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ABSTRACT

GREEN BUILDING AND ENERGY EFFICIENCY

APPLICATION DECISIONS IN SUSTAINABLE PROJECT

MANAGEMENT

Being traditionally one of the main drivers of social and economic development of

a country, the construction industry is also a major contributor to the negative impacts

on environment especially due to signifcant consumption of energy and resources over

the lifecycle of a building and the associated green house gas emissions. Although a

lot of efforts are put in place over the last two decades to develop and to promote

green building practices and sustainability measures within the industry to minimize

negative impacts, the industry is still facing difficulties to adapt to this paradigm shift,

especially in emerging markets. Therefore actual steps towards ensuring such shift yet

remains as a major challenge.

Within this context, this study aims to identify the critical stage for taking the

decision to implement green building practices during the construction of a project

while analysing in detail related decisions in order to give more visiblity to the de-

cision makers’ with regards to the degree of green building practices achievable over

the construction stages depending on the timing of the decision from a sustainable

project mangement perspective. In order to collect the necessary data, a survey is

conducted with green building professionals and a case study is performed on three

hospital projects in Turkey. While preferably such decision should be given as early as

possible in the process for new constructions, it was found that the latest stage to give

such decisions is early construction stage, beyond which the efforts put in place have

little influence on the outcomes.
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ÖZET

SÜRDÜRÜLEBİLİR PROJE YÖNETİMİNDE YEŞİL

BİNALAR VE ENERJİ VERİMLİLİĞİ UYGULAMA

KARARLARI

Bir ülkenin sosyal ve ekonomik kalkınmasının geleneksel ana iticilerinden biri

olan inşaat endüstrisi aynı zamanda enerji, kaynak tüketimi ve sera gazi emisyon-

ları bakımından da çevreye en çok zararı veren endüstriler arasındadır. Her ne kadar

geçtiğimiz son yirmi yılda bu zararları en aza indirgemek amacıyla yeşil bina ve sürdürü-

lebilirlik uygulamalarini gelistrimek ve on plana çıkarmak için bir çok efor sarfedildiyse

de inşaat endüstrisi, özellikle de gelişmekte olan marketlerde bu akıma ayak uydur-

makta hala zorlanmaktadır. Bu nedenle akım değişikliği için atılacak adımlar sektörün

aşması gereken ana zorluklar arasında yer almaktadır.

Bu bağlamda, bu çalışmanın amacı sürdürülebilir proje yönetimi açısından yeşil

bina uygulamalarini hayata geçirme kararının projenin en geç hangi safhasında alınması

gerektiğini ortaya çıkarmak ve alınması gereken kararları detaylica analiz ederek karar

vericilere bu kararı takiben elde edilebilecek kazanımlar hakkında görünürlük kazan-

dirmaktir. Gerekli veriler yeşil bina profesyonelleriyle yapılan bir anket ve Türkiye’de

yer alan 3 adet hastane üzerinde yapılan vaka çalışmasıyla elde edilmiştir. Bu kararın

yeni inşaatlar için olabilecek en erken safhada alınması tercihen en uygun olmakla

beraber, elde edilecek kazanımlara etkisi bakımından en geç erken inşaat safhasında

alınması gerekliliği ortaya çıkarılmıştır.
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1. INTRODUCTION

Construction industry is a major contributor to social and economic development

of a country [1] where its effect is maximum during initial stages of the country’s de-

velopment [2]. This is due to numerous intersectoral linkages that are present between

construction industry and other industries that are either backward or forward links [3].

For instance, while a growth in construction industry positively affects labor intensive

supply industries and construction material producers such as cement factories as a

backward linkage, construction of infrastructure projects will ultimately help the fu-

ture development of other industries as a forward linkage by better providing critical

drivers such as accessibility and energy.

However in conventional development cases, this development is followed by en-

vironmental problems as a side product due to increased energy and natural resources

consumption and waste generation. Being one of the conventional industries construc-

tion industry is a major contributor to environmental detriment partly due to its large

consumption of energy [4]. Research done in this area reflect that globally buildings

account for 30%-40% of primary energy usage such as fossil fuels, 40%-50% of green

house gas emissions, 17% of water usage and 40%-50% of raw materials [5, 6]. Also

recent studies forecast global construction industry to grow from 7.2 trillion to over 12

trillion with an increase in global share of GDP from 13% to 15% by 2020 [7]. Being

considered as a developing country, Turkey sits above the world average for buildings’

share of energy consumption as they have a share of 45% in overall energy consumption

and they account for 30% of national greenhouse gas emissions as of 2017 [8]. Concur-

rently U.S. Energy Information Administration projects world’s energy consumption

to increase 56% by 2040 [9]. Considering these studies, it is of critical importance for

construction industry to adopt sustainability alongside with other industries in order

to move towards sustainable development.
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1.1. Outlook on Global Developments Around Sustainability

Sustainable development of a country can be described as development of social

and economical conditions of that country with having minimal negative impact on

the environment such as minimizing green house gas emissions, consumption of energy

and natural resources hence allowing future generations to possess enough resources

to satisfy their needs. Although the conditions for such development are not achieved

yet, since its first usage in Our Common Future (1987) by World Commission on

Environment and Development, some important steps on global scale were taken such

as Agenda 21 (1992), Kyoto Protocol (1997), UN Millenium Declaration (2000), World

Summit (2005), Paris Climate Conference (2015) to promote and to enforce sustainable

development.

Following these global scale developments on sustainability, construction industry

also faced new building standards, directives, codes, laws and regulations all around

the world related to sustainability and energy efficiency. European Union published

several directives to enforce energy efficiency measures on buildings such as 93/76/EEC

and 2002/91/EC, United States developed ASHRAE 90.1-2007 standards and IgCC,

IECC codes, and China developed GB 50411-2007 standards.

A survey conducted by American Institute of Architects in United States [10] re-

vealed various laws and regulations mandated by local authorties to incentivize green

building, some being obligation to follow a specific green building assessment system

in certain zoning areas, expedited permit processing, green building awards, providing

green building dedicated loans or tax abatements. However approach of local author-

ities might still require a broader perspective towards sustainable construction, as a

study based on Swedish green building sector [11] emphasises that main focus during

procurement and tender process is on selection of materials that limit the use of re-

sources and waste generation rather than being on energy use during operation which

is more critical.
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Further support to sustainable development is provided by International Finan-

cial Institutions that are granting project finance debt to projects in emerging markets

through acceptance of a risk management framework called as Equator Principles since

2010 [12]. Under this framework several financial institutions such as European Bank

of Reconstruction and Development (EBRD) and International Finance Corporation

(IFC) published and from time to time updated their own performance criteria that

needs to be satisfied by the client through due diligence process concerning environ-

mental and social impacts of that specific project as well as to what extent energy

efficiency measures are implemented therein before lending any debt to it.

Considering the finance requirements of massive infrastructure projects such as

railroads. power plants, pipelines, hospitals and motorways in emerging markets these

performance criteria that the clients are obliged to satisfy in order to obtain financing

play an important role in securing certain level of care towards environment and society

throughout the project life cycle.

All these efforts towards sustainability and energy efficiency ultimately led to

emergence of green buildings in construction industry where the term is defined by

Office of Federal Environmental Executive as ”the practice of: (i) increasing the effi-

ciency with which buildings and their sites use energy, water, and materials and (ii)

reducing building impacts of human health and the environment, through better sit-

ting, design, construction, operation, maintenance, and removal throughout complete

life cycle [13]. As it can be seen from the definiton, green building correlates with the

term sustainability, hence constituting one of the various paths towards sustainable

development.

Building up on this new term, many voluntary green building performance as-

sessment and certification systems were developed such as Leadership in Energy and

Environmental Design, Building Research Establishment Environmental Assessment

Method, Energy Star, Comprehensive Assessment System for Built Environment Ef-

ficiency, and Deutsche Gesellschaft fur Nachhaltiges Bauen. Despite having similar

purposes, there exist significant differences between the evaluation method of these
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tools and their outputs which are still subject of comparative studies in the literature

which will be discussed further later on in this study. Nevertheless it is widely accepted

that these certification systems constitute a reference point for the market on assessing

the degree of green in buildings.

Considering the role and the area of influence of construction industry on the

social, economical and environmental dynamics towards achieveing sustainable devel-

opment, as well as all the obligatory and voluntary measures being imposed by various

stakeholders, it seems both crutial and inevitable for the construction industry to im-

plement better energy efficiency measures and to eventually build more green. However,

even though these facts seem so evident, construction industry still acts reluctant to

adapt to this paradigm shift, especially in emerging markets which in fact constitutes

the main point of interest for many researches in literature that will be further looked

into in the following literature review section of this study.

To the extent that this study is concerned, one of the main reasons behind this

reluctancy is that although the decision to build green and energy efficient looks rather

straightforward at a broader context, construction industry still has concerns on pros

and cons of this decision as well as on how to implement these measures in projects.

Going through this process is analogous to solving a problem having multiple unknowns

where the equations are rather implicit than explicit. It is therefore of essential impor-

tance for academicians to first of all assure to construction industry that this problem

is solvable and worth solving, and then to successfully guide the industry both during

decision making and implementation processes.

1.2. Outlook on Developments in Turkey Around Sustainability

Considering the high potential of benefit on both the economy and the environ-

ment that might come from incremental improvements in the energy consumption, en-

ergy efficiency and reduction of emissions became the major driving factors in Turkey’s

continous steps towards sustainability.
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To give examples of major milestones, one of the first steps taken was the creation

of TS 825 Thermal Insulation Standard in 2000, which defined the standards for outer

shell thermal insulation and set annual heating energy requirement limits for build-

ings that are newly constructred or renowated after June 14th 2000. In 2004 Turkey

became a party to the United Nations Framework Convention on Climate Change.

Later on benefiting from 2002/91/EC Framework Directive as part of Turkey’s Eu-

ropean Union membership process, Law 5627 “Energy Efficiency Law” was passed in

2007 creating the legal basis for regulations on energy efficiency. It was immediately

followed by three major regulations. First one being the Regulation for Cost Sharing

in Central Heating Systems 26847, April 14, 2008 obligating the use of heating con-

trol and measurement tools in buildings. The second one being the Efficient Use of

Energy and Energy Sources Regulation 27035 of October 25, 2008 addressing details

related to implementation of topics such as energy management, inspection, efficiency

improvement and certification. The third one being the Energy Performance of Build-

ings Regulation 27075 of December 5, 2008, covering the calculation methodology of

energy use in building, its classification with respect to primary energy use and green-

house gas emission, the specification of minimum energy performance requirements for

new or substantially renowated buildings, guidelines for the evaluation of the practica-

bility of renewable energy sources, inspection of heating cooling sytems, abatement of

greenhouse gas emissions, performance criteria and implementation guidelines.

In 2009, by signing the Kyoto Protocol Turkey became committed amongst var-

ious other improvements to limit the green house gas emissions. As per the final

undertaking of Turkey during the Paris Climate Conference in 2015, Turkey aims to

reduce its greenhouse gas emissions by 21% until 2030. Another milestone in energy

efficiency was achieved through Ministry of Environment and Urbanization publishing

National Climate Change Action Plan for 2011-2023 in 2012 defining the national path

for energy efficiency. Under this agenda Energy Identification Certificate program is

launched which obligates buildings to obtain energy certificates that will be registered

in an online platform called Energy Efficiency in Buildings categorized under certain

criteria where sanctions will be applied to the owners of those buildings exceeding the

allowed limits [14].
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First green building certificate in Turkey was obtained in 2008 and as of 2017

there were 400 buildings that are either certified or registered to LEED for a number

of 300 projects, to BREEAM for a number of 82 projects and to other certification

systems for a number of 8 projects with the most frequent one being LEED [15].

Meanwhile Turkey is still trying to develop a national green building certificate

system which can better address local context together with the target to export this

system to other countries. To achieve this goal three separate attempts were made

to develop national certification under the competition between Turkish Standards

Institute, Turkish Green Building Council and Mimar Sinan University. Finally, the

Regulation for Certification of Sustainable Green Buildings and Sustainable Settle-

ments 29199, December 8, 2014 was issued to set out the framework for certification

process, main principles of defined parties like permanent committee, certification in-

stitution, assessment experts and sustainability experts and development of a national

green building information system.

1.3. Problem Statement

As it can be seen from the developments mentioned above positive steps are being

taken both globally and locally towards sustainability and although the necessity to

have a paradigm shift from the traditional construction practices to green building

practices is accepted globally, actual steps towards ensuring such shift yet remains as a

major challenge. It is then the role of the academic studies to shed light on the unknown

through combining the field experience and researches to facilitate this transition.

1.4. Purpose of Research

This study aims to identify the critical stage for taking the decision to implement

green building practices during the construction of a project while analysing in detail

related decisions in order to give more visibility to the decision makers’ with regards to

the degree of green building practices achievable over the construction stages depending

on the timing of the decision from a sustainable project management perspective.
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2. METHODOLOGY

To achieve the purpose of the thesis, following methodology is used:

• A literature review is performed in order to set out the key decision making

factors for a sustainable project management, to identify key obstacles behind

implementation of green building practices together with proposed solutions with

the purpose of revealing the impact of time factor on taking the decision to

implement green building practices.

• An online survey is created and shared with construction industry professionals

having experience with green building practices in order to understand what is the

tendency in the industry concerning the methodology and timing of the decision

to implement green building practices, whether the outcomes are in line with the

expectations depending on when such decision is taken.

• Then a case study is performed to analyse in detail the constraints faced at each

stage of the construction in relation with categories under LEED certification

system and to identify the critical stage for taking the decision to implement

green building practices and to elaborate on the outcomes.

• Following a discussion on the results of the survey and the case study, a conclusion

is drawn alongside with suggested areas for further research.
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3. LITERATURE REVIEW

According to Cole [16] green buildings are economically viable, reachable by ma-

jority of clients and provide added value both in environmental outputs and economic

performance. Nevertheless, there is still reluctance on construction industry side to-

wards implementation of green building applications. Having the purpose of aiding

the industry’s decision making towards green building practices, it is therefore consid-

ered as a good starting point for this study to first cover major reasons behind this

reluctance through review of the literature.

3.1. Key Success Factors and Obstacles Around Green Building Practices

Decision making is one of the important mechanisms that determines the success

of a business. Yeager and Sommer [17] list four key factors for successful decision

making in business as follows:

• Clear vision of the business situation.

• Clear and ambitious goals.

• Clear vision of the roles to play in order to achieve these goals

• Cost effectiveness of options for such decision making

As these factors are global, approaching the issue related to implementation of

green building practices in construction industry by checking whether these conditions

are satisfied in light of current market situation, will definitely provide an insight to

the matter at hand.

Amongst various studies that are investigating difficulties encountered with green

building practices, Chan et al. [18] in their research, listed obstacles for green buildings

from green building designers’ perspective. The findings of this survey yielded that

designers avoid green buildings due to barriers such as higher upfront costs, lack of

governmental incentives, lack of awareness and education on green buildings.
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In a more recent study, Hwang and Tan [19] compiled a list of obstacles for green

buildings through a literature review and tested the frequency and impacts of these

obstacles having a survey with construction industry professionals. According to the

results of this survey following obstacles were ranked as top five:

• High cost premium of green buildings.

• Lack of communication and interest amongst project team members.

• High costs associated with implementation of green practices.

• Lack of credible research on benefits of green buildings.

• Lack of expressed interest from client and market demand.

Again according to the participants of this survey, the impact of these obstacles

were mentioned to be mostly on the project budget, where the impact on schedule and

quality ranked below the budget but at similar importance in between.

In addition to these surveys, the smart market report for green buildings published

compared the evolution of these challenges between 2008 and 2012 [20], where the

results can be seen in the below Figure 3.1.

Figure 3.1. Challenges to increasing green building activity.
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Looking at these different studies, it is important to note that their results con-

verge on same obstacles. Although it can be seen from the graph that there is an overall

reduction in these obstacles since 2008, they still remain to be the main barriers for

implementation of green practices in construction.

Going back to the key factors behind successful decision making, these obstacles

can be grouped as in below Table 3.1, for better evaluation of the feedback obtained

from the industry professionals. This interpretation then clearly shows that in the eyes

of the professionals, factors for decision making are not yet matured for green building

practices in construction industry and there is a need to remove these obstacles in order

to clear the path for decision making.

Table 3.1. List of obstacles in the construction industry.

Key factors Obstacles

Clear vision of the business situation lack of expressed client interest

lack of market demand

lack of political incentives

lack of public awaraness

Clear set of goals lack of credible research on benefits of green buildings

Cost effectiveness high cost premium of green buildings

Clear vision on the action plan lack of communication

lack of interest amongst project team members

Therefore, scope of this study is structured in the following sense, where first

literature will be reviewed to reveal studies that are helpful in answering these concerns,

then another important factor in decision making, timing, will be introduced and its

effect on decision making on green building practices will be investigated with the

survey and the case study.
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Looking first at business situation for green buildings, the results of comparison

of 3 year looking forward trends between 2008 and 2012 worldwide, reflect important

findings that addresses this feedback of lack of interest from client and market demand

[20].

Figure 3.2. Top triggers driving green building activity.

It is possible to interpret from Figure 3.2 that, in places where green building

practices are present for a longer time, such as US, Australia, Europe and Brazil,

market and client demand itself is pushing the industry towards green buildings and in

other regions where these green practices are relatively new, it is seen that transition

is stimulated by imposing regulations favoring green building practices as political

incentives.

Furthermore, the results obtained from participant professionals to this research

indicate that there is an increase in green building involvement of architects, engineers,

contractors, consultants and owners which is categorized under the degree of involve-

ment as a percentage of the amount of works they performed during that year in the

below Figure 3.3.
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Figure 3.3. Level of Green Building Activity by Firms Around the World (2009–2015

expected).

Even though lack of client, market demand, political incentives and public aware-

ness were expressed to be obstacles to implementation of green building practices, the

findings of this report show that there is effort spent globally to stimulate these areas

and that the trend is going in favor of green building applications hence the picture on

business situation is getting more clear.

The incertitude on benefits of green buildings has an effect on the decision making

factor of clear set of goals, since without having a proper view on the outputs of green

building practices, that is not knowing what to target for and to achieve, it would not

be possible to define precise goals. This topic of benefits is one of the most addressed

topics related to green buildings in literature, however as per above surveys, industry

raised concerns on lack of credible research on benefits of green buildings. Although

this situation looks like a contrast between literature and industry at first glance,

nevertheless, a compilation of conclusions of the studies available in literature would

set out some principal benefits which in turn would provide insight to decision makers

in the industry.
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3.2. Green Building Certification Systems and Benefits of Green Buildings

In order to properly address benefits of green building practices, literature makes

use of life cycle assessment since there exists both short term and long term benefits.

LCA means evaluation of some aspects, mostly environmental, of a product system

through all stages of its life cycle covering the techniques and tools that are developed to

help in environmental management and sustainable development in the long term [21].

Given this definition, LCA adds more stages to the traditional construction project

stages.

Traditional explanation of the construction project life cycle, divides the project

into four stages [22] being:

• Feasibility (project formulation, feasibility studies, strategy design and appraisal).

• Planning and design (base design, cost and schedule, contract terms and condi-

tions, detailed planning).

• Construction (manufacturing, delivery, civil works, installation, testing).

• Turnover and Startup (final testing, maintenance).

However, taking green aspects into account in a construction project necessitates

a broader scope of vision for better tracking of the impacts of the decisions being made,

hence implying a life-cycle approach beyond traditional project stages by including

operations and demolition stages.

The benefits associated with green building practices can be grouped under three

categories as listed below:

• Economical.

• Environmental.

• Social.
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Among these categories, economical benefits are mostly addressed in the literature

since they are easy to measure such as increase in rents, occupancy rates, cheaper

green building specific financing, cheaper insurance premia or reduction of operating

and maintenance costs. Following category, environmental benefits, are explained in

terms of reduction in greenhouse gas emissions, energy consumption, waste generation

and water consumption where measurements are more difficult because the scope gets

larger and complicated since the impacts are spread on entire project life cycle covering

all of resources consumed and waste generated from the production of construction ma-

terials to the end of demolition of the building. Last category social benefits are more

subjective and they are explained in terms of better opportunities and standards for

local community around green buildings such as new business opportunities through lo-

cal procurement, superior indoor air quality, authentic design, fresh spaces making use

of natural light, satisfaction obtained from using an environmentally friendly building

and prestige.

Before going into the results of literature review on benefits of green buildings, it

is seen appropriate to make a side note on green building certifications since most of

these studies make use of green building certifications to explain the degree of green in

a building and hence the benefits are given against the level and the type of certifica-

tion obtained. It should also be noted that even though the goal of these certificates

are similar, in reality there exists significant differences between each of them which

therefore plays an important role in decision making. For instance, Smith et al. [23]

applied Green Globes and LEED certifications to the same courthouse where it ob-

tained base Certified level from LEED and Two Globes level from Green Globes which

was shown to be equivalent of LEED Silver category. The findings of the study of

Roderick et al. [24] also shows similar differences, where they made a comparison for

energy performance and corresponding energy rating of a case study office building

between three widely used environmental assessment schemes LEED, BREEAM and

Green Star and found out that while having a high energy rating score from Green

Star, the building obtained a low score in BREEAM and failed to be certified in LEED

scheme, hence pointed out that the ratings are highly dependent on the assessment

method used. Nevertheless it is seen appropriate by most of the studies to benefit
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from these certification criteria while making reference to level of green in buildings as

certifications such as LEED and BREEAM are being used worldwide hence bringing

certain level of standards that provides a base of comparison for different projects.

Having made this side note, on economical benefits, a research conducted on

green office buildings reveals important relationships between certification and energy

savings on the value of the building which is compared to nearby buildings. The rent

for a commercial building with an Energy Star certification is 3% more per square

foot, with an effective difference to be about 7% and an incremental selling price up

to 16% when compared to a nearby identical commercial building without certificate.

The incremental value of a green building is estimated to be USD5.7 million more than

a comparable nearby non green building. Also a 10% decrease in energy consumption

leads to 1% increase in the value of the rent of the building [25].

Another important study based on LEED certified buildings for related costs and

benefits by Kats [26] reflects that the additional average cost of building green is less

than 2% or 3 USD to 5 USD per square foot when compared to conventional designs

for the same buildings. The report concludes that the benefits associated with green

design are between 50USD to 70USD per square foot in a LEED certified building,

more than 10 times the additional cost acquired. It is also mentioned in the report that

green building properties result in premia reductions for insurances such as business

interruption, property loss prevention, worker health and safety and natural disasters

thanks to improved indoor air qualities, self sufficient nature in terms of energy and

advanced technologies.

On financial benefits as part of economical benefits, it is shown that the degree to

which Real Estate Investment Trusts invest in efficient buildings is positively related

to the quality of their credit ratings, and it is also associated with a significantly lower

spread. The relation persists at the level of individual buildings and their mortgages:

environmentally-certified buildings are financed at significantly lower spread, varying

between 30 and 60 basis points, depending on the specification [27].
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On environmental benefits, as mentioned at the beginning key parameters are re-

duction in greenhouse gas emissions, waste production, water and energy consumption.

As LCA boundaries cover manufacturing phase, use phase and demolition phase ben-

efits mean in this context an overall reduction in these outputs at all phases. Ramesh

et al. [28] explains that buildings have a corresponding energy at each of these phases

as embodied energy, operating energy and demolition energy. Hence total energy of a

building throughout its life cycle is calculated by sum of these energies. They conclude

that operating energy accounts for 80%-90% of this life cycle energy where embodied

energy has a share of 10%-20% and demolition energy is negligible, pointing out the

high potential on energy savings during operation phase. Similarly, same approach is

also valid for emissions, waste production and water consumption.

Kats [26] points out that energy consumption in LEED certified green buildings

is on average 25%-30% less than energy consumption in conventional buildings during

operations phase which in turn reduces the related total emissions by 36% as opposed to

conventional buildings. Construction waste generation is found to be reduced between

50% to 75% in projects using LEED certification system. Also it is noted that in case

of renovated projects, 75% to 100% of building envelope and shell, 50% of non-shell

elements(walls, floor systems etc.) can be used eliminating potential new wastes. For

water consumption, LEED envisages over 30% reduction for indoor use and over 50%

for landscaping compared to conventional buildings.

Social benefits of green buildings on the other hand are expressed under four

categories [29]:

• Healthier building occupants, as less occurrence of sick building syndrome symp-

toms such as fatigue, dizziness and irritation, allergy and asthma symptoms,

transmission of infectious diseases due to ventilation and air conditioning sys-

tems used.

• Improved comfort, satisfaction and well-being of building occupants as a result

of lighting design incorporating both daylight and electric lighting, individual

controls for thermal comfort and better air quality through making use of natural
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ventilation

• Increased safety and security of building occupants, as a result of improved control

of air distribution systems in cases of emergency or improved use of daylight

facilitating evacuation in cases of power outages.

• Community and societal benefits such as aesthetics resulting from architecture

principles used in green buildings, minimized strain on local infrastructure or

reduction of impact on surroundings both during construction and operation.

When analyzed together, above compilation of studies offer insight on business

situation of green buildings, future market trends and related benefits. To further help

the decision makers on setting clear targets, below summary of goal categories can be

derived from the benefits mentioned above [23]:

• Energy use;

• Water use;

• Pollution (emissions, solid waste, effluents);

• Indoor environment quality and occupant comfort;

• Transport;

• Materials;

• Site ecology;

• Other sustainable systems and processes.

3.3. Cost Premium of Green Buildings

Having set out the list of goals, following step is to adress the third decision

making factor, the cost effectiveness of options for achieveing these goals. Now moving

further to industry’s perception of cost premium, introducing green building practices

to a project requires more complex scheme to follow in terms of design, construction

and project management which as mentioned in [30] are key factors influencing project

cost. However an analysis of these costs should check the difference between net present

value of the reduction in long term operational costs and increase in upfront costs before

deriving any conclusions on the overall cost of the project.
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For this purposes a diagram of this life cycle approach on costs for construc-

tion projects is visualized in below Figure 3.4 based on HM Treasury Procurement

Guiadance No 35 Life Cycle Costing [31].

Figure 3.4. Costs across the lifecycle of the project.

Literature review shows higher upfront costs for a project adopting green building

practices, which is consistent across numerous studies showing a cost premium range

associated with level of certification between 0.66% and 8% [26,32,33].

However given the whole life span of the building considered under LCA approach,

there is in fact a cost decrease associated with implementation of green features for

operating costs varying from 9% to 27% [33]. Furthermore Kats [26] concludes that

total 20 year NPV of benefits obtained exceeds the initial premium by 48.87% for

LEED Certified and Silver, 67.31% for LEED Gold and Platinum per square foot.

Given these findings, the cost related part of the decision making on green build-

ing practices then turns into a matter of perception. Bartlett and Howard [31] tests this

point of view across various stakeholders such as tenant, developer, institutional in-

vestor and owner-occupier by expressing it in terms of taking measures towards energy

savings in a PFI example. Although operating costs are considered to be unlikely to

incentivize the tenant towards energy saving, the cost impact of indoor environmental
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quality on employees appear to be higher than costs associated with measures towards

energy saving for the tenant. From developer point of view energy savings is evaluated

as important only in terms of marketing the building. Institutional investors are de-

scribed as to show interest in energy efficiency to keep a low risk investment. Whereas

the owner-occupier is stated to be the most interested party towards energy savings

due to high relevancy of costs and returns of the building. These differences in point

of view across stakeholders are in fact strong indications for communication across

stakeholders while setting out the goals and implementing green building practices.

3.4. Decision Making Tools for Green Building Applications

Nevertheless to help decision makers on overcoming the difficulties with upfront

costs, there are various decision support tools for green buildings that are offered in

literature. National Institute of Building Sciences [34] compiled a list of such decision

support tools available for green buildings under 14 categories in below Figure 3.5.

Figure 3.5. Total occurrences by tool category.

These categories are further defined below:

• Life cycle costing: Tools for determining the life cycle costs of the building.
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• Life cycle assessment: Tools to make an environmental assessment of buildings

based on various design/build options.

• Energy Analysis: Software tools that enable simulation of building energy use,

analyze energy and cost savings for different design strategies.

• Product and material specification: Tools that describe products or materials for

evaluation of alternatives and identification of sustainable products and suppliers.

• Education/professional development: Tools designed to inform and educate de-

sign professionals on sustainability and green building.

• Case studies: Databases containing green building projects.

• Compliance/Code-checking standards: Tools designed to check compliance with

building codes and standards.

• Rating tools: Tools to rank the building according to pre-set standards/categories

of achievement.

• Site planning/Landscape design: Tools for identifying and evaluating alternate

landscape and site planning options.

• LEED-Recommended: Tools specifically addressed to LEED point attainment.

• Websites: Websites designed to assist professionals in meeting green building

goals.

• Lightning/Daylighting: Simulation of design options for lighting and other light-

ing tools; internal and external lighting.

• Air Flow / Ventilation: Simulation of HVAC systems for air flow with various

building design options; other tools for Indoor Air Quality.

• Mechanical/Electric/Plumbing Systems: Tools supplying information and/or iden-

tifying products for design and specification of M/E/P systems.

As it can be seen from the above chart, there are variety of tools available for

optimization towards different set of goals. Amongst such tools, a multi-objective op-

timization model offered by Wang et al. [35] in order to assist green building design at

conceptual design stage makes use of life cycle assessment of building to find optimal

design, whereas another study made by Tatari et al. [36] makes use of neural network

approach to reveal relationship between LEED categories and cost premiums. An-

other study of Castro-Lacouture et al. [37] offers a mixed integer optimization model
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to maximize the LEED rating credits that can be obtained based on material selection.

Alternatively an heuristic model which is less sophisticated when compared to mixed

integer programming is proposed over forty two energy efficiency measures on a case

study for a university campus with a minimal deviation from the exact mixed integer

program solution [38]. Again on product selection, Lippiatt [39] offers a tool benefiting

from ASTM standard for overall performance measurement and points out the impor-

tance of life cycle assessment of product for cost and effect consideration where single

attribute environmental claims such as recycling or comparisons made on a single unit

of measurement basis might mislead designers.

Given all these methods, current situation shows that the literature is aware of

concerns of industry on cost-effectiveness of different options, and these are increasingly

being addressed in order to satisfy the third decision making factor.

3.5. Implementation of Green Building Applications

For the last factor on clarity of roles to be played during implementation of green

building features, decision makers can benefit from certification system specific imple-

mentation guidelines. In one such study Bayraktar and Owens [40] offer a framework

in Figure 3.6 for implementation of LEED in new construction projects which lists the

actions to be performed during the course of a construction project.

Although this chart is developed for LEED implementation, it contains basic

principles that can be discussed for the purpose of this study. As it can be seen

from Figure 3.6, the process starts with determining the owner’s requirements from

the project. These requirements are set out as expectations of sustainability, energy

efficiency, system and equipment, building occupants, indoor environmental quality,

long term return on investment, budget and paybacks, scheduling and operations of

the project and the level of commitment to green building.
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Figure 3.6. LEED implementation guide.

This is followed by creating a dedicated green team that consists of at least

owners’ representative, contractor, architect and construction manager to properly

analyze the requirements of the owner. Further enhancement of the team by inclusion of

other stakeholders at early stage such as major subcontractors, consultants or material

suppliers would also help obtain more accurate results on the feasibility of the project.

Green building features requires detailed feasibility studies, if not the case, the project

can easily result in costly and misplaced investments where the budget is exceeded

and the desired outcome is not achieved. A proper study would then allow decisions

to be taken on which type of certification will the project pursue or whether it is

worth pursuing a certification. Another important decision at this early stage is the

selection of land, since this decision itself sets the boundaries of project development.

Considering all these a certain budget allocation or an offer in case of a tender is made

to the project.

Once the set of green goals together with the budget are defined and agreed in

this preliminary phase, design is developed accordingly and compliant with project

requirements. However this is a rather cyclic process, where studies take place through

numerous workshops to assess the costs and benefits of the implementation of green
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properties associated with the design that aims for the achievement of the predefined

goals, hence various decision making methods also noted during literature survey are

used for assessing cost effectiveness of different options. These studies include energy

modelling, value management and constructability analysis. It is also important to

pass this goals from top management to the employees otherwise there would be the

so called green baton effect where some part of the green targets are dropped at each

stage due to miscommunication hence the outcome of the project goals turns out to be

substantially far from the initially aimed target [41].

Meanwhile several action plans such as waste management plan, environmental

and social action plan and commissioning plan that will be implemented during con-

struction are prepared. Furthermore a procurement plan is also developed at this stage,

where the life cycle effects of the materials and equipment to be used are taken into

account assessing the harm done to the environment during production, actual use

and whether the product is recyclable at the end of its useful life. Additionally, this

stage can be supported by the implementation of green specifications into the main

and sub-contracts regulating the procurement to take place in a sustainable manner.

Once the design, budget and schedule is approved, construction period main

activities related to green buildings are mainly documenting, monitoring and executing

the action plans that were agreed during the planning and design stage. Here main

focus is on waste reduction which can be in terms of the construction inputs that are

labor, equipment and material [41]. Waste of productivity generated by inadequate

planning of the activities in the construction site, such as bad allocation of the work

force, inefficient use of the equipment resulting in increased fuel consumption and more

pollution, lack of proper storage means for the materials on site leading to weaknesses

in material properties, are possible examples that these plans account for.

Following the construction completion, a turnover phase is reached where verifi-

cation is sought on systems that they operate and perform as required before actual

completion certified. A commissioning authority inspects the site for potential defects

on the quality of the building, the proper functioning of the systems and whether the
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utilities are properly provided such as power, water and gas sources. Once the building

is approved by the owner, it is important to deliver system manuals and training to

the facility management staff for them to be able to properly operate the building.

Adding on this study, during operation and maintenance stage the presence of

green aspects takes the form of ensuring the performance of the building in terms of

energy and water efficiency, renewal of the malfunctioning parts in compliance with

the green specifications, maintaining the green properties throughout the building life

and looking for possible improvements in the green industry that can be implemented

to the building itself during renovations.

At the end of the project life cycle, the green properties focus on recycling of the

building materials where the aim is to minimize the negative effect of waste produced

during the dismantling phase on the environment and to be able to reuse the materials

of the dismantled building on other projects.

3.6. Outcome of Literature Review

Having discussed the roles to be played during this process finalizes the literature

review to point out studies addressing all four decision making factors. However during

the review, it is observed that the effect of timing on decision making is not taken into

consideration. Although it is obvious that the timing of the decision to implement green

building practices should be as early as possible in order to maximize the influence over

the project, it is not clear in the literature what is the latest stage to take such decision

during the construction of a project.
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4. RESEARCH METHODOLOGY

In order to collect the necessary database both a survey and a case study have

been performed within the context of this study.

4.1. Survey

The survey is structured to collect relevant information from professionals having

experience with green building practices that might pave the way for future research

topics alongside with the timing of such decision taken. Survey was prepared online via

a web based survey platform named Online Anketler, both in English and in Turkish

to eliminate any potential language barrier for local participation. And to be able to

maximize the participation, survey was limited to ten questions containing multiple

and single choice questions, therefore taking 3 minutes on average as response time.

The question form of the survey is provided in the link in Appendix A and the results

in Appendix B.

The participants are required to fill out a brief personal information form prior

to their access to survey questions. This information form consists of six open ended

questions where first two questions are related to participant’s personal information

such as email address and title in the company, remaining three of the four questions

are focused on company details such as number of employees, main activity area,

annual turnover in USD currency and final question is about the location of the project.

Considering the definition and the importance of confidential information in private

sector, these open ended information questions were prepared carefully in order to verify

the participant’s identity, alongside with the scale of the company that the participant

is being employed under and the location of the project for grouping purposes without

placing the participant under doubt of potential violation of confidentiality.

First question of the survey asks the type of the project that the decision on going

green was made. The purpose of this question is to see on what type of projects green
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building practices are implemented. The following types of buildings are listed in the

answer choices:

• Public Building.

• Residential Building

• Commercial Building

• Industrial Building

• Other

These choices were prepared by making use of common major building classifi-

cations available in literature. The other answer choice is also made available to the

participants in case the participant does not see the project fitting into any of these

common classes.

Second question directly asks at which project phase the decision on implementa-

tion of green features was taken. The project is divided into following phases for more

sensitivity:

• Pre-design / feasibility / tender phase

• After the pre-design/feasibility/tender phase and before the start of construction

(Final Design phase)

• Between the start of construction until the completion of structural works

• After the completion of structural works and before the start of interior works

• After the start of the interior works before the completion of the building

• During the operation phase

As for the third question, the purpose is to find out the targeted level of green

features that will be included in the project. Following answer choices were presented

to the participant:

• LEED-Platinum or equivalent

• LEED-Gold or equivalent
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• LEED-Silver or equivalent

• LEED-Certified or equivalent

As discussed in the previous sections, even though their scope and precision is

questioned in literature, green building assessment systems offer a way to gage the level

of green properties included in a project. There are many green building assessment

systems available and according to literature review each tool has its own focus points

for assessment hence applying two different assessment systems to the very same build-

ing yield different results. Furthermore these studies also show that it is not possible

to declare superiority of one system over the other due to their different characteristics,

as well as to equate one level of certain system to another level of other system.

It was also discussed that it is possible to have green features in projects that

do not qualify for green building certification. However here, since the purpose is to

know whether the targeted level is achieved or not at the end of the project, this level

is expressed in terms of one of the most widely used certification systems that is LEED

for simplicity. To be able to cover those projects that did not use LEED certification,

“or equivalent” is added to these answer choices. This equivalency indicated here is not

a direct conversion between LEED levels and other certification systems, but rather a

way to express the targeted level such as very high, high, medium, or basic.

Following the idea of the third question, fourth question asks the achieved level of

green features in the project. Again the same answer choices were used with the third

question, but additionally fifth choice is added which is failure to obtain certification.

The answers to this question when evaluated together with the answers to the third

question will help visualize the consistency between the targeted level and achieved

level.

Fifth question is proposed as a multiple answer question, where it asks the kind

of financing used in the project. The main purpose of this question is to see the types

of financing used during implementation of green building practices in a project. The

following answer choices were presented:
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• Project Financing

• Bond Financing

• Private Equity / Venture Capital Investment

• Equity

• Please indicate any green building specific finance instrument used, if applicable

To present the background of this question, as literature review showed, there

are green building specific loans available in the finance market of developed countries.

There is also effort being paid to make these loans available to developing countries

under the leadership of financial institutions and development banks such as EBRD

and IFC. Also based on literature review, it is seen that Real Estate Investment Trusts

invest in efficient buildings with a significantly lower spread. It might also be the

case that a minimum of green level is required prior to receiving certain investment.

Furthermore the concept of green bonds are now being used in the U.S. and Europe

that are issued to finance environmentally friendly projects.

In the sixth question, the participant is required to compare the outcome of

the project to the expectations in terms of financial returns. As seen from literature

review, green buildings are generally associated with increased occupancy rates, rental

revenues and decreased operational costs therefore it is considered important to collect

first hand feedback.

Following the study of Lam et al. [42], it is seen that the involvement of the

project stakeholders is seen as one of the key factors for successful implementation of

green features in a project. Hence seventh question asks the identity and the level

of involvement of the project parties in the decision making process for green feature

implementation on a scale from 1 to 5 to obtain information related to the overall level

of stakeholder participation in green building projects. For the purpose of this question

project stakeholders are considered as:

• Client

• Project sponsor
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• Project manager

• Designer / architect

• Main contractors

• Subcontractors

• Technical / Financial Service providers

• Consultants

• Material and equipment suppliers

• Site personnel

• End-users / customers

• Finance providing entities

• Other

For the eighth question, level of sensitivity/awareness of end-users towards the

green features implemented in the project is asked to the participant. Although public

awareness towards green buildings is considered as in an increasing trend globally in

the literature, it is important to measure this awareness from the project level. Since

the demand has significant effect over the supply in private sector, awareness of the

end-users is also expected to be a major motivation on implementation of green features

during the project.

The implementation of green features in a project requires far more complex

project management, design and delivery systems. As a result of this complexity, there

is the possibility that these properties might not be implemented correctly during the

process or might carry flaws due to the inexperience of the workers or lack of expertise

of quality inspectors. This situation might in turn affect the availability and mainte-

nance of the building during the operation phase such as frequent malfunctioning of

automation systems which will mean additional costs. Even without any flaws, green

certified materials might be more costly than their conventional alternatives hence

during the operation phase, depending on their service life, properties and the perfor-

mance requirements for the availability of the building, might be more cumbersome

to maintain and replace, hence adding burden on the maintenance costs or resulting

in some penalties due to not satisfying performance requirements when compared to
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the maintenance of a conventional building. In light of this discussion, ninth ques-

tion of this survey asks about the impact of implementation of green features on the

maintenance costs and the availability of the building when compared to conventional

buildings that the participant had experienced. Since the studies related to energy

performance of green buildings show that there is a reduction in operation costs due to

increased energy performance, this question was put forward in order to see whether

the same applies for the maintenance and availability aspects of the green buildings.

Considering the criticisms raised against LEED system on whether a LEED certi-

fied building will continue to perform as promised by the initial certification [43], tenth

question is put forward in order to get the opinion of green building professionals on

the consistency between the targeted level and the outcome in energy performance.

Companies in Turkey having a track record of green building projects were en-

gaged via electronic mail and phone to identify the project related professionals in

these companies. After this identification process, survey link is shared with these

participants. As mentioned before in order to prevent any concerns of participants

on potential confidentiality issues further explanation to the research is attached to

this link together with the full identities and contact details of the surveyor, thesis

supervisor and faculty secretary.

Apart from this approach, associations such as Housing Developers and Investors

Organization, the Association of Real Estate and Real Estate Investment Companies,

Turkish Contractors Association, Center for Strategic Thinking in Real Estate, Istanbul

Construction Association and Turkish Green Building Council were contacted and the

same information related to this study is shared with the member companies of these

associations.

For the external projects, Turkish Contractors that are also operating outside

Turkey and their foreign partners were contacted with a similar approach for their

projects that obtained green building certification in locations such as Russia, Africa,

Middle East and Europe. Also informative electronic mails were sent to United States
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Green Building Council that are briefly explaining the purpose of the study together

with a link to survey, in order to receive the institution’s help on distribution of this

survey to a wider network.

4.2. Case Study

According to Ministry of Energy of Turkey’s reference energy consumption database,

the hospitals account for the second highest energy consumption per square meter per

year in the buildings category after the shopping malls [44]. The reference value set

for shopping malls by the regulation is 750 kWh/m2-year which is followed by the

healthcare facilities at a consumption rate of 600 kWh/m2-year. Considering the po-

tential impacts of recently tendered pipeline of health campuses in Turkey which shall

be described in detail in the next chapter, it is found relevant to conduct the case study

on three of these hospitals that are recently built. All three hospitals were built under

the PPP scheme for which the decision to target a LEED certification was given at

early construction stage therefore the data collected shall allow further analysis of the

degrees of freedom and constraints faced by the projects compared to each LEED cri-

teria. Consequently this study shall derive a decision-making tool showing the degree

of green building practices achievable with limited risk at each stage of construction.

Furthermore the first year operational results on energy and water consumption are

analyzed with the purpose of elaborating on benefits obtained from implementation of

such green building practices.



32

5. ANALYSIS OF FINDINGS

This chapter contains presentation and analysis of the data collected from answers

of participants to survey questions and from projects on which case study is performed.

Prior to elaborating on the findings, below sections shall give some information on the

survey participant profile and on the projects that are subject of the case study.

5.1. Survey Participant Profile

Survey was distributed to a large chain of industry professionals however only 30

of the survey forms were completed by the participants therefore the results will be

shared and analyzed over these 30 forms. As the number of completed surveys are too

small to form a sample size for statistical analysis with high confidence level, no such

analysis was performed.

The feedback collected by the survey mostly represents the feedback of projects

in Turkey as they account for 83% of the project locations expressed by the survey

participants as shown in below Figure 5.1, whereas remaining of the feedback is dis-

tributed equally among Gabon, United Arab Emirates, Russia, United Kingdom and

United States as 3%.

Furthermore the distribution in project type as illustrated in Figure 5.2 below

shows that more than half of the feedback obtained belongs to commercial buildings

at 53% which is followed by residential buildings at 27%, public buildings at 13% and

industrial buildings at 7%. As the majority of the feedback is coming from Turkey,

this result might suggest that that there is a preference to implement green building

practices in commercial buildings in first place rather than other buildings.
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Figure 5.1. Breakdown of project locations.

Figure 5.2. Breakdown of project types.
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As per Figure 5.3 below, size of the companies of the parcitipants from a number

of employee perspective can be grouped under three categories whereby 40% of the

feedback is coming from companies having less than 100 employees, 43% of the feedback

is coming from companies having between 100 and 1000 employees and 17% of the

feedback is coming from companies having more than 1000 employees.

Figure 5.3. Breakdown of company size per number of employees.

Moreover size of the companies of the participants from an annual turnover per-

spective is grouped in three categories in below Figure 5.4 whereby 47% of companies

represent an annual turnover that is less than 10m USD, 27% of the companies rep-

resent an annual turnover between 10m USD and 100m USD and the remaining 27%

represent an annual turnover that is more than 100m USD.

Main activity area of the companies of the survey participants are shown in

below Figure 5.5. While the results represent mainly the feedback of companies whose

core business is construction or real estate development, it can also be seen that the

results contain feedback from other areas such as project management, consultancy,

infrastructure fund, facility manager and industrials.
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Figure 5.4. Breakdown of company size per annual turnover.

Figure 5.5. Breakdown of main activity area of the companies.
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The job titles of survey participants are grouped under major categories to facil-

itate understanding the profile of survey participants. As it can be observed in below

Figure 5.6, the feedback obtained captures the feedback of professionals that are po-

sitioned in management level with 43%, in quality control department with 20%, in

mechanical and electrical departments with 17%, in design department with 10%, in

business development department with 7% and in budget and planning department

with 3%.

Figure 5.6. Breakdown of survey participant profile.

5.2. Background Information on Case Study Projects

Over the past two decades Ministry of Health of Turkey initiated a series of

substantial reforms to restructure the country’s healthcare sector.

Prior to 2003 the public healthcare system in Turkey was facing serious problems

due to the inadequacy of the system and the facilities to meet the actual demand. The
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social healthcare coverage system consisted of several fragments each having different

scope and covering only a certain part of the population restraining equal access to

basic health care services. Furthermore existing public health facilities were in poor

shape, limited in terms of scope of treatment offered, had patient restrictions according

to the patients’ social security coverage and were failing to absorb the demand.

Only a minority of the population who were able to afford private insurance

had access to timely and relatively high-quality health care services because of this

structural problem. Hence in order to overcome this major problem, Ministry of Health

initiated the Health Transformation Program. The purpose of the program was to

increase the quality and efficiency of the healthcare system and enhance access to

healthcare facilities. Therefore a series of major reforms were made to the system

which are explained below:

• All public health facilities were merged under the responsibility of the Ministry of

Health in 2005. This was the first step taken to consolidate the provision of public

health care services under one authority. This merger resulted in the opening up

of all public facilities to the entire population, which was a significant step to

allow the population equal access to healthcare services.

• The social security system went through a major restructuring. From 2008, all of

the five main social security funds, covering social health insurance, were trans-

ferred to the newly created Social Security Institution. This had the impact of

aligning the benefits of social security for the population as the previous cover-

ages were offering each different benefits. Therefore the General Health Insurance

Scheme, which began operation under the Social Security System in 2008, allowed

all of the population to join the social health insurance system for the first time.

This change had significant positive impacts on the populations as the insurance

coverage for the poorest population groups in Turkey increased from 2.4 million

to 10.2 million people in 2011. Healthcare service access increased across the

country in particular, access and use of key maternal and child health services

improved to help reduce the maternal mortality ratio, and infant and neonatal

mortality rate, especially in socioeconomically disadvantaged groups.



38

• The program increased the administrative and financial autonomy of hospitals.

The major development in the hospital sector after 2003 focused on increasing

the role of the private sector. Accordingly, a PPP Department under General

Directorate of Health Investments of the Ministry of Health was established for

the planning of the construction, renovation and management of health facilities

in cooperation with the private sector.

As part of the transformation program, the Ministry of Health has considered

health campus planning based on four main reasons/requirements:

• Effectiveness of health services across the country

(i) Expanding the variety of treatment across the country and provide easy

access

(ii) Completing regional development in the field of health

(iii) Improving the quality of service

(iv) Providing cost-effective health services

• Needs of society

(i) Sufficient number of beds and suitability of bed quality

(ii) Service of specialized team on surrounding area

(iii) Application of new treatment technologies

(iv) Development of new concepts for treatment services (such as outpatient

surgery, day hospital)

• Patients

(i) Shortening the length of hospitalisation

(ii) Reducing patient transfers

(iii) Reducing hospital infections

(iv) Enhancing the safety of the patients

(v) Increasing patient satisfaction

• Workers

(i) Increasing the safety and satisfaction of employees

(ii) Increasing workforce and service quality

(iii) Improving health service performance
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According to the planning health campuses incorporate various types of hospitals

with specialized staff, research and development laboratories and centers, social and

cultural facilities, hotel, logistic support units, high level of transport and parking

facilities, accommodation and open space usage as a whole.

Within the scope of the program, the Ministry of Health also developed a plan

to expand and improve its medical education, training and service delivery by creating

a new, modern and efficient public healthcare infrastructure. Following the successful

examples of similar programs implemented in some European countries, in particular

the United Kingdom, the Ministry of Health has decided to procure new healthcare fa-

cilities under a Public Private Partnership scheme in order to effectively deliver modern

and efficient health infrastructure provision in Turkey.

Thus this model of procurement marked an important milestone in transformation

of Turkey’s healthcare sector. While facilitating access to healthcare services for a larger

part of the population, this model promised to leverage the resources available to the

Ministry of Health and to achieve transformation towards high quality and efficient

healthcare services in a relatively short time frame whereby the costs of achieving such

transformation are spread across the long term.

As a result, 30 health campuses of different sizes and bed capacities within 22

provinces were put in the procurement programme of the Ministry of Health in the

format of an international tender. The proposed scheme was a typical design, build,

finance, maintain and operate scheme, where the private party undertakes these obliga-

tions except provision of medical services which remains the obligation of the Ministry

of Health for a period of 28 years in exchange for availability payments and service

payments from the Ministry of Health.

As per the tender requirements the bidders’ offers were evaluated on technical

and financial basis with each criteria being attributed with a score. For the finan-

cial part the bidders were expected to submit their total fixed investment amount for

the procurement of the facility, the yearly availability payment that the Ministry of
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Health will need to pay to the project company created by the successful bidder for the

amortization of the total fixed investment amount and their pricing for the provision

of hard and soft facility management services as well as medical support services. For

the technical part, amongst others the bidders were expected to submit a conceptual

design having below main objectives:

• To allow the best possible medical care, examination and treatment for the patient

• To allow the best possible working conditions for the staff

• To allow an economic operation of the hospital

• To optimise investment and running costs

• To design an economic and ecological hospital

The tender documents were not requiring obtention of a certain level of green

building certification and no bonus score was attributed to the bidders that were willing

to do so. However as per the technical requirements of the tender documents, the design

was expected to qualify for at least a B level of energy efficiency in the national energy

identity certification system. Furthermore, technical criteria allocated more than half

of the points to design improvements which contained amongst others green building

practices such as implementation of energy efficiency measures, use of natural light and

functionality of areas. The categories under the technical criteria are detailed further

in the below Table 5.1.

First hospital (Hospital X) is located in central Anatolia region of Turkey, having

a bed capacity of 475, and a gross internal floor area of 141,200m2. The Project was

financed under a limited-recourse financing scheme with equity and project finance

loan.

Second hospital (Hospital Y) is located in Mediterranean region of Turkey, having

a bed capacity of 1,550, and a gross internal floor area of 539,823m2. The Project was

financed under a limited-recourse financing scheme with equity and project finance

loan.
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Table 5.1. Breakdown of Technical Score in tender documents.

Technical Category Score

Vertical and Horizontal Effective Segregation of Flows 6.90

Efficiency Within and Between Adjacent Functional Areas 7.56

Solutions of Unit Designs 9.36

Use of Natural Lights 5.19

Roof lights/ interior garden/ light tubes/ glass classification for natural lighting 1.16

Solar energy panels 0.66

Quantitative and qualitative differences in external light feeling 0.83

Site plan ensuring smooth transition of light 1.68

Recommendations for protection from direct sunlight 0.86

Efficiency of Energy 9.42

Application of thermal insulation to all building 2.75

Frontal materials 1.25

Proposed energy efficiency measures 1.83

Recycling systems 1.92

Landscaping 0.75

Materials for lighting 0.91

Flexibility of Units / Functional Areas 13.01

Modulation Standard in Units/Selected Axle Vulnerabilities 1.83

Demountable Material Selection in Partition 2.72

Outdoor Functions and Flexibility 2.12

Peace of Land Use and Future Status of Development and Flexibility 6.34

Proposed Services 31.97

Technical Quality of Design and Construction Management Proposal 16.60

Total 100.00
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Third hospital (Hospital Z) is located in Eastern Anatolia region of Turkey, having

a bed capacity of 1,038, and a gross internal floor are of 355,752m2. The Project was

financed under a limited-recourse financing scheme with equity and privately placed

green and social bond.

As a result of the competitive tender process managed by the MoH, these three

hospitals were awarded to the consortium comprised of a top-tier Turkish contractor

having the target of developing its expertise also in healthcare facility management

services together with two well-experienced Turkish medical support service providers

respectively on November 2011, August 2012 and September 2012. In 2013, the con-

sortium was joined by an international infrastructure fund as a long-term investor for

the financing and financial structuring of the projects.

Following the discussions between the members of the consortium, the decision

to go beyond the tender requirements and to target a LEED certification for all three

hospitals was taken during Spring 2016 in a context where all three projects were

already in construction stage.

The decision was essentially a consequence of the strict environmental and social

performance standards of the members of the consortium and their long-term vision in

the projects either as investor or as facility manager which necessitated putting in place

a sustainable health campus in order to ensure improved indoor and service quality to

mitigate potential risks in relation with volume dependent services that are impacted

by the number of visitors and to ensure improved efficiency to mitigate potential risks

in relation with the operating and maintenance costs over a period of 25 years.

In all three cases, at the time the decision to obtain a LEED-HC v2009 certifica-

tion was taken by the consortium, the following constraints were already set:

• All three projects were greenfield projects where the project sites were chosen by

the MoH without any intention to satisfy related LEED criteria;
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• The construction area, duration, price as well as project revenues were fixed as per

the Project Agreement that was executed between the respective project compa-

nies created by the consortium and the MoH based on the bid of the consortium;

• Both conceptual and detailed design of the facilities were prepared therefore there

was very little room for making significant changes to the design. However, the

design was prepared as per the local legislations and tender requirements which

aimed for energy efficiency such as use of trigeneration or cogeneration systems,

optimal use of daylight and functionality of the facilities;

• The construction has been ongoing on the project sites for about a year in form

of excavations and preliminary structural works where according to the Law 3194

in Turkey, construction process is governed by two major permits that are issued

by the municipalities. The first one being the construction permit which needs

to be obtained in order to be able to start the construction (excluding excavation

activities which can be performed with excavation permit prior to issuance of

construction permit) and the second one being the occupation permit which needs

to be obtained in order to allow occupation of the building and use of the utility

networks.

Hospital X and Hospital Y reached operations phase respectively on first and

third quarters of 2017, followed by Hospital Z reaching operations on third quarter of

2018. All three hospitals acquired LEED gold level certification with respective scores

of 60, 62 and 63.

As of the date of this study Hospital X and Hospital Y have completed their first

year of operations, whereas Hospital Z is still within its first year of operations.

Annual energy consumption of Hospital X is measured as 58,702,965 kWh con-

sisting of 20,864,493 kWh of electricity and 3,586,585 m3 of natural gas consumption

where a conversion factor of 10.55 is used to express m3 of natural gas in kWh. Annual

water consumption of Hospital X is measured as 139,206 m3.
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Annual energy consumption of Hospital Y is measured as 129,432,967 kWh con-

sisting of 92,924,960 kWh of electricity and 3,460,475 m3 of natural gas consumption,

likewise a conversion factor of 10.55 is used to express m3 of natural gas in kWh.

Annual water consumption of Hospital Y is measured as 870,918 m3.

In order to conclude the presentation of the case study and proceed with the

discussions chapter, abovementioned information is summarized in below Table 5.2.

Table 5.2. Summary of key information for Hospital X, Y and Z.

Project Details Hospital X Hospital Y Hospital Z

Project Area (m2) 141,120 539,823 355,752

Bed Capacity 475 1,550 1,038

Project Costs (Euro) 139,000,000 460,000,000 360,000,000

Construction Permit Date Q2 2015 Q1 2015 Q3 2016

LEED Registration Date Q2 2016 Q2 2016 Q2 2016

Start of Operations Date Q1 2017 Q3 2017 Q3 2018

LEED Certificate LEED-HC v2009 LEED-HC v2009 LEED-HC v2009

LEED Score 60 62 63

Energy Consumption (kWh/year) 58,702,965 129,432,967 -

Water Consumption (m3/year) 139,206 870,918 -

5.3. Findings of the Survey

The findings of the survey are presented hereafter.

Figure 5.7 below shows the feedback obtained on the stage that the decision of

implementing green building practices was given and the level of certification achieved

after such decision. It can be seen that for nineteen cases out of thirty such decision

was given during feasibility stage, for five cases such decision was given during planning

and feasibility stage, for 2 cases such decision was given during early construction stage
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and for 4 cases such decision was given during operation stage whereas no such decision

was made during late construction stage.

Figure 5.7. Level of green building certification achieved per stage of construction in

which the decision to target green building certification is taken.

As per the Figure 5.7 above, none of the decisions expressed by the participants

were given during Late Construction stage. Decisions given during Early Construction

stage achieved a level of LEED Gold or equivalent indicating that this can be the criti-

cal stage to take the decision of implementing green building practices. Furthermore it

is observed that majority of the participants gave such decision during the Feasibility

stage, which reduced across Planning and Design stage and Early Construction stage.

This suggests that the preferred timing in the industry for such decision is the Fea-

sibility stage. The presence of decisions during Operation stage looks promising that

effort is spent towards converting existing buildings into green buildings, however it is

seen that the preference is to implement green building practices on new buildings.
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The results related to project financing structure are shown below in Figure

5.8. 54% of the cases benefited from banks or investors while financing the projects

which is a positive indication of liquidity available in the market to finance green

building projects. Alongside this liquidity, it is positive to see that in 43% of the cases

financing was provided by pure equity which is an indicator that equity providers are

also implementing green building practices at their own initiative. The presence of

public sector financing in green building projects is also a positive indicator for the

green building market.

Figure 5.8. Type of financing used for the project.

For the purposes of simplifying the raw data related to stakeholder involvement,

the answers are expressed in overall percentages calculated by ratio of sum of partic-

ipation scale expressed for each stakeholder defined in the question over the sum of

maximum scale that can be attributed to each stakeholder defined. Based on this con-

version, degree of stakeholder involvement is categorized as Low (1%-25%), Medium

(26%-50%), High (51%-75%) and Very High (76%-100%). When the results are then

plotted against level of certification obtained as shown in below Figure 5.9, it is seen
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that for all of the cases that achieved a level of LEED Platinum or equivalent, degree

of stakeholder participation in the process is high which is as expected, since targeting

the Platinum level requires high level of coordination between stakeholders. For LEED

Gold or equivalent level, the degree of stakeholder participation expressed in most of

the cases are high with some cases having medium degree of involvement which can

be due to the fact that the requirements under LEED Gold still requires high level of

coordination but not as much as it is required for LEED Platinum level. For the por-

tion of high degree of stakeholder involvement observed for cases that achieved LEED

Silver or equivalent level might indicate that high level coordination of stakeholders

was constrained by the targeted LEED Silver level. For the remaining portion of the

cases that achieved LEED Silver level, it is seen that such level can still be reached by

relatively low involvement of stakeholders, which is also observed in cases with LEED

Certified level.

Figure 5.9. Degree of stakeholder involvement per project and level of certification

achieved.
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By overlapping the data related to targeted green building certification level and

achieved green building certification level obtained from the survey below Figure 5.10

is obtained. It is seen that 93% of the cases were able to meet their targets in terms

of level of green building achieved. 3% represents the case where LEED Silver was

targeted and the project ended up achieving LEED Gold level which can indicate that

the performance design of the building was then supported by some strategic points

obtained from other LEED criteria leading ultimately to a higher level than expected.

Lower case represents the case where LEED Silver was targeted but the achieved level

was LEED Certified which can be explained by the green baton effect mentioned in the

literature survey section. Overall indication is that the participants had the necessary

skills, competence and experience to meeting the targeted green building requirements.

Figure 5.10. Achieved level of green building certification compared to initial target.

The results related to achieved financial returns and expected financial returns

are shown in below Figure 5.11. It can be seen that in 90% of the cases the financial

returns associated with the certification level of green building achieved are similar or

higher than expected which can be considered as an important motivation for decision
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makers to implement green building practices as they mostly meet their expectations

and there is a possibility that the results can end up even higher than their expectations.

Considering the fact that most of the feedback is coming from Turkey, such possibility

of higher return can also be interpreted as an indication that the market value of

green buildings are high in domestic market due to small amount of availability of such

buildings. On the other hand one of the 7% of feedback expressed belongs to the case

where targeted LEED level was not achieved hence explaining the lower financial return

obtained. The other low feedback obtained belongs to a case of public building which

can be explained by a possible change in scope to implement green building practices

increasing the capital expenditures hence reducing the financial returns of the project.

Figure 5.11. Achieved return on investment certification compared to initial target.

Similarly the results obtained for actual energy performance compared to tar-

geted energy performance are shown in below Figure 5.12. It is seen that in 93% of the

cases associated with certification level of green building, actual energy performance

turned out to be similar to or higher than the targeted energy performance which can
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be considered again an important motivation factor for decision makers. Again one of

the low feedbacks belongs to the case that ended up in a lower certification level than it

targeted for hence explaining the reason behind this feedback. The other low feedback

obtained belongs to a project that obtained LEED Silver but with low degree of stake-

holder involvement in the process which might explain the reason why the project ended

up showing less performance than targeted. However these results indicate amongst

other reasons a potential need for more improvement in energy performance assessment

tools as 50% of the cases resulted different than targeted.

Figure 5.12. Achieved energy efficiency compared to targeted energy efficiency.

Data obtained for awareness of end user towards the green building properties

implemented in the building is shown in below Figure 5.13. The result that the amount

of cases where awareness of end users are high is greater than the opposite is positive.

Nevertheless considering majority of the feedback is coming from Turkey, 43% of the

cases showing medium or low awareness indicate a potential need for further effort to

promote green building practices nationwide.
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Figure 5.13. Observed end user awaraness and sensitivity towards project being a

green building.

For the last question, data obtained for impact of green building and energy

efficiency applications on occurrence of problems and operations and maintenance costs

when compared to those of a conventional building is shown in Figure 5.14 below.

In 50% of the cases it is seen that the occurrence of problems and operations and

maintenance costs are lower which is consistent with the claimed benefits of the green

building practices. One of the higher feedback belongs to the case where the project

obtained lower certification than it targeted explaining the result of such feedback. The

other higher feedback belongs to the case of an industrial building which might need

further analysis on implementation of green building practices on industrial buildings.

Also the 43% feedback given as similar is considered worth investigating since one of

the benefits associated with green building practices in literature is the reduction in

operation and maintenance costs when compared to conventional buildings.
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Figure 5.14. Observed operation and maintenance problems and costs of the project

compared to a non-green building.

Although the results of the survey yielded much valuable information on the sector

tendencies in relation with green building practices and indicated early construction

stage as the critical stage for taking the decisions to implement green building and

sustainability measures, the survey sample size is not sufficient to get to a statistical

conclusion and the question of finding the critical stage to implement green building

practices remains unanswered. This study shall therefore proceed with a case study

analysis in order to seek answers to the question at hand.

5.4. Findings of the Case Study

5.4.1. Identifying Critical Construction Stage for Decision Making for Green

Building Applications

It is important to understand first at which stage the projects were when the

decision to target a LEED certification was taken and then to point out the main

activities and constraints at each stage of the construction. A derived form of the

traditional construction stages [22] is therefore used and accordingly the definitions are

provided below:
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• Feasibility Stage is assumed to cover the period from the origination of the project

idea and until the project site is selected.

• Planning and Design Stage is assumed to cover the period after the site selection

until the obtainment of the construction permit.

• Early Construction Stage is assumed to cover the period after the obtainment of

construction permit and until the completion of structural works.

• Late Construction Stage is assumed to cover the period after the completion of

structural works and until the obtainment of occupation permit.

Within this context the Feasibility Stage of the projects corresponds to the tender

phase where the project origination, feasibility analysis and project site selection were

performed by the MoH and the design requirements were set accordingly without any

obligation to target a green building certification system. Likewise, the consortium

had to develop its own conceptual design and feasibility analysis in order to submit

a competitive and compliant bid however at that stage a green building certification

system was not targeted. If the decision to target a green building certification system

had been given at this stage by the MoH, the projects would have had the possibility

to fully satisfy the LEED criteria in relation with the project sites. Similarly if the

consortium had taken such decision at this stage the projects would theoretically have

had the possibility to fully satisfy the remainder of the LEED criteria.

During the Planning and Design Stage, activities amongst others such as, soil

analysis, preparation of geotechnical report, design criteria reports, impact assessment

reports and necessary management plans (i.e. excavation plan, erosion and sedimen-

tation plan, waste management plan etc.) alongside with detailed design development

were performed in order to apply for the construction permit in accordance with local

legislation. At this stage mobilisation and preliminary excavation works had already

begun and parameters related to the construction price, duration and project rev-

enues were already fixed as per the bid as well as site usage, site layout plan, physical

characteristics of the building such as dimensions, total floor area, area distribution,

height and orientation were decided based on the detailed design. If the decision to

pursue green building practices had been given at this stage, the project would still
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theoretically have had the opportunity to target full satisfaction of all LEED criteria

without necessarily impacting the construction duration, except the ones related to

project sites which are beyond the consortium’s control, provided that the measures

to be implemented either do not exceed the construction price submitted in the bid or

are absorbed by either contractor within its margin or by the investor within its return

on equity.

During the Early Construction Stage, major activities such as performance of

excavation works and structural works, material supply, implementation of manage-

ment plans and finalization of detailed and implementation design development for all

disciplines and preparation of shop drawings for interior finishes were performed. The

fact that the decision to target LEED certification was given at this stage hindered

the possibility to undergo major alterations to the design in order to satisfy the LEED

criteria without significantly impacting the budget and duration. The projects had to

rely on the quality of the existing design, therefore the project teams concentrated on

adjusting the project management processes, selection of materials, implementation of

building systems and usage of spaces to the extent possible to maximize the LEED

credits within the existing constraints. A dedicated team for this task was set up

supported by a LEED consultant with the target of achieving a gold level certification.

During the Late Construction Stage major activities performed were all works

related to façade, exterior cladding, roofing, fit out of the building and associated

material selections, commissioning, testing, landscape development, implementation of

building mechanical, electrical, sanitary systems as well as all necessary works required

in order to prepare the building for occupation and application to occupancy permit. If

the decision to pursue a LEED certification had been given at this stage, the possibility

of accommodating any LEED criteria within the projects without significantly impact-

ing the budget and construction duration would have been limited to those in relation

with commissioning, finishing materials, building systems implementation, landscape

development and building use which would have been in addition to any other criteria

that could have been satisfied by the existing design and processes put in place.
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It is then possible to allocate specific action categories to each stage of construc-

tion and hence setting a decision matrix which is presented in the below Table 5.3.

Table 5.3. Decision matrix for each construction stage.

Decision Feasibility Planning and Early Cons. Late Cons.

Category Stage Design Stage Stage Stage

Site Selection x

Conceptual Design

Development x x

Management Plan x x

Site Use x x

Site Survey x x

Detailed Design

Development x x

Implementation

Design

Development x x x

Building Materials x x x

Commissionning x x x x

Finishing Materials x x x x

Building Systems

Implementation x x x x

Landscape

Development x x x x

Building Use x x x x

Then it is possible to apply this matrix to each of the LEED-HC v2009 certi-

fication category in order to find out theoretically the critical construction stage for

making the decision to implement each of the LEED criteria at low risk meaning that
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its achievement from the moment the decision is taken shall be depending only on tech-

nical and financial capacity of the project party implementing it. The detailed exercise

is presented in Appendix C of this study. The theoretical LEED score achievable at

low risk at each construction stage can then be presented in the below Table 5.4.

Table 5.4. LEED Score achievable at low risk per LEED category at each

construction stage.

LEED-HC v2009 Feasibility Planning and Early Late

Category Stage Design Stage Construction Construction

Stage Stage

Sustainable Sites 18 13 6 5

Water Efficiency 9 9 5 5

Energy and

Atmosphere 39 39 6 6

Materials and

Resources 16 12 11 3

Indoor

Environmental 18 18 11 11

Quality

Innovation in

Design 6 6 6 1

Regional Priority 4 4 4 0

Total LEED

Score 110 101 49 31

Furthermore it is possible to plot the the theoretical LEED score achievable at

low risk at each construction stage as shown in below Figure 5.15.
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Figure 5.15. LEED score that is achievable at low risk at each construction stage.



58

As expected, it can be seen that the amount of LEED score that could be achieved

at low risk reduces as the project moves forward in construction stages. While the

project can target a LEED platinum level at low risk in both feasibility and planning

and design stages, this is no longer the case when the project is at Early Construc-

tion Stage. When the decision to target a LEED certification is given at this stage,

more than half of the possible LEED score will be dependent either on stringency of

applicable regulations and compliance of the existing design and construction practices

already implemented within the project with the LEED criteria or on the possibility

for the projects to deviate from existing conditions to implement the LEED criteria.

However despite the fact that more than half of the points will be at risk, available

LEED points at low risk still allow the projects to target for at least LEED silver level

certification at low risk at Early Construction Stage. Once the project arrives to Late

Construction Stage available LEED points at low risk are no longer sufficent for the

project to target a LEED certification at low risk.

Hence although it was not possible to demonstrate on the basis of the results of

the survey that the Early Construction Stage is the critical stage during construction

for implementing green building practices due to limited sample size of the survey not

allowing for a statistical analysis, the findings of the case study clearly indicates that

the Early Construction Stage is the critical stage during construction for implementing

green building practices. Beyond this stage the project is found to be highly dependent

on the compatibility of existing project applications with green building applications

therefore the decision to implement green building practices comes with a high risk in

terms of achievable outcome.

5.4.2. LEED Criteria Satisfied by Existing Conditions of the Projects

Actual LEED score of the three hospitals are then cross-checked against the LEED

score at low risk in Early Construction Stage proposed in the previous subsection in

order to highlight where the projects already satisfied certain LEED criteria due to

tender requirements, industry practices and compliance with local regulations. This is

presented in the below Table 5.5.
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk.

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Sustainable Sites 18 12 10 11 6

Construction Activity

Pollution Prevention Req + + + +

Environmental Site

Assessment Req + + + +

Site Selection 1 1 1 1 0

Development Density and

Community Connectivity 1 0 0 1 0

Brownfield Redevelopment 1 0 0 0 0

Alternative Transportation

- Public Transportation

Access 3 3 3 3 0

Alternative Transportation

- Bicycle Storage and

Changing Rooms 1 1 1 1 1

Alternative Transportation

- Low Emitting and

Fuel Efficient Vehicles 1 1 1 1 1

Alternative Transportation

- Parking Capacity 1 1 1 1 1

Site Development

- Protect or Restore Habitat 1 0 0 0 0

Site Development

- Maximize Open Space 1 1 0 1 0

Stormwater Design

- Quantity Control 1 0 0 0 0
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk (cont.).

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Stormwater Design

- Quality Control 1 0 0 0 0

Heat Island Effect

- Non-Roof 1 1 1 1 1

Heat Island Effect

- Roof 1 1 1 1 1

Light Pollution Reduction 1 1 0 0 1

Connection to the Natural

World - Places of Respite 1 1 1 0 0

Connection to the Natural

World - Direct Exterior

Access for Patients 1 1 1 0 0

Water Efficiency 9 5 7 8 5

Water Use Reduction

- 20% Reduction Req + + + +

Minimize Potable Water Use

for Medical Equipment

Cooling Req + + + +

Water Efficient Landscaping

- No Potable Water Use

or No Irrigation 1 1 0 1 0

Water Use Reduction:

Measurement and Verification 1 to 2 0 2 2 2

Water Use Reduction 1 to 3 1 3 3 0
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk (cont.).

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Water Use Reduction

- Building Equipment 1 1 1 1 1

Water Use Reduction

- Cooling Towers 1 1 1 1 1

Water Use Reduction

- Food Waste Systems 1 1 0 0 1

Energy and Atmosphere 39 15 23 23 6

Fundamental Comissioning

of Building Energy Sytems Req + + + +

Minimum Energy Performance Req + + + +

Fundamental Refrigerant

Management Req + + + +

Optimize Energy Performance 1 to 24 11 21 18 0

On-Site Renewable Energy 1 to 8 0 0 0 0

Enchanced Commissioning 1 to 2 1 0 2 1

Enhanced Refrigerant

Management 1 1 1 1 1

Measurement and Verification 2 2 1 2 2

Green Power 1 0 0 0 1

Community Contaminant

Prevention - Airborne Releases 1 0 0 0 0
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk (cont.).

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Materials and Resources 16 8 8 4 11

Storage and Collection

of Recyclables Req + + + +

PBT Source Reduction -

Mercury Req + + + +

Building Reuse - Maintain

Existing Walls, Floors

and Roof 1 to 3 0 0 0 0

Building Reuse - Maintain

Interior Non-Structural

Elements 1 0 0 0 0

Construction Waste

Management 1 to 2 2 2 2 2

Sustainably Sourced

Materials and Products 1 to 4 4 4 0 4

PBT Source Reduction -

Mercury in Lamps 1 1 1 1 1

PBT Source Reduction -

Lead, Cadmium, Copper 0 0 0 0 2

Furniture and Medical

Furnishings 1 to 2 0 0 0 2

Resource Use - Design

for Flexibility 1 1 1 1 0
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk (cont.).

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Indoor Environment Quality 18 11 8 10 11

Minimum Indoor Air

Quality Performance Req + + + +

Environmental Tobacco

Smoke Control Req + + + +

Hazardous Material Removal

or Encapsulation Req + + + +

Outdoor Air Delivery

Monitoring 1 1 0 0 1

Acoustic Environment 1 to 2 0 0 1 0

Construction IAQ Management

Plan - During Construction 1 1 1 0 0

Construction IAQ Management

Plan - Before Occupancy 1 1 1 1 1

Low Emitting Materials 1 to 4 1 1 0 4

Indoor Chemical Pollutant and

Source Control 1 0 0 0 1

Controllability of Systems -

Lighting 1 0 0 0 1

Controllability of Systems -

Thermal Comfort 1 1 0 1 1

Thermal Comfort - Design

and Verification 1 1 1 1 0
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Table 5.5. Summary of LEED scorecards of Hospital X, Y and Z compared against

LEED points achievable at low risk (cont.).

LEED-HC v2009 Total Hospital Hospital Hospital Score at

Category Score X Y Z Low Risk

Daylight and Views - Daylight 2 2 2 2 2

Daylight and Views - Views 1 to 3 3 2 3 0

Designing with Nature, Biophilic

Design for Indoor Environment Req + + + +

Performance Based IAQ Design

and Assessment Req + + + +

Innovation in Design 6 6 3 4 6

Integrated Project Planning

and Design Req + + + +

Innovation in Design 1 to 4 4 1 2 4

LEED Accredited Professional 1 1 1 1 1

Integrated Project Planning

and Design 1 1 1 1 1

Regional Priority Credits 4 3 3 3 4

Optimize Energy Performance 1 1 1 1 1

On-site Renewable Energy /

Stormwater Design Quantity

Control 1 0 0 0 0

Thermal Comfort - Design

and Verification 1 1 1 1 1

Heat Island Effect - Roof 1 1 1 1 1

Total 110 60 62 63 49

It can be seen from the Table 5.5 that the projects succeeded in obtaining LEED

points from below criteria which are considered at risk since the decision to target

LEED certification was given at Early Construction Stage:
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• Site Selection: Hospital X, Y and Z

• Development Density and Community Connectivity: Hospital Z

• Alternative Transportation – Public Transportation Access: Hospital X, Y and

Z

• Site Development – Maximize Open Space: Hospital X and Z

• Connection to the Natural World – Places of Respite: Hospital X and Y

• Water Efficient Landscaping – No Potable Water Use or No Irrigation: Hospital

X, Y and Z

• Water Use Reduction: Hospital X, Y and Z

• Optimize Energy Performance: Hospital X, Y and Z

• Resource Use – Design for Flexibility: Hospital X, Y and Z

• Acoustic Environment: Hospital Z

• Construction IAQ Management Plan – During Construction: Hospital X, Y and

Z

• Thermal Comfort – Design and Verification: Hospital X, Y and Z

• Daylight and Views – Views : Hospital X, Y and Z

Within the context of these three projects, the site selection was made by the

MoH without any explicit goal of satisfying LEED criteria in Sustainable Sites category.

In fact the LEED score obtained by the projects in Site Selection, Development Density

and Community Connectivity and Alternative Transportation – Public Transportation

Access were beyond the project teams’ control as it can be seen that only Hospital Z

qualified for Development Density and Community Connectivity.

The difference between the projects with regards to their LEED Score under the

Site Development – Maximize Open Space and Connection to the Natural World –

Places of Respite categories is consistent with the fact that the site layout were already

decided based on the local regulations during the Planning and Design Stage therefore

the projects had to rely on the outcome of the existing design. Under the Law No:

3194 Clause 18, the municipalities are granted the right to use up to 40% of the site

for public benefit therefore common practice followed by the contractors in Turkey is

to leave 40% of the site area as green area.
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The projects were able to obtain LEED score in Water Use Reduction, Opti-

mize Energy Performance, Resource Use – Design for Flexibility, Thermal Comfort

and Daylight and Views categories which is consistent with the fact that the tender

requirements of these projects were already accounting for efficiency and functionality

measures. In fact, it is possible to earn points under Optimize Energy Performance cri-

teria by applying the requirements of Regulation for Energy Performance in Buildings,

Turkish Standard TS EN 378 “Standard for Refrigerating Systems and Heat Pumps

– Safety and Environment Requirements” and “Turkish Standard TS 825 – Thermal

Insulation Requirements for Buildings” [45].

It can also be seen from the difference in LEED scores across the three projects

in Water Use Reduction, Optimize Energy Performance, Daylight and Views, Acoustic

Environment, Water Efficient Landscaping – No Potable Water Use or No Irrigation

categories that the capacity of the project teams to deviate from existing design con-

ditions were limited because the decision to target a LEED certification was given at

Early Construction Stage.

With regards to the Construction IAQ Management Plan – During Construction

criteria, as a consequence of the financing put in place all three projects had to comply

with European Bank of Reconstruction and Development’s performance requirements

which already accounted for an Environmental Quality Management Plan amongst

others.

5.4.3. Case Study Findings on Annual Savings

In this final section of the chapter, this study shall analyze the first-year energy

and water consumptions of Hospital X and Hospital Y in order to quantify the amount

of savings achieved by implementing green building practices.

The tender requirements were asking the projects to qualify for at least a B level

energy identity certificate under the Regulation for Energy Performance in Buildings

in Turkey which means an energy efficiency between 20% to 60% over the reference



67

values set by the same regulation for healthcare facilities [44]. The reference value set

for healthcare facilities by the regulation is 600 kWh/m2-year.

Annual energy consumption of Hospital X is measured as 58,702,965 kWh con-

sisting of 20,864,493 kWh of electricity and 3,586,585 m3 of natural gas consumption

where a conversion factor of 10.55 is used to express m3 of natural gas in kWh. When

divided by the project area of 141,120m2, it represents an annual energy consump-

tion per square meters of 416 kWh/m2-year which is an improvement of 31% over the

reference value set in the Regulation for Energy Performance in Buildings in Turkey.

It can be seen from the LEED Scorecard that Hospital X has obtained 11 points

under the Optimize Energy Performance LEED criteria which means 24% improvement

in energy consumption compared to the baseline set according to USGBC approved

equivalent standard to Appendix G of ANSI/ASHRAE/IESNA Standard 90.1-2007.

As far as water consumption is concerned, annual water consumption of Hospital

X is measured as 139,206 m3. It can be seen from the LEED Scorecard that Hospital

X has obtained 1 point under the Water Use Reduction LEED criteria which means

30% savings on building water use and process water use.

For the case of Hospital Y, annual energy consumption is measured as 129,432,967

kWh consisting of 92,924,960 kWh of electricity and 3,460,475 m3 of natural gas con-

sumption, likewise a conversion factor of 10.55 is used to express m3 of natural gas

in kWh. Annual water consumption of Hospital Y is measured as 870,918 m3. When

divided by the project area of 539,823m2, it represents an annual energy consump-

tion per square meters of 240 kWh/m2-year which is an improvement of 60% over the

reference value set in the Regulation for Energy Performance in Buildings in Turkey.

It can be seen from the LEED Scorecard that Hospital Y has obtained 21 points

under the Optimize Energy Performance LEED criteria which means 42% improvement

in energy consumption compared to the baseline set according to USGBC approved

equivalent standard to Appendix G of ANSI/ASHRAE/IESNA Standard 90.1-2007.
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Annual water consumption of Hospital Y is measured as 870,918m3. It can be

seen from the LEED Scorecard that Hospital Y has obtained 3 points under the Water

Use Reduction LEED criteria which means 40% savings on building water use and

process water use. It is then possible to express the savings obtained in terms of hard

currency by using the unit electricity, natural gas and water prices which is summarized

in the below Table 5.6.

Table 5.6. Summary of annual savings obtained from energy and water efficiency.

Hospital X Hospital Y

Annual Electricity Consumption (kWh) 20,846,493 92,924,960

Annual Natural Gas Consumption (m3) 3,586,585 3,460,475

Annual Water Consumption (m3) 139,206 870,918

Average Unit Electricity Price (TL/kWh) 0.33 0.35

Average Unit Natural Gas Price (TL/m3) 0.90 0.95

Average Unit Water Price (TL/m3) 4.15 6.66

Annual Savings in Electricty

Consumption (kWh) 6,588,787 – 9,373,903 67,290,488 – 139,387,440

Annual Savings in Natural

Gas Consumption (m3) 1,132,606 – 1,611,364 2,505,861 – 5,190,172

Annual Savings in Water

Consumption (m3) 59,660 580,612

Total Annual Savings (TL) 3,420,901 – 4,762,278 29,454,821 – 56,872,333

Total Project Cost (EUR) 139,000,000 460,000,000

Average Foreign Exchange Rate

for Period 2014 - 2017 3.50 3.50

Total Project Cost (TL) 486,500,000 1,610,000,000

Annual Savings as % of Project Cost 0.7% - 1.0% 1.8% - 3.5%

Project Operation Term 25 years 25 years
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It is important to note that the lower bound of the range for annual savings is

based on energy efficiency measured against the baseline building in LEED system

and the upper bound is based on energy efficiency measured against the reference in

Regulation for Energy Performance in Buildings in Turkey.

As it can be seen from the calculation, annual savings represent 0.7% - 1.0% of the

total project costs for Hospital X and 1.8% - 3.5% of the total project costs for Hospital

Y which are consistent with the results of the survey and findings in the literature where

cost premium range associated with level of certification is between 0.66% and 8% and

that net present value of benefits obtained exceeds the initial premium [26,32,46].
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6. CONCLUSION AND RECOMMENDATIONS

Being major contributors to the environmental damage, there is an inevitable

need for the construction industry to take quick steps towards improving the energy

efficiency and reducing the waste generation both for the new and the existing buildings.

Hence much focus is paid on sustainability, energy efficiency and green development

concepts. Although the problem, the approach and the objectives to be fulfilled are

being addressed in the literature, it is evident that further research is needed because

the proposed ways to achieve these objectives and the resulting outcome thereafter

are yet far from being comprehensive, meaning that they are highly dependent on the

project, market, region dynamics and the quality of data available.

In this study, the impact of the timing of the decision to implement green building

practices on the level of green building practices achievable at low risk is illustrated

during the stages of construction based on the findings of the case study through making

use of LEED-HC v2009 scheme. Then relevancy of local legislation and practices to

LEED criteria were investigated as the projects were able to obtain certain LEED

score without additional efforts. Finally, the annual savings achieved as a result of

the efficiency measures used in the projects were quantified and found consistent with

both the survey results and literature findings. Hence a set of conclusions derived from

the survey and the case study alongside with further recommendations for research are

expressed in this section.

During construction the delay in timing of the decision to implement green build-

ing practices has negative impact on the level of green building practices that can be

achieved hence such decision should preferably be given during the Feasibility stage.

It was found that such decision should be taken no later than the Early Construction

Stage in order to achieve certification at low risk therefore making the Early Construc-

tion Stage as the critical stage.
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It is found that it is possible for the projects to satisfy certain LEED criteria

with a small effort on top of following the local regulations and practices despite the

fact that delay in taking the decision to implement green building practices hinders

significantly the achievements possible at low risk. Further research should be made to

benchmark the LEED score of a project that does not go beyond the requirements of

the local legislation to precisely quantify the amount of effort necessary to implement

green building practices.

It was also found that annual savings obtained in the case study represent 0.7%

- 3.5% of the total project costs highlighting a long-term benefit far more than the

initial premium from a net present value perspective consistent with the results in the

literature.

The feedback obtained on project type that green building practices were im-

plemented on showed in majority of the cases commercial buildings were preferred.

Further research can be made if there is a general preference in the industry for com-

mercial buildings over other buildings when implementing green building practices and

if such is the case then what would be the corresponding reasons behind this preference

in order to help promote green building practices for other types of buildings as well.

Results related to financing showed that there is liquidity available in the market

for financing of green building projects. Alongside with this liquidity, the presence of

projects financed by equity alone shows that equity providers are willing to implement

green building practices at their own initiative as well. However no green building

specific financing was expressed in the results and considering the availability of finance

instruments such as green bonds mentioned in the literature review further research

can be made to shed light on application of these instruments.

From degree of stakeholder involvement perspective, it is seen that the cases that

achieved high level certification had also high degree of stakeholder involvement in the

process which confirms that the implementation of green building practices require

coordination between stakeholders.
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Results related to actual green building level obtained compared to the targeted

level showed that the industry possess the necessary skills, competence and experience

to meet the requirements set out by targeted level of green achievement.

The feedback for financial returns also showed an important motivation for de-

cision makers to implement green building practices as they mostly meet their expec-

tations and there is a possibility that the results can end up even higher than their

expectations. Considering the fact that most of the feedback is coming from Turkey,

such possibility of higher return can also be interpreted as an indication that the market

value of green buildings are high in domestic market due to small amount of availability

of such buildings.

Actual energy performance achieved turned out to be similar to or higher than

the targeted energy performance which can be considered again an important motiva-

tion factor for decision makers during decision making process of implementing green

building practices. However the results also indicated a potential need for more im-

provement in energy performance assessment tools due to differences between achieved

and targeted level.

Even though in slightly above half of the cases the end users showed high aware-

ness on the green building properties of the building which is positive, the presence of

medium or low awareness considering majority of the feedback is coming from Turkey,

indicates a potential need for further effort to promote green building practices nation-

wide.
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APPENDIX A: SURVEY QUESTIONS

Survey questions are provided in below Figure A.1.

Figure A.1. Survey questions.

Figure A.1. Survey questions (cont.).
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Figure A.1. Survey questions (cont.).

Figure A.1. Survey questions (cont.).

Figure A.1. Survey questions (cont.).
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Figure A.1. Survey questions (cont.).

Figure A.1. Survey questions (cont.).
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Figure A.1. Survey questions (cont.).

Figure A.1. Survey questions (cont.).

Figure A.1. Survey questions (cont.).
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Figure A.1. Survey questions (cont.).
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APPENDIX B: SURVEY ANSWERS

Participant answers to survey questions are provided in below Figure B.1.

Figure B.1. Participant answers to survey questions.
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)
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Figure B.1. Participant answers to survey questions (cont.)



93

Figure B.1. Participant answers to survey questions (cont.)
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APPENDIX C: DECISION MATRIX APPLIED TO LEED

CATEGORIES

The decision matrix in Figure 5.3 is applied to LEED-HC v2009 categories for

the purposes of this study and following results are obtained shown in Figure C.1

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories.
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).



112

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).



114

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).



118

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).



122

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).

Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).
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Figure C.1. Decision matrix harmonised with LEED-HC v2009 categories (cont.).




