
The impact of glazing characteristics, orientation and wall reflectance on energy, daylighting, 
visual comfort and environmental performance in patient rooms 

 
Nazanin Eisazadeh1, Frank De Troyer1, Karen Allacker1 

1Department of Architecture, Design and Engineering of Construction and Architecture Unit, 
KU Leuven, Leuven, Belgium 

 
 
 

 

Abstract 
The purpose of this study is to evaluate the impact of 
glazing characteristics, window orientation and different 
wall reflectance on the energy use and cost, daylighting, 
visual comfort and environmental performance in patient 
rooms. The methodology combines dynamic energy 
simulations, dynamic visual comfort and daylight analysis 
and integrates these in a life cycle assessment of the 
patient rooms, covering a wide range of environmental 
indicators. The results show that the wall reflectance has 
a major impact on the daylighting levels especially for 
glazing with lower light transmission. The findings 
indicate that the most significant environmental impacts 
are associated with global warming, human toxicity 
(cancer and non-cancer effects), particulate matter 
formation and eutrophication. The major drivers behind 
these impacts are energy use and production processes.  

Key Innovations 
 Multi-criteria evaluation approach  
 Building-integrated life cycle assessment study, 

covering a wide range of environmental 
indicators. 

Practical Implications 
An integrated assessment approach is necessary to obtain 
a correct insight into the windows performance; the 
optimum solution differs based on the priority set in the 
design objectives and it is up to the designer to select the 
most suitable solution. 

Introduction 
The building sector accounts for approximately 40% of 
European Union (EU) energy consumption and 36% of 
the CO2 emissions (Andersen et al., 2020). Hospitals are 
considered to be among the most energy demanding 
building types (Balaras et al., 2007; Buonomano et al., 
2014) and account for nearly 10% of the total energy use 
in EU (Valdiserri et al., 2020) and produce more than 5% 
of the greenhouse gas emissions (Stevanovic et al., 2019). 
Hence, strategies are needed to reduce the environmental 
footprint of this sector by reducing operational energy use 
through enhanced energy efficiency while still 
maintaining a comfortable indoor environment that 
supports the health and well-being of the occupants. 

Life cycle assessment (LCA) is an internationally 
accepted method for quantifying the environmental 
impacts of a product throughout its entire life cycle. LCA 

is most often used in comparative assessments to compare 
the environmental performance of construction products 
or to identify the main environmental impacts of a product 
life cycle (Andersen et al., 2020; Stazi et al., 2012). 

An extensive literature review revealed that very few 
studies focus on the role of different design parameters on 
patient rooms performance (Cesari et al., 2020; Sherif et 
al., 2014; Wagdy et al., 2017). Moreover, a 
comprehensive study that simultaneously analyses the 
impact of different design parameters on energy use and 
cost, daylighting, visual comfort and environmental 
performance, does not exist. The literature review also 
showed that only a limited number of studies address the 
LCA of window systems and buildings (Lobaccaro et al., 
2018; Najjar et al., 2019; Kiss and Szalay, 2020). 
Furthermore, there is no study to date that focuses on 
combining dynamic energy simulations and daylight 
analysis and integrates these aspects in a building-
integrated LCA study of window systems, covering a 
wide range of environmental indicators. This paper 
presents an integrated assessment approach to evaluate 
the performance of patient rooms, considering various 
design parameters and their impact on energy use and 
cost, environmental performance, daylighting and visual 
comfort. The methodology is applied to a typical patient 
room from a hospital in Belgium. The study aims to 
evaluate and compare the effect of different design 
parameters on the performance of patient rooms. The 
results are presented in a graphical way to allow designers 
to understand the cause/effect relationship between the 
performance indicators and the various design 
parameters.  

Methods 
The indicators for evaluating and comparing the 
performance of the design options are EUI (Energy Use 
Intensity - kWh/m2), AUC (Annual Utility Costs - €/m2), 
sDA (spatial Daylight Autonomy), UDI (Useful Daylight 
Illuminance), DGP (Daylight Glare Probability) and 
environmental costs (€/m2 total floor area). The 
alternative design options are evaluated in three steps. In 
the first step, parametric simulations are carried out to 
analyse the effect of the different design parameters on 
the performance. In the second step, for each glazing type 
and window orientation, the life cycle environmental 
impact of the patient rooms is calculated and analysed. 
The final step provides a side-by-side comparison of the 
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selected design options for each glazing type for different 
window orientations.   

The patient room model is generated with Grasshopper, a 
plugin for Rhinoceros 3D modelling software. Detailed 
patient room simulation parameters such as construction 
types, materials and schedules are assigned to the model 
via Ladybug 0.0.68 & Honeybee 0.0.65 components for 
Grasshopper. Parametric simulations are performed using 
the Grasshopper plugin Colibri 2.0 from CORE Studio 
included in TT Toolbox. Ladybug & Honeybee 
components are used to connect to the simulation engines 
EnergyPlus, Radiance and Daysim for the energy, 
daylighting and visual comfort analyses. The LCA study 
is performed with the “MMG+_KU Leuven” tool which 
is an Excel-based tool developed at the Architectural 
Engineering research division at KU Leuven. 

Simulation Model Description 

The parametric model represents a patient room with 
spatial dimensions of 3.60 x 5.60 x 3.0 m (width x length 
x height) as illustrated in Figure 1; no external 
obstructions are taken into account. The patient room has 
one external wall with glazing (40% Window-to-Wall 
Ratio - 1.90×2.28 m), while all other surfaces are assumed 
adiabatic. The thermal properties of the envelope are 
according to the Belgian standards for new buildings. 
While the reflectance of the ceiling and floor is kept 
constant at 0.8 and 0.2 respectively, the reflectance of the 
walls varies from 0.2 to 0.8 with 0.1 increment. In 
addition, four major orientations of the window, i.e. north, 
south, east and west are analysed. EnergyPlus weather 
data for Brussels (latitude 50.90° N and longitude 4.53° 
E) with mild maritime climate is used for the simulations. 
In order to study the impact of glazing characteristics on 
the performance, eight glazing types are considered. 
Table 1 lists the key properties of the glazing types and 
Figure 2 shows the position of the coating within the 
glazing. The Berkeley lab WINDOW 7.6 software is used 
to determine the thermal and optical characteristics of the 
glazing.  

Energy Analysis 

The annual energy use of the design options is calculated 
using EnergyPlus (for comfort and system settings see 
Table 2) taking the solar and thermal properties of the 
glazing into account with detailed layer by layer glazing 
system modeling. In this study, a daylight-linked lighting 
control is employed which incorporates a lighting 
schedule generated via Daysim through the Honeybee 
component for annual daylight simulation. This ensures 
that the impact of wall reflectance is taken into account 
for calculating the lighting energy use. As the illuminance 
necessary for simple examination and reading is 300 lux, 
this value is set as the threshold for activating lighting at 
the reference point. The lighting sensor is located at the 
patient’s position and lighting is switched on if the 
illumination level drops below this threshold. For 
calculating the annual utility costs, the natural gas 
(heating) and electricity (cooling and lighting) prices 
(€/kWh) are based on the Belgian market prices. It should 

be noted that the price of electricity for one kWh is 
approximately four times higher than the price per kWh 
of natural gas.  

Daylight and Visual Comfort 

In this study, we use a number of climate-based metrics 
that take into account realistic sun and sky conditions over 
the year, to assess daylighting and visual comfort. Based 
on the CEN daylighting standard (European Committee 
for Standardization, 2018) the recommended minimum 
level for the Median value of daylight provision is 300 lux 
on the reference plane during more than 50% of the 
daylight hours. Additionally, according to LEED v4.1 at 
least 55% sDA300/50% is required to obtain two daylight 
credit points (Daylight | U.S. Green Building Council, 
2021). Hence, a minimum 55% sDA300/50% is used as the 
daylighting threshold in our study to ensure adequate 
daylighting performance. 

The daylighting simulation is performed from 7 AM to 8 
PM, as during this period of the day the patients need 
daylight/lighting. The task level plane is located 0.9 m 
above the ground (bed surface level) and divided into an 
analysis grid of 0.3 m spacing. The location of the 
reference point sensor is selected based on the patient’s 
position, the UDI100-3000lux and UDI>3000lux values for this 
sensor point are reported in this study. DGP is based on a 
glare view direction for a patient in fowler’s position 
(patient sitting in a semi-upright position in bed) looking 
perpendicular to the wall in front, eye height at 1.17 m 
above floor level (see Figure 3). As for the glare analysis, 
the percentage of the annual occupied hours that the DGP 
is below 0.40 is calculated, which shows the perceptible 
and imperceptible glare range (Wienold, 2009; Suk, 
Schiler and Kensek, 2017). 

Environmental Impact Assessment 

The “MMG+_KU Leuven” tool is used to analyse the life 
cycle environmental impact. This tool is based on the 
MMG method which is the national method in Belgium 
to quantify the environmental performance of building 
elements. The LCIA (Life Cycle Impact Assessment) 
method applied in MMG combines the environmental 
impact indicators CEN and CEN+. The CEN indicators 
consist of seven environmental impact categories in line 
with the European standards EN 15804+A1 and EN 
15978 for construction products and buildings.

Figure 1:The actual patient room plan and the abstract 
simulation model. 
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Table 1: Glazing characteristics. 

GLZ [Tvis/g-value] Configuration  Coating features ρfvis ρbvis τsol ρfsol ρbsol α1 τuv U-value  

GLZ1 [0.82/0.80] 4-16-4 No coating 0.15 0.15 0.76 0.13 0.13 0.05 0.60 2.55 

GLZ2 [0.82/0.60] 4-16-4 Low-e 0.12 0.12 0.55 0.31 0.30 0.07 0.49 1.17 

GLZ3 [0.73/0.38] 4-16-4 Solar control + Low-e 0.12 0.13 0.35 0.42 0.44 0.21 0.15 1.13 
GLZ4 [0.61/0.31] 6-16-4 Solar control + Low-e 0.13 0.13 0.28 0.38 0.44 0.33 0.14 1.11 
GLZ5 [0.76/0.74] 4-15-4-15-4 No coating 0.20 0.20 0.70 0.19 0.19 0.06 0.55 1.72 
GLZ6 [0.75/0.50] 4-15-4-15-4 Low-e 0.16 0.16 0.44 0.36 0.36 0.13 0.38 0.62 
GLZ7 [0.68/0.35] 4-15-4-15-4 Solar control + Low-e 0.15 0.17 0.31 0.44 0.43 0.22 0.12 0.61 
GLZ8 [0.47/0.25] 6-15-4-15-4 Solar control + Low-e 0.16 0.20 0.21 0.40 0.47 0.38 0.11 0.88 
GLZ#: glazing unit   Tvis: visible transmittance    
Configuration: 4, 6 glazing thickness (mm) - 15, 16 cavity thickness (mm)  Low-e: Low emissivity 
ρfvis: visible front reflectance  ρbvis: visible back reflectance  τsol: solar transmittance 
ρfsol: solar front reflectance    ρbsol: solar back reflectance     α1: apsorbtance of outer glass pane    τuv: uv transmittance   U-value (W/m2K) 

 

Table 2: Input values for the energy simulation model. 

HVAC system 

Fan coil unit + DOAS (Dedicated Outdoor Air System) 

Cooling: chilled water coils, cooling system COP 5.5  

supply air temperature 14 °C 

Heating: hot water coils, thermal efficiency 0.9 

supply air temperature 40 °C 

Mechanical ventilation: constant volume fan, 2.0 (ac/h)  

total efficiency 60 % 

Thermostat set point: heating 21 °C and cooling 24 °C  

Fuel: natural gas (heating) and electricity from grid (cooling) 

System and internal loads 

Average occupancy: 0.05 person/m2 floor area 

Infiltration: 0.2 (ac/h) 

Equipment load: 3.58 W/m2 floor area 

Lighting power density: 6.5 W/m2 floor area 

Luminous Efficacy: 85 lm/W 

The CEN+ indicators include ten additional 
environmental impact indicators considered in the 
Belgian approach. The CEN indicators include global 
warming, ozone depletion, acidification, eutrophication, 
photochemical ozone creation, abiotic depletion 
resources-elements, abiotic depletion-fossil fuels and the 
CEN+ indicators cover human toxicity: cancer and non-
cancer effects, particulate matter formation, ionising 
radiation: human health, ecotoxicity (terrestrial, 
freshwater and marine), water scarcity, land occupation 
and land transformation (Environmental profile of 

building elements, 2013). For each impact category, the 
results are expressed as characterised results (equivalents) 
and as external environmental costs (monetary values, €). 
The latter is calculated by multiplying the characterization 
values for each environmental indicator by a monetisation 
factor. This factor represents the costs required to avoid, 
compensate or repair the potential damage caused by the 
emissions and resource depletion. Further details about 
this method can be found in De Nocker and De Backer 
(Annex: Update monetisation of the MMG method, 
2017). The environmental impacts associated with each 
glazing type are assembled based on the LCI (Life Cycle 
Inventory) data obtained from AGC (Asahi Glass Co., 
Ltd) Glass Europe. These data are then further processed 
in the MMG+_KU Leuven tool. In order to assess the life 
cycle environmental impact of the patient rooms, the 
design options are modelled in the MMG+_KU Leuven 
tool. The energy consumption estimated via EnergyPlus 
is inserted in the MMG+_KU Leuven tool to calculate the 

Figure 2: Dotted line: position of coating(s), Left side = outdoor (1= Outer glass pane). 

Figure 3: Patient’s position in the room and field of view.
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impacts. Further details about the procedure is provided 
in Figure 4. 

Results  
Step 1: Different wall reflectance and orientation 

The results of the simulations for each glazing type with 
different wall reflectance and window orientation are 
presented in Figure 5 and 6. The graphs show that wall 
reflectance has a major impact on sDA levels in all 
orientations especially for glazing with lower visible 
transmittance (Tvis≤0.61). Additionally, as the wall 
reflectance increases the average UDI100-3000lux of the 
room increases between 10-20% for all glazing types. 
However, for the glazing with the least visible 
transmittance (GLZ8) this increase can be up to 25%. The 
results show that a South window leads to 5-20% less 
energy use intensity compared to other orientations. 
Furthermore, the sDA values for a South window is 
similar to an East and West window for high values of 
wall reflectance (0.6–0.8), the difference is less than 5%. 
The exception being the glazing with Tvis≤0.61 (GLZ4 
and GLZ8) for which the sDA values can vary up to 20%. 
Additionally, the other orientations have higher useful 
daylighting levels and show higher probability for visual 
comfort i.e. DGP<0.4>95% and lower UDI>3000lux values at 
the patient’s position. The graphs show that none of the 
design alternatives with GLZ8 (Tvis=0.47) meet the 55% 
sDA levels, except for the South orientation option with 
0.8 wall reflectance. For each glazing type, looking at 
each window orientation separately, the EUI and AUC of 
the design options are quite similar as the wall reflectance 
is the only parameter that differs between them.  

Step 2: Environmental analysis 

In this step, the aim is to assess and compare the life cycle 
environmental impact of the patient room. For each 
glazing type and window orientation, the design option 
with 0.8 wall reflectance is selected and the life cycle 
environmental impact is analysed. Figure 7 shows the 
environmental impact per m² floor of the patient room. It 
is evident from the graphs that glazing with g-values≤0.50 
(GLZ3, GLZ4, GLZ6, GLZ7 and GLZ8) show a relatively 
similar performance, the difference between the 
environmental impacts is less than 5%. Moreover, GLZ2 
with the highest g-value (0.6) amongst coated glazing, has 
up to 15% higher environmental impacts. This is mainly 

due to higher solar gains which lead to a higher cooling 
demand. This pattern does not apply for the North 
orientation and all glazing types show lower/similar 
environmental impacts compared to other orientations as 
a result of lower cooling loads. GLZ1 and GLZ5 without 
coating have the highest environmental impact due to 
higher heating and/or cooling loads. The increase in the 
impacts can reach up to 20%. It should be noted that in 
the graphical results, the energy use for cooling is 
incorporated in the appliances and lighting category. The 
results also suggest (Figure 7-a) that the most significant 
environmental impact indicators in all options are global 
warming (red) followed by human toxicity cancer and 
non-cancer effects (green and yellow), particulate matter 
formation (purple) and eutrophication (blue). As shown in 
Figure 7-b the major drivers of these impacts are the 
energy use (electricity: blue, heating: red) and the 
production of materials (green). 

Step 3: Summarizing side-by-side comparison 

Figure 8 shows a side-by-side comparison of the design 
options with 0.8 wall reflectance for the four considered 
window orientations. The results show that all the options 
display relatively similar daylight levels for all window 
orientations except for GLZ8 with the least visible 
transmittance (Tvis= 0.47). The graphs show that the 
South orientation has lower EUI, however, the AUC is 
quite similar to the East and West orientations because the 
South windows have higher cooling loads (up to 35%) as 
a result of higher solar gains. Moreover, all glazing types 
show sufficient (sDA>55%) and relatively similar 
daylight levels except for GLZ8. The North orientation 
has up to 10% less environmental impacts compared to 
the other window orientations. This is mainly due to the 
significant reduction in the cooling demand (up to 70%). 

The graphs show that the South orientation has the highest 
probability for visual discomfort at the patient’s position 
with DGP<0.4<95% and higher UDI>3000lux values. In 
addition, GLZ7 (Tvis: 0.68, g-value: 0.35 and U-value: 
0.61) with solar control and low emissivity coating shows 
the overall best performance based on the objectives of 
this study i.e. least energy use and/or cost, lower 
environmental impacts, sufficient daylight levels 
(sDA>55%) and higher probability for visual comfort 
(higher DGP<0.4 and lower UDI>3000lux values).

Figure 4: Schematic overview of the LCA approach of the window system and patient room. 
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Figure 5: Performance of the design options: double glazing. 
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Figure 6: Performance of the design options: triple glazing. 
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Conclusions  
The findings show that the wall reflectance has a major 
impact on the daylighting levels. Increasing the wall 
reflectance from 0.5 to 0.8 increases the sDA values for 
north, east, south and west orientation between 15-45%, 
10-40%, 5-50% and 10-45% respectively. The impact is 
more significant for glazing with lower visible 

transmittance (Tvis<0.7). This is particularly important 
for patient rooms where an adequate daylighting level is 
necessary. The results show that the energy use intensity 
of the South orientation is 5-20% lower compared to other 
orientations. Furthermore, the sDA values for the South 
orientation are relatively similar to the East and West 
orientations for high values of wall reflectance (0.7–0.8). 
The only exception being GLZ8 with the least visible 

Figure 7: The environmental impacts of a) patient room, b) life cycle phases. 
* In the legend only the major environmental impact indicators are listed. 

Figure 8: Side-by-side comparison of the design options with 0.8 wall reflectance. 
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transmittance (Tvis=0.47). In addition, the other window 
orientations have higher useful daylighting levels and 
show higher probability for visual comfort i.e. 
DGP<0.4>95% and lower UDI>3000lux values at the patient’s 
position. The results reveal that solar control coated 
glazing (g-value<0.4) reduces the cooling loads 
significantly as overheating due to solar heat gains is 
avoided. However, we also see an increase in the heating 
loads but the decrease in cooling loads is more significant. 
This suggests that when selecting glazing, the effect of g-
value on the cooling loads should be considered, even in 
Belgium where heating is the dominant factor. Assuming 
that electricity is used for cooling and gas for heating, the 
energy benefits in terms of cost savings are higher as 
electricity is more expensive than gas.  

The findings show that the main contributor to the life 
cycle environmental impact of the patient room is the 
energy use. The most significant environmental impact 
expressed in monetary terms are associated with global 
warming, human toxicity (cancer and non-cancer effects), 
particulate matter formation and eutrophication. The 
major drivers behind these impacts are energy use and 
production processes.  

This study demonstrates the importance of a multi-criteria 
evaluation of window systems performance and assists 
the design decision process by providing a better 
understanding of the interaction between the different 
design parameters and the various performance 
indicators. Looking at the results, it is evident that the 
optimal window solution depends on the objectives of the 
project, whether it is the option of double or triple glazing, 
lower energy costs or higher visual comfort, fixed 
orientation etc. It can be concluded that analysing window 
systems performance with many design variables and 
taking into account various performance indicators, the 
optimum solution differs based on the priorities set in the 
design objectives and it is up to the designer to select the 
most suitable solution.  
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