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Abstract

Highly developed nations worldwide encounter a notable energy demand as their main obstacle. Furthermore, the building sector
plays a significant role in contributing to carbon emissions and climate change. In the UAE, buildings consume the largest
portion of energy due to the improper selection of design parameters during the building's design phase, which are specifical ly
tailored for the remarkably hot climate in the country. As a result, various studies, initiatives, and policies are focused on
enhancing the energy efficiency of buildings. Additionally, retrofitting existing buildings has emerged as a crucial approach to
achieving energy efficiency, resulting in several benefits such as reduced costs for operation and maintenance. This research
performed an analysis of a commercial building in Abu Dhabi using DesignBuilder, based on energy modeling and simulation.
Five main retrofits were examined, accompanied by a cost analysis to determine the most appropriate retrofit for future
investments. The results demonstrate that increasing the cooling set point temperature by 4 degrees led to a 19.53% decrease in
the annual cooling load. Additionally, retrofitting the chiller resulted in a 16.11% reduction in the annual cooling load, whereas
wall insulation had the least impact as a retrofit. It was observed that improving the chiller's coefficient of performance (COP)
offered significant advantages, with a payback period of around 5 years, making it the most favorable retrofit for investment.
However, the glazing and wall insulation retrofits were considered less beneficial due to their high initial costs and long payback
periods.
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1. Introduction

The world has witnessed a substantial increase in energy
demands over the past few decades, especially since the ad-
vent of the Industrial Revolution and the subsequent growth
of the oil and gas sectors. Countries and cities consume cru-
cial resources like electricity and water due to a multitude of
factors, including economic expansion, urbanization, popula-
tion growth, low energy expenses, and severe weather condi-
tions. This has become a major concern for numerous nations,

particularly those in the Gulf region. A prime example of this
is the United Arab Emirates (UAE), which ranked among the
top 10 countries worldwide in terms of per capita electricity
consumption [1].

Moreover, the building sector exhibits the highest energy
consumption and CO, emissions across all economic sectors. In
most developed countries, buildings consume about 30% to 40%
of the total energy output. Several factors contribute to this large
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share, including the size and growth of the sector, the length of
time individuals spend inside buildings, and the need for build-
ings to provide comfortable indoor environments regardless of
outdoor weather patterns. The UAE building sector consumes
approximately 70% of the generated electricity, making it even
more energy-intensive than other sectors [2]. As a result, the
substantial and increasing energy intensity of the building sector
necessitates immediate attention to this matter. Addressing it can

result in significant environmental, economic, and social benefits.

To accomplish this, particular focus should be directed towards
the operational phase of buildings. This phase accounts for
80-90% of their total energy consumption over their lifespan,
while the remaining percentage is allocated to the construction
and decommissioning stages [3]. In recent years, there has been a
substantial amount of research, projects, and strategies that have
been dedicated to enhancing the energy efficiency of building
systems [4-6]. Energy efficiency refers to the process of mini-
mizing a building's energy consumption while ensuring its func-
tionality and providing a comfortable and healthy environment
for its occupants [7]. Consequently, retrofitting existing build-
ings has emerged as a pivotal approach to improving energy
efficiency and reducing energy usage in buildings. According to
Fluhrer et al. [8] retrofitting the entire building can lead to energy
savings of approximately 38 percent. Furthermore, a study con-
ducted by Ernst and Young [9] disclosed additional advantages
of retrofits, such as reduced maintenance requirements resulting
in lower operational costs, improved occupant comfort, and
heightened worker productivity.

Many studies have investigated ways to enhance the energy
efficiency of buildings in the UAE. These studies have fo-
cused on retrofitting both new and existing residential,
commercial, and governmental buildings. To illustrate, Krarti
and Dubey [10] conducted a comprehensive evaluation of
various energy retrofit levels, such as incorporating pro-
grammable thermostats, utilizing LED lighting fixtures, im-
plementing efficient cooling systems, and installing day-
lighting control systems. Their analysis, which employed
building energy simulation and optimization-based bottom-up
techniques, estimated that retrofitting the current stock of
buildings in the UAE would result in significant
cost-effectiveness. Additionally, it revealed potential energy
savings of 7550 GWh/year from the total electricity con-
sumption and a reduction of 4.5 million tons/year in carbon
emissions. Moreover, the study emphasized the employment
opportunities that retrofitting could generate in the fields of
construction, manufacturing, and technical specialization.
Different research conducted by Aldawoud et al. [11] focused
on the renovation of a school structure in the UAE, utilizing
DesignBuilder software as a tool for energy modeling and
simulation. This research implemented retrofitting measures
based on enhancements to the building envelope and A/C
system in order to assess their influence on energy consump-
tion. The examination revealed that replacing the existing air
conditioning equipment was the most effective retrofitting
measure, resulting in a 29% decrease in yearly electricity

usage. Conversely, the addition of window insulation film was
found to be the least effective measure, contributing to only a
5.8% reduction in annual energy consumption. Nevertheless,
the optimal scenario emerged as a combination of improving
AJC system efficiency and adding thermal insulation to walls,
roofs, and windows, leading to a 57% reduction in yearly
cooling energy usage. Another pertinent paper by Akhozheya
et al. [12] examined the renovation of a housing complex in
Al-Ain City, with a focus on the building envelope. The
proposed retrofitting measures included upgrading the ther-
mal insulation of external walls, roofs, and glazing to meet the
minimum standards set by Estidama. The study discovered
that implementing these measures could result in a significant
reduction of up to 50% in annual energy consumption and
carbon emissions, aligning with Estidama's objectives for
building envelope insulation. Thus, the excessive energy
consumption by buildings is attributed to insufficient under-
standing regarding the selection of design and operational
features of buildings during the design phase, including the
performance of the building envelope, chiller type, HVAC
settings, and lighting usage. Consequently, researchers have
turned towards retrofitting existing and new buildings to
examine the impact of altering these design and operational
features on the energy performance of buildings. However,
such analysis has primarily focused on residential buildings
and some commercial structures such as offices and schools,
resulting in a lack of studies on retrofitting hotel buildings in
the UAE. The objective of this study is to establish a modeling
framework to quantify the impact of retrofitting a hotel
building's parameters on its overall energy performance.

2. Method

The proposed methodology framework is shown in Figure
1 and detailed in the following subsections. It consists of
developing a base case model of an existing Hotel in Abu
Dhabi, UAE. The model is developed using the De-
sign-Builder software. Five retrofits have been analyzed to
study the effect of the parametric change on the building
performance. Finally, parametric and cost analyses have been
performed to select the most effective and suitable retrofit in
term of the energy and cost savings.

2.1. Data Collection

The data on the hotel's geometric properties and material
characteristics (Table 1) are obtained from various sources,
including the hotel report from the Abu Dhabi City Munici-
pality [13], the hotel's Engineering Department, and the Urban
Planning Council study on typical building designs in Abu
Dhabi, which provides specifications for different types of
buildings. The hotel comprises 22 levels, which are assumed
to have uniform heights. It is worth noting that there are 28
windows per exterior wall, resulting in a total of 2352 win-
dows for 21 levels. This calculation takes into account the fact
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that each floor, except for the ground floor, has four exterior
walls. Moreover, the shading effect has been taken into con-
sideration. The hotel is shaded by two primary structures: one
on the left side, measuring approximately 13.7m in distance

and 50m in height, and another building located southeast of
the hotel, with a distance of around 24.5m and a height of 84m.
These measurements were extracted from a CAD file of dis-
trict E3-Abu Dhabi.

Reports of

Municipality of
Abu Dhabi city

Abu Dhabi

building design
specifications
Khalifa

Gathering data about the
Hotel

University

Develop the Base Model

Calibrated?

>

Yes

No

Retrofitting the Model

Parametric
Analysis

Cost
Analysis

Figure 1. Methodology of the research work.

2.2. Building Energy Modelling Model

DesignBuilder, a simplified simulation tool for building
energy performance, is used to build the model once real data
had been collected for the building. Additionally, Design-

Builder offers users the possibility of comparing various
buildings. The hotel's structural diagram is shown in Figure
2a before modeling, while the final layout of the hotel and
the surrounding buildings, which have been constructed to
create shading effects, is shown in Figure 2b.

Table 1. The hotel's geometry and design data.

Parameter Value Units
Building Height 84 m
Width 35 m
Length 35

Parameter Value Units
Windows U-value 3.88 WimK
SHGC 0.75 -
Glazing emissivity 0.9 -
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Parameter Value Units
Avrea of the floor 1225 M2
Height of the floors 3.82 m
Window area 2.16 M2
Number of windows per outer wall 28 windows
Roof/wall/floor density 750 kg/m?
Wall thickness 0.25 m
Roof/floor thickness 0.35 m
WWR 51 %

Total wall U-value 1.15 Wim?K
Roof U-value 0.58 Wim?K

Parameter Value Units
Thermostat setpoint 22 26 c
Nominal COP 25 -
Infiltration 0.75 ACH
Indoor CHTC 5 WIKm?
Roof-air CHTC 20 WIKm?
Wall-air CHTC 25 WIKm?
Equipment intensity 12 Wim?
Lighting intensity 8 Wim?
People density 0.04 person/m?
Fresh air intake & vent 7.5 Is/person

____ S

Adiabatic component block 2

Zoon Multiplier of 20 floors

Adiabatic component block 1

Ground floor

o

Figure 2. (a) The model’s structural diagram. (b) Final layout in DesignBuilder.

2.3. Calibration

In the next step, the model is simulated to collect energy
consumption readings, followed by calibration to compare the
actual energy consumption with the model. NMBE (Normal-
ized Mean Bias Error) and CvRMSE [14] are used to find the
percentage of error between the actual energy output from the
hotel and the simulated energy output from the hotel using
Equation 1 and Equation 2, respectively.

NMBE =100 * = 1)

[U e

Disq (i-x)? @)

1
y n-1

CvRMSE = 100 =

Where yi represents the actual energy values, xi represents
the simulated energy values, and y represent the mean of the
actual energy values.

2.4. Retrofits—Proposed Strategy

The analysis of the building model encompassed various
retrofits aimed at investigating the effects of incorporating
efficient building components on both total energy con-
sumption and peak loads of the building. The objective
behind these retrofits was to curtail electricity usage, cooling
load, and internal gains by proposing more suitable values
for the most energy-consuming components within the
building. The current study puts forward five retrofits for
consideration: The primary retrofit involves enhancing the
air-tightness of the building. Air-tightness refers to the ca-
pacity of the building envelope to resist infiltration when the
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ventilation system is closed. The higher the airtightness at a
given pressure difference across the envelope, the lower the
infiltration. Consequently, reducing the airtightness of
buildings can lead to reduced operating costs by minimizing
heat loss, defects, condensation, and enhancing comfort
levels [15]. The proposed modification focuses on the air
changes per hour (ACH) value, aiming to change it from
0.75 to 0.50.

The second retrofit involves increasing the cooling
set-point temperature. It has been found that "each degree
increase in set point temperature can save up to 5% on AC
consumption” [16]. Typically, the cooling set point for the
hotel is adjusted to 26 <C (Table 1). A slight increase in the
cooling set point by a few degrees is not expected to com-
promise thermal and human comfort. Therefore, the proposed
retrofit suggests changing the temperature from 26 to 30<C,
which is slightly higher than the range used in other UAE
studies. The third retrofit focuses on enhancing the coefficient
of performance (COP) of the chiller. Large buildings and
multiple building campuses often utilize chiller plants to
provide cooling, resulting in substantial electricity consump-
tion by the chiller. In this study, the chiller efficiency (COP)
has been improved from 2.5 to 3. Additionally, the fourth
retrofit concentrates on improving the glazing system. Win-
dows have long been utilized in buildings to provide natural
light and ventilation. Moreover, well-ventilated indoor envi-
ronments promote health, comfort, and productivity. However,
windows also contribute significantly to heat loss, discomfort,
and condensation issues. The rate of heat loss is quantified by
the U-factor (U-value) of a window, where a lower U-factor
indicates greater resistance to heat flow and better-insulating
properties. Hence, the proposed change involves targeting the
U-value and modifying it from 3.88 to 2.4. Lastly, the fifth
retrofit entails enhancing wall insulation as a means to reduce
electricity expenses by adding more insulation to the building.
In this study, an insulation layer (R-15 XPS thickness 80mm
layer) has been added to the external walls of the hotel. Since
most of the external walls of the hotel are covered by glass, it
is expected that the impact on energy consumption will be
minimal.

900000
850000
800000
750000
700000
650000
600000
550000

500000
550,000

Total electricityfrom the
Simulated energy model

600,000 650,000

y =1.0891x - 80968
R?2=0.9473

700,000 750,000

2.5. Parametric and Cost Analysis

Parametric analysis has been conducted to assess how
changes in specific parameters or input variables affect the
performance and behaviour of a building. It tells the users
how dependent the output energy consumption is on each
building’s parameter [17]. The parametric analysis was con-
ducted after each retrofit using the below equation:

AE/EO
AP/pO

Parametric change =

®

Where AE is the change in the total energy, and AP is the
change in the retrofit parameters before and after th e par-
ametric change, while E0 and pO represent the energy output
and the parameter value in the base case model. The cost
analysis for each retrofit has been conducted through the
utilization of the Net Present Value (NPV) by calculating the
investment and saving costs of the proposed retrofits. The
cost data for each retrofit have been sourced from the Na-
tional Residential Efficiency Measures Database of the Na-
tional Renewable Energy Laboratory.

3. Results and Discussion

3.1. Energy Consumption of the Original Model

According to the findings, the cooling load accounts for 47%
of the total energy consumption, while the equipment load
represents 31% and the lighting load represents 22%. In con-
trast, the heating load is negligible. It is worth noting that the
cooling load is the primary contributor to electricity con-
sumption in the hotel, particularly during the summer months,
which is a line with the energy results from a typical Abu
Dhabi building that was analyzed by Afshari et al [4]. On the
other hand, the heating load remains at zero for most of the
year making up a minimal percentage of the overall energy
breakdown due to the extremely hot weather in the UAE,
except for the beginning and end of the year.

800,000 850,000 900,000

Total electiricty (KWh) from the HOTEL
Figure 3. Calibration Curve between the Simulated Model and the Actual data.
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3.2. Calibration

Figure 3 illustrates that the hotel's actual electricity con-
sumption aligns closely with the electricity consumption
predicted by the simulated energy model. Moreover, the cal-
ibration curve exhibits nearly linear behavior, with minimal
deviation between the readings and the curve. This is further
supported by a high regression coefficient (R2) of 0.94, which
indicates a significant amount of variation in the outcome.
Additionally, the Normalized Mean Bias Error is 2.612% (less
than the desired threshold of 5%), while the Coefficient of
variation of the Root Mean Square Error is 4.88% (below the
desired threshold of 15%). These values indicate a relatively
low percentage of error between the real and simulated energy
output, suggesting that the model is validated [18].

3.3. Retrofitting and Parametric Analysis

Based on Figure 4 and Table 2, it is evident that all the

900000
800000
700000
600000
500000
400000

Total Electricity (KWh)

= Actual data from the HOTEL === Simulated energy model

= Air-tightness Retrofit

= Temperature Retrofit

s Chiller Retrofit

retrofits have resulted in a decrease in the overall energy
consumption of the hotel model, although the extent of re-
duction varies. The adjustment of the cooling set point tem-
perature has proven to be the most effective, leading to a
minimum energy consumption of 451,000 KWh in February
and a 19.53% reduction in annual cooling consumption.
Conversely, the addition of wall insulation has shown the
highest total energy consumption among the five retrofits,
indicating its limited contribution to cooling energy reduction
at only 0.07%. By increasing the chiller coefficient of per-
formance (COP) from 2.5 to 3, a noticeable reduction of
16.11% in annual cooling has been achieved, particularly
during the summer months when the cooling load is highest.
Furthermore, changing the glazing material and reducing its
U-value to 2.4 has resulted in energy savings of 8.25% in
annual cooling load, while enhancing air tightness only yields
a modest saving of approximately 4.29% in annual cooling
energy.

6 7 8 9 10 11 12
Months

Glazing Retrofit

Wall Retrofit

Figure 4. Monthly Electricity Consumption for each retrofit Vs the Base-case Model and Actual data.

1050

1000

950

900

850

800

Peak Cooling Load (KW)

750
Simualted Chiller Retrofit
Model

Glazing
Retrofit

Air-tightness Wall Retrofit Temperature
Retrofit Retrofit

Proposed Retrofits

Figure 5. Peak Cooling Load from the simulated Model Vs the Retrofits.
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On a separate note, Figure 5 demonstrates the peak cooling
load of the base-case simulated model and the model after
implementing the five retrofits. As expected, the base model
exhibits the highest cooling load, whereas the proposed ret-
rofits contribute to a reduction in the peak cooling load. The
retrofit that significantly reduces the peak cooling is the en-
hancement of chiller COP. However, adding insulation to
external walls does not provide any benefits to the building, as
more than half of the hotel's fagde is covered by glazing

rather than walls, resulting in a negligible impact of insulation
on the cooling load.

Based on the parametric analysis (Figure 6), the building is
sensitive to the variation of cooling set point temperature,
chiller COP, and glazing U-value given a change in parame-
ters of -0.603, -0.38, and 0.103, respectively. Negative values
indicate that output decreases with an increase in input value
(examples include temperature set point and chiller COP).

Parametric analysis

-0.7 -0.6 -0.5 0.4 -0.3

m U-wall

W U-glazing cop

-0.2 0.1 0 0.1 0.2

M Indoor temperature W ACH

Figure 6. Breakdown of Parametric sensitivity.

Table 2. Energy Reduction of the Proposed Retrofits.

Annual Cooling Consumption (KWh)

Before Retrofit 3986727.5
Chiller Retrofit 3344603.6
Glazing Retrofit 3658016.9
Air-tightness Retrofit 3815514.2
Wall Retrofit 3983782.2
Temperature Retrofit 3208103

4. Conclusion

Energy consumption by buildings in the UAE is substantial.
Retrofitting old residential and commercial buildings can be
beneficial in terms of lowering energy usage and carbon emis-
sions. The current study focuses on examining the energy usage
and expenses associated with different retrofitting techniques for
a hotel located in Abu Dhabi. Five main retrofits were assessed
based on their potential to decrease the cooling load and overall

Energy Reduction (%)

16.11
8.25
4.29
0.07
19.53

electricity consumption of the building. The findings indicate
that the cooling load is the main contributor to the hotel's elec-
tricity usage, accounting for almost half of the total consumption.
Notably, raising the cooling set point temperature leads to a
9.28% decrease in total energy usage and a 19.53% decrease in
annual cooling load, making it the most effective retrofit in-
vestment. Moreover, retrofitting the chiller system results in a
16.11% decrease in annual cooling load, such findings are in line
with the work of Granderson et al. [19] and Barbosa et al. [20]
who discover that inefficient building systems can result in ele-
vated levels of energy consumption. In contrast, the retrofit in-
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volving wall insulation proves to be the least effective, exhibiting
the highest energy usage among the five retrofits. The cost
analysis demonstrates that enhancing the chiller coefficient of
performance (COP) offers significant benefits, as it has a short
payback period. However, retrofits like glazing and wall insula-
tion do not provide any advantages to the building due to their
high initial cost and long payback periods.

Abbreviations

COP Coefficient of Performance

HVAC Heating, Ventilation, and Air Conditioning

SHGC Solar Heat Gain Coefficient

WWR Window Wall Ration

CHTC Convective Heat Transfer Coefficient

NMBE Normalized Mean Bias Error

CVRMSE  Coefficient of variation of the Root Mean
Square Error

ACH Air Changes per Hour

NPV Net Present Value
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