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Abstract

The rapid growth of the global population and associated increases in resource consumption
have accelerated environmental degradation, making sustainable design and construction
processes increasingly essential. The construction sector holds significant potential for
reducing environmental impacts, especially through sustainability-focused certification sys-
tems such as LEED. This study evaluates the projected energy efficiency and sustainability
performance of the Surgical Sciences Building at Istanbul University’s Capa Campus, which
was designed with the goal of achieving LEED Gold certification. The assessment is based
on design-phase data and conducted prior to construction. Energy performance analyses
were carried out using DesignBuilder software, supported by the LEED Assessment Report
and Energy Audit Report. According to simulation results, approximately 30% savings in
energy consumption and water usage are expected. In addition, the process-oriented LEED
approach is expected to result in a total CO;, emission savings of approximately 570 tonnes,
while renewable energy systems are expected to meet approximately 13% of the building’s
primary energy demand and reduce CO; emissions by approximately 151 tonnes per year.
Waste management strategies developed for both the construction and operational phases
are aligned with LEED criteria and aim to achieve up to 80% recycling rates. The findings
demonstrate that LEED certification, when employed as a process-oriented design and
decision-making tool rather than a result-oriented label, can enable sustainable strategies
to be integrated from the earliest stages of project development. Particularly for complex
healthcare buildings, embedding LEED principles into the design process has strong po-
tential to enhance environmental performance. Although based on a single case study;,
this research provides valuable insight into the broader applicability of LEED in diverse
building types and geographic contexts.

Keywords: LEED certification; energy efficiency; sustainable building design; renewable
energy; implicit sustainability; integration; process-oriented approach

1. Introduction

The rapidly growing world population is expected to reach 9.73 billion by 2064 [1].
The growing population is also increasing demand for societies’ needs, goals, and priorities.
To meet these demands and ensure competitiveness, the rapid growth of technology and
industry has led to a natural increase in CO, emissions and waste, which recently has
threatened humanity’s future in terms of sustainability. According to a report prepared
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by the International Solid Waste Association (ISWA), the amount of municipal solid waste
worldwide is expected to reach 3.8 billion tonnes by 2050 [2]. The report also estimates
that sustainable practices, primarily through waste avoidance and comprehensive waste
management, could save 108.5 billion dollars annually. Construction and demolition
waste accounts for 30—40% of solid waste (67% in America, 36% in Europe, and 30-40%
in China), and only 20-30% of this waste can be recycled [3]. If equipped with sustain-
able design and construction processes, the construction sector has the potential to save
approximately 44 billion dollars annually in the global economy, based on this information.
Additionally, the construction sector is a sector where disputes frequently occur due to
its multi-stakeholder structure and the risks it entails [4,5]. These disputes lead to the
cancellation or delayed completion of public and private construction projects, as well
as defective and flawed construction, resulting in financial and emotional losses [6]. By
implementing sustainable design and construction processes, construction disputes can
be prevented, thereby avoiding financial and non-financial losses. The construction sector
has the potential to save approximately 44 billion dollars annually by adopting sustainable
design and construction processes. Additionally, there is an opportunity to reduce energy
consumption in the construction sector by 24% [7].

In order to ensure the design and construction of sustainable buildings, it is necessary to
define buildings in detail, covering the design and construction processes. The world’s leading
assessment system, Leadership in Energy and Environmental Design (LEED), stands out as
the system used to evaluate a total of 105,712 buildings to date [8]. In addition to Ttirkiye not
having its own assessment system, the LEED system has been in high demand in recent years.
Currently, 1969 buildings based in Tiirkiye have been assessed, and 15 of these are healthcare
buildings have been certified [8]. With the increasing interest in LEED certification in Tiirkiye,
the number of Tiirkiye-based studies on energy efficiency and LEED certification applications
has increased in recent years. In a preliminary study, the development levels of certification
systems were examined from the perspective of developing countries (Tiirkiye, the United
Arab Emirates, and India), and the levels of the three developing countries were compared [9].
Aktas and Ozorhon [10] examined the factors contributing to buildings obtaining LEED
certification and the challenges faced in six LEED-certified projects in Tiirkiye. In addition, a
performance comparison was made between LEED-NC 2009-certified construction projects
in four different countries, including new construction projects in Tiirkiye, in an effort to
understand the differences affecting the performance of projects in different regions [11].
It was observed that sustainable building designs and certification strategies may vary by
country depending on the type of project [12]. An analysis of the applicability of LEED’s
sustainability strategies in the material-selection preferences of 269 LEED-certified projects
in Ttirkiye was conducted, focusing on many categories examined by LEED for sustainable
buildings [13]. A study on which criteria should be prioritised for LEED certification of
healthcare buildings in Tiirkiye also indicates that LEED certification is becoming increasingly
important in the healthcare sector [14].

A review of the existing literature reveals that studies have been conducted on certified
buildings. The absence of studies demonstrating that LEED certification is not only a results-
oriented but also a process-oriented tool is noteworthy. LEED’s main strength lies in the
decisions made during the design phase and the impact of these decisions on construction
projects. The originality of this study lies in addressing the gap in the literature by examining
the LEED compliance of a public hospital project during the construction phase. The aim of the
study is to demonstrate that LEED is not merely a certification awarded to completed buildings
but can also serve as a process management tool capable of shaping project decisions in early
stages. To this end, the energy efficiency and sustainability performance of the Surgical
Sciences Building at Istanbul University’s Capa Campus will be examined using LEED
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assessments and Energy Audit Reports. By doing so, the study aims to fill gaps in the existing
literature, promote a process-oriented sustainability approach, and offer recommendations for
improving green building practices in Tiirkiye.

2. Materials and Methods

The study examined the Istanbul University Capa Campus Surgical Sciences Building
using the case-study method. In this study, two reports were used: the ‘LEED Assess-
ment Report” and the ‘Energy Audit Report’ for the Surgical Sciences Building at Istanbul
University Istanbul Faculty of Medicine Capa Campus. All data related to the building
were obtained from the LEED Assessment Report and the Energy Audit Report. The LEED
Assessment Report details how the building was evaluated and scored according to LEED
criteria, while the Energy Audit Report provides a detailed overview of the building’s
current energy consumption and energy-saving potential.

The energy performance assessment was conducted using DesignBuilder v7. The
simulation study was carried out using the TR_ATATURK-AIRPORT_TMY weather file,
which represents the local climate conditions of the project site in Istanbul. The modelled
building consists of 283 distinct thermal and HVAC zones; each defined according to the
specific functional requirements of the hospital’s spatial programme. Heating and cooling
setpoint temperatures were maintained at 21 °C and 25 °C, respectively, to reflect health
standards and occupant comfort. Occupant density varies by room type, with an average
of approximately 18 m? per person. Operating schedules also vary depending on space
usage. Critical areas such as inpatient rooms are assumed to be occupied 24 h a day, while
examination rooms, operating rooms, and general shared areas are modelled with a typical
daily occupancy rate of 15 h (06:00-23:00) in line with realistic hospital workflows.

The campus coordinates are approximately 41.015° N latitude and 28.940° E longitude, and
it is located at an elevation of approximately 55-65 metres above sea level (Figure 1). The area is
part of a gently sloping urban plateau facing south towards the Marmara Sea and is approxi-
mately 4 kilometres away in a straight line. Located on the historic peninsula of Istanbul, the
Fatih district experiences a humid subtropical/temperate oceanic climate (classified as Cfa/Cfb
under the Képpen—Geiger climate classification system), influenced by both Mediterranean
and Black Sea climate zones. The district stretches along Istanbul’s southern coastline and
is densely built-up with limited wind corridors and high urban-heat-island effects. Annual
average temperatures range between 14 °C and 16 °C, with January being the coldest month
(average ~6 °C) and July—August the hottest (average ~25 °C). Heating is typically required
from mid-October to early April, while cooling demand peaks during the summer months,
particularly in enclosed, high-occupancy areas such as hospitals.
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Longtude :| 28566260
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Figure 1. A Google Earth View of Cerrahi Bilimler Building at Istanbul University.
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The energy performance assessment was carried out by DesignBuilder. Figure 2
shows a screenshot from the modelling process. The software is equipped with all the
capabilities specified in the G2 Simulation General Requirements of the ASHRAE 90.1-2010
standard [15], which is widely used in Tiirkiye. In recent years, the ASHRAE 90.1-242 (2022)
standard, which treats healthcare facilities as a separate category, has been published.

File Go Tools Help

Simulation Data - A SHRAE 90.1

@) TRISTANBULCAPA
% 4 Building P
= @ Building B

between propased buiding and baseline buiking

You can use ‘Analysis tab to run a standard simulation,
especiall for a reduced simulation period, for a detailed output
check prior to running ASHRAE 90.1 simulation.

Show T-Energy uses

139328075 94316906
000 000
78590538 785905.38
000 000
640787.13 48101625

14231269 1636348
3108611
000

000 0
545865.00 32024078
000 000
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Ready.

Figure 2. DesignBuilder modelling screen.

The reason for using the ASHRAE 90.1-2010 standard instead of this updated standard
is that the former is still in use in current applications in Tiirkiye and the relevant public
institutions have not yet integrated the new standard. The use of a similar standard in
recent studies [16,17] also indicates this. During the simulation, reference values obtained
from ASHRAE for similar structures were used to determine the energy efficiency of the
building when it meets the minimum criteria, and the extent to which the designed building
meets these criteria was evaluated. ASHRAE's reference values are provided in Table 1.

Table 1. Reference values from ASHRAE 90.1.2010.

Baseline HVAC System Types

Nonresidential and More than 5 Floors or >150,000 ft? System 7-VAV with Reheat
Water-Chilling Packages—Efficiency Requirements
Equipment Type Size Category Path A Path
. <0.600
-cool 1 11 <0. Y
Wite;r(;?: deccl:eﬁtiicg lcil y >300 tons and <600 tons <0.576 kW/ton kW /ton
P ! & <0.549 IPLV <0.400 IPLV
Lighting Power Densities Using Building Area Method
Building Area Type LPD (W/ft?)
Hospital 121
Baseline System Descriptions
Cooling Heating
System System Type Fan Control Type Type
. . Hot-water
VAV with Packaggd rooftop VAV VAV Chilled fossil fuel
reheat with reheat water

boiler
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3. Results

The Surgical Sciences Building has a model area of 23,930 m?. The building consists
of a total of 10 floors, including 3 floors above ground level and a service floor, and below
ground level, a basement, floors 1-2-3, and an isolator floor (Figures 3 and 4). The building has
125 patient beds, 23 intensive care units, and 14 operating rooms. The ground floor consists
of a cafeteria, administrative units, endoscopy, urology endoscopy, and breast ultrasound
departments. Floors 1-2-3 are planned as patient floors. Each floor has 24 rooms/34 beds,
for a total of 72 rooms/102 beds. The utility floor includes a staff dining hall, administrative
offices, and technical spaces. The mechanical floor includes a staff cafeteria, administrative
offices, and technical areas. The basement floor, which is levelled at —5.00, is defined by an
entrance area accessible from within the campus. It consists of an imaging unit and intensive
care units. There are a total of 23 intensive care beds and support areas. The imaging unit
consists of 1 MRI, 1 CT scan, 2 ultrasound, 2 X-ray, and 2 angiography rooms. The first
basement floor has 13 operating rooms, 1 caesarean section operating room, and 2 delivery
rooms. The second basement floor has technical areas and sterilisation facilities. Meals are
prepared off-site and delivered to the campus. There is a meal distribution area. The third
basement floor has a 30-car indoor car park and an archive.

|

Mol o
. n oW i "
P—

ST T

Figure 3. A 3D View of Cerrahi Bilimler Building at Istanbul University.

Figure 4. The Capa Campus of Cerrahi Bilimler Building at Istanbul University (DesignBuilder).
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The highest energy consumption in the building is related to lighting, equipment,
heating, cooling, fans, and pumps (Figure 5). As a result of the LEED assessment, there are
four different certification levels (Table 2). These are 1. Certified (40—49 points), 2. Silver
(50-59 points), 3. Gold (6079 points), 4. Platinum (80-110 points). The LEED criteria for
determining these levels are grouped under the following categories:

Lighting 24.4%
Equipment 20.3%

Heating 19.7%

Cooling

0 5 10 15 20 25 30
Percentage (%)

Figure 5. The distribution of the building’s energy consumption.

Table 2. LEED Certification Levels by Points.

Certification Points
Certified 40-49 Points
Silver 50-59 Points
Gold 60-79 Points
Platinum 80-110 Points

The scoring for LEED certification, as shown in Table 3, reveals the results for the
Cerrahi Bilimler Hospital. Based on these results, the LEED criteria are grouped under the
following categories:

1.  Integrative Process:

O Includes an early analysis of inter-system relationships in order to achieve
project results at the desired cost, time, and quality.

2. Location and Transportation:

O Includes an evaluation of criteria such as access to quality transportation and the
presence of electric vehicles in the project’s location and transportation sections.

3.  Sustainable Sites:

@) Includes an assessment aimed at reducing the effects of deformations such as
soil erosion caused by the implementation of the project, protecting natural
and historical areas, and creating areas where social and cultural activities can
be carried out.

4. Water Efficiency:

O Includes an assessment of reducing outdoor water consumption, protecting
zero- and low-cost drinking water sources, and water conservation.

5. Energy and Atmosphere:
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O Includes an assessment of ensuring minimum energy performance, designing
an energy project that meets project requirements, and optimising energy per-
formance.

Materials and Resources:

@) Includes an assessment of the storage and collection of recycled waste, the
provision of environmental product declarations, and the reduction in the
impact of the building’s life cycle.

Indoor Environmental Quality:

O Includes an assessment aimed at ensuring minimum indoor air quality per-
formance in the project, controlling tobacco smoke, and controlling the use of
low-emission materials.

Innovation in Design:

O Includes an assessment aimed at encouraging innovative design strategies that
provide high-level benefits to people and the environment in the project.

O No bolding necessary. Removed.Includes an assessment aimed at promoting
projects targeting geographically prioritised areas.

Table 3. Distribution of energy consumption.

No Category Reference (kWh) Design (kWh) Performance
1 Heating (Natural Gas) 1,029,697.06 557,065.00 45.90%
2 Cooling (Electricity) 298,785.06 494,267.91 —65.43%
3 Lighting (Electricity) 1,393,280.75 943,169.06 32.31%
4 Equipment (Electricity) 785,905.38 785,905.38 0.00%
5 Fans (Electricity) 640,787.13 481,016.25 24.93%
6 Pumps (Electricity) 142,312.69 15,353.48 89.21%
7 Cooling Tower (Electricity) 31,086.11 0.00 100.00%
8 Domestic Hot Water (Natural Gas) 545,865.00 320,240.78 41.33%
11 Total Natural Gas 1,575,562.06 877,305.78 44.32%

12 Total Electricity 3,292,157.12 2,719,712.08 17.39%

13 (VTV?EIIE\I;’;};‘:;Z) 3,292.157.12 2,378,774.08 27.74%

Total 4.867.719.18 3,597,017.86 26.10%

Categories 4, 5, 6, and 7 (Figure 6) are directly related to energy efficiency, materials

and resources, and waste management. The total score defined for these categories is

81, and a LEED Platinum certification can only be obtained with a full score from these

categories. When examining the Energy and Atmosphere category, it alone accounts for a

significant 35 points (32%) of the total scoring (Figure 6).

Due to this high proportion, analyses focused on energy efficiency are of great impor-

tance. Within this scope, the building achieves the following energy savings compared

to the reference criteria by measuring usage based on operating hours and incorporating

renewable energy sources (Table 3).
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P LEED v4 for BD+C: Healthcare
3 Proi . .
@ Project Checklist roject Name: Istanbul Um\farg;mt Istanbul Faculty of Medicine Capa Campus Surgical
Sciences Building
Date: 16/08/2024

Y ? N
Fmea  Integratwe Progct Planning and Design Required
n.. Integrative Process 1
7 [ 2 [ 0 Location and Transportation ] 8 [10] 1 ials and 19
Bcme  LEED for Naghborhood Dewelopment Location 0 Y] e Storage and Collection of Recyclabies Required
1 cea  Sensitive Land Protection 1 Y ez Construction and Demedition Waste Management Planning Required
JK lcmat  High Priority Ste 2 v | pres PBT Source Reduction- Mercury Required
1 et Sumounding Density and Diverse Uses 1 s ] Buiding Le-Cycie Impact Reduction 5
Buiding Product Disclosure and Optimzation - Environmental Product
2 lomat  Access to Quality Transit 11 e Ded;"gl.vw o 2
T| o Bieyce Faciites 1 #| 1| femm  Buldng Product Disclosure and Optimaation - Sourcing of Raw Materials 2
e Reduced Parking Footprint 1 1 e Buiding Product Disclosure and Optimization - Material Ingredients. 2
omat  Gresn Vehicles 1 1 lcest BT Source Reduction- Mercury 1
8| 1| femm  PST Source Reduction- Lead, Cadmium, and Copper 2
6]3]0 i Sites 9 2| 1| fee  Fumiture and Medical Fumishings 2
Y ==z Constructon Activty Polliton Preventon Requred i [t Design for Flexibiity 1
v e Envronmental Site Assessment Requred 2 erect ction and Demoiion W. 2
1 e St Assessment 1
1 cest  Site Development - Proteet or Restore Habitat 1 9 [ 71 0 indoor Envi Quality 16
1 cmar  Open Space 1 Y preres  Minimum Indoor Air Quality Performance Required
st Ramwater Management K e Environmentsl Tobaccs Smoke Control Required
1 s Heat Istand Reduction 1 2 |t Enhanced Indoer Air Qualty Strategies H
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1 lcmar  Direct Exterior Access 1 2 v Indoor Air Quality Assessment 2
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1 et Ouidoor Water Use Reduction 1
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2|cem  Cociing Tower Water Use 2 st Innovation B
1 o=t Water Metering 1 L 1] crest  LEED Accredited Professional 1
24| 9 | 2 | Energy and Atmosphere 35 4 | 0| 0 Regional Priority 4
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2|cen  Demand Response 2
3 cear  Renewable Energy Production 3
7| o  Enhanced Refrigerant Management 1
2| Jom:  Gresn Power and Carbon Offsats

Figure 6. LEED v4 for BD + C: Healthcare Project Checklist.

Based on the findings, the annual primary energy consumption for the Surgical Sci-
ences Building was calculated to be 2,719,712.08 kWh/year, according to the preliminary
energy performance certificate calculation. The primary energy contribution of the planned
photovoltaic systems (PV) for the Surgical Sciences Building has been determined to be
340,938 kWh/year. The simulation of the PVs was carried out using PVsyst version 7.4, a
widely recognised software tool for the examination, sizing, and analysis of PV systems.
PVsyst provides detailed modelling capabilities, including hourly energy yield simulations
based on location-specific meteorological data, shading analysis, module orientation, tilt
angle, system losses, and inverter configurations. In our study, simulation parameters were
carefully defined, considering the site’s exact geographical coordinates, local solar radiation
data, system design characteristics (such as PV module type, string configuration, and
inverter selection), and detailed loss factors (including temperature-related losses, soiling,
mismatch, and cable losses). It is expected that the planned PVs will meet approximately
13% of the building’s primary energy needs from renewable sources (Figure 7). The rooftop
PV system, consisting of 848 panels, has a total installed capacity of 254 kWp and is ex-
pected to produce 340,938 kWh of energy per year. The panels will be installed on the roof
at a 30°/45° angle, and no shading is expected. Additionally, a 32.4 kWp solar collector
system is planned for hot-water production, with 20 solar collectors expected to generate
46,620 kWh of energy annually. The collectors have a maximum hourly energy output of
32.4 kW, an average daily output of 259 kWh/day, and are expected to save 46,620 kWh of
energy annually.
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PVsyst V7.4.8
VC1, Simulation date:
16.10.2024 16:54
with V7.4.8

PVsystV7.4.8
VCH, Simulation date:
16.10.2024 16:54

with V7.4.8
General
Main results
Grid-Connected System No 3D scene defined, no shadings
System Production 340038 kwhlyear Specifik production 1340 kwh7kWp/year
PV Field Orientation Produced Energy Perf. Ratio PR 85.02 %
Orientation Sheds configuration Models used
Fixedplane No 3d scene defined Trasposition Perez
)/-45° iff 3 . "
TiuAzimuth 30145 Diffuse Perez, Metenom Normalized productions (per installed KWp) Performance Ratio PR
Gircumsolar seperate
T T T T T T T T T . T T T T T T T T T T
Horizon Near Shadings User's needs. Le: Collection Loss (PV-array losses) 052 kWhiwpiday 11 [l PR petormance Rato (v1/ Y0 - 0.860
Free Horizon No Shadings Unlimited load (grid) z of La: Systom Loss (nvertr, ) 0.07 KWWK Wphday
3 V1 Produced useful onergy (iverer outpu) 367 KAKWIGay
PV Array C = H
i
PV module Inverter :
Manufacturer Generic Manufacturer Generic =
Model Mono 300 Wp 60 cells Model 7.5 kWac inverter
(Original PVsyst database) (Custom parameters definition)
Unit Nom. Power 300 Wp Unit Nom. Power 7.50 kWac o . i " -
Number of PV modules 248 untts Number of inverters 27 unis Jan Fob Mar Apr May Jnm Ju Aug Sep Oct Nov Dec Jan Fob Mar Apr May Jm Ju Aug Sep Oct Nov Dec
Nominal (STC) 254 kWp. Total power 203 kWac
Modules 53 string x 16 In series Operating voltage 150-750 V. Balances and main results
At operating cond. ~ (50°C) Max. power (=>25°C) 800 kWac
pmep 229 o Prom ratio (0GAC) 12 GlobH DiffH T_Amb Globinc GlobEff EAma) E_Grid PR
Umpp 455V Power sharing within this inverter lobHor iffHor -Am| 4 !
| mpp 03 A KWhim? KWh/m? c KWhim? KWhim? KWh KWh ratio
January 506 2495 639 698 679 16635 16275 0916
Total PV power Total inverter power February 508 3793 674 700 682 16721 16369 0920
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Total 848 modules Max. Power 216 kWac April 1433 7494 12.81 1475 144.1 33010 33260 0887
Module area 1380 m? Number of inverters 27 units May 193.4 7614 18.21 192.9 188.9 42644 41831 0852
Cell area 1206 m? Pnom ratio 126 June 2125 7755 2286 2033 198.9 43986 43170 0.835
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Array | August 183.8 7369 26.46 189.9 186.1 40845 39879 0825
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Thermal Loss factor DC wiring losses Module Quality Loss October 826 4692 17.14 9.7 933 21822 21379 0879
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Uv (wind) 0.0 WimKim/s Year 1467.4 661.23 15.83 1557.9 1521.9 347712 340938 0.860
Module Mismatch Losses
. Legends
Loss Fraction 20%at
GlobHor Global horizontal irradiation EArray Effective energy at the outpot of the array
|AM loss Factor DiffHor Horizontal diffuse irradation E_Grid Energy injected into grid
Incident effect (AM): Fresnel, AR coating, n(glass)=1.526, n(AR)=1.290 T_Amb Ambient Temperature PR Performance Ratio
Globinc Global incident in coll. Plane
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Figure 7. PV Panel Feasibility Report.

Based on monthly rainfall data obtained from meteorological records at the Florya
Meteorological Station, the nearest official measurement station to Istanbul University’s
Capa Campus [18], the amount of rainwater that can be collected from a 2302 m? roof area
has been calculated (1):

)

ER:AAXeXhNXU

ERr: Annual rainfall amount (It);

Aa: Rainwater collection area (m?);

e: Roof efficiency coefficient;

hn: Annual rainfall amount (It/m?);

n: Filter efficiency coefficient (0.90).

The irrigation water requirement is met from water sources provided by the munici-
pality. Rainwater harvesting will be carried out using a 20,000-litre rainwater tank to meet
irrigation needs. The annual rainwater total is expected to be 1,144,462 litres, and 26.13% of
the building’s water requirement is expected to be met through rainwater harvesting.

The Surgical Sciences Building scored 9 points in the water efficiency category, achiev-
ing a reduction in water consumption of approximately 30%. Waste management strategies
have been considered for both the construction and operation phases of the Surgical Sci-
ences Building. During construction, a Waste Management Plan was prepared to ensure
the separation, tracking, and recycling of construction and demolition waste. The goal
is to divert 75% of total construction waste from landfills. The building was designed
with waste separation areas, including dedicated spaces for recyclable and medical waste,
during the construction process. An Operational Waste Management Plan has also been de-
veloped, supported by staff training and regular monitoring, which achieves an estimated
80% recycling rate for non-hazardous waste. These strategies are consistent with LEED
requirements and significantly contribute to the project’s sustainability goals. These find-
ings demonstrate that the building has achieved its sustainability goals in terms of waste
management. Although it has been found that some LEED-certified buildings consume
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more energy than non-certified buildings [19], the relationship between energy efficiency
and LEED scores has also been examined. LEED-certified buildings generally show a
18-39% reduction in energy consumption compared to non-certified buildings, regardless
of certification level [20]. The findings confirm that the high energy efficiency of the Surgical
Sciences Building is consistent with its high LEED score potential. In this context, a positive
relationship between energy efficiency and LEED certification has been observed.

Energy modelling studies conducted for the Surgical Sciences Building located at
Istanbul University’s Capa Campus provide important information about the current state
of the building and the strategies planned to reduce its carbon footprint. A detailed analysis
of carbon emissions from electricity and natural gas consumption demonstrates LEED
compliance during the design process. As a result of the design process, annual natural
gas consumption was reduced from 1,575,562.06 kWh in the reference to 877,305.78 kWh
in the design, achieving a 44.32% performance improvement. Based on the emission fac-
tor (0.234 kg CO,/kWh [21]), this resulted in a CO, emission savings of 163,391.969 kg
CO,/kWh CO; emissions were saved. Similarly, the annual total energy consumption
was 3,292,157.12 kWh, while in the design it was reduced to 2,719,712.08 kWh, achieving a
17.39% performance improvement. Based on the emission factor (0.442 kg CO, /kWh [22]),
this resulted in a CO, emission savings of 253,020.707 kg CO,/kWh. A total CO, emission
savings of 416,412.676 kg CO, /kWh was achieved through the design effect. Additionally,
two energy simulation scenarios were developed using DesignBuilder software to assess
the impact of the installed PV system: i. A baseline model without renewable systems;
ii. The proposed model integrating rooftop PV panels. The annual energy production
from PV was simulated to be approximately 340,938 kWh. This amount was subtracted
from the building’s total electricity demand. Based on the emission factor for electricity
(0.442 kg CO, /kWh), it is estimated that the PV system will reduce annual CO; emissions
by approximately 150,694.596 kg CO,/kWh compared to the baseline scenario. It is es-
timated that a total CO, emission savings of 567,107.272 kg CO, /kWh will be achieved
through the design-induced savings. These technologies not only reduce carbon emissions
but also contribute to energy independence. The building’s energy performance, evalu-
ated according to the ASHRAE 90.1 standard, shows a 26.10% improvement in energy
consumption. This improvement highlights the project’s priority on energy efficiency
and sustainability. Based on the findings, it is clear that LEED certification has positive
effects on energy efficiency, water efficiency, and waste management, and makes significant
contributions to improving the sustainability performance of buildings.

4. Discussion

In this study, the Surgical Sciences Building located at Istanbul University’s Capa
Campus was evaluated in terms of energy efficiency, materials and resources, water effi-
ciency, and sustainability performance using LEED certification standards, and its LEED
compliance was examined. The findings show that the design process was found to be in
compliance with LEED criteria. This compliance also has the potential to achieve a high
score. This demonstrates that LEED certification is an effective process-oriented tool for
improving the environmental sustainability of buildings. The use of LEED certification as a
process-oriented rather than results-oriented tool has revealed that important decisions in
line with LEED criteria can be made prior to implementation. In particular, the approxi-
mately 30% reduction in the building’s energy and water consumption is consistent with
the results of similar studies documented in the literature to date.

However, there appears to be no consensus in the literature on whether a results-
oriented approach to LEED certification is effective in achieving energy efficiency. Amiri
and Ottelin [23] found that LEED-certified buildings achieved energy savings ranging
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from 18% to 39%. In contrast, Scofield [19] claimed that some LEED-certified buildings
did not meet the expected energy savings. A result-oriented approach revealed inconsis-
tent results, as the effectiveness of LEED certification may vary on a project-by-project
basis. Instead, this study suggests that using LEED certification with a process-oriented
approach would eliminate this inconsistency. Similarly, in terms of energy and water
efficiency, a significant reduction of approximately 30% in energy and water consumption
in buildings demonstrates the positive impact of LEED certification on the efficient use of
energy and water resources. This aligns with the findings of Gurgun and Polat [24], who
demonstrated that Turkish construction projects with LEED certification excel in water
efficiency. A 75% construction waste recycling rate and an 80% operational recycling rate
in waste management demonstrate the positive impact of LEED certification on waste
management practices. This observation is consistent with the existing literature. Ghisellini
and Cialani [25] have highlighted the benefits of using a circular economy approach in
waste management. This research demonstrates that LEED certification is necessary to
achieve sustainability goals in waste management. Additionally, the presence of renewable
energy sources was found to meet 12.54% of the building’s energy needs and facilitate a
reduction of approximately 151 tonnes of CO, emissions. Zuo and Zhao [26] align with the
current study in highlighting the increasing integration of renewable energy systems into
sustainable buildings. These alignments support the idea that the LEED certification can
be considered a process-oriented tool applicable across various geographical regions and
climates, enabling effective outcomes in energy efficiency, waste management, and water
efficiency. The findings of this study reveal that the standards and technical specifications
used in the design of the public hospital align with LEED criteria. This study has identified
the potential for an implicit sustainability approach in the public hospital project through
document-based analysis.

5. Conclusions

In this study, the energy efficiency, materials and resources, water efficiency, and
sustainability performance of the Istanbul University Capa Campus Surgical Sciences
Building were measured according to the LEED certification system. As a result of the
measurements, the LEED certification compliance of the project was examined at the design
stage. The results showed that LEED certification is a successful tool for improving the
environmental performance of buildings as a process-oriented tool. The approximately
30% reduction in energy and water consumption in the building is consistent with studies
in the literature. The current study contributes significant evidence to the effectiveness
and efficiency of the LEED certification system. Additionally, the use of renewable energy
sources, which account for 12.54% of the building’s total energy consumption and save
approximately 151 tonnes of CO,, demonstrates the significant contribution of renewable
energy systems to achieving sustainability goals. Consequently, it is anticipated that the
process-oriented LEED procedure will reduce CO, emissions by approximately 570 tonnes.
The study offers a different approach to the effectiveness debates in the literature by
using LEED certification as a process-oriented tool rather than a results-oriented one.
The study provides realistic outputs through a special energy simulation for a hospital
typology comprising 283 thermal and HVAC zones. A process-oriented LEED-based
energy performance analysis offers decision-makers the opportunity for early intervention
in a project during the construction phase. This study is unique in that it analyses and
simulates PV systems not only from an energy perspective but also from a carbon footprint
perspective in terms of carbon dioxide emissions. The simulation of the design phase of
public hospitals in Ttirkiye for LEED-targeted facilities is a pioneering study.
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However, the study has some limitations, such as the use of a single case study and
dependence on certain assumptions (i. The assumption that energy systems will operate
at constant efficiency; ii. The assumption that user behaviour is homogeneous; iii. The
assumption that user behaviour is based on hospital building typologies and standard
healthcare usage models; iv. The assumption that equipment power is calculated using
values taken from standard guidelines and internal loads are used) have been incorporated
into the simulation model. The validation of simulation results has not been conducted at
this stage, as the building is still under construction. The project has recently progressed
from the final design phase to the implementation phase, and therefore, there is currently
no post-occupancy measured energy consumption data available to support a comparative
evaluation or calibration of the simulation model. However, once the building is operational
and sufficient monitoring data has been collected, a validation study will be conducted to
ensure the accuracy and reliability of the simulation results. In future studies, the effects of
using LEED certification as a process-oriented tool can be examined by investigating its
effects on various building types (e.g., residential and industrial buildings) and various
geographical locations.
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