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Abstract
The space layout is very essential in building design development and can significantly influence the energy performance of 
the built environment. Space layout design, which occurs during the early stages of scheme conception and design develop-
ment, is one of the most important tasks in architectural design. This systematic literature review focused on the investigation 
of space layout and perimeter design variables on the energy performance of the buildings and the study of major energy 
performance indicators, such as lighting, ventilation, heating, and cooling load considering climatic factors. The Scopus 
database was used for a thorough investigation of the publications using space layout relevant keywords to study building 
energy performance. About 55 primary articles were assessed based on the impact of different variables concerned with 
space layout design mainly building perimeter variables on the energy performance of the building. From the review, we 
can conclude that by enhancing the perimeter design variables and spatial configuration substantial amount of energy can be 
saved. The orientation of the building, climate occupancy, and building form have a major role in the energy consumption 
investigation. According to the study, hospitals consumes more energy due to specific functional requirement than other 
buildings, and studies on the spatial configuration of the hospital is comparatively less where further studies can consider 
this issue along with the combination of multiple performance indicators. Well-configured space layout design may prevent 
unreasonable energy consumption and enhance the overall sustainability of the building and contribute to climate change 
mitigation.
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Abbreviations
ASHRAE  American Society of Heating, Refrigerating 

and Air-Conditioning Engineers
CO2  Carbon dioxide
DHW  Domestic hot water
ECBC  Energy conservation building code
EPB  Energy performance of the building
EPI  Energy performance indicator
HVAC  Heating ventilation and air conditioning
kWh/m2  Kilo watt-hour/square meter
SLR  Systematic literature review
WWR   Window to wall ratio

Introduction

Globally buildings consume 30–40% of total energy and 
emit 30% of  CO2 [1, 2]. Worldwide energy consumption 
increased by approximately 2–3%, twice the average rate 
of growth since 2010, owing to a strong global economy as 
well as increased cooling and heating energy requirements 
[3]. The building sector is responsible for about 55% of the 
global electricity use [4]. The buildings like schools, res-
taurants, hotels, hospitals, museums, and others with a wide 
variability of uses and energy requirements, i.e., lighting, 
heating, ventilation, air-conditioning (HVAC), domestic hot 
water (DHW), refrigeration, food preparation, etc. Economic 
and population growth raises the demand for services in the 
field of healthcare, education, culture, hospitality, etc. along 
with its energy consumption [5]. Buildings have a lot of 
potential for energy efficiency, but there are some special 
regulations and acts that must be followed to achieve this. 
To achieve energy efficiency, appropriate design solutions 
should be established related to the causes that influence 
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the energy performance of the building (EPB). Climate, 
architectural form, construction materials, and enclosure 
are some of the elements that need to be considered, as 
well as overall equipment efficacy, building occupancy, and 
occupant behavior patterns. Modern energy efficiency tech-
nologies are largely focused on improving building envelope 
performance, efficient lighting systems, water conservation, 
renewable resource adaptation, intelligent control systems, 
HVAC, and so on. A combination of excellent architectural 
and energy system design, as well as efficient operations 
and maintenance post occupancy, determines the amount of 
energy utilized. Many countries have implemented energy-
saving policies and standards, and energy conservation in 
architectural design is a significant factor [6]. According to 
the 2015 report by US Department of Energy, it is indeed 
important to remember that different climates will almost 
certainly require different designs and equipment and that 
the performance and value of any component technology 
are dependent on the system for which it is used. The rate 
of energy needs and the physical comfort of the users are all 
commonly linked. The building and its design, in combina-
tion with the surrounding environment, have a substantial 
effect on the energy system adopted and its related efficiency.

Influence of architectural space layout 
on the energy performance of the building

Architecture involves the design, construction, and concep-
tion of built space. Architects design and develop structures 
that are complex systems with a variety of architectural ele-
ments. From the user’s perspective, many factors of environ-
mental ability, legibility, and imageability, such as structured 
space and building typology, as well as the intimate interac-
tion between inside and outside space, are required to inter-
pret building layouts. The building design is a complicated 
process in which crucial decisions about the building’s vari-
ous systems are made at an early stage [7]. Any building’s 
usage with a combination of architectural design, includ-
ing geometry and materials, can have a significant impact 
on its environmental behavior [8]. Due to shifting interior 
and external walls, the layout boundary can also be one of 
the design variables of the space layout design with a non-
fixed boundary. Changing space layout variables proved a 
reduction in the annual final energy consumption [9]. It has 
also been demonstrated that most of the existing unneeded 
space in buildings results from oversized public access and 
waiting rooms, as well as incorrect hallway design, unnec-
essary passages, oversized spaces, and increased service 
areas such as washrooms, offices, service areas, and others. 
Unacceptable height, place, and shape values for a building 
can lead to ineffective space use, resulting in wastage of 
space and added energy and material consumption [10]. The 

energy-efficient spatial configurations include effective volu-
metric variation in spaces along with strategic positioning of 
windows, and the use of elements such as window shades, 
and shaded courtyards to reduce direct solar radiation as well 
as reduce mechanical energy consumption. Well-thought-out 
layout design may avoid unnecessary energy consumption to 
enhance the overall sustainability of the building and con-
tribute to climate change mitigation [11]. Gracia et al. [12] 
concluded appropriate infrastructure planning turns out to 
be a key element in meeting energy efficiency requirements 
where they investigated that an optimal building layout or 
efficient building design reduces energy consumption due 
to heating and air conditioning systems. Zhang et al. [13] 
tested by modifying many passive design characteristics of 
the buildings to maximize the daylight, energy, and ther-
mal performance of three classic types of classrooms in the 
north of China. There are a less number of research con-
ducted that focuses on space planning and the ways space 
layout influences energy performance. Musau et al. [14, 15] 
found the possible influences of typical mixed, closed, and 
open layouts and their space utilization on the energy per-
formance of the laboratories and office buildings. The study 
was conducted at all occupancy levels to conclude the best 
combination of different layout configurations that helps to 
achieve a reduction in the floor area as well as its energy 
consumption. Bano et al. [16] investigated the placement of 
service rooms with minimal openings as thermal buffering 
on the west side and decreasing the surface-area-to-volume 
ratio as a design strategy to regulate the heat gain and, as a 
result, reduce the cooling load in six office buildings located 
in India's composite climate. They also determined that 
locating the service core all along the exterior provides for 
natural ventilation and sunlight. Du et al. [17] experimented 
with the effect of spatial layout on energy performance by 
creating 11 office layout variants and evaluating them for 
three different climatic zones to determine the day illumi-
nation effect through the design and execution of shading 
devices. The study used dynamic simulation and suggested 
future investigation of the influence of neighboring struc-
tures on natural ventilation systems related to air pressure, 
air velocity, and air direction. Effective space arrangement 
designs also resulted in a 65% reduction in lighting and a 
10% reduction in heating and cooling demand. Shahzad et al. 
[18] analyzed energy use by comparing standard cellular 
plans to open office plans and discovered that the cellular 
plans had higher energy consumption. Gärtner et al. [19] 
by using three distinct HVAC systems with four different 
control zoning schemes, investigated the influence of a flex-
ible workspace layout design on thermal comfort and energy 
demand in a contemporary open-plan office space using 
dynamic thermal simulation. Zhang et al. [20] investigated 
the different spatial configurations such as a single-sided 
covered corridor type, a single-sided open corridor type, 



433International Journal of Energy and Environmental Engineering (2023) 14:431–474 

1 3

and a double-sided corridor type school. The study found 
that the double-sided enclosed corridor type was the best 
option due to its high energy performance and that the one-
side covered corridor type concluding was the least suitable 
due to its relatively decreased visual comfort quality for the 
cold climate. Short et al. [21] recommended a feasible over-
all design approach as well as more detailed configurations 
for specific space types to empower clients and architects 
to execute low-energy ventilation and cooling strategies. 
Aldawoud [22] studied that atrium shape is a significant 
component to consider from a design and energy efficiency 
standpoint, primarily affecting the building’s heating and 
cooling loads. The overall space layout is always associ-
ated with space characteristics such as measurements, space 
form, internal partitions and openings, function allocation, 
boundary characteristics such as building form and orienta-
tion, enclosure design space properties such as functional 
requirements such as heating, cooling, ventilation, and light-
ing, and these are all integrated based on EPB. It is nec-
essary to use integrated design approaches that go beyond 
functional requirements to enhance the passive potential of 
different areas for a variety of environmental requirements 
across varied activities [14]. We can observe the multiple 
variables related to the space layout effect from the research 
of Delgarm et al. [23] where they evaluated with the help 
of simulation-based multi-objective optimization, the influ-
ences of specific architectural elements of a standard room 
on the energy consumption of buildings in four different 
climatic regions in Iran and it was discovered that using 
optimized spatial configuration for each climatic condition 
can save a significant amount of energy. The study looked 
at the impact of various building spatial design aspects such 
as building orientation, details of overhang, shading, win-
dow size, glazing, and wall material qualities on building 
energy usage in four different Iranian climates. Lavy et al. 
[24] found an incremental examination of simplified core 
building forms, daylighting controls, and 9 layout variants 
based on the shape (length and breadth ratio), the number 
of floors, window to wall ratio (WWR) of 40% along with 
external overhangs and their impact on the building exterior, 
as well as building orientation using simulation method of 
US military hospitals.

The research on the influence of architectural space layout 
on EPB is very less compared to the research on energy-
efficient design considering various approaches with related 
variables or parameters of architectural space layout like 
geometry/form, envelope, façade, windows, and shading 
devices. Along with these variables, geographic locations 
and climate for different building typologies also investi-
gated energy performance through various methodologies 
and for different occupancy rates. From past analysis, much 
research has been conducted exclusively on other design 
objectives like safety, wayfinding, logistics, connectivity, 

functional performance, etc. than energy performance. 
Because of the solar gain and solar exposure of the areas, 
the spatial arrangement determines the thermal and day-
lighting properties of a building. As a result, tools aimed at 
early design should consider the spatial configuration of the 
building as a component of energy-related aspects [7]. The 
novelty of this systematic literature review (SLR) highlights 
the influence of building design variables on the energy per-
formance of various building typologies. The various energy 
indicators of buildings mainly cooling, and heating load, 
lighting, and ventilation are comprehensively investigated.

The main objective of this SLR is to identify the most 
significant space layout-related variables on the EPB along 
with effective methodology as well as gap identification in 
this field to direct further research. Because an SLR is a 
synthesis of previous research to answer specific questions, 
it aids researchers in synthesizing a large amount of evi-
dence by explaining differences between studies and pro-
viding direction for future research or directing researchers 
to use a scientific approach in their studies. The questions 
that are subjected to framework and scientific investigation 
in SLRs can pave the way for more research by looking into 
the consistency and generalizations of data in building EPB 
in connection to space layout, particularly in hospitals. It is 
indeed useful for generating hypotheses that may be empiri-
cally tested [25].

The research questions are as below

1. What are the main aspects that are considered in the 
study on the EPB in association with architectural space 
layout and building perimeter parameters?

2. What are the different space layouts and perimeter vari-
ables influencing the EPB?

3. What are the different methodologies that are used to 
investigate the energy performance in association with 
architectural space layout along with building perimeter 
aspect?

Methodology

This SLR aims to identify crucial areas where more sci-
entific research is needed, with an emphasis on the EPB. 
The concerns investigated in SLR through meticulous 
and scientific analysis may open the path for additional 
research by examining the consistency and generality of 
data in the field of EPB, particularly in hospitals. It is 
also useful for generating hypotheses that may be tested 
empirically. A literature review was undertaken to deter-
mine the impact of variables of spatial configurations on 
EPB, as well as different approaches and performance 
metrics, along with interconnection between the vari-
ous objectives. We used the terms influence of “Space 
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layout on EPB”, “Simulation-based EPB”, and “influ-
ence of space layout variable on EPB” in our search. A 
literature review was undertaken to determine the impact 
of space layout variables on EPB, as well as different 
approaches and performance metrics, as well as the inter-
connection between the various objectives. The Scopus 
database was used to find papers published during the 
period 2006–2021 and approximately 4300 records were 
retrieved in the beginning using the defined keywords and 
the number of publications kept increasing year wise as 
shown in Fig. 1.

The number of works of literature was decreased to 
579 articles after excluding grey literature, extended 
abstracts, presentations, book chapters, keynotes, non-
English language papers, and inaccessible publications. 
Only 186 articles remained for the main body reading 
from the selected abstracts. 140 of them were evaluated 
for EPB concerning space layout and its perimeter vari-
ables, and these articles were downloaded for additional 
screening. There are 128 articles considered for quality 
assessment. In the end, 55 papers met all the inclusion 
criteria considered in this SLR from selected journals that 
are having a greater number of articles in the context of 
the subject area (Fig. 2).

The review papers concentrated on typologies other 
than residential buildings in the final exclusion step in 
the interest of improving global comparisons [27]. The 
structure of the paper includes the beginning introduc-
tion, where the description of the space layout and EPBs 
are elaborated. The next four parts of the paper discussed 
determining factors for space layout on the EPB, space 
layout and its related variables on EPB, performance 
indicators, methodologies involved in the investigation 
of space layout variables, and sample design details dur-
ing the investigation of the EPB. Then, the entire study 
analysis and conclusion with potential areas for future 
investigation are formulated in this review paper.

Inclusion criteria for articles

Articles on investigating the EPB of buildings of various 
typologies in connection to various space layout variables 
and energy performance indicators, as well as the various 
approaches used in the research, were included. For this 
systematic literature evaluation, only research publications 
with an impact factor of greater than 2.0 from the Scopus 
database were chosen. Impact factor calculation of journal 
as shown in the equation below.

IS = On average, the articles of the Journal. x = Year of cal-
culation, y = Previous year.

Exclusion criteria for articles

The articles concentrating exclusively on thermal comfort, 
construction related, the impact of environmental factors, 
and Net-zero building theory, and older than 2006 articles 
are excluded in this review article. The conference papers, 
book chapters, thesis reports along with review articles are 
excluded. The articles from the journal had an impact factor 
of less than 2.0 and articles from other than Scopus data-
bases are not considered for this paper.

Quality assessment

The selection of reliable and quality papers related to the 
identification of topics is a very big challenge in the SLR. 
Even though there is no standard methodology or process to 
select high-quality papers, journals with clear context and 
methodologies and value addition to the body of knowledge 
on the energy performance of buildings are considered for 
the review along with an impact factor of more than 2.0 
(Fig. 3).

ISx =
Citations − x + Citations − y
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Fig. 1  Publication trend from 2006 to 2021 on EPB based on search criteria. Source: Scopus database
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Data extraction

• Determining factors for space layout influencing EPB.
• Space layout and perimeter-related variables on energy 

performance.
• EPB indicators like total building energy performance, 

natural ventilation, heating, and cooling load, etc.
• Methodologies on an investigation of energy perfor-

mance along with simulation software.

The typical format for reviewing each article included the 
following parts: Authors, year of publication, journal with 
impact factor, geographic location, and climate zone of the 
study, building typology, keywords, focus area, methodol-
ogy, variables, software used, performance indicator, sample 
design, a summary of the study as mentioned in Tables 1 
and 2.

General characteristics of reviewed 
literatures

A. The keywords, “space layout”, “Energy”,” Buildings”,” 
Simulation”, and” Efficiency” are repeated in most of 
the reviewed papers. Thermal comfort, optimization, 
office, cooling, ventilation, and daylight also occurred 
repeatedly by many authors along with performance, 
consumption, etc.

B. Building typology- The search result shows many 
researchers focused on office buildings that had very 
basic functional parameters, and researchers discovered 
an ideal model to experiment and analyze the impact of 
space layout configurations and space boundary parame-
ters and then the emphasis on hospital buildings (Fig. 4).

C. From the identified review papers, we can analyze that 
a major part of publications from Europe followed by 
Asia. The major Number of publications country-wise 
are from China.

Determining factors for space layout 
to influence the energy performance 
of the building

Before moving on to the full review, it’s critical to under-
stand how the space layout parameters of the building can 
influence the EPB. There are several determining factors to 
decide the influence of space layout variables on the perfor-
mance of energy. Orientation of the building and windows, 
layout configurations, shading details, window-to-wall ratio, 
glazing details along with climate and occupancy are the 

more prominent variables from the reviewed works of lit-
erature which significantly affect the total energy demand 
including heating, cooling, lighting, and ventilation along 
with thermal comfort and visual comfort.

Occupancy

Many studies ignored the effects of user activity on EPB by 
employing constant or inevitable occupancy inputs, which 
frequently result in differences between simulated and 
actual building performance, as well as the simulated set-
ting becomes less realistic to real-world conditions. Because 
inhabitants, not buildings, are the principal users of energy, 
correct integration of technology and human elements may 
influence the design and functioning of low-energy struc-
tures [73]. Space layout, usage patterns, and system control 
approach defined during the design stage will differ once 
the buildings start functioning and result in energy ineffec-
tiveness [15]. Space layouts also influence occupant behav-
ior, such as whether they attend an activity or change the 
environment where the activity takes place. Varied occu-
pancy levels have variable internal gains as well as different 
comfort requirements, such as the overall quantity of ven-
tilation. Furthermore, diverse functions have varying levels 
of comfort requirements. Different comfort requirements 
among functions have an impact on overall energy usage 
[7]. The annual energy utilization of the building are all can 
be predicted by occupancy. Interior space design and control 
for diverse occupancy patterns must be carefully studied, as 
their effects on energy consumption may have a consider-
able impact on the use of office ventilation in a building. 
Buildings often have multiple zones, including heat transfer 
and balancing between them. Loads in one zone may esca-
late due to the varying thermal conditions of neighboring 
zones induced by occupant diversity [50]. These buildings 
may house a variety of activities with different operating 
hours, functional requirements, and occupancy patterns, 
all of which might affect their efficiency [73]. García Sanz-
Calcedo et al. [35] predicted the direct proportionate cor-
relation between the number of users in a Medical Clinic, 
its floor space, and the yearly energy usage of the building. 
Musau et al. [15] proposed an integrated planning strat-
egy that goes beyond functional requirements to maximize 
the passive potential of varied spaces and activities for a 
variety of environmental needs. The strategy also showed 
users, systems organization, and activities are the determi-
nant factors of energy performance by demonstrating the 
wide differences in per capita loads with space utilization 
intensity across activity spaces as well as layout options. 
Rajagopalan and Elkadi [44] studied the energy perfor-
mance of three medium-sized hospitals in Victoria, Australia 
that is only operational during the day to find variances in 
energy use between different functional sections within the 
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s b
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m

at
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A
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nt
at

io
n,

 sh
ap

e,
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 fl
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r o
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 b
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3 
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e 
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ng
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 b
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B
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dv
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ta
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at

io
n 
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° f
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 b
ui
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in

gs
 

w
ith

 a
 le
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-
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f 2
/1
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1/
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y
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 e
t a

l. 
[1

4]
In

 th
e 

U
ni

te
d 

K
in

g-
do

m
, t
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A
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Li

gh
ts

ca
pe

, a
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Ex

ce
l s

of
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ar
e 

pr
og

ra
m

s w
er
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us

ed
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-
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te
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e 
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ic

at
io

ns
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en

tio
na

l o
pe

n,
 

m
ix

ed
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 c

lo
se

d 
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si
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ac
e 
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tio

n 
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y 
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ra
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ui
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-
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g 
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er
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ul

at
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n
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er
m
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s 
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ar
e 

(T
A

S)
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Li
gh

ts
ca

pe
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nd
 

ex
ce

l s
of
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e

O
pe
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 c

lo
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m
ix
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yo
ut
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at
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n
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er

gy
 p
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3 
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s o
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cl

os
ed

, a
nd

 m
ix
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ut
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e 
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us
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 u
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rs
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iv
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tie
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d 

sy
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m
s 

ca
n 
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ru
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ur
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re
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se
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ac
e-
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pa
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 e
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en

ta
l d

iv
er

si
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 a
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po
rta

nt
 fa
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s o
f 
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ra
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 e

ne
rg
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pe
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em

pe
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t a
l. 

[2
9]
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g 
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d 
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m
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m
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at

io
n 
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w
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 c
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th
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l o
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at
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N
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S

W
W

R
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g 
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A
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l p
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at
e 
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4 

m
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m

 ×
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M
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 fo
r 
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 c
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 sh

ad
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 c
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s c
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r c
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[3

0]
Th
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 p
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f o
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 c
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N
A

R
at

io
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nd
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-
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ie
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n,

 w
al

l, 
w

in
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w
, r

oo
f, 

sk
yl

ig
ht

s, 
W

W
R

 

En
er

gy
 p

er
fo

rm
an

ce
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ol

in
g 

de
m

an
d
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3 

offi
ce

s -
H

ar
bi

n-
9 +

 B
ei

-
jin

g-
55

 +
 sh

an
g-

ha
i-1

8 +
 K

un
-

m
in

g-
12

 +
 H

on
g 

ko
ng

-1
9

W
al

l, 
ro

of
s, 

w
in

do
w

s, 
an

d 
sk

yl
ig

ht
s h
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e 

hi
gh

er
 h

ea
t g
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n/

lo
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 th
an

 th
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e 
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l 
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 c
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 c

lim
at

ic
 

zo
ne

M
us

au
 e

t a
l. 

[1
5]
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 th

e 
U

ni
te

d 
K

in
g-

do
m

, t
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A
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Li
gh

ts
ca

pe
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e 
pa
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 p
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f o
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at
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 p
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5 
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es
 o
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ut
-h
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 d
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 c
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d 
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m
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e 
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ut
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za
tio

n 
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um

p-
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n 
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e 
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in

 a
ss
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y 
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. D
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m
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K
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n 
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e 

oc
cu
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 5
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, w
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 p
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pi
ta

 lo
ad
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re
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%
 d
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[3
1]

Th
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er
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 p

er
fo

r-
m

an
ce

 o
f a

 c
en

tra
l 

at
riu

m
 is

 e
va

lu
at

ed
 

an
d 

co
m

pa
re

d 
to

 
th
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 o

f a
 c

ou
rty

ar
d 

w
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e 
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m

e 
G

eo
-

m
et

ric
 p

ro
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rti
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s

B
ui

ld
in

g 
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er
gy
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m
ul

at
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n
D

O
E2

.1
E

G
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ng
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g 
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tio
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at
e,

 n
um
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r o

f 
flo
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s

En
er

gy
 p

er
fo

rm
an

ce
A

n 
op

en
 c

en
tra

l c
ou

rty
ar

d 
su
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nd
ed

 b
y 

fo
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 a
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ac
en

t 
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ac
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, a
 sp

ac
e 

in
 e

ac
h 

di
re

ct
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n

Th
e 

op
en

 c
ou

rty
ar

d 
str
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tu

re
 p

er
fo

rm
s 

be
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r i
n 
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s o
f 

en
er

gy
 e

ffi
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en
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 th

e 
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or
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r 
bu

ild
in

gs
. H

ow
ev

er
, 

as
 th

e 
bu

ild
in

g 
he

ig
ht

 g
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w
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e 
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m
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r 
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 p

er
fo
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ga
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 th

e 
eff
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f g
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n 
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er
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 c
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tio

n 
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w
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0%
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rio

r w
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a 
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w
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B
ui
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in

g 
en

er
gy

 si
m

-
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at
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n/
Se
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vi
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an
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A
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E 

3.
0

O
rie

nt
at

io
n,

 o
pe

n 
an

d 
ce

ll 
ty
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 p
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n,
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e 
co
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ro

l s
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, t
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e 
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si
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f w
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w
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pe
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g 
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ce

s
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m
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 c
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 c
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su
m

p-
tio

n
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x-
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 h
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h 
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g 
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vi
ng

 a
 to

ta
l h

ei
gh

t o
f 
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 m

 a
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 th
e 
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2  w
ith
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o 
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 T
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om
 h
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gh

t w
as

 2
.7

 m
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e 
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 b
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w
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n 
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s 

w
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 3
.5

 m

H
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y 
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-
sk
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 c
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m
e 

m
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e 
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g 
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e 
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-
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n 
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 re
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w
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f g
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[2
1]
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ti-
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rfo
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at
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, c
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 C
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 o
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 b
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 d
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e 
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w
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ou
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sh
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 d
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 d
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at
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studied hospitals in comparison to available benchmarks. 
Paula Morgenstern et al. [54] concluded that as per defined 
benchmarks, various departments of hospitals consume dif-
ferent amounts of electrical energy, with inpatient wards, 
day care clinics along with other departments having lower 
average usage intensities than high electricity usage areas of 
hospitals such as operating rooms, laboratories, and imaging 
and radiotherapy departments. Yang et al. [30] introduced 
a framework for quantifying the energy implications of 
building-level occupancy diversity, using building informa-
tion modeling to stipulate building shapes, HVAC system 
configurations, and spatial data as inputs for computing.

Daylighting

Daylighting is a passive approach for improving energy per-
formance and visual comfort without incurring high instal-
lation and operating costs [74]. Daylighting is seen as a key 
component of space identity and space quality [75]. Also, an 
efficient sustainable strategy to improve the EPB [76]. Light-
ing constitutes a significant portion of building energy con-
sumption [77]. Insufficient natural daylight in the space and 
reliance on artificial lighting systems during the daytime waste 
more energy [63]. Building shape or geometry, along with 
primary design factors such as window design, shading design, 
roof design, façade design, building shape design, and so on, is 
one of the most impactful design decisions on daylighting to be 
considered in the early design stage [68]. An atrium, windows, 
and openings are potentially a major source of daylight for 
buildings and offer other environmental benefits in terms of 
solar gain, reduced energy losses, and natural ventilation [63]. 
According to Du et al. [17], the effect of daylighting can be 
explained by the different layouts including courtyards, atrium, 
the form of the buildings that impart different levels, and an 
appropriate space layout combined with the glazing design/
orientation, window design and the positioning of interior par-
titions. Optimizing space layout design may greatly reduce 
energy demand, particularly lighting requirements. Further-
more, the impact of space layouts on EPB varies depending 

on the environment. The maximum daylight is set around the 
windows on the edge of the space, while it becomes minimal 
as we move deeper into the interior and far from the windows. 
As a result, approaches to enhance the depths of space with the 
use of daylight are required [63]. The width-to-depth ratio is a 
vital room geometry factor that affects the interface of isother-
mal interior walls and outer walls, but also the dispersion of 
sunshine throughout the interior space of a room. The extent of 
the perimeter wall of the room determines the surface exposed 
to heat transmission through the façade and the amount of 
daylight. The depth of a room defines the amount of daylight 
penetration inside the building. Due to the large area of its 
exterior wall, a wide and shallow space with proper sunlight 
and light dispersion has a lot of heat reception and dissipation. 
A narrower and deeper chamber receives less sunlight, but 
it also receives less heat due to the small area of its exterior 
wall [42]. Norbert Harmathy et al. [53] studied to enhance the 
indoor illumination quality, an improved building envelope 
model emphasizing the perimeter of the building was created 
utilizing a multi-criterion optimization process and identi-
fied the most efficient window-to-wall ratio (WWR), window 
geometry, and glazing parameters. The design and control of 
a shade system are heavily influenced by climatic conditions 
and daylight availability. The shading device’s location, char-
acteristics, and control have a big impact on the natural light-
ing and thermal performances of peripheral office areas. The 
shading features and control have a direct impact on lighting 
electricity usage [29]. Omar et al. [63] investigated the circum-
stances of interior daylight and the energy performance of the 
library at Beirut Arab University using various architectural 
factors such as space depth, window size, exterior angle of 
obstruction as well as glazing visible transmittance. Also pro-
posed the daylighting designs based on hollow prismatic light 
guides in space design. Pilechiha et al. [70] present a method 
for assessing the effectiveness of view in office spaces while 
keeping energy efficiency and daylighting in mind, allowing 
for a window design optimization framework. Zhang et al. 
[13] investigated different spatial configurations to enhance 
daylight illuminance and reduce visual discomfort through an 

Fig. 4  Building typologies 
investigated in reviewed articles  
(Source: Scopus database)
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optimization process for a school building in China to prove 
that double-sided corridors are best compared to single-sided 
corridors for the study area located in the cold region.

Natural ventilation

By integrating openings with an appropriate space arrange-
ment, fresh air is provided to the rooms as needed. A func-
tion that needs more ventilation, such as a facility room, 
can be located near the windward external wall, whereas a 
function that demands less ventilation, such as a storage or 
equipment room, can be located near the leeward external 
wall. Slight changes in cloud cover, wind speed, and direc-
tion would have an impact on the availability of daylight and 
natural ventilation, which appear to be the most important 
aspects influenced by internal space arrangement [14, 15]. 
The following factors influence natural ventilation efficiency: 
climates, window opening schedule, building material, built 
area, and the number of building occupants in a building 
plan. Optimized window designs help to improve energy 
efficiency and thermal comfort in naturally ventilated struc-
tures [78]. According to Du et al. [7] changing the placement 
and size of buffer spaces, such as a courtyard, solar chimney, 
atrium, and light-well, has a significant impact on natural 
ventilation within buildings. The building with better space 
connection and integration has a higher natural ventilation 
velocity. The potential for natural ventilation is extreme in 
hot-dry and warm humid climates during all periods of the 
year [60]. Schulze and Eicker [39] determined that there is 
a need for regulating opening methods to avoid overcooling 
of rooms as well as provide sufficient fresh air during the 
heating season. Regulated natural ventilation was compared 
to mechanical ventilation and cooling for the assessment 
of cooling energy conservation. According to the simula-
tion results, properly created natural ventilation systems 
save between 13 and 44 kWh/m2 of cooling net energy per 
year for the 3 places Stuttgart, Turin, and Istanbul. Short 
et al. [21] created, cataloged, and aggregated environmental 
design propositions for clinical as well as non-clinical space 
types into a typical plan module, their energy performance 
along with the ventilation modeled to conclude that 70% 
of the gross floor area of small to medium-sized healthcare 
buildings could have passive ventilation and hybrid ventila-
tion approach might serve an additional 10% of net floor 
area.

Control of the heating, cooling, ventilation, 
and lighting system

Different space layouts are suitable for different types of 
control for space heating, space cooling, ventilation, and 
lighting systems [7]. HVAC systems are required under 
various climatic circumstances to create a suitable indoor 

thermal environment for occupants, equipment, and devices 
[79, 80]. Room geometry, window type, and positioning 
may significantly affect the air-flow rate and the cooling 
effect [81]. Previous research has shown that proper shade 
design and control, combined with simultaneous control of 
electric lighting and HVAC mechanisms, can substantially 
decrease peak cooling capacity and energy usage for light-
ing and cooling whilst still maintaining good thermal and 
illuminance for interior conditions [29]. The size, number 
of rooms /floors, building type, and intended usage of the 
facility all influence the type of HVAC system employed in 
a structure [46]. Buildings consume energy for hot water, 
cooling, heating, lighting, services, and equipment, and a 
significant portion of this consumption can be minimized by 
using passive design principles [33]. According to statistical 
regression research by Shilei Lu et al. [55], the proportion 
of the air condition area that accounts for the ground floor 
area is significantly associated with the standardized energy 
utilization intensity of the HVAC system.

Influencing variables related to space layout 
on the energy performance of the building

We can see from a prior study that it is very difficult to iso-
late the influence of space layout on EPB without consider-
ing the geographic location, climate, space occupancy data, 
and functional/environmental requirements [7]. Most of the 
studies merged other design aspects with the layout of the 
room (Fig. 5). Other design variables that influence EPB 
are discovered through their interactions with space layouts, 
allowing the impact of space layouts to be examined. Aspect 
ratio, direction, usage, climate, material, and other architec-
tural factors, for example, have varying influences on energy 
performance [78].

Geographic location and climate

The amount of solar radiation and mean outdoor tempera-
ture that a building is exposed to influence the climate. The 
climate also influences the quantity of energy required for 
heating and cooling, as well as the amount of energy used 
for lighting [82]. The unique characteristics of the natural 
environment, such as the amount of sun, wind, and local 
vegetation can have a significant impact on building design 
and energy efficiency. Energy fluctuation due to space plan-
ning and usage considerations is site-specific, hence its 
importance varies depending on the building environment. 
This means that, in addition to standard building design cri-
teria, space planning solutions along with perimeter details 
are targeted at enhancing energy performance by respond-
ing to their contexts [14]. One of the key aspects of spatial 
layout design concepts to reduce building energy use is the 
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correlation of a local climate with both the shape and ther-
mal efficiency of the building [48]. The environment has a 
significant impact on the selection of appropriate building 
technology, such as cooling systems and high-efficiency 
appliances. Also where natural ventilation is used, thermal 
comfort should be accomplished with low building energy 
usage [82]. For different kinds of buildings in different 
regions, there is a clear disparity in power consumption per 
unit at the proposed site because temperature conditions in 
different places fluctuate greatly [57]. Bawaneh et al. [64] 
found that the geographic context has a significant impact 
on heating energy, with varied energy usage in hospitals in 
different parts of the United States. Hospitals in the United 
States have an average annual energy concentration of 738.5 
kWh/m2, which is greater than similar reported statistics in 
European countries. In California, the energy consumption 
of healthcare complexes along with universities, schools, 
and accommodations through the study of monthly electric 
and natural gas usage invoices, as well as the total cost of 
energy usage data, were collected to examine the energy 
intensity. Guo et al. [65] proposed different design criteria 
that match the climate adaptation concept to attain unity in 
energy usage and indoor thermal comfort level. González 
et al. [62] concluded that the kind of management, the avail-
able bed number, the Gross Domestic Product (GDP), or 
the climatic circumstances, had a more direct impact on 
annual energy consumption than the geographic location. 
Several studies have also revealed that selecting an adequate 
WWR value is especially important in hot climates because 
a WWR value outside of the optimal range results in the 
biggest rise in energy consumption [52].

Form and orientation

The shape of a building has an impact on its energy use. 
Low-energy architecture necessitates careful articulation of 
a building's shape and forms to reduce energy use. Tradition-
ally as a thumb rule, in passive solar building design, the 
form and orientation are important factors for overall energy 

efficiency in a building [83]. For most geometric factors, the 
subtropical climate has the largest difference between the 
ideal and worst solution, whereas the tropical climate has 
the least difference. Building orientation, shape, plan depth, 
and window-to-wall ratio have the greatest impact on EPB. 
The influence of plan shape on building energy consumption 
is largest in sub-tropical climates and lowest in temperate 
climates and tropical climates [84]. The ecological impact 
of courtyard buildings is directly influenced by their orienta-
tion. A courtyard's spatial structure can help regulate solar 
heat. Furthermore, a courtyard's natural ventilation system 
regulates convective heat transfer [85]. The ellipse was dis-
covered to be the optimal plan form in all climates. It is the 
most efficient form in temperate and subtropical climates 
and the second most efficient shape in tropical temperatures 
after the octagon. Furthermore, the “Y” form is the least 
efficient in all climates [30]. In typical architectural prac-
tices, geometry factors are specified by a building's form, 
type, structural, and HVAC systems [42]. Building and 
fenestration geometry characteristics, when combined with 
other fenestration elements such as shading, room geom-
etry, energy-efficient glazing, and adaptable building sys-
tems, will dramatically cut overall energy consumption to 
improve building energy performance. Aksoy [28] The influ-
ence of building form and orientation on heating demand 
has been thoroughly researched, and the results show that 
structures with a square shape have more advantages, and 
the ideal orientation angles for buildings with shape factors 
of 2/1 and 1/2, respectively, are 0° and 80°. When different 
geometries are employed, there will surely be differences in 
the form coefficient and energy utilization. Susorova et al. 
[42] observed through energy simulations using Energy 
Plus, that the impact of geometry parameters comprising 
room width to depth ratio, window orientation, and WWR 
on BEP in a commercial office structure in various tem-
perature zones. The study found that geometrical consid-
erations had a considerable impact on energy usage in hot 
and cold climate zones, but only a little impact in moderate 
climates in the United States. Pilechiha et al. [70] presented 

Fig. 5  The major variables 
considered for the investigation 
of EPB in reviewed articles
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a novel multi-objective method to change the room shape 
to meet the lighting and view criteria specified according to 
the optimization model and building performance standards. 
By using virtual reference buildings. Zheng Yang et al. [50] 
proposed a framework that was consistent across different 
building geometries, different building layouts, and different 
diversities, and discovered that the increased complexity of 
building geometries, the greater the influence of diversity 
on HVAC system energy efficiency. Building orientation is 
a significant design consideration, mainly regarding solar 
radiation and wind. In predominantly cold regions, build-
ings should be oriented to maximize solar gain whereas in 
hot climates the orientation should encourage to reduce the 
heat gain inside the building.

Building envelope

Building envelopes, which distinguish the indoor and exte-
rior environments, and especially building façades play an 
important role in energy conservation in buildings. The ther-
mal barrier that separates the internal and exterior environ-
ments is largely made up of façades [86].The external and 
interior walls, windows, and roofs of a structure, as well 
as its function and location, are referred to as “building 
envelope” [87]. Building envelopes have been utilized for 
a variety of purposes over time. Control of physical envi-
ronment variables (temperature, light, noise, rain, moisture, 
air infiltration, etc.), structural support for the structure, 
fire safety, security, energy conservation, and aesthetics are 
among these roles [88]. The design of building envelope 
parameters has a significant influence on building energy-
saving design and hospital spatial layout [89]. The building 
envelope is critical in reducing heat gains and controlling the 
amount of energy required for space cooling. Several studies 
have been undertaken to assess and make recommendations 
on the impact of various building envelope factors on energy 
performance. Window details, insulation properties of the 
wall and roof, color, the finish of exterior surfaces, and shad-
ing details of surfaces and windows are the main building 
envelope features that influence cooling demand and ther-
mal comfort along with lighting and ventilation in hospitals. 
The type of fenestration employed in a structure has a big 
impact on energy efficiency and occupant comfort in health-
care buildings and influences determining overall energy and 
cooling usage in the building [7]. Several studies investi-
gated the design of an energy-efficient façade while consid-
ering the environment, building type, and physical properties 
of glass and framing material such as visible transmissions, 
solar heat gain coefficients, and thermal conductivity. In con-
ventional architectural methods, geometry factors are often 
established by a building's form, type, structural, and HVAC 
systems. Because the form, orientation, and enclosure of a 
building can influence its energy consumption, it is critical 

to make objective energy-saving and daylighting decisions 
when determining its form, orientation, and enclosure [42]. 
Ascione et al. [38] by examining medium-sized healthcare 
amenities in Mediterranean climates, suggested that refur-
bishing the building envelope improved indoor thermal con-
ditions in all relevant HVAC systems. Because the maximum 
external insulation enhances the shell's thermal capacity, the 
improved envelope would undoubtedly result in better inter-
nal conditions in terms of a more stable microclimate. Hanan 
M. Taleb [49] did a detailed examination of annual EPB for 
the case study and used a computer simulation to explore 
EPB shortfalls that define as a 'base case,' and then com-
pared to modified building envelops that included unshaded, 
exterior wall retrofitting, cool roof, new glazing, and green 
roofs. Hatice Sozer [33] demonstrated that proper thermal 
insulation, glazing type, and shading components can help 
to limit heat transfer through the building envelope. This 
research reveals that precise building envelope design can 
considerably aid in achieving heating and cooling targets and 
improving the building's energy performance. Reduced cool-
ing thermal energy consumption improved thermal comfort, 
and appropriate daylighting should all be goals of an effi-
cient hospital building envelope design [90]. The building 
envelope determines the energy exchange between the out-
door environment and indoor spaces and hence governs the 
overall EPB [33]. William et al. [66] using building simula-
tions, looked at the impact of building envelopes on HVAC 
and overall energy usage in commercial buildings of Egypt. 
Ma et al. [57] stated that the air conditioning system, light-
ing density, and building envelope are the main factors influ-
encing energy consumption according to the orthogonal test. 
After researching the effects of shadings, window types, and 
so on, Poirazis et al. [32] determined that during the occu-
pancy stage, highly glazed single-skin buildings are likely to 
consume more energy, and the increase was reduced to 15% 
while maintaining an acceptable level of thermal comfort 
when compared to a typical reference building with a per-
centage window to external wall area. Zahiri and Altan [48] 
implemented to have a significant improvement in indoor 
air temperatures, passive design strategies such as south and 
south-east orientation, thermal mass, thermal insulation in 
walls and roofs, as well as side fins and overhangs as solar 
shading devices, as well as all-day ventilation for a school 
building. Passive envelope design solutions also increase 
indoor environmental quality, allowing users to function 
better and reducing the need for mechanical systems. Wang 
et al. [45] investigated in a moderate-size reference office 
structure, the effects of window opening systems on building 
functioning for many types of ventilation systems, includ-
ing natural ventilation, mixed-mode ventilation, and classic 
Variable air volume systems. The results of using the Energy 
Plus building performance simulation tool revealed the ben-
efits of window opening systems on energy use and comfort, 
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as well as HVAC, resulting in energy savings of 17–47% 
in varied regions throughout the summer. A computerized 
simulation was employed in the case study to investigate 
power outages. Meanwhile, the energy consumption of a 
new building skin was compared to that of a new building 
skin using ASHRAE (American Society of Heating, Refrig-
erating and Air-Conditioning Engineers) based parameters to 
limit heat gain, such as sunshade, retrofitting outside walls, 
cool surrounding roofs, and new windows, and green towers. 
Bayoumi et al. [60] investigated the relationship between the 
amount of window opening and energy use in two hot cli-
mate office environments particularly on certain days of the 
year. Rajagopalan et al. [44] assessed by dividing the enve-
lope area by volume, and the compactness ratio to compare 
the energy loss against HVAC system operation. The degree 
of compactness determined how much heat is gained and 
lost via the envelope. Zahiri et al. [48] developed an optimal 
design solution for secondary school buildings to improve 
the indoor thermal conditions, which included all-day natu-
ral ventilation, the installation of side fins and overhangs, 
and the use of thermal mass and thermal insulation in the 
external walls, and roof, as well as the orientation through 
dynamic building thermal simulation.

Windows are one of the most important aspects of a 
building's design. Windows are frequently a significant com-
ponent of the exterior appearance of the building, whether 
there are little perforated openings in the facades or a total 
glass curtain wall. Windows are inseparable parts of the 
building’s envelope. They represent the source of daily light, 
provide visual contact with the environment and provide 
ventilation and natural cooling [91]. The amount of energy 
consumed through heating, cooling, or lighting in a building 
is mainly influenced by its window systems [92]. Windows 
can be thought of as thermal holes for a building in terms 
of energy use. As a result, window design and selection 
must include both aesthetics and serviceability [93]. Win-
dows influence the energy needs of a building in four ways: 
heat conduction, solar radiation conduction, air conduction, 
and daily light transmission. That influence also depends 
on the characteristics and orientation of windows, climate 
conditions of the building’s location, solar radiation, and 
the building’s heating and cooling systems. Energy losses 
through the window can be minimized by careful and ade-
quate design, both of a window as a whole and its elements 
[94]. Appropriate window orientation and careful design of 
a window as a whole along with its different elements also 
help to restrict solar radiation gains and losses, reduce the 
frequency with which mechanical ventilation is used, and 
so lower energy expenses [95]. Windows and other glazed 
spaces are the most vulnerable to heat gain or loss of all the 
elements in the building envelope. Windows in general, are 
the weakest parts of the building elements which act as a 
bridge to allow the outdoor condition to be transferred into 

the indoor space [96]. The room's air velocity and flow are 
moderated by the size, shape, and orientation of the open-
ings; a tiny input and big outlet improve the room's airflow 
velocity and distribution. Glazed openings also allow natural 
light to enter a structure. The important components of a 
window that govern requirements of heat gain and loss, ven-
tilation, and daylighting are the glazing systems and shading 
devices [29]. Most of the reviewed articles investigated the 
energy performance of the hospitals by considering window 
details as one of their important variables which includes 
window size [23, 67], WWR [17, 44], window opening 
grade [53], window orientation, and geometry [24, 42, 52], 
etc. Norbert Harmathy et al. [53], optimized the building 
envelope model using a multi-criterion optimization meth-
odology to determine efficient WWR, window geometry, 
and glazing parameters to enhance the indoor illumination 
quality. Mohannad Bayoumi et al. [60] explored the relation-
ship between the window opening grade and energy savings 
in a one-sided window opening in two hot environments, 
one humid and one arid. Cesari et al. [67] by examining 
four distinct orientations in four Italian cities, the energy 
performance of nine different glazing systems was examined 
concerning a typical size opening with a 25% WWR and a 
floor-to-ceiling window with a 77% WWR. The optimized 
WWR for each of the major orientations was observed in 
four locations, covering the mid-latitude area from temper-
ate to continental climates by integrated thermal lighting 
simulations, coupled with a sensitivity analysis for an office 
building with a single corridor that the total energy use 
may increase in the range of 5–25% when the worst WWR 
configuration is adopted by using integrated thermal and 
lighting simulations. Wang et al. [45] in a medium-sized ref-
erence office building evaluated the effects of window opera-
tion on building performance for several types of ventilation 
systems, including natural ventilation, mixed-mode ventila-
tion, and conventional variable air volume (VAV) systems.

The shading device's location, characteristics, and control 
have a big impact on the natural lighting and thermal effi-
ciency of peripheral space. To combine daylighting require-
ments with the need to limit solar gains, shading must be 
considered an integral aspect of facade system design for 
every building [29]. The major goal of utilizing shading 
devices is to keep direct sunlight from reaching the exterior 
walls and windows. Overhangs, fins, blinds, and shading of 
neighboring buildings and far obstructions are all examples 
of shading [48]. Several factors must be addressed when 
designing glazed facades with shading devices in any build-
ing, including the building type, natural light perspective, 
and latitude. Shade device types are influenced by build-
ing form and orientation in particular. The type of shading 
device utilized influences the level of ideal daylight, thermal 
comfort, and visual comfort [97]. Tzempelikos et al. [29] 
used a connected lighting and thermal simulation module to 
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calculate the simultaneous impact of glazing area, shading 
device attributes, and shading control on building cooling 
and lighting requirements in peripheral spaces including 
examination of window-to-wall ratio and shading charac-
teristics. The simulation results show that, depending on cli-
mate patterns and orientation, when an integrated approach 
for the control system of mechanized shading is used in 
connection with easily controlled electric lighting systems, 
substantial reductions in energy consumption for cooling 
and lighting could be accomplished in perimeter spaces. Du 
et al. [17] simulated office building variants in three dif-
ferent climates with two situations, without a shading sys-
tem and with an exterior screen to evaluate the final energy 
consumption concerning lighting, heating, and cooling load 
The simulation findings demonstrated that the geographical 
arrangement of produced variants and the huge difference 
in energy needs in different climates had the largest impact 
on lighting demand when the shading device was used as 
an independent variable. Nielsen et al. [34] investigated 
the three types of facades i.e., without solar shading, with 
fixed and dynamic solar shading along with various win-
dow orientations and heights. To evaluate the total energy 
demand for heating, cooling, lighting, and daylight factors 
of the building. Compared to fixed solar shading, dynamic 
solar shading significantly increased the quantity of daylight 
available, emphasizing the importance of using dynamic as 
well as integrated simulations early design stage to make 
educated decisions about the façade. Alejandro Prieto et al. 
[61] explored the effectiveness of passive cooling strategies 
considering envelope parameters like windows and shad-
ing devices in commercial buildings from warm climates 
through the statistical analysis and simulation process. 
Waleed Khalid Alhuwayil et al. [58] researched the energy 
usage of a multi-story hotel structure in a hot and humid 

environment using various external shading schemes When 
compared to the base scenario, the findings showed that the 
proposed retrofit plan with external shading and self-shading 
effectively eliminated a large amount of the energy demand, 
and the investment was cost-effective due to the short pay-
back period.

Building energy performance indicators

Several studies focused on single and multi-performance 
indicators or energy efficiency with thermal comfort, light-
ing, ventilation, along with HVAC load in healthcare struc-
tures. There are some research focused solely on energy per-
formance or thermal performance or daylighting or natural 
ventilation and many others are focused on multiple param-
eters including energy demand, thermal comfort, and indoor 
environmental quality (Fig. 6). Thermal performance and 
energy consumption together got investigated mainly by con-
sidering window details along with orientation, and shading 
devices as variables [69, 72, 80]. There are many other indi-
cators along with main performance indicators like energy 
consumption, heating, and cooling, lighting load like airflow, 
average indoor daylight factor, daylight factor, equipment 
load, external conduction gain, gas consumption, indoor air 
quality, indoor air temperatures, and indoor environmental 
quality. According to the international standard ISO 50006-
2014 [98], “an EPI (Energy Performance Indicator) is a 
value or measure that quantifies energy efficiency, energy 
use, and energy use performance in facilities, systems, pro-
cesses, and equipment” [99]. The energy performance indi-
cator is noted as EPI, which is stated in kWh/  m2/year. The 
EPI is calculated by dividing the yearly energy expended by 
a building in kilowatt-hours by the gross floor area in square 

Fig. 6  Energy performance 
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meters of the building. Numerous energy performance indi-
cators are used to describe building performance, and they 
differ in terms of the boundary at which they are monitored, 
and the contributions used for their calculation [16]. Regard-
ing the calculation period, most studies calculated the energy 
use for the whole year, for only some seasons and peak days 
for different building typologies located in the various cli-
matic zone [7]. Single rooms, zone-wise, or entire buildings 
were investigated through case studies or through developing 
a simulation model to calculate the EPB. Nielsen et al. [34] 
calculated the total energy demand, heating load, cooling 
load and lighting load, and daylight factors of office build-
ings by investigating shading details as a variable through 
simulation. Also, we can find from works of literature that 
opening details, orientation, and climatic factors play a 
major role in heating, cooling, lighting, and ventilation load 
which directly influence thermal comfort and total energy 
consumption of the buildings [49, 52, 67]. The thermal per-
formance of the building was investigated by considering 
window detailing in terms of size, geometry, orientation, 
and glazing parameters in different climatic parameters to 
achieve a significant result [14, 51].

Methodologies considered for investigating 
the EPB

There are several different methodologies are considered to 
study the EPB concerning different space layout variables 
and performance indicators of different building typologies 
as well as the climatic zone (Fig. 7).

Most of the research in this area was conducted using 
experimental or simulation techniques, sometimes combin-
ing both as needed. There 25 studies are based on building 
energy Simulation method [14, 15, 19, 22, 23, 29, 31, 33, 
34, 37, 39, 40, 42, 45, 46, 48, 50, 51, 53, 58–60, 66, 67] and 
out of 10 research 7 number of literatures are combined 
building energy simulation method with other methodolo-
gies like statistical analysis, optimization and case study 
method [24, 32, 41, 49, 52, 63, 65]. The 6 studies are based 
on case studies [16, 38, 44, 54, 69, 71], and 9 studies [35, 

36, 43, 55–57, 61, 62, 64] employed a statistical analysis of 
the energy performance investigation.4 number of studies 
are exclusively based on multi-objective optimization [20, 
47, 68, 70]. A detailed analysis of annual EPB for the case 
buildings was performed using a computerized simulation 
to explore energy performance shortcomings as a base case 
[49]. Building geometry, space layout, the grouping of 
rooms in thermally homogeneous zones, building orienta-
tion, building construction, thermal properties of all building 
components, building usage, internal loads and schedules 
for lighting, occupants, and equipment, HVAC system type 
and operating characteristics are some of the input data 
required for energy simulation of buildings [100]. In recent 
years, thermal dynamic simulation has been widely 
employed in the design phase to assess the appropriateness 
of the intended project to thermal and energy performance 
objectives. This simulation assumes that the findings accu-
rately represent the actual behavior of the buildings. A com-
parison of site measurements and numerical simulation 
results is required to demonstrate this idea [101]. Guo et al. 
[65] employed a mixed-method approach evaluation as well 
as intensive computer simulations to discover the ideal 
design approaches within the energy as well as thermal com-
fort constraints. Five separate benchmark geometric models 
were constructed in OpenStudio, indicative of diverse cli-
mates, while using the EnergyPlus engine to examine the 
coupling relationship between energy usage and thermal 
comfort, according to local energy conservation codes. 
Using the dynamic simulation method and calibrating the 
simulated energy consumption against the building’s actual 
energy use. Chedwal et al. [46] concluded that there is a 
significant energy saving potential of up to 27.9 kWh/year 
in hotel buildings in India by implementing ECBC (Energy 
Conservation Building Code) along with other energy effi-
ciency measures. Lu et al. [55] through statistical regression 
analysis, assessed that standardized energy consumption 
intensity of the HVAC system is significantly related to the 
gross floor area. Adamu et al. [37] used four natural ventila-
tion systems intended for single-bed hospital wards to assess 
the viability of buoyancy-driven airflows. These tactics 
include single-window opening, inflow and stacking, 
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same-side dual-opening, and ceiling-based natural ventila-
tion, which is a revolutionary concept. As a case study, these 
solutions were investigated using a dynamic thermal simula-
tion model and computational fluid dynamics on a new ward 
in a London hospital Pisello et al. [36] presented post-occu-
pancy evaluation by in-situ analysis to achieve an average 
monthly energy savings of 20.5% for lighting, heating, cool-
ing, lighting, additional sources, and types of equipment, of 
overall primary energy demands for electricity, decreasing 
from 385.8 to 306.7 kWh/m2 year via calibrated and vali-
dated dynamic simulation model. Zou et al. [72] developed 
a comprehensive technique for enhancing building perfor-
mance by improving the design of typical architectural 
spaces. The optimization process is divided into three stages. 
The first step is to build a database by generating research 
objects at random and stimulating their development. The 
second phase of multi-objective optimization is to construct 
artificial neural network models as an alternative to time-
consuming building simulations to predict building perfor-
mance quickly. Finally, perform multi-objective optimization 
based on the actual design limitations. Delgarm et al. [23] 
combined a mono- and multi-objective particle swarm opti-
mization algorithm with EnergyPlus building energy simula-
tion software to find a set of non-dominated solutions to 
improve EPB, resulting in a powerful and useful tool that 
can save time when searching for optimal solutions with 
competing for objective functions. EnergyPlus is one of the 
most robust, trustworthy building simulation tools that can 
model energy consumption for heating, cooling, ventilation, 
lighting, as well as plug and process loads [33]. Echenagucia 
et al. [47] with the help of a multi-objective search using 
genetic algorithms, reduced the energy required for heating, 
cooling, and lighting an open space office building by chang-
ing the quantity, placement, form, and type of windows and 
thus the thickness of masonry walls using the NSGA-II algo-
rithm in conjunction with EnergyPlus building energy simu-
lation tool. Norbert Harmathy et al. [53] developed an inte-
grated approach, a multi-criterion optimization method, in 
conjunction with extremely detailed Building Information 
Modelling programs and dynamic energy simulation 
engines, to achieve better energy performance of offices by 
relating building envelope optimization and comfort of users 
in a wide range of climatic conditions and for varying con-
struction types. Zhang et al. [20] presented the results of a 
simulated optimization study of numerous spatial configura-
tions to determine the best trade-off between reducing 
energy use for heating and lighting, reducing summer dis-
comfort time, and maximizing useable daylight luminous 
flux. Lighting load, HVAC load, thermal load, and ventila-
tion methods are among the software that can be used in 
conjunction with various simulation engines to evaluate the 
EPB. The energy plus simulation engine, when combined 
with other simulation software, produces an upgraded 

building model that can be used to evaluate the energy, ther-
mal, heating, cooling, lighting, and ventilation performance 
of different building types. Current computer simulation 
resources can largely predict energy usage by HVAC, light-
ing fixtures, and appliances, among other things. Energy-
Plus, OpenStudio, Revit, DesignBuilder, eQUEST, and other 
simulation tools are used to create these energy use figures 
[66]. The trustworthy results encouraged many researchers 
to use Energy Plus in their studies. Different simulation 
engines are developed to investigate the energy performance 
of the building with advanced plug-in software. Energyplus 
engine coupled with different software like an OpenStudio 
and DesignBuilder is utilized in most of the research. Eco-
tect software was used to simulate daylight. Where it offers 
vital information about the architectural aspects that affect 
the current situation's sunshine. This includes elements such 
as windows, as well as their characteristics such as position 
and size, as well as their impact on the amount of daylight 
that enters the area and the duration of daylighting [28]. 
Although DesignBuilder is based on a complex simulation 
program, it attempts to address the architect’s specific lan-
guage with a visually orientated interface and inputs in dif-
ferent levels for developing and evaluating comfort as well 
as energy-efficient architecture from concept to completion 
[102]. Bawaneh et al. [64] proposed a mathematical formula-
tion for efficient assessment of the optimal healthcare build-
ing floor area, which anticipates their yearly energy con-
sumption and can be used as a source of reference for project 
planning and as an indication to monitor the energy manage-
ment of such buildings. Liu Yang [30] examined the cooling 
and heating requirements of the office building envelope in 
five major climate zones of China using the total thermal 
transfer value method and the heating degree-days method 
to develop standard building envelopes based on information 
collected from building surveys, local energy codes, and the 
ASHRAE Standard. Musau et al. [14] used the TAS, Light-
scape, and Excel computer programs to evaluate the possible 
implications of typical open, mixed, as well as closed con-
figurations and their space usage densities/intensities on a 
base case.

Sample design to assess the energy 
performance of the buildings

The number of samples considered in the various method-
ologies for the investigation of energy performance are rang-
ing from a single building to 119 buildings [57]. The entire 
building samples to single rooms like classrooms [72] and 
patient wards [59] were investigated to analyze the various 
energy performance indicators like cooling, heating, ventila-
tion, lighting, electricity consumption, and thermal comfort 
in different building typologies. Adamu et al. [37] explored 
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ventilation strategies via dynamic simulation and computa-
tional fluid dynamics, by investigating different departments 
of the Great Ormond street hospital located in the United 
Kingdom. Wang et al. [45] focused on the investigation of 
the impacts of window control on building performance for 
various types of ventilation techniques in a medium-size 
reference office building where the floor is divided into 
5 functional zones to develop a simulation model. Many 
researchers considered typical floors [47] to multistorey 
buildings [40, 77] in their research to develop an experi-
mental framework or to create a simulation model as well as 
a base case [58, 73]. Aunion-Villa et al. [95] analyzed energy 
consumption of HVAC, medical types of equipment in an 
energy-intensive department like radiology, catering, nuclear 
medicine, operation theatres, and intensive care units of a 
hospital with a 182-bed capacity and an area of 25,177  m2. 
Different instruments are used to collect energy consumption 
data in various departments. The sample used in the simula-
tion-based projects is either an actual case study building or 
reference model [17] or a hypothetical model [22]. Most of 
the simulation models of an actual building, reference build-
ings, or hypothetical models are developed using software 
like AutoCAD, DesignBuilder, OpenStudio, rhino grasshop-
per, etc. To examine the room energy consumption under 
different temperature circumstances, a typical hospital struc-
ture representing the Italian healthcare buildings was chosen 
as a case study and placed in 4 Italian cities, Milan, Bologna, 
Rome, and Naples Cesari et al. [67] collected the data for the 
investigation process of energy consumption of any building 
gather from field studies, technical reports, energy audits, 
measurements using instruments, etc. There are several arti-
cles focused on the investigation of space layout by develop-
ing space layout variants which were found to be effective in 
assessing the EPB. Different variants are created based on 
the climatic considerations [17], spatial arrangement [22], 
envelope parameters [42]. Rajagopalan et al. [44] created 10 
variants of space layout of two buildings selected out of 30 
hospitals based on age, location, and size of the building to 
investigate the energy consumption in medium-sized hospi-
tals in Australia. Du et al. [17] designed 11 variants based 
on the existing reference space layout of the office which 
was simulated in 3 different climatic zones to measure the 
effect of spatial layout on EPB in different climates. Zhang 
et al. [20] selected a common form of classroom space with 
30 design characteristics and was selected as a case study 
to demonstrate the optimization process. The optimization 
targets were set at energy demand, thermal performance, 
and daylight environment. It can be observed that some of 
the researchers are focused on mixed building typologies 
as the sample frame to investigate the energy usage in the 
buildings. Ma et al. [57] considered the 119 public buildings 
in which 99 office buildings, 11 hospital buildings, and 9 
school buildings are considered as samples for the energy 

consumption investigation in China. García-Sanz-Calcedo 
et al. [12] evaluated the physical and functional elements 
that have the greatest impact on sizing healthcare facilities, 
as well as the practical correlations between energy use and 
emissions by considering 70 health centers in Extremadura 
(Spain) for research. Whereas Bawaneh et al. [64] provided 
an analytic overview of end-use energy consumption sta-
tistics in healthcare systems in the United States hospitals. 
Shahzad et al. [56] compared the building performance of 
the two buildings, they are an office building in Norway 
constructed in 2000 and a British office building constructed 
in 2011 against the standards and benchmarks. It included 
energy consumption, thermal performance, carbon dioxide, 
and light levels. Short et al. [21] examined more than 1000 
room types of clinical and non-clinical spaces to suggest 
the typical environmental design strategies for hospitals to 
enhance the EPB. He collected electricity consumption of 
28 departments of 8 medium to large critical hospitals in 
England through a field survey.

Results and discussions

The literature survey mainly focused on the energy perfor-
mance of hospitals and their parameters along with other 
functional requirements of buildings. The space layout is an 
integrated part of architectural design, and many works of 
literature identified the whole architectural design effect on 
energy consumption patterns and suggested alternative tech-
nology, passive strategies, building form, and orientation. 
The geographical location and climate play an important role 
in energy-efficient buildings. There is more research concen-
trated on climates of warm humid, hot and dry, and moderate 
climates in various locations like the USA, UK, and Asia. 
The HVAC, lighting, and electricity consumption are regu-
lated using effective strategies like design optimization, pas-
sive strategies, and alternative building methods. The most 
selected case study building typology is an office building 
with a 42% rate and healthcare buildings have been stud-
ied with a rate of 14%. The least studied building typology 
that complies with Fig. 3 is mixed-use buildings with a 2% 
rate. 5% of the whole studies are not specific to any building 
typologies. Table 2 demonstrates that most of the studies 
have been done theoretically with a 45% rate in the literature 
in which simulation tools are used to analyze energy per-
formance and 10% of works of literature considered mixed 
methodologies [103]. Building simulation helped to evaluate 
the building model for energy performance very accurately 
within a shorter period and many alternate energy optimiza-
tion solutions can be generated based on the necessity and 
the context. 44% of the research depended on EnergyPlus 
as a simulation engine and out of which 25% of studies con-
sidered DesignBuilder as software. EnergyPlus software is 
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considered in much research to get more accurate results 
compared to other simulation engines, as it is validated by 
the Department of Energy, USA. From the review, it can be 
concluded that 27% of articles studied the effectiveness of 
the layout along with other perimeter parameters. The next 
major part of the study concentrated on occupancy, orien-
tation, and glazing parameters with 25% each. 29% of the 
study highlighted the importance of shading devices and 
details on the energy performance of the building [55]. Also, 
different user activities and systems against space-to-space 
environmental diversity are significant determinants of the 
energy performance of any complex buildings [14]. 25% of 
the studies addressed the methodological system to investi-
gate the energy consumption and performance of different 
design variables of the buildings and also resulted in signifi-
cant variation in the energy load including HVAC, lighting, 
and electricity [23, 30, 40, 46, 48–51, 53, 63, 68, 72]. HVAC 
efficacy is most rewarding in structures that operate 24 hours 
like hotels, hospitals, etc. [41].

The review also explored the future research direction 
where many of the papers investigated the energy consump-
tion and building design elements of particular buildings 
and suggested the same criteria or methodology for other 
complex buildings like hospitals, hotels, etc. [20, 23, 46]. 
The single-room experiments can be extended to complex 
buildings considering the building envelope parameters 
along with more environmental factors as decision varia-
bles and the building energy demands along with cost func-
tions through multi-objective optimization [20, 23]. There 
is further scope to develop an optimal model-based con-
trol approach to achieve the space layout and thermal zone 
configuration in complex structures where there is flexible 
occupancy as well as space use intensities [14, 19, 36]. More 
research can be towards adapting effective adaptive thermal 
control and passive strategies along with the consideration 
of HVAC components’ operation, type, and control for solar 
optimization to reduce the HVAC energy consumption in 
buildings giving special emphasis to individual departments 
of hospitals [29, 54, 71]. Energy use in hospitals is higher 
than compared other public buildings, so it is essential to 
investigate its energy consumption performance to develop 
a comprehensive strategy to reduce the mechanical load 
[104]. But there is limited research on the impact of space 
layout of hospital buildings on building energy performance. 
There is a lack of the proper energy consumption calculation 
methodology for multi-dimensional functions, activities, 
and the management systems of hospital buildings. There 
is a concern about the diverse functional requirements in 
varied departments and zones of the hospitals, as well as 
their investigation of energy performance along with sugges-
tions for an effective research framework to analyze actual 
energy data [54]. In hospitals, combining lighting and ven-
tilation system for energy simulation can be a great solution 

to calculate a wide-ranging energy performance consider-
ing the architectural design emphasizing space layout and 
building perimeter.

Conclusion

The systematic literature review was carried out to identify 
the variables, their assessment criteria, methodology for 
evaluation, and optimization strategies for the energy per-
formance of the buildings from selected 55 articles. Many 
works of the literature identified the impact of the architec-
tural design and space layout effect on energy consump-
tion along with the building perimeter variables. Three are 
suggestions for alternative technology, passive strategies, 
enhancing envelope parameters improving building form and 
orientation, and focusing on climatic parameters. In recent 
years, the methodologies to investigate energy performance 
in buildings is mainly focused on simulation-based study 
with multiple objectives, which gives accurate results, and 
analysis can be conducted in lesser time. Exterior window 
WWR, door opening size, type, and location/orientation, 
as well as frame types and insulation, all have a signifi-
cant impact on influencing the energy load. According to 
the study, proper sizing of the building will reduce around 
17–35% of energy consumption. Choosing the correct glaz-
ing system will reduce the 35–40% energy load of the build-
ing. Enhanced Window detailing can bring a 30–60% energy 
consumption difference in a building. Despite much research 
on the design of energy-efficient windows, there is still a 
lack of information on the mutual impact of the orientation 
of windows along with size and position on energy loads. 
Literature review shows a lack of insight into the correlation 
between space layout and energy performance framework 
which needs to be studied further, especially in terms of 
multiple energy performance indicators like heating, cool-
ing, lighting, and thermal comfort, especially in the health-
care-built environment. Compared to other buildings such 
as public buildings, offices, commercial and hotels, hospitals 
consume more energy because of their diversified functional 
requirement and activities. There is a lack of studies on the 
effect of hospital architecture design on energy consumption 
and related costs and it is very much necessary to conduct 
interventional studies, investigate the effect of using different 
methods on reducing energy consumption, and choose effec-
tive economical practices. There is varied energy consump-
tion in each space or zones of a hospital since there can be a 
detailed analysis of each department individually to explore 
the energy efficiency of the hospital like outpatient depart-
ment, inpatient department, offices, day-care units, operation 
theatres, intensive care unit, kitchen, radiology department, 
emergency wards, etc. along with geographical and climatic 
conditions. In India, the study on the energy performance 
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of hospitals is inadequate, so precise analysis is required. 
Implementing the ECBC building code and advanced energy 
efficiency techniques can be used to analyze energy-saving 
potential in hospitals in India. The impact of climates such 
as composite and warm humid climates need to be explored 
to integrate the functional objectives in the process of inves-
tigation for the EPB with relation to space layout which is 
scarcely mentioned in the previous research. Future research 
could be directed toward the spatial configuration of the 
energy performance of hospital buildings with multiple 
parameters simultaneously. Well-thought-out layout design 
may prevent unreasonable energy consumption to enhance 
the overall sustainability of the building and contribute to 
climate change mitigation.
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