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Ukrayna Bina Stokunun Siirdiiriilebilir Yeniden Insasi icin Strateji Cercevesi
Gelistirilmesi: Literatiir Taramasi ve Oneri

Umit Unver , Nika Trubina®? , Antonin Lupiéekz’3 , Petr Haj ek’ , Jan Tywoniak3

"Yalova Universitesi, Tiirkiye
*UCEEB, Czech Republic
3Czech Technical University in Prague, Czech Republic
*Sorumlu Yazar: umit.unver@yalova.edu.tr

One Cikanlar:

e Ukrayna igin siirdiiriilebilir yeniden inga strateji ¢ergevesi onerildi

¢ 4 boyutlu ve iiniversal bir yeniden yapilanma stratejisi iiretildi

e Yeniden yapilanma programinin bolgesel olmasi ve farkli bina tipolojilerini kapsamasi
oOnerildi.

¢ Yeniden yapilanma derhal baslayip, artan hizla kademeli olarak planlanmalidir

Gelis Tarihi: 01.03.2025 Kabul Tarihi: 13.04.2025 Doi: 10.5281/zenodo.15211663

Amagc:

Bu calisma, savas sonrast Ukrayna'nin bina stokunun siirdiiriilebilir bir sekilde yeniden insa
edilebilmesi i¢in, mevcut literatiirii inceleyerek, uygulanabilir bir temel strateji cergevesi
onermeyi amaglamaktadir. Yeniden yapilandirma konusunda bu giine kadar yayinlanan,
bilimsel arastirmalardan ve aktardiklar1 tecriibelerden yararlanarak uygun bir stratejisi
cercevesi olusturmaktir.

Yontem:

Arastirma, Ukrayna'nin savas sonrasit yeniden insasiyla ilgili olabilecek yaymlara
odaklanmigtir. "Bilim ve miihendislik" disindaki alanlardan elde edilen yaymlar hari¢
tutulmus ve geri kalanlar incelenmistir. Savas sonrasi Ukrayna'daki bina stokunun yeniden
insas1 i¢in 6zel bir strateji ¢cergevesi tanimlanmak i¢in, arastirma kapsami diger yikim tiirlerini
de kapsamak iizere, afet sonrasi yeniden insa stratejilerini de igerecek sekilde genisletilmistir.

Sonuc:

Yeniden yapilanma i¢in, eyleme hemen baslayip kademeli olarak artan, hem ekonomik hem
de teknik adimlar1 dikkate alan, c¢ok asamali bir program uygulanmalidir. Program
Ukrayna’nin her bolgesi icin, bolgenin kendi kosullarina ve kaynaklarma gore
hazirlanmalidir. Ayrica farkli bina tipolojilerini ayrica kapsamalidir. Bu ¢alismada onerilen
strateji, her tiirlii afette uygulanabilir niteliktedir.

Anahtar Kelimeler: Ukrayna'min Yeniden Yapilanmasi, Savas Sonrasi Yeniden Insa,
Yeniden Yapilanma Stratejisi, Afet Sonras1 Yeniden Insa, Ihya Plam, Lugano Ilkeleri
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Developing Strategy Framework for the Sustainable Reconstruction of the Ukrainian

Building Stock: A Literature Review and Proposal
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Highlights
e A sustainable reconstruction strategy for Ukraine is proposed.
e A four-dimensional and universal reconstruction strategy was developed.
e The reconstruction program is recommended to be regional and to encompass different
building typologies.
e Reconstruction should be planned to commence immediately and intervene with
increasing speed.

Received: 01.03.2025 Accepted: 13.04.2025 Doi: 10.5281/zenodo.15211663

Abstract: The term "reconstruction" in this paper refers to the process of rebuilding an object
that has been damaged or destroyed, essentially following disasters, in this case unfortunately
man-made. This paper highlights the impact of the war in Ukraine on various sectors,
including agriculture, energy, education, the environment, and especially the building sector.
The objective of the study is to propose a viable basic strategy frame for achieving sustainable
reconstruction in Ukraine by reviewing existing literature. The research primarily
concentrates on the post-war reconstruction of Ukraine. From the results, papers except from
"science and engineering" area were excluded and the rest was reviewed. Despite an extensive
literature on post-war reconstruction of various sectors, there was not yet described a specific
strategy for reconstruction efforts for building stock in Ukraine. Therefore, the scope of the
investigation was expanded to include studies on reconstruction strategies following after
disasters. This study introduces a general, sustainable and basic strategy for reconstruction.
The proposed strategy considers Gradual, Regional, and Typological dimensions. The
outlined strategy can be implemented in the aftermath of diverse catastrophic events, ranging
from natural disasters to war-torn cities.

Keywords: Reconstruction of Ukraine, Postwar Reconstruction, Reconstruction of Building
Stock, Reconstruction strategy, Post-disaster construction, Revival plan, Lugano principles
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1. Introduction

Reconstruction literally means "the process of
building or creating something again that has
been damaged or destroyed". But the meaning
of "something" in this definition and in the
context of the Russian invasion of Ukraine is
very broad. It covers many areas from
agriculture - to energy, from economy - to
tourism. In this paper, a literature review will
be  presented the
Reconstruction of Ukraine (SRU). The main

aim of the research

for Sustainable
1S to propose an

appropriate  reconstruction  strategy for
sustainable reconstruction of the building
stock in Ukraine by investigating through the

recovery and reconstruction studies.

1.1.  Broad effect of the war

In February 2022, the world was shocked by
the Russian invasion of Ukraine. War has
affected all areas of people's lives and
government activities [1]. Deep impact is seen
in a wide range of sectors, including
agriculture, tourism, the economy, energy,
and others. In addition to Ukraine, the harm
also impacts the rest of the world, most

notably Europe [2]. Scientists are examining

43

the damage and potential solutions to help
various sectors get back to normal, or in the
ideal case, to improve them to a higher level
than they were before the war.

The devastating effect of the war on Ukraine
has had a significant impact on the business
sector. In the first three months, companies
almost halved their activities, although later
the retail, white goods, -electronics, and
jewelry sectors showed signs of recovery.
the
the
Unfortunately, the interruption of the supply

However, entertainment  industry

experienced worst recovery rate.
chain, decrease in purchasing power, demand
changes, and uncertainty negatively impacted
the business world [3]. Agriculture is a crucial
industry for Ukraine, one of the world's
largest exporters of wheat and fertilizers. The
war has had a negative impact on the
production of agriculture, most notably food
products, consequently making food security
a concern for many countries worldwide [4].
The food

significance in Ukraine's 2030 Sustainable

and agriculture hold great
Development (SD) plans. The achievement of
other Sustainable Development Goals (SDQG)

is reliant on reaching SDG2: end hunger [5].
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Another important research area is the energy
security [6]. The Ukrainian and European
energy markets, which were directly and
indirectly dependent on Russia due to their
dependence on natural gas, are extremely
sensitive. The Russia-Ukraine war reveals the
need to refocus on geopolitical energy
security in Europe and around the world.
Countries are trying to transform sustainable
and green transition formulation on energy

into policy in a shorter time [7].

It is stated that, as Russia during war times,
supplied the most of Europe's energy, Europe
will continue to face the risks of disruption to
its energy supply [8]. In this case, the war acts
as a catalyst that accelerates the greening of
Europe. The War naturally affects public
policy support for policies aimed at phasing
fuels the

introduction of clean energy alternatives. In

out fossil and promoting
Switzerland, for example, support for policies
to reduce fossil fuels has increased drastically
because of the war. Before the war, there was
an opinion that Ukraine should develop
environmental policies that prioritize climate
change. Highlighting the accountability of
executive and local government bodies, it was
recommended to ensure accountability of
executive and local government bodies and a
transformational transition to renewable and

sustainable development technologies.[9].

The war also affected the education sector. As
of 24th February, 2023, a total of 2,772
education institutions were impacted by the
war, with 454 buildings destroyed in total
nearly 10 percent [10]. Depriving children of
education is not an option, which is why
feel
uninterrupted

educators obliged to continue

teaching and  provide
psychological guidance and counseling to

their students [11]. These efforts of Ukrainian
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should be
potential of education sector should be

educators supported and the

enhanced after the war for sustainable
recovery and development. In this respect, the
priority activity of the Ukrainian state is to
develop the education standards in accordance
with the best educational practices in Europe
[12]. Starting in 2019, the Ministry of
Education and Science of Ukraine has
successfully  attempted to  implement
educational reform. The key one is the
concept of the New Ukrainian School. This
concept covers changes in the educational
process itself, and it proposes an effective
approach to develop “New Educational
Space” by retrofitting buildings to enhance
energy efficiency, providing barrier-free
space and conditions for inclusive education,
creating a motivational space, and using

modern equipment.

1.2. The Studies on the Sustainable

Reconstruction of Ukraine

The focus of this paper is defining a suitable

strategy for post-war reconstruction of
Ukraine building stock. To summarize the
related scientific studies so far, we have
reviewed the literature. We used Web of
Science (WoS), Scopus and Google Scholar
database using the keywords “Ukraine” and
“sustainability” and “reconstruction”.
Excluded the subject areas: physics, heal,
immunology, medicine, nursery,
pharmacology, and arts. The publication date
was limited to 2022 and 2023 since we were
dealing with invasion of Ukraine. In Google
Scholar the

“sustainable reconstruction”

research, exact phrase of
was searched
since otherwise Google brought more than

66000 results.
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Table 1. The papers reviewed on the Sustainable Reconstruction of Ukraine

No | Reference (Source) | Keywords of the papers

| [13]*** Open innovation, tourism, tourism friendly cities;

2 | [14]** Tourism,

3 [ [15]* Rural tourism; environment; Sustainable development

4 |[16]* Agritourism, rural areas, rural green tourism, Sustainable development
5 | [17]* Thermal Engineering

6 | [18]** Heating, Thermal Engineering

7 | [19]*** Energy Communities, renewable energy, energy transition

8 | [20]** Renewable Energy, Financing

9 |[217** Energy and Fuel

10 | [2]** Energy policy, energy security, diversification

11 | [6]** Energy policy, energy security

12 | [22]* Energy and fuel, energy security

13 | [8]* Energy, business, energy market

14 | [7]* Energy security, Sustainable energy transitions

15 | [23]* Renewables, presumption, households

16 | [24]* Renewable energy, circular economy

17 | [25]* Energy, renewable energy, agricultural biogas, economic feasibility

18 | [26]* Climate policy, Public opinion, Renewable energy, Sustainable finance
19 | [27]*** Climate change, climate action

20 | [28]** Climate Change, bioclimatic potential

21 | [4]* Circular economy, climate crisis, green industrialization

22 | [29]*** Sustainable Development Goals

23 | [30]** Sustainable Development Goals

24 | [B1]% #* Hx* Sustainable Development

25 | [32]** Sustainable Development, Urban Architecture, Medical Centers

26 | [33]** Sustainable development, territorial development, economy

27 | [34]** Decarbonisation, green transition, sustainable development

28 | [35]** Urbanization, sustainable development, environmental policy,

29 | [36]** Urbicide city, urbanization

30 | [37]* City revitalization, industrialization, sustainable development,

31 | [38]** Contemporary Architecture, Philosophy in Architecture, Urban Context
32 | [39]* Sustainable development, regional economy, decentralization.

33 | [11]* Education, sustainable development, professional integrity

34 | [40]* Higher education, funding, sustainable and human development

35 | [41]* Sustainable Development, Financial performance, Financial Resiliency
36 | [42]* Economy, sustainable development

37 | [43]* Sustainable development, public-private partnership, intern. partnership
38 | [44] Recovery and Reconstruction of Ukraine

39 | [45]*** Recovery and Reconstruction of Ukraine

40 | [46]*** Recovery and Reconstruction of Ukraine

41 | [47]** Resilience, War-torn, Critical infrastructure, Recovery, Prioritization
42 | [48]** Construction and repair works, road
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Table 1. The papers reviewed on the Sustainable Reconstruction of Ukraine (Continued)

No | Reference (Source) | Keywords of the papers

43 | [49]** Logistics, Ukraine

44 | [50]* Smart buildings, reconstruction

45 | [12]* Recovery of education

46 | [S51]** Economic recovery, Innovation, Digitalization

47 | [52]** Economic recovery, economy

48 | [53]* Housing, construction market

49 | [3]* Marketing, business, retail, sustainability, economy,
50 | [54]* Housing stock, Repair, Privatization, Tenants, Subsidies
51 | [55]* Sustainable development, small business, economic growth
52 | [56]** Anthropogenic landscapes

53 | [57]** Soil, ecology, agriculture

54 | [58]** Environment, heavy metals, agricultural lands,

55 | [59]** Ecosystem, soil, urban park

56 | [60]* Urban green areas, landscape and recreational zones
57 | [61]** Recycling, Postwar recycling, concrete

58 | [62]** Construction waste recycling

59 | [9]* Environmental policy

60 | [63]* Waste management, sustainable development

61 | [64]* Waste recycling, energy and fuel

62 | [65]** Digitalization of the agricultural land

63 | [66]** Digitalization, food sector, circular economy

64 | [67]** Digitalization, food security, agriculture

65 | [5]* Food Security, sustainable development

66 | [68]* Food security,

67 | [69]* Agriculture, forestry

68 | [70]* Agriculture, climate change actions

69 | [71]* Agricultural sector, agricultural enterprises

70 | [72]** Spatial organization, system development,

71 | [73]** Revitalization of the industry

72 | [74]** Nighttime lighting vs refugee number.

73 | [75]* Law

74 | [76]* Flooding, Ethnic disparity

* Web of Science, ** Scopus, *** Google Scholar
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18.5 Keyword Distribution in Research on Sustainable Reconstruction of Ukraine

23 27 ¥ 21

1414141414

Figure 1. The keywords of the literature reviewed within the research on “Sustainable
Reconstruction of Ukraine”

Then we have eliminated the papers which In searches for 'Sustainable Reconstruction of
were not related with Russian invasion of Ukraine,' the most frequent keywords—
Ukraine. Uniting the results and removing the sustainability (14%), energy (10%), and
duplicated studies, Table 1 was designed. Recovery and Reconstruction (R&R) (8%)—

Then we grouped the keywords and Figure 1 highlight the crucial link between sustainable
reconstruction and  energy efficiency.
Additional keywords like urban (6%),

environment (6%), climate action (3%), and

illustrates the distribution of the keywords.
The numbers over the bars show the

percentage of the keyword in overall total of

all keywords. In Figure 1, the 'Others' column housing (1%) emphasize the need for a

includes keywords that appear only once, holistic approach to rebuilding that considers

. . . broader environmental and urban contexts.
such as presumption, public opinion,

bioclimatic  potential, medical centers, The invasion seriously affected Ukraine.
territorial development, architecture, Scientists examine each sector separately and
decentralization,  professional  integrity, offer methods for restructuring the sector. We
human development, partnership, used the Litmap tool to correlate the articles
prioritization, smart buildings, housing, we encountered during the literature review,
subsidies, law, etc. Keywords that appear two to see the relationship between the papers.
or more times are included in Figure 1. None of them has a citation link with the

other. This is because firstly; the papers were
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published in the same year after the invasion
started on February 2022 and secondly; each
study describes an individual content.
the
published with “Ukraine + reconstruction +
help

determine a post-war reconstruction strategy.

Moreover, peer-reviewed literature

sustainability” keywords do not
The keywords of the recent studies were not
exactly cover sustainable reconstruction but
covered similar concepts namely; sustainable
development goals, food security, energy
security etc. (Fig. 1). However, through 74
relevant scientific papers we investigate, none
of the studies

“reconstruction strategy” for the building

existing propose a

stock.

To address this gap, our research focuses on
the “Sustainable Reconstruction of Ukrainian
Stock,”

encapsulating

Building highlighting and

sustainability, energy, and
urban development to tackle the complex

challenges of Ukraine's reconstruction.

In this paper, a detailed literature review has
been performed on the reconstruction of
Ukraine since the beginning of the invasion.
the Ukraine's

sustainable reconstruction are insufficient, the

Since publications  on
content of the paper has been expanded with
the title of “post-disaster reconstruction”.
Thus,
strategy was created and introduced. The

a basic framework reconstruction

main contribution of this paper is, providing a
universal reconstruction strategy, which can
be employed in case of any kind of disasters
considering

regional development,

sustainability and stepwise reconstruction.
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2. Reconstruction; Definition and
Ukrainian Implementation
2.1

challenges and recommendations

Reconstruction: Evaluation of

This paper focuses on drafting the basic
the
reconstruction of Ukrainian building stock.

principles  for post-war  sustainable
Therefore, we will first seek an answer to the
question "What is reconstruction, and how is
it defined?" before moving on to the question
sustainable

"How exactly can a good

reconstruction strategy be determined?"

Today, due to climate change and other
natural causes, we are faced with natural
events such as fire, earthquake, flood and
overflow more frequently. If necessary
precautions are not taken against such natural
events beforehand, these events turn into
disasters. A  disaster can also be
anthropogenic, such as war. Whatever the
the

reconstruction is essential.

source  of disaster, = man-made

If disasters were predictable, it would be

much easier to avoid loss and take
precautions. However, the reality is
unfortunately not like this, and the

consequences of disasters can be extremely
catastrophic. Some principles and approaches
can be used to meet the needs such as food,
hygiene and shelter in a planned and
programmed manner as soon as possible so
that people affected by disasters can survive

and hold on to life [77].

Disasters can destroy lives or cities with an
impact that lasts for years in a few seconds.
This can lead to the destruction of not only
human life, but also the economic life.
Therefore, restructuring and saving economic

enterprises in such disasters are one of the key
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tasks for the recovery of social life as soon as
possible [78].

While cities are being built, each building is
designed individually for separate purposes.
However, reconstruction after a disaster takes
a much shorter time than new construction,
and is characterized by inherent complexity
and chaos due to its large scale and the need
for simultaneous reconstruction of various
structures. In such cases, in order not to be
insoluble, to save the lives of the most
number of people as soon as possible, to
fulfill the social life and needs as soon as
possible, it is absolutely necessary to prepare
in advance, design applicable programs and
develop disaster policies [79].

Construction activities in the recovery process

are comparatively more intensive and
sophisticated than normal construction by
nature. After a disaster, many institutions and
charities are involved in the reconstruction
process. In order for this sometimes chaotic
process to be successful, it must be well
planned with a multidisciplinary professional
team and appropriately designed programs
[80]. Government, disaster victims and Non-
Governmental Organizations (NGOs) are the
main actors in a recovery project and share
the responsibilities of program initiation,
project initiation, project financing, design,
reconstruction, post-project changes. For an
unbiased process, it would be helpful to
integrate international scientific organizations
into the reconstruction plan, so Ukraine's
scientific knowledge could be improved with
the support of international stakeholders [52].
Beforehand, the factors that will affect
success and the success criteria should be
determined and the process should be
[81]. The

important success factors for post-disaster

designed accordingly most
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Effective
professional

reconstruction are defined as:
organizational  regulations,

management and  professional  teams,

coordination and cooperation, supportive
legislation, fast and effective information and
communication management key partners
clearly defined success criteria, logistics,
resource utilization [82]. However, it is
important to have an overview of possible
the
reconstruction process: financing, relocation,
land

construction

major issues or problems for

ownership, construction material,

cost, construction labor,
construction quality, local capacity, charity
capacities, coordination, communication,
political environment. Without an appropriate
disaster management policy, these issues can
grow and become unsolvable problems [82].
On the other hand, It has been emphasized
that strong leadership and social cohesion are
important for disaster preparedness, disaster
response, and post-disaster reconstruction
[83]. If public institutions and NGOs do not
prepare professionally and scientifically for
such disasters, the only effect of such a
structure is to slow down the vitally important

emergency response and enlarge the problem.

The resource that can be used for recovery are
listed as: natural resources, cultural resources,
human resources, social resources, political
resources, financial resources, and structural
resources that can support other resources.
The of different
disasters and the use of resources may be

reactions societies to
different. The resource planned in disaster
preparedness may affect the ability to use
[83].
Unplanned resources may prevent utilization

resource of all subsequent phases

of the other resources. From this point of
view, each
differently

society needs to prepare

for each disaster, and it is
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necessary to plan each of the above-

mentioned resources as capital in a

multidimensional manner.

Finding appropriate financial resources at the

right time in coordination with local
governments, identifying users, determining
the method,

participation  of various

appropriate assistance

enough and
stakeholders in the reconstruction, risk and
time management are defined as key
parameters of the planning stage. During the
design phase, selection of suitable sites,
problem-free land use, physical plan, quality
definitions,  determination of  suitable
construction types, sustainability, reduction of
future disaster risks, design according to
building typologies, program, resource
planning and risk management should be
Also, different

management  of

considered. application

methods, construction

projects,  characteristics of  materials,
procurement and transportation, labor and
labor management, delivery, maintenance and
after-use evaluation of completed projects,
should be considered. The construction phase
is not just about returning people affected by
the disaster to their normal lives. At the same
time, it is a process that provides an
opportunity to prepare for the next disaster
and reduce the impact of the next disaster

with all kinds of measures to be taken [84].

While planning the recovery, the situation of
reconstructing in a wider area, scenarios that
can solve the "geographical inertia" problem
that means the constant occupation of
dangerous places, the approaches that will
protect the "spirit of the place", sustainable
disaster reduction, producing vision, defining
the efficiency of reconstruction and increasing
its impact should be studied [85]. Recovery

opens many windows of opportunities. In the
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restructuring of the city, if necessary, stylish
investment projects should be put on hold and
the spirit of the city should be preserved after
the urbicide [36].

Advanced and versatile planning is the key
factor for disaster recovery that should also
cover economic losses. Contrary to physical
losses, economic losses continue cumulatively
until the end of the recovery process. If these
losses are not compensated appropriately and
quickly, they may result in the emigration of
[86]. This that the

demographic structure changes affects not

the citizens means
only in the location affected by the war or
disaster, but also other countries starting from
nearby places. As developed countries like
Europe or USA attract more attention, they
will be the address for resettlement. Similar
effects are observed both in the Ukraine war
and in Syria. For example, when the Syrian
civil war started in 2011, as a first reaction,
around 30% of people fleeing the war
preferred to seek refuge in 28 EU countries
[87].

2.2.  Challenges is reconstruction studies
performed so far for other disasters

Disasters of all kinds, whether anthropogenic
or natural, are projected to increase greatly in
the frequency and magnitude of events. The
population affected by the increasing disasters
in recent years is forced to leave their homes.
For example, approximately 17.2 million
people were left homeless in 2018, with
US$250 billion lost in damages, leaving
approximately 26 million people in poverty
over the world. Mass deaths also occurred
[77]. The
International Disaster Database states that
between 2000 and 2019, a total of 1.65 billion
people worldwide were affected by the floods,

during and after disasters
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causing a total damage of 563 billion USD.
the World Bank
recommend the use of assessment tools such

Institutions such as
as Social Impact Assessment tools in the
context of “understanding disaster risk” in
order to detect disaster effects in a shorter
time and better [88]. The Planning for Post-
Disaster Recovery and Reconstruction
handbook provides policies, the planning
process, and more to guide planning for post-

disaster recovery and reconstruction [89].

In order to achieve a sustainable recovery, the
risks must be known and appropriate
structuring must be selected. “Geographical
inertia” must be resolved by legislation. If
possible, reconstruction plans should be made
before the

disaster type [85]. For example, choosing

disaster, separately for each
lightweight structures for a hurricane is not an
appropriate selection. The height of the
structures planned for the earthquake should
be determined according to the frequency of
the seismic vibration produced by the region’s
ground. In post-war reconstruction, the layout
of the city should be in such a way to make a
military intervention difficult and to facilitate
defense.

The “window of opportunity” perspective is
the assumption that there is greater potential
for resolving social problems after a disaster
than before a disaster. Many people hope,
that the disaster will
accelerate their hopes and plans for change

after a disaster,

and development. Disasters can revitalize a
society, and even restructuring efforts can
make society a force for improvement and
upgrading [90]. On the other hand, there is no
guarantee for this process to be successful and
the failure of the process can be due to lack of
resources, lack of government support, budget

51

ZeroBuild Journal 03:02 (2025) 41-70

limitations, delay in the process, and lack of

community contribution [79].

It is stated that one of the most important
topics for post-disaster recovery is logistics
[91]. Because, if the roads are damaged in a
disaster, losses and damages increase at every
stage of the disaster recovery that brings extra
burden to the society. In the case of the war in
Ukraine and the earthquake that occurred in
Turkey, it was observed that not only the
damage to roads but also the damage to air,
railway and sea transportation increased the

losses exponentially.

2.3.  Recovery studies performed on
Ukraine so far
2.3.1. How to Recover?

Disaster management has three stages and
starts before the disaster. The steps are
described as: mitigation and preparedness
before the disaster, response and post-disaster
recovery [44]. Post-Disaster Recovery, on the
other hand, is described as a four-stage
process. Emergency response, restoration,
reconstruction and upgrade [79]. Disaster
management and post-disaster reconstruction
management can be evaluated together
starting from the "Emergency response". In
order for the process to be carried out
successfully, it 1is important to have
transparency, accountability, clearly defined
goals, providing education and guidance to
the

cooperation,

community, good coordination and
evaluation and performance
measurement [81]. This study provides an
example for mitigation and preparedness

before the disaster step.

The aim of the reconstruction of all kinds of
disasters is to meet human needs and to
normalize social life. Therefore, the recovery
action begins as soon as the disaster begins
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with the "emergency response" stage until the
social life is enhanced to a better state than
before. In this process, all disciplines of
management i.e. logistics, information,
quality, risk and project must be managed
and Therefore,

simultaneously jointly.

recovery can be defined as an
interdisciplinary and cross-sectoral process,
meaning that it requires stakeholders from

many sectors to come together.

Recovery can be performed much more

effectively and accurately with today's
technology and decision making techniques.
However, no matter how advanced
technology is used, an appropriate strategy
must be determined, appropriate data must be
processed and continuous damage/due
diligence assessments must be carried out.
Damage/due diligence assessment should take
into account the identification of needs,
infrastructure,

assessment of  critical

assessment of available resources, and

recurrence of damage due to war [47].

For Ukraine's future practice, it is necessary
to take into account that the post-disaster
recovery process frequently fails due to a lack
of finance, insufficient support from the
government, lack of funding and supporters,
and a lack of community involvement [79]. It
should be noted that, the
humanitarian aid operations is defined by

quality of

parameters such as supportive policies,
transparent and quality information sharing,
response rate and security measures. In
addition, there is a gap in the disaster
management system in terms of proactive
identification of victims, design of strategic
programs, flow of funds through innovative
platforms to provide adequate assistance to
[77]. If additional like

inadequate integration, inappropriate

victims factors
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evaluators, corruption, poor communication
and coordination, ineffective/wrong planning,
and logistics are taken into account, the
reconstruction process will unavoidably fail
[81]. A simple and convenient way to success
can be considered as international cooperation
with financial, academic and professional
institutions. As an academic institution, our
target is to develop an appropriate strategy for

reconstruction.

2.3.2. Ukraine Situation and Losses

The invasion killed thousands and started an
influx of refugees. By June 2022, about 8
million Ukrainians were internally displaced
and by February 2023, other more than 8
million Ukrainians had left the country. It is
that US$80 billion in
government funds will be needed for short-
the

restructuring for profits-generating industries

predicted about

term needs within framework of
that are expected to recover and restore
crucial public sector assets, such as schools

and roads, and speed recovery [74, 92].

As of June 1, 2022, the total damage only in
the housing sector is estimated to be USD
39.2 billion. About 817,000 settlements were
affected by the war, and 38 percent of them
were destroyed beyond repair. The war had
significant effects on the urban housing stock
[92]. Ukraine's housing stock ages early as a
result of a lack of maintenance funding
resources. A portion of the pre-war population
resided in these inferior technologically
constructed homes [50]. The real estate sector
was negatively impacted by the political
instability and the war has heightened the
drama of this scenario. The real estate market
is anticipated to contribute greatly to the
reconstruction process. It is recommended

that land, air, and sea transportation be
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perfected in order to boost the region's worth
and revitalize the real estate market [53].

2.3.3. Energy Stress

Ukraine is energy — dependent country. This
dependency threatens both some sectors such
as manufacturing and logistics and national
security in the country. Its main energy source
is natural gas, which is Russian origin.
Ukraine consumes 40% of the total energy in
the buildings [93]. Similarly, European Union
is sensitive in energy issues. EU publishes
energy efficiency legislations in buildings,
green transition, smart and sustainable
growth, and institutional resilience policies.
With the "Smart Energy Saving" project
developed in this context, it is aimed to
reduce the negative effects on energy saving,
sustainability and the environment with the
subsidy programs supported by the European
[94].

defines energy efficiency studies as a valuable

Union funds The European Union
tool to overcome energy supply challenges.
The aim of energy efficiency studies is to
contribute to supply security by reducing
primary energy consumption and energy
imports. Today, Ukraine needs to reduce its
dependence on energy both because of the use
of energy supply as a weapon against itself
and because of its responsibility to fight the
climate crisis [93]. The simplest method that
countries can implement and develop policies
to reduce their energy intensity is the energy
efficiency in buildings. With the energy
efficiency studies in the buildings, both the
economy is contributed in the production

phase and massive overconsumption is
prevented during the operation phase.
Therefore, energy stress leads post-war

reconstruction strategies of Ukraine towards
energy efficient buildings.
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2.3.4. European Integration

The National Council for the Recovery of
Ukraine from the Consequences of the War
(NCRU) has stated

interregional and cross-border cooperation in

willingness  for

the plan “Construction, urban planning,
modernization of cities and regions”. The plan
also states that international partners are
expected to be involved in the recover and
improvement process. The war accelerated
Ukraine's EU membership and gave a
"candidate" status. Therefore, it is expected
that European principles, approaches and
practices will be further supported in the

improvement process [93].

NCRU's

envisages financing various projects using the

“Energy security” plan also
European Green Deal Investment Plan (Invest
EU or Just Transition Fund). Significant funds
are planned to be allocated, particularly for
the implementation of Pilot technologies
involving green energy [95]. However, while
it is possible for Ukraine to temporarily apply
foreign standards, local standards must
eventually be amended to align with the EU
acquis [92]. In “Construction, urban planning,
modernization of cities and regions” plan,
NCRU states that the system is not technically
ready for EU conformity assessment in the

field of construction [93].

NCRU stated that an
modernization plan integrated with the EU

also inclusive

was made in the process of saving economic
life
ecosystems. The plan aims for accelerated,

and social and improving natural

sustainable economic growth to ensure
people's well-being integrated into European
[95]. In the “European
Plan, it 1s stated that the

employment of professionals with the sectoral

value chains

Integration”
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competence required for EU integration will
the of the
harmonization process The project

acceleration
[96].
"Development of the Interagency Program on

contribute to

Environmental Education and Awareness
Raising for Sustainable Development of
Ukraine for the Period 2022-2032"
launched for each region of Ukraine. In the

was

project, plans and standards were developed
on infrastructure, health services, housing and
schools, and digital and energy sustainability
in line with European policies. It is planned to
increase the quality and effectiveness of
environmental education so that the citizens
receive sufficient and up-to-date
environmental information [96]. In the plan it
was stated that Ukraine will be rebuilt in a
clean and safe way, ensuring compliance with
the Copenhagen criteria for European Union
(EU) integration and EU Green Deal [93].
Similarly, the World Bank recommends that
the reconstruction process be planned in a
way that integrates sustainable development
and green transition in line with the 2030

goals and the Paris Agreement [92].

All of the published plans state that the
recovery should proceed in parallel with the
EU Integration process. At the same time, all
plans require technical expert personnel,
training support and expert support from
international stakeholders. The EU reports
that, upon request, Member States will be
assisted in establishing national or regional
financial support schemes to improve energy
efficiency in buildings [97] either directly or
through European financial institutions [98].

In the recovery of Ukraine project, an

institution namely, “Institute for Sustainable

Reconstruction of Ukraine” to provide

technical support can be suggested. This

Institute will also contribute to the
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of the

reform focus,

of
transparency,

implementation principles
partnership,
democratic participation, multi-stakeholder
stated

institute

inclusiveness in the

The
contribute to the specified issues in the

participation,

Lugano Declaration. may

“Construction, urban planning, modernization
of cities and regions” Plan, by following
actions:

Build and develop the capacities of authorities
and institutions at all levels and ensure
cooperation for post-war reconstruction and
development.

Establish a system for regional development
institutions,

Establish a data-based policy and decision
mechanism,

Provide methodological and informational
support for the development of local self-
government,

Establishment of education and training
programs for the employees of regional
development agencies [93].

The EU foresees that the highest
improvement can be provided with the easiest
intervention in strive against the climate crisis
in the housing sector. For this, it has targeted

by defining Zero Energy Buildings in
Directive  2010/31/EU  on the energy
performance of buildings that requires

member states to provide, on their own terms,
appropriate financing and facilitation to
promote energy efficiency in buildings and
accelerate the transition to zero energy
buildings [97].

In Directive 2018/844, the Council announced
that Member States should develop long-term
skills

development and training in the construction

renewal  strategies to  promote
and energy efficiency sectors. Accordingly,
Member States should establish a long-term
strategy for the renewal of the national

building stock. These strategies are desired to
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contain:  building  stock  assessment,

determination of renovation approaches
related to building type and climate zone,
policies to encourage renovations and a
forward-looking perspective [98]. Ukraine's
improvement project can be staggered until
2050 in with  this

Accordingly, energy buildings

parallel directive.

Zero are
targeted and plans are made considering the
building type and climate zone, which is in

line with the Ukraine recovery plan [93].

The 2012 directive recommends that member
states encourage information on progress
made in achieving the targets [99]. The
recommendation given here is also consistent
with transparency, which is the cause of
failure of restructuring projects by [81]. In
line with EU jurisprudence, the same work
plan can be used for Municipalities of
Ukraine. In view of the shortage of experts
reported by the NCRU, it may be appropriate
to appoint a third-party institute to provide
support for specialist staff training and
transparent reporting.

40% of energy consumption in Ukraine takes
place in buildings. As more than 80% of the
buildings were built before 1991, they do not
meet modern energy efficiency requirements.
The average specific energy consumption in
buildings is about 194 kWh/m2. This is 30-
50% above the European average. A large
part of the heat in buildings is lost due to poor
thermal insulation, aging of the installations,
By
implementing the zero energy buildings target

wear and inefficiency of use.
to reconstruction strategies,, a 35% increase
in energy efficiency in the building sector is
targeted with Net Zero Energy Buildings

(NZEB) in the medium-term plan [93].
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3. Discussion of The Guiding
Principles for Ukraine’s Post-War
Reconstruction

So far, recovery management, successful
planning, factors that can cause failure,
NCRU the

government's plan, relevant sections in EU

Ukraine's reports  and
legislation have been examined and a general
view has been presented. In this section, we
will outline the principles of recovery from

the general information gathered.

Before the war, the Ukraine published a

program and environmental policy on

ecological networking, biodiversity
conservation, waste management and use.
However, political and administrative
lack  of
strategies, and finally Russian aggression
hindered the

programs [9]. From now on, without waiting

uncertainties, implementation

implementation of these
for the end of the war, reconstruction for a
sustainable Ukraine with a renewed strategic
roadmap should be started.

Recovery can be defined as change and
transformation for the normalization of basic
service and social infrastructure [81]. The
reconstruction process consists of 4 stages:

1. urgent action,

ii. provision of essential services,
1ii. relocation and reconstruction,

iv. developmental reconstruction.

This process can take up to 25 years,
depending on the magnitude of the disaster
and the affected community [85]. Therefore, a
medium-term plan should be made for the
rapid restoration of basic infrastructure and
services in the process, followed by laying the
foundations for sustainable and green growth
[39]. However, this plan should be updated
with data from the field and continuously
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improved if necessary. The “policies to be
followed” recommended in the studies on the
reconstruction of Ukraine can be grouped
under 2 main headings: Technical inferences,

and administrative inferences.

ADMINISTRATIVE INFERENCES: The
reconstruction process is considered by many
researchers "opportunity to build
better". the
sustainability of the region's economy is not

as an
However, if long-term
taken into account, it can lead to a "boom and
bust" economy [85]. Therefore, it should be
planned very carefully and consciously.
Because it's not just the work of rebuilding
buildings, it's the process of rebuilding the
society. If appropriate techniques are not
used, significant problems such as individual
inequality, inequality of access to resources,
inequality of opportunity and a society

vulnerable to disasters can arise.

In the reconstruction process, the regions with
the highest economic and political relations
with the other countries are the places that the
most easily and quickly recovered after the
disaster [100]. Therefore, International
Public-Private Partnerships (PPP), aimed at
strengthening foreign relations, is very
important for the restructuring of Ukraine.
The establishment of PPP
depends heavily on public support [43]. If the
PPP is established with stakeholders like

European Union, World Bank, European

international

Bank for Reconstruction and Development
(EBRD), it becomes an extremely attractive
the

economic

tool for attracting investment in

reconstruction of social and

infrastructure.

However, foreign aid programs must be
managed in a flexible and transparent way.

Administrative and political interventions are
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among the greatest dangers and obstacles to a

successful recovery. If the professional
experts' plan is replaced by other personal or
political interests, the benefit of some small
groups may increase, but the overall benefit
of the country will decrease and sustainability
will be severely damaged [101]. Furthermore,
it is recommended that priority be given to
developing cooperation for the effective use
of resources and, where possible, providing
external assistance in the form of grants
[102]. Ukraine should implement changes
related to integration with the EU, seriously
challenge corruption while receiving support,
and establish the framework for restructuring.
If the restructuring process is designed to
include all stakeholders in accordance with
the project management cycle technique,
equality, transparency, performing a better
can be

and sustainable reconstruction

achieved [82].

Inference 1: A special-purpose, multi-partner
institution can be appointed to avoid the
negative effects of domestic politics, facilitate
international cooperation, and streamline the
This
stakeholders as
the
reconstruction process as a third party. It can

project management cycle. private

institution, with global

partners, manages and reports on
provide the speed, transparency, and versatile
information flow necessary for the healing

process.

World Bank recommends to allow private
sector investments and initiatives and to
develop support programs for Small and
Medium Enterprises (SMEs) for the recovery
Thus, the building back better
process of damaged properties can begin

process.

immediately and be increased gradually. This
method is also recommended as a suitable
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method for the equitable distribution of
welfare [92].

Inference 2: Starting the action immediately
and increasing gradually can be possible with
a stepwise program. Both economically and
technically steps should be considered. With a
gradual planning, better and more sustainable
targets can be set. The process can be started
to the extent available resources allow.

Social conflicts can slow or halt even the
best-planned reconstruction and recovery
efforts. If Development Conflict Resolution
Techniques are used to prevent such a
situation, conflicts can be prevented and
sustainable recovery can be achieved. For
this, social resources, social networks and
social participation can be developed to
increase the "capacity of the community" to
and

solve problems increase well-being

during recovery. By this way, an important

contribution can be made to build
environment for resilience against future
disasters [103]. In the draft plan

“Reconstruction, urbanism, modernization of
cities and regions” published by the NCRU, a
sustainable reconstruction should be planned
according to the needs of society. Priorities
should be determined and ranked, and a
project should be prepared by determining
technical and commercial strategies. In order
to give priority to regional development,
national SMEs should be enlarged and the
number of companies should be increased and
contribution to the economy should be
ensured. A modern human-centered approach
in line with sustainable development goals
should be adopted. Restructuring efforts
should be planned to contribute to Ukraine's
integration into the European Union [93].
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TECHNICAL INFERENCES: Today, there
is a chance to integrate Ukraine into the
global economy with investments by
prioritizing increasing production capacity
and transition to the high and green
[102]. In

efficiency, smart public transport and climate

technology addition, energy

resilience in urban areas should be prioritized

in the rebuilding process. Energy

infrastructure should be specially planned and

a strategy on agriculture and regional

development should be planned [45].

Inspiring by the Marshall plan, the
recovery plan should be [46];

1. Organized to economic
independence,
ii. Administered by Ukraine,

iii. Revised based on ongoing needs

promote

assessments

iv. Giving priority  to resource
conservation and  sustainable
development.

Inference 3: The strategic plan should be
prepared in accordance with the regional
development. Thus, the reconstruction will be
shaped according to the needs of the region to
ensure that it contributes to the economy of
that region. Making a special reconstruction
plan for each shorten the
reconstruction period and increase its effect.

region will

In the light of the drawn remarks so far, it was
concluded that international organizations
should also contribute to the reconstruction
process, that the program should be started
immediately and accelerated gradually, and
that a separate plan should be made for each
region. So what should be the upper limit of
the plan? To what extent should the plan
envisage improving  Ukraine's
stock? The
questions are actually parallel with the EU

the

existing

building answers to these

integration  topic. In “European
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Integration” Draft Plan, it is reported that
there is a chance for reconstruction with the
philosophy of “build back better” in line with
EU environmental and energy policies [96].
In other words, instead of replacing the old
one, the reconstruction should be replaced
with

environmentally

higher performance, more

friendly and  more
sustainable [104]. This is basically named as
the Concept of reconstruction of buildings

after major damage - Build-back strategy.

Figure 2 shows the concept of reconstruction
after major damage caused by nature or man-
made disaster. The level of performance
within the life cycle of a building is gradually
reduced due to wear and aging, and when it is
the

regulations/standards, the required level needs

reduced  below level set by
to be increased by modernization over the
standards as part of the upgrade. In the case of
the

may be

an extraordinary damage/disturbance,

level of functional properties
significantly reduced to the limit, when the
building is fundamentally damaged and basic
functions are impaired, i.e. performance level
of damage state. At this level, the building
can often no longer be used, and it is
necessary to proceed to a major
modernization after the shock phase. Since
often such modernization is very time-
consuming and costly, it is possible to
proceed in several successive stages. The
individual phases must be designed in such a
way that the subsequent phase could follow

without major construction limitations.

In the first step (urgent actions) it is necessary
to make the necessary adjustments to ensure
the basic functions of the operation of the
house. In the second phase (build-back) the
modernization is aimed at achieving a quality

level corresponding to the state before the
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damage. In view of the new quality
requirements specified in the SDGs, the third
step (build-better), should be set at a higher
level of the building quality to meet the

sustainability requirements.

For example, the “Energy security” Draft Plan
states that there is an opportunity to increase
energy efficiency in buildings by 13% by
rebuilding buildings as NZEB and by thermal
modernization of buildings in line with the
EU [95]. In addition, within the scope of the
EU integration process, there are advanced
technology  proposals such as smart
preparation in line with the EU's 2030 and
2050 [50]. The

proposal is an attractive proposition to set the

targets smart readiness
direction of key information about energy and
water consumption of buildings, as well as
issues such as policy development and
education. Therefore, its inclusion in medium
and long-term plans should be considered.
the

features means increased costs, which may

However, implementation of smart
not be suitable for a country at war. If the
the

constructions are planned as “smart ready”

reconstruction is designed stepwise,
in the emergency response step and the
smart elements are completed in the medium

to long term.

In this context, it is recommended to prepare a
handbook that will include reconstruction
architectural solutions,

projects, design

project sketches and energy efficiency
guidelines [93]. However, of course, this
handbook should also be prepared by taking
into account the regional differences and
different objectives of the strategy, and it
would be appropriate to divide the plan into
steps in line with the "start now and increase

gradually” view.
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Figure 2 Build-back-better principles within reconstruction strategy

The draft plan “Reconstruction, urbanism,
of
published by NCRU also provides guidance

modernization cities and regions”
on some important technical issues. For

example, modern, energy efficient and

climate resilient reconstruction of social
infrastructures such as outdated schools,
kindergartens, and health facilities technically
necessitates the consideration of climate
zones. Region-specific planning of the
reconstruction process to support the local
the

reconstruction of buildings with domestic

economy, for example, designing
products, increasing and using local and
renewable energy sources, is a requirement of
local and regional strategy. Therefore, a
uniform approach to assessing the suitability
of the performance of construction materials
is recommended in Ukraine and EU member
states [93]. Of course, such an assessment can
easily be made by a special purpose third-
party
institution.

independent  and  international
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Inference 4: It is not possible to specify a
uniform structure to make climate-resistant
and energy-efficient sustainable buildings.
Each building type has different needs. This
consideration of

requires typology for

recovery.

4. Concluding Remarks

Various considerations warrant careful
attention when contemplating construction
projects. Firstly, the risk of demolition due to
warfare poses a significant threat to any type
of construction. Secondly, it is vital to
allocate our limited resources wisely;
prioritizing structures that not only restore
social stability but also have the potential to
generate income for future endeavors. Lastly,
given the scarcity of resources, it becomes
distribute

judiciously among different projects. Taking

essential to these resources

these factors into account is crucial for

effective and efficient reconstruction planning
and Therefore,

resource  management.

stepwise planning of reconstruction projects
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will both increase the efficiency of utilization
and contribute to allocate resources in the
most appropriate way to all needs.

Four important bullets stand out within the
scope of this study. These titles are visualized
each
The
reconstruction bullets include institutional,

in Figure 3, showing a different

dimension. proposed strategic

gradual, regional, and typical planning.

ZeroBuild Journal 03:02 (2025) 41-70

The Institutional bullet aims to establish a
dedicated
spearhead reconstruction,

multi-partner  institution  to
cutting through
domestic politics and fostering global
collaboration. This body, with international
stakeholders, will drive the process with
and comprehensive

speed, transparency,

reporting, crucial for effective recovery.

Reconstruction

Strategy

Figure 3 Reconstruction strategies (Powered by Microsoft Designer).
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The stepwise bullet represents the urgent
action step of the recovery process. Urgent
action includes works that cannot be delayed
despite the war. In this step, it can be planned
enough to start social life. The immediate
action step covers all building typologies,
because demolished buildings negatively
affect the morale and motivation of war-torn
this  bullet

rebuilding all types of buildings until they

people. Therefore, involves

come into service. The second step is
recommended to plan the reconstruction up to
the required performance level. Considering
that today's European Union legislation on
building energy performance and that the
reconstruction period may extend until 2050,
that the

performance level should be kept at the level

it can be foreseen required
of passive house standard. The third step
describes the "Build Back Better" step, which
is the final stage of reconstruction. Since zero
emissions are targeted according to European
legislation, it is recommended to target
buildings that produce their own energy, i.e.

zero energy buildings, for this step.

Another bullet in Figure 3 is the building
typology. It is planned in line with the zero
carbon target, except for some special
building types, such as buildings used for
historical and agricultural purposes. In other
words, they are planned according to energy
needs. Since the energy consumption of each
building type is different, it is recommended
to create a codex according to the building
typology when planning the restructuring of
the buildings. There are many types of
buildings that serve society today such as;
housings, educational facilities and public
buildings. However, when making a national

action plan, it may be appropriate to prepare a
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separate type of project for each building
type.

Regionalism bullet means that buildings
should be designed considering the needs and
sensitivities of the region. The geographical
features of the region are also the key
parameters for the energy efficient (passive)
design of the building. Passivation techniques
such as Solar Wall, the building insulation
type and thickness, window to wall ratio
should be planned in accordance with the
the

However, the size of the area (city) and the

geographical conditions of region.
size of the service that building must provide
guide the determination of the building's
dimensions. In addition, it is extremely
important that buildings are constructed using
local materials, both to avoid "boom & boost"
economy and to reduce carbon emissions.
Therefore, the most important dimension of
the reconstruction process that affects social
and economic recovery 1is the regional

planning.

Within the scope of this study, we have
analyzed more than two hundred papers and
identified three

sustainable and resilient reconstruction of

important factors for a
Ukrainian Building stock. These factors can
be adopted as a strategic roadmap for not only
but all
anthropogenic and natural sustainable and

post-war  reconstruction other
resilient post-disaster reconstructions. The
described reconstruction model is suitable for
planning as emergency response and increase
The model

characteristics, including materials, which is

stepwise. considers regional
also suitable for regional development. Also,
the proposed strategy is versatile and very
useful, as it recommends planning for each

building type separately.
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One Cikanlar:

e Ameliyathanelerde kullanim dis1 saatlerde (gece modu) hava akis hizinin azaltilmasi
ile sogutma enerjisi tiiketimi 13,4 kWh/m” azaltilabilir.

e Hava akis hizinda %50 oraninda bir azalma ile sogutma donemi ameliyathane
iklimlendirmesinde %11,3 oraninda elektrik tasarrufu saglanabilir.

e Gece modu uygulamasi ile hastane elektrik tiiketiminde %2,33 oraminda iyilestirme
saglanabilir.

e Giindiiz saatlerinde sogutma amagl elektrik tiiketimi, sogutma sezonundaki tiim giin
tikketimin %77,3"linl olusturmaktadir.

Gelis Tarihi: 08.05.2025 Kabul Tarihi: 20.06.2025 Doi: 10.5281/zenodo.15781980

Amac:

Bu ¢alismada, hastane ameliyathanelerinde havalandirma sistemlerinin isletilmesi baglaminda
enerji tiiketiminin azaltilmasina yonelik bir Oneri sunulmaktadir. Calismanin amaci,
ameliyathanelerde kullanim dis1 saatlerde (gece modu) hava akis hizinin azaltilmasinin
sogutma enerjisi tiikketimi tizerindeki etkilerini arastirmaktir.

Metot:

(Calismada, ameliyathanelerin kullanim dis1 saatlerinde iklimlendirmede hava akis oraninin
%0’dan %50’ye kadar azaltilmasinin Izmir ili igin enerji tasarrufuna etkisi analitik olarak
hesaplanmistir. Hesaplamalar TS825 standardina uygun olarak gerceklestirilmis ve
ameliyathane sogutma gereksinimi detayl bir sekilde analiz edilmistir.

Sonuc:

Arastirmada, gece modu saatleri 20:00-08:00 olarak belirlenmistir. Izmir ilinde bulunan bir
ameliyathane i¢in sogutma sezonunda, kullanim dis1 saatlerde iklimlendirme hava iifleme
debisinin %50 oraninda azaltilmast durumunda, 60 m? biyiikligiindeki ameliyathanede
yaklasik %11,3 (803,3 kWh veya 13,4 kWh/m?) elektrik tasarrufu saglanabilecegi
hesaplanmistir. Incelenen ameliyathane igin hava degisim katsayis1 26,2 ACH olarak
bulunmustur. Elde edilen sonuglara gore, ameliyathanelerde, kullanilmadiklar saatlerde, hava
debisi azaltilabilir. Ozellikle sogutma ihtiyacinin yiiksek oldugu giin i¢i saatlerde saglanacak
tasarruf miktarinin daha yliksek olmasi beklenmektedir. Ameliyathanelerdeki sogutma
kaynakli elektrik tiiketiminin yalnmizca %?22,7'si gece modu saatlerinde (20:00-08:00)
gerceklesirken, kalan %77,3'i giindiiz saatlerinde tiiketilmektedir. Ozellikle, giindiiz
sogutmasi toplam sogutma talebinin %65,7'sini olusturmasina ragmen, elektrik tiiketiminin
orantisiz bir sekilde %77,3"linii temsil etmektedir.

Anahtar Kelimeler: Sifir enerji hastane, Enerji verimli ameliyathane, Ameliyathane
sogutmast, Siirdiiriilebilirlik i¢in sogutmanin optimize edilmesi
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Highlights:

e Cooling energy consumption can be reduced by 13.4 kWh/m? by lowering the airflow
rate during non-use hours (night mode) in operating rooms.

e Implementing a 50% reduction in airflow rate results in an 11.3% electricity savings
during the cooling period for operating room air conditioning.

e Applying night mode operation can improve overall hospital electricity consumption
by approximately 2.33%.

e During daytime, cooling accounts for 77.3% of total electricity consumption in the
operating room throughout the cooling season.

Received: 08.05.2025 Accepted: 20.06.2025 Doi: 10.5281/zenodo.15781980

Abstract: The concept of zero-energy healthcare facilities represents a crucial strategy in
mitigating global warming and combating climate change. This study proposes a method to
reduce energy consumption specifically by optimizing the operation of ventilation systems in
hospital operating rooms. The primary focus is to evaluate the impact of lowering the airflow
rate during non-use hours (referred to as night mode) on cooling energy consumption. Using
actual hourly usage data, night mode hours were defined as 20:00 to 08:00. For Izmir
province, analysis showed that implementing a 50% reduction in airflow rate during these
hours could lead to an electricity savings of 11.3%, equivalent to 803.3 kWh, during the
cooling season in a single operating room. These findings demonstrate a significant
opportunity to improve energy efficiency in hospital settings by adjusting ventilation system
operation according to room usage, contributing to the broader goal of zero-energy healthcare
facilities and environmental sustainability.

Keywords: Zero energy hospital, Energy efficient operating room, Operating room cooling,
Optimizing cooling for sustainability

1. Introduction to their 24-hour uninterrupted operations,
with energy consumption levels reaching

Healthcare facilities are among the up to 2.5 times those of typical
highest energy consumers compared to commercial buildings. Major contributors
other building types. Hospitals, in to this high energy use include medical
particular, have high energy demands due devices, heating and cooling systems, and
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ventilation systems—critical components
for maintaining hygiene and infection
The
consumption in healthcare facilities not

control. substantial ~ energy
only raises operating costs but also
significantly increases carbon emissions
[1]. The World Bank estimates that the
healthcare sector contributes
approximately 5% of annual global CO-
amounting to 2.6 billion
the United States,

hospitals and clinics are estimated to

emissions,
metric tons. In
account for 10.3% of the total energy
consumption within the commercial

sector [2, 3].

Operating rooms (ORs) are among the

most energy-intensive spaces in a

hospital, primarily due to stringent
ventilation, filtration, pressurization, and
thermal comfort requirements. Studies
report that ORs consume 3-6 more
kWh/m* than average hospital areas. For
example, a US survey found healthcare
545 kWh/m?yr,
whereas a Spanish study measured OR
ventilation demands of 1685 kWh/m?-yr
(thermal energy; ~1021 kWh/m?-yr if

adjacent zones like scrub rooms are

buildings average

included). A German measurement of
ORs found about 1.2 kWh/m?-day (438
kWh/m?-yr). These figures vastly exceed
typical commercial building EUls and
illustrate the heavy load of 24/7 high-
volume HVAC [4-5].

In recent years, aligned with sustainable
development goals and efforts to combat
the climate crisis, the concept of the
“Zero Energy Hospital” or “Net Zero
Energy Hospital” has gained significant
interest in the healthcare sector. This
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approach aims to ensure that hospital

buildings generate as much energy
annually from renewable sources as they
consume, effectively reducing their net
energy consumption to zero. This concept
is based on two fundamental strategies.
The first is to reduce the building’s
energy demand by enhancing energy
efficiency. Key measures include
efficient HVAC

systems, LED lighting, smart building

improved insulation,

management systems, and passive design
strategies. The second strategy focuses on
supplying renewable energy to meet the
remaining energy needs. Renewable
technologies such as photovoltaic solar
panels, wind turbines, hydrogen, and
geothermal systems can be employed to
achieve this. It is important to distinguish
between net zero energy and carbon
neutrality. Net zero energy buildings
generate as much energy as they consume
over the year from renewable sources,
whereas carbon neutral (or net zero
offset the carbon
with  their

neutrality

carbon) buildings
emissions  associated
operations. Carbon
encompasses not only operational energy
but also embodied carbon emissions—
those associated with the materials and
processes involved in construction.
Achieving net-zero energy goals in
a crucial toward

hospitals is step

sustainability. ~However, a broader
approach to reducing the carbon footprint
should

management,

of healthcare facilities also
supply

transportation, waste management, and

address chain

other operational activities [6]. A key

step towards achieving zero-energy
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hospitals is to improve energy efficiency
while increasing the share of renewable
energy sources. Among renewables,
photovoltaic (PV) solar energy systems
are the preferred initial option [7]. New
cogeneration systems are also being
explored to enhance energy efficiency in
hospitals. Assareh and colleagues [8]
proposed a novel cogeneration system to
meet the energy demand of a hospital in
Rome, Italy. Their optimization results
indicated that the system could reduce
CO: emissions by 2.1 tons per hour, with

an exergy efficiency reaching 25.1%.

One notable example of a zero-energy

hospital worldwide is the Kaiser
Permanente Santa Rosa Medical Office
Building in California. Covering an area
of 8,110 m?, this facility is recognized as
the first healthcare building in the United
States to achieve net zero energy status.
The building is entirely self-powered and
designed to minimize energy
consumption, making it the first proven
net zero healthcare building in the
country [9]. Another notable example in
the United States is the Pueblo
Community Health Center East Side
Clinic in Colorado. Opened in 2022, it is
the first zero-energy outpatient healthcare
facility in North America. The 5,950 m?
clinic is a conversion of a former
supermarket building. Its total on-site
energy use is fully balanced by on-site
energy production, a fact verified by the
New Buildings Institute. The clinic
incorporates several energy -efficiency
measures, including advanced insulation,
a ground source heat pump, an energy

recovery ventilation system, and LED
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lighting. Additionally,
(PV) solar panel system with a total

a photovoltaic

capacity of 280 kW was installed on the
roof and parking lot. These features
contributed to a reduction of over 50% in
energy consumption and 66% savings in
operating costs. The clinic’s total annual
energy consumption was 423,024 kWh,
while the photovoltaic system produced
435,744 kWh annually,
achieving the net zero energy target [10].

successfully

GrennkoOpingkid  University  Hospital,
located in the Nordic region, is renowned
as the greenest hospital in the world. It is
a pioneer in sustainable healthcare,
minimizing energy consumption through
the use of renewable energy systems,
high-efficiency insulation technologies,
and

intelligent building management

systems [11].

Various strategies have been developed
to transform hospital polyclinic buildings
into Zero-energy structures, as
demonstrated by studies conducted at the
University Medical Center in the
Netherlands. These

significant energy-saving potential in

studies revealed

hospital ~ buildings and  proposed
innovative solutions to achieve this goal
[12]. A study on a hospital building in
Taxila, Pakistan, conducted a techno-
economic assessment for converting the
facility into a hybrid grid-connected net
zero energy hospital. The
showed that with a 220 kW photovoltaic

solar system integrated with the grid,

analysis

70.7% of the hospital’s energy demand
could be supplied by solar energy, while
the remaining 28.3% would come from

the grid. The system’s payback period
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was calculated as 2.53 years, with an
estimated annual economic gain of
10.24% [13]. The Net Zero Energy
Buildings (NZEBs) design approach is
widely adopted in Malaysia’s
construction industry. However, there
regarding  the
of NZEB principles

healthcare

remain  reservations
implementation
specifically in building

projects [14]. In the European Union,

reducing  energy  consumption in
healthcare  buildings—recognized as
some of the most energy-intensive

building types—is a key objective of
government policy. Sleiman et al. [15]
proposed an automated early design
support workflow, supported by a suite of
tools, to facilitate the development of
nearly zero-emission healthcare
buildings. Their approach was validated
through multiple real-world
demonstrations across various countries
as part of the

STREAMER.

European project

Although the concept of zero-energy
fully

are

hospitals has not yet been

implemented in Tirkiye, there
important steps taken in this direction. As
of January 1, 2023, buildings with a total
construction area of over 5000 m? in
Tiirkiye are required to be constructed as
Nearly Zero Energy Buildings (nZEB).
This regulation is expected to encourage
the

systems and the adoption of energy-

integration of renewable energy

efficient  technologies in  hospital
infrastructure moving forward [16]. In
parallel with energy efficiency efforts, a
hospital group has tried to start the clean

energy era in the healthcare sector. This
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hospital group, which operates in Tiirkiye,
is investing in Solar Power Plants (SPP) to
meet the energy needs of its branch. The
installed power of these plants is planned
to be approximately 75 MWp. This
initiative represents a significant step
toward reducing the carbon footprint of
healthcare facilities and promoting the use

of renewable energy sources in the sector.

The most important innovation of this
study is its ability to demonstrate to the
Ministry of Health and the Ministry of
Finance that energy savings can be
achieved in HVAC systems with inverter-
controlled motors without requiring any
initial investment cost. Turkey has recently
prioritized identifying efficiency measures
that can be implemented with minimal or
no investment. This study presents a
significant energy-saving opportunity that

aligns well with this national approach.

Specifically, by simply adjusting
operational schedules via automation
systems,  existing  inverter-controlled

HVAC motors can operate in a more

energy-efficient '"night mode" without
additional hardware costs. This makes the
proposed method particularly valuable for
public sector stakeholders, especially the
Ministry of Finance, which is actively
seeking low-cost savings solutions. The
results of this study can serve as a model
for broader implementation  across
healthcare facilities in Tiirkiye, potentially
leading to substantial cumulative savings
in national energy expenditure while

maintaining clinical safety standards.

Hospitals are among the structures with the
highest energy consumption. A significant
portion of this energy, approximately 36%
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to 46%, is attributed to air conditioning
systems. These systems are essential for
maintaining the necessary environmental
conditions for infection

patient care,

control, and
Within
especially

equipment functionality.

hospitals, certain areas are

critical in terms of air
conditioning needs. Operating rooms and
intensive care units (ICUs) are priority
areas due to their stringent requirements
for temperature, humidity, and air quality.
Ensuring efficient operation of air
conditioning systems in these areas not
only helps reduce overall energy
consumption but also supports patient
safety and health outcomes. Optimizing
HVAC performance in these critical zones
can involve the use of advanced control
energy-efficient

systems, equipment,

regular maintenance, and real-time
monitoring. Hospitals aiming to improve
sustainability and reduce operational costs
should prioritize these strategies in their
energy management plans [17]. Indoor
comfort conditions in operating rooms vary
the
performed, and the indoor temperature is
typically 18-26°C. For

example, lower temperatures of 15-18°C

depending on type of surgery

set between
are preferred in open heart surgeries to
reduce the risk of infection and manage
patient body temperature during extended
procedures. In contrast, higher
24-26°C
determined for gynecology surgeries where

temperatures such as are
patient exposure is minimized, and thermal
comfort is prioritized. These varying
requirements necessitate highly flexible
and responsive HVAC systems that can

maintain precise environmental conditions
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tailored to surgical needs [18]. However, in
practical applications, it is seen that the
indoor temperature is mostly left to the
preference of the physician performing the
surgery. This situation causes temperature
settings to change according to personal
preferences and energy consumption in air
conditioning systems to fluctuate. When
examined specifically for state hospitals, it
is seen that there is no comprehensive
that
indoor conditions and manages the systems

infrastructure instantly measures
according to this data. In current air
conditioning systems, the air flow rate into
the air ducts is fixed at a certain

temperature value; therefore, the air

temperatures in operating rooms are

generally kept at very low levels.
Operating rooms are among the areas
where temperature and humidity values in
hospitals must be controlled most
precisely. In order to change the air flow
temperatures and rates in operating rooms
the

measurements must be made.

according  to need, instant

2. Material and Method

In this study, the energy performance of an
operating room was investigated, and the
aim was to reduce energy consumption by
making changes to the ventilation system
data the
operating room were used in the study, and

operation. Real-time from
the targeted energy savings were calculated

analytically.
2.1. Night mode scenario

The capacity utilization rate in operating
rooms was investigated. At the studied
hospital, by 20:00, the capacity utilization
rate in operating rooms drops to 1.9%. In
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this study, the periods when the operating
room utilization rate falls below 2% are
99.4% of
surgeries are completed between 08:00 and
20:00. Night mode is the hours between
20:00 and 08:00. After midnight, no
for

defined as '"night mode."

surgeries are performed except
emergencies, which account for only 0.6%

of the total surgeries.
2.2. Cooling load

The energy required for heating and

cooling residential buildings can be
estimated using the degree-hour method.
This

values based on a total of 8,760 hours per

approach calculates degree-hour
year (one full calendar year). Specifically,
the cooling degree-hours (°C-hours) can
be determined using the following equation

[19]:
CDH = Z§=1(Tout - Tbase)j (1)

where Toy is the outdoor temperature at
hour j, and Ty is the base temperature
below which cooling is not required.
Depending on the outside temperature and
the cooling requirements of the operating
room, the cooling unit attempts to maintain
a consistent supply air temperature. It was
observed that this supply air temperature
stabilizes at 18.5
purposes, a base temperature (Tpase) of 18.5

°C. For calculation

°C is used. Outdoor temperature data for
Izmir were obtained from the Tiirkiye
General Directorate of Meteorology for the
year 2024. These temperature records are
essential for accurately assessing the
thermal load and potential energy savings
in the hospital's HVAC system. The data
will be used to simulate real-world

operating conditions and support climate-
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based energy optimization strategies. The
annual cooling energy demand can be
calculated using the following equation:

Qcooling = N-CDH + Qpersonnel +

Qpatient + Qequapment

2)

Here, Qpersonnela Qpatienta and Qequipment
denote the heat gains from employees,
patients, and equipment, respectively.

Thermal gains can be expressed in two
main groups as gains consisting mainly of
devices and gains from people. Thermal
gains can be investigated in two parts as
employees and patients. The average
number of employees per unit closed area
is predicted as 0.1 personnel/m”. It was
observed that there were an average of six
healthcare professionals in the operating
the

conducted, depending on the type of

room  where examination  was
surgery. This number includes surgeons,
anesthesiologists, nurses, and support staff,
and may vary based on the complexity and
requirements of each surgical procedure.
The presence of healthcare personnel plays
a role in determining internal heat gain and
ventilation needs within the operating
room environment. During the study, it
that
personnel emitted approximately 240 W of
heat.
personnel can be calculated using Eq. 3,

was determined each healthcare

thermal Thermal gains from
which takes into account the number of
individuals and their average metabolic
heat output. This parameter is essential for
estimating the internal heat load in the
operating room, which directly affects the

HVAC system's cooling demand.
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240W
personnel

__[0.1 personnel
= — .

= 24W/m?
(3)

During the study, it was determined that
each patient emitted approximately 260 W
of thermal heat. This value represents the
average metabolic heat contribution from
patients during surgical procedures. It is an
important parameter when calculating
internal heat loads and designing effective

cooling strategies in operating rooms.
= 0.43 W/m?
4

The average electrical load density of

0.00167 patient] [260W
m2 "Lpatient

equipment (Qeguapment) in the operating
room was taken as 171.7 W/m?. This value
includes the typical power consumption of
medical and surgical equipment used

during procedures.

The hourly cooling requirements for the
operating room, calculated by considering
these factors, are presented in Figure 1.

The total cooling load for the operating
room was calculated as 41,813 kWh. To
verify the accuracy of the calculated

cooling load, the total electricity
consumption of the HVAC system and the
Energy Efficiency Ratio (EER)

corresponding to the average outdoor
temperature data were utilized. Using this
method, the total cooling load was
determined to be 43,905 kWh. This
calculated value differed from the initially
predicted cooling load by approximately
5%, indicating a reasonable margin of
validation between the theoretical and
empirical approaches.

78

ZeroBuild Journal 03:02 (2025) 71-84

2.3. Operating Room

An operating room with a ceiling height of
3.5 meters and an area of 60 m? was
examined. The cooling unit’s hourly
volumetric airflow rates ranged between a
maximum of 6,050 m3/h and a minimum of
4,400 m3/h, with a nominal flow rate of
5,500 m*h for the selected air conditioning
The detailed

specifications of the air conditioning unit

device. technical

used in the examined operating room are

provided in Table 1.

Table 1. Technical Specifications of the
Air Conditioning Unit for the Operating

Room
Installed Power (kW) 15.63
Cooling Capacity (kW) 28.5
Energy  Efficiency Ratio 3 19
(EER)

The calculated air change rate for the
operating room is 26.2 ACH (Air Changes
per Hour). While the volumetric flow rate
can be adjusted by up to 10%, it is
generally preferred to maintain a fixed
volumetric airflow rate to ensure consistent
ventilation and maintain the required
environmental conditions in the operating

rooms.

The total electricity consumption for the
operating room during the cooling season
7,088.4 kWh. By
reducing the airflow rate by 50% during
non-use hours (20:00 to 08:00) in the
cooling season, a theoretical energy saving

was calculated as

potential of 803.3 kWh per operating room
was identified (see Fig. 2). The analysis
presented in Fig. 2 assumes a 50%

reduction in airflow.
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Fig.2. Electricity consumption for an operating room during the cooling season

This assumption is based on the modeling
we have conducted as part of the study.
The model incorporates various parameters
thermal ventilation

including loads,

requirements, and pressure stability to
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ensure the feasibility of the proposed
airflow reduction.

This theoretical framework serves as a

basis for estimating potential energy
savings while maintaining operational and

safety standards within the operating room.
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Fig. 3. The theoretical maximum energy savings in operating rooms for night mode

ventilation based on different airflow reduction rates.

This relatively modest saving is due to
lower outside temperatures and decreased
cooling demand at night. At the hospital
level, the annual electricity consumption is
1,239 MWh/year, with 255,182 kWh
(20.6% of total) attributed to cooling
operating rooms. Considering there are 36
active operating rooms in the hospital, the
cumulative theoretical maximum energy
saving potential reaches 28,918 kWh

annually.
Importantly, achieving this  saving
potential would require only the

implementation of automated ventilation
control systems, making it a cost-effective
and feasible energy efficiency measure

The
operating room cooling can be estimated

level of energy savings from

for any desired airflow reduction rate
between 0% and 50% by referring to
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Figure 3. Implementing night mode
ventilation control during the cooling
season results in an 11.3% electricity
savings for  operating i

room air

conditioning. This corresponds to an
overall 2.33% reduction in annual hospital

electricity consumption.
3. Results and discussion

In this study, the theoretical energy gain
that
performed at temperatures between 18 and
19 °C has calculated. When

considering  surgeries

can be achieved for surgeries
been
performed at
temperatures ranging from 15 to 26 °C, the
potential for energy savings will vary for
each operating room depending on its
specific temperature conditions. This study
focused on a single operating room. In our
next phase of research, all operating rooms

will be considered, and a comprehensive
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calculation will be conducted to determine
which surgery type corresponds to which
temperature range and the associated
percentage distribution. Future studies will
also aim to determine an average operating
room temperature based on the number
and types of surgeries performed. Energy
savings calculations will then be updated
accordingly within this context.

Additionally, this study only assessed data
from the province of Izmir. In our
subsequent research, different climate
zones across Tirkiye will be evaluated to
determine the energy savings potential for
This

comprehensive overview of the potential

each  zone. will provide a

savings throughout the country.

We will investigate the thermal comfort
conditions in the operating room by using
the mood state correction factor proposed
by Ozkurt et al. [21]. Psychological factors
significantly influence thermal sensation
and, consequently, HVAC usage behavior.
In  hospital  settings, psychological
adaptation—or the changes experienced
by individuals during their stay—is a
critical consideration. Accounting for
these effects is essential when evaluating
comfort  and

thermal optimizing

environmental control  strategies in

healthcare facilities.

According to the Hospital Air
Conditioning System Design and Control
Principles [20], in accordance with

ASHRAE standards, the total ACH in
operating rooms in Tirkiye should be 25.
This standard ensures proper ventilation,
infection control, and thermal comfort in
critical healthcare environments such as
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operating rooms. Maintaining this air
change rate is essential for meeting

hygiene and safety requirements in
surgical settings. Future research should
focus on the extent to which airflow rates
further

compromising pressure conditions during

can be reduced  without
non-use periods. Moreover, there is a need
to investigate energy-saving opportunities
in operating rooms that remain unused
during daytime hours, as cooling demand

is highest during this period.

Even in night mode, the formation of
negative pressure inside the operating
room must be strictly prevented. To
maintain a minimum positive pressure of
10 Pa within the room, the reduced airflow
rate should be carefully determined for
each real-time

hospital through

measurements. Since the architectural
layout, HVAC configuration, and usage
different

reduction rates will be necessary for each

patterns may vary, airflow
operating room. Therefore, recommending
a single, fixed airflow value would not be
from a healthcare

appropriate safety

perspective. Customized analysis and
adjustment for each operating room are
essential to ensure both energy savings
and compliance with hygiene and pressure

control standards.

Implementing night mode ventilation
control in operating rooms, especially in
city hospitals in Tiirkiye, would be a
beneficial step toward reducing energy
consumption. With data obtained from

such implementations, this strategy could

be mandated in the design and
construction of future zero energy
healthcare facilities, contributing
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significantly to environmental

sustainability and operational cost savings.

There is no additional cost for

implementing night mode in systems
equipped with inverter-controlled motors.
In such systems, only the time intervals
need to be configured via the automation
system, and the motor speeds can be
reduced accordingly. However, for electric
motor systems that do not have inverter
control, an upgrade to inverter-controlled
operation is required. The investment
necessary for this conversion will be
evaluated, and the payback period will be
calculated in detail in future studies. This
analysis is essential for understanding the
financial feasibility and energy-saving
potential of implementing night mode
across different types of HVAC systems.

4. Conclusion

Hospitals are among the highest energy-
consuming buildings, and generating their
own energy from renewable sources offers
substantial economic and environmental
The

benefits. increasing number of

successful Zero-energy hospital
implementations worldwide demonstrates
the feasibility of this The

following main concluding remarks are

concept.

drawn from the present study:

Cooling energy consumption can be
reduced by 13.4 kWh/m? by lowering the
airflow rate during non-use hours (night
mode) in operating rooms. It was
calculated that up to 803.3 kWh of energy
can be saved annually in an operating
room by reducing the airflow rate during
hours (night while

non-use mode),
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maintaining  the required  pressure

relationships.

Implementing a 50% reduction in airflow
rate results in an 11.3% electricity savings
during the cooling period for operating

room air conditioning.

The measured air change rate was
approximately 26.2 ACH, which aligns
with  the ASHRAE

standard of 25 ACH for operating rooms.

well American

Currently, only 22.7% of the total air
conditioning electricity consumption in
operating rooms occurs during night mode
hours (20:00-08:00), while the remaining
77.3% is consumed during daytime.
Notably, although daytime
accounts for 65.7% of the total cooling

cooling

demand, it represents a disproportionate
77.3% of the electricity consumption. This
is primarily due to the reduced efficiency
of cooling wunits at higher outdoor
temperatures during the day, whereas they
operate more efficiently at night, resulting

in lower electricity usage.

Applying night mode operation can

improve overall hospital electricity

consumption by approximately 2.33%.
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One Cikanlar:

e Sirdirilebilir yapt malzemelerinin ¢evresel, ekonomik ve sosyal etkileri ¢ok boyutlu olarak
incelendi.

e  Geri doniistliriilmiis, dogal ve yerel malzemelerin kullanimina yonelik degerlendirmeler sunuldu.

e Malzeme seciminde yasam dongiisii ve gomiilii enerji kriterlerinin 6nemi vurgulandi.

e Uygulamadaki engeller ve ¢6ziim onerileri (teknoloji, tesvik, farkindalik) tartigilda.

Gelis Tarihi: 17.06.2025 Kabul Tarihi: 21.07.2025 Doi: 10.5281/zenodo.16447143

Amag:

Bu calisma, sirdiiriilebilir yapt malzemelerinin se¢iminde c¢evresel etkilerin nasil
degerlendirilecegini analiz  ederek, yap1 sektoriinde ¢evre dostu uygulamalarin
yayginlastirilmasina katki saglamay1 amacglamaktadir.

Yontem:

Calismada ilk adim olarak, stirdiiriilebilirlik kavraminin tarihsel gelisimini ve yap1 sektoriiyle
iligkisini daha iyi kavrayabilmek amaciyla, kiiresel dlgekte bugiine kadar atilmig tiim 6nemli
adimlar ve temel kilometre taslar1 kapsamli sekilde analiz edilmistir. Bu c¢ergevede,
stirdiiriilebilirligin ¢evresel, ekonomik ve sosyal boyutlariyla nasil evrildigi ortaya konmustur.
Devaminda, ScienceDirect, Google Scholar ve Web of Science gibi saygin veri tabanlarinda
“siirdiiriilebilir yapt malzemeleri”, “yesil malzemeler”, “gémiilii enerji”, “LCA” ve “cevresel
etki degerlendirmesi” gibi anahtar kelimeler kullanilarak sistematik bir literatiir taramasi
gerceklestirilmistir. Toplamda 81 akademik yayin degerlendirmeye alimmistir. Bu yayinlar,
stirdiiriilebilir malzeme kullanimi, yerel ve dogal kaynaklarin etkisi, yasam dongiisii analizleri

ve siirdiiriilebilirlik kriterleri bagliklar1 altinda biitiinciil bir yaklasimla analiz edilmistir.

Sonug:

Siirdiiriilebilir malzemeler, yasam dongiisti boyunca diisiik enerji tiiketimi ve karbon salimi ile
cevreye duyarli ¢oziimler sunar. Geri doniistiiriilmiis ¢elik, hempcrete, dogal lif takviyeli beton
gibi malzemeler one ¢ikmaktadir. Ancak yiiksek maliyet, sinirli erisim ve sektorel aligkanliklar
onemli engellerdir. Bu zorluklar, teknolojik gelismeler, tesvik mekanizmalar1 ve farkindalik
artirict politikalarla agilabilir. Malzeme se¢iminde stirdiiriilebilirlik artik istege bagh degil,
zorunlu bir kriterdir.

Anahtar Kelimeler: Surddrilebilir Yapt Malzemeleri, Enerji Verimliligi, Yesil Tasarmm,
Siirdiiriilebilir Yeniden Yapilanma, Cevre Dostu
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Highlights
e The multidimensional environmental, economic, and social impacts of sustainable building
materials were examined.
e Assessments regarding the use of recycled, natural, and local materials were presented.
« The importance of life cycle and embodied energy criteria in material selection was

emphasized.
o Barriers to implementation and proposed solutions (technology, incentives, awareness) were
discussed.
Received: 17.06.2025 Accepted: 21.07.2025 Doi: 10.5281/zen0do.16447143

Abstract: This study examines the use of sustainable building materials within the construction sector
from a multidimensional perspective. As environmental threats intensify and natural resources
become scarcer, sustainable materials are no longer a choice but a necessity. The study evaluates the
environmental impacts of these materials throughout their life cycle and assesses their economic
viability and social contributions. It also identifies key challenges to their adoption and proposes
actionable solutions. The findings demonstrate that sustainable materials are not only
environmentally friendly but also economically viable and socially beneficial. These materials serve
as a fundamental element in shaping a future-oriented building paradigm and play a crucial role in
achieving global sustainability goals.

Keywords: Sustainable Building Materials, Energy Efficiency, Green Design, Sustainable
Reconstruction, Environmentally Friendly

1. Introduction development of sustainability and its relevance
The primary objective of this study is to to the building industry, followed by a
examine the role of sustainable building discussion on how material selection should be
material selection in reducing environmental guided by sustainability criteria. It then
impacts and to evaluate how the use of analyzes the environmental, economic, and
sustainable materials can be more effectively social benefits of using materials derived from
promoted in the construction sector. The study recycled and renewable sources.

begins by addressing the historical
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Finally, green building certification systems
and the multidimensional considerations in
sustainable building design are discussed.

Before the Industrial Revolution, limited use of
steam-powered machinery and population
constraints due to wars and diseases kept
environmental impacts relatively low.

However, the industrialization process that
began in the early 1900s gained momentum
especially after the 1970s, leading to
significant environmental degradation through
increased fossil fuel consumption and
uncontrolled urbanization [1]. Today, the
growing impact of climate change and
environmental  degradation has  made
sustainable approaches essential, particularly
in the building sector [2]. In this context,
adopting sustainable methods in building
design and construction is critical for reducing
environmental concerns and developing
structures that are compatible with ecosystems.

Sustainable  construction  requires  the
integration of eco-friendly components. This
approach not only mitigates environmental
impacts but also brings long-term economic
and social benefits [3]. Given the carbon
emissions and resource consumption caused by
traditional construction materials, the use of
sustainable materials has become a necessity
rather than a choice [4]. Material selection is
one of the most tangible indicators of a
sustainable mindset. Engineers  and
construction professionals are expected to
make decisions based on environmental
impact, renewability, recyclability, and life
cycle analysis [5]. Conscious use of natural
resources, waste minimization  during
production, and ensuring energy efficiency are
the core objectives of sustainable material
management [6].
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Materials derived from recycled and renewable
sources support both environmental and
economic sustainability [7]. These materials
aid in waste management, reduce carbon
footprints, lower greenhouse gas emissions,
and minimize energy consumption [8].
Sustainable materials offer advantages not
only during the production and construction
stages but also by lowering maintenance costs
during a building's service life. For this reason,
construction professionals assess materials
based on multiple criteria such as energy
efficiency, life cycle costs, and occupant
health. At this point, green building
certification systems such as LEED provide
valuable guidance [9].

Sustainable building design should also
address multiple aspects such as climate
resilience, water conservation, greenhouse gas
reduction, wetland restoration, and public
engagement [10]. These elements ensure not
only environmental harmony but also long-
term societal acceptance of buildings. Due to
increasing environmental concerns, the use of
sustainable materials is no longer optional but
essential [11]. This necessity is not only about
protecting nature but also about reducing costs
and contributing to global sustainability goals
[12].

Sustainability is not only an environmental
concept but also encompasses economic
development, social equity, and responsible
resource management [13]. The most widely
accepted definition was provided by the
Brundtland
development is development that meets the
needs of the present without compromising the
ability of future generations to meet their own
needs.”
emphasize its multidimensional nature and call
for integrated approaches that include resource

Commission: “Sustainable

Definitions  of  sustainability
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management,  social  well-being, and
environmental protection [14-17]. This
integrated perspective has influenced many
disciplines, including architecture, urban
planning, manufacturing, and energy systems.

The contributions of this study to the scientific
literature can be evaluated from several

ZeroBuild Journal 03:02 (2025) 85-104

perspectives. First, it provides a systematic
review of existing knowledge on the selection
of sustainable building materials and addresses
parameters  directly  linked to the
environmental impacts of the construction
sector from a holistic standpoint.

Table 1. Key Milestones in Global Sustainability Efforts [24]

Year Event / Document / Contribution/Description
Organization
1972 Club of Rome — The Limits to Warned about the unsustainable nature of economic and
Growth Report population growth on finite planet resources.
1972 UN Conference on the Human First global environmental summit; introduced the idea of
Environment (Stockholm) sustainable development.
1980  World Conservation Strategy Integrated conservation and development; precursor to
sustainability principles.
1987 Brundtland Report — Our Defined sustainable development and addressed global
Common Future environmental and economic challenges.
1992 UN Earth Summit (Rio de Adopted Agenda 21, Rio Declaration, and principles of
Janeiro) sustainability in global policy.
1997 Kyoto Protocol First legally binding climate treaty to reduce greenhouse
gas emissions.
2000 UN Millennium Development Set 8 global goals including environmental sustainability.
Goals (MDGs)
2002 World Summit on Sustainable Reviewed Rio commitments; emphasized
Development (Johannesburg) implementation and partnerships.
2012 Rio+20 Conference Introduced the concept of the 'green economy’; led to the
formation of SDGs.
2015 UN Sustainable Development Adopted 17 goals to achieve a better and more sustainable
Goals (SDGs) future by 2030.
2015 Paris Agreement (COP21) Legally binding international treaty on climate change to
limit global warming below 2°C.
2021 COP26 (Glasgow) Emphasized net-zero targets, coal phase-down, and
climate finance.
2022 Stockholm+50 Focused on environmental protection, climate change,
and sustainability on the 50th anniversary of the 1972
Stockholm Conference.
2023 COP28 (Dubai) Included the first official mention of fossil fuel phase-out;
global stocktake initiated.
2024 COP29 (Baku, Azerbaijan) Focused on carbon markets, climate finance, adaptation,
and loss and damage frameworks.
2025 UN Sustainable Development Assesses global SDG progress, proposes acceleration

Summit (New Delhi,
March 5-7)

India,

strategies, and reinforces 2030 Agenda commitments.
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Second, it offers a practical evaluation
framework for construction professionals by
combining current trends in sustainable
material management with the criteria of green
building certification systems. The originality
of this study lies in its comprehensive approach
to sustainable material selection—not only
from an environmental standpoint, but also by
considering economic, social, and ethical
dimensions.

The integration of these elements, which are
often addressed separately in the literature, into
a unified model distinguishes this work from
previous studies and enhances its scientific
contribution.

2. Historical Development of the
Concept of Sustainability
Many of the environmental and social

problems faced today stem from the long-term
consequences of the industrialization process
that accelerated in the 1970s, which were not
sufficiently anticipated at the time [18]. Before
the Industrial Revolution, factors such as the
absence of steam-powered  machines,
population limitations due to wars, and
relatively low levels of consumption helped
keep environmental problems at a minimum
[19].

However, over time, the diversification and
expansion of industrial sectors, combined with
rapid and unplanned urbanization, led to an
irregular pattern of global growth [20]. This
was accompanied by a rising population
growth rate and increasing pressure on natural
resources, resulting in serious disruptions to
ecological balance [21].

In particular, the intensive use of non-
renewable energy sources and natural raw
materials has triggered a range of complex
issues that threaten both nature and human life,
including global warming, environmental

89

ZeroBuild Journal 03:02 (2025) 85-104

pollution, and the loss of biodiversity [22].
These developments have made sustainability-
oriented solutions unavoidable and have
necessitated global cooperation [23].

In this context, under the leadership of the
United Nations (UN), sustainability-focused
research has been conducted at local, national,
and international levels. Various conferences
addressing environmental, economic, and
social challenges have been organized. These
meetings have played a crucial role in defining
sustainable development goals and shaping
environmental policies (see Table 1).

3. Components of Sustainability
Sustainability consists of three interrelated

dimensions: environmental, economic, and
social sustainability. These components ensure
that sustainable development is addressed
through a holistic approach [25].

e Environmental Dimension:
Environmental sustainability is based on
the conservation and renewal of natural
resources. It aims to protect environmental
heritage for future generations while also
focusing on improving environmental
values and maintaining the balance of
natural ecosystems. Practices such as
protecting biodiversity, reducing waste,
and using renewable energy sources fall
within this dimension [26].

e Economic Dimension: Economic
sustainability focuses on creating income
and employment opportunities to ensure
the long-term economic well-being of
societies. It involves planning economic
activities in ways that do not harm natural
resources, supporting local development,
and using resources efficiently [27].

o Social Dimension: Social sustainability
seeks to promote equality, justice, and
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quality of life among individuals and
communities. It includes ensuring access
to essential services such as health care,
education, security, and housing for all, as
well as protecting gender equality and
cultural diversity. This dimension aims to
strengthen  the social fabric  of
communities and enhance social cohesion
[28].

When these three dimensions are considered
together, sustainability emerges as a holistic
approach that encompasses not only

ZeroBuild Journal 03:02 (2025) 85-104

environmental protection but also economic
development and social justice.

Figure 1 visually presents the key factors that
make up each component, while Table 2
summarizes the main benefits of sustainability
for society, the environment, and the economy.

While the concept of sustainability generally
represents a holistic approach encompassing
environmental, economic, and  social
dimensions, its tangible impacts are most

Table 2. Key Benefits of Sustainability

ENVIRONMENTAL
BENEFITS

ECONOMIC BENEFITS

SOCIAL BENEFITS

Protection of ecosystems and
enhancement of biodiversity

Improvement of air and water

quality income

Reduction of solid waste

Conservation of natural

Reduction of operating costs
Increase in property value and
Improved employee

productivity and satisfaction

Improved economic

Improvement of air, thermal,
and acoustic environments

Enhanced user comfort and
health

Reduced pressure on social
infrastructure

Contribution to overall

resources performance quality of life
Social Dimension Environmental Dimension
Education Atmosphere
Equality
Security Oceans and seas
Health Biodiversity
Population .y Water
SU! BILITY
Housing y Soil

Economic structure

Production and

consumption patterns

Economic Dimension

Figure 1. Key Factors of Sustainability Components (Hastemoglu, 2006)
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evident at the sectoral level [29]. In particular,
the construction sector plays a critical role in
sustainability due to its intensive use of natural
resources, energy, and land [30]. Therefore,
integrating sustainability principles into the
construction industry is of great importance.
One of the most effective ways to achieve this
integration is by considering sustainability
criteria in the selection of building materials
[31]. The following section examines how
building materials can help  reduce
environmental impacts while also contributing
to long-term economic efficiency and social
well-being.

4. Evaluation of Building Materials

from a Sustainability Perspective
The concept of sustainable built environment

refers to systems that can maintain their
existence indefinitely  without causing
depletion of the resources that sustain them,
and without any deterioration in their
fundamental properties [32]. This approach
aims for buildings to possess not only physical
durability but also long-term environmental,
economic, and social balance.

Sustainable building materials, on the other
hand, are materials that consume minimal
energy throughout their lifespan and do not
harm the environment or human health at any
stage—from raw  material  extraction,
processing, use, maintenance, and repair to
final disposal [33]. These materials are often
referred to as "green building materials" and
hold a significant place in today’s world,

where natural resources are increasingly
limited.
Green building materials contribute to

sustainable development goals by minimizing
environmental impacts [34]. Therefore, in the
selection of building materials, it is essential to
consider not only traditional criteria such as
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performance, quality, aesthetics, and cost, but
also sustainability indicators [35]. In this
context, the fundamental characteristics of
sustainable building materials include the
following:

o They do not contain toxic components and
therefore pose no harm to human health
[36].

e Their recyclable or reusable nature helps
minimize waste generation [37].

e At the end of their useful life, they do not
damage the natural environment [38].

e When sourced from local materials and
producers, they reduce the carbon footprint
and support the regional economy [39].

In assessing the environmental impacts of
buildings, it is important to consider not only
the properties of the materials used but also the
entire life cycle of the building. The life cycle
encompasses all stages from the extraction of
raw materials, through the construction and
usage phases, to the final demolition and
disposal [40-42].

This life cycle can be examined in three main
phases:

i. Pre-construction Phase — Involves raw

material acquisition, production, and
transportation processes [43].
ii. Construction Phase - Includes the

construction process and the maintenance
and repalir activities carried out throughout
the building’s lifespan [44].

iii. Post-construction Phase —  Covers
demolition, waste management, and
recycling activities following the end of the
building’s service life [45].
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Pre- Build Phase Build Phase

Extraction of raw
materials

Usage

Construction

Processing Arrangement
Packaging Operation
Transportation Maintenance

Disposal

Post- Build Phase

Recycling
Reuse

WASTE

Figure 2.Life cycle of building materials [19]

The details of these three phases and the
associated criteria for sustainable building
materials are presented in Figure 2.

Adopting this cyclical approach in building
design and material selection is of critical
importance  for reducing environmental
impacts and ensuring the efficient use of
resources. Sustainable built environment refers
to the integration of sustainable development
principles into the entire construction cycle of
a building and its infrastructure—from the
planning, design, and construction phases to
the extraction and processing of raw materials,
usage, demolition, and subsequent waste
management. The initial step in this process
involves improving the quality of building
materials and enhancing the reliability and
efficiency of construction practices. At the
same  time, environmental impacts,
technological advancements, resource
consumption, and socio-economic conditions
must also be taken into account [46].

One of the primary goals in the construction
sector should be to reduce resource
consumption. In this context, applicable
strategies may be implemented either directly
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or indirectly [47]. These strategies can be
summarized as follows:

e Reducing material waste: Preventing
material waste during construction offers
both economic and environmental benefits.
It contributes to the global reduction of
construction waste, lowers overall costs,
and helps make housing more affordable
[48].

o Use of recycled materials: Effectively
utilizing recycled materials in the
construction sector is a powerful strategy
for reducing environmental impacts. This
approach offers numerous advantages,
including the conservation of natural
resources, reduced need for landfill
disposal, lower energy consumption, and
the prevention of pollution resulting from
manufacturing processes. It also supports
the development of more durable building
materials [49].

Improving energy efficiency: Reducing
energy consumption in  buildings and
minimizing the embodied energy of
construction materials are key objectives.
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Table 3. Sustainability Criteria [51, 52]
DIMENSION CRITERIA

Is there a reduction in waste?

Can air pollution be prevented?

Is the produced material toxic to the environment?
Does it reduce CO2 emissions?

Does it help preserve existing biodiversity in nature?

,z_’:l Does the material have harmful effects on soil quality?
g Does the material absorb environmental odors?
(ZD Is the produced material recyclable?
0;: Does it have high reusability?
E Can visual pollution be prevented?
Does it prevent noise pollution?
Is the amount of energy consumed low?
Can it be obtained from natural and local resources?
Can water pollution be prevented?
Can the energy consumed during transport and storage of raw materials be
minimized?
O
S Can transportation costs be reduced?
% Is maintenance and repair easy?
8 Is it durable and long-lasting?
Does it enable the use of fewer materials in goods and service delivery?
Is the material suitable for the social fabric of the region?
Can it provide a healthy environment?
N Does the material ensure safety for humans?
Z_E) Does it meet housing needs?
8 Can it support social balance such as education, cultural activities, suitable
jobs, and homes?
Does it support the local workforce?
Measures to achieve these goals include the o Water conservation: Efficient water
adoption of alternative energy sources, use can be achieved through
enhancement of insulation systems, and technologies such as  rainwater
increased efficiency in lighting and water harvesting systems, greywater reuse,
heating systems [50]. water-saving fixtures, and automatic

shut-off taps [51].
93
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o Durability and maintenance: Ensuring
that buildings are durable and long-
lasting is critical to a sustainable
construction industry. A
ability to maintain its performance
throughout its service life should be
considered from the design stage.
Additionally, buildings should be
adaptable and convertible to meet
changing needs, maintenance costs
should be optimized, and technologies
that offer cost-effective  solutions
throughout the life cycle should be
prioritized [52].

structure’s

In the selection of construction materials, in
addition to conventional parameters such as
performance and cost, sustainability criteria
must also be taken into account. These criteria
are detailed in Table 3.

In line with this approach, the concept of
embodied energy has emerged as a critical
metric for evaluating the environmental
impacts of building materials. Embodied
energy refers to the total amount of energy
consumed throughout all stages of a material’s
life—from raw material extraction to
manufacturing and transportation.  This
concept enables a more holistic assessment of
the overall environmental impact of materials
[53].

Table 4 presents the embodied energy values
(in MJ/kg) for wvarious commonly used
building materials. These values vary
significantly depending on the type of material.
For instance, a natural and minimally
processed material such as adobe block
contains only 0.47 MJ/kg, whereas structural
steel, which requires high temperatures and
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energy-intensive processes, reaches up to
35.00 MJ/kg.This stark contrast clearly
illustrates the influence of material selection
on sustainability. For example, in the
production of a structural element weighing 10
tons, using adobe blocks would require
approximately 4,700 MJ of energy, whereas
the same weight in steel would demand as
much as 350,000 MJ—a more than 70-fold
increase. Therefore, embodied energy values
go beyond being mere numerical indicators
and become strategic decision-making tools in
the design phase, directly impacting the
environmental footprint of a building [54]. The
Victoria University of Wellington in New
Zealand has provided the following embodied
energy coefficients for selected building
materials:

As illustrated in Figure 3, environmental
considerations in sustainable material selection
encompass a wide range of factors including
health (e.g., air quality and reduction of
VOCs), community impact (e.g., local
sourcing and inclusivity), carbon footprint,
energy efficiency, and life cycle aspects such
as production, usage, and disposal.

Table 4. Embodied Energy Coefficients of
Selected Building Materials (MJ/kg)

Material Embodied Energy
(MJ/kg)
Adobe block 0.47
Concrete block/brick 0.94
Ceramic brick 2.50
Glazed brick 7.20
Cement 7.80
Glass 15.90
Steel (structural) 35.00
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Figure 3. Environmental Assessments of Sustainable Materials
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Figure 4. Economic Benefits of Sustainable Materials

The figure highlights how these interconnected
elements contribute to resource efficiency and
environmental Sustainability [55].

As illustrated in Figure 4, the economic
benefits of sustainable materials are
multifaceted. In addition to technical
advantages such as energy efficiency, low
maintenance costs, long-term savings, and
durability, external factors like government
support, increasing market demand, and
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regulatory policies also contribute to the
financial  attractiveness of  sustainable
materials. Although they may have a high
initial cost, the decreasing cost of materials
over time and the competitive edge they offer
support the widespread adoption of sustainable
built environment practices [56].

5. Challenges and Proposed Solutions
The adoption of sustainable materials in

building design and construction brings with it
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a number of significant challenges. One of the
most prominent obstacles is the limited
availability of such materials—an issue that is
particularly evident in regions where
sustainable practices have not yet been fully
integrated into supply chains [57]. Although
these materials are highly favored for their
renewable and recyclable nature, the lack of
widespread accessibility leads to increased
costs, rendering them unaffordable for many
construction projects [58].

The potential of sustainable materials to reduce
greenhouse gas emissions and other
environmental harms has been scientifically
demonstrated. However, their high costs and
limited supply often deter construction
companies and developers from using them on
a large scale [67]. Furthermore, the
construction industry has traditionally relied
on conventional methods and materials.
Industry leaders and practitioners often show
reluctance to move away from these traditional
approaches, making the integration of
sustainable  materials into  mainstream
construction practices more difficult [58].

One of the key solutions to these challenges
lies in the continuous advancement of
technology. Technological innovation plays a
crucial role in lowering the cost and improving
the availability of sustainable materials [59].
For instance, developments in materials
science and manufacturing processes can
reduce the carbon content of construction
materials, allowing for the creation of more
environmentally friendly products while also
enabling more cost-effective production [60].
Additionally, improvements in supply chain
logistics could facilitate the distribution of
these materials to regions where they are
currently scarce. This would help reduce
overall costs and make sustainable materials a
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more competitive alternative to traditional
ones [59]. Moreover, advances in technology
are expected to enhance the quality and
durability of sustainable materials, making
them more suitable for long-term building
projects.

Another effective approach to overcoming
resistance in the construction industry is
raising awareness about the long-term benefits
of sustainable materials. Industry leaders and
practitioners need to be informed about the
financial,  environmental, and  social
advantages of these materials, as many still
lack sufficient knowledge regarding the
potential cost savings and increased property
value associated with sustainable building
practices [61].  This awareness can be
enhanced through industry conferences,
educational programs, and collaborations with
environmental organizations that advocate for
sustainable built environment practices.

Moreover, public policies and government
incentives can play a crucial role in
accelerating the widespread adoption of
sustainable  materials.  Regulations that
mandate the use of such materials in certain
types of construction projects, as well as
financial incentives for developers who meet
sustainability criteria, can encourage the
industry to embrace these materials more
broadly [62]. Such policies help alleviate cost-
related concerns and foster broader acceptance
of sustainable materials across the construction
sector.

6. Investigation of Building Materials
According to Sustainability Criteria
Within the scope of sustainable building

design, various applications have been
developed to reduce environmental impacts,
increase energy efficiency, and minimize the
use of natural resources. In this context, the use
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of local, natural, and recycled materials
provides significant environmental and
socioeconomic benefits. Utilizing locally
sourced materials helps reduce energy
consumption associated with transportation
and production, while also supporting local
employment and contributing to regional
development [63].

6.1 Recycled-Based Building Materials

Recycling is one of the fundamental
components of the green building approach.
Reusing waste construction materials allows
for the conservation of natural resources, and
the reduction of mining activities and
environmental  pollution. In  particular,
reprocessing demolition debris into recycled
concrete bricks is an effective method for
decreasing both energy consumption and waste
generation [64].

6.2 Fiber-Reinforced Concrete Applications

Fiber-reinforced concrete, obtained by adding
natural or synthetic fibers to the concrete
matrix, exhibits superior properties in terms of
tensile strength, crack resistance, and overall
durability. These concretes are especially
preferred in structures exposed to harsh
environmental conditions, such as marine
structures, bridges, and industrial floors.
Concrete reinforced with natural fibers derived
from coconut, bamboo, or even human hair
presents compelling alternatives from an
environmental sustainability perspective [65].

6.3 Alternative Brick and Block Systems

Numerous natural and low-energy materials
have been developed as alternatives to
conventional bricks and blocks used in the
construction sector:

e Sandbag construction systems involve
stacking polypropylene or geotextile bags
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filled with locally available sand, offering
an economical and eco-friendly building
method [66].

Adobe Dbricks are traditional building
materials produced by mixing earth and
water and drying them in the sun, based on
local production and low energy
consumption [67].

Compressed Stabilized Earth Blocks
(CSEB) are structural elements produced
using modern stabilization techniques and
are advantageous due to minimized
transportation costs via on-site production
[68].

Compressed sand bricks, produced from a
mixture of river sand and cement, are
suitable in regions where proper soil is not
available [69].

Hydraform bricks, made by hydraulically
compressing soil mixtures with a small
amount of cement, are notable for their low
embodied Energy [70].

Fly ash bricks, manufactured by
converting industrial waste from thermal
power plants into cement-based bricks,
offer a low-cost alternative, albeit with
limited areas of application [71].

6.4 Natural and Renewable Resource-Based
Building Materials

Hempcrete is a lightweight, breathable,
and highly thermally insulating natural
building material made from a mixture of
hemp hurds and a lime-based binder [72].

Bamboo, due to its high tensile strength and
rapid growth rate, can be used as a structural
component in sustainable built environment
[73].
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Figure 5. Challenges and Solutions in the Adoption of Sustainable Materials

Straw bales are a low-cost solution
commonly used for insulation, particularly
in rural areas, and enable the reuse of
agricultural waste [74].

6.5 Other Sustainable Material Approaches

Recycled aggregates, obtained by
reprocessing construction and demolition
waste, are commonly used in infrastructure
applications such as backfilling and
concrete production [75].

Recycled plastics provide durable and
long-lasting solutions in areas such as
flooring systems and piping [76].

Low-VOC paints, which emit minimal
volatile organic compounds, contribute to
indoor air quality and are considered user-
health-friendly sustainable materials [77].

Natural and recycled insulation
materials, including cellulose, sheep wool,
cork, and cotton, offer environmentally
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friendly options that
Efficiency [78].

improve energy

These examples demonstrate that
sustainability in the construction sector
involves more than just energy-efficient design
strategies—it is also directly influenced by
material selection. Utilizing local resources,
reusing waste materials, and opting for natural-
based products not only help reduce
environmental impacts but also contribute to
long-term economic and social sustainability.
For instance, natural-based materials like
hempcrete are notable for their low energy
requirements during production and their
capacity to sequester carbon. Likewise,
industrial by-products such as fly ash can be
repurposed into building materials, reducing
waste and preserving natural resources.
Additionally, natural fiber-reinforced
concretes offer eco-friendly alternatives to
traditional reinforced concrete. In this context,
material choices clearly play a critical role in
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achieving holistic sustainability in building
design and construction.

7. Discussion
The environmental benefits of sustainable

materials in the construction sector are
substantial. Numerous studies have employed
the Life Cycle Assessment (LCA)
methodology to evaluate the environmental
impacts of wvarious materials. These
assessments typically consider parameters
such as carbon footprint, resource depletion,
and energy consumption. The findings indicate
that sustainable materials such as recycled
steel, low-carbon concrete, and bamboo can
reduce greenhouse gas emissions by up to 50%
compared to conventional materials like
traditional concrete and steel [79]. One notable
study revealed that buildings constructed using
recycled steel generated 30% less waste and
emitted 35% less CO: over their life cycle.
Furthermore, renewable materials such as
wood and cork have been shown to make
significant  contributions  to  resource

5%

10%

45%

25%

15%
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conservation, as these materials can regenerate
faster than their rate of consumption [80].

As illustrated in Figure 6, environmental
benefits account for the largest share (45%)
among the key aspects considered in the
evaluation of sustainable building materials.
This indicates that reducing environmental
impacts—such as greenhouse gas emissions
and resource depletion—remains the most
critical driver for the adoption of these
materials. In  comparison,  economic
advantages represent 25% of the total,
highlighting the growing recognition of cost
savings, energy efficiency, and long-term
value in sustainable construction practices.

Another key environmental advantage of
sustainable materials is their energy efficiency,
particularly during the production and end-of-
life phases. Materials that require less energy
for  manufacturing, transportation, and
recycling such as locally sourced timber
contribute to a substantial reduction in the
overall carbon footprint of buildings [79].

Aspects
Environmental Benefits
Economic Advantages
Social Impacts
Technological Advancenents
Challenges & Barriers

Figure 6. Key Impacts of Sustainable Materials on Building Design [80]
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Social impacts constitute 15% of the
considerations, emphasizing how sustainable
materials contribute to occupant well-being
and public health. Technological
advancements (10%) and challenges & barriers
(5%) are also acknowledged, reflecting the
necessity for innovation and policy support to
address limitations in adoption.

There is substantial evidence supporting the
environmental, economic, and social benefits
of using sustainable materials in building
design and construction. These materials play
a critical role in reducing greenhouse gas
emissions, conserving natural resources, and
enhancing the health and well-being of
building occupants [81].

However, factors such as cost, accessibility,

and structural performance pose significant
barriers to their widespread adoption.

The data suggest that while environmental and
economic gains are well recognized,
overcoming the remaining challenges
represented by the smallest portion in Figure 6

requires  coordinated  efforts  through
technological innovation, regulatory
frameworks, and increased stakeholder
awareness.

8. Conclusion
The use of sustainable materials in building

design and construction provides significant
environmental, economic, and social benefits.
The findings confirm that materials such as
recycled steel, bamboo, and low-carbon
concrete can substantially reduce greenhouse
gas emissions and contribute to the
conservation of natural resources. Life Cycle
Assessment (LCA) emerges as a critical tool
for analyzing environmental impacts.

From an economic perspective, although the
initial costs of sustainable materials may be
higher, their long-term advantages include
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reduced operational expenses, energy savings,
and lower maintenance requirements—making
them cost-effective over time. Socially, the use
of sustainable materials enhances indoor air
quality, reduces health risks associated with
toxic emissions, and improves the well-being
of building occupants. Furthermore, the use of
locally sourced materials supports community
engagement and promotes local economic
development.

However, challenges still remain—particularly
in developing regions where issues such as cost
and limited accessibility are more pronounced.
To overcome these barriers, technological
innovations, government incentives, and
stronger legal and regulatory frameworks are
of critical importance.
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