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Libya's built environment accounts for roughly 60% of national power demand, making the construction sector
the largest contributor to CO2 emissions and a persistent obstacle to energy security. Decades of unregulated
development, an overstretched transmission network, and the absence of enforceable building energy standards
have produced routine daily power cuts. Applying Building Performance Simulation (BPS) at the design stage
represents a cost-efficient corrective lever. This study investigates the energy performance of the African
Satellite Control Centre (ASCC) in Gharyan, Libya, a specialized public technical facility with high internal
load density comparable to data centers, which consume 10 to 50 times the energy per unit area of conventional
offices. A three-stage simulation sequence in DesignBuilder V7.1 with EnergyPlus addresses peak winter
heating, peak summer cooling, and complete annual energy and carbon accounting. The 2,083.68 m2 facility
consumes 198,769.34 kWh annually (95.37 kWh/m2). Operational cooling is the dominant end-use at
78,472.74 kWh annually. Operational CO, emissions reach 120.45 x 108 kg per year; embodied carbon totals
489,558.50 kgCO, (549,212.20 kgCO,eq). Against ASHRAE Standard 55-2004, 7,813.5 hours fall outside
acceptable thermal comfort bounds. The East facade presents concentrated vulnerability with a 50.91%
window-to-wall ratio. The paper's contribution is a fully documented, reproducible workflow integrating four
analyses energy, thermal comfort, daylighting, and CFD for a high-load-density technical facility, a
combination not previously reported for Libya or North Africa, offering a transferable decision-support
framework for comparable facilities where simulation practice remains limited.
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I. Aims and Objectives of the Study

At its broadest, this research seeks to demonstrate how
a disciplined building performance simulation framework
can be deployed to examine and improve the energy
behavior of a complex technical facility in a climatically
challenging location. Gharyan, Libya, provides both the
geographic setting and the impetus: a climate that demands
significant mechanical intervention for much of the year,
and a local design culture that has historically
underutilized quantitative performance tools. By
grounding the investigation in a real, built case study,
rather than a theoretical model, the work aims to speak
directly to practitioners and policymakers confronting
similar conditions elsewhere in the region.

More specifically, the study pursues the following
objectives:

® FEvaluate Simulation Platform Fidelity: Assess the
capability of DesignBuilder V7.1 and EnergyPlus to
simulate high internal load densities and thermal
complexities within specialized technical facilities.

® Establish Microclimatic Boundary Conditions:
Develop a comprehensive climate profile for the
Gharyan region using Climate Consultant 6.0 to
define the external thermal, solar, and aerodynamic
loads acting on the building envelope.

® Quantify Peak Demands and Energy/Carbon
Intensity: Determine mechanical heating and cooling
capacities under peak design scenarios, while
normalizing annual end-use energy consumption and
estimating both operational and embodied carbon
emissions  against sustainability
benchmarks.

international

® Assess Daylighting Performance and Envelope
Thermal Behavior: Map indoor daylight distribution
via  Radiance-based
compliance with LEED EQ 8.1 criteria, and analyze
how building geometry and the glazed East elevation
influence overall heat balance.

simulations to evaluate

® Resolve Indoor Aerodynamics and Thermal

Stratification: Execute multi-planar Computational
Fluid Dynamics (CFD) simulations to analyze
internal airflow distribution and spatial temperature
variations across the facility.

I.  INTRODUCTION

Few aspects of Libya’s built environment are as
consequential, or as underexamined, as its energy
performance. National electricity statistics gathered by the
General Electric Company of Libya consistently show that
buildings are responsible for approximately 60% of total
electricity consumption, a proportion that stands well
above the IEA’s global average of around 40% [1]. The
gap between supply and demand has widened steadily as
rapid, largely unregulated urban expansion has outpaced
both grid capacity and any meaningful regulatory
framework for energy performance [2]. The result is a built
stock that, for the most part, lacks adequate thermal
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insulation, solar control, or any evidence of performance-
informed design.

Rolling power cuts, sometimes lasting the better part of
a day during the summer peak, have become routine.
Against this background, the adoption of Building
Performance Simulation (BPS) in the design process
represents one of the most practical interventions
available. These tools now allow designers to test and
compare building strategies in silico before construction
begins, offering a form of evidence that was simply
unavailable to earlier generations of practitioners [3, 4].
The value of this capability is amplified in extreme
climates, where design missteps produce not merely
aesthetic failures but measurable, long-term energy
consequences.

Gharyan occupies a particularly demanding climatic
position: a high-altitude inland plateau approximately 70
to 80 kilometers south of Tripoli, where summer dry-bulb
temperatures have been recorded at 48°C and winter nights
can bring temperatures close to freezing, occasionally
accompanied by snow [5, 6]. Few locations in the region
impose such a demanding thermal program on a building
in both directions. These challenges intensify further when
the building in question is a technical facility rather than a
conventional office or residential structure. Satellite
control centers share operational characteristics with data
centers, a building type documented to consume between
10 and 50 times the energy of ordinary office space per
square meter [7]. Equipment cooling alone can represent
more than 40% of a facility’s total energy draw [8].
Wherever that mechanical burden is allowed to develop in
the absence of a coherent passive design strategy, the
consequences for the national grid are disproportionate
and the carbon cost is substantial [9].

This paper presents the results of a comprehensive
simulation of the African Satellite Control Centre (ASCC)
in Gharyan, conducted using DesignBuilder and the
EnergyPlus calculation engine. A preliminary climate
analysis using Climate Consultant 6.0 informed the
passive design strategy assessment, after which three
successive simulation stages (heating design, cooling
design, and full annual performance) were used to generate
an integrated picture of the building’s energy, carbon,
comfort, daylighting, and airflow behavior. Taken
together, the outputs support a clear conclusion: rigorous
pre-design simulation, even for a building of this scale and
complexity, is both achievable and capable of informing
significantly better outcomes. The contribution of this
work is accordingly methodological rather than
algorithmic: it establishes a fully documented,
reproducible tripartite simulation workflow through which
energy, thermal comfort, daylighting, and indoor airflow
are assessed jointly for a high-internal-load technical
facility of a type not previously analyzed in the Libyan or
wider North African literature. In doing so, the study offers
a transferable decision-support framework that designers,
engineers, and policymakers can apply to comparable
public and technical buildings across the region.
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1I. Literature Review

A. The Evolution of Building Performance Simulation

Computational thermal modelling began in earnest
during the 1960s, driven initially by the aerospace and
nuclear industries, and was progressively adapted to
architectural applications over the following decades.
What distinguishes contemporary BPS from those early
efforts is the integration of multiple physical domains
(thermal, optical, airflow, and electrical) within a single
modelling environment capable of resolving interactions
across the full 8,760-hour annual cycle. This multi-domain
capability is what makes BPS genuinely useful as a
decision-support tool rather than merely a post-design
audit instrument [4, 9].

Among the available simulation engines, EnergyPlus
has achieved something close to canonical status in
academic research. Built on the accumulated expertise of
six decades of U.S. Department of Energy work, the
engine applies a detailed Heat Balance methodology to
every surface and zone in the model, accounting
simultaneously for conductive, convective, and radiative
exchanges at each time step [10]. The limitation that
practitioners most frequently cite is not computational
accuracy but ease of use: EnergyPlus works through an
input file interface that presupposes a relatively high level
of technical fluency. DesignBuilder was designed
specifically to remove this barrier, providing a parametric
3D geometric modeler that feeds directly into the
EnergyPlus kernel while retaining the full range of
simulation outputs. The combination has become one of
the most widely used platforms in both academic and
professional BPS work [11].

B. Energy Efficiency in Technical and Data Center
Facilities

Technical buildings occupy a distinct position in the
energy performance literature. Unlike offices or dwellings,
their loads are dominated by equipment (servers,
communications hardware, control systems) rather than by
occupant behavior or solar exposure. The Power Usage
Effectiveness (PUE) ratio, which expresses total facility
energy relative to IT equipment energy, remains the
industry’s preferred summary metric; current industry-
wide averages hover around 1.58, though exemplary
facilities have demonstrated values approaching 1.2 [12].
Bridging that gap typically requires a combination of
hot/cold aisle containment to manage internal airflows,
carefully matched central plant to avoid part-load
inefficiencies, and the exploitation of ambient free-cooling
wherever the outdoor climate permits. Each of these
strategies depends on building configuration decisions that
ideally should be settled at the design stage rather than
retrofitted [13].

C. Passive Design in Mediterranean and North African
Contexts

The architecture of the Mediterranean basin and the
North African interior have always had to grapple with
climatic extremes. Recent research quantifying the
potential of contemporary passive strategies in these
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contexts is, if anything, more optimistic than early work
suggested. Rigorous envelope upgrades; combining high
thermal mass, enhanced insulation, and solar control
glazing, have been shown to reduce combined heating and
cooling demand by as much as 87% in Mediterranean
climates [14, 15]. Even targeted shading interventions
alone, without envelope modifications, have yielded
cooling load reductions of 17 to 40% in hot arid settings
[16, 17]. The European Union’s policy ambition for near-
zero-energy buildings has helped to accelerate this
research, though its direct uptake in Libya has been
minimal [18].

Within Libya itself, the vernacular architectural
tradition offers an instructive counterpoint to the energy-
intensive modern stock. Gharyan’s troglodyte dwellings
partially or fully subterranean chambers cut into the
plateau rock, exploited the thermal mass of the
surrounding earth to maintain relatively stable interior
temperatures across the diurnal and seasonal cycles, with
lower humidity than the above-ground built fabric that
replaced them [19]. Contemporary construction in the city
has largely abandoned these principles, defaulting to
lightweight concrete frames, minimal insulation, and large
unshaded windows. Studies examining this shift
quantitatively have found that correcting for orientation
and adding insulation to such buildings can improve
thermal performance by up to 60%, a figure that underlines
how much has been lost in the transition [20].

D. Daylighting Standards and Occupant Well-being

Natural daylighting is increasingly treated not as a
passive amenity but as a quantifiable contributor to both
energy performance and occupant health. Reduced
reliance on artificial lighting lowers electrical loads
directly; the secondary effects on productivity, circadian
regulation, and general well-being are also reasonably well
documented, even if the causation is more difficult to
isolate [21]. The LEED Credit EQ 8.1 framework
operationalizes these concerns by requiring that computer
simulation demonstrate illuminance levels between 300
and 3,000 lux across at least 75% of regularly occupied
floor area under a standard overcast sky condition.
Achieving this in hot climates is not straightforward. The
same facade apertures that admit useful daylight also
introduce direct solar radiation that raises cooling loads
and risks glare; managing the trade-off typically demands
dynamic shading elements such as external louvers, light
shelves, or electrochromic glazing [22, 23].

Taken together, this body of work establishes what is
known about BPS tools, technical-building loads, passive
design potential, and daylighting standards individually,
but leaves a specific gap unaddressed. Existing Libyan and
North African studies have applied simulation or field
assessment to conventional residential, office, or
vernacular typologies rather than to high-internal-load
technical facilities [19, 20, 26, 27], while the data-center
and technical-facility literature that documents PUE-
driven design strategies has developed almost entirely
around temperate, developed-economy contexts [7, 12,
13]. No published study has yet combined dynamic energy
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simulation, thermal comfort, Radiance-based daylighting,
and CFD airflow analysis for a high-load-density technical
facility situated in a Libyan, or comparably hot and high-
altitude North African, climate. The present study
addresses that gap directly, using the ASCC as the vehicle
through which this combined framework, and the design
lessons it yields, can be documented and made available to
practitioners working on similar facilities in the region.

III. Study Area: Gharyan, Libya

A. Geographic and Topographic Context

Gharyan sits near the spine of the Jebel Nafusa, the
mountain range that curves across northwestern Libya
roughly parallel to the Mediterranean coast. Its geographic
coordinates place it at 32°10'N, 13°01'E, approximately
100 km south of Tripoli, at elevations that range between
700 and 900 m above sea level [24]. The altitude matters
climatically, compared with the coastal belt, temperatures
at this elevation run cooler in summer and considerably
colder in winter, with far more pronounced diurnal swings.
For a facility like the ASCC, the elevated plateau also
provides the unobstructed sky-view and electromagnetic
separation from urban infrastructure that satellite
operations require.

B. Climatic Profile

Under the Kdppen-Geiger classification, Gharyan sits in
a zone of transition between Semi-Arid (BSh) and
Mediterranean (Csa) conditions. What this means in
practice is that the building has to be capable of managing
both a hot, dry summer and a winter that, while relatively
short, is cold enough to generate meaningful heating
demand. The climatic analysis prepared using Climate
Consultant 6.0, covering all 8,760 hours of the year in
accordance  with the ASHRAE Handbook of
Fundamentals, reveals four characteristics that most
directly shape building energy performance [25]:

® Thermal range: Peak summer dry-bulb temperatures
reach 48°C. Winter temperatures at this altitude can
drop to 1°C, and snowfall, while infrequent, has been
recorded.

® Diurnal swing: Temperature differences between
day and night regularly reach 20°C. This supports
night-flush ventilation strategies to exploit cool
nocturnal air.

® Solar radiation: Global horizontal irradiance is high
year-round, making solar gain a major threat to
cooling performance in summer, particularly through
east- and south-facing glazing.

® Wind: The dominant airflow is from the north,
supporting natural ventilation. The Ghibli, a hot,
sand-laden desert wind from the south, arrives
periodically, elevating infiltration rates [5, 26, 27].

Table 1 summarizes the monthly temperature extremes
that define the outer limits of the thermal design problem
for this site.
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TABLE 1. CLIMATOLOGICAL EXTREMES FOR THE GHARYAN, LIBYA
REGION (AUTHOR VIA DESIGN-BUILDER SIMULATION TOOL)

Month Record High | Record Low (°C) Climate Feature
O

January 32 8.9 (Avg Low) | Wet/Mild Winter [6]
May 43 — Rising Heat [6]
June 48 — Peak Solar Load [6]
July 33 (Avg High) 22 (Avg Low) High Summer [6]

August 48 — Extreme Heat [6]

December 31 1 Potential Snowfall [6]

Figure 1 translates these climatic data into spatial form,
showing the annual solar path and seasonal wind roses
overlaid on the plateau site plan. The diagram makes clear
why the South and East facades carry the greatest solar
exposure, and why northerly summer breezes offer a
meaningful passive cooling resource.

SITE ANALYSIS DIAGRAM: PROPOSED DEVELOPMENT, GHARYAN, LIBYA (PLATEAU SITE)

SITE ANALYSIS DIAGRAM: PROPOSED DEVELOPMENT, GHARYAN, LIBYA (PLATEAU SITE) [ T e ! P
Figure 1. Site analysis diagram for the proposed development, Gharyan,
Libya (Plateau Site), illustrating solar path, seasonal wind roses, passive

design strategies, and thermal mass principles. (source: author via
Gemini ai pro with nano banana ai simulation)

IV. Materials of the Study

A. Building Documentation and Zonal Configuration

The simulation draws on architectural and engineering
documentation obtained from the consultant company
(Giinay Construction) and the supervising team for the
African satellite control center project in Gharyan, Libya.
The building covers a gross floor area of 2,083.68 m?
across three levels, of which 1,558.65 m? is mechanically
conditioned and 525.03 m? is unconditioned. Functionally,
the facility encompasses offices, an operator’s room,
maintenance workshops, corridors, and support spaces
[28, 29]. Table 2 sets out the zone-by-zone breakdown of
areas, volumes, conditioning status, and artificial lighting
densities for all three floors.
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TABLE 2. BUILDING ZONE SUMMARY AND FUNCTIONAL DISTRIBUTION

Zone Block Area Volume Conditioned | Lighting
(m?) (m?) (W/m?)
GROUND LEVEL
Operators 176.28 731.55 No 6.80
Room
Corridor 302.25 1,254.32 Yes 3.40
Office 6 359.78 1,493.11 Yes 17.00
Maintenance 3 | 53.99 224.06 Yes 5.10
WC 04 50.34 208.91 Yes 6.80
FIRST FLOOR
Corridor 297.74 1,205.86 Yes 3.40
Oftfice 03 163.46 662.01 Yes 17.00
Bedroom 36.48 147.73 Yes 2.72
Electric Room | 109.21 442.28 No 3.40
SECOND FLOOR
Corridor 34.41 139.36 Yes 3.40
Oftfice 66.91 270.97 Yes 17.00

B. Envelope and Fenestration Specifications

Total gross wall area across the building amounts to
2,028.80 m2. Of this, 566.73 m? consists of glazed
openings, giving an overall window-to-wall ratio (WWR)
0f 27.93%. The East elevation carries a WWR of 50.91%,
by some margin the most exposed facade in the building,
subject to intense direct solar radiation during the morning
hours. The directional breakdown is set out in Table 3.

TABLE 3. BUILDING ENVELOPE AND FENESTRATION SUMMARY BY

ORIENTATION

Orientation Gross Wall Window Area (m?) WWR

Area (m?) (%)
North (315-45°) 644.25 58.03 9.01%
East (45-135°) 344.89 175.58 50.91%
South (135-225°) 679.53 202.92 29.86%
West (225-315°) 360.14 130.20 36.15%
TOTAL 2,028.80 566.73 27.93%

C. Equipment and Internal Load Parameters

Simulation zones were assigned Plug and Process loads
consistent with high-intensity communications and
computing equipment, reaching 15 W/m? in the main
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office and maintenance areas. These loads generate
continuous sensible heat gains that the mechanical cooling
system must manage throughout the year. The zone-by-
zone load parameters are presented in Table 4.

TABLE 4. INTERNAL LOAD PARAMETERS PER REPRESENTATIVE ZONE

Zone Plug & Process (W/m?) Occupancy Density
(m?*/person)
Operators Room 3.00 9.09
Office 6 15.00 9.09
Maintenance 3 15.00 5.88
Entrance 2.00 5.71
Mech. Room 01 0.00 10.39

D. Climate Data and Simulation Weather File

All dynamic thermal calculations use an EnergyPlus
Weather (EPW) file compiled for the Nafusa Mountains
region of Libya [29]. Before the formal simulation
sequence began, the data were processed through Climate
Consultant 6.0 to extract graphical representations of the
climate.

E. Construction Costs and Economic Context

The DesignBuilder cost estimation module places the
total construction cost of the ASCC at USD 5,122,451.82.
Superstructure construction is the largest single cost
category, at USD 2,268,676.96 (44.29% of the total),
reflecting the reinforced floor slabs, partitions, and
finishes required for a facility of this type. Among the
building services, HVAC plant is the largest line item at
USD 1,298,947.55, roughly 25.36% of the total
construction cost, a figure that reflects the scale of the
mechanical challenge [11, 30]. Table 5 gives the full cost
breakdown.

TABLE 5. ESTIMATED CONSTRUCTION COST BREAKDOWN FOR ASCC,
GHARYAN, LIBYA

Cost Category Floor Area (m?) Cost (USD)
Structure Costs 2,084.2 681,947.46
Sub-Structure Costs 1,015.1 173,979.56
Super-Structure Costs 7,656.5 2,268,676.96
HVAC Systems 2,084.2 1,298,947.55
Lighting Systems 2,084.2 324,736.89
Glazing 595.4 167,718.19
Surface Finishes — 206,445.22
TOTAL BUILDING COST — 5,122,451.82
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VI. Methodology of the Study

A. Overall Simulation Framework

DesignBuilder V7.1 serves as the modelling
environment, with  EnergyPlus  providing the
computational engine beneath it. Climate Consultant 6.0
was used to analyze the weather file and establish
bioclimatic strategies.

B. Tripartite Simulation Sequence

The simulation sequence was divided into three stages:
Stage 1 established steady-state peak winter heating
capacity requirement (176.72 kW across the facility);
Stage 2 determined peak summer cooling capacity (223.26
kW facility total); Stage 3 executed a full 8,760-hour
dynamic annual run tracking disaggregated end-uses and
operational carbon outputs.

C. Daylighting Simulation

Daylighting metrics were evaluated using the Radiance-
based calculation engine. Daylight Factor (DF) and Spatial
Daylight Autonomy (sDA) were quantified across
regularly occupied zones against the LEED EQ 8.1
baseline.

D. Computational Fluid Dynamics (CFD) Analysis

CFD simulations resolved air velocity fields (0.00 to
0.47 m/s) and internal temperature fields (13.92 to
18.97°C) across three orthogonal section planes.

E. Thermal Comfort and Environmental Evaluation
Standards

Thermal comfort was modeled using the ASHRAE
Standard 55-2004 Simple Comfort Model. Embodied
carbon calculations used the Bath ICE database embedded
within DesignBuilder.

VII. Discussion of the Results

A. Annual Energy Consumption and Environmental
Performance

Total site energy consumption evaluated to 198,769.34
kWh, giving a normalized intensity of 95.37 kWh/m?.
Source energy totals reached 431,389.10 kWh (206.98
kWh/m?), which aligns closely with Mediterranean public
infrastructure benchmarks. The headline figures are
summarized in Table 6.

TABLE 6. ANNUAL BUILDING UTILITY PERFORMANCE SUMMARY
(SOURCE: ENERGYPLUS, 2012)

Metric Total Energy (kWh) | Intensity (kWh/m?)
Total Site Energy 198,769.34 95.37
Total Source Energy 431,389.10 206.98

The end-use breakdown, presented in Table 7, reveals
the extent to which cooling dominates the facility’s energy
budget. District cooling accounts for 78,472.74 kWh

ijeit.misuratau.edu.ly

ISSN 2410-4256

VOL.14, NO. 2, JUNE 2026 195

(39.48% of total site energy) reflecting both the severity of
Gharyan’s summer conditions and the continuous heat
generated by the building’s communications equipment.
Interior equipment loads contribute a further 23,601.31
kWh of direct electricity demand, while interior lighting
adds 27,989.25 kWh. District heating for the winter period
totals 41,935.06 kWh, a smaller but non-trivial share that
underlines the dual-season character of the thermal
challenge.

TABLE 7. ANNUAL ENERGY CONSUMPTION BY END-USE CATEGORY

End-Use Category Electricity Percentage
Component (kWh) Allocation (%)
Cooling (Electricity) 78,472.74 39.48%
Heating (Electricity) 41,935.06 21.10%
Interior Lighting 27,989.25 14.08%
Room Electricity 23,601.31 11.87%
(Equipment)
Auxiliary Energy 26,332.83 13.25%
Domestic Hot Water 438.15 0.22%
(DHW)
TOTAL 198,769.34 100.00%

Figure 2 places these patterns in a temporal context,
plotting daily energy consumption and
temperatures against the external dry-bulb temperature
across the full year. The bimodal structure is clear: a winter
heating peak from December through February, driven
primarily by fabric heat loss and ventilation loads, and a
protracted summer cooling peak from May through
September with a sharp maximum in July. The bottom
panel further shows that mechanical ventilation air-change
rates increase substantially during the occupied hours of
the warmer months.

indoor

Figure 2. Annual temperatures, heat gains, and energy consumption
profile for the ASCC, Gharyan, Libya (1 Jan — 31 Dec, Daily). Source:
EnergyPlus (2012).
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B. Heating Design Simulation Results

Under peak winter conditions (external dry-bulb
4.60°C), fabric and ventilation thermal paths account for
significant losses: ventilation at —49.65 kW, roof assembly
at —34.93 kW, and infiltration at —27.39 kW (Fig. 3). Total
design heating capacity requirements reached 176.72 kW.
Fig. 4 gives the full zone-by-zone breakdown.

Temperature and Heat Loss
EneegyPras Output Licansed

Figure 3. Heating design simulation: temperature and heat loss
breakdown for the ASCC facility, Gharyan, Libya.

Figure 4. Heating design simulation summary report: zone-by-zone
design heating capacities for the ASCC, Gharyan, Libya.

C. Cooling Design Simulation Results

Peak sensible load reached 159.42 kW, and total cooling
design capacity required was 223.26 kW. Peak cooling
stress occurs during mid-afternoon in July when intense
solar radiation through East glazing matches high
equipment internal gains. Without cooling, the main
Operators Room climbs to an operative peak of 35.5°C.
The sub-hourly heat gain profile for 15 July is shown in
Fig 5 and Fig 6 presents the full zone-by-zone cooling
capacity data.
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Temperature and Heat Gains - Term Project.redrawn, Term project-GHERYAN-LIBYA

Figure 5. Cooling design simulation: temperature and heat gains profile
for the ASCC, 15 July (Sub-hourly). (source: author via DesignBuilder
V7.1 simulation tool)

Figure 6. Cooling design simulation summary report: zone-by-zone
cooling capacities and temperatures for the ASCC, Gharyan, Libya.
(source: author via DesignBuilder V7.1 simulation tool)

D. Thermal Comfort Analysis

The thermal comfort results indicate a substantial
performance shortfall. Assessed against the ASHRAE
Standard 55-2004 Simple Comfort Model (ASHRAE,
2005), a total of 7,813.5 hours of the year, representing
89.2% of all annual hours, fall outside the acceptable
comfort envelope. The principal explanation lies in the
significant unconditioned or under-conditioned floor area,
where passive performance is insufficient to bridge the gap
between external conditions and human comfort
thresholds. Within the zones that are mechanically
conditioned, the results are better but still imperfect:
133.00 occupied hours fail to meet the heating setpoint and
210.50 fail to meet the cooling setpoint, pointing to
seasonal capacity constraints or scheduling gaps in the
mechanical systems. These metrics are consolidated in
Table 8.

TABLE 8. THERMAL COMFORT AND SETPOINT PERFORMANCE

SUMMARY.
Metric Facility Hours
Time Setpoint Not Met — Occupied Heating 133.00
Time Setpoint Not Met — Occupied Cooling 210.50
Time Not Comfortable (ASHRAE 55-2004) 7,813.50
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E. Carbon Footprint and Environmental Impact

Libya’s electricity grid carries a relatively high carbon
intensity, and this is reflected in the facility’s operational
emissions. Annual CO: production from electricity and
district energy use reaches 120.45 x 10° kg, derived from
a total fuel consumption equivalent of 198.77 MWh. When
the analysis is extended to include the embodied carbon
locked into the building’s construction materials, the
cumulative environmental cost grows considerably:
489,558.50 kgCO: of direct embodied carbon and
549,212.20 kgCO2eq when expressed in CO:-equivalent
terms to capture the global warming potential of other
greenhouse gases. The dominant material contributor is
Foam Slag insulation at 268,384.8 kgCO., followed by
Cast Concrete (Dense) at 54,662.5 kgCO.. These figures
illustrate that embodied-carbon decisions, among the most
difficult to reverse once construction begins, are also those
most frequently made without quantitative guidance in the
Libyan Table 9
environmental performance picture.

context. summarizes the full

TABLE 9. ANNUAL CARBON AND ENVIRONMENTAL PERFORMANCE
SUMMARY.

Parameter Annual Value

Total Fuel Consumption (Electricity) 198.77 MWh

Total CO: Production (Operational) | 120.45 x 10° kg CO-

Embodied Carbon (Building Materials) [ 489,558.50 kgCO-

Equivalent CO: (Building Materials) | 549,212.20 kgCO-eq

F. Daylighting Performance Analysis

The Radiance-based daylighting simulation reveals a
strongly polarized distribution of natural light across the
ground floor plan. Perimeter zones, particularly those
adjacent to the East facade, record Daylight Factor values
approaching the simulation maximum of 43.79%,
corresponding to approximately 4,380 lux under the
reference overcast sky. Beyond roughly five meters from
the facade, however, DF values drop sharply toward zero.
The Central Corridor, the Operators Room, and much of
the deep-plan office area receive so little natural light as to
be effectively dependent on artificial illumination
throughout the day.

The Spatial Daylight Autonomy analysis tells a more
nuanced finding. Office 13 and the Operators Room both
show sDA values approaching 100% in their perimeter
zones, suggesting comfortable daylighting conditions for
much of the year in these locations. The Central Corridor
and Office 8, by contrast, exhibit the blue-to-green
gradients that indicate only marginal compliance or
outright failure to meet the 300 lux / 50% annual
occupancy threshold at depth. The critical qualification
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here is that the strong sDA performance near the East
facade is achieved at a cost, the same glazing area that
delivers daylight autonomy also admits the largest solar
gain in the building, particularly in the morning hours.
Resolving this tension, capturing daylight while
controlling heat, is one of the central design challenges that
external shading or high-performance glazing would need
to address (USGBC, 2009; Green Exam Academy, 2008).
The sDA distribution across the floor plan is shown in Fig
7, while the corresponding DF and illuminance (lux)
distributions appear in Fig 8.

Figure 7. Annual daylighting simulation: Spatial Daylight Autonomy
(sDA) distribution across ground floor zones of the ASCC.

Figure 8. Annual daylighting simulation: Daylight Factor (DF) and
illuminance (lux) distribution across ground floor zones of the ASCC.

G. Computational Fluid Dynamics (CFD) Analysis

Three orthogonal section planes were used to
reconstruct the three-dimensional behavior of indoor air
under mechanical ventilation conditions, as illustrated in
Figures 9 through 11. The longitudinal across-X section
(Fig 9) shows air velocities in the occupied zone
predominantly falling between 0.17 and 0.25 m/s the
yellow-orange band in the color scale; which is consistent
with moderate forced convection from supply registers
positioned along the ceiling. Corresponding temperatures
in this zone range from 15.76 to 18.51°C, confirming that
mechanical conditioning is reaching the central core of the
building. The localized blue patches of near-zero velocity
visible between supply register positions suggest dead
zones where air mixing is incomplete; these areas are
worth addressing in detailed HVAC design.
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F‘lgure 9. CFI5 anéAIysis”acré)‘ss X-axis (Iongitudvinal éectidn): internal air
velocity and temperature distribution, ASCC.

The transverse across-X-Y section (Fig 10) reveals a
more troubling picture, pronounced vertical thermal
stratification, with the upper zone reaching 18.51 to
18.97°C while the occupied floor zone maintains 15.30 to
16.67°C. The 3.97 m floor-to-ceiling height of the primary
occupancy zone is evident in this section. The stratification
itself is a natural consequence of buoyancy, warm air
rising to the ceiling, and is not unusual in mechanically
ventilated spaces, but it does represent a reservoir of heat
that may complicate night-flush cooling strategies.

o=l

Figure 10. CFD analysis across X-Y plane (transverse section, 13.88 m
width): internal air velocity and temperature stratification, ASCC.

The horizontal across-Z section at 11.97 m elevation
(Fig 11) captures conditions at roof level and confirms that
the roof assembly is carrying the highest temperatures in
the model, uniformly 18.05 to 18.97°C across its full
extent. This is consistent with the heating design results
that identified the roof as the source of —33.27 kW of fabric
heat loss in winter, and by implication a comparable source
of summer heat gain. Air velocities at this elevation are
low (0.13 to 0.21 m/s), suggesting that airflow near the
ceiling is governed primarily by thermal buoyancy rather
than the mechanical supply system

ijeit.misuratau.edu.ly
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Flgurell CFD éhalyéis across Z-axis (hdrizoﬁtal éectidn at"‘11.97 m
elevation): roof-level thermal conditions and air velocity distribution,
ASCC.

H. Implications for the Libyan Building Sector

The ASCC reflects broader regional trends: building
cooling loads consume up to 60% of national power
infrastructure ~ output, yet mandatory envelope
performance thresholds do not exist [1, 2]. The scale of the
envelope-driven cooling load documented here is
consistent with, though more moderate than, the
reductions reported for comprehensive Mediterranean
envelope retrofits (up to 87% of combined heating and
cooling demand) [14, 15] and for shading-only
interventions in hot-arid settings (17 to 40% of cooling
load) [16, 17], and it falls within the range reported for
orientation and insulation corrections to conventional
Libyan buildings (up to 60% improvement) [20]. That
cooling still dominates 39.48% of the ASCC's site energy
despite these documented gains elsewhere suggests that
passive strategies calibrated for ordinary residential and
office occupancies are unlikely, on their own, to be
sufficient for high-internal-load technical buildings;
equipment-driven internal gains
envelope measures alone can reduce mechanical demand.

constrain how far

For practice and policy in Libya and comparable North
African settings, three implications follow. First, the
absence of enforceable envelope performance standards
[2, 26] leaves designers of technical and public buildings
without a regulatory floor comparable to the U-value or
glazing limits underpinning the Mediterranean and EU
results cited above; codifying region-specific thresholds
informed by simulation studies such as this one would give
that floor practical effect. Second, because the ASCC's
cooling load concentrates on the East and South facades,
orientation-based glazing and shading requirements are
likely to deliver a larger return per unit of regulatory or
capital effort than uniform, orientation-blind envelope
rules. Third, sequencing matters: investing in envelope and
shading measures before sizing the HVAC plant allows the
mechanical system to be sized to a well-shaded, well-
insulated envelope, avoiding the outsized capital and
operating costs of a plant sized to compensate for a poorly
performing envelope after construction.
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VIII. Conclusion

The evidence assembled through this simulation study
makes a clear case that the ASCC in Gharyan is a
technically sound building facing a preventable
performance crisis. The facility consumes 198,769.34
kWh of site energy annually (95.37 kWh/m?), equivalent
to 431,389.10 kWh of source energy (206.98 kWh/m?),
and is responsible for 120.45 metric tons of CO: annually,
figures directly traceable to design decisions that
simulation could have improved before construction
began. What the tripartite simulation sequence adds,
beyond these headline numbers, is a structured
disaggregation of where, when, and why the performance
shortfalls occur.

The Heating Design Simulation establishes that the
highland climate imposes a genuine winter demand of
176.72 kW, a figure that is frequently underestimated in
North African practice. The Cooling Design Simulation
ties the peak summer load of 223.26 kW directly to the
solar exposure of the East and South facades, with peak
demand concentrated in the July afternoon window. The
Full Annual Simulation then shows that cooling represents
39.48% of all site energy consumed across the year,
making envelope and shading decisions (not mechanical
system efficiency) the most productive area for
improvement.

Beyond these facility-specific findings, the study's
principal contribution is methodological: it demonstrates a
reproducible workflow for integrating dynamic energy
simulation, thermal comfort assessment, daylighting
analysis, and CFD airflow resolution within a single
investigation of a high-internal-load technical building, a
combination not previously documented for the Libyan or
wider North African context. Applied here to the ASCC,
the same workflow constitutes a transferable decision-
support framework for designers, engineers, and
policymakers addressing similar public and technical
facilities across the region, and it provides a concrete
evidentiary basis for the orientation- and typology-specific
design standards that Libya currently lacks.

These conclusions should be read within the study's
scope. The analysis rests on a single case study and on
simulated rather than field-monitored performance data, so
the specific magnitudes reported here, while internally
consistent, should be validated against metered energy use
and on-site comfort surveys before being generalized to
other facilities. The recommendations that follow outline
how this framework can be extended, through regional
code development, material-specific field testing, and
empirical comfort studies, to build the broader evidence
base such validation would require.
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IX. Recommendation For Further Studies

Building Codes: Using
simulation results to establish U-values tailored to each
climatic region in Libya (coastal, mountainous, and
desert).

Bio-Insulation: ~ Conducting  field
simulation experiments with local materials to measure
their stability and calibrate them as standard insulators.

e Net Zero Energy Buildings (nZEB): A feasibility study

to convert public administrative buildings in Libya into
energy-generating facilities by integrating photovoltaic
systems into their facades.

e Adaptive Comfort Study: Conducting field research to

compare digital PMV results with employees' actual
comfort perceptions in different regions to develop
local comfort models.
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