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City, Iraq. Three selected single-family houses were modelled
using Design Builder/Energy Plus simulation engine. Two
scenarios were developed to separate the effects of spatial
subdivision. Scenario A tested spatial subdivision while retaining
the baseline activity and operational assumptions. Scenario B
combined spatial subdivision with realistic functional thermal
zoning by assigning room-specific occupancy profiles. Annual
heating and cooling loads were simulated under ideal HVAC
conditions, followed by a prescribed ventilation-rate sensitivity
analysis. Within the three investigated case models the results
indicate controlled spatial subdivision produced only small and
inconsistent thermal-demand changes wunder the tested
assumptions. Under Scenario B, cellular layouts with function-
specific operation reduced whole-building annual heating and
cooling demand by 2.50-4.48%, although spatial subdivision
was applied only to the ground floor. Heating demand decreased
consistently in all three cases, whereas cooling demand changed
only slightly, decreasing in two cases and increasing slightly in
one. The prescribed ventilation condition further reduced cooling
demand in both layouts without changing their relative thermal-
demand ranking. Overall, the findings indicate that spatial
subdivision alone produced limited thermal effects, whereas
subdivision combined with function-specific operation produced
larger changes in thermal demand.

Introduction

Buildings use a large share of global energy. UNEP
and the Global Alliance for Buildings and
Construction (GlobalABC) report that the buildings
and construction sector accounted for about 32% of
global energy in 2023 (UNEP & GlobalABC, 2025)
[1]. In Iraq particularly, the building sector is
responsible for 48% of energy use in Baghdad, with
most of this energy being used for cooling and heating
purposes [2]. In the Kurdistan Region of Iraq and
notably in Sulaymaniyah city, the second-largest city

of the region — increasing urbanization, improving
living standards, and a growing reliance on
mechanical heating and cooling systems have
contributed to an increase in residential energy
consumption. The Sulaymaniyah Governorate
Sustainable Energy Action Plan [3] anticipates a
strong rise in energy demand through to 2030, with
the residential sector alone producing roughly 46% of
total greenhouse gas emissions within the
governorate. Against this backdrop, strategies to
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improve the energy efficiency of residential buildings
are both economically and environmentally essential.
Knowing the factors that affect building energy
performance (BEP) is important for reducing energy
consumption in buildings among them envelope
insulation, glazing qualities, building orientation,
compactness, and window-to-wall ratio [4]. Among
the many design variables that affect residential
energy use, spatial layout configuration the internal
arrangement of rooms, the degree of spatial openness
or subdivision has received comparatively limited
experimental study. Most of the studies exist on
energy-efficient design, pay more attention to
geometry, envelopes, facade, material, atrium and
shading systems. Alternatively, many researchers
have been working on space layout through other
design objectives including safety, logistics,
efficiency, finance cost, occupant health and
performance for many years, but rarely focused on
space layout impact on energy performance [5]. Most
existing literature on spatial layout and energy
performance focuses primarily on office buildings in
temperate European climates. Climate also limits how
well these findings apply elsewhere. The balance
between heating and cooling needs, the amount of
solar gain, and the potential for natural ventilation all
differ across temperate, hot-dry, and hot-summer
Mediterranean climates. [6,7]. Over the past two
decades, contemporary residential buildings in
Sulaymaniyah city, Iraq have wundergone a
transformation from traditional courtyard houses to
enclosed room, till the appearance of open-plan
layouts influenced by modern design trends [8].
Studies investigating open-plan versus cellular
configurations in hot-summer Mediterranean climate
(Csa) and in residential settings, particularly in Iraq or
the broader Kurdistan Region, are rare. This study
uses a simulation-based approach to examine heating
and cooling demand and to test its sensitivity to a
prescribed ventilation rate, focusing on residential
housing in Sulaymaniyah City. This study compares
modelled heating and cooling demand between open-
plan and cellular residential layouts. It applies
controlled, function-specific operational conditions to
three selected residential case models in
Sulaymaniyah City. The objectives are:

1. To quantify how controlled spatial subdivision
changes annual and peak heating and cooling
loads.

2. To compare heating and cooling demand when
cellular subdivision is combined with function-
specific operation.

3. To compare the magnitude and direction of
heating and cooling responses across the three
case models.

4. To assess the sensitivity of heating and cooling
demand to the prescribed ventilation condition.

The study aims to answer the following research
questions:
RQ1. How does spatial subdivision change annual
and peak heating and cooling loads when operational
inputs are controlled?
RQ2. How do heating and cooling demands change
when cellular subdivision is combined with function-
specific occupancy and operational schedules?
RQ3. How do peak heating and cooling demands
differ between open-plan and cellular-plan
configurations with function-specific operation?
RQ4. How sensitive are the heating and cooling
demands of the two configurations to the prescribed
2-ACH ventilation condition?
This study contributes a multiple-case residential
assessment. It separates the thermal-demand effects of
controlled spatial subdivision from the effects that
appear when subdivision is combined with function-
specific operation. Sulaymaniyah City, in northern
Iraq, was chosen as the study context. It is classified
as a hot-summer Mediterranean climate (Csa) under
the Koppen—Geiger climate classification [9], as
Figure 1 shows.

Space Layout and Energy Performance

2.1 Architectural Space Layout
The term "architectural space layout" refers to how
spaces in a building are arranged and connected to
each other [11]. Another definition describes layout as
the process of turning functional needs into geometric
relationships between rooms [12]. A third definition
states that spatial organization affects circulation
patterns and functional relationships between rooms
[13]. It also affects how a building performs
environmentally, through its impact on daylighting,
ventilation, and thermal behavior [13]. One widely
recognized distinction is between open-plan and
cellular layouts. Open plans reduce internal walls
which  improve spatial flexibility, daylight
distribution, and natural airflow [14]. Open-plan
housing follows a principle of spatial integration
which brings multiple residential zones together into
one unified space. The open-plan concept can take
different forms. Internal openness combines smaller
rooms into larger, multifunctional spaces. The most
extreme form of open plan is the "all-in-one" space, in
which internal partitions are completely removed,
allowing clear visibility across the entire space from
any point. This layout aims to create a continuous,
adaptable living environment, as shown in Figure 2
[15]. In contrast, partition walls are used in cellular
layouts to create enclosed rooms, which in turn
improves acoustic privacy, reduces noise transfer, and
allows more personal control over thermal conditions,
which might contribute to higher user satisfaction
[16]. Though Partitioned space is a traditional
approach to residential layout, this type of layout
creates a more fixed and rigid spatial organization,
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which may reduce flexibility and make it less
adaptable to change over time. However, reductions
in partitioned spaces and adopting more open-plan
configurations can enhance natural light penetration,
air circulation, and resource efficiency, as shown in
Figure 3 [17]. This study distinguishes these terms
conceptually. Open-plan and cellular-plan describe
architectural ~ spatial  configurations.  Spatial
integration refers to how physically and functionally
connected spaces are. Thermal zoning means dividing
the building model into separate thermal zones.
Operational zoning means assigning function-specific
occupancy, internal-gain, and conditioning profiles to
those zones. Architectural subdivision, thermal
zoning, and function-specific operation are related,
but they are not the same thing.

2.2 Space Layouts in Sulaymaniyah City
Residential Housing

During the early development of Sulaymaniyah city,
residential layouts were strongly influenced by
traditional Kurdish houses, where courtyard-based
layouts and rooms were arranged around the central
courtyard and connected by narrow corridors [8].
These traditional houses had high spatial depth and
low integration, where rooms were more
compartmentalized [18]. From the 1960s onward,
Sulaymaniyah city experienced rapid urban growth,
The traditional courtyard houses were gradually
replaced by new homes with detached and semi-
detached typologies, which had in closed rooms
connected by corridors [8,18]. After 2003,
Sulaymaniyah city experienced rapid urban growth.
This growth led to significant urban expansion and the
construction of new residential developments [19,20].
Changing lifestyles and modern construction
practices have encouraged the use of open-plan
layouts, especially in living, dining, and kitchen areas
[21]. Figure 4 shows a Typical plan of German
Village houses back in 2007, showing partially open
areas in the ground floor plan between Dining area
and guest room.

1.3 Building Energy Performance (BEP)
According to CIBSE Guides Energy efficiency in
buildings refers to providing essential services such as
heating, cooling, ventilation, lighting and hot water
while using the least possible amount of energy and
maintaining  occupant comfort and indoor
environmental quality [22], Energy performance is
evaluated by comparing the useful output of a
building system such as heating, cooling, or
ventilation and the amount of energy required to
provide that output. Energy performance is influenced
by building design characteristics, climate, equipment
type, and operating strategies [23]. Building energy
performance (BEP) it is defined as the actual energy
use and operational efficiency of a building during its
use, reflecting how well it meets occupant needs. The

For Engineering Sciences
factors affecting BEP can be grouped into two main
categories. Physical factors which include climate,
building envelopes, building services and energy
systems such as HVAC, lighting, and appliances, as
well as operation and maintenance practices. Human-
influenced factors primarily involve occupant
activities and behavior, which can significantly
impact on energy use [24]. For residential buildings
specifically, the most important factors include the
type and efficiency of air-conditioning systems, as
central or oversized units can increase energy use,
while high-efficiency systems reduce it, building size
and the number of occupants also affect consumption
since larger homes and higher occupancy levels
increase cooling loads and internal heat gains. In
addition, occupant behavior, such as thermostat
settings and maintenance practice, plays an important
role in energy use. Seasonal changes, especially
during the peak summer months, increase cooling
demand and, as a result, overall energy consumption.
Finally, technological factors such as the use of
energy-efficient appliances, smart controls, and
modern compressor systems can help reduce overall
residential energy demand [25].

1.4 Energy Indicators
Energy indicators can be classified based on three
main aspects: the type of energy end-use, the
assessment period, and the system boundary. These
aspects are explained below:
Energy end-used in buildings includes activities such
as space heating, space cooling, water heating,
lighting, ventilation, and electricity used for
appliances. The assessment period refers to the time
used to evaluate energy consumptions. It can be based
on annual performance or over shorter periods, such
as a single summer or winter day. The choice of
assessment period depends on the climate
characteristics of a specific location.  System
boundaries define the area included for BEP
assessment. It may be limited to the conditioned space
of a building or housing unit, the entire building site,
or extend beyond the site. Based on these boundaries,
the energy inputs are categorized as energy demand
(or energy needs), final energy, and primary energy
[5]. This study is limited to energy demand at the zone
level. It calculates heating and cooling thermal
demand using an Ideal Loads system. Final energy
consumption and primary energy fall outside the
scope of the simulation.

1.5 Residential Energy Use Patterns in

Sulaymaniyah City

According to the Sulaymaniyah Governorate
Sustainable Energy Action Plan (SEAP), energy
demand is expected to increase across the residential,
industrial, transportation, public services, and
government sectors by 2030. It also projects that the
electricity deficit will increase from about 3 billion
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USD to 4.86 billion USD if current trends continue.
The residential sector, responsible for nearly 46% of
total emissions, making it the focus of energy
reduction efforts. [3], Energy use in Iraq shows a clear
difference between the north and south region of the
country. In the north of Iraq, winters are colder which
leads to higher heating demand; therefore, energy use
increases during winter months in addition to summer
cooling needs. In contrast, the south of Iraq has a
much hotter climate in both summer and winter,
which makes cooling the primary energy use
throughout the year [26].

1.6 Architectural Space Layout impact on

BEP

Architectural space layout can affect residential
thermal performance through several physical and
operational mechanisms that interact with each other.
More enclosed layouts can support separate thermal
zoning, which lets spaces be conditioned according to
their own operational needs and can potentially
reduce heating and cooling demand. In contrast, open
layouts require energy to larger room volumes at once
which in turn makes indoor temperature balance more
difficult, leading to increasing energy demand [27].
Previous ventilation research shows that spatial
configuration can shape airflow paths. Connected
spaces with well-placed openings may support
airflow driven by pressure differences, while internal
partitions can block or redirect that airflow [28].
Beyond physical performance, architectural layout
also affects occupants living in the house, which has
a real impact on energy consumption [29].

1.7 Layout Parameters Affecting BEP
The literature identifies several layout parameters that
affect building energy performance. Building
orientation affects how much sunlight a building
receives and how well natural ventilation works,
which changes heating and cooling energy use [30].
Compact building shapes improve energy efficiency,
because they have less surface exposed to the outside
and this reduces heat transfer [31,32]. The window-
to-wall ratio affects daylight and thermal
performance, and the best ratio depends on
orientation, climate, glazing type, and shading
[33,34]. Shallow floor plans let daylight reach further
inside and reduce lighting energy use, while deeper
plans rely more on artificial lighting and HVAC [35].
A way improves thermal zoning and can cut HVAC
energy use by 15-30% is by grouping frequently used
spaces together, and using low-occupancy spaces as
thermal buffers, [13]. Higher ceilings can help
daylight and ventilation, but they may also increase
heating and cooling loads due to larger air volumes
[36,37]. Well-designed atriums and courtyards can
improve daylighting and ventilation, especially in hot
climates where stack ventilation improves thermal
comfort [29,39]. Evidence from office-building

studies shows that open-plan layouts can improve
daylight distribution and spatial flexibility, while
cellular  configurations can  support more
differentiated thermal zoning and environmental
control [6]. These findings, however, do not transfer
directly to residential buildings, because occupancy
patterns, internal gains, conditioning schedules, and
space-use characteristics differ between the two
building types. The placement of stairs and circulation
cores can act as thermal buffers and improve overall
energy efficiency [40]. Finally, the core to perimeter
ratio matters. Perimeter areas benefit from daylight
and ventilation, while core zones depend more on
artificial lighting and mechanical systems [41].
Together, these parameters shape a building's thermal
behavior, daylighting performance, ventilation
potential, and overall energy consumption [38]. The
effect of spatial layout on heating and cooling demand
likely comes from several mechanisms acting
together, not from partition geometry alone. Spatial
subdivision can change thermal zoning and
conditioning patterns, and it can also affect airflow
paths and occupant-related energy use [27-29]. These
mechanisms can interact with envelope characteristics
such as glazing area, orientation, solar exposure, and
external surface area, all of which influence heating
and cooling demand [30-34]. Differences between
open-plan and cellular configurations should
therefore be read alongside their physical and
operational assumptions. When the external envelope
stays the same, adding internal partitions does not
change the building-level external surface-to-volume
ratio. Instead, the partitions add internal surfaces and
redistribute heat transfer between the resulting
thermal zones [42]. This distinction matters for
separating the geometric effect of spatial subdivision
from the effects of thermal zoning and function-
specific room operation.
2.8 Literature Gap and Research
Positioning

Existing research shows that spatial configuration can
affect building thermal performance through thermal
zoning, occupancy and conditioning schedules,
internal gains, airflow connectivity, and interactions
with building-envelope characteristics. However,
most of the available evidence on open and cellular
configurations comes from office buildings and/or
climates different from Sulaymaniyah [6,7]. It is
therefore unclear how far these relationships apply to
single-family residential buildings in Sulaymaniyah
City's climate. This study fills that gap by focusing on
residential buildings in a hot-summer Mediterranean
climate (Csa), through a comparative simulation of
three selected residential house models. It
distinguishes between spatial subdivision under
controlled operational assumptions (Scenario A) and
spatial subdivision combined with function-specific
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operation (Scenario B), then examines how these two
conditions affect simulated heating and cooling
demand within the residential and climatic context.
Methodology
3.1 Research Design and Case Study
Selection

This study uses a quantitative comparative
computational experiment within a multiple-case-
study design. The initial sampling frame consisted of
thirty-three residential projects in Sulaymaniyah City.
Each project was evaluated against eight predefined
eligibility criteria: location within Sulaymaniyah
City, single-family residential function, row-house
typology, plot area of 150-200 m?, two-story
configuration, existing open-plan layout, construction
period between 2015 and 2025, and medium-income
housing category. Projects that did not satisfy these
requirements were excluded. Following screening,
three projects, Aro City, Deru City, and Qaiwan City
were selected for detailed simulation. The selected
houses span a built-area range of 180.58-243.77 m?
for both floors. Of the thirty-three projects screened,
thirty failed to satisfy one or more eligibility criteria
and were excluded. Therefore, the three projects that
satisfied all eight criteria constituted the final case-
study sample to provide variation in built areas,
surface-to-volume ratio, window-to-wall ratio, and
skylight area. The complete thirty-three project
screening matrix was kept as part of the research
dataset. Because of manuscript-length limits, the
screening outcome is reported numerically in the text,
and the eligibility criteria of the three selected cases
are summarized in Table 1 and each case study
characteristics are presented in Table 2. The
experimental component compares simulated heating
and cooling demand between open-plan and cellular-
plan configurations under control and function-
specific operational conditions, while the multiple-
case design enables comparison across three selected
residential projects. The unit of sampling was the
residential housing project. The unit of modelling was
one selected house model from each of the three
selected projects. The unit of analysis was the
conditioned house for annual and peak heating and
cooling loads. Zone-level outputs were used only for
the comparison of zone-average indoor air
temperatures. For comparative intensity calculations,
each case's original architectural conditioned floor
area was retained as a fixed reference denominator for
both configurations. DesignBuilder-reported net zone
floor area decreased slightly after subdivision. This
happened because the added partitions occupied some
floor footprints, as reported in Table 5. The same
conditioned-floor-area  denominator was used
consistently for all heating- and cooling-intensity
values reported in kWh/m?. Each house model was
evaluated under its corresponding open-plan and

For Engineering Sciences
cellular-plan  configurations. For comparative
simulation, the models were standardized to a
southwest-facing front-fagade azimuth of 210°. All
three selected case-study houses were originally
southwest-oriented. The common 210° simulation
orientation therefore matched their original project
orientation, rather than representing a reorientation of
the houses. Surface azimuth was defined clockwise
from north (0° = north, 90° = east, 180° = south, 270°
= west). Therefore, 210° corresponds to a southwest-
facing facade. Southwest was the largest single
orientation category among the projects surveyed
(145 of 311 houses), as shown in Table 3 and Figure
5. Standardizing the orientation provided a consistent
solar-exposure condition for comparing the open- and
cellular-plan configurations. The results are therefore
interpreted specifically for the tested southwest
orientation, rather than as orientation-independent
effects. Model geometry and principal floor
dimensions were developed from the available
architectural drawings and carefully checked before
simulation. Nominal household size of five people
was assumed for the case-study definition, while
zone-level occupancy in the simulations was
represented using the DesignBuilder occupancy
densities and schedules specified for each scenario.
Building construction materials, Lighting and
equipment inputs were assigned according to the
activity profiles described in Section 3.3. summarized
in Table 6. The simulations were performed in
DesignBuilder using its integrated EnergyPlus 9.4.0
simulation engine. The whole methodology procedure
is illustrated in Figure 6.

3.2 Spatial Layout Transformation Protocol
The transformation from open-plan to cellular-plan
layout followed a predefined design protocol applied
consistently across all three case studies. A maximum
added internal-wall ratio of 15% was adopted as a
study-specific design constraint to prevent excessive
modification of the original plans. The actual added-
wall ratios ranged from 7.74% to 10.10% This value
was not taken from a literature-based threshold. The
purpose of this limit was to constrain the extent of
spatial modification and avoid excessive partitioning
of the original ground-floor layouts. The added wall
ratio was calculated relative to the total internal-wall
area of the original ground-floor configuration, as
follows:

Added Wall Ratio (%) = (Added Internal Partition
Wall Area / Original Ground-Floor Internal Wall
Area) x 100

Wall areas were determined from the architectural
floor plans. This was done by summing the lengths of
the relevant internal wall segments, then multiplying
the total wall length by the corresponding wall height:
L_total =Li+L+Ls+..+1L,

A wall =L wall x H wall
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The added partitions were maintained at below 15%
of the original ground-floor internal-wall area in each
case, as shown in Table 4. New partition walls were
modelled as 100-mm-thick, non-load-bearing
concrete-block elements. Internal door openings
measuring 1000 mm x 2100 mm (width X height)
were provided where required for circulation. The
internal doors between subdivided spaces were
modelled as closed during the simulations. A fixed
internal window measuring 1700 mm x 1700 mm
(width x height) was used across all three case studies,
The purpose was daylight access to newly enclosed
rooms. No explicit interzone air-mixing object was
assigned between adjacent thermal zones. As a result,
air exchange between neighboring zones through
internal openings was not modelled. Conductive heat
transfer through the interzone partitions and closed
internal doors, however, remained represented. The
layout change is applied to ground floor plans only.
The first floor, which is already cellular layout in the
cases, was kept the same in both configurations. This
reflects typical practice that opens plan layout mainly
exists in the ground floor plan of the houses. The plans
floors are presented in Table 4, and a building section
showing the materials are shown in Figure 7.

3.3 Simulation Scenarios
Two scenarios were defined to systematically assess
the effects of spatial reconfiguration:
Scenario A Spatial Subdivision under
Controlled Operation: Partition walls were added to
subdivide the original open-plan ground floor into a
cellular configuration, while giving the same activity
profile across the newly created spaces. Scenario A
kept the same baseline activity as the original open-
plan across the subdivided spaces. Quantitative
verification from the simulation inputs, however,
showed small changes in annual internal gains
following subdivision, because subdivision altered
the modeled net zone areas. as reported in Table 5.
Scenario A is therefore interpreted as a controlled
operational comparison.
Scenario B — Spatial Subdivision with Function-
Specific Operation: The cellular configuration from
Scenario A was taken, but each room was now
assigned a residential activity profile according to its
function — living, dining, guest, and kitchen spaces.
These profiles include function-specific occupancy
densities and schedules. Scenario B therefore
represents  spatial subdivision combined with
function-specific operation, rather than an isolated
geometric effect only. A variable-control matrix for
both simulation scenarios is provided in Table 5,
summarizing the variables controlled and modified
across the simulation configurations. Scenario A
keeps Dbaseline operational assumptions while
changing spatial subdivision and thermal zoning,
whereas Scenario B keeps the same cellular geometry

but introduces function-specific occupancy, lighting,
equipment, and conditioning profiles. Annual internal
sensible gains are reported to make these operational
differences clear.
3.4 Simulation Settings and Weather
Data

All simulations were run in DesignBuilder using the
EnergyPlus engine over a full year (8,760 h). Heating
and cooling loads were calculated using the Ideal
Loads Air System, an ideal HVAC method that
determines each zone’s heating and cooling thermal
energy demand without modelling a specific
mechanical system. The principal building envelope
properties, operational assumptions, and simulation
settings applied consistently across the case-study
models are summarized in Table 6. Each enclosed
room was represented as an individual EnergyPlus
thermal zone. In the original open-plan
configurations, the connected principal ground-floor
spaces were represented according to their original
open-plan zoning, whereas cellular subdivision
introduced additional thermal zones for the newly
enclosed rooms, the plan zones are shown in Table 4.
Scenario A and Scenario B used identical cellular
thermal-zone topology. Within the principal ground-
floor open-plan area subject to subdivision, one
original thermal zone was subdivided into four
thermal zones in each of the three case studies (Aro
City, Deru City, and Qaiwan City). Existing enclosed
spaces, including those outside the transformed
principal ground-floor area, retained their original
thermal-zone representation. Only the ground-floor
principal open-plan area was modified during the
layout transformation. An Ideal Loads Air System
was assigned to each conditioned zone; no
conventional HVAC air-loop system was modelled.
This approach was used to isolate the thermal-demand
effects of the building envelope and spatial
configuration from the efficiency and operational
characteristics of specific HVAC equipment. Annual
and peak heating and cooling demand was reported
for the conditioned house. The dependent variables
evaluated in this study were annual space-heating and
cooling thermal demand, peak heating and cooling
loads, and the change in heating and cooling demand
under the prescribed ventilation conditions. The
simulation boundary of this study is therefore limited
to zone-level heating and cooling thermal demand.
The reported values do not represent whole-building
final energy consumption, because HVAC system
efficiency, fan and pump electricity, appliance
electricity, domestic hot-water energy, and other
operational energy uses fall outside the simulation
boundary. This approach allows the comparison to
focus on thermal demand independently of the
efficiency characteristics of a specific HVAC system.
The same temperature-control settings were applied to




Sulaimani Journal for Engineering Sciences / Volume 13 — Number 1 — December 2026

VA
i

all conditioned zones: the heating setpoint and setback
temperatures were 21°C and 16°C, respectively, while
the cooling setpoint and setback temperatures were
24°C and 26°C.

Simulations used a Typical Meteorological Year
(TMYx) weather file for Sulaymaniyah city, Iraq
(Station 406230; 35.55° N, 45.45° E), from
Climate.OneBuilding.org. The data is based on NCEI
ISD and ERAS records between 2011-2025. It
provides hourly climate data, including dry-bulb
temperatures, as shown in Figure 8. Model
development followed a consistent quality-control
workflow:  geometry  preparation from the
architectural drawings, assignment of envelope
constructions and thermal zones, application of
occupancy and operational schedules, verification of
scenario-specific input differences, and review of
annual, peak, and monthly simulation outputs for
consistency. The study is therefore treated as a
controlled comparative simulation, rather than as a
prediction of actual household energy consumption.
3.5 Prescribed Ventilation-Rate Sensitivity
Analysis

A separate sensitivity analysis was conducted to
evaluate the effect of a prescribed ventilation rate on
heating and cooling demand, for the open- and
cellular-plan  configurations under Scenario B.
Ventilation was imposed at 2 ACH during occupied
hours when the outdoor temperature was between
18°C and 32°C, with a AT control of 0°C. The 18-
32°C range was adopted as a study-defined
operational control adapted to the climatic conditions
of Sulaymaniyah City. Because the airflow rate was
prescribed rather than calculated from wind pressure,
buoyancy, opening characteristics, or interzone
airflow paths, this analysis does not predict actual
airflow or cross-ventilation effectiveness. It therefore
evaluates only the thermal-load response of the two

configurations under the specified ventilation
condition.

Results and Analysis

4.1 Scenario A - Spatial Subdivision

(Baseline Case)
Table 7 shows the total load intensity for the three
case studies under Scenario A, which evaluates spatial
subdivision and the associated thermal-zone
reconfiguration while retaining the baseline
operational assumptions. The results show small and
inconsistent changes, which can be analyzed as:
spatial subdivision under the controlled Scenario A
assumptions did not produce a consistent thermal-
load reduction. Across the three cases, the Scenario A
differences range from —0.04 kWh/m? in Deru City to
1.32 kWh/m? in Aro City — values that are small
relative to each case study's baseline open-plan load.
Aro City recorded the largest reduction under
Scenario A at 1.32 kWh/m?, but this is still smaller

than its Scenario B improvement of 3.70 kWh/m?.
Qaiwan City follows a similar pattern, Scenario A
difference of 0.69 kWh/m? compared to 2.27 kWh/m?
in Scenario B. Finally, Deru City records —0.04
kWh/m? which is a near-zero difference in Scenario
A. The negative value is worth noting and indicates
the cellular-plan configuration increased total load
intensity. The contrast between the Scenario A and
Scenario B columns across all three cases is the most
important finding of this table. The larger differences
observed in Scenario B indicate that the combined
effect of spatial subdivision and function-specific
operation has a greater influence on thermal demand
than spatial subdivision alone. Scenario A, which was
a methodological control, produced small and
inconsistent results with little thermal benefit.
4.2 Heating Load Analysis (Scenario B)

As shown in Table 8, annual heating intensity in the
original open-plan configurations ranged from 32.31
to 36.66 kWh/m? Aro City recorded the highest
heating intensity, at 36.66 kWh/m?, while Deru City
and Qaiwan City recorded similar values of 32.31 and
32.34 kWh/m?, respectively. Because the three case
models differ simultaneously in several physical
characteristics, these differences cannot be attributed
to any individual building parameter from the present
simulations. Table 9 and Figure 9 confirm that
cellular plan layouts reduce annual heating load
intensity in all three cases. The reductions range from
1.58 kWh/m? in Qaiwan City to 2.78 kWh/m? in Aro
City, nearly 5-8% decrease from the original open
plan. Aro City showed the largest absolute reduction
in heating intensity (2.78 kWh/m?), whereas Deru
City showed the largest percentage reduction
(7.69%); however, because thermal zoning and
function-specific operation change simultaneously
under Scenario B, the reduction cannot be attributed
to the partition walls alone. Qaiwan City shows a
smaller reduction. Table 10 and Figure 10 present the
whole building with peak heating loads. Consistent
with the annual heating results, peak heating load
decreased under the cellular configuration in all three
cases. Aro City decreased from 12.21 to 11.83 kW
(0.38 kW), Deru City from 12.90 to 12.55 kW (0.35
kW), and Qaiwan City from 16.23 to 15.89 kW (0.34
kW), with Aro City showing the largest absolute
decrease. The similar trend in annual and peak loads
indicates that the cellular configurations were
associated with lower heating loads in all three
investigated cases under Scenario B.

4.3 Cooling Load Analysis (Scenario B)
Table 11 shows greater variation in baseline cooling
intensity than in heating intensity, ranging from 29.86
kWh/m? in Deru City to 45.81 kWh/m? in Aro City.
Aro City recorded the highest cooling intensity, while
Deru City recorded the lowest. Because the three
cases differ simultaneously in floor area, WWR,
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surface-to-volume ratio, skylight area, and other
physical characteristics, the present three-case
comparison does not isolate the contribution of any
individual parameter to these differences. Qaiwan
City, despite having the lowest WWR (21.06%),
recorded the second highest annual cooling load and
a relatively high cooling intensity. This response may
be associated with the combined influence of its larger
floor area, skylight area, solar exposure, and other
case-specific characteristics. Deru City, with the
highest surface-to-volume ratio (0.71) and a moderate
skylight area, has the lowest cooling intensity.
Table 12 and Figure 11 compare annual cooling
performance between the original open-plan and
cellular-plan. The results show that layout change
produced small shifts in annual cooling demand. Aro
City and Qaiwan City showed small reductions in
cooling intensity, by 0.92 kWh/m? and 0.69 kWh/m?2,
while Deru City showed a small increase of 0.94
kWh/m?, meaning the cellular layout increased
cooling demand slightly under Scenario B. These
results indicate that the effect on annual cooling
demand was small and case-dependent within the
three investigated models. Table 13 and Figure 12
present peak cooling loads for both plan layouts.
Unlike the annual cooling results, all three cases
showed an increase in peak cooling load under the
cellular configuration. Aro City increased from 13.87
to 14.02 kW (an increase of 0.15 kW), Deru City from
9.25 to 10.11 kW (0.86 kW), and Qaiwan City from
18.20 to 18.80 kW (0.60 kW). These results indicate
higher whole-building peak cooling load in the
cellular configurations under the combined Scenario
B conditions
4.4 Combined annual heating and cooling
thermal demand
Table 14 and Figure 13 present heating and cooling
results into total annual thermal demand. The table
and figures show lower combined annual heating and
cooling thermal demand for the cellular
configurations under Scenario B. In all three cases,
cellular layouts lower the combined annual heating
and cooling thermal demand: 4.48% in Aro City,
2.96% in Qaiwan City, and 2.50% in Deru City, and
this result means heating-load reductions outweigh
cooling losses. Aro City showed the largest absolute
reduction, at 667.84 kWh (4.48%), while Deru City
showed a reduction of 325.02 kWh (2.50%). These
results were obtained under Ideal Loads conditions,
with both mechanical ventilation and the prescribed
ventilation condition disabled.
4.5 Relationship Between Outdoor Climate
Conditions and Thermal Energy Demand
Monthly heating and cooling demand followed the
outdoor climate conditions in the weather file. Peak
heating loads in winter (December—February), when
average outdoor temperatures ranged from about 5°C

to 8°C. As temperatures increase in spring, heating
demand dropped, while a small amount of cooling
demand appeared in March and April. Cooling loads
increase from May onward, peaking in July and
August, when average temperatures reached 32°C and
summer peak load of 44°C. During these months,
heating demand was small across all cases. This
seasonal pattern is consistent with the expected
climatic relationship between outdoor temperature
and heating and cooling demand, and therefore
provides a plausibility check on the simulated
seasonal response, as shown in Tables 15 and 16. The
negative cooling values in the tables follow the
simulation's sign convention, in which cooling
represents thermal energy removed from the zone
rather than negative energy consumption.

4.6 Thermostat-Setpoint Sensitivity Analysis
A thermostat-setpoint sensitivity analysis was
conducted through 24 additional annual simulations.
Heating and cooling were tested separately by varying
their respective original setpoint settings by *=1°C
while keeping the other simulation assumptions
unchanged. For the heating sensitivity test, Scenario
B maintained lower heating demand across all tested
settings, with savings ranging from 4.36% to 8.19%.
For the cooling sensitivity test, Aro City and Qaiwan
City consistently maintained lower cooling demand
under Scenario B, whereas Deru City consistently
maintained higher cooling demand. Although the
magnitude of the differences varied with setpoint
changes, the direction of the open—cellular
comparison therefore remained stable across both
sensitivity tests, as shown in Table 19.

4.7 Prescribed Ventilation-Rate Sensitivity
Table 17 shows that the prescribed ventilation
condition reduced cooling loads in both open- and
cellular-plan configurations, across all three cases,
with reductions ranging from 2.70% to 3.96%. The
cellular configurations showed slightly greater
percentage reductions than their corresponding open-
plan configurations, with Aro City showing the largest
difference (3.68% for the open plan and 3.96% for the
cellular plan). Deru City and Qaiwan City followed
the same trend but with smaller differences. These
results represent the thermal-load response to the
prescribed 2-ACH ventilation condition, and do not
indicate differences in actual airflow or cross-
ventilation effectiveness between the layouts. Table
17 also shows that the prescribed ventilation condition
had a very small effect on annual heating loads. The
changes ranged from 0.07 kWh for the Deru City
cellular configuration to 7.44 kWh for the Aro City
open-plan configuration, which is a small value
relative to the corresponding annual heating loads.
This limited effect is consistent with the applied
control settings, under which ventilation was disabled
when the outdoor temperature fell below 18°C.
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The results presented in Table 18 and Figure 14 show
that, with the prescribed ventilation condition
included, transforming the open-plan configuration to
the cellular configuration reduced total annual heating
and cooling demand in all three cases. Aro City
showed the largest reduction, at 687.48 kWh (4.71%),
followed by Qaiwan City at 571.48 kWh (3.11%) and
Deru City at 351.96 kWh (2.73%). In the Deru City
cellular configuration, cooling demand increased
slightly, but this increase was outweighed by the
reduction in heating demand. Overall, the prescribed
ventilation condition reduced cooling demand in both
configurations, without changing the relative ranking
of the open- and cellular-plan configurations under
the tested simulation assumptions.
4.8 Zone-Average Air Temperature Comparison
between Open and Cellular Plans
Figure 15 compares the zone average indoor air
temperatures of the open- and cellular-plan
configurations on January 15 and July 15,
representing  heating and  cooling periods,
respectively. The open-plan configurations show
more uniform zone-average temperatures across the
connected ground-floor spaces, whereas the cellular
configurations show greater variation among the
separately defined rooms. These differences should be
interpreted as variations in zone-average air
temperature, not as evidence of local airflow or heat-
movement patterns. EnergyPlus assumes well-mixed
air within each thermal zone and does not resolve
spatial airflow distribution within zones. Temperature
maps are therefore used only to compare the simulated
thermal conditions of the defined zones, not to
evaluate airflow or cross-ventilation behavior.
5. Discussion
5.1 Geometric vs. Functional Effects: An Essential
Distinction
Scenario A shows that spatial subdivision under
controlled operational assumptions produces only
small and inconsistent changes in thermal demand.
Because the external envelope remained unchanged,
subdivision did not reduce the building-level surface-
to-volume ratio; heat transfer through internal
partitions  represents  redistribution = between
conditioned zones, rather than additional heat loss
from the building. In contrast, the larger differences
observed in Scenario B occur when the cellular
configuration is combined with function-specific
occupancy, internal gains, and conditioning profiles.
These Scenario B differences should therefore be
interpreted as the combined effect of spatial
subdivision and function-specific operation, rather
than as an effect of partition geometry or thermal
zoning alone. The zone-average temperature maps
presented in Section 4.8 support this interpretation.
The open-plan configurations showed more uniform
zone-average temperatures across the connected
ground-floor  spaces, whereas the cellular

For Engineering Sciences
configuration showed greater variation among
separately defined rooms. These differences represent
simulated zone-average thermal conditions and
should not be read as evidence of interzone airflow or
air-mixing behavior. The contrast between Scenarios
A and B indicates that the principal thermal-demand
response was not produced by spatial subdivision
alone, but by the interaction between subdivision,
thermal zoning, and function-specific operation. This
interpretation aligns with previous studies showing
that spatial configuration may affect energy
performance through operational zoning,
differentiated conditioning schedules, and occupant-
related internal gains, rather than through partition
geometry alone [6,13,27]. However, much of the
existing evidence comes from office buildings or
climatic contexts different from Sulaymaniyah city.
The present results therefore extend this discussion to
selected single-family residential cases in a hot-
summer Mediterranean climate.

5.2 Heating vs. Cooling: Seasonal Asymmetry
Heating and cooling loads respond differently to
layout change, and this seasonal asymmetry is
important when interpreting the thermal-demand
effects of cellular-plan configurations. The observed
heating reductions may be associated with the
combined effects of cellular thermal zoning and
function-specific operational profiles. Because these
factors change simultaneously in Scenario B, their
individual contributions cannot be isolated from the
present simulations. Deru City's increase in annual
cooling demand further shows that the response to
cellular subdivision was case-dependent. Because
several operational and physical characteristics differ
simultaneously between the investigated
configurations and cases, the present simulations do
not provide sufficient heat-balance decomposition to
attribute this increase to a specific parameter, such as
partition area, room size, skylight area, or solar
exposure. The thermal-demand benefit associated
with the Scenario B cellular configurations was not
universal and depended on the combined spatial and
operational conditions of each case. Although
Scenario B reduced total annual heating and cooling
demand in all three cases, the whole-building
reductions of approximately 2.5—4.5% are relatively
modest. This is partly because the first floor was not
modified, which diluted the reduction at the whole-
building level. These differences may still be relevant
when accumulated over the operational life of a
dwelling, but they should not be interpreted as large
energy savings.

5.3 Annual Demand versus Peak Cooling

Load

Although Scenario B reduced total annual heating and
cooling demand in all three cases, peak cooling
demand increased in every cellular configuration.
This is not contradictory. Annual cooling demand
represents the accumulation of cooling requirements
over the year, whereas peak cooling load represents
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the maximum cooling requirement at a particular
simulation timestep. Function-specific zoning and
operational schedules may therefore reduce cooling
requirements over many hours, while a higher
coincident cooling requirement can still occur during
a limited peak period. This distinction has an
important design implication: lower annual thermal
demand does not necessarily mean lower required
cooling capacity. Higher peak cooling loads may
require greater HVAC sizing and could increase
short-duration electrical demand when translated into
real mechanical systems. This indicates that a
configuration associated with lower annual thermal
demand may still require a higher peak cooling
capacity, highlighting the distinction between annual
energy demand and system sizing requirements. The
cellular configurations investigated here therefore
present a trade-off, between lower annual thermal
demand under Scenario B and higher peak cooling
requirements.

5.4 Prescribed Ventilation-Rate Sensitivity
The prescribed ventilation-rate sensitivity analysis
showed that applying 2 ACH, under the specified
temperature and occupancy controls, reduced cooling
demand in both open- and cellular-plan
configurations. The reduction ranged from 2.70% to
3.96% across the investigated cases, while the effect
on annual heating demand was very small, because
ventilation was disabled below an outdoor
temperature of 18°C. Slight differences in cooling-
load reductions were observed between the two layout
configurations. However, these differences should not
be interpreted as evidence of differences in ventilation
effectiveness or cross-ventilation performance,
because airflow was prescribed rather than calculated
from  wind  pressure, buoyancy, opening
characteristics, or interzone airflow paths.

5.5 Limitations

1- The layout change was applied to the ground floor
only; modifying the first floor as well would likely
produce different and possibly larger energy effects.
2- The study uses an Ideal Loads system rather than a
real HVAC model, so actual results may be different
depending on system type, efficiency, and controls.
3- The study focuses only on thermal demand and the
Prescribed 2-ACH Ventilation Condition, other
important factors such as daylight, acoustics,
construction cost, and occupant satisfaction were not
assessed.

4- The three selected case studies do not constitute a
statistically representative sample of residential
development in Sulaymaniyah City and cannot
capture the full range of housing typologies.

5- Ventilation was represented using a prescribed air-
change rate; therefore, actual airflow patterns and
cross-ventilation effectiveness were outside the scope
of the simulation.

6- All models were evaluated at a fixed southwest
orientation (210°); therefore, the interaction between
spatial layout and alternative building orientations
was not examined.

6. Conclusions

This study has investigated the thermal demand
implications of open-plan versus cellular-plan spatial
configurations in three residential buildings in
Sulaymaniyah City, Iraq, using
DesignBuilder/EnergyPlus dynamic building energy
simulation. Through a two-scenario methodological
design, the study evaluated spatial subdivision under
controlled operation (Scenario A) and spatial
subdivision combined with  function-specific
operation (Scenario B). The following conclusions are
drawn:

(1) Under Scenario A, spatial subdivision under
controlled operational assumptions produced only
small and inconsistent changes in heating and cooling
demand across the three simulated cases. Therefore,
under the tested modelling assumptions, subdivision
alone did not produce a consistent thermal-demand
benefit within the three southwest-oriented house
models investigated.

(2) Spatial subdivision combined with function-
specific operation resulted in lower combined annual
heating and cooling thermal demand under Scenario
B. Across the three case studies, total annual heating
and cooling demand decreased by 2.50-4.48%, with
the reduction in heating demand as the primary
contributor.

(3) Heating load reductions under Scenario B are
consistent. The cellular plan configuration reduced
annual heating intensity, with reductions in peak
heating load in all three cases.

(4) Cooling-demand responses were case-dependent.
Two of the three cases showed modest reductions in
annual cooling intensity, whereas Deru City showed
an increase under the cellular configuration. Because
multiple physical and operational parameters differ
simultaneously, the present simulations do not isolate
the cause of this case-specific cooling response.
However, peak cooling load increased in all three
cellular configurations, indicating that reductions in
annual thermal demand do not necessarily correspond
to lower peak cooling requirements.

(5) The prescribed 2-ACH ventilation condition
reduced cooling demand across all investigated
configurations, while having very small influence on
heating demand.

(6) Within the three southwest-oriented house models
investigated, the findings indicate that spatial layout
and function-specific operation can influence
simulated heating and cooling demand. These case-
specific results may inform architectural design
considerations for similar residential configurations in
Sulaymaniyah City. Broader generalization, however,
requires testing across a larger and more diverse
sample of residential buildings, orientations, and
operational conditions.
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r% | Ar‘id, desert, hot (BWh)
Va et ‘%\ Arid, steppe, hot (BSh)
' S \ Temperate, dry summer, hot summer (Csa)
3_"""\_:: B Cold, dry summer, hot summer (Dsa)

‘ “ WM Cold, dry summer, warm summer (Dsb)
Cold, dry summer, cold summer (Dsc)

Figure 1: Koppen-Geiger climate classification map for Iraq (1991-2020). [10]

1 2 3

Figure 2: Basic approaches to room integration: 1) flexible space, 2) fluid space and 3) all-in-one space [15].

I : i
[—— 3
3 n
= $ T = Foooey gooeed Eooy g

H ;' <z missing partitions

partitioned space open plan space

Figure 3: Difference between partitioned space and open plan space [17].
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Figure 4: Typical plans of German Village houses, 2007 (Researcher).
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Figure 5: Orientation of South-west was chosen for the simulation of the three selected cases (Researcher).
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Figure 6: Research methodology procedure (Researcher).
Table 1 Evaluation of the Selected Case Studies Against the Eligibility Criteria
Location | Function | Typology | Plot Area | Floors Layout Period | Period
. (Sulayma | (Single- (Medium
Project No. niyah) family (Row (150-200) | (2 (Open (2015- Income)
House) House) floors) Plan) 2025)
1- Aro City v v v v v v v v
2- Deru City v v v v v v v v
3- Qaiwan City | v v v v v v v v
4-Green City | v v v X v v X
5- Lubnan City | / N4 N4 N4 N4 v N4 X
6-Brwa City | v v v v X v X
7- Diya City v v v v X X v X

projects.

Note: A total of 33 housing projects were evaluated using the same
projects are presented here, including the three projects that satisfied all criteria and four examples of excluded

eligibility criteria. For brevity, only seven
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Plot Area (m?) Built Area (m?) Window-to-Wall Surface-to- Skylight Area (m?)
Case Study Ratio WWR (%) Volume Ratio,
S/V (m™)
Aro City 150 180.58 2491 0.61 6.66
Deru City 200 210.07 23.61 0.71 11.21
Qaiwan City 200 243.77 21.06 0.63 7.18

Aro City 3D view

Deru City 3D View

DesignBuilder Modeling

DesignBuilder Modeling

DesignBuilder Modeling

|

Ground Flour Maa Fiest Flour Phan

Ground and First Floor Plan

Ground Fluor Fian.

Firs Flnae Flan

Ground and First Floor Plan

Grownd Floue Plan

-

Fiest Floas Plan

Ground and First Floor Plan

Table 2 Characteristics of the Three Selected Case Studies.
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Table 3 Number of Houses within Each Project and Orientations They Face

Selected Number of South- South- North-
Residential Houses in the  west East West
Projects Project
1 Aro City 72 36 36 0 0 0 0
2 Deru City 2 130 79 51 0 0 0 0
3 Qaiwan City 109 30 42 9 10 9 9
Total Houses 311 145 129 9 10 9 9
Case Study Aerial photo of the residential project Orientation Analysis
Aro City
Deru City
Qaiwan City
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Table 4 Internal Partition Density Increase for Case Studies.
Case Study Original Internal Added Wall Added Wall Ratio (%) | Limited ratio of added
Wall Area (m?) Area (m?) walls (15%)

Aro City 448.24 34.688 7.74% 15%
Deru City 505.85 51.068 10.10% 15%
Qaiwan City 486.43 41.60 8.55% 15%

Original open ground floor plan alongside the modified cellular ground floor plan with Zones Specifications

oo o o0 : l t;r;m_:m
A gl = |
= N 3
T - = Fri
g
‘Ground Floor Plan Ground Floor Plan (Closed) —— A
Ground Floor Plan Ground Floor Plan (Closed)
Aro City Deru City
HiEeRg
b |
Ground Floor Plan Ground Floor Plan (closed)

Qaiwan City

it



—. For Engineering Sciences.
Table 5 Simulation scenario definitions, controlled variables, and quantitative verification
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Parameter

Open-plan baseline

Scenario A: Controlled
Spatial Subdivision

Scenario B: Spatial Subdivision with
Function-Specific Operation

Spatial configuration

Original open-plan configuration

Internal partitions added

Same cellular configuration as Scenario
A

Thermal zoning

Original zoning

New zones according to
subdivision

Same as Scenario A

Conditioned spaces

All modeled zones conditioned,
except open zones.

Same

Same

Activity assignment

Domestic Lounge profile

Same base activity
assumptions retained

Function-specific residential profiles

Occupancy density / schedule

0.050 person/m?;
Dwell DomLounge Occ

Same

Function-specific profiles and schedules

Heating setpoint / schedule 21/16°C; Dwell_DomLounge Heat Same Function-specific profiles and schedules

Cooling setpoint / schedule 24/26°C; Dwell DomLounge Cool Same Function-specific profiles and schedules

Equipment input / schedule 5.00 W/m? Same Function-specific profiles and schedules
Dwell DomLounge Equip

Lighting input / schedule 2.50 W/m? per 100 lux; target 150 lux; | Same Function-specific profiles and schedules
Dwell DomLounge Light

Infiltration 0.70 ACH, 24/7 Same Same

Mechanical ventilation Off Off Off

Natural ventilation in baseline load Off Off Off

simulations

HVAC model Ideal Loads Air System Same Same

Orientation 210° SW Same Same

Weather data Sulaymaniyah TMYx Same Same

External envelope Baseline construction Same Same

Internal partitions

Existing configuration

100-mm lightweight
concrete block

Same as Scenario A

DesignBuilder net conditioned zone 180.58 m? 179.51 m? 179.51 m?
floor area — Aro

DesignBuilder net conditioned zone 210.07 m? 208.18 m? 208.18 m?
floor area — Deru

DesignBuilder Net-conditioned zone 243.77 m? 241.53 m? 241.53 m?
floor area — Qaiwan

Conditioned zones Ground Floor — 5 Zones 8 zones 8 zones
Aro City

Conditioned zones Ground Floor — 7 Zones 10 zones 10 zones
Deru City

Conditioned zones Ground Floor — 6 Zones 9 zones 9 zones
Qaiwan City

Annual gains — Aro City (People /

988.24 / 1258.77 / 2240.65

847.88 /1248.59 /

857.90 /1385.39/2703.90

Lighting / Equipment, kWh) 2114.29
Annual gains — Deru City 775.08 / 1560.95 / 2262.75 770.09 / 1542.83 / 770.69 / 1768.75 / 3230.30
2236.69

Annual gains — Qaiwan City

1300.04 / 4924.63 / 3199.17

1139.00/4875.11/
3042.08

1132.79/5044.60 / 3622.14

(m?):

Conditioned volume — Aro City (m?®): | 606.62 m? 603.22 m? 603.22 m?
Conditioned volume — Deru City 671.43 665.37 665.37
(m®):

Conditioned volume — Qaiwan City 793.47 m? 786.30 m? 786.30 m?

specific operational profiles.

Note: The cellular zoning configuration shown for each case applies to both Scenario A and Scenario B. Scenario B retains
the same cellular geometry and thermal-zone topology as Scenario A and differs only through the assignment of function-

.@J
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Category Input / assumption

Software DesignBuilder with EnergyPlus 9.4.0

Simulation period Annual simulation, 8760 h

Weather file Sulaymaniyah, WMO 406230

External wall 200-mm hollow block + 50-mm EPS; U = 0.58 W/m*-K

Roof 19-mm asphalt + 13-mm fibreboard + reinforced-concrete slab (~150 mm) +

internal plaster, U = 2.30 W/m?-K.

Ground floor

Uninsulated 300-mm cast-concrete slab + Tile, U =2.339 W/m2-K.

Glazing Double glazing, U =2.67 W/m*K, g =0.59
Internal partitions 100-mm concrete block
Infiltration DesignBuilder-assigned zone rates, approximately 0.70-0.72 ACH

HVAC representation

Ideal Loads Air System; each conditioned zone individually conditioned

Heating/cooling control

All conditioned zones: heating setpoint/setback = 21/16°C; cooling
setpoint/setback = 24/26°C

Occupancy

Occupancy — Nominal five-person household; zone-level occupancy represented

using scenario-specific DesignBuilder occupancy densities and schedules.

Prescribed ventilation-rate
sensitivity

2 ACH when occupied and outdoor temperature 18-32°C

Scenario control

Envelope, weather, orientation and simulation settings held constant between
compared layouts

Note: Other numerical solutions, heat-balance, solar and shadow-calculation settings were retained consistently
across all comparative simulations; individual values are not reported where they could not be independently
verified from the available simulation records.

=0.00

+6.20

+3.20

+0.30

+1.20

Figure 7: A typical section of a selected sample’s footing, wall, and ceiling (Researcher).
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Monthly Average, Maximum, and Minimum Qutdoor Air Temperatures
50
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0

Temperature (°C)
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Figure 8: Monthly Average, Maximum, and Minimum Outdoor Air Temperatures for As Sulaymaniyah city. (TMYx 2011-

2025), (Researcher).
Annual Heating Intensity: Open vs. Cellular Plans Peak Heating Load: Open vs. Cellular Plans
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Figure 9: Annual heating intensity of open- and cellular- Figure 10: Whole-building peak heating loads of
plan configurations (whole building), (Researcher). open- and cellular-plan configurations, (Researcher).
Annual Cooling Intensity: Open vs. Cellular Plans Peak Cooling Load: Open vs. Cellular Plans
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Figure 11: Annual Cooling intensity of open- and Figure 12: Whole-building peak cooling loads of
cellular-plan configurations (whole building), open- and cellular-plan configurations, (Researcher).
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Total Annual Heating and Cooling Demand: Open vs. Cellular Plans
¥ 2.96%
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Qaiwan City

m Open Plan Cellular Plan

Figure 13: Total annual heating and cooling demand of open- and cellular-plan configurations across the three case studies,

(Researcher).
Total Annual Heating and Cooling Demand with Prescribed 2-ACH Ventilation
20,000 v3.11%
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Figure 14: Whole-building total annual heating and cooling demand of open- and cellular-plan configurations under the
prescribed 2-ACH ventilation conditions, (Researcher).

Note: In the following Tables, Percentage reduction was calculated relative to the corresponding open-plan value as: Percentage

reduction (%) = [(Open-plan value — Cellular-plan value) / Open-plan value] % 100. Unless otherwise stated, signed differences
were calculated as Open plan — Cellular plan.

Table 7 Combined annual heating and cooling thermal demand and Intensity Comparison Between Open-Plan and Cellular-
Plan Configurations Under Scenario A (Spatial Enclosure Without Functional Reallocation) — three Case Studies, (Whole
Building).

Original Open Plan | Scenario A cellular Scenario A Scenario A | Scenario B | Scenario B
Case Study Total Loads Plan Total Intensity Difference Change (%) | Difference | Change
Intensity (kWh/m?) | (kWh/m?) (kWh/m?) (kWh/m?) (%)
Aro City 82.47 81.15 1.32 1.60% 3.70 4.48%
Deru City 62.17 62.21 -0.04 -0.06% 1.54 2.50%
Qaiwan City | 76.49 75.80 0.69 0.90% 2.27 2.96%

t
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Table 8 Annual Heating Load (kWh) and Heating Intensity (kWh/m?) of the Original open plan layout of the three case
studies, (Whole Building).

Area Window-to-Wall | Surface-to-Volume | Skylight Annual Heating | Heating Intensity
Case Study | (m?) Ratio, WWR (%) | Ratio, S/V (m™) Area (m?) | Load (kWh) (kWh/m?)
Aro City 180.58 2491 0.61 6.66 6619.51 36.66
Deru City 210.07 23.61 0.71 11.21 6788.38 32.31
Qaiwan City | 243.77 21.06 0.63 7.18 7884.22 32.34
Table 9 Annual Heating loads and intensity of cellular plans in comparison with heating loads intensity of open plans (Whole
Building).
Open Plan Open Plan Cellular Plan | Cellular Plan | Absolute
Area Annual Heating Annual Heating Difference Reduction

Case Study (m?) Heating Intensity Heating Load | Intensity (kWh/m?) (%)

Load (kWh) | (kWh/m?) (kWh) (kWh/m?) Open -cellular
Aro City 180.58 | 6619.51 36.66 6118.14 33.88 2.78 7.57%
Deru City 210.07 | 6788.38 32.31 6266.56 29.83 2.48 7.69%
Qaiwan City | 243.77 | 7884.22 32.34 7499.71 30.76 1.58 4.88%

Table 10 Peak Heating loads of both open and cellular plans (kW), (Whole Building).

Plan Configurations Open Plan Cellular Plan
Case Studies Whole-Building Peak Whole-Building Peak Difference Reduction (%)

Heating Load (kW) Heating Load (kW) Open — cellular
Aro City 12.210 11.830 0.380 3.11%
Deru City 12.900 12.550 0.350 2.71%
Qaiwan City 16.230 15.890 0.340 2.09%

Table 11 Annual Cooling Load (kWh) and Cooling Intensity (kWh/m?) of the Original open plan layout of the three case
studies, (Whole Building).

Area Window-to-Wall Surface-to-Volume | Skylight Area | Annual Cooling | Cooling
Case Study | (m?) Ratio, WWR (%) Ratio, S/V (m™) (m?) Load (kWh) Intensity
(kWh/m?)

Aro City 180.58 | 24.91 0.61 6.66 8273.24 45.81

Deru City 210.07 | 23.61 0.71 11.21 6273.47 29.86

Qaiwan City | 243.77 | 21.06 0.63 7.18 10763.70 44.15
Table 12 Annual Cooling loads and intensity of original open plans in comparison with Cooling loads intensity of cellular

plans, (Whole Building).
Open Plan Open Plan Cellular plan Cellular Plan Absolute
Area Annual Cooling Annual Cooling Cooling Difference % Reduction
Case Study (m?) Cooling Load Intensity Load (kWh) Intensity (kWh/m?)
(kWh) (kWh/m?) (kWh/m?) Open — cellular

Aro City 180.58 8273.24 45.81 8106.77 44.89 0.92 2.01%

Deru City 210.07 6273.47 29.86 6470.27 30.80 -0.94 -3.14%

Qaiwan City | 243.77 10763.70 44.15 10594.83 43.46 0.69 1.57%
Table 13 Peak cooling loads of both open and cellular plans (kW), (Whole Building).

Plan Configurations Open Plan Cellular Plan Difference %
Case Studies Whole-Building Peak Cooling Whole-Building Peak Cooling Co‘l)lel; ~ L i
Load (kW) Load (kW) ellufar

Aro City 13.87 14.02 -0.15 -1.08%

Deru City 9.25 10.11 -0.86 -9.30%

Qaiwan City 18.20 18.80 -0.60 -3.30%
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Table 14 Total Annual Thermal of Open-Plan and Cellular Plan Configurations Across All Case Studies, (Whole Building).

Open Plan Cellular Plan Absolute % Reduction
Difference (kWh)
Annual Annual Total Annual Annual Total Open Plan — Percentage
Area Heating | Cooling | Annual Heating | Cooling | Annual Cellular plan Reduction (%)

Case Study | (m?) Load Load Loads Load Load Loads annual Loads

(kWh) (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)
Aro City 180.58 | 6619.51 8273.24 14892.75 | 6118.14 | 8106.77 1422491 667.84 4.48%
Deru City 210.07 | 6788.38 | 6273.47 13061.85 | 6266.56 | 6470.27 12736.83 325.02 2.50%
Qaiwan City | 243.77 | 7884.22 10763.70 | 18647.92 | 7499.71 10594.83 | 18094.54 553.38 2.96%

Note: Thermal loads were calculated under ideal HVAC ideal load conditions without mechanical ventilation or the prescribed
2-ACH ventilation condition. Also, Change was calculated as Open-plan — Cellular-plan; therefore, positive values indicate a
reduction under the cellular configuration, while negative values indicate an increase (deterioration).

Table 15 Monthly Heating and Cooling Thermal Demand (kWh) in Open Plan Configuration (Whole Building)

Case

Metric

Feb Mar

Jan

Apr

May

Jun Jul

Aug

Aro City

Total
Cooling
kWh
Zone
Heating
(kWh)

Deru City

Total
Cooling
kWh
Zone
Heating
(kWh)

Qaiwan
City

Total
Cooling
kWh
Zone
Heating
(kWh)

0.00

0.00 -2.55

114.57

565.87

1796.77 | 2491

.99

2252.03

660.90

130.37

0.00

0.00 0.00

0.00

0.00 0.00 -0.32

-50.97

312.61

1357.92

1972.60

1786.91

2050.65 | 1327.89 REINI

171.10

0.14

0.00 0.00

0.00

0.00 0.00 -0.98

140.96

758.41

2305.67

3180.21

2902.67

761.24

143.67

0.00

0.00 0.00

0.00

Nov
0.00

Dec
0.00

1689.27

Table 16 Monthly Heating and Cooling Thermal Demand (kWh) in Cellular Plan Configuration (Whole Building)

Case

Metric

Jan Feb Mar

Apr

May

Jun Jul

Aro City

Total
Cooling

Heating
(kWh)

Deru City

Total
Cooling

Zone
Heating
(kWh)

kWh

Qaiwan
City

Total
Cooling

Zone
Heating
(kWh)

kWh

0.00 0.00 -2.57

112.26

545.63

1,760.7

2,459.03

590.99

109.72

0.00

0.00 0.00

-0.33

-56.27

337.45

1396.30

2015.97

1826.85

193091 | 123135 BCEIAL

146.47

0.00 0.00

0.00

-0.99

140.02

739.09

2268.83

3146.33

2864.97

-1204.36

2425.60 | 1469.32 RUARKY)

132.36

0.00

0.00 0.00

0.00

1,580.36

1563.60

Note: Cooling thermal-energy values are reported as negative because they represent heat removed from the thermal zone,
following the DesignBuilder/EnergyPlus sign convention. Heating values are positive because they represent heat added to the
zone. A value of 0.00 indicates no heating or cooling demand during that month.

Table 17 Comparative Analysis of Annual Cooling and Heating Energy Loads with prescribed 2-ACH ventilation
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condition— All Case Studies

Cooling Loads Heating Loads

Case Baseline Cooling AL P‘res‘c Al Cooling Savings = Cooling Savings = Baseline Heating R P‘res‘c Al Hez?tmg

(KWh) Ventilation — (KWh) (%) (KWh) Ventilation — Variance
Study Cooling (kWh) Heating (kWh) (kWh)

Open Cellular Open Cellular Open Cellular Open Cellular Open Cellular Open Cellular Open | Cellular
érto 8,273.24 8,106.77 7,968.71 7,785.96 304.53 | 320.81 3.68%  3.96% 6,619.51 @ 6,118.14 6,626.95 | 6,122.22 7.44 4.08
1ty

gietl;ru 6,273.47 6,470.27 6,103.80 6,273.84 169.67 196.43 2.70% | 3.04% 6,788.38 | 6,266.56 6,788.63 | 6,266.63 0.25 0.07
Qaiwan
City 10,763.70 10,594.83 10,466.21 10,279.42 | 297.49 | 315.41 2.76% | 2.98% 7,884.22 | 7,499.71 7,884.56 | 7,499.87 0.34 0.16

Note: Ventilation cooling reduction (%) = [(Cooling demand without prescribed ventilation — Cooling demand with prescribed
ventilation) / Cooling demand without prescribed ventilation] x 100.
Table 18 Total Annual Thermal of Open-Plan and Cellular-Plan Configurations with Prescribed 2-ACH Ventilation
Condition Across All Case Studies, (Whole Building).

Absolute %
Open Plan Cellular Plan Difference (kWh) Reduction
Annual Annual Total Annual Annual Total Open Plan — Percentage
Area Heating | Cooling Annual Heating | Cooling Annual Cellular plan Reduction
Case Study (m?) Load Load Loads Load Load Loads annual Loads (%)
(kWh) (kWh) (kWh) (kWh) (kWh) (kWh) (kWh)
Aro City 180.58 | 6,626.95 | 7,968.71 14,595.66 | 6,122.22 | 7,785.96 13,908.18 | 687.48 4.71%
Deru City 210.07 | 6,788.63 | 6,103.80 12,892.43 | 6,266.63 | 6,273.84 12,540.47 | 351.96 2.73%
Qaiwan City 243.77 | 7.884.56 | 10,466.21 | 18,350.77 | 7,499.87 | 10,279.42 | 17,779.29 | 571.48 3.11%
Note: Thermal loads were calculated under ideal load conditions with the Prescribed 2-ACH Ventilation Condition.
Table 19 Heating and Cooling Thermostat-Setpoint Sensitivity Analysis for Open-Plan and Scenario B Configurations
Cooling sensitivity
Case study Setpoint variation Open plan (kWh/year) | Scenario B (kWh/year) Difference (kWh/year) | Savings (%)
Aro City Original —1°C 9142.82 8976.90 165.92 1.81%
Aro City Original settings | 8273.24 8106.77 166.47 2.01%
Aro City Original +1°C 7514.52 7369.22 145.30 1.93%
Deru City Original —1°C 7312.65 7570.17 —257.52 =3.52%
Deru City Original settings | 6273.47 6470.27 —196.80 =3.14%
Deru City Original +1°C 5408.86 5541.80 —132.94 —2.46%
Qaiwan City Original —1°C 11837.63 11681.48 156.15 1.32%
Qaiwan City Original settings | 10763.70 10594.83 168.87 1.57%
Qaiwan City Original +1°C 9827.77 9669.85 157.92 1.61%
Heating sensitivity
Case study Setpoint variation | Open plan (kWh/year) Scenario B (kWh/year) Difference (kWh/year) | Savings (%)
Aro City Original —1°C 5698.76 5305.22 393.54 6.91%
Aro City Original settings | 6619.51 6118.14 501.37 7.57%
Aro City Original +1°C 7732.06 7119.68 612.38 7.92%
Deru City Original —1°C 5466.95 5019.13 447.82 8.19%
Deru City Original settings | 6788.38 6266.56 521.82 7.69%
Deru City Original +1°C 8269.03 7688.11 580.92 7.03%
Qaiwan City Original —1°C 6721.69 6428.63 293.06 4.36%
Qaiwan City Original settings | 7884.22 7499.71 384.51 4.88%
Qaiwan City Original +1°C 9312.97 8824.97 488.00 5.24%
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Figure 15: Zone-average indoor air temperature (°C) for the open- and cellular-plan configurations during
representative heating and cooling period (Researcher).

Note: The maps represent EnergyPlus zone-average air temperatures and do not represent spatial airflow or
CFD results.
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