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1. ON 

The architecture and urban planning sector has witnessed a 

rapid knowledge transformation in the last two decades. This 

transformation includes integrating environmental 

sustainability principles into design, construction, and 

operational processes. This is in response to global climate 

challenges such as global warming, depletion of natural 

resources, and the decline in the quality of the urban 

environment. In this context, the concept of sustainable 

environmental design has emerged as an integrated approach 

that seeks to reconcile human needs with energy efficiency, 

environmental justice, and economic viability throughout the 

building’s lifecycle [1]. 

Despite this scientific progress, recent systematic reviews 

indicate a clear lack of integrated frameworks for measuring 

environmental indicators within local settings in the Middle 

East, particularly in cities with hot, arid climates such as Najaf. 

The climatic characteristics of these areas differ from the 

European models upon which most international standards are 

based. 

Addressing this research gap, this study aims to extract, 

classify, and measure sustainable environmental design 

indicators (SIDs) in the Sultan Residential Complex in Najaf. 

This is achieved through a methodology that combines 

quantitative and descriptive analysis, based on international 

standards, and builds a standardized database that can be 

adopted to evaluate sustainable environmental performance in 

Iraqi residential projects. This paves the way for future digital 

integration into analysis and simulation in Najaf, providing a 

scientific framework to help designers and urban policymakers 

improve environmental performance and thermal comfort in 

hot, arid climates. 

Recent literature shows that measuring SIDs has become a 

key focus in the development of performance-based 

architecture. It serves as an essential analytical tool for 

evaluating the energy and environmental performance of 

buildings throughout their lifecycle, enabling measurement of 

a project’s compliance with international sustainability 

standards through comparable, analyzable data [2]. These 

researchers developed a multidimensional framework for 

classifying indicators into three main categories: 

environmental, social, and economic, emphasizing the 

importance of linking quantitative indicators with site-specific 

climatic analysis in the early design phases. 

In the same vein, Abdel-Basset et al. [3] developed an 
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analytical 

Ourghi Karimi 

Algburi et al.

1.2 Sustainable environmental design 

Environmental design is an architectural and urban 

approach that integrates climatic considerations and natural 

resources into the design, planning, and construction 

processes. The goal is to achieve a balance between functional 

performance and minimizing environmental impact 

throughout the building’s lifecycle [4]. 

This approach is based on fundamental principles, including 

maximizing natural ventilation, utilizing daylight, integrating 

green spaces into the built environment, and using local, low-

emission materials. This is based on a thorough analysis of the 

site’s climatic characteristics [15]. Recent research indicates 

that environmental design has moved beyond traditional 

solutions such as shading and thermal insulation, relying 

increasingly on digital simulation and airflow modelling. 

Using tools such as ENVI-met and CFD enables evaluation of 

thermal performance and climatic comfort before 

implementation [15, 16]. Other studies confirm that applying 

this approach enhances the climate adaptability of cities and 

buildings by integrating vegetation, improving urban 

orientation, and reducing thermal stress, especially in hot and 

arid environments [17]. 

Accordingly, it could be argued that environmental design 

is a bridge from sustainable architecture to digital transition. It 

integrates classical climate control with innovative digital 

analytics to drive optimal economic and environmental 

performance. 

Sustainable architecture is based on an inclusive green 

design approach, in which social, economic and environmental 

parameters are blended into the architectural planning and 

designing of a building. This promotes optimal use of 

resources, reduces waste and emissions and generally 

improves the lives of residents [18]. This concept is based on 

a set of principles, including minimizing energy and water use, 

maximizing thermal performance, using low-impact materials 

promoting social justice in the development of built 

environments [18]. 

In recent literature, sustainable design is deemed a vital 

means to help reach the SDGs, in particular, climate and 

energy-related ones (United Nations, 2019). According to 

research, using this methodology in urban construction can 

decrease the carbon emissions from buildings globally by 

40%. 
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between 25 and 40% and improves thermal comfort by more 

than 30% when incorporating passive climate design solutions 

such as shading, insulation, cross-ventilation and the use of 

local materials with high reflectivity [43, 44]. 

These results confirm the importance of adopting climate –

responsive design indicators in hot and dry urban 

environments, such as Najaf, as a basis for supporting 

informed and sustainable architectural decisions.
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Figure 1. Methodology 

 

Recent literature also shows that indicators such as OTTV 

and RTTV have become standard tools for assessing energy 

efficiency in the early design stages. They provide an accurate 

assessment of energy performance and support more 

sustainable, efficient design decisions [8, 45]. Furthermore, 

climate simulation tools such as ENVI-met, CONTAM, and 

Design Builder have enabled the conversion of theoretical 

indicators into realistic quantitative data by measuring 

variables including radiant temperature, wind speed 

distribution, relative humidity, and air pollutant concentrations 

[46]. This accurate simulation enables proactive evaluation of 

environmental performance before implementation. It helps 

inform design decisions that reduce emissions and improve the 

quality of life. 

 

2.3 Measurement tools and quantitative equations: Data 

collection tools and measurement procedure  

 

The quantitative assessment of SIDs was conducted using a 
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3. STUDY AREA AND CASE STUDY DESCRIPTION 

 

The holy city of Najaf is located in central Iraq, on the edge 

of the desert plateau, southwest of the capital, Baghdad, at a 

distance of 144-160 km, with a longitude of 44° and a latitude 

of 32°. It rises about 70 meters above sea level. The city’s 

population is estimated at 753,897 [47]. Najaf is the 

administrative capital of Najaf Governorate and a global 

religious centre. It houses the shrine of Imam Ali ibn Abi Talib 

(peace be upon him), making it a major destination for Shi’a 

religious pilgrimages [48]. The city covers approximately 

181,376km². It is bordered to the west by the Najaf Sea 

depression, which connects to the Saudi border, to the south 

by the districts of Al-Hira and Abu Sukhair (18km away), to 

the east by the city of Kufa, and to the north by the district of 

Al-Haydariya (approximately 30km away) [49, 50]. 

The city of Najaf arose around the shrine of Imam Ali 

(peace be upon him) as a result of the migration of its 

inhabitants for religious purposes. This contributed to the 

emergence of a distinctive early Islamic architecture and gave 

the city significant cultural, economic, and touristic 

importance [50]. As for its geographical characteristics, the 

city is surrounded by desert lands with calcareous soil. There 

are some agricultural valleys, such as Wadi al-Salam. The 

region is characterized by a relatively flat topography with a 

clear climatic influence of high summer temperatures and low 

rainfall [51]. 

Recent climate analyses indicate that Najaf belongs to the 

hot, dry climate zone. This climate is characterized by high 

summer temperatures, with an average monthly temperature 

of approximately 42 ℃ in July, dropping to around 10 ℃ in 

January, and low humidity below 25% during the summer 

months [52]. These climatic characteristics make Najaf an 

ideal model for studying sustainable environmental design in 

hot, dry environments, particularly for improving thermal 

comfort and energy efficiency in residential buildings, as seen 

in projects such as the Sultan Residential Complex. The city 

of Najaf is located within the hot desert climate zone, 

characterized by long, intensely hot summers and relatively 

mild, dry winters [52]. 

This geographical location gave the city a harsh, 

continental, desert character, clearly reflected in its urban 

planning and architectural style. The urban fabric was dense 

and relatively enclosed to minimize direct solar radiation. 

Furthermore, the city’s openness to the desert and the absence 

of natural barriers contributed to its enclosure from its early 

stages, protecting it from winds, storms, and external attacks 

[50]. 

Climatic analysis indicates that an arid environment 

characterizes the Najaf region [53]. It experiences a wide 

temperature range between summer and winter, with generally 

clear skies, low humidity, and significant year-to-year rainfall 

fluctuations. 

Westerly winds prevail for most of the year, accounting for 

up to 75% of the total winds over the region. In contrast, 

easterly and northeasterly winds blow in winter, bringing cold, 

dry weather and clear skies. In contrast, southerly and 

southeasterly winds bring relatively warm, humid conditions 

[54]. Like other cities on the edge of the western plateau, Najaf 

is subject to frequent dust storms due to its open geography 

and sparse vegetation. This is one of the climatic factors 

influencing urban planning and building orientation [49]. 

These unique climatic characteristics form a fundamental 

framework for analyzing SIDs in architectural projects within 

the city. For example, the Sultan Residential Complex 

necessitates adaptive design solutions that enhance thermal 

comfort and reduce energy consumption in the hot, dry 

environment [54]. 

 

3.1 Al-Sultan Residential Complex 

 

Al-Sultan Residential Complex is one of the modern 

investment projects in the holy city of Najaf. Its design is 

based on a regular, radial urban plan, aligning with urban 

expansion policies aimed at meeting the growing demand for 
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housing. It was selected as a case study because it serves as a 

suitable model for applying the principles of digital integration 

in sustainable environmental design. 

 

3.2 Geographic location and urban analysis 

 

allows for gradual integration with the existing urban 

fabric (Figure 2). 

 

3.2.1 Project features 

The complex covers a total area of approximately 211 

dunams (equivalent to 21.1 hectares). It comprises over a 

thousand residential units of various styles, ranging in size 

from 175 to 200 square meters. Insulated Concrete Formwork 

(ICF) technology was adopted in construction to enhance 

thermal sustainability and reduce noise. The plan includes 

integrated service facilities, such as schools, a mosque, a 

commercial centre, and municipal and security facilities, as 

well as green spaces and gardens. 

The Sultan Residential Complex project comprises 1,034 

housing units. It spans 465,725.97 square meters (46.57 

hectares). Located in the Al-Nidaa neighborhood near Al-

Muaskar Street, opposite the Bayti Residential Complex in 

Najaf. The complex was established in 2011 on property 

number (3/88272), District 4, by investor Dirgham Karim 

Saleh in cooperation with the Najaf Investment Authority, at a 

total cost of approximately $92,800,000. The construction 

system is reinforced concrete, and the off-site infrastructure 

includes an access road, a water intake facility, and 

telecommunications connections. On-site infrastructure 

includes electricity, water, and sewage systems. The project’s 

location in the isolated Najaf Island area has revitalized the 

region and surrounding lands. Furthermore, the development 

of new residential complexes on vacant land has contributed 

to population redistribution, encouraging residents to move to 

the outskirts, thereby reducing congestion in the city centre. 

 

 
 

Figure 2. Location of Najaf Governorate within Iraq, indicating the site of the Sultan Complex  
Prepared by Researcher Using ArcGIS Pro and ArcGIS 10.8 Software 
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3.2.2 Architecture and spatial analysis 

The complex adopts a grid-like distribution of residential 

units in parallel rows, interspersed with internal roads. This 

facilitates easy access and expansion potential. The blocks are 

characterized by a longitudinal rectangular shape (10 × 20 m) 

with setbacks that provide semi-public spaces, enhancing 

privacy and natural ventilation. The circulation network is 

based on a main axis from which secondary streets and 

pedestrian walkways branch, reducing congestion. 

Furthermore, the general orientation of the units tends towards 

north-south and northeast-southwest directions, which is 

appropriate for Najaf’s hot climate (Figure 3). 

 

 
 

Figure 3. Sultan Residential Complex 

 

3.2.3 Spatial distribution and urban structure 

The Sultan Residential Complex is characterized by the 

horizontal housing system, which is the system used for 

residential units and is made up of six types implemented 

using ICF technology, as shown in the following Table 1. 

 

Table 1. Types of categories and their characteristics  

 

Type Area 
Building 

Area 

Number of 

Floors 

Number of 

Units 

A2 200 m2 214 m2 2 13 

A4 200 m2 214 m2 1 5 

A5 200 m2 118 m2 2 26 

A5-a 200 m2 126.6 m2 1 315 

A5-b 200 m2 118 m2 1 446 

A5-c 200 m2 150 m2 2 4 

A5-d 200 m2 176 m2 2 125 

B2 240 m2 176 m2 2 40 

B3 240 m2 176 m2 2 60 

Total 1034 Units 
Prepared by the Researcher Based on [50, 54] (Figure 4) 

 

The diagram shows the proportions of residential unit 

categories. The dominant category is A5-b at 43% (200 m²), 

followed by A5-a at 30.46% (200 m²), and then A5-d at 

12.09% (200 m²). The other categories are relatively smaller, 

as shown in the diagram (Figures 5 and 6). 

 

3.2.4 Population characteristics and spatial distribution 

Local population estimates indicate that the Sultan 

Residential Complex houses approximately 2750 people, 

representing about 0.32% of the local population. This 

constitutes a small percentage of Najaf’s total population, 

which reached approximately 859,165 in 2022 (Figures 7-9) 

[55]. 

 

 
 

Figure 4. The types of categories and their characteristics 

 

 
 

Figure 5. A chart showing the percentages of housing units

  
 

Figure 6. Types of residential units in the Sultan Residential 

Complex by categories 
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Figure 7. Land use distribution and proportional areas within 

the Sultan Residential Complex 
Scouse: Prepared by the researcher based on GIS Pro and ArcGIS 10.8. 

 
 

Figure 8. The land uses of the Sultan Residential Complex  
Scouse: Prepared by researcher, based on GIS Pro, GIS 10.8, ArcGIS Earth. 

 

 
 

Figure 9. The ways to reach the Sultan Residential Complex 
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3.2.5 Traditional environmental analysis 

The distribution of the kind of land use types and their 

corresponding areas within the Sultan Residential Complex is 

shown in Table 2. 

 

Table 2. Land use and the areas 

 
Land Use The Area 

Residential 255823.47 

Cultural 449.3 

Commercial 14978.6 

Entertainment 19581.5 

Public services 10845.1 

Green spaces 12597.8 

Roads 127209.2 

Educational 19304.2 

healthy 506.5 

Religious 527.8 

The garage 3902.5 

Total 465725.97 

Green spaces 12597.8 

Roads 127209.2 

Educational 19304.2 

healthy 506.5 

Religious 527.8 

The garage 3902.5 

Total 465725.97 

 

The field study reveals that the general orientation of the 

units contributes to reducing exposure to midday heat. 

However, the distribution of shade remains limited due to the 

lack of awnings and sufficient vegetation. Natural ventilation 

is affected by the narrowness of some passageways and the 

scarcity of opposing openings, despite their alignment with the 

prevailing wind direction. The units benefit from natural 

lighting, but the lack of shading increases the heat load. 

Furthermore, the traditional building materials used do not 

provide advanced thermal insulation, thereby increasing 

cooling energy consumption. 

 

3.2.6 Planning and architecture features 

The following table and diagrams illustrate a wide variety 

of land uses for the Sultan Residential Complex. 

 

 

4. RESULT 

 

This section presents quantitative results from the 

evaluation of sustainable SIDs applied to the Sultan 

Residential Complex. The results are presented in an 

organized manner in tables, including the measured values for 

each indicator and their comparison with internationally 

recognized reference standards. 

Table 3 summarizes the performance of key indicators 

related to the environment, heat and energy, including thermal 

insulation, thermal comfort and shading efficiency (Figures 

10-15). The measured values reflect the current performance 

conditions of the residential units and highlight aspects of 

compliance and non-compliance with approved sustainability 

standards. These numerical results form the basis for 

subsequent analysis and interpretation in the discussion 

section. 

 

Table 3. Quantitative assessment of sustainable environmental design indicators (SIDs) compared with international benchmark 

standards 

 

Main Indicator Sub- Indicator Measured Value 
Benchmark 

Comparison 
Interpretation 

Thermal 

Comfort 

Thermal 

Insulation 

wall 

U = 0.315W/m2.k  

(Wall with ICF 

insulation) 

U<=0.857 

U<=0.514 

The resulting value was 

less than the maximum 

permissible in the 

sustainable and compliant 

wall standard. 

roof U = 3.154W/m2.K 

U<=0.273W/mk 

U<=0.302W/mk 

U<=0.30W/mk 

Current performance does 

not meet international 

standards 

surface U = 0.559 W/m2.K U<=0.237 

Current performance does 

not meet international 

standards 

Calculate the 

shading ratio 

Shading Efficiency SE = 25% 

SE50%> From the area 

of openings exposed to 

direct radiation 

Current performance does 

not meet international 

standards. 

Solar thermal gain 

coefficient 
SHGC = 0.32 SHGC<=0.30 

The current result is 

slightly above the 

standard limit 

Exploiting 

prevailing winds 

Air flow calculation Q = 288L/S 
0.35 or 7.5 liters per 

second 

Much higher than the 

minimum 

Number of times the 

air is changed. 
ACH = 28.8 1/h Between 5-15h 

It does not meet energy 

efficiency standards 

despite achieving a high 

level of air renewal. 

Steering pressure 

difference 

ΔP = 5 Pascal 

(N/m2) 
pa 35-1 asymptote 

Matching in physical 

efficiency to effective 

natural ventilation driving 

Passive Energy 

Strategies 
Natural lighting 

Natural lighting 

coefficient 
DF = 6.5% 

DF>=5% 

2%<=DF<5% 

The result is identical and 

excellent 

Relying on natural 

lighting 

DA = 85-95% at 

300-500 lux 

Minimum=<55% 

Excellent 

performance >=75% (3 

The result is identical and 

excellent 
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points) 

300 lux within >=50 

Natural 

ventilation 

Equation of air 

change per hour 
ACH = 28.8 1/h 

ACH 4-6 and may reach 

ACH 20-15 in cases of 

intensive ventilation or 

laboratories 

The result is not 

consistent, as it exceeds 

the maximum 

recommended limit, 

indicating excessive 

ventilation. 

Calculate the 

ventilation rate per 

person 

Q_ person = 96 

L/person 
7.5-10 L/S per 

The value is significantly 

higher than the standard 

range 

Environmental 

Compatibility 

Materials and 

Construction 

Components 

Used 

Percentage of 

sustainable materials 

used 

Sustainable 

Materials = 0% 
10-20% 

Non-conforming does not 

achieve the minimum 

required according to 

international standards. 

Percentage of 

recycled materials 

Recycled Content% 

= 0% 
10-20% 

Non-conforming does not 

achieve the minimum 

required according to 

international standards. 

Carbon footprint of 

materials 
ECI = 0.207 tco2e/t 0.1-0.3 kgCO2.e/kg 

Partially identical – 

acceptable performance 

in terms of carbon 

emissions 

Indoor 

Environmental 

Quality (IEQ) 

Lighting 

The extent to which 

interior lighting 

conforms to the 

standard) (%) The 

extent to which it 

complies with the 

recommended 

lighting level 

Lighting 

Compliance% = 

100% (for living 

room) 

Lighting 

Compliance% = 

133% (for sleeping 

room) 

Between 2-5% 

The measured values fall 

within acceptable limits 

Percentage of natural 

light input compared 

to steam (%) (natural 

light factor 

Df% = 3% (for 

living room) 

Df% = 2% (for 

sleeping room) 

Interior lighting intensity 

between 150-300 

Percentage of area 

reached by sufficient 

natural lighting (%) 

Daylight _ Area% = 

50% (for living 

room) 

Lighting 

Compliance% = 

40% (for bedroom) 

>=55 
Less than standard 

requirements 

Environmentally 

friendly 

materials 

Percentage of low-

emission materials 

used 

Low VOC_ 

Material _Ratio% = 

94.4% 

>=90 

Below 0.5 mg/m3 

Compatible and 

sustainable 

Compliance with 

indoor air quality 

standards 

VOC Compliance% 

= 30% 

Environmental 

friendliness index for 

interior materials 

EFMI = 62.2 

Site 

Management 

Orientation 

Steering 

compatibility ratio 

with the ideal 

direction 

Orientation 

Compliance% = 

100% (for the 

residential unit) 

Avg-compliance = 

54% (for the entire 

complex) 

Under 15 
The overall orientation of 

the buildings is 

sustainable and meets 

energy efficiency 

requirements in terms of 

facade distribution and 

exploitation of natural 

solar radiation. 

Improving the 

energy efficiency of 

steering 

Energy_ saving_ 

orientation% = Δθ < 

15° = 10% (for the 

residential unit) 

Energy saving 

orientation% = 

4.3% (for the entire 

complex) 

Steering deviation from 

the south does not 

exceed +-15 

It ranges between 3-5% 

Percentage of 

green spaces on 

site 

Percentage of green 

spaces 

Green Area Ratio% 

= 15% (for the 

residential unit) 

Green Area Ratio% 

= 2.7% (for the 

entire complex) 

Not less than 15% of the 

site area 

The measured value is 

less than the minimum 

limits in international 

standards. 
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Green space index 

adjusted for plant 

quality 

Adjusted _Green 

_Index (0.5,0.8,0,1) 

= 0-15% (for the 

residential unit) 

Adjusted_Green 

_Index = 1.35%-

2.7% (for the entire 

complex 

GF <=0.30-0.50% to 

ensure sustainability 

Not less than 100% of 

the built-up land area 

Design 

compatibility 

with local 

climate 

Percentage of energy 

consumption reduced 

due to climate 

compatibility. 

Energy_ Saving 

_Climate% = 62.4% 
30-50% 

standards compliant 

Reducing heat gain 

due to climate design 

Heat _ Gain 

_Reduction% = 

62.4% 

More than 50% 

 

 
 

Figure 10. Comparison between calculated and standard values of the thermal comfort index 

 

 
 

Figure 11. Comparison between calculated and standard values of the passive energy strategies index 

 

 
 

Figure 12. Comparison between calculated and standard values of the environmental compatibility index 
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Figure 13. Comparison between calculated and standard values of the indoor environmental quality (IEQ) index 

Figure 14. Comparison between calculated and standard values of the site management index 

Figure 15. Comparison of calculated values and standard values for all sustainable environmental design 
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formance indicators and 

energy efficiency standards from the early design stages. 
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