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Abstract:

Buildings energy contributes in one third of the world’s consumed energy. The use of
fossil fuels to provide buildings energy contributes in the Global Warming
phenomenon. To reduce the buildings impact on world’s energy, concepts like net zero
energy buildings were introduced. This study was conducted to test the possibility of
achieving such concept in the UAE.

A two-story existing residential building was selected to apply energy saving measures
and introduce renewable energy solutions to it with the aim of achieving a NZEB villa.
Simulating the implementation of passive energy saving measures, efficient lighting
and efficient HVAC systems reduced the energy massively, the remaining required
electricity was provided by using PV panels. The study concluded that using external
U-value of 0.29 W/m?K, Roof U-value of 0.14 W/m?K and Windows U-value of 1.61
W/m?K together with Dubai Lamp bulbs reduced the energy by 59.04% in the case of
using VRV HVAC system. The same measures used with connecting the villa to a
district cooling plant and the energy reduction was simulated as 84.06% of the total
energy without considering chillers energy at source, 57.72% of the total energy when
considering the chillers energy.

The introduction of 49 PV panels with nominal efficiency of 20.6% was able to cover
the remaining energy required by the villa for the VRV HVAC case. The district
cooling connected case required using 19 PV panels when the chillers energy was not
considered, and 51 panels considering the chillers energy.

The net zero energy building concept was achieved for both options and was able to

upgrade the existing villa in UAE to become a NZEB.
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CHAPTER 1: INTRODUCTION



1.1 Global Warming

The release of Greenhouse Gases (GHG) such as carbon dioxide, nitrous dioxide
and Methane caused by humans’ activities and modern life style emissions are
trapped in the planets’ atmosphere which causes the sun radiation to be scattered
and trapped inside the atmosphere causing a greenhouse effect which commonly
known now as the Global Warming phenomenon.

Dai (2012) simulations expected several highly populated regions of the globe to
experience severe droughts in the second half of the century due to the effects of
global warming. Brazil, Southeast Asia, East side of the United States, and Europe
are all expected to experience such droughts if the simulations are accurate.

Peters et al. (2012) stated that keeping the global warming below 2°C requires the
use of innovative technologies that reduces the GHG emissions and keeping it at a
negative pace, the study suggested that unless global efforts are implemented soon
achieving the targeted two degrees increase in global temperatures will become
impossible.

Effects of global warming such as deforestation, the rise of oceans level and
extreme weather conditions are expected to affect the entire planet if we fail to
reduce the emissions and pollution levels immediately. emissions produced by
industrial processes, construction, transportation, industrialized animal agriculture,
the burning of fossil fuels to produce energy, and many other polluters are hazards
that needs to be mitigated.

This dissertation will focus on the energy consumed by buildings which is usually
produced in plants ran by fossil fuels combustion and try to find a way to reduce

such unsustainable energy and replacing it by renewable energy sources.

1.2 Buildings Energy

The increasing population of the world is impacting directly the energy
consumption worldwide. This continuous growth in energy demand is concerning
scientists especially the traditional transformation of energy by using fossil fuels
considering its negative impact due to the carbon dioxide and other emissions
release to the atmosphere which certainly caused and still contributing in the Global

Warming phenomenon. Many new technologies and ideas have been directed



towards clearer sources of energy and power generation that have a low impact on
the environment as well as reducing the consumption of energy by enhancing the
efficiency of equipment. Since the buildings sector is one of the highest consumers
of energy, it’s necessary to mitigate the energy efficiency problems in buildings and
improve buildings impact on the environment by reducing the total energy required
to operate the building in addition to implementing new technologies that could
generate a certain percentage of the total building energy.

Buildings, both commercial and residential are responsible for around sixty percent
of the total electricity consumption and the emissions from these buildings are
accounted for more than third of the total greenhouses global emissions (Fraunhofer
ISI 2012; UNEP 2014, cited in Ascione et al. 2016, p. 938).

Holuj,(2010) Referring to an EIA study (2008) stated that commercial building in
the united states are responsible for 18% of the green houses gases emitted to the
atmosphere and 18% of the total consumed energy of the whole country while a
recent study by U.S. Energy Information Administration (EIA) stated that
Commercial and residential buildings Consumed forty percent of the U.S. total
energy in 2016 (EIA, 2017), residential housing in Spain represents 18% of the total
country energy consumption (IEA 2017, Cited in Carrasco, Lopez & Morcillo
2017) while the percentage is higher in France as stated by Lenoir, Garde and Wurtz
(2011) commercial and residential buildings responsible for 43% of the power
consumption and 25% of the carbon dioxide emissions.

World buildings account for almost third of the total global energy consumed as
agreed by Han, Taylor and Pisello (2017) and Friess and Rakhshan (2017). The
energy consumption of buildings has a direct relation to the weather conditions of
the region, Friess and Rakhshan (2017) argues that energy required in cold climates
depend on fossil fuels and biomass burning while hot climates consumes mainly
electricity to condition the building spaces and as per their review of Morna (2009)
study the heating energy over the current decade will decrease to reach 34% while
cooling energy will increase to reach 72% due to the increase of global
temperatures.

This means that buildings in hotter climates such as the Arabic Gulf countries need

to mitigate the buildings energy and especially the cooling energy for all new



buildings in order to match this increase of demand in a sustainable way which
means reducing the energy required for cooling and using renewable energy to
reduce the green houses emission which subsequently results in reducing the global

temperatures.

1.3 Net-Zero Energy Buildings (NZEB)

Different definitions were given to express the meaning of Net-Zero Energy
Buildings, several studies show that there’s yet to be an unified definition of NZEB
or which parameters to be considered in order for the building to be identified as a
net-zero energy building, Lenoir, Garde and Wurtz (2011) and minor and Hallinan
(2011) highlighted the same in their studies, ASHRAE Vision 2020 definition is
“...a NZEB is a building that produces as much energy as it uses when measured at
the site” (ASHRAE Vision 2020, cited by Minor & Hallinan 2011), Minor &
Hallinan (2011, p.43) definition of NZEB was simplified as “the ability to operate
off grid”.

Torcellini and Crawley (2006) explored 4 different definitions in depth to describe
a ZEB which are source & site energies, cost and emissions while Net zero source
energy building generates enough energy to cover its source energy consumption
taking into consideration the transmission and conversion losses according to
building location compared to the energy source, Net zero site energy building
focuses only on the site energy generation and consumption to equalize each other,
Net zero energy cost building uses a type of renewable energy to cover the cost of
energy consumed by selling back the extra generated power to the grid and as the
authors argued that this type of NZEB is hard to achieve due to fluctuation in energy
prices and utility providers prices in order to maintain their services, the last
definition is Net zero energy emissions building which considers the emissions

emitted due to the buildings energy usage.



1.4 Aims & Objectives

1.4.1 Research Aims

The main aim of this dissertation is to explore and test the possibility of upgrading
an existing villa in the UAE to achieve a net-zero energy building. The thesis will
study the design of an existing residential villa in Dubai — UAE, find the main
parameters (e.g. building envelope, lighting and cooling systems) where electrical
energy saving could be achieved and add PVs to cover the balance of the electricity
consumption. This will be achieved by improving these parameters and applying
energy saving measures to the building, to achieve the goal of transforming the

existing villa to become a net zero energy building

1.4.2 Research Objectives
Literature review and methodology analysis of the NZEB parameters and strategies
should provide a clear idea of the steps to be taken in order to achieve the research
aims.
By studying other approaches through literature review in order to determine the
parameters applied to the buildings in different climates and with different buildings
scales, the most suited parameters will then be chosen according to its availability
and feasibility in the United Arab Emirates and the direct impact on energy
consumption reduction.
The elements and parameters which will be explored are:
- HVAC different options according to its efficiency and its effect on the
total energy consumption.
- U-Value analysis for different components of the building (Wall, roof, and
windows and glazed areas)
- Lighting energy saving strategies and latest lights solutions.
- The effect of shading elements on building internal heat gain and energy
consumption.
- Air tightness and infiltration effects on the building’s energy consumption
- According to the energy saving resulted from using the previous measures,
the best suited renewable energy source to be implemented to a small

housing in Dubai will be determined and tested.



Since this research is focused only on the electricity consumption, GHG emissions
and Cost will not be assessed.

Using computer software simulation as the dissertation methodology, the study will
test all the selected energy saving measures and renewable energy sources, to
determine accordingly if the goal of transforming the existing villa to a net zero

energy building is achievable or not.

1.5 Dissertation structure

This research consists of 6 chapters that study NZEB and complement each other
in order to reach to the desired aims of the dissertation, the description of each six
chapter is as followed:

Chapter 1: Introduction, this chapter contains a general review of the energy
problems around the globe, buildings energy and its effects on the global energy
consumption in addition to a brief explanation of the meaning of NZEB, aims and
objectives of the research, and dissertation structure.

Chapter 2: Literature review, which includes a deeper look into the concept of Net-
zero energy buildings and different approaches taken to achieve this concept
through studying different research papers, articles, and journals in addition to
exploring the parameters used in each study to determine the best measures that
would suit the case study chosen in Dubai.

Chapter 3: Methodology, this chapter will review different research methods and
compare them to choose the best methodology approach suited for this study in
addition to an explanation of the chosen methodology. case study details with site
and climate brief analysis.

Chapter 4: Case Study Validation & Simulations, which will show the case study
validation process and explain in detail the input and variation for each NZEB
parameter with an explanation to the reasons behind each input and the method of
applying these inputs to the simulation software.

Chapter 5: Results and Discussion, the findings from the previous chapter’s outputs
will be analyzed and discussed in depth in this chapter in comparison to each other
and a final review of all the parameters output will be presented and discussed to

confirm the possibility of achieving NZEB.



Chapter 6: Conclusions and Recommendations, an overview of the whole research
will be presented and recommendations for future researches will be suggested in

this final chapter.



CHAPTER 2: LITERATURE REVIEW



2.1 Net-Zero Energy Buildings (NZEB) studies review

In order to understand the methods used previously to reach NZEB and the
strategies followed during the design, simulation and validation, the following
literature review is essential to follow successful examples and achieve the net-zero
energy building aim of the research.

Dabaieh, Makhlouf and Hosny (2015) assessed the performance and occupants
satisfaction of installing PV panels to vernacular houses in two remote villages in
Egypt, both villages El-Gara and El-Heiz were provided with two PV panels for
each house as a part of the New and Renewable Energy Authority in Egypt and
through occupants survey and site analysis the authors found that more than three
quarters of all residents gave a positive feedback regarding the new renewable
energy addition to their homes and the remaining residents had some concerns
regarding the low power generated by only two panels per house, however it was
mentioned that most of the occupants appreciated having a more reliable source of
energy instead of the non-dependent national grid in addition to the reduction in
electricity bills. The authors recommended more similar projects to be placed on
the ground and advised regarding the initial high cost of PV panels imported from
abroad and recommended for such efficient technology to be manufactured and
maintained locally to provide more options and more competitive prices.

Even though this research didn’t study the net or near zero energy buildings, but it’s
considered as a valuable example of reducing building energy consumption by
implementing a renewable energy source.

The Finnish model of a NZEB was investigated by Mohamed, Hasan and Siren
(2014) studying two types of houses in Helsinki — Finland, both passive and
standard houses were studied by applying different conventional and biomass
systems which are Electric heating system, District heating, Ground source heat
pump, Light oil boiler and wood pellet boiler as the conventional systems and the
biomass systems are wood pellet Stirling engine, Direct Combustion Stirling
Engine, Updraft Gasifier Stirling Engine, Indirect Fired Gas Turbine, Internal
Combustion Engine with gasifier, direct combustion Organic Rankine Cycle and

domestic scale polymer electrolyte membrane fuel cell.



All the mentioned systems efficiencies are rated according to both the Finnish and
international code and the aim for the authors study is to reach the four cases of
NZEB site, source, emission and cost. U-values of all aspects of the buildings’
envelope were compared (roof, walls, windows and doors, ground, and air
tightness) and all the system were simulated using Trnsys software in addition to
adding PV panels to cover the remaining electricity required and studying the effect
of adding Solar Thermal Collectors (STC) to reduce the number of PV panels.

It was found that using conventional heating systems did not achieve the required
NZEB values however it was recommended that increasing the system efficiency
and adding STCs will reduce the buildings energy consumption noticeably, while
reducing the demand of thermal energy has an opposite effect and will not help
achieve the NZEB emission and primary energy. The research concluded that
achieving NZBE-emission is easiest to achieve according to the Finnish regulations
while NZEB primary source is the second easiest option followed by cost and site
NZEB and it was highlighted that using the international reference data was easier
to achieve the last three options while NZEB-emission was easier with the Finnish
code. The final recommendation of the study is that up to the date of publishing the
research using a domestic biomass combined heat and power is not necessarily a
better option to achieve a NZEB and the authors recommended using a centralized
energy source instead.

Ascione et al. (2016) conducted a study using simulation tool and a multi-objective
algorithm to search the best envelope material solution which save energy in both
winter and summer and reach with the building to NZEB in four cities with
Mediterranean climate which are Nice, Athens, Naples and Madrid.

The study explored 7 different types of window glazing with double and triple
glazing, different gasses gaps (air & argon) and varies glass options such as Low-
E, clear and reflective glass panels which resulted in U-values varying between 2.55
to 0.81 W/m?’k, three window external shading were investigated which are (no
shading option, louvre 0.5 - 1.5 meter, and overhang 0.5 — 2 meters), internal
window blinds options were also simulated as followed (no window blind option,

medium reflective blind, medium weave blind, and shade roll).
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Six types of walls with different U-values were used to reduce the thermal
conductivity, two types are made of interlocking brick with holes filled with both
rock-wool and expanded polystyrene, the other 2 wall options are made of
autoclaved cellular concrete with varies densities, the fifth option is cross-laminated
fiber which is considered as a new technology the researchers liked to include in
the study, where the last option is a conventional hollow block with external
wooden fiber insulation. Different external materials and different thicknesses were
evaluated for all six types. Two roof options were simulated each consists of
different insulation materials with U-values of 0.26 and 0.27 W/m’k. an additional
simulation was done to evaluate the integration of Phase Changing Material
materials to the external and internal walls with different melting temperatures.
The study concluded that in order to achieve a zero energy building different
approaches and energy efficiency measures need to be taken depending on the
location of the building and the seasonal climate of the region. It was suggested that
a comprehensive study must be conducted on a case by case situation according to
building location and orientation in order to choose the most efficient materials and
strategies, with number of occupants and behavior fixed between all 4 simulations
of the four chosen cities. It was found that triple glazing windows with both internal
and external shading is required to reduce the required cooling and heating energy.
Aerated blocks with external insulation must be used to reduce to the total energy
required and lower U-value roof with light colors is the best solution to reduce heat
gain. Phase Changing Materials (PCM) integration must be selected according to
the outdoor temperatures in winter and summer and using such material reduced the
cooling demand by two percent in the Madrid case and up to 13 percent saving for
Naples simulation (Ascione et al. 2016).

A comprehensive analysis done in 2015 included the simulation of different types
and variations of insulations, walls, shading, glazing, Ventilation, cooling, and
domestic water heating for a new office building in southern Italy, since it is
considered as a warm region and has moderate winter temperatures, the study
investigated the most suitable variations of materials and systems in terms of
reaching a NZEB primary energy, emissions and cost. 256 variations were

simulated to identify the most efficient scenarios. Accordingly, seven tables were
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presented to show the different factors and final results showing seven different
scenarios taking into consideration all the variables, the highlighted best results with
CO: emissions ranging between 22 to 23 kgCO2/m?y and the worst variation with
CO2 emissions of 36 kgCO2/m?y. The best case tested showed a primary energy
consumption ranging between 76.4 to 77.6 kWh/m?y and the worst case showed an
annual consumption of 121.5 to 123.1 kWh/m?y (Congedo et al. 2015).
Kamenders et al. (2014) studied the requirements and solutions needed to convert a
2-story residential building in Latvia into a nZEB, the building had a conventional
standard design that follows the Latvian building code and it was redesigned at a
later stage and tested on site to achieve a minimum energy consumption by using
different envelope and heating system enhancements.

The study showed a comparison between the initial design U-values and infiltration
against the redesign values where walls U-value reduced to 0.06 W/m?k down from
0.291 W/m?k and roof U-value reduced to 0.05 W/m?k from 0.194 W/m’k, the U-
value of ground floor was reduced from 0.242 W/m?k to 0.1 W/m?k while windows
redesign U-value reached 0.8 W/m?k down from 1.745 W/m?k and infiltration was
cut by more than half to reach 0.43 instead of 0.93. While it was not mentioned
which insulating materials were used to reach such low U-values, it was mentioned
that Passive House Planning Package PHPP strategy and TRNSY'S simulation tool
were used to calculate and simulate different scenarios and reach to these figures.
Two site monitoring and measurements were done on site during construction
which are temperature & carbon dioxide monitoring and Building envelope
tightness test using a blower door test. The paper mentioned using PV panels as a
source for renewable energy. However, details of the PV panels and its output was
not mentioned. The study concluded that near Zero Energy Building was achieved
using passive measures and PV panels and it’s considered as one of the first
buildings of its kind in Latvia. The authors recommended the usage of similar
envelope U-values as the ones implemented to this study and the use of mechanical
ventilation with heat recovery higher than 85 percent, it was also mentioned that
Latvia still lacks the regulations and guidelines for low energy buildings and the

mentioned study will help development of such regulatory codes.
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A recent study done in Korea examined 153 existing office buildings to highlight
the energy factor required to be modified to transform office buildings to a near
zero energy buildings and the study highlighted twenty four factors related to the
early design decisions taken by Architects, the research studied the results of
optimizing many envelope factors such as wall, roof, and windows U-values in
addition to mechanical and electrical systems and compared the existing buildings
case against the optimized option with relation to its initial cost as well as running
cost in the duration of 40 years. The study resulted in lower energy values and faster
decision making in relation to the 24 factors mentioned and showed a dramatic
reduction in all these values, while the initial cost was relatively higher than the
standard buildings cost the study showed the financial benefit of the building on the
long run in addition to energy saving and lower CO: emissions, the research
suggested that the findings could be used by Architects and designers to ensure
lower energy output by such buildings if the studied strategies are implemented in
the early design stages to save time and effort instead of doing individual studies
for each building during the concept design stage (Kang 2016).

A PV panels-wind turbine hybrid system backed up with a storage battery and one
inverter was used to study the possibility of generating a 100% renewable energy
for 3 sites with three different climates in Romania. The output energy was
simulated on hourly basis throughout the year and was able to generate enough
energy to cover the buildings’ consumption, in some sites there was excess energy
which could be fed back to the grid. The use of battery to recover energy at peak
times was highly useful in this case and the final simulation showed CO2 emissions
reduction by minimum of 50% and up to 90% in one of the three sites, the PV panels
used in the simulation had a nominal capacity of 280 Wp while the wind turbine
used had a capacity of 3260 W at wind speed of 14 m/s (Badea et al. 2016).
Pescaru, Baran and Dumitrescu (2014) study for different educational buildings in
Romania tried to reach a near zero energy building by using passive measures for
the building envelope by adding insulation to external walls and replacing the
glazing areas with more efficient types. However, the study concluded that even
though the energy saving reached up to approximately 71 percent for one of the

buildings, NZEB was not achieved and the authors recommended the use of more
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energy saving passive approaches combined with heating system improvement and
the introduction of a renewable energy such as PV panels in order to cover the
remaining required electricity. The study also showed that in the case of improving
the envelope only the PV panels available area was not able to generate enough
energy to cover the heating demand energy when compared annually.

Several studies as the mentioned above showed that reaching a near or net-zero
energy building is highly possible in different climates and with different strategies,
it was stated in many studies that a multi strategy plan is the most efficient method
to reach the desired goals and in order to specify the different variables and
parameters that could be improved in buildings the next section in this chapter will
study each parameter in depth as researched by others to suggest the most suitable

variables to be used for this dissertation.

2.2 NZEB energy efficient measures

2.2.1 Mechanical systems (Cooling, Heating and Ventilation)

de Santoli, Mancini and Rossetti (2014) analyzed the required energy needed for
heating and cooling of the Pavilion EXPO 2015 building in Milan. Considering two
scenarios for summer and winter seasons beginning and ending periods. The first
scenario considering the summer season starting from mid-April and ending in mid-
October where the second scenario has a shorter summer period starting mid-May
and ending in mid-September. The study suggested the use of High efficiency
geothermal energy from the warm water trapped in the location of the building. A
reduction of around 50% of the required summer and winter cooling and heating
energy was indicated if the mentioned system is used. However, it was highlighted
that the 2 scenarios for seasons start and end are due to the building insulation which
traps the heat inside the building and prolong the cooling period throughout the
year.

In colder climates like Finland where most of the mechanical energy is used in
heating the building’s internal spaces Mohamed, Hasan and Siren (2014) simulated
5 types of conventional heating systems and 7 biomass systems as mentioned earlier
and reported that all biomass options achieved proper reduction in energy needed

for heating and achieved the four NZEB strategies for primary energy, emission,
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site and cost and suggested that a biomass centralized heating plant is only
beneficial for a larger scale buildings or communities and not very energy efficient
if used for a small scale house.

A multistory residential building in Italy replaced the traditionally used heat pumps
and condensing boiler with two options to reduce the energy required for heating.
The two options are a 99 percent efficiency condensing boiler and a heat pump with
air source compressed vapor rated with 3.45 seasonal performance factor. The
improvement of heating primary energy source showed a reduction in both cases
from 62.66 kWh/m2y down to 11.52 kWh/m2y in the case of air heat pump. And
14.03 kWh/m2y in the high efficiency condensing boiler case (Gagliano et al.
2017).

Doiron, O’Brien and Athienitis (2011) were able to reduce the energy consumption
required for heating and cooling of a house in Canada by improving the mechanical
systems. This was achieved by changing the heating and cooling distribution fan
controllers in order to operate during occupancy hours. This resulted in 722 kWh
saving annually. Air cleaner removal resulted in 442 kWh saving annually
considering that the system contains a built-in air filter which can replace the air
cleaner in their case. heat recovery ventilator operational hours reduction according
to occupancy profile also resulted in around 10 percent saving of the energy. It’s
worth mentioning that the researchers compared the heating / cooling systems of
commercial buildings where an HVAC engineer is responsible of designing the full
system which results in a higher efficiency of the system as a whole against a
smaller residential house where the engineers input is not highly used. This can lead
to lost energy where it’s not needed. The authors also investigated the occupants’
behavior and stated that when the occupants are informed of their energy usage they
tend to reduce their consumption which results in approx. 10% reduction of the total
equipment, lighting and systems energy used.

The mentioned studies show that an adequate reduction of the energy could be
reached when high efficiency cooling and heating systems are used instead of
traditionally used and widely commercial installed systems that have lower
coefficient of performance. The use of sustainable or renewable ventilation and

internal climate control systems are highly recommended if available on site and

15



cost-effective compared to other systems. Economical occupant’s behavior in using
these systems is a beneficial addition to the total reduction of energy but since it’s
not entirely under the researcher or designer control. It’s highly recommended to
install controllers and sensors that regulate the cooling and heating process

according to the occupancy of spaces.

2.2.2 Envelope energy efficient measures

Building envelope is considered one of the most important and feasible parameter
to be improved in order to reduce the demand energy for heating and cooling and
it’s one of the easiest passive strategies to be simulated, forecasted and applied by
designers during the initial building design stages. Most of the studies and research
papers tend to reduce the U-values of all envelope parameters to ensure lower heat
transfer rates in hot climates or reduce heat escape in cold climates.

Pescaru, Baran and Dumitrescu (2014) studied three public buildings in Romania
and applied several energy reduction measures to the buildings envelopes. The
study simulated the results of such strategies on the total building consumption to
reach a NZEB. One of the measures was proposing the introduction of different
insulating materials to the buildings external walls by adding 200 mm insulating
materials made of extruded polystyrene, polyurethane foam, and mineral wool.
Using a triple glazing with different gas filled gaps to reduce the U-value of the
glazing was also one of the strategies. In addition to insulating the roof and ground
slab. The study didn’t mention the exact U-value of the walls before and after the
introduction of the insulation material but rather noted a noticeable decrease in
energy demand for the buildings by approx. 35 to 71 percent. The study concluded
that passive measures to the building envelope will definitely reduce the energy
demand. However, it needs to be combined with other renewable energy source and
heating system enhancement in order to reach to the required near zero energy

building.
(A) External walls U-value

Congedo et al. (2016) used two reference schools in Italy as case studies for

achieving NZEB using simulation method by testing different elements efficiency
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improvement. The first school had several external walls thickness with U-value
varies between 3.1 W/m?K for 200 mm walls and 1.38 W/m?K for 800 mm walls.
The second school had a 300 mm wall with U-value of 1.37 W/m?K. after testing
different combinations the study was able to achieve 84 percent saving of the
primary energy power and 82 percent carbon dioxide emission reduction compared
to the first reference school. While the second reference school was able to achieve
between 58 to 73 percent reduction in energy depending on the season. Both options
found that the best external wall insulation is 60 mm hemp fiber panels which has
an average transmittance value of 0.33 W/m?K. Lower U-values were used by
Kurnitski et al. (2013) in their four buildings simulation in Estonia using IDA-ICE
simulation tool. The study used 200 mm thick Light Weight Aerated (LWA) block
external walls with EPS insulation. The insulation thicknesses of 15, 20, 25, and 35
cm which is reflected into total wall U-values of 0.23, 0.17, 0.14, and 0.1 W/m?*K
respectively. With combining other NZEB tactics the goal of reaching NZEB was
achieved for all four options. However, the study didn’t show the reduction resulted
from wall insulation separately since the study was focused on the cost optimal
solution for NZEB. It was highlighted that it’s costlier to use insulation for a smaller
residential building than a bigger public or office building when comparing the
price with the square meter area of the building.

A different study was targeting a near zero energy building in Estonia in the value
engineering stage for an office building with three floors and one basement. One of
the envelope improvement methods was by increasing the insulation thickness. This
resulted in U-values varying from 0.19 W/m?K to 0.07 W/m?K. The study showed
that increasing the insulation thickness helped preserving the rooms’ heat in
unoccupied hours, but it had a reversed effect for warmer rooms as it showed an
overheating of these rooms as high as 60 percent (Thalfeldt, Kurnitski & Mikola
2013). Mohamed, Hasan and Siren (2014) study of both standard and passive
houses in Helsinki showed external walls U-values of 0.169 W/m?K and 0.074
W/m?K for standard and passive houses respectively. Their results showed
similarity with the Estonian study above as the NZEB was achieved in all four
aspects which are site, primary energy, emission and cost. It was still a concern that

increasing the insulation and energy demand in colder climates could have a
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reversed effect in some cases, this is due to trapped solar heat in spaces or lost
energy due to Primary Energy (PE) required power for heating which is not
compatible with small individual houses.

The 6 wall types studied by Ascione et al. (2016) had U-values ranging between
0.312 W/m?K and 0.286 W/m?K_.Tthe simulation results showed that a minimum of
15cm of EPS insulation is needed to reach the optimal external wall U-value of 0.13
W/m?K in winter. U-value of 0.20 W/m?K was used in summer with an average for
both seasons as 0.18 W/m?K for Madrid case study. The other three cases in Naples,
Nice and Athens required lower average U-value of 0.16 W/m’K for external walls.
Kamenders et al. (2014) building optimization study in Latvia used external wall
U-value of 0.06 W/m?K instead of the initial design of 0.291 W/m?K. The insulation
material and thickness were not mentioned in the paper neither the energy reduction
from improving this parameter individually. Kang (2016) showed the results of
optimizing the U-value from the designer’s preference of 0.27 W/m?K to 0.09
W/m?K which has a higher initial cost. When combined with other factors it showed
areduction of the running cost over 40 years by around sixty percent and a reduction
of the life cycle cost by 35 percent.

All the mentioned studies showed that a well-studied reduction in external walls U-
value will impact the energy demand directly and the reduction will be beneficial
to the total consumed energy throughout the building life span. in colder climates
the insulation must be studied against both summer and winter periods separately
to avoid any excess use of energy due to overheating of spaces. As shown in Table
2.1, the lowest U-value of 0.06 W/m?>K was tested by Kamenders et al. (2014)
however the energy reduction due to walls efficiency improvement was not

mentioned in the paper.
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Table 2.1: External walls U-value studies comparison

Energy
Lowest U-value Insulation material | Reduction
u u
Study used (W/m’K)
(%0)
60 h fib
Congedo etal. 2016) | 0.33 M ACMP HBET ) 404 PE
panels
Not
Kurnitski et al. (2013) | 0.1 35 cm EPS o
mentioned
Thalfeldt, Kurnitski & Not
. 0.07 Not mentioned
Mikola (2013) ot mentione mentioned
Mohamed, Hasan and Not
’ 0.074 Not mentioned
Siren (2014) ot mentione mentioned
. Not
Ascione et al. (2016) 0.13 15 cm EPS )
mentioned
. Not
Kamenders et al. (2014) | 0.06 Not mentioned )
mentioned
Not
Kang (2016) 0.09 Not mentioned © )
mentioned

(B) Roof and Ground U-value

Roof and ground slab insulation are usually improved in most of the researches
aimed to reach with case studies to a near or net-zero energy buildings. Although
the ground slab insulation is not usually given the bigger focus since it has to be
insulated as a common practice to avoid the penetration of ground water. Ground
slab close proximity to the original site level allows the filling soil to provide the
needed protection from external temperature fluctuations. The roof is usually the
most part of the building exposed to sun, snow and rain which impacts the spaces
under the roof directly if not well insulated.

The same studies investigated in the wall U-value parameter improved the roof
insulation and accordingly the U-value. Kurnitski et al. (2013) simulation of four
cases for office building in Estonia investigated 4 different roof and ground floor

scenarios. Using 250, 320, 500 and 800 mm mineral wool insulation for the roof
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resulting in U-values of 0.18, 0.14, 0.09 and 0.06 W/m?K. The same U-values were
achieved for the four cases at the ground level by using 180, 250, 450 and 700 mm
EPS insulation. Combined with other energy efficiency measures NZEB were
achieved for the four options despite some of the options not being cost effective.
The Finnish standard and passive houses used U-values for roof as 0.09 W/m?K and
0.065 W/m?K. ground level values were set at 0.16 W/m?K and 0.07 W/m?’K
respectively. This resulted in reduction of the total energy and achievement of the
four NZEB aspects as mentioned previously (Mohamed, Hasan & Siren 2014).
Ascione et al. (2016) study improved the two initial roof layers which had U-values
of 0.26 and 0.27 W/m?K. Adding insulation of 200 mm EPS resulted in U-value
reduction to reach approximately 0.16 W/m?K. The Latvian improved house by
Kamenders et al. (2014) defined the roof U-value as 0.05 W/m?K down from 0.194
W/m?’K and ground floor U-value as 0.1 W/m?’K down from 0.242 W/m’K.
Congedo et al. (2016) two reference school buildings had a roof U-value of 1.76
W/m?K and 1.66 W/m?K and ground level U-values of 1.30 W/m?K and 1.12 1.66
W/m?K respectively, while many parameters were improved which resulted in 288
possible combinations the study did not mention any improvement of the roof or
ground insulation and it focused only on walls and windows. Similarly, in Kangs’
(2016) study of 153 office buildings he stated that Roof U-values ranged between
0.56 W/m?K to 0.15 W/m?K and Ground floor thermal index was measured between
0.69 W/m?K and 0.19 W/m?K but the cases chosen to be studied (A and B) did not
mentioned any roof or ground U-value improvements.

A different study by Gagliano et al. (2017) suggested the improvement of roof
insulation from U-value of 0.41 W/m’K to 0.20 W/m’K by adding only six
centimeters of thermal insulation and the introduction of green roof as shown in

Figure 2.1
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Figure 2.1 Green Roof Features (Gagliano et al., 2017)

which serves the two purposes which are thermal conductivity reduction and lower
CO2 emissions through the vegetation layer photosynthesis process, it was also
highlighted that the soil layer protects the roof from outdoor temperature
fluctuations due to high soil and water absorbance and storage of heat (Gagliano et
al. 2017). The use of green roofs studied by different authors in several studies.
However, due to the case study of this dissertation being in hot climate this
improvement measure will not be considered as an option. This due to the high
water usage needed for irrigation and the need of roof area for AC machines and

PV panels.

(C) Glazing U-value

Improvement of windows and glazing U-value is very essential to the energy saving
process for NZEB. The glass transparency allows more sun radiation inside spaces.
The improvement of this element of buildings plays a great factor in the reduction
of building energy demand especially with buildings that have a high glass to wall
ratio.

Buonomano et al. (2016) investigated 6 types of glazing in his study of a non-
residential building located in southern Europe with Mediterranean climate. As
shown in Table 2.2 the types range between double and triple glazing with different
filled gaps such as air, argon and krypton with some options using a low-e pane. It
was also mentioned that the windows simulated had metallic frame with suitable

thermal cut. The U-values ranged between 2.7 W/m?K for the regular 6+13+6 mm
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air filled gap to 0.9 W/m?K for the 6+8+6+8+6 krypton filled gaps and one low-e

pane.
The results of the study stated that for some areas the option with 1.6 W/m?K argon
filled gaps glazing was adequate. While the lowest U-value glazing of 0.9 W/m?K

had to be used for all the other areas to achieve the required energy saving aim.

Table 2.2: Investigated Glazing types (Buonomano et al., 2016)

Glazing type Gap Transmittance Solar heat gain coefficient Solar transmittance Visible Transmittance Emissivity
U W/m? K] 21%l Foot |3 Tia [X]
1 Adr 27 070 061 078 0.84
2 Argon 25 070 0.60 0.78 0.84
3 Argon 16 058 051 075 0.10
4 Krypton 1.3 054 047 0.74 0.0
5 Air 1.7 061 048 071 0.84
6 Krypton 09 0.46 029 063 010

Note that all the investigated windows are equipped by metallic frames with a suitable thermal cut.

Gagliano et al. (2017) analysis of energy efficiency towards a NZEB for an existing
building addressed the windows energy efficiency by replacing the windows in the
simulated model to 6 mm double pane glass with 12 mm air gap and aluminum
frame. This combination reduced the U-value of the window to 2.00 W/m?K instead

of the existing 3.16 W/m?K as shown in Table 2.3.

Table 2.3: Low-E Windows Features (Gagliano et al., 2017)

Double glass (s = 28 mm) two 6 mm glass and 16 mm airspace

Glazing Frame Window Solar factor Emissivity of Reflectance
U, (W/m*-K) Ug (W/m*-K) Uy (W/m*K) g (%) glass & (-) ()
1.30 2.89 2.00 42 0.1 0.9

The study found that the strategies used to improve different parameters of the
building envelope helped reduce the building energy demand dramatically. It was
mentioned that the low-e windows introduced helped reducing the required cooling
load by 50% during the cooling season. However, it was highlighted that more
measures were required to achieve the NZEB goal. Kang (2016) investigated
windows U-values between 1.00 W/m?K and 1.72 W/m?K instead of the baseline
model which had windows U-value of 2.1 W/m?K. Kamenders (2014) reduced the
windows U-value to 0.8 W/m?K instead of 1.745 W/m?K. While Ascione et al.
(2016) studied 7 different types of windows with U-values as shown in ranging
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between 2.55 to 0.81 W/m?*K. All the mentioned U-values contributed in a
noticeable energy savings when implemented with other different approaches as
discussed in the previous section of NZEB studies review.

Almost all the studies that investigate the possibility of reaching a near or net-zero
energy building use the approach of reducing the envelope thermal conductivity and
subsequently the energy demand required for the building heating or cooling. These
parameters vary between climates depending on the need for lower temperatures
inside the spaces in warmer climates where reflective low-e and lower U-value
glazing is used. In colder climates where the window insulation degree required to
be adequate according to outdoor temperatures but still allows for the sun to enter

the spaces and provides warmer temperatures indoors.

(D) Aiir tightness and infiltration

Air tightness is a very important factor for building energy saving and to avoid loss
of energy due to poor construction work and insulation installation poor practices.
Air tightness of the investigated house in Latvia was measured with the help of a
door blower which helps calculate the indoor and outdoor pressure difference, the
study suggested that in order to reach the NZEB the air tightness or air change rate
measured at 50 Pa (nso) recommended to be less than 0.41 h'!, which is calculated
by dividing the building volume in m? by the fan output in m3/h (Kamenders et al.
2014).

One of the elements which were improved by Mohamed, Hasan and Siren (2014)
in their study of a standard and a passive example houses in Finland was air
tightness which was valued at 2.0 h! in the standard house and 0.6 h™! in the passive
house when measured at a pressure of 50 Pa.

Kang (2016) improved the air tightness for the optimized model to reach 0.5 h!
compared to the proposed model by designers which had a value of 2.0 h™',

Study of Ecoterra house measured the airtightness of the house as 0.85 at 50 Pa,
when compared with a standard Canadian house it was noted that Ecoterra used
12.4 percent of the standard house and the study highlighted that standard houses

require envelope enhancements especially with regards to air tightness.
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2.2.3 Internal Lighting Improvement

Five percent of Europe’s residential buildings energy is consumed by lighting while
non-residential buildings consume four percent of the total buildings energy
(Capros et al. 2008, cited in Balaras & Dascalaki 2011).

Kang (2016) study took into consideration the lighting fixtures improvement, in the
baseline model the lighting energy was rated at 15.1Watt per square meter. The
study proposed replacing the traditional lights with LED lights which had an energy
consumption of 7 watt per square meter. This resulted in increment of the cost by
300 thousand won per square meter but a reduction in the energy cost by the same
figure which accordingly resulted in a reduction of the operation cost by sixty
percent over the building life span of 40 years.

Badea et al. (2016) stated that the lighting configuration for the building studied in
the process of reaching NZEB through introducing renewable energy was 1,68
kWh/m? annually which falls within the Romanian guidelines for NZEB. However,
the type of lighting used was not mentioned in the paper.

Electric consumption of lighting for the standard and passive houses were not
changed in study and was rated as 7.01 kWh per meter square annually for each
house (Mohamed, Hasan & Siren 2014), while Ascione et al. (2016) simulated
house defined the lighting consumption as 3.5 watt per square meter.

The mentioned studies show that the energy demand of buildings could be reduce
slightly by using more efficient lighting appliances which helps reducing the
required output by the renewable energy source in order to achieve a net zero energy
building, A light-emitting diode LED light fixtures are usually used to reduce the
running energy consumption instead of traditional halogen lights and the slightly

more efficient Compact Florescent Lamp CFL fixtures.

2.2.4 Renewable energy (PV Panels & Wind Turbines)

In the process of developing more efficient buildings towards a near and net zero
energy buildings most researchers took steps to improve the building envelope and
systems to reduce the total energy required to sustain the building. All these
improvements are considered as passive design measures combined with lighting

improvement. However, it cannot sustain the building on its own, in order to cover
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the electricity required for lighting, heating and cooling, and equipment many
studies looked at the introduction of a renewable energy source such as photovoltaic
panels, domestic wind turbines, or harvesting the geothermal energy.

In the study of Pescaru, Baran and Dumitrescu (2014) for three educational
buildings studied the placement of PV panels on all solid areas of building’s fagade
and compared the energy output of the PV panels against the 3 buildings demand
after improving their envelopes, the buildings had an average available areas of
around 1900 square meters each that generated annually around 75,000 KWh which
was not enough to cover the buildings electricity needed for heating and some
buildings was reported to require around 287,000 KWh additional power in order
to for the renewable energy to cancel the demand energy.

Another research by Congedo et al. (2016) for the efficient solutions of 2 existing
schools in Italy simulated several types of PV panels as shown in Table 2.4, for the
first school it was found the best reduction of 84 percent in PE energy was achieved
when using eighteen panels of PV panels REF-PV02 shown in the table which had
a peak power of 4.5 KW and efficiency of seventeen percent, the second school
required sixty eight panels from REF2-PV02 to achieve energy reduction between

73 and 58 percent in winter and summer respectively.

Table 2.4: PV panels variables (Congedo et al., 2016)

D Disiiog An N, Ppeai, panei Ppeak fs N "
scription -
m* . w kW degrees  degrees %
REF1 SCo1 solar collector 2 10 ) ) 0 45
panels
REF1_PVO1 l‘“"‘“‘: sl 15 b) 250 300 0 ss 17
AN IS
shotovoltaic
REF1_PV02 I l‘ r‘\ l' & 15 18 250 450 0 45 17
Panels
REF2_SCo1 solar collector 2 17 = = 0 &5 55
panels
REF2_PVO1 '““‘l‘“‘t““l""“’ 15 0 250 15.00 0 s5 17
panels
REF2_PVo02 phvhlnimu 15 8 250 17.00 0 45 17
P.'N'H.‘ S

Stephens (2011) used PV panels to meet the required electric demand of a
residential building simulated in six cities in the United States, as shown in Table
2.5 all buildings where able to demand electricity needs by using different PV

panels capacity for each city, it was found that Phoenix city required the smallest
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system with ten kilo watt DC while the highest demand was found in Minneapolis
requiring twenty three kilo watt DC, annual hours of electricity need covered by

using PV panels weighed around one third of the total hourly electricity for all

buildings.
Table 2.5 PV Panels Simulation Summary (Stephens, 2011)
Houston  Phoenix  Charlotte  Kansas City  Seattle  Minneapolis
Required PV size (kW DC) 1o achicve NZEB 12 10 14 17 19 23
Annual electric output by PV (kWh) 14640 16170 18450 22310 18430 29570
Percentage of annual electric demand met 103% 106% 105% 102% 103% 101%

Hours that PV meets hourly clectric demand 2725 2928 2827 2784 2414 2826

Percentage of annual hours fully met by PV 31% 33% 32% 32% 28% 32%

Badea et al. (2016) studies the wind and solar characteristics of 3 cities in Romania
and simulated the installation of two renewable energy systems which are PV panels
with 280-watt peak and wind turbine that generates 3260 watts at wind speed of
fourteen meter per second, the two systems were packed up with a battery and
inverter to switch between systems and reserve energy in the proposed battery to be
used during low energy production and high demand periods.

It was stated that for site number 1 the PV panels generated 63.62 percent of the
required energy while wind turbine generated 36.38 percent, site number 2 had
more sustained wind speed which generated 78.73 percent of the required power
and the remaining power was covered by PV panels while the third site had the most
suitable wind configurations which resulted in the generation of 90% of the energy
and the remaining ten percent was covered by the photovoltaic panels.

The mentioned studies shows that the initial research of the building location to
determine the potential renewable energy source is vital to the success of producing
enough energy that meets the building demand after applying the suitable passive
efficiency measures and accordingly the renewable energy system capacity
selection could be determined through the simulations of the possible options and
comparing it to other solutions taking into consideration the initial cost, life cycle

cost and running cost savings.
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2.2.5 Shading Elements

External and internal shading devices or structural elements are usually integrated
into the design of the building to obstruct the sun rays from entering the buildings
in warmer climates, such elements usually helps reducing the internal temperatures
in spaces where cooling is needed and eventually the reduction of the energy
required by mechanical systems to stabilize the buildings’ internal temperature,
shading elements are usually placed above the glazed areas of the southern facades
in the northern hemisphere and over the glazed areas of northern facades in the
southern hemisphere.

Some designers use natural elements like trees and other fagade planted plants to
reduce the solar effect and provide a natural feeling around the building.

It was stated that the use of algorithm controlled automated shading devices can
help lower the site consumption by around 11.6 to 13 percent (Amaral et al. 2016,
cited in Ascione et al. 2016)

Kang (2016) argued that introducing shading elements to the building exterior has
different results in different climates as it reduces the cooling energy demand in
summer and warm climates but could cause a reversed effect in winter or in colder
climates where direct solar heating is required, and such elements may increase the
heating energy and cost.

Al-Sallal (2010) study of schools in the UAE reviewed several solar shading
technics such as eternal shading elements, internal shadings, and natural trees and
plants used as shading elements which usually protects the inner spaces from direct
sun light and glare by scattering the light and provides more uniform lighting for
classes, it was suggested that solar shading should be taken in consideration in
school buildings since many schools in the UAE use large areas of glazed facades
which requires more cooling systems energy.

Ascione et al. (2016) simulation variables investigated different types of external
shading and internal window blinds which are the use of no shading, projection
between half to one and a half meters, and overhang between half and two meters
while window blinds options were medium reflectivity slats, shade roll with
medium obstructiveness, and medium weaved drapes. The study found that there

was reduction in energy in using all types of shadings and different options had

27



better results in different climates and the use of external shading is one of the final
recommendations of the research for the development of NZEB. It was also
Recommended by Kamenders et al. (2014) that cheaper automated shading systems

to be researched in Lativa to provide cost effective net zero energy buildings.

2.2.6 Other energy efficient measures

Other energy reduction methods were reviewed and used in some studies such as
Solar Water Heating which helps reduce the energy needed for heated water and
commonly used in buildings that don’t require large amounts of hot water
consumption due to the large size of the roof panels.

Phase Changing Materials PCM are used sometimes as a coating for walls where
the heat is absorbed by such material and stored in the form of changing the phase
of material instead of being conducted to inner spaces which helps reduce the
temperature fluctuation inside spaces.

Solar collectors are used in some studies to heat the building indoor directly with
the help of solar energy.

Building orientation is a highly recommended factor to be investigated during the
concept design of any project to avoid any unnecessary energy losses due to
ineffective glazing orientation and solar shading location.

To achieve a comprehensive NZEB, it is highly important to select the energy
efficient measures that suits the needs of the building taking into consideration
building location, climate, availability of products, cost effectiveness, durability

and running cost.

28



CHAPTER 3: METHODOLOGY
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3.1 Research Methodologies

Research methodology is a set of practices and procedures which are used to
interpret and solve the problems of a particular research, this is achieved by
identifying the problems and challenges of the researched subject and accordingly
follow certain steps to solve them and reach the research goal. This chapter
describes briefly the types of methodologies used to achieve NZEB, and also
highlights each methodology’s advantages and disadvantages in order to select the

best suitable methodology for this dissertation.

3.1.1 Computer simulation method

Computer simulating software provide many possibilities when predicting
buildings behavior with the liberty of changing all needed parameters to find the
best solution with low cost equipment needed to perform such simulations, weather
data can also be selected according to the location intended to be simulated, weather
data is an average weather parameter of the selected location over the period of
many years which helps the simulation tool to predict more accurately.

A case study of 3 story commercial building was modeled and simulated for energy
analysis in eight different cities covering all different climates in the US, the
building components and its specifications were entered to the simulation software
to simulate the buildings’ heat gain from external weather factors as well as internal
lighting, equipment and occupants heat gain, by using Energyplus software the
study was able to investigate the concept of Inter-Building Effect (IBE) and the
effects of shading and reflection on the cooling and heating loads (Han, Taylor &
Pisello 2017). Energyplus was also used by Kang (2017) in his simulation of 153
office buildings in Seoul to determine the most important variables of the design,
81 models were simulated and accordingly the results analysis was done using a
statistical model, this allowed the author to provide a basic early decision-making
tool in concept design stages that helps architects in Korea chose building variables
that achieve minimum and optimal energy efficiency. Kamenders et al. (2014) used
Passive House Planning Package (PHPP) energy calculation program to reduce the
building energy losses and increase its efficiency while replacing the needed

consumption energy with a renewable energy form. Transient System Simulation
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Tool (TRNSYS) was used to simulate the energy consumption of the proposed
modifications to the building to reduce its energy consumption by applying energy
efficiency measures to its envelope and was able to achieve the first NZEB house
in Latvia using these passive strategies.
Other researchers used different simulation tools such as modeFrontier, MatLab and
IES VE which is usually selected depending on its capacity to apply the required
research parameters as well as the ease of obtaining and using such software by the
authors.
Advantages of using computer simulation tools:
- Reduces the investigation time and can predict situations and factors that
take place over several months or years.
- Could simulate scenarios that might be dangerous if applied in reality.
- No physical models are required.
- Can simulate complex systems that might be hard to investigate in
reality.
- The ability to change the different parameters with different scenarios
and locations if required.
- Results could be obtained and analyzed instantly.
Disadvantages of using simulation tools:
- Computer programs cannot be accurate and does not predict random or
unexpected events.
- Some functions or data analysis may cause inaccurate results, mostly
due to data entry and in rare cases due to software issues.
- Large scale simulations and complex simulations may require higher
computation processors and might be costly, simplifying models to

reduce the simulation time or cost might also affect the results accuracy.

3.1.2 Field measurements method

In addition to energy analysis using simulation tools Kamenders et al. (2014) have
also used field measurement to monitor actual building performance with regards
to air tightness through door blower test, internal spaces air temperatures, external

air temperature, humidity in selected spaces, bedrooms carbon dioxide levels, and
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heat consumption which enabled the researchers to confirm or deny the simulations
results when compared to actual measurements.
Mohamed, Hasan and Siren (2014) simulated different parameters to achieve a
NZEB in Finland. However, occupancy profile, lighting loads and density,
equipment power, and domestic water heating for the tested buildings were all
measured in detail as a part of a renewable energy target project conducted by VTT
research center in 2005.
In Doiron (2011) study to find the lessons learned from NZEB, a comparison
between the NZEB house named EcoTerra and different typically found houses in
Canada, more than 150 sensors were installed in the NZEB house to monitor and
collect data of temperatures, energy consumption, solar radiation, etc. The collected
data is stored automatically, and the annual results compared to regular Canadian
houses to show the massive reduction in energy with the NZEB case.
Such method is very useful in terms of providing actual values of the investigated
parameters and it’s required when constructing any building to evaluate its energy
consumption. however, field measurements require expensive equipment in many
cases and some measurements need to be taken over a long period of time to ensure
the validity of results in different seasons.
Advantages of using field measurements method:
- It provides accurate actual results for the studied subject.
- Reliable results which represents and take into account the complexity
and variation of parameters with relation to the studied environment.
- Many field measurements don’t require highly skilled staff and could be
monitored remotely in some cases.
Disadvantages of using field measurements method:
- Hard to control variables.
- For some measurements access to certain places might be hard or even
restricted.
- Some measurements need to take place over several months or years.
- In some experiments, expensive equipment must be purchased

according to the tested parameter.
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3.1.3 Literature review comparison method
Literature review is the study of different researches, articles and journal papers of
the same investigated subject. Through reading and summarizing the paper aims,
steps taken to achieve the required goals, and the final study conclusion. Most of
studies refer to others pervious works to have a solid base of their research and
either compare, validate, contradict, or find new aspects of the same researched
subject.
Friess and Rakhshan (2017) compared several studies through literature review to
find the best passive envelope energy efficient measures to improve buildings’
energy in the UAE. Several aspects where compared which are energy efficient
regulations, building orientation and layout, wall and roof treatment, wall and roof
solar absorption, windows efficiency, natural ventilation and occupant’s behavior.
The study concluded that passive energy saving measures can reduce the buildings
energy consumption significantly in the UAE. Passive measures were also
investigated in Ascione et al. (2016) study by analyzing previous studies and their
approaches. The paper also addressed the NZEB standards in Mediterranean
climate through literature review. According to the findings from his review the
passive measures were applied to a case study for performance analysis.
The same approach was taken by Buonomano et al. (2016) in the case study analysis
of a non-residential building in Mediterranean climate. Papers studied as a part of
the literature review to find the materials and renewable energy systems used in
other studies and accordingly applying them to the case study.
Comparing different studies through literature review is very useful to determine
which parameters are agreed on and which need more investigation, the only issue
that might face the researcher in using such method is the lack of previous studies
in the same subject and this usually is the case when studying new ideas and
innovative technologies.
Advantages of Literature review comparison method:

- Identifying the issues faced in previous similar works.

- Identifying different approaches used by other authors for the same

studied subject.
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- Validation of information by comparing the conclusions and results
similarities.
Disadvantages of Literature review comparison method:
- Availability of different sources for the same studied subject.
- This method could be expensive if free access is not available for the
researcher.
- The results of different researches might not apply in all cases, changing

one of the parameters studied might affect the overall results.

3.1.4 Field survey method
Commonly used to measure users and occupant’s satisfaction of certain elements,
survey method requires specific questionnaire to be distributed among random or
selected category of people with different satisfaction scale set to measure each
questions’ response and according to the results analysis certain points could be
highlighted to improve the quality of the subject investigated.
Dabaieh, Makhlouf and Hosny (2015) investigated occupant’s satisfaction after
installing PV panels in 2 remote villages in Egypt, analysis of the survey results
showed that 2 thirds of the survey participants gave a positive feedback regarding
the installed panels and preferred having a reliable energy source to cover the
unreliable electricity grid. Lenoir, Garde and Wurtz (2011) study and feedback of
the first 3 NZEB buildings in France monitored and surveyed occupants’ feedback.
Overall satisfaction of the design and thermal comfort was recorded through a
survey over 2 years, mainly in hot months. As a total of more than 2000
questionnaires were completed by 600 users of the building.
Unlike the simulation method, this method could be used mainly after applying
some physical measures related to a specific subject, but it’s not expected to predict
future expectations or results since it’s only tested by users only after the
implementation and usage.
Advantages of field survey method:

- Allows for large population opinion or experience data gathering.

- Some surveying methods such as online surveys could be relatively

cheap and fast.
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- Convenient, if done online.
- Provides average statistics and neglects odd results.
Disadvantages of field survey method:

- Not flexible enough to provide complex data with large amount of
variables.

- Questions are standardized and mostly simple and general which cannot
investigate detailed subject that might be too complicated for some
participants.

- Some participants might react differently due to their knowledge that

they are part of an experiment.

3.1.5 Selected Methodology
After reviewing different methodologies types through literature review analysis
and comparing the methods used in previous researches, it was found that the most
suitable approach for this dissertation is by using a simulation tool. Simulation
method will help test and find the results of using different passive and active
energy efficiency measures to a case study building towards reaching net zero
energy building.
The simulation method was chosen due to the following positive factors:
- The ability to model and test existing or hypothetical buildings against
different NZEB parameters.
- Ease of testing multiple variables in the same model which will not be
possible through other methodologies.
- Outdoor weather parameters can be obtained for many cities around the
world.
- Simulation method requires shorter time to investigate multiple variables
at the same time.
- Low cost since the only required software is the simulation tool and no
other measuring instruments need to be bought.
- availability of different simulation tools and ease of finding tutorials if

needed.
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To tackle simulation software issues, the investigated building model must be
simplified which reduces the processing time, unexpected errors and false or
inaccurate results. To ensure the validity of the simulated results, a validation model
must be simulated and compared to the actual realistic data and become the base of

all investigated variables.

3.1.6 Selected Simulation tool
Carwley et al. (2008) Showed in his comparison between different simulation
software that IES VE contains all the required features for a successful simulation

as highlighted in Table 3.1 and Table 3.2.

Table 3.1 Different simulation tools comparison (Crawley et al., 2008)
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Table 3.2 Different simulation tools comparison (Crawley et al., 2008)
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IES VE is widely available in the United Arab Emirates and usually used by
environmental consultants to simulate the energy analysis required by different
authorities, IES VE contains a modelling tools, Thermal analysis tools, HVAC
building and simulation tool, Sun cast tool and shading analysis tool, energy
analysis tool, and many other features that helps building a model and simulate
different parameters to achieve the required goal.
According to all the above reasons and the low cost of obtaining the software for
students compared to commercial use, IES VE was selected to be the main
simulation tool.
Other validation tools and drafting computer programs such as AutoCAD
Architecture, Microsoft Office, and PV simulation tool will be used to demonstrate
and analyze different aspects of this study.
The following steps will be taken as a part of transforming a residential villa
building into a net zero energy building:

- Modeling of exact building rooms with exact HVAC and lighting system

in addition to thermal properties of the envelope.

- Validation of the model with the actual energy consumption figures

retrieved from the owner.
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- Applying passive and active measures to reduce energy consumption and
achieve NZEB
- Variable U-values for walls, roof, and windows will be tested to select the
most energy efficient envelope combination type.
- Variable HVAC systems will be tested to select the most energy efficient
type.
- Lighting options with different energy consumption will be tested and the
lowest energy usage type will be selected.
- Shading elements will be added to the building according to the study of
building exterior exposure to the sun to reduce the energy required by the
building.
- Renewable energy source will be added to cover any remaining energy
required by the building.
The study will combine the best results from all different combinations above and
try to upgrade the existing villa into a net zero energy building. The possibility of
both stand-alone villa that can operate without the use of grid and connected to grid

villa option will be investigated.

3.2 NZEB & Green Buildings Codes Review

While there are no NZEB codes or regulations in the UAE yet, other sustainable
and green building requirements are implemented and still being updated frequently
to improve buildings’ energy consumption.

Dubai Municipality latest regulations for green building evaluation system named
Al Sa’fat contains seven chapters tackling different aspects of buildings and urban
planning issues such as Ecology and planning which regulates the fuel-efficient
parking spaces, Urban heat island effect, green roofs, orientation of glazed facades,
exterior light pollution, the use of local species, and many other urban planning
tactics (DM 2016)

Ventilation and air quality which regulates air quality, ventilation requirements,
isolation of pollutant sources, thermal comfort, acoustic comfort, reduction of using
hazardous materials, lighting and visual comfort, and construction activities impact

(DM 2016)
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Resources effectiveness which regulates the envelope performance and regulates
the thermal conducting properties of different envelope parameters, and water
conservation strategies.

Al Sa’fat evaluation system has 3 rating levels silver, golden and platinum
depending on the type of building and the area were the building is constructed (DM
2016)

ESTIDAMA pearl rating system was initiated by Abu Dhabi Urban Planning
Council (ADUPC) in 2010 to transform Abu Dhabi into a model of sustainable
urbanization with the balance of four sustainability pillars: environmental,
economic, cultural and social. ADUPC (2010) defined five different pearl ratings
for buildings with mandatory and optional credits required for all new buildings. As
per ADUPC (2010) all new residential buildings are required to achieve minimum
or one pearl rating while governmental buildings are required to achieve minimum
of two pearls by applying specific energy and conservations measures during all
building stages from development stage through design, construction and
operational stages.

Many strategies and regulations considering all buildings and urban planning
aspects are detailed in the mentioned rating system for communities, villas and
buildings.

Many of the mentioned parameters from both Dubai Municipality and ESTIDAMA
rating and evaluation systems will be used in the simulation to compare the
effectiveness of such values in the process of reaching net zero energy buildings.
D’Agostino, Zangheri and Castellazzi (2017) showed a comparison between NZEB
regulations required in different European countries in relation to residential and
non-residential buildings, Table 3.3 shows the performance targets by most
European Union members rated by either kWh per square meter annually or
percentage of primary energy, the targets are defined for both existing and new
buildings while in some countries it’s categorized according to the building type.
NZEB target are shown in detail in Table 3.3, while it’s not mandatory for all
buildings to achieve a net zero energy building concept, implementing such

guidelines increases the awareness of developers and investors in such energy
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saving possibilities as well as providing guidance for designers and engineers in

design and construction stages.

Table 3.3: Energy requirements defined by EU Member States for NZEB levels
(D’ Agostino, Zangheri & Castellazzi, 2017)

Residential Buildings Non-Residential Buildings
(kWh/m?/y or Energy Class) (kWh/m?/y or Energy Class)
New Existing New Existing
Austria 160 200 170 250
45 (Brussels region) (95-2.5) *(V/S) (Brussels region)
Belgium 30 (Femish region) ~54 40 (Flemish region) ~108
60 (Walloon region) 60 (Walloon region)
Bulgaria ~30-50 ~40-60 ~30-50 ~40-60
Cyprus 100 100 125 125
Czech Republic 75%—80% PE 75%-80% PE 90% PE 90% PE
Germany 40% PE 55% PE n/a n/a
Denmark 20 20 25 25
nfa 100 (office buildings) n/a
Oeaedionw) e oo
Estonia n/a 130 (shopping malls) n/a
n/a 90 (schools) n/a
100 {(apartment blocks) n/a 100 (day care centres) nfa
nfa 270 (hospitals) n/a
Femnes i n&/ﬂa ??1(3 fféiiﬁﬁé? 60:;?
Croatia 3341 n/a n/a n/a
Hungary 50-72 n/fa 60-115 nfa
Ireland 45 (Energy load) 75-150 ~60% PE n/a
Italy Class Al Class Al Class Al Class Al
Latvia 95 95 95 95
Lithuania Class A++ Class A++ Class A++ Class A++
Luxemburg Class AAA n/a Class AAA n/a
Malta 40 n/a 60 n/a
Netherlands 0 n/a 0 n/a
Poland 60-75 n/a 45-70-190 n/a
Romania 93-217 n/a 50-192 n/a
Spain Class A n/a Class A n/a
Sweden 30-75 n/a 30-105 n/a
Slovenia 45-50 70-90 70 100
Slovakia 32 (apartm_ent buildings) n/a 60-96 (offices) n/a
54 (family houses) n/a 34 (schools) n/a
UK ~44 n/a n/a n/a
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3.3 Case Study Review

A two-story residential villa in Dubai was selected as a base model to be studied for

the testing of improving its energy consumption and reach the required net zero

energy. This particular villa was chosen due to the following reasons:

This type of villas is largely used in the UAE, most of the villas are built
as a part of a community with few repetitive types and approximately
similar areas for the same community, this makes the villa a good
example to be tested and the results can be applied on all similar villas
of the community.

The villa was built between 2003 and 2004 before Dubai green buildings
regulations were implemented. This is the case for all villas built before
2014 and the results of this case could benefit a large number of existing
villas.

Availability of all Architectural, Structural & MEP drawings from the
design consultant (Al Gurg Consultants)

The owner of the villa archived all electricity bills from August 2016 to
September 2017, this means that all the simulation results could be
compared to actual recorded data.

Occupants’ number and behavior was easy to obtain from the owner.

Building details, annual consumption and occupants behavior were collected from

the villa’s owner in order to have actual figures as reference for the study.

The villas’ ground floor contains a covered car garage, main lobby, maid’s room

with an attached water closet, Guest room with an attached bathroom, living and

dining room, family room, kitchen, and a common water closet, store and laundry

room covering a total built up area of 145 square meters excluding the 38 square

meters garage, Figure 3.1 shows the ground floor plan rooms arrangement with all

dimensions in millimeters.
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Figure 3.1: Case study villa ground floor plan

The first floor consists of one master bedroom and two other bedrooms with shared
bathroom and one storage room, the master bedroom and one of the other rooms
are connected to an outdoor terrace, the first-floor total built up area is 128 square
meters, first floor plan shown in Figure 3.2 with all dimensions in millimeters.

The building roof contains the HVAC system machines which is covered by an
open to sky enclosure.

The total building height is 6.75 meters excluding the roof services and parapet.
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Figure 3.2: Case study villa first floor plan

The villa orientation as shown in the site setting layout Figure 3.3 with a tilt of

33.61 degrees from the north.
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Figure 3.3: Case study site setting layout

The villa is using a combination of CFL and florescent lighting as light fixtures as
acquired from the owner and the HVAC system used is a Hitachi DX split ducted
HVAC system reference number RPI 8.0FSN3E for the indoor unit and RAS
8HRNSE for the outdoor unit with a coefficient of performance of 2.5 as obtained
from the designers of the villa. All architectural, structural, mechanical and
electrical drawings were obtained from the villa designer and owner in order to
provide accurate measurements and validate the villa performance using the
simulation tool IES VE.

The wall sections of the villa show no insulation layers were proposed for the
envelope and only insulated blocks are used in some areas, this allows for thermal

bridge effect to happen since all structural elements are not thermally protected, the
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thermal insulation was not introduced to the villa since it was not a mandatory
regulation by Dubai Municipality at the time the villa was built in the period
between 2003 and 2004. The windows used are double glazed windows with two 6
mm thick panes and 12 mm air gap with a thermal break, Figure 3.4 shows the wall
section of the villa and the materials used for the interior and exterior rendering of

the building envelope.
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Figure 3.4: Wall section of the case study villa
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It was possible to retrieve the monthly electricity consumption loads from the owner
as shown in Table 3.4 with a total annual electricity consumption of 60.707 MWh.
Table 3.4 shows that summer months are consuming most of the buildings’ energy,
in June, July, and August the building consumes around 40 % of the total consumed
energy annually due to the extreme hot weather condition in Dubai during the
summer, while no cooling or heating usually required for the building in winter
months which is clear when looking at the difference in consumption figures that

dramatically plummeted in winter months.

Table 3.4: Annual electricity consumption of the case study villa

Case study electrici

i consumpt)i/on (MWISI
January 2.177

February 1.879

March 2.608

April 4.518

May 6.634

June 7.185

July 9.020

August 8.763

September 6.219

October 5.247

November 3.764

December 2.693

Total Energy 60.707

All the mentioned values in Table 3.4 and building parameters will be modelled and
validated in the next chapter and then tested against the improvement parameters
intended to reach with the total annual building energy to zero on site and at primary

energy source.

3.4 Site Analysis
Dubai is located on the northern west coast of the United Arab Emirates with a
longitude of 25°15°47” and Latitude of 55°17°50” with a population of

approximately 2.8 million and it’s well known for its luxuries sky scrapers.
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As shown in Figure 3.5, Dubai Climate is mostly sunny throughout the year with
mean annual sunshine hours of 3508 hours which represents around 78 % of the
possible sunshine annually according to climatebase (2012) Dubai has high
temperatures in the summer with an average of 41°C in the morning and around
30°C in summer nights with high humidity and temperatures could rise up to 50°C
in some days of the year, January is the coldest month of the year in Dubai and
average temperatures are measured around 25°C in the morning and 14°C at night

(Wind finder 2017).

Menth of year Jan Feb War Apr May Jun Jul Aug Sep Oct Nov Dec Year

Dominant wind direction Y = 4 4 = + Y « Y 4 A N -
Wind probability == 4 Beaufort (%)
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Figure 3.5: 2002 — 2017 Dubai wind & temperature statistics (Wind finder, 2017)

The wind dominant direction is the north-west direction as shown in Figure 3.6 and
wind speed average between 9 and 10 kts throughout the year which is equal to 4.63
and 5.14 m/s respectively.
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Figure 3.6: Dubai wind direction distribution (Wind finder, 2017)

These extreme temperature conditions will be taken into consideration while
studying the NZEB case in Dubai especially in regard to achieving comfortable

internal spaces temperatures with using the lowest energy possible for cooling
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spaces in addition to the insulation and U-value of the building, high temperatures
effects and wind speed/probability will also be considered in the selection of the

renewable energy source to be implemented to the case study building.
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CHAPTER 4: CASE STUDY VALIDATION & SIMULATIONS
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4.1 Case Study Modelling & Validation

In order to ensure the accuracy of results for any variables of the selected case study
building, the building had to be modelled and monthly energy consumption had to
match the electricity consumption provided by the owner shown in Table 3.4. Using
Integrated Environmental Solutions Virtual Environment (IES VE) tool the
building was modelled to the exact same dimensions as per the existing villa.
Figures 4.1 and 4.2 show the building model after completion with added shading
elements as designed and built with windows size and location defined exactly as

per the design drawings. The roof enclosure and garage were also modeled to

calculate their shading effect on the building.

Figure 4.1: Case study model in IES VE (Front view)

Figure 4.2: Case study model in IES VE (Rear view)
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The building was divided into zones to calculate the heat gain and consumption
from people, lighting, equipment, and HVAC more precisely, figure 4.3 shows the
divisions of zones. The ground floor was divided into six areas (Living room, Guest
room, Maids’ room, Laundry room, Kitchen, and Hall which combines the common
corridors, staircase and lobby). The first floor was divided into five areas (the three
bedrooms including the bathrooms, store room, and Hall which combines the

staircase, corridors and lobby)

588 |Spac:es v|
- Model (11)
27§ LVING
171§ GUEST RM
o Z1% HALL
271§ MAID

1 [Z1% LAUNDRY
- [Z1% KITCHEN
/1% BEDROOM1
/1% BEDROOM 3
-[71% BEDROOM 2
0718 HALL
+./% STORE

Figure 4.3: Case study zones in I[ES VE
The envelope detailed specifications and building external layers were identified in
the software as followed:
External Walls details was obtained from the design consultant (Al Gurg
Consultants). It consists of 20 mm Sand cement plaster layer as inner rendering
finishing, Insulated blocks with total width of 200 mm, and 20 mm external plaster
render. The total U-Value of the External wall came to 0.93 W/m? K as shown in

Figure 4.4
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Description: ID: BASEEW0D
Performance:  [ENZS0 -

U-value: 0,934 W/m2K Thidmess:  240.000  mm Thermal mass Cm:  134.8000  kJ/(m=K)
Total R-valus:  0.9002  m¥IW Mass: 3669500 kgjm: Lightweight
Surfaces | Functional Settings | Regulations |
Outside Inside
Emissivity: 0,900 Resistance (maWw):  0.0400 Default Emissivity: 0,900 Resistance (m2K/W):  0.1300 Default
Solar Absorptance:  0.350 Solar Absorptance: 0,550
Construction Layers (Qutside To Inside) [ System Materials... ] [ Project Materials. ..
. . . | Spedific Heat Vapour
Material Th";‘;"“s Cﬁm“:ﬂgt’ Dkzni,:t,’ Capadity Rems‘:?;\':fe Resistivity Category
Ifkgk) GN°s/(kg'm)
[BASEPLD1] PLASTER (DENSE) 20.0 0.5000 1300.0  1000.0 0.0400 50,000  Plaster
[BASEBKD1] Brickwork (Outer Leaf) 92.5 0.8400 1700.0 800.0 0.1101 40000 Brick & Blockwork
[BASEPED 1) POLYURETHANE BOARD 15.0 0.0250 30.0 1400.0 0.6000 550.000 | Insulating Materisls
[BRI] BRICKWORK (INNER LEAF) 92.5 0.8400 1700.0 800.0 0.1101 35.000  Brick & Blockwork
[BASERLD1] PLASTER (DENSE) 20.0 0.5000 1300.0 1000.0 0.0400 50.000  Plaster

Figure 4.4: External Wall Layers in IES VE

In order to calculate the U-value of 0.93 W/m? K it was necessary to find the
insulated blocks to reinforced concrete elements ratio and accordingly define the
average U-value of the external walls. The building elevations were divided into
reinforced concrete areas and insulated blocks areas, reinforced concrete where
columns, beams, stairs, and other structural elements are designed and showed in
Figure 4.5 in yellow color while the insulated blocks are shown in red color, the

blue and green colors refer to windows, doors and glazed areas.

B il .mEEE
~J B el BT T

ELEVATION A FRONT ELEVATION LEFT ELEVATION

IEEE H Emumm
EEER I smEmEEE

ELEVATIUN B REAR ELEVATION RIGHT ELEVATION

Figure 4.5: Elevations concrete to wall ratio

The areas of the 2 external walls materials are calculated as detailed in Table 4.1

with the areas almost divided in half between the two materials.
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Table 4.1: Elevations areas and materials

Reinforced Insulated Blocks
Elevation Concrete (sq.m) (Sq.m)
Front Elevation 31.74 33.88
Rear Elevation 10.12 27.29
Left Elevation 41.33 39.28
Right Elevation | 40.72 45.82
Elevation A 15.75 26.82
Elevation B 52.16 19.78
Total 191.82 192.87
Percentage 49.86% 50.14%
Inside Paint Paint
20 Plaster 20mm Plaster
200 Concrete 200 Insulated Blocks
20 Plaster 20 Plaster
Outside Paint Paint
]

The two materials U-values were calculated as 1.32 W/m? K for the reinforced
concrete and 0.54 W/m? K for the insulated blocks, according to the percentage of
RC and Blocks the average elemental area weighted U-value was calculated as 0.93
W/m? K which confirms the value inserted in [ES VE. Table 4.2 shows the materials

and U-values used to calculate the average U-value of the external walls area.
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Table 4.2: Average Wall U-value calculations

Facade Element
Layer Thickness Thermal %
Description Conductivity U-
Value
Unit (m) W/(m?K) % W/m?K
Reinforced 191.82 49.86
concrete %
External
1 | Paint
External
2 | Plaster 0.02 0.5
3 | Concrete 0.2 2.1
Internal
4 | Plaster 0.02 0.5
Internal
5 | Paint
1.32
Insulated 50.14
Blocks 192.87 %
External
1 | Paint
External
2 | Plaster 0.02 0.5
Concrete
3 | Block 0.075 0.84
4 | EPS 0.05 0.035
Concrete
5 | Block 0.075 0.84
Internal
6 | Plaster 0.02 0.5
Internal
7 | Paint
0.54
Total
Weighted U 0.93
Value

Since it’s not possible to divide each wall of each zone in IES VE software to two
separate materials with different U-values, the average U-value was considered
which is the main factor in heat conductivity which will affect the internal cooling

load.
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Roof layers were designed to have a water insulating membrane over the reinforced
concrete slab,30mm screed layer for controlling the roof slopes, 50 mm thick

insulation board, and gravel layer as shown in Figure 4.6

PLASTER & SPECIFIED
EXTERNAL PA

(1)~ Light weight concrete (3 - 50mm thick Insulation
laid to falls and cross falls Boards loosely laid.
@— One layer of water proofing @- Seperation Layer

membrane 4mm thk. torch applied

over a coat of Bituminous Primer @- Natural gravel bed and
500x500x50mm concrete
paving tiles for walkways

Figure 4.6: Roof insulation details

The same materials and thicknesses were entered to IES VE as shown in Figure 4.7

which had a total roof U-value of 0.44 W/m? K.

Uwvalue: 04410 WimaK Thickness: 324000  mm Thermal mass Cm:  210.0000  k3f(m+k)
TotalR-value: 21275 mIW Mass: 590.9000  kgfm? Mediumweight
Surfaces | Regulations
Outside Inside
Emissivity: 0.800 Resistance (m#/w):  0.0400 Default Emissivity: 0,900 Resistance (maM): 0. 1000 [¥] Default
Solar Absorptance:  0.550 Solar Absorptance:  0.550
Construction Layers (Qutside To Inside) [ System Materials... ] [ Project Materials...
Specific Heat Vapour
Material Th'ﬁ“‘me“ Cw\z‘?;;ﬂg)ltv ng?:;? Capacity Rer:‘fg\a‘,“ Resistivity Category
1flkgk) GN-sf(kg-m)
[TE] TILE BEDDING 0.0 1.4000 2100.0 650.0 0.0143 45.000  Gravels, Beddings, etc.
[BASEPBO3] POLYURETHANE BOARD 50.0 0.0255 30.0 1400.0 1.9608 550.000 | Insulating Materials
[BASECM02] CAST CONCRETE (MEDIUM WEIGHT BS EN 1745) 30.0 1.4000 1500.0 1000.0 0.0214 60000 Concretes
[STD_MEM] Membrane 4.0 1.0000 1100.0 1000.0 0.0040 - Asphalts & Other Roofing
[STD_CC2] Reinforced Concrete 200.0 2.3000 23000 1000.0 0.0870 - Concretes
[BASEPLD 1] PLASTER (DENSE) 20,0 0.5000 1300.0 1000.0 0.0400 50,000  Plaster

Figure 4.7: Roof materials in IES VE
Glass windows and doors was defined as 6 mm double glazed windows with 12 mm

gap and aluminum frame with thermal break which had a net U-value of 2.08

W/m?K as shown in Figure 4.8
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NetU-value (induding frame):  2.0887  Wjmk U-value (glass only): 16202 Wjmk
NetRovalue: 0.6172  mKMW gvalue (EN 410):  0.4017 visible light normal transmittance: .71
Surfaces | Frame | Shading Device | Requlations | UK Dwelings |
Outside Inside
Emissivity: 0.83 Resistance (ma/W): 0.0400 (] Defauit Emissivity: 0.837 Resistance (ma/\W): 0.1300 (] Defauit
Construction Layers (Outside to Inside): [ systemmaterids. . | [ Projectmaterials..
Convection Visble
Thickness | Conductivity |  Angular Resistance Outside | Inside |Refractive | Outside | Inside
Material e Gas | Coefficent o | Transmittance Light
mm W/mK) | Dependence Wina | mxN Refiectance |Refiectance | Index | Emisshvty |Emissvity | o 90
[STD_EXW] Outer Pane 5.0 10800 | Fresnel 0.0057 0.409 0.289 0.414 1526 | 0.837 | 0092  Yes
Cavity 120 Air 20800 0.4359 - - - - - -
[STD_INW] Inner Pane 5.0 10600 | Fresnel 0.0057 0.783 0.072 0.072 15% | 0.837 | 0837 Yes

Figure 4.8: Windows details in [ES VE

In order to calculate the internal heat gains, the wattage per square meter for

equipment, people and lighting had to be defined in the software as shown in Table

4.3 for equipment power density which calculated according the occupancy of two

persons only.

Table 4.3: Equipment Power Density as entered in IES VE

Power density baseline Power density proposed
Zone Name
(W/m?) (W/m?)
Corridors and Lobbies 0.0000 0.0000
Living room 5.3820 4.0000
Kitchen 12.0000 16.1459
Bedrooms & toilets 5.3820 3.0000
Storage & Laundry 1.0000 2.1528

Table 4.4 shows the occupancy density per square meter for each zone which was

calculated by dividing the zones areas by the number of users.

Table 4.4: Occupancy Density as entered in IES VE

Zone Name Occupancy Density (m?/person)
Living room 19.7300
Kitchen 18.7500
Bedrooms & toilets 50.5960
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Light Power Density (LPD) was calculated according to the designed electrical
drawings and the exact number of lights in each space considering the use of
Compact Florescent Light CFL and florescent tubes in some areas, the actual
fixtures were confirmed by the owner and accordingly the wattage was divided on

the different zones of the building as shown in and Table 4.5

Table 4.5: LPD Calculations as acquired from the designer (Al Gurg Consultants)

Corridors and

Lobbies 15 644 62.56 10.294
Living room 4 368 39.46 9.326

Bedrooms & toilets 15 1173 151.79 7.728

Kitchen 5 380 37.5 10.133
Storage & Laundry 3 115 8.89 12.936

The HVAC system used is a DX split ducted system with coefficient of performance
rated at 2.5 similar to the system installed in the existing villa. Figure 4.9 shows the
air conditioning details defined in IES VE while Figure 4.10 shows the coefficient

of performance for the system.

PTHF - System 02a - Zone-level DX ASHP cooling...

Figure 4.9: HVAC DX split ducted system in IES VE
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Rated condition

DX coaling: Coefficient of performance, COPrat: 2,500
Condenser; Outdoor air dry-bulb temperature, Todbrat: 35.000 *=C
Evaporator: Entering coil wet-bulb temperature, Tewbrat: 19,44 op

Figure 4.10: HVAC Coefficient of Performance in IES VE

The HVAC system was defined in ApacheHVAC application and applied to all air-
conditioned zones then equipment sizing calculation was run to ensure the system
has the suitable sizing. A yearly profile for the HVAC usage was defined according
to the usage of 2 users as interpreted from the final energy consumption values.
Various daily, weekly, and yearly profiles were set according to the working hours
and annual usage of the building in relation to occupancy, lighting, and cooling.
The lighting daily profile as shown in figure 4.11 shows the usage of the two users,
the usage of lighting at its minimum from midnight till 6:30am and increases in the
time of preparing to go to work and since both users are employed. The lighting
usage goes back to the minimum during work hours and at night the usage increases
to the maximum of 0.6. A lighting usage of 1.0 was not considered since the 2 users
will not usually occupy all the spaces at the same time thus the light in some rooms
will be switched off even during the maximum usage. The daily profile was applied
for the weekly profile after modifying the weekend profile to have a uniform 0.4
occupancy throughout the day. This 0.4 value was considered knowing that users
spend some time outside the house on weekends but it’s difficult to measure it due
to its randomness.

The occupancy profile also took into consideration the working hours of the users
and the maximum occupancy hours were from 4:30 PM until 8:00 AM the next day,
see figure 4.12. The same was applied to the weekly profile.

After several simulations, it was found that the cooling profile changes during the
year and in different seasons according to users’ usage. This required the yearly

profile to be divided into 4 profiles to get the validation model results to match the
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actual electricity consumption results. The best combination was found to be as

followed:

February 1% to March 31% with daily profile usage between 0.5 and 0.6
April 1% to April 15" with daily profile usage of 0.55

April 16" to August 31% with maximum daily profile usage of 1.0 in
summer season.

The daily profile usage goes back to 0.55 from September 1% till January
31

The yearly profile is shown in Figure 4.13 was applied to all HVAC controllers to

be reflected on the total energy usage throughout the year.

[~] Edit Project Daily Profile DAY 0247 e & =)
Profile Mame: ID:
lighting daily DAY_0247 (@ Modulating Absolute
Categories: -
Time Walue 1.00
1| onon 0.100 T o0
2| o700 | | |E L,
3| o700 0.300 5
— E 0.70
iDSDD 0.300 =
5 | 0300 0.100 E 229
i 1700 0100 0.50
7 | 1700 0.600 0.a0 1
g | 2400 0,600 050
9| 2400 0.000
0.20
0.10 Vet
0.00 AT T T T T T [T T[T T T
00 0z 04 06 0B 10 12 14 16 18 20 =2z 24
Time of Day
Metric P @ MNo units B Fcid
[ Help ][ 0K H Cancel ]

Figure 4.11: Lighting daily profile
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[ Edit Project Daily Profile DAY 0249 o] & ==

Profile Name: ID:
occupancy DAY_0243 (@) Modulating Absolute
Categories: Occupancy hd
Time Walue 1.oe
1| 00:00 0.000 2 o.e0
2| oo 0.500 ?D;D oo
3| 0800 0.500 =]
— 'él 0.70
4 | 08:00 0.000 =
5| 17:00 0000 E o-e0
6| 17:.00 0.500 050
7| 2400 0.500 0.30
8| 2400 0.000 0201
0_20
o.10
000 T T T T T T
00 0z 04 0F OB 10 1z 14 16 18 0 22 24
Time of Day

@ I Metric P @ Nounits B e

[ree ) [0 ) [em |

Figure 4.12: Occupancy daily profile

[] Edit Project Annual Profile YEARDD93 o] @ [k

Profile Mame: ‘Yearly Cooling Profile

Categories:  Cooling h
D YEARDDS3 (@ Modulating Absolute
Mo Wwheekly Profile: End month: | End daw:

1 Cooling weekly PAEEKODIE] Jan K]

2 Wheekly winter coaling MEEF.Q097] b ar K

3 Cooling weekly PEEKQDIE] Apr 15

4 on conbinuously [OM] Aug K]

5 Coaoling weekly MWWEEKQD9E] Dec K

Weekly Profile ] [ Add ” Insert ][R.emmre] [ Save ”Eancel ” Help ]

Figure 4.13: Yearly cooling profile

Building orientation was set as shown in the site setting layout and entered to IES

VE as shown in Figure 4.14
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Figure 4.14: Site orientation as entered in IES VE

The location of the building was set as Dubai Intl Airport, United Arab Emirates
and the closest city’s’ weather file of Abu Dhabi was selected since it has the same
weather throughout the year and it’s predefined in the software.

Apache simulation was run several times with many different profiles variations to
reach to the closest usage behavior of the occupants. It was found that all the
mentioned parameters above make the best combination to achieve the same
electricity monthly usage as the electricity bills received from the owner.

Table 4.6 shows a comparison between the actual electricity consumption provided
by the owner and the simulation model validation. Most of the consumption
monthly loads are similar or relatively close to each other between both actual and
simulated loads. The total simulated load is 61.0979 MWh annually which shows a
difference of only 0.3909 MWh distributed between all months, this difference
cannot be identified exactly since the occupant’s behavior and usage cannot be
100% simulated due to unexpected events such as short vacations or holidays where

the consumption drops
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Table 4.6: Electricity consumption comparison between the actual villa and the

validation model

Cheoairey Validation
electricity moc_le}
Month ; electricity
consumption consumption
(MWh) (MWh)
January 2.177 1.868
February 1.879 1.8836
March 2.608 2.6207
April 4.518 4.5895
May 6.634 6.5336
June 7.185 7.5409
July 9.02 8.8484
August 8.763 8.9083
September 6.219 6.879
October 5.247 5.2247
November 3.764 3.7655
December 2.693 2.4357
Total 60.707 61.0979
Energy

Figure 4.15 shows the minor differences between the simulation model results and
the actual electricity consumption loads, the major differences are in June, July and
September which may be caused by the unexpected occupancy loads as mentioned
earlier or due to a sudden change in outdoor temperatures in the year when these
consumption rates were taken, however the total annual difference is consider as a
minor difference and this simulation model will be used as the base model for all

the energy efficiency improvement measures to reach to a net zero energy building.
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Validation Analysis
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Figure 4.15: Validation analysis graph

4.2 Energy Efficient Measures Implementation
Through literature review many parameters of using passive and active measures to
reduce the energy consumption of buildings were studied and described in detail.
The most suitable measures will be tested on the validated model to reduce its
energy and reach the net zero energy point.
Envelope passive strategies by reducing the U-values of walls, roof and windows.
Different HVAC systems, Lighting options, and shading elements will be tested as
followed:
- HVAC option 1 is an improved DX split ducted system with COP of 3.6
which is the required COP by ESTIDAMA for villas.
- HVAC option 2 is a Variable Refrigerant Volume VRV system with COP
of 3.6
- HVAC option 3 is a compact chiller type with COP of 3.6
- HVAC option 4 is the possibility of connecting the villa to a district
cooling chilled water plant.
- Lighting first option is the replacement of all used lighting fixtures with
Light Emitting lodide LED.
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- Lighting second option is also the use of LED lighting fixtures but
according to Dubai Municipality circular and the introduction of Dubai
Lamp.
-External walls U-value will be reduced from the original 0.93 W/m?K to be
lower than Dubai Al Sa’fat code of 0.42 W/m?K which is applicable for the
highest rating Golden and Platinum sa’fa.
- External walls U-value second option will be the reduction to match
ESTIDAMA villa rating system which is equal or lower than 0.32 W/m?K.
- Roof U-value as per Al Sa’fat system for Golden and Platinum sa’fa equal
or lower than 0.3 W/m?’K down from 0.44 W/m?K.
- Roof U-value second option will be the reduction to match ESTIDAMA
villa rating system which is equal or lower than 0.14 W/m?K.
- Glass U-value first variable will be according to Al Sa’fat for glazed area
between 40% to 60% of the total external walls area where the U-value
should be less than or equal to 1.9 W/m?K, the same U-value is set by
ESTIDAMA for villas rating.
- Second Option for glass will be a low-E glass with U-value of 1.68
W/m?K.
- Third glass U-value option is 1.61 W/m’K, both option 2 and 3 for the
glass are available offered by different suppliers in the UAE and it’s worth
investigating the effects of lowering the glass U-value without the need to a
triple glazing.
- External shading strategies will be implemented to the building facade
after studying the sun cast and solar exposure of different sides of the fagade.
- In the case of not reaching the required NZEB through passive measures,
PV panels implementation to the roof and garage roof to produce the
maximum energy output through IES VE simulation and the output energy
will be validated through the Photovoltaic Geographical Information
System.

A summary of all variables which will be tested in relation to validated model

parameters is shown in Table 4.7
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Table 4.7: Energy efficiency variables

System / . . . . .
Parameter Existing Option 1 Option 2 Option 3 | Option 4
HVAC DX split DX split | VRV COP | Chiller District
COP 2.5 COP 3.6 3.6 COP 3.6 | Cooling
Dubai
Lighting CFL LED Lamp
(LED)
U-Value
0.41 0.29
X;l/lmg%alue 0.93 (Dubai | (ESTIDAM
GB) A)
Roof U-Value 0.3 (Dubai 0.14
(W/m2K) 0.44 GB) ff)STIDAM
Glass U-Value 1.9 (Dubai
(W/m2K) 2.08 GB) 1.68 1.61
Shadin Minimum | Adding shading to 2 terraces, roof PV panels,
& shading extending windows shading
PV Panels N/A H.ES . PVGIS simulation
simulation

Some energy efficient measures discussed in the literature review chapter will not

be implemented to the case study for inadequately reasons. These include:

- Heating systems and solar collectors which are not very useful in the

United Arab Emirates due to the hot climate most of the year and heating

is rarely required during the winter

- Green roofs will require an added water consumption to the building and

since the roof will be occupied by the PV panels it will not be suitable

to use this measure in this case study

- Air tightness and infiltration can be a good parameter to investigate but it

requires some site measurements and it was decided not to be investigated

unless the building did not achieve the required NZEB level

- Since this is considered as a family house it was not found necessary to add

motion sensors for the lights as it’s more suitable for common areas of

residential buildings or public buildings

- Due to low wind speeds throughout the year in Dubai as shown in the first

chapter and not being widely used in the UAE, wind turbines option as a

renewable energy source was dismissed
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- Solar water heating is mandatory by Dubai Municipality for new villas but
it will not be considered at this point unless the NZEB levels are not

achieved.

4.2.1 HVAC Option 1 (DX Split COP = 3.6)

The first HVAC improvements option tested was to try and improve the same type
of HVAC system used currently in the villa by increasing the coefficient of
performance to become 3.6 instead of 2.5. The system was improved in IES VE as
shown in figures 4.16 and 4.17 by integrating the enhanced COP to ApacheHVAC
to replace the original HVAC system in the case study model application and the

equipment sizing test was run again to ensure all HVAC system parts are according

to the new COP.
02 a PTHR [ASHP heat cool - bkup ER heat] (o)
PTHP - System 02a - Zone-level DXASHP cooling...
) .
5y {
Figure 4.16: ApacheHVAC DX split system
Rated condition
DX cooling: Coefficient of performance, COPrat: 3.600
Condenser: Qutdoor air dry-bulb temperature, Todbrat: 35.000 *°C
Evapaorator: Entering coil wet-bulb temperature, Tewbrat: 15.444 o

Figure 4.17: HVAC Option 1 COP improvement
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Apache simulation was run after the replacement of the HVAC system with the new
properties and resulted in the optimized annual energy consumption values shown
in Table 4.8 with a total annual consumed electricity of 46.8921 MWh reduced from
the original simulated model which had a total annual consumed electrical energy
of 61.2748 MWh. DX HVAC system with COP of 3.6 reduced the total consumed
energy by 23.25%. The maximum energy reduction was simulated in August with

27.02% lower energy consumption.

Table 4.8: Monthly energy consumption and energy reduction after using the DX
split system with COP = 3.6

Energy consumption iy
usingg }I,)X HVAr()j Valldatlop model Energy reduction
Month ; . electricity
with COP = 3.6 . (%)
(MWh) consumption (MWh)
Jan 1.7894 1.868 4.21%
Feb 1.675 1.8836 11.07%
Mar 2.2006 2.6207 16.03%
Apr 3.5958 4.5895 21.65%
May 4.9734 6.5336 23.88%
Jun 5.5926 7.5409 25.84%
Jul 6.4657 8.8484 26.93%
Aug 6.5009 8.9083 27.02%
Sep 5.0634 6.879 26.39%
Oct 3.9653 5.2247 24.10%
Nov 2.9643 3.7655 21.28%
Dec 2.1057 2.4357 13.55%
Total 46.8921 61.0979 23.25%

4.2.2 HVAC Option 2 (VRV COP = 3.6)

The second HVAC option is a variable refrigerant volume (VRV) HVAC system
which is known to be more efficient. VRV systems save energy by adjusting the
refrigerant volume sent to each evaporator to keep the temperatures in each room
as intended by the occupants instead of traditional HVAC systems where the system
works only when the internal spaces are too cold or too hot. This strategy usually
provides higher efficiency and better results.

The system was selected in ApacheHVAC with an energy recovery device and a

coefficient of performance of 3.6 as shown in figures 4.18 and 4.19. This replaced
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the original HVAC system in the case study model in addition to applying the same
yearly cooling profile used in the case model validation to all system controllers to

unify the usage and find the optimization results of the system itself.

002 D 0a SR e Sepame DR IEC chiller o LM boiled o
DOAS + 4-pipe FCUs, Separate OA path, CHW cooling, HW ...
i)
E
o -
sl O 3 [ I'l*l r
s i
Lﬂ—j 5 {:.:
am] E‘s]
a®)
T )
0T, OF:
L T
= = A J
P =

Figure 4.18: VRV system in ApacheHVAC

Performance curve set: [DJ( coaling for RESWVT system v]

Cooling capadty curve, fCAPtH(Tewb, Tect)
DX cooling for Residential Variable volume Variable Temperature system Edit

EIR{temp dependence) curve, fEIRt(Tewb, Tect)
DX cooling for Residential Variable volume Variable Temperature system Edit

EIR{partJoad dependence) curve, fEIRp{p)

DX cooling for Residential Variable volume Variable Temperature system Edit
Minimum partdoad ratio for continuous operation: 0.05
Condenser fan {spray pump) Electric Input Ratio, EIRfan/pump: 0.0600
Condenser fan {spray pump) meter: Electricity: Meter 1 -

Rated condition

D¥ cooling: Coefficent of performance, COPrat: 3.600
Condenser: Qutdoar air dry-bulb temperature, Todbrat: 35000 *=C
Evaporator: Entering coil wet-bulb temperature, Tewbrat: 19444 o

Figure 4.19: VRV system properties and COP
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After running the room and equipment sizing test and accordingly Apache
simulation, the results of the total monthly consumed energy showed a reduction in
the energy reaching 38.3366 MWh as shown in Table 4.9. VRV HVAC system with
COP of 3.6 reduced the total consumed energy by 37.25%. The maximum energy

reduction was simulated in January with 47.63% lower energy consumption.

Table 4.9: Monthly Energy Consumption after using the VRV system with COP =

3.6

Enprgy consumption Validatiop model By radmstian
Month using VRV HVAC CICC'['I‘ICIty (%)

system (MWh) consumption (MWh)
Jan 0.9783 1.868 47.63%
Feb 1.0816 1.8836 42.58%
Mar 1.7398 2.6207 33.61%
Apr 2.8874 4.5895 37.09%
May 4.1768 6.5336 36.07%
Jun 4.7883 7.5409 36.50%
Jul 5.572 8.8484 37.03%
Aug 5.6107 8.9083 37.02%
Sep 4.5579 6.879 33.74%
Oct 3.3588 5.2247 35.71%
Nov 2.3256 3.7655 38.24%
Dec 1.2594 2.4357 48.29%
Total 38.3366 61.0979 37.25%

4.2.3 HVAC Option 3 (Compact Chiller COP = 3.6)

While air cooled chillers are usually used in larger buildings which requires higher
cooling tonnage to cool the building, a compact version of the air-cooled chiller
could be used for a villa studied, air cooled chiller is a machine that removes heat
from liquid through absorption or vapor compression.

The Chiller system was modeled in ApacheHVAC application with a COP of 3.6
as shown in figures 4.20 and 4.21 to replace the original HVAC system in the case
study model. Room and equipment sizing test was run after applying the validated
yearly profile to all system controllers. Accordingly, Apache simulation was run
which resulted in a total annual reduction in the energy to reach a total of 39.3092
MWh as shown in Table 4.10. Using chiller HVAC system with COP of 3.6 reduced
the total consumed energy by 35.66%. The maximum energy reduction was

simulated in April with 38.41% lower energy consumption.
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Figure 4.20: Chiller system diagram in ApacheHVAC
Rad condon
Chiller: Cooling capacity, Qrat: 33.451 | | A
Coefficent of performance, COPrat: 3.60
Condenser air: Outdoor air dry-bulb temperature, Todbrat: 35.00  =C
Chilled water: Supply temp, Tletrat: 6.67 og Verat/Qrat: 0.04  |fs
Flow rate, Verat: 166 |js DeltaTerat: 5.55 g

Figure 4.21: Chiller system COP of 3.6
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Table 4.10: Monthly Energy Consumption after using Chiller HVAC system with

COP=3.6

Energy consumption

Validation model

Month electrici Energy reduction (%
NIy consumption g/IWh) = o

Jan 1.4098 1.868 24.53%

Feb 1.2734 1.8836 32.40%

Mar 1.8123 2.6207 30.85%

Apr 2.8268 4.5895 38.41%

May 4.0648 6.5336 37.79%

Jun 4.7703 7.5409 36.74%

Jul 5.6942 8.8484 35.65%

Aug 5.7221 8.9083 35.77%

Sep 4.4432 6.879 35.41%

Oct 3.2453 5.2247 37.89%

Nov 2.3711 3.7655 37.03%

Dec 1.6759 2.4357 31.19%

Total 39.3092 61.0979 35.66%

4.2.4 HVAC Option 4 (District Cooling COP = 4.5)

The last HVAC optimization option is hypothesis of connecting the case study villa

to a district cooling plant, the centralized plant is a replacement to the individual

buildings refrigerant side of the system and can provide chilled water for cooling to

a large number of buildings or communities.

The system was inserted in

ApacheHVAC to replace the original HVAC system in the case study model with

a COP of 4.5 as shown in figures 4.22 and 4.23. Yearly cooling profile was defined

to all system controllers, system sizing analysis was run to integrate the new system

to the base model Accordingly Apache simulation was run which produced lower

monthly electricity consumption with a total annual energy consumption of 39.3821

MWh.
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Figure 4.22: Case study connected to District Cooling Plant in ApacheHVAC

Design condition| Reference condition

Chiller: Cooling capacity, Qref: 11.398  kw
Coefficient of performance, COPref: 4.50

Condenser water:  Entering temp, Tectref: 25944 o VereffQref: 0.06  |fsfew
Flow rate, Voref: 0.67 |fs DeltaToref: 4.97 g

Chilled water: Supply temp, Tletref: 6.67 og Veref/Qref: 0.04  jsfew
Flow rate, Veref: 0.49 |fs DeltaTeref: 555 K

Figure 4.23: District cooling plant COP of 4.5

Table 4.11 shows the monthly energy consumption of the villa after connecting it
to a district cooling plant. Two energy consumption columns are shown. The first
column represents the villa consumption including the energy required for cooling
from the primary source which is in this case the district cooling plant. The second

column show the consumption for the villa only without district cooling energy;
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this component is equal to 16.4997 MWh. These figures will be used in the next
chapter to verify the possibility of NZEB-PE and NZEB-site. Connecting the villa
to district cooling plant reduced the total consumed energy by 35.54% considering
DC power and 72.99% without considering DC power. The maximum energy
reduction was simulated in May with 36.50% lower energy consumption when
considering DC power. 80.09% energy reduction was simulated in August when

DC power was not considered.

Table 4.11: Monthly Energy Consumption after connecting to a chilled water
system provided by a district cooling plant with COP = 4.5

. Validation Ener Ener

oY | oy | modl | reducton | eduction
Lo including DC | excluding DC cs;:itrrric{c%n Wl;[)l:V]Zf Dvgth;)‘l;zr

power (MWh) | power (MWh) (MW%) p (%) (&))
Jan 1.19 0.9787 1.868 36.30% | 47.61%
Feb 1.22 0.9263 1.8836 35.23% | 50.82%
Mar 1.8304 1.1747 2.6207 30.16% | 55.18%
Apr 2.934 1.3877 4.5895 36.07% | 69.76%
May | 4.149 1.6066 6.5336 36.50% | 75.41%
Jun 4.8078 1.6332 7.5409 36.24% | 78.34%
Jul 5.6611 1.7743 8.8484 36.02% | 79.95%
Aug 5.6772 1.7733 8.9083 36.27% | 80.09%
Sep 4.5075 1.516 6.879 3447% | 77.96%
Oct 3.3458 1.37 5.2247 35.96% | 73.78%
Nov | 2.4783 1.2564 3.7655 34.18% | 66.63%
Dec 1.581 1.1025 2.4357 35.09% | 54.74%
Total | 39.3821 16.4997 61.0979 35.54% | 72.99%

4.25 Lighting Option 1 (LED Lighting)

The first option of improving the lighting efficiency inside the villa is by replacing
all the conventionally used lights which are compact florescent light bulbs with
lower power usage LED which stand for light emitting diode and replacing the light
power density in IES VE to reflect the new values. The 23 watts CFL bulbs were
replaced by 14 watts LED lights which is considered to have approximately 40%
lower lighting power demand, Table 4.12 shows the revised light power density
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after considering LED light. The values in watt per square meter entered in [ES VE

to simulate the energy consumption accordingly.

Table 4.12: Light Power Density (LPD) calculations after using LED bulbs

Corridors and

Lobbies 15 308 62.56 4923
Living room 4 224 39.46 5.677
Bedrooms & toilets | 15 714 151.79 4.704
Kitchen 5 200 37.5 5.333
Storage & Laundry | 3 70 8.89 7.874

ApacheHVAC simulation was run to update the heat gains from lighting and
accordingly Apache simulation was run to calculate the revised monthly energy
consumption after introducing the LED lights. This resulted in a total annual energy
consumption of 56.5444 MWh as shown in table 4.13. Using LED reduced the total
consumed energy by 7.45%. The maximum energy reduction was simulated in
December with 12.47% lower energy consumption. The highest reduction value

was simulated in August with 0.6015 MWh less consumed energy.

Table 4.13: Monthly Energy Consumption after using LED bulbs

Validation model

Energy _ ety Energy Energy
Month consumption . reduction redl(l’ctlon

(MWh) (MWh) (MWh) (%)
Jan 1.6726 1.868 0.1954 10.46%
Feb 1.6636 1.8836 0.2200 11.68%
Mar 2.3453 2.6207 0.2754 10.51%
Apr 4.2621 4.5895 0.3274 7.13%
May 6.1124 6.5336 0.4212 6.45%
Jun 7.0355 7.5409 0.5054 6.70%
Jul 8.2556 8.8484 0.5928 6.70%
Aug 8.3068 8.9083 0.6015 6.75%
Sep 6.4606 6.879 0.4184 6.08%
Oct 4.8581 5.2247 0.3666 7.02%
Nov 3.4399 3.7655 0.3256 8.65%
Dec 2.1319 2.4357 0.3038 12.47%
Total 56.5444 61.0979 4.5535 7.45%
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4.2.6 Lighting Option 2 (Dubai Lamp)

In August 2017 Dubai Municipality issued a circular for the compulsory use of
Dubai Lamp initiative. Dubai Lamps were developed by Philips Lighting and
provides a high efficiency LED lights with the same lumen and color temperature.
Conventional halogen bulbs with 25 watts could be replaced with a 1-watt bulb
from the Dubai Lamp products, 40 watts halogen bulbs replaced by 2-watt Dubai
Lamp, higher wattage conventional bulbs are replaced with 3-watt Dubai Lamp
(Philips 2017).

For the case study, all CFL light bulbs which had 23 watts are replaced with 3-watt
Dubai Lamp to keep the same lumen since it’s equal to 60 watts halogen light bulb.
Table 4.14 shows the Light Power Density calculations after changing the light
bulbs to Dubai Lamp.

Table 4.14: Light Power Density calculations after using Dubai Lamp bulbs

Corridors and

Lobbies 15 66 62.56 1.055
Living room 4 58 39.46 1.470
Bedrooms & toilets | 15 153 151.79 | 1.008
Kitchen 5 156 37.5 4.160
Storage & Laundry | 3 15 8.89 1.687

LPD calculation results were entered to [ES VE and applied to different building
zones as shown in Table 4.12. ApacheHVAC simulation was run to calculate the
updated heat gains for the system followed by Apache simulation for the revised
monthly energy consumption. As shown in Table 4.15 the simulation resulted in a
total annual energy consumption of 53.3944 MWh after replacing the light bulbs
with Dubai Lamp 3-watt. A total annual electricity of 7.7035 MWh was saved using
Dubai Lamp which account for 12.61% annual energy reduction. The highest saving

was simulated in December with 24.34% reduction.
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Table 4.15: Monthly Energy Consumption after using Dubai Lamp bulbs

Energy Validation model Energy Energy
Month | consumption electricity consumption | reduction | reduction

(MWh) (MWh) MWh) | (%)
Jan 1.44 1.868 0.428 22.91%
Feb 1.444 1.8836 0.4396 23.34%
Mar 2.1018 2.6207 0.5189 19.80%
Apr 4.003 4.5895 0.5865 12.78%
May | 5.8357 6.5336 0.6979 10.68%
Jun 6.7649 7.5409 0.776 10.29%
Jul 7.9733 8.8484 0.8751 9.89%
Aug 8.0242 8.9083 0.8841 9.92%
Sep 6.1957 6.879 0.6833 9.93%
Oct 4.591 5.2247 0.6337 12.13%
Nov 3.1779 3.7655 0.5876 15.60%
Dec 1.8429 2.4357 0.5928 24.34%
Total | 53.3944 61.0979 7.7035 12.61%

4.2.7 Wall U-Value Option 1 (Lower than 0.42 W/m?K)

To match Dubai Al Sa’fat code for Golden and Platinum sa’fa, the external walls
U-value must be lower than or equal to 0.42 W/m?K. To reach such a U-value a 50
mm Polyurethane board was added to all external walls, columns, beams, and all
exposed parts of the solid fagade. This resulted in a U-value of 0.4019 W/m?K for
all external walls. As mentioned in the model validation section, the wall U-value
entered in [ES VE is an average U-value for all external walls regardless of the wall
or concrete areas. In order to achieve the required U-value for concrete elements
the insulation board needs to be 55 mm thick, while the existing insulated blocks
required an additional 15 mm of polyurethane board to be installed externally. The
focus in this option will be on achieving the Golden and Platinum sa’fa rating. Thus
the U-value will be considered as 0.4019 W/m’K as a consistent U-value for all
external walls modeled in IES VE. Figure 4.24 shows the external wall layers
consisting of 20 mm external sand cement plaster followed by the 50 mm insulation

board over 200 mm brick wall and 20 mm internal plaster.

76



Vg 04019 Winis Thickoess:  290.000  mm Thermal mass Cm: 1348000 kJ/{m2+)
Total R-value: 2381 m¥fW Mass: 5000 kgim? Lighitweight
Surfaces | Functional Setlings | Regulations
Cutsde Trescie
Emisshity: 0.500 Resistarce (3] 0.0900 [ nefudt Emssary: 0500 Resstance (MAWAN): 001300 (] Defadt
Soler Absorptance: 0,550 Soler Aborptarce: 0,550
Corvstaction Layess (Cutsde T tnsde) Syatem Materials... Praject Materisls...
Tricknes: Densiry | SPoctic Heat Vapoer
Mataral S, r”\':?&:"ﬁ” el | “copsaty | PO | gessony Category
. . N+l Gl m)
[BASEPLD 1] PLASTER. (DENSE) 200 0.5000 | 13000 | 1000.0 0.0400 50000 Plaster
[BASEPBO1] POLYURETHANE BOARD 500 0.0250 0.0 1400.0 20000 550000  Ineudating Materisis
[BRO] BRICOWORK (OUTER LEAF) 00.0 0.8400 | 17000 BO00 0.2381 58.000  Brick &Buckmork
[BASEPLD 1] PLASTER, [DENSE) 200 0.5000 | 13000 | 1000.0 0,040 50000 Plaster

Figure 4.24: (Option 1) External wall layers and U-value as entered in IES VE

After running ApacheHVAC analysis for heat gains and Apache simulation, the
total energy consumption annually showed a reduction reaching to 51.4923 MWh
annually as shown in Table 4.16. Using this wall U-value reduced the energy
consumed by 15.72% with the most energy saved in August by 17.95%. This shows
that reducing the U-value of the external works reduces the thermal conduction

especially in hotter months.

Table 4.16: Monthly Energy Consumption using 0.4 W/m?K U-value for the

external walls

Validation
Energy model Energy Energy
Month consumption | electricity reduction | reduction
(MWh) consumption | (MWh) (%)
(MWh)
Jan 1.7462 1.868 0.1218 6.52%
Feb 1.746 1.8836 0.1376 7.31%
Mar 2.3593 2.6207 0.2614 9.97%
Apr 3.8689 4.5895 0.7206 15.70%
May 5.3832 6.5336 1.1504 17.61%
Jun 6.2114 7.5409 1.3295 17.63%
Jul 7.2753 8.8484 1.5731 17.78%
Aug 7.3091 8.9083 1.5992 17.95%
Sep 5.7374 6.879 1.1416 16.60%
Oct 4.3994 5.2247 0.8253 15.80%
Nov 3.2235 3.7655 0.542 14.39%
Dec 2.2326 2.4357 0.2031 8.34%
Total 51.4923 61.0979 9.6056 15.72%
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4.2.8 Wall U-Value Option 2 (Lower than 0.29 W/m?K)

To achieve ESTIDAMA villa rating for the walls the external walls U-value must
be lower than or equal to 0.32 W/m?K. This was achieved by adding an insulating
polyurethane board to the external walls and columns similar to option one but with
a thickness of 75 mm, Figure 4.25 shows the layers as defined in IES VE with 20
mm plaster for both inside and outside as a finishing layer and the 75mm insulation
board over 200 mm block work wall. This combination resulted in a total wall U-

value of 0.2867 W/m?K which achieves ESTIDAMA pearl 2 rating for buildings.

U-value: 0.2867  Wjm2K Thickness:  315.000 mm

Total R-value: 3.3181 mKW Mass: 394.2500 kg/m?

Surfaces | Functional Settings | Regulations |

Thermal mass Cm:  134.8000  kJ/(m2+)

Lightweight

Qutside
Emissivity:  0.900 Resistance (m/W): 0.0400 | Default

Solar Absorptance: 0,550

Inside

Solar Absorptance:

Emissivity:

0.900

0.550

Resistance (m2K/W):

0.1300 | Default

Construction Layers (Qutside To Inside) | System Materials. . | | Project Materials...
Specific Heat Vapour
Material Th‘?"(rnness Cu\:ﬁn(.l;ulz)lty Dkegr}:t]y Capadity R?‘fg\z\:e Resistivity Categary
JfkaK) GN°s/(kgm)
[BASEPLD 1] PLASTER (DENSE) 20.0 0.5000 1300.0 1000.0 0.0400 50.000 Plaster
[BASEPBD 1] POLYURETHANE BOARD 75.0 0.0250 30.0 1400.0 3.0000 550.000 Insulating Materials
[BASEBKD1] Brickwork (Outer Leaf) 200.0 0.8400 1700.0 800.0 0.2381 40.000 Brick & Blockwork:
[BASEPLD1] PLASTER (DENSE) 20.0 0.5000 1300.0 1000.0 0.0400 50.000 Plaster

Figure 4.25: (Option 2) External wall layers and U-value as entered in IES VE

After updating the sizing simulation analysis in ApacheHVAC and running Apache
simulation for the revised wall combination, the total consumed energy as shown in
Table 4.17 was reduced to reach 49.6918 MWh annually. Using this wall U-value
reduced the energy consumed by 11.4061 MWh which account for 15.72% with the

most energy saved in July by 20.88%
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Table 4.17: Monthly Energy Consumption using 0.28 W/m?K U-value for the

external walls

Energy Validation model Energy Energy
Month | consumption | electricity reduction reduction

(MWh) consumption (MWh) (MWh) (%)
Jan 1.7274 1.868 0.1406 7.53%
Feb 1.7116 1.8836 0.172 9.13%
Mar 2.303 2.6207 0.3177 12.12%
Apr 3.726 4.5895 0.8635 18.81%
May 5.1708 6.5336 1.3628 20.86%
Jun 5.9729 7.5409 1.568 20.79%
Jul 7.0007 8.8484 1.8477 20.88%
Aug 7.0273 8.9083 1.881 21.12%
Sep 5.5135 6.879 1.3655 19.85%
Oct 4.2368 5.2247 0.9879 18.91%
Nov 3.1148 3.7655 0.6507 17.28%
Dec 2.187 2.4357 0.2487 10.21%
Total | 49.6918 61.0979 11.4061 18.67%

4.2.9 Roof U-Value Option 1 (Lower than 0.3 W/m?K)

As per Dubai Al Sa’fat, Roof total U-value of 0.3 W/m?K or less must be met for
all 4 rating categories. In order to reach this value in the existing villa, an additional
layer of polyurethane board was added to the roof with 25 mm thickness, as shown
in Figure 4.26, which achieved a total roof U-value of 0.3079 W/m?K. Since the
roof exposed layer is loosely laid tiles which could be easily removed and the new
insulating layer could be added before reinstalling the tiles again. It is recommended
to add a sand cement screed layer over the insulation board for protection before
installing the last layer. Since the U-value is the point of focus for this study, the
protection screed layer will not be considered. After simulating the model with the
new roof U-value, the total energy consumption was reduced to reach a totally of
60.3472 MWh annually as shown in Table 4.18. Using this roof U-value reduced
the energy consumed by 0.7507 MWh which account for 1.23%.
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U-value: 0.3079  W/m2K

Total R-value: 3.1078

Surfaces

ss: 349.000  mm

maA Mass: 5916500 kg/m?

Mediumweight

Thermal mass Cm:  210.0000  k1j(m+)

Outside
Emissivity: 0.0
Solar Absorptance:  0.550

Construction Layers (Outside To Inside)

Resistance {m/W):

Inside

0.0400 /] Default Emissivity: 0,500

Solar Absorptance: 0,550

Resistance (m3/W):

0.1000 V| Default

[ system Materials...

| [ Project Materias..

Material ma‘;ﬂs CD\D?F;“,SW Dkzr}:t:v Spésgacuﬁat Rer:itiﬂfs R!:Etislrtv Category
IlgK) GN's/{kgm)

[78] TILE BEDDING 20.0 14000 21000 650.0 0.0143 45.000  Gravels, Beddings, etc.
[PUB] POLYURETHANE BOARD 25.0 0.0255 30.0 1400.0 0.9804 550.000  Insulating Materials
[BASEPBO3] POLYURETHANE BOARD 50.0 0.0255 30.0 1400.0 1.9608 550,000 Insulating Materials
[BASECMDZ2) CAST CONCRETE (MEDIUM WELGHT BS EN 1745) 30.0 14000 19000 1000.0 0.0214 60.000  Concretes
[STD_MEM] Membrane 4.0 10000 11000 1000.0 0.0040 Asphalts & Other Roofing
[5TD_CC2] Reinforced Concrete 200.0 23000 23000 1000.0 0.0870 - Conaretes
[BASEPLD 1] PLASTER (DENSE) 20,0 05000 13000 1000.0 0.0400 50.000  Plaster

Figure 4.26: (Option 1) Roof layers and U-value as entered in [ES VE

Table 4.18: Monthly Energy Consumption using 0.3 W/m?K U-value for the roof

Energy Validation model Energy Energy
Month | consumption electricity consumption | reduction | reduction

(MWh) (MWh) MWh) | (%)
Jan 1.8607 1.868 0.0073 0.39%
Feb 1.8724 1.8836 0.0112 0.59%
Mar 2.5981 2.6207 0.0226 0.86%
Apr 4.5281 4.5895 0.0614 1.34%
May | 6.4435 6.5336 0.0901 1.38%
Jun 7.4373 7.5409 0.1036 1.37%
Jul 8.7295 8.8484 0.1189 1.34%
Aug 8.7878 8.9083 0.1205 1.35%
Sep 6.7856 6.879 0.0934 1.36%
Oct 5.1579 5.2247 0.0668 1.28%
Nov 3.7225 3.7655 0.043 1.14%
Dec 2.4238 2.4357 0.0119 0.49%
Total | 60.3472 61.0979 0.7507 1.23%

4.2.10 Roof U-Value Option 2 (Lower than 0.14 W/m?K)

ESTIDAMA villa rating system requires achieving a total roof U-value equal to or

lower than 0.14 W/m?K. By testing different insulating materials in I[ES VE to reach

this value, it was found that the least thickness could be used is by adding a 110 mm

cellular polyurethane board to the existing roof layers, as shown in Figure 4.27.

This addition resulted in a reduction of the total U-value to reach 0.1418 W/m2K.
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After reducing the roof U-value and updating the HVAC sizing accordingly, the
simulation showed a reduction of the total annually consumed energy to reach a
total of 59.394 MWh as shown in Table 4.19. Using this roof U-value reduced the
energy consumed by 1.7039 MWh which account for 2.79%.

Uwvalue:  0.1418  Wjm>K Thickness:  434.000  mm Thermal mass Cm:  210.0000  k3/{m>+)
Total Rvalue: 6.8101  m¥W Mass: 593.5400 kgjm? Mediumweight
Surfaces | Regulations
Qutside Inside
Emissivity: 0,900 Resistance (ma/w):  0.0400 | Default Emissivity:  0.900 Resistance (MA/W):  0.1000  [¥] Default
Solar Absorptance: 0,550 Solar Absorptance: 0550
Construction Layers (Qutside To Inside) | System Materials... ‘ ‘ Project Materials...
Spedific Heat Vapour
Material m'mEss C“;Z?[“r;‘_’lgty Dkeg”ﬁt," Capacity RErrS"j:‘;\a‘J,‘E Resistivity Category
kg k) GN°s/(kg'm)
[TB] TILE BEDDING 0.0 1.4000 2100.0 650.0 0.0143 45.000  Gravels, Beddings, etc.
[USCP0000] CELLULAR POLYURETHANE (ASHRAE) 110.0 0.0230 240 1600.0 47826 300000  Insulating Materials
[BASEPE03] POLYURETHANE BOARD 50.0 0.0255 30.0 1400.0 1.9508 550,000  Insulating Materials
[BASECMD2] CAST CONCRETE (MEDIUM WEIGHT BS EN 1745) 30.0 1.4000 1900.0 | 1000.0 0.0214 £0.000 | Concretes
[STD_MEM] Membrane 40 1,0000 1100.0 | 1000.0 0.0040 - Asphalts & Other Roofing
[STD_CC2] Reinforced Concrete 200.0 2.3000 23000 1000.0 0.0870 - Concretes
[BASEPLD 1] PLASTER: (DENSE) 20,0 0.5000 1300.0 | 1000.0 0.0400 50.000 | Plaster

Figure 4.27: (Option 2) Roof layers and U-value as entered in IES VE

Table 4.19: Monthly Energy Consumption using 0.14 W/m?K U-value for the roof

Energy Validation model Energy Energy
Month | consumption electricity consumption | reduction | reduction

(MWh) (MWh) (MWh) (%)
Jan 1.8524 1.868 0.0156 0.84%
Feb 1.8577 1.8836 0.0259 1.38%
Mar 2.5692 2.6207 0.0515 1.97%
Apr 4.4509 4.5895 0.1386 3.02%
May | 6.3276 6.5336 0.206 3.15%
Jun 7.3066 7.5409 0.2343 3.11%
Jul 8.5786 8.8484 0.2698 3.05%
Aug 8.6345 8.9083 0.2738 3.07%
Sep 6.6668 6.879 0.2122 3.08%
Oct 5.0729 5.2247 0.1518 2.91%
Nov 3.6679 3.7655 0.0976 2.59%
Dec 2.4089 2.4357 0.0268 1.10%
Total | 59.394 61.0979 1.7039 2.79%

4.2.11 Glass U-Value Option 1 (Lower than 1.9 W/m?K)

Al Sa’fat rating system requires glazed elements to have a total U-value less than
1.9 W/m?K for wall to window ratio higher than 40%. In the case study villa the
ratio is 28.5%, ESTIDAMA requirements for fenestration is 2.2 W/m?K or less.
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However, in this option Dubai Al Sa’fat requirement will be considered by
replacing all glazed areas with higher efficiency glazing. U-value of 1.8944 W/m?K
was achieved by improving the aluminum frame thermal resistance to 0.12 m?K/W
as shown in Figure 4.28. After recalculating the HVAC system sizing according to
the new windows U-value and running Apache simulation, it was found that the
total annual energy consumption was reduced to 60.614 MWh instead of the
original 61.0979 MWh as shown in the monthly consumption Table 4.20. Using
this windows U-value reduced the energy consumed by 0.4839 MWh which

account for 0.79%.

NetU-value (induding frame): 18944  Wjm2K U-value (glass only): 16202 Wjm2K

NetR-value: 0.6172  m¥KMW g-value (EN 410):  0.4017 visible light normal transmittance:  0.71

Surfacesl Frame ‘ Shading Devicel Regulaﬁons‘ UKDV\‘EHH’\QS'

Percentage: 15.00 Absorptance: 0.7 Outside surface arearatio:  1.00 Type: | Aluminium -
U-value: 34483 WmK Resistance: 0.1200  m*KMW Inside surface arearatio:  1.00
LCA Frame Materials: Edit
Construction Layers (Outside to Inside): System Materials. . | | Project Materials...
Convection Visible
Thickness | Conductivity | Angular Resistance Outside Inside | Refractive | Outside | Inside
Material . Gas | Coeffident Transmittance Light
mm W/mK) | Dependence Wi mAM Reflectance |Reflectance | Index | Emssivity | Emissvity | o e o
[STD_EXW] Outer Pane I L0600 Fresnel - - 0.0057 0.409 0.238 0.414 1526 0.837 0042 Yes
Cavity 12.0 - - Ar 2,0800 0.4359 - - - - -
[STD_INW] Inner Pane 6.0 L0600 Fresnel - - 0.0057 0.783 0.072 0.072 1526 0.837 0837 Yes

Figure 4.28: (Option 1) Windows U-value less than 1.9 W/m?K

Table 4.20: Monthly Energy Consumption using 1.8944 W/m?K windows U-value

B Validgt@on model E

Month | consumption electr1c1ty' reduction Energy o
(MWh) consumption (MWh) reduction (%)

(MWh)

Jan 1.8522 1.868 0.0158 0.85%

Feb 1.8692 1.8836 0.0144 0.76%

Mar 2.6031 2.6207 0.0176 0.67%

Apr 4.5502 4.5895 0.0393 0.86%

May | 6.4774 6.5336 0.0562 0.86%

Jun 7.4788 7.5409 0.0621 0.82%

Jul 8.7786 8.8484 0.0698 0.79%

Aug 8.8378 8.9083 0.0705 0.79%

Sep 6.8249 6.879 0.0541 0.79%

Oct 5.1827 5.2247 0.042 0.80%

Nov 3.7378 3.7655 0.0277 0.74%

Dec 24213 2.4357 0.0144 0.59%

Total | 60.614 61.0979 0.4839 0.79%
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4.2.12 Glass U-Value Option 2 (1.68 W/m?K)

Other glazing options are investigated to test its efficiency and total energy saving
even though it’s not mandatory by the green building regulation in the UAE. Adding
a low-e glass pane or a reflective film to the inner surface of the external pane
reduces the total U-value of the glazing. This could be reflected in IES VE by
adjusting the air gap’s convection coefficient which is the element affected directly
by such improvement. In this option the air gap thickness was considered as 16 mm
and the convection coefficient as 1.6 W/m?K which resulted in a total U-value of
1.6776 W/m?K as shown in Figure 4.29. The total annual energy consumption of
60.2358 MWh as shown in Table 4.21. Using this windows U-value reduced the
energy consumed by 0.8621 MWh which account for 1.41%.

Net U-value (nduding frame): 16776 Wjm2K U-value (glass only): 13651 Wjm2k
NetRvalue: 0.7325  mEKAV gevalue (EN 410):  0.4000 Visble light normal transmittance:  0.71
Surfaces | Frame | Shading Deviee | Reguiations | UK Dwelings |
Outside Inside
Emissivity: 0.837 Resistance (ma/W): 0.0400 [7]efault Emissivity: 0.837 Resistance (mK/M): 0.1300  [7]Dgfault
Construction Layers (Outside to Inside): | System Materials... | ‘ Project Materials. ..
" Convection | . : . . visble
Thickness | Conductivity | Anguiar Resistance Outside | Inside |Refractive | Outside | Inside
Material e Gas | Coefficent 1o | Transmittance Light
mm W/mK) | Dependence e | Refectance Reflectance | Index | Emisivty | Emssiity | o 290 |
[STD_EXW] Outer Pane 6.0 L0600 | Fresnel - - 0.0057 0.409 0.289 0.414 L5%6 | 0.837 0042  Yes
Cavity 15.0 - - - L6000 | 0.5512
[STD_INW] Inner Pane 6.0 L0600 Fresnel - - 0.0057 | 0783 0.072 0.072 1526 | 0.837 083 Yes

Figure 4.29: (Option 2) Windows U-value less than 1.68 W/m?K

Table 4.21: Monthly Energy Consumption using 1.6776 W/m?K windows U-value

Energy Validation model Energy Energy
Month | consumption electricity reduction reduction

(MWh) consumption (MWh) | (MWh) (%)
Jan 1.842 1.868 0.026 1.39%
Feb 1.8614 1.8836 0.0222 1.18%
Mar 2.5921 2.6207 0.0286 1.09%
Apr 4.5207 4.5895 0.0688 1.50%
May | 6.4311 6.5336 0.1025 1.57%
Jun 7.4283 7.5409 0.1126 1.49%
Jul 8.7199 8.8484 0.1285 1.45%
Aug 8.7784 8.9083 0.1299 1.46%
Sep 6.7793 6.879 0.0997 1.45%
Oct 5.1491 5.2247 0.0756 1.45%
Nov 3.7183 3.7655 0.0472 1.25%
Dec 2.4152 2.4357 0.0205 0.84%
Total | 60.2358 61.0979 0.8621 1.41%
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4.2.13 Glass U-Value Option 3 (1.61 W/m?K)

The last glazing improvement option is a low-e glass with a total U-value of 1.61
W/m?K. This is translated to IES VE by revising the convection coefficient to
1.4622 W/m?K, which achieved the required U-value as shown in Figure 4.30. The
simulation of this option showed a slight reduction of energy compared to the first
two options as shown in Table 4.22 with a total annual energy consumption of
60.1177 MWh. Using this windows U-value reduced the energy consumed by
0.9802 MWh which account for 1.60%.

Net U-value (induding frame): 1.6100 Wym2-K U-value (glass only): 1.2856 Wym2-K
NetR-value: 0.7773  m¥KMW g-value (EN 410): 0.3995 visible light normal transmittance:  0.71
Surfaces | Frame | Shading Device | Reguiations | UK Dwelings |
Outside Inside
Emissivity: 0.837 Resistance (m2K/W): 0.0400 [V Default Emissivity: 0.837 Resistance (mK/W): 0.1300  [¥]Default
Construction Layers (Outside to Inside): I System Materials.... I { Project Materials. .. ]
a Convec tion . - - visible
Thickness | Conductivity | Angular Resistance Outside Inside |Refractive | OQutside | Inside
Material e Gas | Coeffident g | Transmi ttance Light
mm WHm+K)  |Dependence Wik maK Reflectance |Reflectance | Index | Emissivity | Emissivity | o G5 g
[STD_EXW] Outer Pane 6.0 1.0600 | Fresnel - - 0.0057 0.409 0.253 0,414 1.526 0.837  0.042 Yes
Cavity 16.0 - - - 1.4622 0.5965
[STD_INW] Inner Pane 6.0 1.0600  |Fresne - - 0.0057 0.783 0.072 0.072 1.526 0.837 0837 Yes

Figure 4.30: (Option 3) Windows U-value of 1.61 W/m?K

Table 4.22: Monthly Energy Consumption using 1.61 W/m?K windows U-value

Energy Validation model Energy Energy
Month | consumption electricity consumption | reduction | reduction

(MWh) (MWh) MWh) | (%)
Jan 1.839 1.868 0.029 1.55%
Feb 1.859 1.8836 0.0246 1.31%
Mar 2.5888 2.6207 0.0319 1.22%
Apr 4.511 4.5895 0.0785 1.71%
May | 6.4169 6.5336 0.1167 1.79%
Jun 7.4126 7.5409 0.1283 1.70%
Jul 8.7017 8.8484 0.1467 1.66%
Aug 8.7596 8.9083 0.1487 1.67%
Sep 6.765 6.879 0.114 1.66%
Oct 5.1386 5.2247 0.0861 1.65%
Nov 3.7122 3.7655 0.0533 1.42%
Dec 24133 2.4357 0.0224 0.92%
Total | 60.1177 61.0979 0.9802 1.60%
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4.2.14 Shading Elements

One of the investigated passive parameters is introducing shading elements to the
facade of the existing villa and calculate its effect on the annual energy
consumption. In order to determine the required shading elements location on the
fagade, solar energy analysis was run for the existing villa using the SunCast
module in IES as shown in Figures 4.31, 4.32 and 4.33. The analysis shows that the
most affected elevations of the villa are the southern two facades in addition to the
roof. The most affected areas of the facade are the windows of these two southern
oriented elevations of the building This affects the building thermal gain due to sun
radiation entering the spaces through glass, improving this element should benefit

the total energy consumption.

Figure 4.31: Solar exposure analysis of North-East and South-East facades
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Figure 4.33: Solar exposure analysis of the roof

To reduce the sun radiation, shading elements were added to the South-East and
South-West facades above the windows. The existing 300 mm shading lintels were
extended to be 600 mm. Some windows had no extruded lintels in the original
design which was treated by introducing 600 mm new lintels and vertical elements.
The 2 terraces on the North-Eastern facade had no roof which affected the solar
exposure of their flooring and accordingly the spaces under them. Two new 1.8
meters roofs were added to the terraces accordingly. The roof HVAC machines
enclosure was designed to be without a roof and accordingly a roof was added to

this area. All the elements shown in red in Figures 4.34 and 4.35 are the newly
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added shading elements to the building. This was reflected in the revised solar
analysis simulated using SunCast application and shown in Figures 4.36, 4.37 and

4.38.

Figure 4.34: Added shading elements (Southern facades)

Figure 4.35: Added shading elements (South-West & North-West facades)
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Figure 4.36: Solar exposure analysis of North-East and South-East facades

L

Figure 4.37: Solar exposure analysis of North-West and South-West facades

Figure 4.38: Solar exposure analysis of the roof
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The blue color shows a lower solar exposure for the windows, terraces and the
proposed new roof slab. The total energy consumption was calculated according to
the new facade treatments and showed a reduction of the annual consumption
reaching 60.1285 MWh as shown in Table 4.23. Shading elements reduced the
annual energy consumption by 0.9694 MWh which accounts for 1.59% of the

annual power.

Table 4.23: Monthly Energy Consumption after adding the external shading

elements

Energy Validation model Energy Energy
Month consumption electricity consumption | reduction | reduction

(MWh) (MWh) MWh) | (%)
Jan 1.8193 1.868 0.0487 2.61%
Feb 1.8313 1.8836 0.0523 2.78%
Mar 2.5645 2.6207 0.0562 2.14%
Apr 4.5105 4.5895 0.079 1.72%
May 6.4294 6.5336 0.1042 1.59%
Jun 7.428 7.5409 0.1129 1.50%
Jul 8.7308 8.8484 0.1176 1.33%
Aug 8.7993 8.9083 0.109 1.22%
Sep 6.7936 6.879 0.0854 1.24%
Oct 5.1499 5.2247 0.0748 1.43%
Nov 3.7014 3.7655 0.0641 1.70%
Dec 2.3705 2.4357 0.0652 2.68%
Total 60.1285 61.0979 0.9694 1.59%
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CHAPTER 5: DISCUSSION of SIMULATION RESULTS
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5.1 Simulation Results

It is necessary to compare the simulation results to determine the best combination
of parameters which will be used to achieve the lowest energy consumption of the
existing villa. The final simulation should combine the best passive measures tested
to achieve a NZEB. In case the required savings are not achieved through passive
measures, a renewable energy source will be introduced and tested to cover the

remaining energy required.

5.1.1 HVAC results analysis

The four HVAC options simulated showed a noticeable reduction in electricity
consumption compared to the original DX split system installed. Figure 5.1 and
Table 5.1 shows that the lowest annual energy consumption was achieved by
connecting the villa to a district cooling plant. This was considered with the
assumption that chillers energy is not added to the villa total consumption. The total
annual energy consumed was 16.4997 MWh which reduced the total energy
consumed by around 73% of the original consumption. If the chillers’ energy at
source is to be considered, the total reduction of energy by connecting to district
cooling plant would be 35.5%. The VRV HVAC system was the second best with
37.25% reduction of energy, while using a compact chiller reduced the energy by
35.6% and the improvement of DX split system reduced only 23.25% of the total
annual energy. There’s a noticeable difference in energy consumption in the winter
months between the VRV system and all the other options investigated. This is due
to the use of such variable system that controls the pumping of the refrigerant
according to space usage to improve efficiency. Other systems need to reach a
certain temperature for the system to start working. This gives an advantage to this
system in addition to the energy saving it achieved in the simulation.

The results show that district cooling is the best option to reduce the total consumed
energy if the chiller energy at source is not accounted for, this option will be
simulated in the final model in both situations with and without the sources chiller
energy. VRV scored the best results in terms of total energy saving. It has an

advantage of being able to operate off-grid if the remaining energy required can be
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generated on site. Accordingly, VRV HVAC system will be considered in the final

simulation option.

HVAC Systems Simulation Results

N\

=
o

Total Electricity MWh
o = N w H w [e)} ~ o] o

Jan Feb Mar

e EXiSting 1.868 1.884 2.621 4.59 6.534 7.541 8.848
DX split 3.6 11.789 1.675 2.201 3.596 4.973 5.593 6.466
VRV 3.6 0.978 1.082 1.74 2.887 4.177 4.788 5.572
== Chiller 3.6 = 1.41 1.273 1.812 2.827 4.065 4.77 5.694
e==DC Source = 1.19 1.22  1.83 2.934 4.149 4.808 5.661
e DC villa 0.979 0.926 1.175 1.388 1.607 1.633 1.774

e Existing DX split 3.6

Apr  May Jun

Jul  Aug = Sep
8.908 6.879
6.501 5.063
5.611 4.558
5.722 4.443
5.677 4.508
1.773 1.516

Oct  Nov
5.225 3.766
3.965 2.964
3.359 2.326
3.245 2.371
3.346 2.478
1.37 1.256

Dec
2.436
2.106
1.259
1.676
1.581
1.103

VRV 3.6 e Chiller 3.6 emmmm=DC Source === DC villa

Figure 5.1: HVAC Systems Simulation Results

Table 5.1: HVAC systems energy reduction

HVAC DX 2.5 DX VRV | Chiller | DC DC
System (Existing) 3.6 3.6 3.6 Source | villa
Energy 46.89 | 38.336 16.49
(MWh) 61.0979 1 5 39.3092 |39.3821 97
Energy 23.25 |37.25 0 0 72.99
s -- % % 35.66% | 35.54% o,

5.1.2 Lighting results analysis

The two lighting options simulated showed a reasonable energy reduction. Figure

5.2 and Table 5.2 show that the energy saved by using LED lights was 7.45% or



4.5535 MWh annually, while using Dubai Lamp bulbs saved 12.61% or 7.7035

MWh of the energy compared to the existing villa’s CFL lights.

[y
o

Total Electricity MWh
O P, N W b U1 OO N O O

Jan

Lighting Simulation Results

Feb  Mar Apr May

Jun = Jul | Aug

Sep Oct Nov | Dec

e Existing (CFL) 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
e | ED 1.673 1.664 2.345 4.2626.112 7.036 8.256 8.307 6.461 4.858 3.44 |2.132
e Dubai Lamp = 1.44 1.444 2.102 4.003 5.836 6.765 7.973 8.024 6.196 4.591 3.178 1.843

e Existing (CFL)

e | D e Dubai Lamp

Figure 5.2: Lighting Options Simulation Results

Figure 5.2 shows that the reduction was consistent throughout the year which

confirms the validity of the values entered in the simulation model.

Table 5.2: Lighting options energy reduction

Lighting System | CFL (Existing) LED Dubai Lamp
Energy (MWh) | 61.0979 56.5444 | 53.3944
Energy Saving -- 7.45% 12.61%

It’s clear from the simulation results that Dubai Lamp is the option to be used in the

final simulation model to achieve the most efficient lighting results.

5.1.3 Walls U-value res

ults analysis

The two external wall U-values tested were 0.4 and 0.29 W/m?K and resulted in

energy saving of 15.72% and 18.67%, respectively. Figure 5.3 and Table 5.3 show

the monthly consumption of both options in comparison to the existing villa

external wall which had a U-value of 0.93 W/m?K. The energy saving for the two
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cases were 9.6056 and 11.4061 MWh annually, respectively. The most energy
saving achieved was during the summer months since the insulation added to the
walls reduced the internal heat gain from outdoor hot conditions. For the case of U-
value 0.29 W/m?K, out of the 11.4061 MWh reduction in energy almost 80% of this
energy was saved in summer months, from 1% of April to the end of September

8.8885 MWh was reduced due to the improvement of external walls U-value.

Wall U-Value Simulation results

[y
o

Total Electricity MWh

O P, N W » U1 O N 0 VO

Jan  Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec
e Existing U=0.93 | 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
e J=0.40 1.746 1.746 2.359 3.869 5.383 6.211 7.275 7.309 5.737 4.399 3.224 2.233
e—J=0.29 1.727 1.712 2.303 3.726 5.171 5.973 7.001 7.027 5.514 4.237 3.115 2.187

e EXiSting U=0.93 e J=0.40 e J=0.29

Figure 5.3: External Walls U-value Options Simulation Results

Table 5.3: External Walls U-value options energy reduction

Walls U-value | 0.93 (Existing) | 0.40 W/m?K | 0.29 W/m?*K
Energy (MWh) | 61.0979 51.4923 49.6918
Energy Saving | -- 15.72% 18.67%

Considering that the second option with U-value of 0.29 W/m?K had the most
annual energy saving, this option will be considered in the final simulation. In order
to achieve this U-value on site and due to different materials existing on the facade,
the insulating material should be added to the concrete elements and insulated
blocks and the average U-value should reach the required 0.29 W/m?K. This

solution should be taken to keep the architectural consistency of the facades.
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5.1.4 Roof U-value results analysis

Two options were simulated for the roof U-value options, complying with Dubai
Al Sa’fa and ESTIDAMA regulations. The results showed a slight reduction in
energy over the course of a year the Al Sa’fa option with U-value of 0.3 W/m?K
resulted in a total annual energy reduction of 0.7507 MWh while the ESTIDAMA
option with 0.14 W/m?K U-value reduced the energy by 1.7039 MWh annually.
Figure 5.4 and Table 5.4 show these savings in electricity at 1.24% and 2.87% of
the annual electricity for the 2 options respectively. While it is not a major

reduction, this can still help improve the cooling energy required for the building.

Roof U-Value Simulation Results

-
o

Total Electricity MWh
O R N W b UT OO N 0O O

Jan  Feb  Mar Apr ’\C/a Jun  Jul  Aug Sep Oct Nov Dec

e Existing U=0.44 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436

e J=0.3 1.861 1.872 2.598 4.528 6.444 7.437 8.73 8.788 6.786 5.158 3.723 2.424

e J=0.14 1.852 1.858 2.569 4.451 6.328 7.307 8.579 8.635 6.667 5.073 3.668 2.409
e EXiStiNGg U=0.44 e =0.3 e =0.14

Figure 5.4: External Walls U-value Options Simulation Results

Table 5.4: Roof U-value options energy reduction

Roof U-value | 0.44 (Existing) | 0.30 W/m?K | 0.14 W/m?*K
Energy (MWh) | 61.0979 60.3472 59.394
Energy Saving | -- 1.24% 2.87%

Compared to the walls improvement energy reduction, the roof U-value
improvement was not significant, this is due to the ratio of the roof area to the wall
area since the roof area is around one third of the external wall area. The other

reason is the constant solar exposure of the roof compared to the facade walls which
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is shown in Figure 4.39. Still the second option with 0.14 W/m?K roof U-value will
be chosen as the best energy saving measure for the roof, and will be implemented

in the final proposed simulation combining all energy efficiency measures.

5.1.5 Windows U-value results analysis

Compared to the external walls area, the windows and glazed areas occupied 28.5%
of the elevation. Windows and glazing are the most heat gain factors in hot climates.
Reducing the U-value of windows can reduce the energy required for cooling.
However, the initial design didn’t take into consideration this aspect. The large
glazed areas of the facade contribute largely in the high demand energy required to
cool the building in summer. Although the total windows and frame U-value was
reduced for the three options investigated, the effect of this was minimal on the
energy saving compared to other parameters. The first option with U-value of 1.9
W/m?K resulted in a reduction of 0.7% of the annual electricity consumption, this
is considered the mandatory requirement by Dubai and Abu Dhabi regulatory, the
second and third options showed reduction of total energy by 1.41% and 1.60%
respectively, as shown in Figure 5.5 and Table 5.5. The best results achieved by
using 1.61 W/m?K U-value for the windows with a total energy saving of 0.9802
MWh annually. The third option will be chosen as the best improvement for the
glazing in the final model, however, less cost-effective measures could be used in
the case of not achieving the required NZEB, options like triple glazing or gas filled

gaps could have lower U-values and contribute in reducing more energy.

Table 5.5: Windows U-value options energy reduction

Windows U-value | 2.08 (Existing) | 1.9 W/m?*K | 1.68 W/m?K | 1.61 W/m?’K
Energy (MWh) 61.0979 60.614 60.2358 60.1177
Energy Saving -- 0.79% 1.41% 1.60%
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Glass U-Value

=
o

Total Electricity MWh
O R N WP UION OO

Jan  Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Existing U=2.08 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436

U=1.9 1.852 1.869 2.603 4.55 6.477 7.479 8.779 8.838 6.825 5.183 3.738 2.421
—U=1.68 1.842 1.861 2.592 4.521 6.431 7.428 8.72 8.778 6.779 5.149 3.718 2.415
—U=1.61 1.839 1.859 2.589 4.511 6.417 7.413 8.702 8.76 6.765 5.139 3.712 2.413

Existing U=2.08 U=1.9 em=—U=1.68 ——U=1.61

Figure 5.5: Windows U-value Options Simulation Results

5.1.6 Shading elements results analysis

Northern hemisphere buildings are mostly exposed to the sun from the south
direction. The existing villa has two facades oriented towards the south, the main
entrance facade facing South-East has two windows exposed to the sun most of the
day and the South-Western elevation which has smaller windows but is also
exposed to the sun most of the day. The addition of shading elements or extending
the window lintels reduced the energy exposure per square meter on these areas.
The windows on the main entrance elevation had energy consumption per square
meter between 1000 to 1300 kWh/m?. The introduction of shading devices reduced
the energy consumed due to solar exposure to below 800 kWh/m? as shown in

Figure 5.6.
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Figure 5.6: Solar exposure comparison after applying shading devices to the

South-Eastern facade

The same results were found for the South-Western fagade after adding shadings
above the windows Figure 5.7 shows the solar exposure before and after introducing
the shading devices for the windows. The solar exposure of the two terraces was

reduced in the mentioned areas and accordingly the energy consumption.
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Figure 5.7: Solar exposure comparison for the Western facades

The terraces’ roofs served two purposed. The first was reducing the sun exposure
for the glazed doors, and the second was the reduction of solar exposure for the
terrace flooring, which is the roof of the ground floor. This is shown in Figures 5.8

as the dark blue color inside the terraces represents a low solar exposure for these

arcas.
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Figure 5.8: Solar exposure analysis of the roof and terraces

Figure 5.8 also shows a noticeable reduction in solar exposure for the new covered
area on the roof. The energy reduced from around 1400 kWh/m? to less than 400
kWh/m? for this area. The North-Eastern fagade has few small windows and is not
directed to the sun thus no further treatment was required for this facade. The
simulation results after adding the shading elements shows a reduction in the total
energy annually by 0.9694 MWh. This accounts for approximately 1.58% of the
total annual energy consumed by the villa. Figure 5.9 and Table 5.6 show the

reduction in demand energy after the introduction of this passive measure.

Shading Simulation Results

[y
o

Total Electricity MWh
O R N W H U1 OO N 0 L

Jan  Feb Mar Apr May Jun | Jul Aug Sep Oct Nov Dec
e Existing 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
e Shading 1.819 1.831 2.565 4.511 6.429 7.428 8.731 8.799 6.794 5.15 3.701 2.371

e EXStiNG e Shading

Figure 5.9: Shading Elements Simulation Results
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Table 5.6: Shading elements energy reduction

Walls U-value | Existing villa | Shading Elements
Energy (MWh) | 61.0979 60.1285
Energy Saving | -- 1.58%

In the case of adding a renewable energy source such as PV panels, these panels
would be placed on the roof and will result in further reduction of the solar exposure
in the remaining roof areas. This option will be studied according to the need of

such solution.

5.2 Selected Passive Energy Efficiency Measures
As discussed in this chapter, and due to scoring the best energy saving results, the
following parameters and systems are selected to provide the best combination of
energy saving. This will help achieve a net zero energy building for the studied
existing villa.
- Variable Refrigerant Volume (VRV) HVAC system with COP of 3.6 as
a stand-alone villa option. This HVAC option will be used in Case 1
- District cooling option for the maximum saving of cooling energy, this
option is only possible if the developer of the community decided to
construct a chilled water plant to reduce the total cooling energy for a
group of villas. This HVAC option will be used in Case 2.
- Dubai Lamp bulbs for all lighting fixtures of the villa.
- External walls U-value of 0.2867 W/m?’K as per ESTIDAMA
requirements.
- Roof U-value 0of 0.1418 W/m’K as per ESTIDAMA requirements.
- Windows U-value of 1.61 W/m’K
- Shading elements for southern fagade windows, first floor terraces and

roof HVAC enclosure.

5.3 Selected passive measures combination with VRV HVAC (Case 1)
The best of all the energy parameters were combined in one IES VE model. The
HVAC system used in this test was the variable refrigerant volume system with 3.6

coefficient of performance. The model was simulated with ApacheHVAC to
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calculate the HVAC system sizing and accordingly the Apache simulation was run
to calculate the monthly electricity consumption. The simulation results in figure
5.10 and Table 5.7 show the results of the passive measures and lighting
improvement combined using VRV HVAC system. The total consumed energy by
the building was reduced to 25.0259 MWh annually down from 61.0979 MWh.
This considerable reduction account for 36.072 MWh of saved energy amounts to
59.04% energy reduction. Most of the saved power was simulated during summer
months due to the improvement of AC system and building envelope. the total
energy saved from April to September is 24.8589 MWh. This energy accounts for
around 69% of the total energy saved across the year. The building’s existing
situation allows a large amount of solar energy to enter the building. This results in

heating the internal spaces causing higher cooling demand.

(Case 1) Passive Measures with VRV HVAC Analysis

[y
o

Total Electricity MWh
O R N W b U1 O N 0 O

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e Existing Villa 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
@ Case 1 0.564 0.564 1.043 1.902 2.756 3.209 3.757 3.78 3.038 2.228 1.515 0.672

e ExiSting Villa e Case 1

Figure 5.10: (Case 1) Passive measures with VRV HVAC simulation results

Table 5.7: (Case 1) Passive measures with VRV HVAC energy reduction

Existing villa | Case 1
HVAC Energy 52.489 20.9716
Lighting Energy 5.4685 0.9145
Equipment Energy 3.1396 3.1396
Total Annual Ener
Consumption (M“ffﬁ’) 61.0979 25.0259
Energy Saving (%) -- 59.04%
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Using a high efficiency HVAC system contributed positively in reducing the total
electricity consumption. The total energy used by the HVAC system in this scenario
was 20.9716 MWh compared to the existing villa’s HVAC system which used
52.4898 MWh. This accounts for more than double the total energy used by all
systems, lighting and equipment in the proposed option. The energy used for
lighting was reduced from 5.4685 MWh annually to 0.9145 MWh annually. This is
equal to less than one fifth of the energy used currently for lighting. The remaining
energy of 3.1396 MWh annually is consumed by the equipment and electrical
appliances in the building. This energy did not change between the existing and the
proposed models since it’s related to occupant’s daily usages of such appliances.

Despite the high energy saving after applying all the passive measures, the
remaining 25.0259 MWh annually needs to be generated on site through the use of
a renewable energy source. , Installing PV panels on the roof of the villa should
lead to further reduction in the energy demand by providing extra shading to the
roof. The potential of generating enough energy to cover the villa’s consumption
will be tested and validated to confirm if this option can reach the intended net zero

energy building.

5.4 Selected passive measures combination with district cooling plant
connection (Case 2)

The same passive parameters used in Case 1 will be used in this case with the only
modification being replacing the VRV system with a district cooling plant
connection. This should reduce the villa need for electricity since the required
cooling energy is not consumed on site. The district cooling plant usually has a
higher energy efficiency due to the large-scale production of chilled water.
However, the distance between the district cooling plant and the supplied building
will affect the chilled water temperature, this option will study both scenarios of
considering the cooling load required for the villa from the cooling plant and the
second scenario will only focus on the villa electricity consumption.

After running ApacheHVAC analysis to calculate the system sizing and cooling
load required, Apache simulation was run to calculate the total villa energy

consumed annually, the results listed in Table 5.8 and 5.9, Figure 5.11 confirms the
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feasibility of introducing this HVAC system as the best energy reduction

combination.

Table 5.8: (Case 2) Passive measures with district cooling energy reduction

Existing villa | Case 2
Chillers Energy 52.489 5.682
Lighting Energy 5.4685 0.9145
Equipment Energy 3.1396 3.1396
Total Annual Ener
Consumption (M“%fl’) 61.0979 9.7364
Energy Saving (%) -- 84.06%

Case 2 shows a huge energy reduction reaching around 84 percent of the original
energy consumed by the existing villa, a total energy demand of 9.7364 MWh only
required annually. The required systems energy is only 5.682 MWh annually which
is consumed by the distribution fans, controllers and other parts of the system.
Eliminating the cooling energy has a huge impact on the energy demand. The
required power in this case could easily be generated by PV panels on the building’s
roof. The total lighting and equipment energy saving are the same as Case 1 since
these parameters didn’t change in both cases. Table 5.9 shows the monthly
electricity consumption of Case 2 against the existing villa energy consumption, it’s
also shows the energy required to cover the chillers energy required for the villa at
the district cooling plant. The total energy demand in this case will increase to 25.83
MWh annually. The chillers energy required is 16.0938 MWh annually, this
demand was reduced by 0.4059 MWh compared to the test simulation using district
cooling plant option .The chillers energy in the test model considered the higher
demand of the villa before applying the passive energy efficiency measures to the
building envelope, 14.1158 MWh of the chillers energy required in summer months.
This explains the gap between the two options in Figure 5.11. Around seven months
of the year have very hot weather which increases the demand of electricity to

achieve the required cooling.
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Table 5.9: Case 2 monthly energy consumption with and without chillers energy

at source against the existing villa consumption

Month Existing villa (;ase 2 Ca'se Ao
chillers energy chillers energy

Jan 1.868 0.7128 0.554

Feb 1.8836 0.6718 0.4837

Mar 2.6207 1.1037 0.6427

Apr 4.5895 1.8986 0.8278

May 6.5336 2.7271 0.9733

Jun 7.5409 3.2482 0.9973

Jul 8.8484 3.8689 1.085

Aug 8.9083 3.8741 1.0831

Sep 6.879 3.0083 0.9107

Oct 5.2247 2.1766 0.8088

Nov 3.7655 1.5861 0.7411

Dec 2.4357 0.9538 0.6289

Total Energy | 61.0979 25.83 9.7364

Figure 5.11 shows a relatively consistent consumption of energy for case 2 option
without chillers energy at source. This due to the regular usage of lighting and
equipment throughout the year. The slight increase in summer months reflects the

increase of distribution fans usage due to the need of cooling all summer long.

(Case 2) Passive Measures with district
cooling Analysis

[y
o

Total Electricity MWh
O L N W Hh U1 OO N 0O O

M
Jan | Feb | Mar | Apr ya Jun  Jul | Aug | Sep | Oct  Nov Dec

e Existing 1.868 1.884/2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
e Case 2 w/ chiller 0.564 0.564 1.043 1.902 2.756 3.209 3.757 3.78 3.038 2.228 1.515 0.672
e Case 2 w/o chiller 0.554 0.484 0.643 0.828 0.973 0.997 1.085 1.083 0.911 0.809 0.741 0.629

e EXiStiNg e Case 2 W/ chiller === Case 2 w/o chiller

Figure 5.11: (Case 2) Passive measures with district cooling simulation results
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Case 2 without considering source energy is clearly the best energy saving option.
However, relatively low energy still need to be generated by renewable energy
sources to cover the balance of the villa’s demand. PV panels implementation will

be tested for both options of case 2 to achieve the net zero energy building goal.

5.5 Renewable Energy Source (Photovoltaic Panels Implementation)

5.5.1 Selected PV Module

Several suppliers of PV panels were contacted and researched to find high
efficiency panels in the UAE. AU Optronics Corporation (2015) produce the best
commercially efficient PV panels found in UAE which has 20.6% module
efficiency. The panels manufactured by BenQ Solar and named SunForte
PMO096B00, with normal operation cell temperature of 45+2 °C, Figure 5.12 is
extracted from the product’s datasheet and it shows a nominal power of 335 W for
the mentioned efficiency of 20.6% and -0.33%/K as temperature coefficient of
power. Each panel measures 1046 mm by 1559 mm and contains 96 back contact
mono-crystalline cells. The operating temperatures for the panels ranges between -
40 and +80 °C (AU Optronics Corporation 2015). Due to its high efficiency and
availability in the UAE, this module will be selected and tested to generate the

demanded electricity for the proposed villa Case 1 and Case 2.

SunForte PM096B00 (320 ~ 335wp)

Blectrical Data Dimensions mm [inch]
Typ. Mominal Power P. 2OW  I/W  ITW 3WW 333w 335w . ‘.I-:.:.I - p s
Typ Moduie Efficiency I96% 199% I% 203X 04% 0% : - - e
Typ. Nominal Voltage Vi (V) S47 547 547 547 547 547 -
Typ. Nominal Current l=s (A) 586 594 598 604 609 43
Typ. Open Circuit Voltage Ve (V) 648 B9 649 M9 4T 649 (A
Typ. Short Circuit Current he (A) 617 639 646 652 658 6.62

Maximum Tolerance of Pu 0/+3%

Temperawre Coefficient 4

NOCT 4521°C 1

Typ Temperature Coefficient of Pu LXK
4
L%/ K i 45| Ny T nsn

005 %/ K e 11

Figure 5.12: PV panels datasheet extract (AU Optronics Corporation, 2015)
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To use the same selected PV panel properties in IES VE, the same panel
dimensions were entered to the software with inclination of 25° as shown in

Figure 5.13, covering a surface area of approximately 1.6 meters for each panel.

Free-standing PV Panel \E\

Description: PV Panel

Type: |Ph‘ Type v| \_’
Placement
Width (m): 1.046 Height {m): 1.559
Flane (m): 0.000 Indination (): 25.000

Rotation (%): 0.000

Figure 5.13: PV panels dimensions and inclination as entered in IES VE

Other module details are also entered to IES VE according to the manufacturer
datasheet as shown in Figure 5.14. Monocrystalline silicon was selected, the
efficiency entered as 20.6%, the temperature coefficient for module efficiency is
0.0033 (1/K) as per the datasheet. Irradiance for NOCT selected as 1000 W/m?,
electrical conversion efficiency was considered as 87% as the software default for
monocrystalline cells, Normal Operation Cell Temperature (NOCT) as 45°C and
degradation factor as 95%. These entered parameters should give accurate results

of the module-generated power.

Temperaturs
= Mocude | Nominal Call | FS1oN° | Cogfigient Hlectical
]| Desciption Defau? | 1 Technology Nominal | Tempersture | 292C2 | for loduie Conversion Meter

Degradation
Efficiency | (NOCT) (%} (W/m Eﬂ\ﬂﬁg}w Factor Ciciency
; (

|| BenQ SolarForte o Y  Monocrystaline Silicon * 0.2060 450 800 - 0.0033 0.9500 0.8700  Gnd Displaced Blectricity: ... ¥

Figure 5.14: PV Panel properties as entered in IES VE to match the manufacturer
datasheet

To validate that the PV panels data entered in IES VE will have accurate results. 10
PV panels were added to IES VE and the energy output was simulated according to
manufacturer data mentioned above. The total annual electricity output of the 10
panels simulated as 5.3046 MWh. The same number and data of the PV panels were

validated using Photovoltaic Information System — Interactive Maps, a simulation
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tool developed by the European Commission, Joint Research Center (JRC European
Commission). The simulation resulted in an annual output of 5.3 MWh for the 10
PV panels. Confirming that the results simulated through IES VE are reliable in the
entered format. Table 5.10 shows the monthly electricity outputs simulated by both
IES VE and the validation tool. The simulation result is also added as Appendix A.

Table 5.10: PV panels energy output validation

10 PV Panels 10 PV Panels
output simulated output simulated

Month R with validation
(MWh) tool (MWh)

Jan 0.3987 0.4050

Feb 0.4247 0.4100

Mar 0.4337 0.4860

Apr 0.4406 0.4530

May 0.4877 0.4760

Jun 0.4598 0.4490

Jul 0.4625 0.4370

Aug 0.4792 0.4480

Sep 0.4712 0.4580

Oct 0.4698 0.4740

Nov 0.4016 0.4090

Dec 0.3749 0.3910

Total Energy 5.3046 5.3000

5.5.2 PV panels implementation for Case 1

The PV panel’s parameters were added to Case 1 model simulation in IES VE. After
simulating one panel in the simulation model, it was found that one panel generates
approximately 0.5 MWh annually depending on its location on the building roof
since some areas are shaded for more hours of the day than others. The required
electricity that must be generated by PV panels for Case 1 is 25.0259 MWh as
shown previously in Table 5.7. This will require around 50 panels to be installed on
the villa and garage roofs. Prior to calculating the energy consumption and PV
panels’ power generation, SunCast analysis was run to calculate the shading effect
of the PV panels. The result of this analysis shows a reduction of solar exposure of
the roof in comparison to the previously simulated shading measures model as

shown in Figure 5.15
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Figure 5.15: Solar exposure comparison before and after adding PV panels to the

roof for Case 1

A noticeable reduction of energy per square meter is shown for the roof after the
introduction of PV panels as most of the roof area is now shaded by the solar panels.
This should further reduce the villa’s electricity demand.

After the addition of the south facing roof PV panels and updating ApacheHVAC
calculations for the system sizing, Apache simulation was run to calculate the
monthly electricity consumption of the villa. Table 5.11 shows the final simulation
results.

Table 5.11: Case 1 monthly electricity consumption results with PV panels

0.5631 1.7461
0.557 1.9221 -1.3651
1.0497 2.0281 -0.9784
1.9073 2.1398 -0.2324
2.7513 2.4232 0.3281
3.2019 2.2949 0.907
3.7593 2.3022 1.457
3.7774 2.3563 1.4211
3.0324 2.2426 0.7898
2.2196 2.152 0.0676
1.5105 1.7767 -0.2662
0.6698 1.6267 -0.957
24.9993 25.0107 -0.0113

Total Energy
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The results shown in Table 5.11 were simulated using 49 panels with a total active
surface area of 79.9 m? on the garage and villa roofs. Using 50 panels resulted in
extra generated power and accordingly one panel was reduced. The monthly
demand shows a reduction of energy required by 0.0266 MWh annually as a result
of the PV panels shading, the total energy consumption was simulated as 24.9993
MWh annually. While the PV panels generated enough electricity to cover this
demand, the total energy generated by the renewable energy source is 25.0107
MWh annually. Table 5.11 shows that the total power consumed was less than the
electricity generated by 0.0113 MWh annually. This extra power generated could
be fed back to the grid to reduce utilities bills for the building occupants. The total
energy saved by applying all passive measures compared to the existing villa
consumption is 59.08%, an increase of 0.04% as a result of PV panels shading of
the roof. In order for the villa to operate off-grid a battery and inverter need to be
introduced to the electricity system. This is due to summer months demand which
cannot be covered by the PV generated electricity; 4.9706 MWh need to be
provided by the grid or battery saved energy in the period from May to October.
During the other six months of the year the PVs generate extra energy that could be
fed back to the grid. This power is simulated as 4.9821 MWh, the total of both
demand and extra electricity adds up to confirm that net zero energy building goal
was achieved for Case 1 with 0.0113 MWh extra generated power. Figure 5.16
shows the reduction of energy between the existing villa, Case 1 energy demand,

and the final case 1 demand after introducing the PV panels.
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(Case 1) Energy Analysis with PV Panels

10
8
E
s 6
=
S 4
5
o 2
w
g 0 /\
-
-2
Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec
e EXisting 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
= Case 1 Demand 0.563 0.557 1.05 1.907 2.751 3.202 3.759 3.777 3.032 2.22 1.511 0.67
e P\/ POWer 1.746 1.922 2.028 2.14 2.423 2.295/2.302 2.356 2.243 2.152 1.777 1.627

e NZEB Case 1 -1.18 -1.37 -0.98 -0.23 0.328 0.907 1.457 1.421 0.79 0.068 -0.27 -0.96

e EXiSting ~— emmmmsCase 1 Demand — ess=P\ Power e NZEB Case 1

Figure 5.16: Energy comparison between existing villa and Case 1 demand before
and after installing PV panels

5.5.3 PV panels implementation for Case 2

For Case 2, The required electricity to be generated by PV panels without
considering the chillers load is 9.7364 MWh, as discussed for Case 1 this should be
generated using 20 PV panels or less. In order to calculate the exact energy required
after introducing the panels, SunCast analysis was run to calculate the roof solar
exposure. PV panels were placed along the roof facing south to cast the maximum
shadow on the roof. The solar exposure analysis showed some reduction in the roof

areas where panels are located as shown in Figure 5.17

Figure 5.17: Solar exposure comparison before and after adding PV panels for

Case 2
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19 panels were used in the simulation with the same properties for each module as
entered for Case 1, with total active panels area of around 31 m?. The orientation of
the panels is 183.6 degrees from North which is in this case gives the panels a south
facing direction to have the most exposure to the light all year round. After updating
ApacheHVAC calculations for the system sizing and running Apache simulation,

the villa’s monthly electricity consumption was calculated as listed in Table 5.12.

Table 5.12: Case 2 (w/o chillers) monthly electricity consumption using PVs

Monthly Monthly PV Par_le}s Total
Month Demand generated electricity Comsmmsion

(MWh) (MWh)
Jan 0.5537 0.7147 -0.161
Feb 0.4827 0.7784 -0.2957
Mar 0.6415 0.808 -0.1665
Apr 0.8267 0.835 -0.0083
May 0.9718 0.934 0.0378
Jun 0.9962 0.883 0.1132
Jul 1.0837 0.8863 0.1974
Aug 1.0816 0.9141 0.1675
Sep 0.909 0.8874 0.0216
Oct 0.8075 0.8697 -0.0622
Nov 0.7401 0.7246 0.0155
Dec 0.6281 0.6662 -0.0381
Total Energy | 9.7226 9.9014 -0.1788

The simulation results show a total electricity demand of 9.7226 MWh annually.
This power demand was reduced by 0.0138 MWh annually due to the PV panels
shading, compared to the existing villa energy consumption. Case 2 provides energy
reduction of 84.08% of the total energy required annually. This is 0.02% saving
more than the calculated energy saving before adding the PV panels. The 19
photovoltaic panels generated an annual electricity 0£9.9014 MWh which is enough
electricity to cover the villa demand in addition to an extra 0.1788 MWh that could
be fed back to the grid. Unlike Case 1, the energy demand and renewable power
generation in summer months are very close, the villa requires only 0.5375 MWh
from May to September in order to operate off-grid. If this was the target, then

adding few extra PV panels should cover this remaining energy in summer months.
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A battery could also be used to save the extra generated power in winter months to
be used in summer. Figure 5.18 shows the proximity of achieving such results as
well as the total energy reduction compared to the existing villa case and how close

the energy input and output monthly to the zero MWh line.

(Case 2) Energy Analysis with PV Panels
w/o chillers energy

10

Total Electricity MWh
N

2
——— ——————
0
-2
Jan  Feb Mar Apr May Jun Jul | Aug Sep Oct Nov | Dec
e EXiSting 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
@ Case 2 Demand 0.554 0.483 0.642 0.827 0.972 0.996 1.084 1.082 0.909 0.808 0.74 0.628
e P\/ POwWer 0.715 0.778 0.808 0.835 0.934 0.883 0.886 0.914 0.887 0.87 0.725 0.666

NZEB Case 2 -0.16 -0.3 -0.17 -0.01 0.038 0.113 0.197 0.168 0.022 -0.06 0.016 -0.04
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Figure 5.18: Energy comparison between existing villa and Case 2 (w/o chillers)
demand before and after installing PV panels
The extra energy produced from October to April is calculated as 0.7163 MWh.
When fed back to the grid, this electricity should cover the demand during the
summer months. Case 2 with connection to a district cooling plant and without
considering the chillers load at source is considered the best option for NZEB by
far. It achieved the lowest energy consumption and will be the cheapest initial cost
option considering the lower number of PV panels that needs to be installed.
However, in order to determine if this is the best option on the long run, a life cost
analysis need to be done to compare the running cost against the initial cost. The
running cost when a building is supplied with chilled water in Dubai differs
depending on the district cooling company providing the service. Further research

is required to understand the cost impact of using such systems and strategies.
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Case 2 was also investigated considering the possibility for the villa to cover its
own energy in addition to the chillers energy at source. As shown previously, the
required chillers energy for Case 2 from the district cooling plant is 16.0938 MWh
annually. This puts the total yearly required energy for the villa at 25.83 MWh. This
will require installing 51 PV panels on the roof with total active surface area of
83.17 square meters. Shading analysis was calculated using SunCast application
before running Apache simulation. The solar exposure of the roof was reduce
similar to Case 1 as shown in Figure 5.19. ApacheHVAC sizing calculation was run
to update the system sizing after installing the PV panels in order to calculate the
model energy consumption with chillers and the power generated by the PV panels.

The monthly energy consumption of this simulation is shown in Table 5.13

Figure 5.19: Solar exposure comparison before and after adding PV panels to the

roof for Case 2 with chillers energy
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Table 5.13: Case 2 (w/ chillers) monthly electricity consumption results with PV

panels

Monthly | Monthly PV Total
Month Demand Panele generated Comsrmion

(MWh) | electricity (MWh)
Jan 0.7128 1.8241 -1.1113
Feb 0.6708 2.0033 -1.3325
Mar 1.0997 2.1063 -1.0066
Apr 1.8958 2.2135 -0.3177
May 2.7236 2.5019 0.2217
Jun 3.2439 2.3679 0.876
Jul 3.8629 2.3761 1.4868
Aug 3.8679 2.4352 1.4327
Sep 3.0021 2.3256 0.6765
Oct 2.1723 2.2409 -0.0686
Nov 1.5833 1.855 -0.2717
Dec 0.9523 1.6997 -0.7474
Total Energy | 25.7874 | 25.9495 -0.1621

Table 5.13 shows a reduction of the total demand energy by 0.0426 MWh annually
due to the PV panels provided shading on the roof. The total energy consumption
yearly was simulated as 25.7874 MWh, and the total generated electricity by the 51
PV panels was simulated as 25.9495 MWh annually. The generated power was
enough to cover the consumption of the villa in addition to the villa’s chillers energy
required at the district cooling plant. An extra 0.1621 MWh annually was generated
by the PV panels which could be fed back to the grid.
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(Case 2) Energy Analysis with PV Panels
w/ chillers energy

10

Total Electricity MWh
N O N B O ®

Jan  Feb Mar Apr May Jun Jul | Aug Sep Oct Nov | Dec

e— EXiSting 1.868 1.884 2.621 4.59 6.534 7.541 8.848 8.908 6.879 5.225 3.766 2.436
e Case 2 Demand 0.713 0.671 1.1 1.896 2.724 3.244 3.863 3.868 3.002 2.172 1.583 0.952
s P\/ POWer 1.824 2.003 2.106 2.214 2.502 2.368 2.376/2.435 2.326 2.241 1.855 1.7
NZEB Case 2 -1.11 -1.33 -1.01 -0.32 0.222 0.876 1.487 1.433 0.677 -0.07 -0.27 -0.75
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Figure 5.20: Energy comparison between existing villa and Case 2 (w/ chillers)

demand before and after installing PV panels

The net zero energy building concept was achieved for this case as shown in Figure
5.20 by comparing the energy consumption of the existing villa and Case 2

considering the DC plant chillers.

Figure 5.21 shows the great optimization in energy between both cases and the
existing villa. It also shows the close proximity of the energy demand and PV power
generation between using VRV HVAC system and DC including the chillers at
source. The best option as shown is the DC Case 2 without considering the chillers;
the energy input and output almost equalize around the year. This is considered
more consistent and reliable in case of extreme hot or cold outdoor conditions. The
PV panels provide almost all the energy required all year and with little

improvements this option could operate of the electricity grid.
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NZEB comaprison Case 1 & 2
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Figure 5.21: Total monthly energy comparison between existing villa and Case 1

& Case 2
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CHAPTER 6: CONCLUSIONS & RECOMMENDATIONS
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6.1 Conclusions

This study was conducted to test the possibility of transforming an existing villa in
Dubeai to a net zero energy building. A residential villa was selected according to its
size and availability of the research related data, all the Architectural, Structural and
MEP drawings were obtained from the owner in addition to number of occupants
and electricity monthly consumption over the course of a year. The study focused
on improving passive and active parameters of the building. This was tested by
using different envelope energy efficiency measures for the external walls, roof and
windows. Different HVAC systems were tested to determine the most efficient
system for the studied villa. Lighting system improvements were done by replacing
the existing light bulbs with more efficient bulbs. The study aimed to reduce the
energy consumption of the villa as much as possible through the passive measures
and systems improvements, the remaining consumed energy needed to be generated
by a renewable energy source in order to achieve the net zero energy building

intended goal.

The villa was simulated using IES VE software. The validation of the software was
based on the villa’s electricity consumption which was very close to the actual
electricity consumption throughout the year. Accordingly, different U-values for
external walls, roof, and windows were tested. Four HVAC options, and two
lighting options were simulated. The best results out of all parameters were selected
to provide one combination to be simulated as the final model. Two HVAC options
out of the four options were selected to be tested in the final model simulation, the
options provide two possibilities which are a stand-alone villa as Case 1 and
connected to a cooling plant as Case 2, from comparing the results and analysis of

both cases the following conclusions were found:

- The best envelope energy efficiency measures between all the options
tested are an external walls U-value of 0.29 W/m?K which is in line with
ESTIDAMA requirements, Roof U-value of 0.14 W/m?K also meeting
ESTIDAMA guidelines, and windows U-value of 1.61 W/m?K which is
lower than the required U-value for windows by all guidelines in the

UAE.
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Using Dubai Lamp bulbs resulted in the best energy saving in
comparison to commercially used CFL lights and regular LED lights.
Using a higher efficiency DX cooling HVAC system or a compact
chiller system reduced the energy less than using a variable refrigerant
volume HVAC system or connecting the villa to a district cooling plant.
Both Case 1 and Case 2 with the use of the best parameters and the best
two HVAC systems were able to reduce the consumed energy
dramatically, the introduction of PV panels was able to cover the
remaining energy for both cases and even the required chillers energy at
the district cooling plant.

Case 1 reached the goal of NZEB with the use of VRV system with COP
of 3.6 combined with Dubai Lamp lights and passive energy saving
measures. This reduced the electricity consumption by 59.04%. 49 PV
panels installed on the roof, the PV panels had to have high efficiency
0f 20.6% in order to produce the remaining demand energy and achieve
the NZEB target.

Case 2 achieved the required NZEB as well. Connecting to a district
cooling plant the villa and using Dubai Lamp and Passive measures
reduced the energy consumption by 84.06%. NZEB was achieved using
19 PV panels only and had a consistent input to output ratio throughout
the year compared to Case 1.

Case 2 was also able to achieve a NZEB by covering the cooling source
energy, this was reached by installing 51 PV modules to the building
roof. The total energy saving before introducing the PV panels was
57.72% compared to the existing villa consumption.

As a conclusion, transforming an existing villa to become a net zero
energy building is achievable for such building size in the UAE,
complying with all the current sustainable buildings regulations in UAE
could help reduce the energy consumption to reach as low as possible,
this allows the introduction of a renewable energy source to cover the

remaining required energy.
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6.2 Recommendations for future studies

During the research and analysis period of this study, several issues and concerns
were faced, the following recommendations and ideas need to be considered in
future studies, and some areas need to be investigated further to reach more accurate

results:

- Building orientation found to be designed according to the plot
regulations, the required setbacks and plot orientation are often the
reason for the building orientation, this mostly applies for small villas in
communities similar to the case study, it’s recommended that the master
plan design takes into consideration the orientation of each individual
villa, this will allow the building designer to have a consistent
orientation for all villas inside the community, the common practice in
Dubai gives the land developer the freedom to design the master plan of
communities and accordingly approve it from the Dubai Municipality
Planning Department, the master plan design usually considers
maximizing the allowable built-up area regardless to plots orientation,
this consequently affect the building orientation and as a result similar
buildings in the same community will have different orientation and
accordingly different solar exposure, the best plot orientation should
consider the south facing facades, the glazed areas of the building should
face north, which will reduce the total energy demand for cooling and
ultimately the total electricity consumption of the villas.

- After testing different envelope parameters, it was found that
ESTIDAMA required U-values for external walls and roof can easily
reduce the total energy consumed by the building, however the windows
U-value did not affect the energy consumption greatly, this is due to the
high U-values required by both ESTIDAMA and Dubai Municipality,
more energy efficient glazing options such as triple glazing and gas
filled gaps could help reduce the U-value of windows as well as the

cooling energy required.
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by comparing both Dubai and Abu Dhabi green buildings regulations,
it’s clear that ESTIDAMA requirements are more efficient and energy
saving, Dubai Al Sa’fat system needs to be updated to reduce the total
building energy as a result of passive measures.

So far, there are no NZEB regulations in the UAE, studying such option
by the regulators would provide a base for developers and investors who
are willing to invest in sustainable buildings and new technologies, this
thesis could help identify the challenges faced while reaching to a
NZEB.

District cooling plant option was investigated and tested in this study.
however, it’s not mandatory for the developer to provide such cooling
option, it’s always recommended to use one source of cooling energy to
serve a big community instead of dividing the machines to individual
buildings, district cooling plants have higher efficiency, and it’s cost
saving as a total compared to providing an HVAC system for each
building, Case 2 investigated in this dissertation was able to cover the
energy required at source, however, we suggest that developers try to
implement renewable energy sources to provide the power needed for
the cooling plant, this will reduce the operation cost for both developers
and occupants, consequently the use of renewable energy sources will
reduce the GHG emissions to the atmosphere.

It was found that high efficiency PV panels are not common in the UAE,
while the country is going towards a sustainable future for new
buildings, this element should be encouraged by authorities, developers
and investors.

One of the intended goals of this study was to investigate the cost
implications of transforming the existing villa to NZEB, several
contractors and suppliers of HVAC systems, insulation, glazing, PV
panels and lighting were contacted, however due to their confidentiality
terms and other reasons, there was no reply from most of the suppliers
and contractors, this resulted in eliminating this study from the

dissertation due to lack of data, even though it was highlighted to all
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suppliers that the data needed for an academic study, we recommend the
cooperation of all parts of the building sector in the UAE to find accurate
results by providing the needed information especially for the purpose
of academic studies, providing cost analysis will present a clear picture
of the initial and running cost compared to the conventional buildings,
which will encourage owners and investors to participate and invest in
sustainable and zero energy buildings.

This study was conducted for a selected existing villa in the UAE, the
parameters and variables were chosen according to this specific villa and
the weather profile of Dubai. Further studies for different building or a
group of buildings in different location should take into consideration
the actual parameters of the study subject and will need to be tested and

analyzed accordingly.
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PV panels simulation (JRC European Commission)

Evropean Commission
- I.I Rc Photovoltaic Geographical Information System Joint Research Centre
EUROPEAN COMMISSION Iepra, haly

Performance of Grid-connected PV

PVGIS estimates of solar electricity generation

Location: 25°4'24" North, 55°9'26" East, Elevation: -2 m a.s.l.,
Solar radiation database used: PVGIS-CMSAF

MNominal power of the PV system: 3.4 kW (crystalline silicon)

Estimated losses due to temperature and low irradiance: 15.2% (using local ambient temperature)
Estimated loss due to angular reflectance effects: 2.4%

Other losses (cables, inverter etc.): 24.0%

Combined PV system losses: 37.1%

Fixed system: inclination=25 deq.,

orientation=-1 deg.
Month Ed Em Hd Hm
Jan 13.00 405 5.87 182
Feb 14.60 410 6.67 187
Mar 15.70 486 7.28 226
Apr 15.10 453 7.19 216
May 15.40 476 74T 232
Jun 15.00 445 7.33 220
Jul 14.10 437 6.99 217
Aug 14.50 448 7.16 222
Sep 15.30 458 746 224
Oct 15.30 474 T34 27
Nov 13.60 408 6.34 180
Dec 12.60 391 5.73 178
Year 14.50 441 6.90 210
Total for 5300 2520
year

Ed: Average daily electricity production from the given system (kWh)

Em: Average monthly electricity production from the given system (kWh)

Hd: Average daily sum of global irradiation per square meter received by the modules of the given system (kWh/m2)
Hm: Average sum of global irradiation per square meter received by the modules of the given system (kWh/m2)

PVGIS (c) European Communities, 2001-2012
Reproduction is authorised, provided the source is acknowledged.
hitp:iire.jrc.ec.europa ewpvgis/

Disclasws.

The Eurcpean Commission maintaing this wabsite fo enhance public access 1 information about its inftiatives and European Union policies in general. However the
G accapts of kabiy with Fegard 1 the Ifarmiabon on this ste,
This information is-

= of a general nature ony and s nol ntended to address the specific circumstances of any parboular mdradual or enlsty,

- mol necessanly comprehensive, comphele, accurate of up lo date;

- nol professaonal or legal advice (i you need speciic advice, you should akways consull a sutably qualfied professional)
Some data or miormation on thes sibe may have been ceated or structuned in Sles of formats that ane nolt emor-free and we cannol guarantes that our serace will nolt be
interrupted of otherwise aflected by such probdems. The Commisaion accepts o responasdality with regard 1o such problems mcurmed 28 2 result of using thes ste o any
Iinked extornal ses
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