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Abstract 
 
Natural lighting is a necessary human need, and it has an important role to 

improve the internal environment and reducing energy consumption in 

buildings, in addition to its aesthetic value. Scientific studies have proven its 

importance in affecting on humans health and raising the efficiency of his 

performance,Its very necessary in healthy buildings as an important 

therapeutic aspect for human health and to enhance the body's immunity in 

resisting diseases, the paper aims to study the Optimized  design  for 

openings(windows) in healthy buildings, especially the design of openings  

in the spaces of the nursing units, which are the most important spaces in 

hospitals  buildings, to provide a healthy environment and climate comfort in 

those spaces, improving  the internal environment of spaces from during the 

optimal healthy natural lighting , energy saving and get the best sterilization 

rate , In practical study the paper select  (Al Salam Hospital) in Mosul city as 

a local model for hospitals buildings, with the help of the computer 

program(Grasshopper), to reach the Optimization in design of openings in 

the spaces of the nursing units according to the local climatic elements, 

which is what the paper conclude in the practical application. 
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1 Introduction 

 
Natural lighting is an important and necessary component of living 

organisms, including human beings, which contribute to the provision of a 

healthy climate for him, and thus affect the human health and psychological 

status and thus increase in performance and productivity, and emerged many 

recent studies that dealt with the relationship between providing sufficient 

amount of natural lighting and human health and efficiency Its performance, 

and therefore the need to link architects in the design of buildings with 

natural energies such as natural lighting to find buildings and healthy 

architecture contribute to improving the internal environment of the 

occupants of these buildings, hence the importance of the paper, which aims 

to study The effect of the modular units of the windows on the natural 

lighting in the nursing units of the hospital buildings, to create an 

environment that enhances the process of hospitalization for the importance 

of the health of the occupants of the building and the completion of their 

recovery. 

 

2 The Importance of Daylight in Health Buildings 

 
Recent studies have pointed to the importance of natural light in human 

life because it allows us to see what we do and do our daily activities, but the 

effect is also psychological. It reduces the state of depression and fatigue and 

the treatment of some cases [1] daylight is an important aspect of the health 

environment and hospital buildings. This is the most important physical 

aspect to be observed in the design of patient wings for these buildings[2] 

The health importance of exposure to sunlight in the eradication of bacteria 

and germs and their impact on the human condition physically and 

psychologically[3], Health professionals and doctors recommend the need to 

be exposed to daylight to avoid diseases such as rickets and it gives 

continuous stimulation of the work of skin, eye, blood vessels and 

hormones[4] So we can say that the effect of light health is four aspects 

(improving the visual performance of the eye, control of the performance of 

the body, psychological and cognitive effect, finally facilitate the work of 

body hormones and chemical reactions within)[5]. 

 

3 Previous Literature 

 
In this paragraph, the paper will discuss a group of studies and opinions 

that dealt with the topic and its importance.  
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3.1 Study Joseph (2006) 
 

The study dealt with the importance of light in health buildings through 

its ability to meet the needs of the patient and provide a good amount of 

lighting with the importance of providing a environment with good lighting 

and comfortable free of glare and its preference to artificial lighting for the 

light of the day is important in strengthening the health aspect of the human 

and help him to resist diseases and reduce the Energy consumption This is 

done through the good design of the windows[6]. 

 

3.2 Study Aripin (2007) 
 

The study reviewed the importance of the use of daylight in the design of 

patients' wings in hospitals through conducting a pilot study on Malaysian 

hospitals, considering that the adoption of natural light in addition to 

artificiality is an important strategy in the therapeutic process, which is an 

important tool to achieve sustainable design for therapeutic buildings, 

including hospitals.Economic growth through energy conservation [7]. 

 
3.3  Study Lecces and Others (2016) 
 

The study dealt with the importance of lighting in hospital buildings In 

hospital buildings, as in other large multi-purpose buildings, a wide range of 

work environments, The study focused on measuring the sources of artificial 

lighting in one of the health buildings in Italy to achieve the efficiency of 

lighting and reduce the energy consumed.[8] 

 
3.4 Study Shaheen and Almamouri(2018) 
 

The study considered natural lighting as an important and essential 

environmental component and one of the environmental characteristics that it 

is necessary to employ as an indicator of the Bayville design which includes 

meeting the human needs in belonging to nature and the environment. It 

focuses on contributing to the achievement of human health and increasing 

its productivity. The study presented a set of global models of patients' 

hospital units, citing the lack of sufficient natural light in many local 

models[9]. 

All the studies confirmed an important goal for facility designers should 

be to fulfill human needs for light and provide a high-quality lighted 

environment. 
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4 The Importance of Exposing Buildings to Solar Radiation 

 
Solar radiation can make the building healthy by affecting bacteria and 

bacteria by allowing openings and windows to introduce ultraviolet radiation 

into space. [10] Daylight entering through windows can be extremely 

beneficial to patients, provided there is no glare and it is possible to control 

light levels. [11] . 

Exposure to outdoor daylight is a key factor in determining the phase of 

the circadian rhythm. According to Boyce and colleagues (2003), daylight 

provides a higher light level at the eye that is matched to the spectral 

sensitivity of the circadian rhythms than most electric-light sources. By 

controlling the circadian system, light—both natural and artificial—impacts 

many health outcomes among patients and staff in hospitals such as 

depression, sleep, circadian rest-activity rhythms, as well as length of stay in 

the hospital. (Joseph) described his findings in his daylight studies as 

"reducing depression among patients, improving sleep and rhythm, relieving 

agitation among patients with dementia, relieving pain, and improving 

adaptation to work in night shifts among staff. [6] ―A retrospective study of 

myocardial infection patients in a cardiac intensive-care unit treated in either 

sunny room or dull rooms found that patients stayed a shorter time in sunny 

rooms (2.3 days in sunny rooms, 3.3 days in dull rooms).‖ [12]In addition to 

the health importance of natural lighting, there is an economic importance is 

to reduce the consumption of energy needed to operate the light bulbs, where 

savings during daylight hours can be as high at 87% in daylight patient 

rooms. Therefore, we can show that the effect and importance of light in 

achieving a healthy environment when designing hospital buildings is shown 

in Table1. 

 
         Table 1 :Importance of  day light in achieving a healthy environment when 

designing hospital buildings(researchers) 

 

  

 

 

    

 

 
 
 
 
 
 
 
 
 

Effects  Importance  Parts of the building 

concerned 

Sterilization  affecting bacteria and bacteria Openings and 

Windows 

 
Therapeutic  Relieve pain and provide the body with 

important elements and vitamin D, 

Increase and improve immunity  

Psychological  Reduce depression and improve the 

mood of patients and employees inside 

the building 

economic Reduce energy consumption 
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 4.1   Daylight in Nursing Units 
 

  In the research fraternity of healing environment, there is a growing 

consensus recognising the window as one of the most significant physical 

aspects for patients and medical staff physically, psychologically and 

mentally. There are two benefits of windows: one is daylight and the other is 

view.[13] In an empirical research conducted by keep and others as quoted 

by of two groups of individuals in the intensive ward therapy unit: one was 

unit without windows, and the other with translucent windows; indicates that 

patients with translucent widows were more oriented during their stay and 

gain better health outcomes such as avoiding sleep disorders, hallucinations 

and delusions. Even with translucent windows in this aspect do provide the 

vital link to the outside world for patients and the feeling of orientation 

helped to maintain their normalcy [13] In the reviewed studies, the area, 

height, orientation, form of plan, height/width ratio, reflection coefficient, 

and cross-section forms of light-wells have been considered as variables 

affecting their daylighting[14]. 

 
                   4.2 Relationship between Window Openings and Natural Lighting 

 
The window is an aperture in an opaque envelope which provides a view 

to the outside. The size and position of windows should be designed in 

relation to the eye level of building occupants. In hot climates  like Iraq the 

solar gain is controlled by several ways ( shading systems , installation of 

collector windows and double-skin facades and use of heat control glass) 

[16]. 

 Window area or window-to-wall ratio (WWR) is an important variable 

affecting energy performance in a building. Window area will have impacts 

on the building's heating, cooling, and lighting, as well as relating it to the 

natural environment in terms of access to daylight, ventilation and views. 

The window-to-wall ratio is the measure of the percentage area determined 

by dividing the building's total glazed area by its exterior envelope wall 

area[17]. 
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5 Case Study 

 
  The paper select in the practical study as acase study Al Salam Hospital, 

a hospital located in the city of Mosul, a government hospital located on the 

left coast of Mosul. Japanese company (Taubisi) has carried out the 

construction and processing of supplies and service equipment. Marubeni, 

Japan's main company has furnished the hospital and installed medical 

equipment. The work was completed in 1985. The hospital was officially 

inaugurated on 14 December 1985. The total building area It was (27,617 

m2)[15]. Figure 1 shows Al Salam Hospital in mosul city- Iraq. 

 
 
 
 
 
 

 

   

 
Figure 1 Al Salam Hospital in mosul city- Iraq 

  

 6  Mythology  
 

By looking at the global models of nursing units, it is shown that they are 

in two samples depending on the dimensions, one of which has dimensions 

(5 * 6) m2, which includes three beds for patients and the other dimension (6 

* 8) m2, which includes four families, Two samples were used for each 

sample, each sample containing two sheets, three times the windows,These 

models were introduced into the Grasshopper-Honeybee program for the 

purpose of analyzing the amount of natural light entering the interior space 

and by means of a algorithm that was programmed by us and by the python 

language. 

 The following data (dimensions, dimensions, walls, Time Analysis), The 

output of each model is four images, which are (internal perspective, 

horizontal section, internal perspective, including the distribution of the 

incoming lighting, horizontal section containing the internal lighting 

distribution). Table 2 shows the selected models and their dimensions with 

the dimensions of the windows. Figure 2  provides  Measurements of the 

measurement ruler. 
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Figure 2  Measurements of the measurement ruler 

 

 

Table 2 : Sample of Nursing Units selected for practical 
 

 

Sample of Nursing Units selected for practical 

Name 

of 

Simple 

figure Interior dimensions of 

space(M) 

 

Numbers 

of windows 

dimensions 

of windows 

e(M) 

X1  (6*5) 2 (1.5*3.5) 

X2  (6*5) 3 (1*3.5) 

X3  (8*6) 2 (2.5*3.5) 

X4  (8*6) 3 (1.5*3.5) 
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Table 3  Analysis model of Quantity  Luminous sample in summer (21 June) for 

South Elevation 

 
Analysis model of Quantity  Luminous sample in summer (21 June) for South Elevation 

Name of 

Simple 

X1 X2 X3 X4 

Interior Model 

    

Section Plan 

Model 

    

Analysis of 

Interior Model 

    

Analysis of 

Section Plan 

Model 
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Table 4  Analysis model of Quantity  Luminous sample in winter (21 December) for 

Sou th Elevation 

Analysis model of Quantity  Luminous sample in winter (21 December) for South Elevation 

Name of 

Simple X1 X2 X3 X4 

Interior 

Model 

  

 

 

Section Plan 

Model 

 

  

 

Analysis of 

Interior 

Model 

 

  

 

Analysis of 

Section Plan 

Model 
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Table 5  Analysis model of Quantity  Luminous sample in summer (21 June) for 

South Elevation 

 

 
Analysis model of Quantity  Luminous sample in summer (21 June) for North Elevation 

Name of 

Simple 

X1 X2 X3 X4 

Interior 

Model 

 
   

Section 

Plan 

Model 

  
  

Analysis of 

Interior 

Model 

 

   

Analysis of 

Section 

Plan 

Model 
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Table 6.Analysis of quantity of luminance sample 

 
 

        Table 3 shows Analysis model of Quantity Luminous sample in 

summer(21 June) for South Elevation For the nursing units of the building 

(Al Salam Hospital)  And in it (inerior Model,section plan for Model and 

Their Analysis. Table 4 shows Analysis model of Quantity Luminous sample 

in winter (21) for December South Elevation For the nursing units of the 

building  (Al  Salam Hospital)  And in it (inerior Model,section plan for 

Model and  Their Analysis.  Table 5 shows Analysis model of Quantity  

Luminous sample in summer (21 June) for north Elevation For the nursing 

units of the building Table 6 showing a comparison between the four models 

in terms of Anlsiys of quantity of luminance sample in summer and winter on 

north and south Elevation. 

The second stage of the study was calculated by the proportion of 

sterilization table (7,8,9,10) by balancing the two facts are the balance 

between control of the heat and the need for sunlight for health purposes, 

through the efficiency of the windows to provide exposure to the sun based 

on the calculation of the number of solarization hours and the size of the 

direct column of the sun and the space[17], The percentage of the area of the 

different windows of the northern and southern directions and during the 

summer and winter period for each facade and for the four models, a method 

to measure the proportion of sterilization in volume because the process of 

sterilization of ultraviolet radiation depends on the frequencies of the 

wavelengths of radiation coming and not the amount of energy .see tables 

(7,8,9,10)  

 

Sterilization ratio =Volume of sun rays in the space (m3)  

 

 

                                      Volume of the  space (m3) 

 

 

 



 

                                                                                                                  
 

 

 

Table 7 Space sterilization ratio in north (summer) 

 

 

 

 

 

 

 

 

 

 

 

Table 8 Space sterilization ratio in north(winter) 

 

 

 

 

                      Table 9 Space sterilization in south (winter) 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Space sterilization ratio in north (summer) 

SAMPLES FOR 21/6 /NORTH 

name sample volume light 

in space 

voluom space Space sterilization 

ratio 

X1 28 135 21% 

X2 15.75 135 12% 

X3 52.5 216 24% 

X4 54 216 25% 

Space sterilization ratio in north (winter) 

SAMPLES FOR 21/12 /NORTH 

name sample volume light in space volume space Space sterilization 

ratio 

X1 28 135 21% 

X2 15.75 135 12% 

X3 

 

52.5 216 24% 

X4 54 216 25% 

Space sterilization ratio in south (WINTER) 

samples for 21/12 /south 

name sample light  emvolu

in space 

 emvolu

space 

Space 

rilization ste

ratio 

X1 56 135 41% 

X2 63 135 47% 

X3 70 216 32% 

X4 54 216 25% 
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Table 10. Space sterilization ratio in south (summer) 

 

 

 

 

 

 

 

 

 

 

7 Analysis Result 

 

Results were analyzed by a program so Excel to reach final conclusions, 

the analysis included the following results 

 

7.1 Analysis of Quantity for Luminance Sample 

The results of the analysis showed that the best model that achieves the 

ratio of natural light into space is the model (x3) as in figure (3) followed by 

the model (x2), where the rate of light entering the space and all the 

interfaces and chapters in the model (x3) 1000 Lux figure (4), The results 

also show that the direction to the south is better because it will enter a large 

amount of lighting in the winter and necessary to sterilize the interior space 

where all models reach 1500 Lux. 

 

 
 
 
 
 
 

 

Figure 3. Analysis of Quantity for Luminance sample 

 

Space sterilization ratio in SOUth (summer) 

SAMPLES FOR 21/6 /SOUTH 

name sample light in  emvolu

space 

 emvolu

space 

Space 

sterilization 

ratio 

X1 14 135 10% 

X2 15.75 135 12% 

X3 26.25 216 12% 

X4 54 216 25% 
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Figure4. Avarage of Quantity for Luminance sample 

 

 
7.2 Analysis of Space Sterilization Ratio 

 
  This analysis is the most important in the design of nursing rooms, where 

we should mention the minimum limits for sterilization of nursing rooms 

between 45-50%. Based on the results of this analysis, we note that the best 

model is (X2) Winter and on the southern direction to the limits of 47% and 

it is the best model .The results of this analysis shown to us figures  (5, 6, 7, 

8). 
  

 

     Figure 5 Space sterilization ratio in Northern         Figure 6  Space sterilization ratio in              

 (Summer)                                                                                 Northern (Winter) 
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Figure 7  Space sterilization ratio in Southern        Figure 8  Space sterilization ratio in 

(Winter)                                                                                  Southern(Winter) 

 
 

                     7.3 Analysis of Coefficient of Correlation 

 

 

 Table 11 Space sterilization ratio in north (summer) 

 

 
   

  Through the calculation of the coefficient of correlation between 

Average of the ratio of the amount of natural light entering the space and 

Average of the sterilization within space for all Samples by Excel program, 

The result showed that correlation coefficient is 0.95 indicates a positive 

strong relationship between them, the more the amount of light entering the 

space increased the proportion of space sterilization. 

  In addition, the ratio of correlation that emerged also indicates the 

strength between the size of the opening of the net and the proportion of 

sterilization and the more correct the proportion of sterilization and this 

indicates the validity of the relationship in the equation of the ratio of 

sterilization space nursing room see table 11 
 

 

.  

Space sterilization ratio in north (summer) 

SAMPLES FOR 21/6 /NORTH 

name sample Average  

Luminance 

space 

Average  

sterilization 

Coefficient of 

correlation ratio 

X1 875 0.2 +0.95 

X2 762.5 0.2 

X3 1000 0.2 

X4 1500 0.3 
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      8 Conclusions 

 
 The results show that the best sterilization rate for spaces ranges between 

45-50%. 

 Be the most important factor in the design of nursing units based on the 

proportion of sterilization spaces and not quantity. 

 The results of correlation coefficient showed that there is a strong positive 

relationship between the ratio of sterilization of space and the amount of 

light entering the space, this also indicates that the more windows we 

increased in terms of number or dimensions, we have increased the 

proportion of sterilization spaces. 

 The results showed that the best orientation of nursing units is the 

southern orientation, based on the analysis of the amount of internal solar 

light to the space and also on the proportion of sterilization of space. 

 The results showed that the best model we can choose during the design 

of nursing rooms is the model (X2), which is a dimension of (5 meters * 6 

meters) with a capacity of three beds, which has two window openings (2 

meters * 2 meters). 
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