
(Röck et al., 2020). The retrofitting of an existing structure is one way
of contributing to the achievement of SDGs 7 and 13 (Allen et al.,
2016). All over the world, construction industries have started to adopt
novel technologies to overcome the energy deficit, among which, the
NZEB has gained prime importance (McCollum et al., 2018).

Over the past few decades, the concept of the NZEB has been
adopted by many countries. Its refined definition is a building that
generates an equal or greater amount of emission-free renewable
energy than its emission-producing, non-renewable energy
consumption (Soni & Bhagat Singh, 2020). Many researchers have
emphasized reducing energy usage rather than renewable energy
production through different methods, such as passive designing
(Hasan & Mohamed, 2015), energy-efficient building services
(Torcellini et al., 2006), thermal resistive construction materials
(Aized et al., 2017), building envelope insulation strategies to gain
maximum daylight and ventilation benefits, and the integration of
renewable energy generation systems (Purbantoro & Siregar, 2019).
Design-related strategies are, however, to be considered for a new
building yet to be constructed where the implementation of other
techniques has been considered in the design phase and operation
phase retrofits as well.

New buildings have the potential for the application of all energy-
efficient strategies, but improvement in the energy performance of
existing buildings is also extremely important, along with the need of
the hour: to save energy (Maheshwari et al., 2017). For existing
buildings, retrofitting (after initial construction and occupation) is
the most efficient way to reduce energy consumption, and integrating
a renewable energy source fulfills the purpose of enhancing the
building’s energy performance (Ma et al., 2012; Farooqui, 2014).
Building retrofits have helped to reduce global greenhouse gas

emissions significantly (Li et al., 2019). In developing nations,
retrofitting existing buildings to increase their energy saving and
reduce the environmental burden is now a critical component of
modern building sector strategies (Aman et al., 2017). Building energy
retrofit measures have shown the potential to reduce energy loads by
30% (Aydin And Mihlayanlar, 2020), and a deeper retrofit can even
reach 72% in some developed countries (Xiao, 2014).

Various studies have shown that energy-efficient retrofitting
measures include the replacement of conventional lighting fixtures
with energy-efficient ones (Kaewunruen et al., 2019), applying window
shading (Ahmed & Asif, 2020), the use of glazed glass, and improving
airtightness (Urbikain, 2020). The use of an energy-efficient air
conditioning system (She et al., 2018) and adding building
envelope insulation are also among the eight energy efficiency
measures (EEMs) that can reduce energy use by up to 60%
(Pohoryles et al., 2020) and CO2 emissions by up to 30% (Kamal
et al., 2019). Among these retrofit measures, replacing inefficient
equipment with more energy-efficient options can save up to 27.4%
of energy consumption (Luddeni et al., 2018).

In recent times, the replacement of conventional lights with
energy-efficient LEDs has been proven to be an effective retrofit
measure (Hayter Kandt, 2011). Furthermore, reflecting daylight off
indoor surfaces inside a building is a way of using renewable energy
sources, i.e., using sunlight for lighting purposes (Mughal et al., 2018).
As lighting fixtures release heat, minimizing the use of artificial lights
and replacing them with daylight or LED lights (Dubois et al., 2015)
will not only reduce the impact of lighting on energy consumption
(Vogiatzi et al., 2020) but also results in the reduced thermal effect on a
building, which consequently reduces cooling loads from the overall
energy consumption, thus lowering energy costs (Winkler et al., 2018).
However, sunlight may be a good source of renewable energy, but a
location with good sunlight reception also faces the challenge of an
increase in building temperature in hot climates and thus an increase
in cooling loads on energy consumption (Sharaf, 2014). By providing
building envelope insulation, using glazed windows for blocking out
the heat of sunlight and only allowing useful light to enter, and
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insulating the roofs and walls with heat repellants like epoxy (Wong,
2021), calcium silicate, or polythene, the cooling loads can also be
controlled for the reduction of the overall energy consumption
(Annibaldi et al., 2020). It is considered important to assess the
extent of achievement in converting any construction to a net zero
energy building, and in the past few decades, it has become an essential
practice to rate buildings on their energy performance (Doan et al.,
2017).

With different scenarios, building types, climatic conditions, and
norms of the construction industries, there is vast diversity in
retrofitting techniques and their effectiveness. This work represents
a step further toward the achievement of SDG 7 and SDG 13 by
converting an academic building to a net zero energy building through
indigenous retrofitting and integrating renewable energy sources. The
building under consideration is rated under a standard building rating
tool: Leadership in Energy and Environmental Design (LEED).
Furthermore, a comparison is made in terms of energy
consumption and CO2 emissions before and after indigenous
retrofitting solutions.

2 Methodology

Buildings such as residential apartments, academic blocks,
hospitals, etc., and most importantly, multi-purpose buildings,

which are used throughout the day, are the targeted buildings for

this study. This study focuses on the conversion of the academic block

of the University of Engineering and Technology (UET), which is

predicted to save energy and provide financial support to the

institution. Details of the selected academic building are given in

Table 1. The architectural plans of the first and second floors of the

building are given in Supplementary Figures S1, S2, respectively, in the

supplementary information file.
The methodology involves the collection of pre-existing

information, like the manual counting of appliances with their
power rating, the material used in the building, the building
elevation, and full details of all other appliances that contribute
to the energy consumption of the building. Table 2 shows the
details of existing fixtures. Figure 1A shows the 3D model of the
building, and Figure 1B represents the energy model of the building
on REVIT.

2.1 Retrofitting measures and renewable
integration

Different retrofitting measures were adopted to make the
building an NZEB. After the collection of the existing data, it
was analyzed that the existing appliances were obsolete and not
energy efficient and led to energy wastage. Similarly, the building
envelope was not thermally resistive, with single-glazed windows
and an uninsulated roof and walls, which significantly affected the
cooling load of the internal space of the building. Existing
appliances were replaced by energy-efficient appliances; for
example, conventional fluorescent lights were replaced with
energy-efficient lights such as LEDs, old, conventional fans
were replaced with new, energy-efficient fans, and
conventional air conditioners were replaced with the latest
inverter technology-based air conditioners.

The building envelope is a major contributor to raising the cooling
requirements of the building due to heat transfer through windows,
doors, walls, and the roof. Therefore, to reduce the cooling
requirements, different retrofitting measures were used in the
building. The retrofitting measures include the replacement of
single-glazed windows with double-glazed windows, roof coating
with reflective paint, and the addition of a wall insulation layer. All

TABLE 1 Details of the selected building.

Building parameters Description

Location University of Engineering and Technology, New
campus

Building Type Academic building

Timing 8:00 a.m. to 4:00 p.m.

Stories 2

Longitude 74.24°

Latitude 31.69°

Building Area 50,424 ft2

TABLE 2 Details of existing fixtures.

Appliances Quantity Rated power of each appliance (W) Peak power (kW)

Tube Light (4 ft) 272 45 12.24

Fans 114 110 12.54

Compact fluorescent lamp 12 45 .54

Compact fluorescent lamp 7 25 .18

Compact fluorescent lamp 10 18 .18

LED Panels 173 36 6.23

Air Conditioner (1.5 tons) 3 1800 5.40

Air Conditioner (2 tons) 2 2,400 9.60

HVAC - 55,000 55.00
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the above cases, including the existing data and after retrofitting
measures, were analyzed using REVIT, a building information
modeling (BIM) tool.

After performing electrical retrofitting and making
improvements in the building envelope, the reduction in
energy consumption was calculated through BIM analysis.
After minimizing the total energy consumption of the building
through various retrofitting measures, solar photovoltaic-based
energy was integrated to compensate for the remaining energy
needs to make the building an NZEB. Solar panels were integrated
because enough space was available on the rooftop of the building
for their installation and because of their economic gain and
environmentally friendly behavior. PV installation on the rooftop
has multiple benefits, including the provision of insulation in the
roof to prevent excessive heat penetration into the building. This,
in turn, reduces the cooling requirements of the building. The
Solar System containing 80 PV panels was applied with an intra-
row spacing of 3.3 ft. The Helioscope tool was used for the
integration of solar panels with the building system. The
power of the system is 41.6 kW, with an annual production of
63.15 MWh.

An analysis of CO2 emissions was conducted using electrical
energy consumption (kWh) and the emission factor (EF) as per
the available literature (Latif et al., 2022) relevant to the selected
location. An economic analysis of all retrofitting measures
was conducted based on the payback period. The payback
period was based on the energy saving resulting from
retrofitting measures and the integration of the solar PV
system. Annual energy savings based on the electricity
consumption tariff in Pakistan were evaluated and the
resulting reduction in CO2 emissions was calculated.
Eventually, the completion of all these analyses enabled the
achievement of SDG 7, ensuring access to affordable, reliable,
sustainable, and modern energy for all, and SDG 13,
contributing to combatting climate change.

3 Results and analysis

For electrical retrofitting, the first step is to collect the existing
electricity consumption data of the building through an energy
audit. It is found that the existing fixture in the building consumes
extra energy and needs to be replaced with energy-efficient ones.
Based on the electrical audit results, electrical fixtures that consume
less energy and deliver the same output were selected. The
difference in the power of the existing and proposed fixtures is
shown in Table 3.

The comparison of existing and proposed fixtures for each
electrical appliance is shown in Figures 2, 3.

Figure 4 shows the reduction in energy loads through retrofitting.
The electrical load of the building is reduced by 34% by adopting
various retrofitting measures. The lighting load of the building is
reduced by 39.60% from the existing loads. Similarly, the fan load and
the air conditioning load are reduced by 40.90% and 15.19%,
respectively.

For the retrofitting of the building envelope, various options were
selected, including the addition of insulation in walls, the replacement
of windows glass, and the coating of the roof with reflective paint.
Energy Analysis of the building for various retrofitting measures was
done through a building information modeling (BIM) tool,
i.e., REVIT. The main aim of energy analysis of a building is to
check for its cost-effective and sustainable alternatives at the design
and planning stage. BIM gives many such opportunities, of which,
creating insights and energy analysis through REVIT is one of the
most effective. To determine the cooling loads of the selected building
for different retrofitting measures, it was required to run an energy
simulation through REVIT.

For wall insulation, an insulation sheet of 1-inch thickness was
applied, which reduced the building temperature by 8–10°. The
existing window glass was replaced with double-glazed glass, which
impacted the cooling loads. For the roof retrofitting, epoxy paint was
applied to reflect most of the incoming solar heat.

FIGURE 1
(A) Existing 3D BIM model, (B) Energy model visualization of the building.
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3.1 Reduction in cooling load

The spaces generated in the architectural model are
considered for heating and cooling load calculation. After
updating the weather details of the selected location, reports of
heating and cooling load are generated for the existing and
proposed fixtures. For the existing building, the peak cooling
load was found to be 124.1 tons at 2:00 p.m. in June, whereas the
peak cooling load for all combined retrofit cases was found to be
87.5 tons at 2:00 p.m. in June, a decrease of 30% from existing
loads.

The prominent reductions in the cooling loads attained through
the implementation of various retrofitting measures are shown in
Figure 5, and a maximum reduction of 13% in cooling load was
achieved through the use of double-glazed windows. The application
of epoxy resins on the roof resulted in an 8% reduction. However, the
value for all combined cases indicates a 30% decrease in cooling loads,
which ultimately leads to significant energy savings.

TABLE 3 Details of the existing and proposed fixtures.

Existing appliances Power (W) of existing
appliance

Proposed energy efficient
appliances

Power (W) of the proposed
appliance (W)

Tube light 4 ft 45 LED tube rod 4 ft 18

Fan 110 Energy-efficient fan 65

Compact fluorescent lamp 45 LED Bulb 27

Compact Fluorescent lamp 25 LED Bulb 18

Compact fluorescent lamp 18 LED Bulb 12

Air Conditioner 1,800 Inverter Tech split AC 1,640

Air Conditioner 2,400 Inverter Tech split AC 1,950

FIGURE 2
Comparison of energy consumption in tube light, compact
fluorescent lamp (CFL), and fan.

FIGURE 3
Comparison of energy consumption in the existing and proposed
air conditioners.

FIGURE 4
Difference in energy consumption of existing and proposed
electrical fixtures of the selected building.
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3.2 Reduction in overall energy consumption
of the building

Firstly, the building is retrofitted using different measures, and
energy consumption is reduced. Then, according to the energy
demand, a Solar System is installed to generate energy to meet the
requirement of the building. The energy consumption of the building
is reduced by applying all measures in the building, as discussed in
Section 3.1. By implementing all the retrofitting measures, the annual
energy consumption is reduced from 69,356.0 kWh to 46,729.5 kWh,
which is approximately a 34% reduction, as shown in Figure 6.

The main objective of this study is the conversion of the selected
building to an NZEB, so there was a need to integrate renewable energy to

meet the remaining energy demand. A solar energy system was installed,
the generation of which would be beneficial in net metering, and
ultimately, the building would be converted into an NZEB.

As the building energy usage was reduced by implementing
different retrofitting measures, the next step was to design a Solar
System to meet the remaining energy demand, which was
approximately 46 MWh (46,729 kWh). Therefore, a Solar System
was designed using Helioscope software. It consisted of 80 panels
with an inter-row spacing of 3.3 ft and was installed on the roof with a
tilt angle of 32°. Figure 7 shows the detailed layout of the Solar System
design. The system’s installed capacity was 41.6 kW, with an annual
production of 63.15 MWh.

3.3 Environmental analysis

Carbon dioxide emissions are harmful gases released into the
atmosphere by different human activities. Therefore, it was important
to analyze carbon dioxide emissions in the selected building, CERAD,
before and after the retrofitting measures. The analysis was conducted
by Eq. 1, as reported in (Latif et al., 2022).

CO2 Emissions � EC × EF (1)
where ‘EC’ is the electrical energy consumption (kWh) and ‘EF’
represents the emission factor. The carbon dioxide reduction was
calculated based on an emission factor of .405 kg CO2/kWh, as per the
IGCEP (Indicative Generation Capacity Expansion Plan) report by
NTDC (National Transmission and Dispatch Company) per kWh
energy generation (Latif et al., 2022).

Figure 8A illustrates the carbon dioxide emissions of electrical
fixtures such as lights, fans, and air conditioners. The energy-
based carbon dioxide emissions are further reduced by improving
the building envelope with different techniques. The reduction in
cooling loads lowers the use of electrical appliances to cool the
building. Consequently, the carbon dioxide emissions are reduced
from 26.5 metric tons to 17.9 metric tons through the integration
of all retrofitting measures. In the retrofitted building, the CO2

emissions are reduced by approximately 33% as compared to the
existing building emissions, as shown in Figure 8B. The
integration of solar systems also has an environmental impact.
Therefore, the installed system of 41.6 kW eliminates 25.2 metric
tons of carbon dioxide per year. Table 4 depicts a clear reduction
in emissions of retrofitted electrical fixtures that can be observed
from the results.

3.4 SDGs and economic assessment

The assessment of SDGs is related to the energy consumption of
the building and its influence on the climate. The reduction in
energy consumption and the integration of renewable energy
resources contribute to the achievement of SDG 7, and carbon
dioxide emissions lessen the frequent climate variations that
facilitate the attainment of SDG 13. Therefore, this analysis
can act as one of the important steps in attaining SDG 7 and
SDG 13 through retrofitting.

Economic analysis of all retrofitting measures is determined based
on the payback period. The simple payback period was calculated for

FIGURE 5
Reduction in cooling loads through various retrofitting measures.

FIGURE 6
Energy consumption in the selected building before and after
retrofitting.
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the implementation of all energy-efficient retrofitting measures using
the relation expressed in Eq. 2

PP � Ci

Sa
(2)

Where ‘PP’ is the payback period in years, ‘Ci’ is the initial cost (USD)
of energy-efficient retrofitting measures, and ‘Sa’ is the resulting
annual energy savings (USD/year). The annual energy saving was
calculated by multiplying the amount of energy saved (kWh) by the

FIGURE 7
Detailed layout of solar system design.

FIGURE 8
(A)Comparison of reduction in CO2 emissions before and after retrofittingmeasures in electrical fixtures and (B) overall reduction in CO2 emission of the
building after retrofitting.

TABLE 4 CO2 emissions reduced by electrical retrofitting.

Type of
fixture

CO2 emissions (metric
tons) by existing
fixtures

CO2 emissions (metric
tons) by proposed
fixtures

Lights 12.3 7.4

Fans 8.0 4.7

Air
conditioners

3.3 2.8
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energy tariff in Pakistan, which is approximately .14 USD/kWh (Latif
et al., 2022).

The cost estimates of all materials and components used for
retrofitting were taken from the local market to evaluate the payback
period. For the wall insulation, epoxy roof, and double-glazed
windows, the area of application, and cost per square foot were
determined. The cost of the energy saved through these retrofitting
measures and solar energy integration was evaluated and thus, the
payback period was calculated. The payback period of electrical
retrofitting is shown in Table 5. It can be observed that the combined
amount required for electrical retrofitting is approximately
8,000 USD, with an expected payback period of 2.62 years.

Table 6 enlists the payback periods for each retrofit measure of the
building envelope. The combined cost required for the improvement
in the building envelope was almost 15,000 USD and their payback
period was observed to be 2.96 years. Moreover, the installation of the
Solar System on the roof of the building cost approximately
20,000 USD, and the payback period for this system was 2.3 years.

3.5 Results of the LEED application on
building

The building was rated according to LEED v4.1 O + M (details are
available in Supplementary Table S1 in supplementary information) for the
existing building before and after retrofitting. The precondition points are
required by the building and have no credit value. They are assessed using a
“Yes or No” system. Other points are received for achievement, and the
point for “yes” counts for the building rating while “no” indicates the
absence of that aspect/factor. Such ratings vary from certified to platinum.

Upon assessment of the building, it was found that the building
scored 38 points before retrofitting and lies in the range of non-
certified buildings, as per LEED standards. For this study, a
minimum score was given to the transportation performance,
water performance, waste performance, and indoor
environmental quality performance as the focus of this study is
only on energy performance (Elsorady & Rizk, 2020) (Khan et al.,
2020). The scorecards for existing and improved buildings are

TABLE 5 Payback period for electrical fixtures.

Electrical fixture Load
reduction (kW)

Percentage load
reduction (%)

Expected retrofitting
cost (USD)

Expected payback period
(Years)

Lights 7.4 38.9 1,257.88 .71

Fans 5.1 40.8 3,058.12 2.58

Air Conditioner 1.2 17.1 333.80 4.57

Combined effect 13.7 31.8 7,654.30 2.62

TABLE 6 Payback period for building envelope.

Cases Cooling load (kW) Percentage load reduction (%) Expected retrofitting cost (USD) Payback period (Years)

Existing case 436.71 — — —

Epoxy roof 418.36 2.00 2,859.02 3.14

Exterior wall insulation 405.14 7.25 2010.30 1.52

Double-glazed windows 382.24 12.4 10,062.00 4.22

Combined effect 332.04 23.95 14,931.30 2.96

TABLE 7 Comparative rating of the building before and after retrofitting.

Sr No. Aspects Before retrofitting After retrofitting

1 Location and Transportation 6 6

2 Sustainable Sites 2 2

3 Water Efficiency 6 6

4 Energy and Atmosphere 13 34

5 Material and Resources 3 3

6 Indoor Environmental Quality 8 8

7 Innovation 0 0

Total Score 38 59
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attached in Supplementary Figures S3, S4, in the supplementary
information file. However, after the electrical and building
envelope retrofitting, the energy performance level, which lies
under the “energy and atmosphere” credit category, was improved. Along
with this, under the same credit category, the building gained a point for “grid
harmonization” as, after the installation of solar panels, the building was
capable of generating energy. It was found that the building could be a
candidate for silver certification as it gained 59 points after electrical and
building envelope retrofitting. A prominent difference in the energy and
atmosphere aspects can be observed as it improved from 13 points for the
existing building to 33 points with the installation of the Solar System of
41.6 kW. Table 7 shows the comparative rating of the building.

4 Conclusion

This work presents an analysis of the conversion of an existing
academic building to a net zero energy building through retrofitting
measures and the integration of solar energy to reduce the CO2

emissions. The study concludes that:

1. The electrical retrofitting measures for lighting fixtures reduced
energy consumption by 26%. The combined impact of applying all
retrofitting measures resulted in a 30% reduction in the cooling
load of the building and the results are aligned with that of the
existing literature (Al-Mofeez, 2006; Patel et al., 2019).

2. A reduction in the energy load of the retrofitted building resulted in
a 32% reduction in carbon dioxide emissions. The integration of
solar photovoltaic panels on the rooftop resulted in a further
reduction of 25.2 metric tons of CO2 emissions per year.

3. The cost of retrofitting the building envelope with double-glazed
windows, epoxy coating, and wall insulation was approximated to
be 15,000 USD, with a payback period of 2.96 years. Electrical
retrofitting required around 8,000 USD, with an expected payback
period of 2.62 years, while the integration of the Solar System
required 20,000 USD, with an expected payback of 2.3 years.

4. The energy-efficient building is a way forward in the achievement
of SDGs 7 and 13. The building was capable of achieving a silver
rating in LEED v4.1 O + M after retrofitting measures, whereas,
with the previous conditions, it did not qualify to be certified.

5. Buildings that consume more energy must be converted into NZEBs,
and this concept should be included in the rules and regulations of the
planning and construction of residential buildings. Besides the
integration of the photovoltaic system, the building’s waste-to-
energy concept can make the buildings more sustainable.
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Nomenclature

BIM Building Information Modeling

BREEAM Building Research Establishment Environmental
Assessment Method

BTU British Thermal Unit

CASBEE Comprehensive Assessment System for Built Environment
Efficiency

EEM Energy Efficiency Measure

EISA Energy Independence and Security Act

EPA Environmental Protection Agency

GBRT Green Building Rating Tool

GHG Greenhouse Gas

GS Green Star

IGCEP Indicative Generation Capacity Expansion Plan

kWh Kilowatt hour

LBC Living Building Challenge

LEED Leadership in Energy and Environmental

NZEB Net Zero Energy Building

NTDC National Transmission and Dispatch Company

PEC Pakistan Engineering Council

RES Renewable Energy Sources

SDG Sustainable Development Goal

USD United States Dollar

USGBC US Green Building Council

WHO World Health Organization
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