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ABSTRACT

LIFE CYCLE ASSESSMENT OF BUILDING MATERIALS IN HOTE L
REFURBISHMENT PROJECTS: A CASE STUDY IN ANKARA

Cakmakli, Aysem Berrin
Ph.D., Department of Architecture in Building Science

Supervisor: Assoc. Prof. Dr. Soofia Tahira Elias Ozkan

June 2007, 176 pages

Buildings generate millions of tons of greenhouse gases, toxic air
emissions, water pollutants and solid wastes that contribute to negative
environmental impacts. Life Cycle Assessment (LCA) is a methodology
for assessing the environmental performance of products over their life
time. However, many building products are discarded much before the
end of their service life, especially as a result of refurbishment and
renovation projects. The need for such projects is increasing because
most buildings are not designed to accommodate changes in their
functions and needs of their occupants. This is particular to commercial
buildings, especially hospitality facilities, which are unique with regard to
operational schemes and the type of services offered that are highly

resource-intensive.

In this investigation, statistical data related to refurbishment and
renovation projects in Turkey were analyzed to determine the
percentage of refurbishment projects for hotels. Bills of quantities for
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refurbishment projects of three five-star hotels in Ankara were obtained
and evaluated with regard to the volume and type of material discarded
as a result of the renovation works. ATHENA, an LCA software, was
used to evaluate these projects according to the six environmental
impact indicators: primary energy consumption, solid waste, air pollution
index, water pollution index, global warming potential and weighted

resource use.

A system was formulated for evaluating materials according to each
indicator by calculating their “eco-scores”; the total score is considered
to be the yard-stick for comparing environmental appropriateness of
these materials. Finally, recommendations on the choice of materials
were made, with an aim to reducing material waste and harmful

emissions.

Keywords: Life Cycle Assessment, Hotel Buildings, Renovations and
Refurbishments, ATHENA software, Environmental Friendly Materials.
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ANKARA'DAK i BiR CALISMA BAZ ALINARAK YEN ILEME
PROJELERINDEKI BiINA MALZEMELER iNiN HAYAT
DONGULERININ DEGERLENDIRILMESI

Cakmakli, Aysem Berrin
Doktora, Mimarlik Bélima, Yapi Bilimleri

Tez Yoneticisi: Dog. Dr. Soofia Tahira Elias Ozkan

Haziran 2007, 176 sayfa

Binalarin sebep oldugu milyonlarca ton sera gazi ve toksik gaz yayilimi,
su ve kati kirliligi cevre Uzerinde negatif bir etki yaratmaktadir. Hayat
dongusu degerlendirmesi ise bu noktada ortaya ¢ikan ve bir malzemenin
tum hayat dongusi icindeki cevresel etkilerini degerlendirmeyi kapsayan

bir metoddur.

Ne vyazik ki, pek cok bina malzemesi kendi servis strelerini
tamamlayamadan yenilenmektedirler. Yeni binalar insa edilirken
fonksiyon ve kullanici ihtiyaci gbzardi edildigi icin yenileme projeleri
gunden gune artmaktadir. Tam ticari binalar arasinda, konaklama
sektoril igslem semalari ve O©nerdikleri servisler dolayisi ile oldukca

yuksek dogal kaynak, su ve enerji tiketimi kapasitelidir.

Bu calismada, Turkiye'deki otellerde uygulanan yenileme projelerinin
yuzdelerini belirlemek amaci ile yenileme projelerinin istatiksel verileri
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analiz edildi. Ankara’daki U¢ tane bes yildizli otelin yenileme projelerinin
hakedis malzeme listeleri elde edildi. Bu veri, yenileme projelerinin
kapsami ve kullanilan malzemeler dikkate alinarak, hayat doéngisu
degerlendirme programlarindan ATHENA programi ile alti ¢cevresel etki
gostergelerine go6re degerlendirildi. Bu g0stergeler, birincil enerji
tiketimi, kati atilk miktari, hava ve su Kkirlilik dizeyi, kiresel 1sinma

potansiyeli ve dogal kaynak kullanimidir.

Herbir cevresel etki godstergesine gore ayri ayri degerlendirilen
malzemeler icin bir sistem formule edildi ve her malzemenin “ekolojik
puani” hesaplandi. Malzemeler c¢evreye uyumluluklari ve cevre
dostluklari bakimindan birbirleri ile, hesaplanan toplam eko-puanlarina
gore kargilastirldi. Sonug¢ olarak, yenileme projelerinde kullanilan
malzemelerin seg¢imi i¢in bir 6neri olugturuldu, ki ¢cevreye verilen zarar,
enerji tuketimi, kati atik miktari, zararli emisyonlar ve kiresel 1sinma

potensiyelleri azaltilabilsin.

Anahtar Kelimeler: Hayat Dénguist Degerlendirmesi, Otel Binalari,
Yenileme ve Tadilat Projeleri, ATHENA programi, Cevreyle Dost

Malzemeler.
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CHAPTER |

INTRODUCTION

In this chapter are presented the argument for and the objectives of the
study, together with a precise of the procedure followed in its conduct and
the disposition of the topics within the thesis.

1.1. Argument

As the population of the world continues to expand, the need for including
quality in environmental management and extending it in time on a
sustainable basis has become vital. Buildings should benefit humans, the
community, and the environment. The term “sustainability” denotes an
approach to the design, construction and operation of buildings that
improves their relationship with their environment and their occupants.
However, most buildings of today have- and are continuing to- become
unquestionable threats to environment; as they consume significant
guantities of energy at all stages of their life time. In turn, this causes both
short- and long-term environmental and economic problems on local, as
well as global scales. According to Li (2006: 1414), the building sector,
including housing, comprises 30 to 40% of the world’s total energy
demand and approximately 44% of total material use.

Sustainable, or “green”, buildings include appropriate use of land and
landscaping, of environmentally friendly materials that have closed loops,
and require attention to the life cycle effects of their design, construction



and operation stages. Hence, the entire building process -from cradle to
grave or even from cradle to cradle- in its relation to the environment due
to its energy use and emission should be assessed. This assessment has
to include the whole life of the building which is why ISO Standard 14040

evolved regarding Life Cycle Assessment (LCA) of products.

Defining sustainable materials and encouraging their use with a better
integration of LCA techniques and LCA-based decision support tools are
important to improve environmental quality. When LCA methodology is
applied to a building product, it is seen that an important parameter in LCA
of buildings and building materials is the prediction of service life to make
accurate comment about the environmental impact. The objective of
service life planning according to ISO 15686-1 is: “to assure, as far as
possible, that the service life of the component will be at least as long as
its design life”. Service life planning aims at enabling designers to optimize
resource use by ensuring that the building will last for the lifespan that the
occupants determine, without incurring large unexpected expenditures. On
the other hand, it seems that there is no relationship between structural
materials and the service life of a building and that buildings are most
likely to be demolished much before useful life of their structural systems

end.

While examining the building construction data, it was seen that the
number of renovation and alteration projects has increased significantly
during the past few years for reasons other than the unsatisfactory
condition of the spaces or change in their functions. Even though certain
materials have a long life span, they are not required to live it through and
some material is discarded regardless of its good condition, usefulness or

life span such as in the case of the hospitality sector.



Hotels are one of commercial buildings which have the highest negative
impact on the environment. They need to follow technological
improvements and apply them to their design processes at appropriate
intervals because maintaining high standards for customers are really
significant if they are to remain competitive. Environmental management in
hotels is an important step towards achieving sustainable tourism and
contributing to sustainable development. Renovation or refurbishment in
hotels offers opportunities for promoting energy-efficient measures and

exploitation of renewable energy resources.

For this reason, there is a need to evaluate the environmental impact of
hotel refurbishment projects, and to classify the materials used for this
purpose from the point of view of environmental impact indicators. LCA is
a methodology that can be adapted to this end. It involves environmental
aspects and potential impacts throughout the life of a product, from raw

material acquisition through production, use and disposal.

1.2. Objectives

The objectives of this study were:

* To determine the volume of renovation works in Turkey, especially
in larger cities.

* To determine the volume of renovation works in the Turkish
hospitality sector.

« To determine the types and amounts of material being replaced
during hotel refurbishment projects.

« To determine the frequency of and reasons for hotel refurbishment
projects and to understand the necessity for such projects.

» To assess the environmental impacts of the materials most
commonly replaced during refurbishment projects by using a life

cycle assessment tool (ATHENA).



« To analyze the data statistically in order to arrive at reliable

conclusions.

1.3. Procedure

This study focused on assessing the refurbishment projects of three five-
star hotels in Ankara, in terms of their environmental impacts. At the first
stage of the study, the importance of renovation / refurbishment projects in
Turkey was assessed by examining official data available from The
Turkish Agency for Statistics (TURKSTAT), Ankara Chamber of Architects

and the Ministry of Tourism.

At the second stage, data on bills of quantities (BOQ) for renovation
projects of the three hotels and their operating energy consumption were
obtained, along with their architectural drawings. Administrative staff was
also informally interviewed to gather information on the frequency of and
reasons for these renovations. An analysis of these BOQ necessitated an
environmental impact analysis of the various materials replaced during the
refurbishment projects. These selected materials were assessed with an
LCA software called ATHENA.

At the third stage of the study, data which were generated by the LCA tool
were summarized in graphs and tables and statistically evaluated. Based
on findings, a system was proposed for comparing environmental

appropriateness of the materials used in three case projects.

1.4. Disposition

The study consists of five chapters. The first one is composed of the
argument for, the objectives of, and a general outline of the procedure of
the study. It concludes with the disposition of the thesis.



Chapter 2 comprises of the literature survey in which 50 published works
and 5 web sites are included covering topics of sustainable architecture,
life cycle costing, life cycle assessment, service life prediction, life cycle
inventory databases and their importance, life cycle assessment of
buildings/hotels, and the importance of renovations in the life cycle of
hotels.

Chapter 3 is composed of the survey material, which includes the
statistical data on renovation and refurbishment projects in Turkey,
information on three five-star hotels in Ankara, the grouped data derived
from the bill of quantities for guestroom floors of the three hotel
refurbishment projects; and the LCA software and methodology that
includes data compilation process, simulation procedure and statistical
tests.

Chapter 4 presents discussion on statistical data on renovation and
refurbishment projects in Turkey and the frequency of and reasons for
hotel refurbishment projects. Then data generated by the LCA software
(ATHENA), the statistical analyses of these data using paired-sample t-
test and the comparative evaluation of the three case studies and seven

common materials are given.

Finally, a matrix which is derived from this investigation and can be used
to enable designers to choose the suitable material in order to reduce
damage to the natural environment, further investigations and

recommendations are stated in Chapter 5.



CHAPTER 2

SURVEY OF LITERATURE

This literature review covers a total of 50 published sources and 5
websites. It consists of topics related to sustainable architecture, life cycle
costing, life cycle assessment, service life prediction, life cycle inventory
databases, and their importance, life cycle assessment tools, life cycle
assessment of buildings/hotels, and the importance of renovations in the
life cycle of hotels. To render the presentation of the concept of life cycle
assessment and, specifically, life cycle assessment of hotel refurbishment
projects as systematically as possible, general definitions have been given

which are supported by examples, for clarity.

2.1. Sustainable Architecture

Sustainable development is “the challenge of meeting growing human
needs for natural resources, industrial products, energy, food,
transportation shelter and effective waste management while conserving
and protecting environmental quality and the natural resource base
essential for future life* (Bartelmus, 1994: 5). Reduced consumption of
energy in use; increased durability of buildings and components are
important factors to be considered in sustainable architecture. The world is
faced with the problem of global warming, owing to the increased levels of
greenhouse gases in the atmosphere that have raised the temperature of

the earth above its natural equilibrium level.



According to the Rocky Mountain Institute (2003), if sustainable design
principles were incorporated into building projects, benefits could include
resource and energy efficiency; healthy buildings and materials;
ecologically and socially sensitive land use, transportation efficiency; and
strengthened local economies and communities. Sustainable principles
were applied to buildings by using such natural resources as the sun,
wind, landforms, and natural vegetation to provide heating, cooling,
lighting, ventilation. Edwards (1998: 169) stated that the large section of
the building sector generally use natural, mostly non-renewable resources
and this leads to resource depletion, destruction of valuable landscapes,

loss of biodiversity and pollution.

Crosbhie’s (1994) argument for sustainable architecture is based on the
“‘green  building’s” multidisciplinary approach to cradle-to-cradle
understanding, which consisted of the planning phase; the design,
construction and operation phase; and the ultimate reuse or recycle
phase. He classified the main cornerstones of green building as to supply
thermal comfort, effective lighting, ventilation, high indoor air quality;
energy conservation; good waste management; water efficiency; to use
renewable energy; to be sufficient for themselves and to decrease site

clearing costs by minimizing site disruption.

According to Osso et al. (1996: 178), selecting environmentally preferable
building materials was one way to improve a building’s environmental
performance. The building materials, which use minimum energy during
their life cycle assessment and cause no problem to the environment,
should be the only choice. The authors asserted that key design issues
regarding sustainable architecture which were in confirmation with the

European Commission’s directives were:

= selecting materials with their environmental effects in mind,

= designing according to the durability of materials and components,



= designing for flexibility, allowing for change in building use over
time,

= allowing replacement of facades and internal partitioning without
structural disturbance,

» incorporating a methodology for dismantling buildings, reusing or
recycling building components at the end of their lifespan,

= focusing on easy maintenance of components and systems for long
life and low emissions,

* requiring contractors to use eco-friendly cleaning materials during

construction and at final clean up.

2.2. Life Cycle Costing

According to Hochschorner and Finnveden (2003), sustainable
development required methods and tools to measure and compare the
environmental impacts of human activities for the provision of goods and
services. Life Cycle Costing (LCC), and Life Cycle Assessment (LCA)
were determined as two complementary methodologies, which measure
the performances of products or systems in the units appropriate to each
emission type or effect category. The American Society for Testing and
Material (ASTM) defined the LCC method in terms of ASTM, E833: 84:

“a technique of economic evaluation that sums over a given study
period the costs of initial investment (less resale value),
replacements, operations,(including energy use), and maintenance
and repair of an investment decision (expressed in present or
annual value terms)”.

ASTM (E917: 83) formulates the following relationship for LCC on a
‘before-tax’ basis:

LCC=C+R+S+A+M+E,

where

C=investment costs,

R=capital replacement costs,



S=resale value of investment at end of study period,
A=annually recurring operating and repair costs (except energy costs),
M=non-recurrent operating, maintenance and repair costs; and

E=energy costs.

Costs included in LCC somewhat differed depending on the description of
the method. The American Institute of Architects had established the
following cost categories (AlA, 77):

= nitial capital investment cost,

= financing costs,

= operation and maintenance costs,

* replacement costs,

= alteration and improvement costs,

» functional use costs,

» salvage costs.

On the other hand, Zhang (1999: 12) argues that there is a
comprehensive, systematic and consistent basis for applying LCC
technique in buildings and building systems. The general methodology for
LCC is to study all relevant costs associated with the building at an
appropriate time period in order to measure economic performance; these
relevant costs were:

= Initial cost,

= Qperation cost,

* maintenance and repair cost.

Zhang (1999: 14-15) also states that the initial cost includes construction
and project related costs which are the most critical of the costs
associated with design alternatives; the operation cost comprises of the
major cost items in this category which are energy cost and personnel
salaries required to operate the facility and maintenance; and repair cost



includes preventive and corrective maintenance costs, custodial care and

minor replacement costs.

According to Ehlen (1997), the point was to be aware of the common
tendency to focus only on the initial cost. It was important to assess a
given choice among alternative choices after considering all relevant

economic consequences over its life cycle.

2.3. Life Cycle Assessment

The philosophy of life cycle is the essence of ecological design which
depends on the overall impacts of a product. The general categories of the
environmental impact to be considered include resource use, human
health and environmental health. As defined by 1SO 14040 (1997 iii),

“LCA is a technique for assessing the environmental aspects and potential
impacts associated with a product, by:
= compiling an inventory of environmentally relevant inputs and
outputs of a system.
= evaluating the potential environmental impact associated with those
inputs and outputs.
» interpreting the results of the inventory and impact phases in
relation to the objectives of the study.”.

According to Trusty (2003) environmental performance is generally
measured in terms of several potential effects, such as:

« fossil fuel depletion,

« other non-renewable resource use,

 water use,

* global warming potential,

* stratospheric ozone depletion,

« ground level ozone (smog) creation,

« nitrification / eutrophication of water bodies,

« acidification and acid deposition (dry and wet),

« toxic releases to air, water and land.
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The same author points out that all of these measures are indicators of
environmental loadings that could result from the manufacture, use and
disposal of a product. The indicators did not directly address the ultimate
human or ecosystem health effects, but provide good measures of

environmental performance.

According to Paulsen (2001), LCA is a dynamic and iterative assessment
process which assesses the environmental impacts of products and
services from a cradle-to-grave perspective. The ‘cradle’ is defined as the
place where or moment when the raw materials or resources are taken
from Nature into the technical system and the ‘grave’ is defined as the
place where and/or the time when the products or used resources return

to Nature.

The Royal Society of Chemistry (1998: 2) defines the LCA for a product as
a summation of individual impacts from the stages listed below and
defines the procedure of LCA as shown in Figure 2.1.

= extraction of the relevant raw materials,

= refinement and conversion of these to process materials,

= manufacturing and packaging processes,

= transportation and distribution at each stage,

= operation or use during its lifetime,

= final transportation, waste treatment, and disposal at the end of its

useful life.
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Figure 2.1. Summary of life cycle assessment procedure proposed by the
Royal Society of Chemistry (1998: 3).

In order to adapt the application of the assessment process to any product
or system, 1ISO 14040 Standard (1997: 4) proposes a framework, seen in
Figure 2.2, that involves four interrelated phases; the goal and scope
definition phase, the inventory analysis phase, the impact assessment
phase and the interpretation phase which are explained in more detail in

the following section.
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Figure 2.2. The four phases of LCA.
(Source: 1ISO 14040 Standard, 1997: 4).

I Goal and Scope Definition Phase

Paulsen (2001) determined that, the first important step of any LCA was
the definition of the goal and scope including functional units, system
boundaries, data quality requirements, and a critical review process. The
choice of elements of the physical system was dependent on the definition
of the goal and scope of the study. The overall objectives of the study
should be given in a clear and concise statement with the reasons for
carrying out the study and intended use of the results detailed. Similarly
Erlandsson, and Borg (2003) indicated that a well-defined goal was
needed to motivate the choice of the most suitable system boundaries that
identify the extent to which specific processes were included or excluded.
The methodology, data categories, and assumptions should also be

clearly stated and so that they are easily understood.

The International Energy Agency (IEA) (2001) pointed out the importance
of the scope of any study in Annex 31 and added that the scope of the

13



study should be defined in sufficient detail to enable the study to address
the stated objectives. The usefulness of a product and the actual function
of the system in a measurable and quantitative way should be identified
through its functional unit, which could be expressed by various measures.
Comparisons between systems could be made on the basis of the same
function, and quantified by the same functional unit. The performance or
service of the product could be comparable to the service or performance

of another product, not the product itself.

According to IEA (2001), the system boundaries that define and structure
the system under assessment identify the extent to which specific
processes are included or excluded. Data quality goals and methodology
should thus be clearly established and detailed, along with the justification
for the assumptions. The results of LCA are only valid for well-defined
goals and scopes; hence, it may become necessary to revise both goal
and scope during the analysis due to the lack of data or important findings

and this causes LCA to be iterative.

ii. Inventory Analysis Phase

ISO 14041 Standard (1998E) defines inventory analysis as the process of
compiling the amount of natural resources and energy taken in by the
system and the amount of wastes discharged to the environment from the
system for each functional unit. In short, this phase is concerned with data
collection and calculation procedures. The data required for an LCA study
are dependent on the goal of the study. Every activity in the process tree
is divided into unit processes, which is the smallest unit in an LCA.
According to The Society of Environmental Toxicology and Chemistry
(SETAC, 1997), during the inventory analysis, it is important to refine the
system boundaries for all stages of the product system life cycle including
inputs, processing routes, spatial and temporal considerations, in case
there is a lack of data. Inventory data is related to reference flows for each

14



unit process in order to quantify and normalize input and output to the
functional unit being investigated. Data would then be aggregated in order
to prepare an input-output table for this product or service. Process flow
charts describing the complete system, main production sequence,

ancillary materials and energy/fuel production are then formulated.

Erlandsson and Borg (2003) determined that any allocation procedures
related to inputs and outputs of the multifunctional system should be fully
detailed and explained. These procedures should reflect the physical
behavior of the system since allocation of building materials is complicated

by the large time spans encountered in the lifetime of buildings.

iii. Impact Assessment Phase

According to 1ISO 14042 Standard (2000: 2), the purpose of the impact
assessment phase is to examine the product system from an
environmental perspective using impact categories and category
indicators connected with LCl results to better understand their
environmental significance. This phase could be subdivided into four
steps, which are: category definition, classification, characterization as
mandatory elements and calculating the magnitude of category indicator
results relative to reference values, normalization, grouping and weighting

as optional elements, as seen in Figure 2.3.
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Figure 2.3. Elements of the LCIA phase.
(Source: ISO 14042 Standard, 2000: 3).

Paulsen (2001: 8-9) indicated that; while making an assessment, firstly the
categories and category indicators are used to provide guidance for
selecting and defining the environmental categories. Then, the
classification step is done to assign inventory input and output data to the
pre-defined impact categories. This is a qualitative step, which is based on
scientific analysis or an understanding of the relevant environmental
processes. The author points out that for each impact category, the
relative importance of the contributing substances can be modeled and
quantified; hence it is important to possess the ability to model the
categories in terms of standardized indicators for the characterization step.
The indicator chosen is used to represent the overall change or loading in
the category, therefore contributions to impact categories are expressed
using an equivalency factor. Categories are ranked according to their
relative importance to each other and numerical values are assigned to

them to represent degrees of the significance, for ease and clarity of
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decision-making. Such weighting is especially helpful when attempting to
reduce LCA to a single score for the environmental impact and then

making overall comparisons between alternative buildings and designs.

iv. Interpretation Phase
According to ISO 14043 Standard (2000: 2), the life cycle interpretation
phase of an LCA study includes three elements;

» jdentification of the significant issues based on the results,

= evaluation of the underlying study,

= conclusions, recommendations and reporting.

Firstly, a sensitivity analysis is carried out to assess the reliability and
validity of results with particular respect to key assumptions made in
calculations, uncertainty or missing data and dependence on particular
data sets. The ISO 14043 Standard (2000: 5-6) recommends three
techniques using during the evaluation phase. These are:
= Completeness check: to ensure that all relevant information and
data needed for the interpretation are available and complete;
= Sensitivity check: to assess the reliability of the final results and
conclusions by determining whether they are affected by
uncertainties in the data, allocation methods or calculation of
category indicator results;
= Consistency check: to determine whether the assumptions,

methods and data are consistent with the goal and scope.

According to SETAC (1997), the whole analysis consists of discussions
regarding data quality; scope and boundary settings; and completeness
and consistency of results. If two product alternatives or systems are
compared and one alternative shows higher consumption of each material
and of each resource, an interpretation that is based purely on the LCI can

be conclusive.
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2.3.1. Life Cycle Inventory Databases

Life cycle assessment was originally developed in 1969 for internal use by
manufacturers considering options for product development when a
certain soft drink producer wanted to determine the environmental impact
of switching from glass to plastic bottles (Ecobilan, 2003). According to
Zhang et al. (2006), LCAs of building materials are different from those for
disposable items like packaging, for two reasons: firstly, building materials
tend to have a relatively long service life; second their service life is highly
variable, as even durable products might be replaced quickly for aesthetic
or economic reasons. Estimating the useful service life of any material can

introduce a high level uncertainty in the results of any LCA study.

Malin (2002: 3) classified the main problematic areas in LCA studies of
buildings to be the quality, consistency, and availability of data on products
and processes; the methods used to compile inventories; and especially
the assumptions and systems used to translate inputs and outputs into
measures of environmental impact. The author’s description of the facility

and material life cycle is shown in Figure 2.4.

FACILITY LIFE CYCLE

Site selection AL Operation, use, Reuse, recycling,
Bl & installation & maintenance or disposal

Building mat’ls
BUILDING
& products MATERIALS
LIFE CYCLE

Manufacturing
& fabrication

Mat’l acquisition
& preparation

Figure 2.4. Facility and material life cycle (Source: Malin, 2002: 4).
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Trusty (2003) argues that life cycle inventory data should come from
manufacturers, trade organizations, or from pre-existing databases. Data
from any of these sources would vary in accuracy depending on how they
were collected and compiled and how current they were. Data collection
requires many assumptions and it may be impossible at times to ensure

that the inventories of inputs and outputs are compiled consistently.

According to Ekvall (2005: 1), one of the fundamental tasks in LCA
procedures was the determination of the quantity and type of the materials
in a building. LCA methods varied but typically involve use of databases
with LCA related data for various materials and building components and
systems. At the heart of an LCA model lies the database, which is
developed and maintained through the LCI process. This process was the
critical step that tracks and records the basic resource and waste flows to
and from the environment. Ekvall (2005) further points out that key issues
in data collection includes:

= improving the efficiency and quality of data collection,

= how to facilitate LCI data exchange and presentation,

= how to assess data quality.

The LCI database contains data modules that quantify the material and
energy flows into and out of the environment for common unit processes.
A full product LCA requires the combination of several unit process LCI
data modules (http://www.athenasmi.ca/papers/down_papers/, last access
19.05.2007).

According to the ISO Standard 14042 (2000: 2), it is not the inputs and

outputs that are the issue, but the environmental impacts of these flows.
First of all, LCI of a product or process has to be analyzed from the point
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of view of environmental issues. This process, known as life-cycle impact
assessment (LCIA), “aims to examine the product system from an
environmental perspective using impact categories and category
indicators connected with the LCI results”. Guinee (2002: 479) showed the
inputs and outputs of environmental interventions and economic flows in

Figure 2.5, while assessing a unit process or a product system.
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sound
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2222 EE2E

* the functional flows of the process

Figure 2.5. Environmental interventions and economic flows.
(Source: Guinee 2002: 479).

According to UNEP-SETAC (2003: 9), the different types of environmental
impacts are organized by LCA practitioners into a series of impact
categories, such as global warming, ozone depletion, ecosystem toxicity,
acidification, diminished human health, resource depletion; and so on.
Whereas, Malin (2002) indicates that the LCA methods used to translate
inventories into potential impacts. Impacts such as global warming and
ozone depletion are estimated based on internationally established
methods that convert emissions of a wide range of gases to a cumulative

impact measurable on a single scale. However, an impact category like
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ecosystem toxicity is much more complex to quantify, and therefore the
methodology used for impact assessment is less consistent.

According to Paulsen (2001), it was important to add specific
manufacturing and use-phase data to construct more complete LCAs,
based on knowledge of specific products and their applications. Specific
end-of-life data for products that represent recycling or other final
disposition of product systems should be added in order to assess the full
life cycle. Chanter and Swallow (1996: 167) showed the inputs of this full
life cycle of buildings in Figure 2.6.

buildi
d:Ita " acts as a focus for information
store flows throughout the building life
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\ Vo \ |
ARV VL \ \j/ \ L

design and { building maintenance maintenance
construction ) ( usage management

operations

Figure 2.6. Inputs to building data store.
(Source: Chanter and Swallow, 1996: 167).

As stated in IEA Annex 31 (2001), the weighted life cycle inventory data
for materials and processes could be used to perform simplified
environmental assessments of different designs. The main difficulty
encountered in the comparative data analysis can be due to the different
data presentation formats encountered in the inventories. Most of the
individual product data sets have been developed with the cooperation of

associations or companies that operate in countries by using common
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technologies. The quality of life cycle data and the easy access to the
databases are prerequisites to establish LCA as a reliable tool for

environmental assessment.

The Importance of National Life Cycle Inventory Databases

Trusty (2003) pointed out that, the development of reliable LCI data
typically required considerable expert time inputs and expense. LCAs are
generally considered to be too expensive and time consuming because of
the lack of widely available, critically reviewed, comprehensive LCI
databases. Although there are a few LCI databases available in the
market, access to the information contained in them is generally restricted
or protected by copyright agreements, or the data are not verifiable. Public

availability of the LCI data would make LCAs easier to perform.

According to NREL (2003: 1-2), proprietary LCI databases should be
taken as the source for LClI model data by making appropriate
adjustments to the process models. Ultimately, a national database can
then be established to serve the needs of the potential data users; such a
database should have the following criteria:

= Consistency with ISO standards and U.S. guidelines for LCA;

* meet specific transparency criteria;

= uniform treatment of all materials and products;

= regional differentiation that properly reflects critical regional

variations within and across industry sectors; and

= full accessibility in a format(s) designed to maximize use.

ARUP Group (2004) insists that input data should reflect the impacts due
to consumption of resources and environmental emissions of all functional
units. Localization of the data is essential in order to obtain LCA results
that are relevant to the geographical region concerned. This localized
process is presented in Figure 2.7 below.
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Figure 2.7. Processes for developing a localized database.
(Source: ARUP, 2004: 7).

2.3.2. Life Cycle Assessment Tools

According to Trinius (1999), the need for environmentally related
information has been increasing with the rising interest and demand from
policy makers to achieve a sustainable society; hence interest in
environmental assessments of the built environment is also rising.
Consequently, many tools for the assessment of the built environment,
focusing on energy use in buildings, the sick building syndrome, indoor
climate, building materials containing hazardous substances etc., have

been devised.

Reijnders and Roekel (1999) divides environmental assessment tools into
two classes: qualitative tools based on scores and criteria, and
quantitative tools using a physical life-cycle approach with quantitative
input and output data related to flows of matter and energy. Qualitative
methods are based on assigning a score to each investigated parameter,
resulting in one or several overall scores of a building. On the other hand,

quantitative approaches are based on a combination of calculation and
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evaluation methods. In this process, databases are used to manage
information on quantities involved in calculation methods, while base

values and specific benchmarks are used for evaluation of the results.

Examples of popular qualitative tools are LEED BREAM, GBTool, and
EcoProfile; and those of quantitative tools can be listed as ATHENA,
BEES, BEAT 2000, and EcoEffect. In this investigation, ATHENA has

been used to assess the case study.

Trusty (2000: 18-19) classifies LCA tools into 3 levels according to the
level of outputs e.qg.:

Level 1 Tools such as BEES, SimaPro and TEAM assesses the materials
individually. Hence, it can be valuable for building databases and for
making comparisons and choices but can not be used to make whole

building design decisions.

Level 2 Tools focuses on a specific area of concern, such as life cycle
costs, life cycle environmental effects, lighting, or operating energy, and a
few combine more than one of these areas. These tools are considered to
be building decision support tools, using bases compatible with formal
ISO, ASTM, ASHRAE, or national standards and guidelines. Examples of
level 2 tools are: ATHENA, EcoQuantum, Envest, DOE2, and E10 .These
were consistently data-oriented and objective, and hold on.

Level 3 Tools provided a very broad coverage of environmental,
economic, social, and other issues relevant to sustainability. This
classification is also accepted as qualitative method of whole building
assessment frameworks or systems, such as LEED (US), BREEAM
(Canada/UK), GBTool (International), EcoEffect (Sweden). Level 3 tools
used a mix of objective and subjective data that depend on Level 2 tools
for the objective data.
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A comparison of the above mentioned tools is presented in Table A.1
(Appendix A). Of these ATHENA Environmental Impact Estimator (EIE), is
an LCA software developed by ATHENA Sustainable Materials Institute in
Canada for life cycle assessment of buildings. Existing LCI provides the
assembly-specific and site-specific data that is needed for the integrated
simulation environment for an LCA analysis. The site-specificity of the data
is defined through basic project inputs such as the city location; while the
assembly-specificity of the data is derived from the bill of materials of any

building project (http://www.athenasmi.ca/, last access 19.05.2007).

As Trusty (2000) points out design teams can use ATHENA® directly to
carry out assessments of the structural systems, foundations and
envelope systems of a building. The expected life of a component can be
input as expected life of the structure and the operating energy conversion
calculator module can be used to enter the building’s annual operating
energy by fuel type. The structure of life cycle information in the ATHENA
model is specific to particular building assemblies and construction
methods; and not to the categories of building assemblies. For example,
the parameters for the "Wall" object in an LCA model are defined

according to the type of assembly seen in Table 2.1.

Table 2.1: Different sets of LCA parameters in ATHENA software for the

“Wall” object.
Object Parameters Object Parameters
Wood Stud Wall Assembly name Concrete Block Assembly name
Length Wall Length
Height Height
Openings (area) Openings (area)
Stud size Block size
Stud spacing Rebar size
Insulation type Insulation type
Sheathing type Finish type
Finish type

(Source: http://www.athenasmi.ca/database, last access 19.05.2007).
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ATHENA is focused on the level of whole buildings, or complete building
assemblies. It had approximately 25 “Assembly Types” which are
combination of elements / components in the “Assembly Groups” (Beams
and Columns, Extra Basic Materials, Floors and Roofs, Foundations,
Walls). The data used in this software are designed to make the LCA task
as easy as possible for architects and engineers who need answers about
the environmental implications of their decisions. The building elements
are further divided into 2 kinds of products: structural and envelope
products seen in Table A.2 (Appendix A) (http://www.nrcan.gc.ca/es/etb,
last access 08.06.2006).

According to IEA-BCS (1999), in order to assess any building with
ATHENA, each individual building assembly is added as a new building
object to the building data schema, without breaking the existing schema;

thus redefinition of existing building objects is not required.

Pal et al. (2001) indicated that it is difficult to abstract or fit into common
structural frameworks of building data modeling so the definitions of new
building objects which were stored in external databases were used to
create alternative options. These databases can be dynamic and
continuously updated by manufacturers of building components and
systems, and/or by services and organizations. External databases can be
used to select options for building components and systems during the
development of the project database. The relationships among the
building data scheme, the project database and the external databases

can be seen in Figure 2.8.
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Figure 2.8. The relationships among the building data scheme, the project
database and the external databases.
(Source: Pal et al., 2001; 3).

After any building design is entered in the EIE using building assembly
dialogues, the wuser can see the cradle-to-grave, region-specific
implications of a design in terms of a detailed list of flows from and to
nature in the following summary measures (Trusty, 2003: 6):

* Embodied primary energy consumption;

* solid waste emissions;

* global warming potential;
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* pollutants to air;
» pollutants to water; and

* natural resource use.

These summary measures are obtained from four different life stages
which are manufacturing, construction, operations and maintenance and
building end of life. Manufacturing stage included resource extraction,
resource transportation and manufacturing of specific materials, products
or building components. The construction stage includes
product/component transportation from the point of manufacture to the
building site and on-site construction activities. The operation and
maintenance stage comprised of life cycle maintenance and replacement
activities associated with the structure and envelope components. The last
stage, end of life, simulated demolition energy and final disposition of the
materials incorporated in a building at the end of building's life
(http://www.athenasmi.ca/, last access 19.05.2007).

Definitions of the six indicators as formulated by Norris (2002) are given in
the following paragraphs.

i. Embodied primary energy consumption includes all energy, direct
and indirect, used to transform or transport raw materials into products
and buildings, including inherent energy contained in raw or feedstock
materials that were also used as common energy sources. The energy
types are determined to be electricity, hydraulic energy, LPG, diesel fuel,
natural gas, wood, coal, heavy fuel oil and feedstock fuels. This indicator
is measured in mega-joules.

ii. Solid waste is composed of recovered matter resulting from the
production and delivery (packaging) process which were bark/wood waste
(WFiber), concrete solid waste (CSW), blast furnace slag ( BFS), blast
furnace dust (BOF), steel waste. It is measured in kilograms.
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iii. Air pollution index (API) displays the emissions to air for each air
emission type by life cycle stage inclusive of structural and envelope
effects as well as annual operating energy. It captures the pollution or
human health effects of groups of substances emitted at various life cycle
stages. Air emission types are composed of carbon monoxide (CO),
sulphur oxides (SOy), nitrogen oxides (NOy), nitrous oxides (N.O),
particulates and fumes, volatile organic compounds (VOC), methane
(CHy), phenals, acid gases, non-methane hydrocarbons (NMH), hydrogen
chloride (HCI), and metals. Air pollution is measured in grams.

iv. Water pollution index (WPI) displays the emissions to water and can
comprise of biochemical oxygen demand (BOD), suspended solids
(SusSol), dissolved solids (DisSol), polynuclear aromatic hydrocarbons
(PAH), chemical oxygen demand (COD), non-ferrous metals (NFM),
cyanide (Cyn), phenols, phosphates, ammonium, halogenated organics
(HO), chlorides (CI), aluminum (Al), oil and grease, sulphates, sulphides,
nitrates, dissolved organic compounds, phosphorus, acids, iron and heavy

metals. It is measured in milligrams.

v. Global warming potential (GWP) is used to translate the level of
emissions of various gases into a common measure. Carbon dioxide is
considered to be the common reference standard for global warming or
greenhouse gas effects. All other greenhouse gases are referred to as
having a "CO, equivalence effect” which is simply a multiple of the
greenhouse potential (heat trapping capability) of carbon dioxide. GWP is
measured in kilograms, while a substance's GWP depends on the time
span over which the potential is calculated. A gas which is quickly
removed from the atmosphere might initially have a large effect but for
longer time periods it becomes less important due to dissipation. 100-year

time horizon figures determined by the International Panel on Climate
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Change (IPCC) are used in ATHENA as a basis for the equivalence index
in Figure 2.9:
CO; Equivalent kg = CO; kg + (CH4 kg x 23) + (N2O kg x 296).
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Figure 2.9. Global warming potential values and lifetimes from IPCC.
(Source: http://people.ccmr.cornell.edu/~plh2/group/glbwarm/potent.gif,
last access 19.05.2007).

vi. Weighted resource use includes the amount of raw resources used
to manufacture each building product. These raw sources can be
limestone (LStn), clay and shale (CISh), iron ore (IOre), sand, ash,
gypsum, semi-cementitous material (SCM), coarse aggregate, fine
aggregate, phenol form resins, uranium and natural gas. The weighted

resource use is measured in kilograms.
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2.4. Service Life Prediction

Nunen et al. (2004: 1) indicated that LCA models are utilized according to
a predefined linear-life-cycle that is known as technical service life, and is
typically given in terms of raw material extraction, manufacturing, on-site
construction, operation including maintenance and end-of-life scenarios.
Making changes to buildings or rebuilding or replacements are often not

taken into account.

The concept of Reference Service Life of Component (RSLC) was firstly
introduced in 1ISO 15686-1 (2000), and is defined as the “service life that a
building or parts of a building would be expected or predicted to have in a
certain set of reference in-use conditions”. The objective of service life
planning is to provide reasonable assurance that the estimated service life
of a new building on a specific site, with planned maintenance, would be at
least as long as it is designed for. A designer involved in the service life
planning of a building or other constructed object is faced with the problem
of estimating the service life of each components. The reliable input about
how many replacements need to take place, and consequently the total
quantity of materials used throughout the overall service life of the building

becomes important.

Saville and Moss (2002) insists on that even if certain service life data
were available; these could rarely be used directly, because the project
specific in-use conditions, to which the components would be subjected,
were usually different from those for which the service life data were valid.
In 1ISO 15686-1 (2000), the “Factor Method” is described as a means for
addressing this problem. This method is used to modify a RSLC to obtain
an estimated service life of the components (ESLC) of a design object, by
taking account of the difference between the project-specific and the

reference conditions. This is carried out by adjusting the RSLC by a
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function of a number of factors, each being from a particular factor class
and reflecting a difference between the two sets of in-use conditions in the
factor class. These factors are described in Table 2.2 below. In its simplest

form, the function is the product of the factors, as summarized below:

ESLC = RSLC * factor A* factor B * factor C * factor D * factor E * factor F
* factor G

where:

A = Material / Component factor,
B = Design factor,

C = Workmanship factor,

D = Internal environment factor,

E = External environment factor,
F = In-use factor,

G = Maintenance factor.

Table 2.2: Examples of factors, relevant to building services plant.

Factor Class Examples

Manufacture, storage, transport, materials,
protective coatings.

Incorporation into the building, detailing,
system design, interfaces.

Site management, standard of workmanship,
climatic conditions during installation
Aggressiveness of environment, ventilation,
condensation.

Location of building, micro and macro

E Outdoor environment environment, sheltering, pollution levels,
weathering factors.

Commissioning, hours/frequency of use,

F In-use conditions mechanical impact, category of users, wear,
tear.

Quality and frequency of inspection and
maintenance, accessibility for maintenance.

A Quality of components

B Design / detailing

C Installation / workmanship

D Indoor environment

G Maintenance

(Source: Saville and Moss; 2002: 4).
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According to ISO 15686-1 (2000), there are three kinds of end-of-life
scenarios in the building sector; namely: technical, economical, and
functional end-of-life. The reference service life of components is the
technical service life; which ends when the component can no longer
sustain its performance. The economical end-of-life occurs when another
component can be substituted with lesser costs; while the functional end-
of- life occurs, when the component fails to meet the demand of people. In

other words, the user decides that the service life of the product is over.

Functional criteria (F, )

Economical criteria (E. )

Technical Performance (p) ——p

'echnical
Performance (T,)

Time (t) —»

Figure 2.10. Different types ends-of-life scenarios.
(Source: Nunen et al., 2004: 5).

Nunen et al. (2004) mention that; if functional and economical criteria are
included in the prediction of service life, “Trend” and “Related” factors
should also be added while calculating the ESLC. The “Trend” factor
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accounts for the sensitivity to fashion trends which can decrease the
functional service life of any component due to the changing fashions.
Additionally, the “Related” factor includes two aspects: the accessibility of
a product to be replaced in combination with the replacement of
components. For example, more replacements can be made if it is
possible to do so with much more ease. The replacement of a complete
building part, like fenestration, was easier than only any component, frame

without glass.

2.5. Life Cycle Assessment of Buildings

According to IEA Annex 31 (2001: 3-4), LCA methods could be directly
applied to the building sector but buildings have many characteristics that
can complicate the application of standard LCA methods. Buildings are
difficult to assess, because:

 The long and unknown life expectancy of a building can cause
imprecision. For example, predictions of environmental loadings
can not be precise because of the changing of the energy sources
or the energy efficiency;

* buildings are site specific and many of the impacts are local,

* buildings and their components are heterogeneous in their
composition, the associated product manufacturing processes can
vary greatly from one site to another;

» the building life cycle includes specific phases such as resource
extraction, construction, use and demolition (Figure 2.11). In the
use phase, the behavior of the users and of the services operators
or facilities managers have a significant influence on energy
consumption;

e . a building is highly multi-functional, which makes it difficult to
choose an appropriate functional unit;

a building creates an indoor living environment, that can be
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assessed in terms of comfort and health; and

* buildings are closely integrated with other elements in the building
environment, particularly urban infrastructure like roads, pipes,
wires, green space and treatment facilities. Because building design
characteristics affect the demand for these other systems, it can be

highly misleading to conduct LCA on a building in isolation.

: . 5 Exit gate
Raw materials >
acquisition Entry gate to to grave
7 exit gate N
Product Construction Operation and
manufacture and fitting out use
\_ v
Ciadletc Renovation
entry gate and demolition !
>
Inventory data Further adjustments to
from established inventory data to account for
data bases with flows due to local construction,
appropriate operation and demolition and
adjustments waste disposal

Figure 2.11. Stages of building life cycle.
(Source: USEPA, 2002).

Trusty (2004) emphasizes the greater difficulty in assessing the
environmental effects of resource extraction in building life cycle. He
points out that since many of the environmental effects are very site
specific and not easily measured, they are generally ignored. Additionally,

the energy required to operate a building over its life is much greater than
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the energy attributed to the products used in its construction. However,
other embodied effects such as toxic releases to water during the resource
extraction and manufacturing stages are greater than during building

operations.

2.5.1. Life Cycle Assessment of Renovations and Ref  urbishments

Erlandsson and Levin (2005: 1460) states that, according to linear building
perspective, buildings are constructed and utilized for the intended
purpose for a defined period and finally demolished. On the other hand,
according to the building service life cycle perspective, the service life
cycle accounts for all activities that have to be performed so that all
materials in necessary amounts and qualities is available as required for
the specified service. The service then accounts for all activities related to

the predicted service life.

O’Connor (2004) determined that the service life approach allowed the
analysis of renovation and refurbishment works. Knowledge of the
probable residual life span of a building element can often be decisive for
whether it should be replaced or not. Although most building and
construction materials are expected to have service lives of several
decades, no set method is available for making reliable predictions of their
service lives. The author asserts that, the remaining life span of building
elements is an important piece of information for financially and
ecologically coherent renovation/refurbishment decisions. However, to
determine it correctly, it is necessary to take into account the current
deterioration state of the element. The remaining life span of building
elements is not only wused as a decision criterion in
renovation/refurbishment scenarios but also in life cycle energy or

ecological assessments.
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Nunen et al. (2004: 5) pointed out some irregularities that can cause
problems when performing service life calculations in the building sector,
such as:
* Premature replacement (replacing products before it is a technical
necessity);
* sequential use (replacement of (identical) products within the
overall service life of building);
* subdivision of environmental burden (regarding environmental
burden as a linear process, instead of dividing it in different

phases).

According to Flourentzou (2000), a model which could simulate the
probable development in the deterioration of all building elements can be
used to determine their probable date of replacement. Knowledge of this
development for all building elements will make it possible to assess the
global development in maintenance and refurbishment costs for the entire

building.

2.5.2. Life Cycle Assessment of Hotel Buildings

According to Dascalaki and Balaras (2004), hotels, accommodation
facilities, are unique with regard to operational schemes, the type of
services offered, as well as the resulting patterns of natural resource
consumption. Many of the services to hotel guests are highly resource
intensive, whether it concerned energy, water or raw materials. As a
consequence, hotels are characterized to have the highest negative
impact on the environment, of all commercial buildings, with the exception
of hospitals. The authors suggest that this impact can be countered by
making hotels more environmentally friendly by constructing them with
environmentally sensitive materials, which are less toxic, more durable

and stronger, made of recycled materials, or environmentally certified.
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Such material should also have low embodied energy and be produced
and available locally, in order to avoid transport-related impacts. According
to authors, an environmentally responsible design generates a number of
benefits including considerably lower resource consumption and
operational costs, as well as improved comfort and productivity for the
occupants. Consequently, the corporate image is also improved, thereby
attracting new customers, as people came to prefer the “green”
alternative. Hotels designed according to sustainability principles are

considered to be as “sustainable hotels”.

According to Bohdanowicz (2003), the operational stage of a hotel life-
cycle is substantial, both from an economic and environmental
perspective. This phase defines the purpose of the hotel and typically lasts
for 25 to 50 years. However, with proper maintenance, regular
refurbishment and renovation the lifespan of a hotel building can be
significantly extended. Some of the currently operating hotels are located
in buildings erected centuries ago (e.g., European palace and castle

hotels).

The Carbon Trust (2005) states that the operation of a hotel is the most
resource intensive stage of the entire life-cycle. Hotels utilize large
guantities of energy, water and various consumable materials in providing
services and comfort to their guests. Furthermore, the efficiency of many
end-users in a hotel is very low, resulting in a relatively large impact, as
compared to other types of similar sized buildings. The Italian National
Agency for the Protection of the Environment and for Technical Services
(APAT, 2002) has estimated that 75% of all impacts exerted by hotel
facilities on the environment are associated with the extensive use of
resources. This has resulted in increased pressure on local utility systems
(power and water supply), sometimes leading to shortages experienced by
locals. It also contributed to the depletion of resources.
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Bohdanowicz (2004) indicated that hotels generated large quantities of
waste and sewage, thus increasing pressure on local sewer systems and
plants, as well as landfills. Hotels are also responsible for the release of
various air pollutants, excessive use of electricity, deterioration of local air
guality, acid rain and global warming. Many of the goods purchased have
environmental effects associated with their manufacture, transportation,
use and disposal. Furthermore, a number of substances and products
used at hotel facilities are exceedingly environmentally harmful.
Chlorofluorocarbons (CFCs) still used in refrigeration and air conditioning
systems contribute to ozone depletion, and various detergents, often
released without proper treatment, contributed to eutrophication of surface

water.

According to Stipanuk and Roffman (1992: 420), a hotel is constructed to
meet the needs of a growing community and it can become the dominant
force in the market for a number of years, enjoying higher occupancies
and rates than its competitors. However, there are four phases in the
lifecycle of a hotel; during the first phase when the property is new, it is
more popular and shows a strong performance; in the second phase due
to new competition the occupancy and average daily revenue declined
over time; the market changes make occupants demand new and different
services and so during the third phase the hotel faces functional
obsolescence; finally decision has to be made to either dispose of it or
rehabilitate it to respond to current needs in the fourth phase. In Figure

2.12, these four phases are presented graphically.
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Figure 2.12. Lifecycle of a hotel.
(Source: Stipanuk and Roffman, 1992: 421).

Stipanuk and Roffman (1992: 421) classified renovations in three

categories:

Minor renovation (6 year cycle): the scope of a minor renovation is
to replace or renew the non-durable furnishings and finishes within
a space without changing the space’s use or physical layout such
as replacing carpets, wall coverings, drapery, and bedspreads;
minor painting; and touching up the furniture.

Major renovation (12 to 15 year cycle): the scope of a major
renovation is to replace or renew all furnishings and finishes within
a space, and may include extensive modifications to the use and
physical layout of the space itself like replacement of all furniture,
bedding, lighting, replacing floor finishing and artwork.

Restoration (25 to 50 year cycle): the scope of a restoration is to
completely gut a space and replace systems that are technically
and functionally obsolete, while restoring furnishing and systems
that can still be used, given current needs of the facility such as
interior demolition of entire guestroom floors to reconfigure the mix
of rooms and placement of bathrooms.

According to The Carbon Trust (2005), regular maintenance is crucial to

ensure the proper performance of a building and its system, as well as the

safety of the occupants. Refurbishment involves the generation of large

guantities of waste, and poses a risk involving the emission of various air
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pollutants (including lead and volatile organic compounds from paints,
ozone depleting substances from refrigeration and air conditioning

installations).

Dascalaki and Balaras (2004) determined that durability and lifespan are
also very important in material selection and detailing, besides initial costs
and aesthetics. Making lifetime estimation in preliminary design stage is
advantageous in refurbishing programming. The user activities,
deterioration agents, and mostly visual obsolescence define the life
expectancy of finishes in relation to the maintenance policy concerning
renewal cycles. For example, long life expectancy is one of the main
criteria in selecting doors, windows and their components because
frequent replacement is an expensive and time consuming work in a

refurbishment project.

Ozgurel (2001) pointed out that special designs for carpeting, wallpapers,
upholstery and curtains could limit the future replacements so it is not
preferred. She also gave examples by referring to the Hilton International
Engineering Manual where the lifetime expectancy for carpets in
guestrooms is given as 6 years, for drapes and spreads as 5 years, for
beds 15 years, for mattresses 12 years, Venetian blinds 8 years and

furniture 10 to 12 years.
Bohdanowicz (2003: 36) summarizes the impacts of the refurbishment and

demolition process and also suggest preventive measures for their

mitigation in Table 2.3.
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Table 2.3: Possible impacts and mitigation measures at the maintenance,
refurbishment and demolition stage.

Action

Refurbishment

Demolition of
the building.

Vehicular
traffic and
heavy
equipment
operation.

Construction,
finishing and
furnishing

Impact

Excessive use of resources
(energy, water, materials) and
associated emissions and
wastes.

Release of dust, asbestos,
emissions from lead- and
organic-based paints.

Need for waste landfilling.

Reduced safety of the on-site
workers and locals.

Excessive use of resources
(energy) and associated
emissions (impaired air
quality).

Increased noise levels.

Reduced safety of the on-site
workers and locals.

Decreased safety and well
being

of occupants due to low quality
materials, equipment and
furnishings, as well

as construction team.

Possible moisture in building
structure resulting in mould
growth, and impaired indoor
air quality.

Mitigation

Consideration of resource saving
measures, incorporation of controls
and bioclimatic design.

Proper study of the materials used
in the construction of the building.
In case of possible asbestos
presence skilled experts should
perform the demolition and removal
of asbestos.

Considerations for possible reuse
or recycling of building materials,
otherwise proper landfilling.

Skilled personnel aware of possible
dangers.

Prevention of unauthorized
individuals accessing the
construction site (fences, signs).

Good quality equipment.

Limitation of engines idling.

Specific working hours (e.g., 8am to
6pm on weekdays and 10am to
4pm on weekends)

Skilled personnel aware of possible
dangers.

Prevention of unauthorized
individuals accessing the
construction site (fences and signs).

Construction materials and
equipment should be chosen based
on their life-time costs and good
quality, not only initial costs (good
quality products will last longer and
require less maintenance in the
future).

Prevention of moisture inside the
building materials (covering the
building during construction).

(Source: Bohdanowicz, 2003: 36).
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CHAPTER 3

MATERIAL AND METHOD

This chapter includes details on two aspects of the study: the research
material and methodology. The first covers four subsections; the statistical
data on renovation and refurbishment projects in Turkey; information on
three five-star hotels in Ankara; the grouped data derived from the bill of
quantities for guestroom floors of the three hotel refurbishment projects;
and the LCA software. The methodology is comprised of data compilation
process, simulation procedure and statistical tests.

3.1. Material

This study was carried out on renovation projects in Turkey; specifically,
hotel refurbishment projects in Ankara. In order to fulfill the objectives of
this study, information and data were collected from various sources,
which are explained in detail under Section 3.1.1. Also details about case
study buildings, their refurbishment works and software are given in the

following sections.

3.1.1. Statistical Data on Renovation and Refurbish  ment Projects

In order to determine the volume of renovation works in Turkey, especially
in larger cities, the following data were obtained.

* The number of completed or partially completed new buildings and

additions by use of buildings according to years (Table B.1,
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Appendix B).

» Total floor area of completed or partially completed new buildings
and additions by use of building according to years (Table B.1,
Appendix B).

* Number of buildings modified for a different use after alterations

and repairs by years and use of building (Table B.2, Appendix B).

In order to verify the volume of renovation works in the Turkish hospitality
sector, the following data were obtained:
» Data related to the number of tourism establishments in Turkey and
Ankara (Table B.3, B.4, B.5, B.6, Appendix B).
» Data related to the different types of alterations and renovation
projects approved by the Chamber of Architects in Ankara, during
the 6 year period from 2000 to 2006 (Table B.7, Appendix B).

In order to find out the types and amounts of material being replaced
during hotel refurbishment projects the BOQ of three five-star hotels were
obtained. Raw data is given in Table B.8 (Appendix B), while the derived

data is presented in Section 3.1.3.

3.1.2. Case Study Buildings

Data pertaining to refurbishment / renovation projects of the three subject
hotels in Ankara was compiled in 2005 and photographs of the refurbished
rooms were taken in 2007. Two of these hotels belong to chains of
international repute while one is a local hotel of historical importance.
Although major renovations included such public areas as the lobby,
conference and meeting rooms, ballroom, restaurants etc., only data for
guestrooms were analyzed in this study, as the design decisions for one
room is repeated many times over. The three subject hotels are described

in more detail in the following sections.
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Hotel A belongs to an international chain which operates 2,700 hotels in
70 countries. Its construction was completed in 1986. Guestroom floors
are located on the upper 16 levels. The hotel consists of 323 standard
rooms, 26 suits and one royal suit, one entire floor with extended-stay
apartments, 51 executive rooms and other leisure and business facilities.
The architectural layout of a typical guestroom floor is presented in Figure
3.1 below.

Figure 3.1. Typical guestroom floor plan of Hotel A.

The construction of Hotel B, which is one of the 730 hotels operated by its
chain in 80 countries, was finished in 1991. This hotel has 24 floors. It
consists of 280 standard rooms, 11 smart rooms, 8 executive suits, 5
smart suits, 2 ambassadorial suits and one royal suit. The major
refurbishment in the guestrooms took place in 2002 in order to meet
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customer demand for high/new technology. Additionally, special rooms
were designed for disabled and left-handed guests in order to provide
more comfort to them and broaden target clientele. In 2003, construction
of a new convention and cultural centre was begun adjacent to the hotel
building. At the same time, a renovation project encompassing the main
lobby, restaurants, clubhouse, mezzanine and business centre was also
started in order to achieve harmony with the design philosophy and style
of the new annex building. The architectural layout of a typical guestroom

floor is presented in Figure 3.2 below.

Figure 3.2. Typical guestroom floor plan of Hotel B.



Hotel C is one of the oldest five-star hotels in Ankara, which was
constructed in 1966. It has 22 floors, 14 of which have guestrooms. This
refurbishment project is different from the other two projects. Although it
was planned that in 2003 the hotel be completely renovated and not just
refurbished, this renovation was postponed because of financial problems
and a change of management. This project was an extensive one and
major changes were made in the building. The number of guestrooms was
reduced. Standard rooms were also reduced in order to increase the
number of suits. Now, there are 110 standard rooms, 26 suits and 23
executive suits; 14 rooms have been converted to club-rooms and 2 for
the handicapped. Recreational and business facilities have also been
expanded by increasing the number of meeting rooms and ballrooms. The

architectural layout of a typical guestroom floor is presented in Figure 3.3.

Figure 3.3. Typical guestroom floor plan of Hotel C.
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3.1.3. Bills of Quantities of Three Refurbishment P rojects

The grouped data for the renovation of the three hotels was gathered from
the BOQs of Hotels A, B and C. As mentioned earlier, data for only the
guestrooms and corridors on the guestroom floors has been analyzed.
More variety and amount of material was used in Hotel C as a result of the

volume of the refurbishment.

Most significant were the materials used for finishing the surfaces, such as
vinyl wall coverings, carpets and suspended ceilings. Additionally
bathroom fittings and fixtures as well as doors (with frames) have been
replaced in all the hotels. The walls were covered with embossed vinyl
wallpaper, which was replaced with new wallpaper to the tune of 20,000
square meters in Hotel A, 12,500 square meters in Hotel B and 15,000
square meters in Hotel C; most of this washable textile backed wallpaper
was imported. The number of doors replaced with new ones was also
significant; the number of new doors in Hotels A, B, and C were 720, 387,
and 490 respectively.

In Table 3.1 below, the description of renovation works are given in the
first column. These works are divided according to assembly groups such
as: demolition works, floor and ceiling finishing works, skirting and wall
finishing works, doors, windows, furniture and fixtures. The unit of wall,
floor and ceiling finishing works is square meter; doors, windows, furniture
and fixtures are listed in set. Quantities of refurbishment projects of three
subject hotels for settled works are presented separately as Hotel A, Hotel
B, and Hotel C. The quantities of some works were not determined in the
bill of materials of subject hotels; therefore it is presented as “not
quantified” in Table 3.1.
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Table 3.1: Derived bill of quantities for renovation works in the three five-

star hotels in Ankara, Turkey.

DESCRIPTION OF RENOVATION

WORKS Hotel A | HotelB | Hotel C
1 CIVIL WORKS UNIT QTY QTY QTY
A DEMOLITION WORKS
1A1 | Demolition of brick wall Mm? quantif,i\leodt 1250
1A2 | Demolition of r/c Mm® 35
1A3 | Removal of suspended ceilings M 106 7100
Scraping of existing wall plaster and M2 20119 2680
A4 | ceramics
Demolition of existing flooring and M2 10054 8900
A5 | removal
e (Ile:aCr?soImon of piping and mechanical TON 350
148 Dismantling all electrical systems MT 15000
Removal of doors with frames SET 480
Removal of bathroom fittings and 360 186
. SET
fixtures
E | FLOORING
2
1E1 Levelling concrete M 5026 26 1586
2
B2 | gelf levelling screed M 9615 9500
2
1E4 | ceramic flooring M 2184 2805
£ Heavy-duty board-room type fire- M2 7272 7560 7656
proof carpet (80 wool/20 nylon
1st Quality walnut-finished parquet M2 1100
1E8 | floor with varnish
Mechanical polishing of existing 2 504 800
1E9 M
marble floors
2
1E10 | pyC flooring for floor service rooms M 980
Solid walnut guestroom entrance 150
1E11 | door threshold MT
F | SKIRTING
Hardwood(walnut) veneered over MT 5400
IF1 | mdf varnished skirting
1F2 | Hardwood skirting (varnished) MT 8093 4281 970
1F3 | ceramic skirting MT 2100
1F4 | softwood skirting (varnished) MT 450
G | CEILING
2
161 Ceiling plastering M 11097 1670
2
162 Gypsum speckling M 7846 11170
163 Gypsum board(fire resistant) M2 4413 563 6050

suspended ceiling

49




Table 3.1: (continued)

2
166 | satin finish acrylic paint (3 layers) M 12488 6275 8596
K| PARTITION WALLS
2
1K1 | Hollow block brick wall(20 cm) M 217.6 7| 900
Gypsum board wall (double sided M2 2774 1128 4150
K2 | \water &-fire proof)
4
1K3 Single sided gypsum board wall M 1500
4
1K4 Gypsum board partition wall (double) M 500
Hollow block bims concrete wall M2 500
1K5 | (10%39+*19)
L WALL COVERINGS&FINISHES
4
1 Interior wall plastering M 23181 83 12839
4
12 Gypsum speckling M 27148 12839
4
L3 | satin finish acrylic paint (3 layers) M 4366 12839
1L4 . M? 500
Oil paint(3 layers)
2
L5 | ceramic wall tiles M 3250
2
L6 | walnut finish wall panels (varnished) M 240
2
L7 | Marble wall covering(textured finish) M 320
18 . M? 200
Coloured back glass wall tiles
2
L9 | Textile backed vinyl wall paper M 21697 24476 | 15000
Mid-rail on corridor walls of 700
1110 guestroom floors (150 mm) MT
M | DOORS & WINDOWS
Walnut veneered solid wood fire EA 720 387 250
ML 1 resistant doors with frames and fitting
1M2 EA 178
Toughened glass shower door
Executive suits fire resistant walnut M2 100
M6 | doors including frame and fittings
Solid core laminate facing wooden M2 120
IM7 1 doors with frame
Solid core sound proof wooden doors M2 20
M8 | \with frame and fitting
Aluminium window frame M2 710
M9 replacement with (4+4 double glass)
N FURNITURE/ FIXTURES
N Guestroom furniture units including SET 352 180 177
all accessories
N Upholsteries & linens & drapery & SET 354
cushions
NG Shelving units EA 187
IN7 1 All mirrors EA 352 200
SET 360 186 177
Bathrooms
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3.1.4. LCA Software

To assess the environmental impacts of the materials most commonly
replaced during refurbishment projects, a life-cycle assessment software
called ATHENA® was used, which is produced by the Athena Sustainable
Materials Institute in Canada.

ATHENA® separately assesses and compares conceptual design options
for structural systems and envelope alternatives. Some general
information about the project is entered into the software, such as:
location, gross floor area, building type, and operating energy
consumption. The Sl (metric) unit designation is the default unit measure
for entering assembly information, while inputs for the model can be
specified in either imperial or (SI) metric. However, the model's internal
calculations and final results are computed in metric units. The Add
Assembly menu is used to define foundations, additional walls, floors/roofs
and column and beam assemblies to complete a three-dimensional
building space. Extra basic materials may also be added to augment any
particular assembly selection.

This tool also has an operating energy conversion calculator module which
allows software users to enter their building’s annual operating energy by
fuel type; the EIE software calculates both the pre-combustion and direct
combustion emissions associated with that fuel use. These emissions can

be compared to those embodied in the materials making up the building.

ATHENA® uses European databases which include materials that are
commonly being manufactured with western technology. However, in this
program the properties of the material in the database can not be changed
or added by the users. In order to assess materials which are not found in
its database, the author had to contact the ATHENA Institute to seek
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guidance with regards to a best match from the database for the material

in question.

3.2. Methodology

Statistical data on building types, renovation and refurbishment projects in
Turkey and specifically that on hotels were obtained from TURKSTAT and
Ministry of Tourism, in order to present the volume of the refurbishment
works and to assess the importance of renovation/refurbishment projects
in Turkey. Statistics on renovation/refurbishment projects in Ankara were
obtained from the Ankara Chamber of Architects as the municipalities in
Ankara did not have this kind of database. These data were used to
analyze the volume of these works in Ankara between 2000 and 2006.
After comparing them, it was found that approximately 53% of hotels were

refurbished in Ankara in 6 years.

Generally speaking, initiating a refurbishment project mainly depends on
the financial situation of the building owners/management. On the other
hand, refurbishment is an obligatory requirement for the success of the
hospitality sector. However, in contrast to touristic cities where financial
concerns are of prime importance; hotels in a capital city, especially those
belonging to an international chain, are seen as a prestige symbol. Also
there is a stipulation for all hotels belonging to a particular international
chain to refurbish between definite intervals determined in the
agreements. From this point of view, Ankara was chosen as the location;
hotels were chosen as the building type whose service life does not
depend on its physical condition; and five-star hotels that belong to
international chain were chosen as the hotel type for which the

refurbishment is inevitable.
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In accordance with the concerns mentioned above, three five-star hotels in
Ankara, belonging to international chains were chosen as case studies for
this investigation. The architectural design projects, the BOQ for the
renovation/refurbishment projects and data on their operating-energy
consumption were obtained from the management of these hotels and
photographs of refurbished rooms were taken in March 2007.
Furthermore, the management was also interviewed informally to gather

information on the frequency of and reasons for these renovations.

The contents of the refurbishment projects and the stages in their life cycle
were assessed with the LCA tool, ATHENA. The inventory analysis was
made according to their bill of quantities for renovation projects. From their
bill of quantities, data related to refurbishments of only the guestrooms are
obtained since refurbishments in other common spaces were different for
each of these hotels. (Some of them are more extensive than the others).
The waste produced during renovations and its recycling capacity should
also be considered. However, this stage was generally ignored and only a

few parts were reused or recycled.

The methodology adapted for this investigation is summarized in Figure
3.4. In order to fulfill the objectives of methodology of this investigation,
the bill of materials of refurbishment works of three subject hotels are
compiled and its process is stated in Section 3.2.1. The simulation of
refurbishment works is given in Section 3.2.2. Also included are the
simulation procedure, the phases of this LCA study and interpretations of
six environmental impact indicators according to international standards.
Finally, the hypotheses were formulated according to data generated from

software and listed in Section 3.2.3.
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To find building construction data (TURKSTAT).
To find the statistical data about hotels (Ministry of

After comparing ’
these two step. it Culture and Tourism).
was found that How many refurbishment works are there in
nearly 50 % of Turkey?
pé’,ﬁ%'\fa‘f’e%' ?n How many hotels are there in Turkey?
Ankara in 6 years. To find refurbishment works in Ankara between

2000-2006

{Chamber of Architects in Ankara).

How many hotels are refurbished in Ankara
between 6 years?

) To find the projects of refurbishment works of three
ggtt:r (i:tov%%afrg?;% éhe caseg e_xndI dO of thetse pf)ﬁ)jeclts
e T (Technical departments of hotels).
refurbishment

Which materials are used in the refurbishment of

works had different guestfloors in three cases?

volume. So, the
guestroom floor

WS T e To compare the hotels and their BOQ according to the
as common
' type of refurbishment works with LCA software.
Which :}%furt?ghmgnt is the most damaging
among the others?
; To compare the impacts of the grouped materials of

Qgt%régg‘sﬁ%gﬂg,tﬁe refurbishment works per square meter sttistically.

was found that To form hypotheses according to six indicators.

there was no = -

significant Is there any significant difference between the

difference between impacts of the same material per square meter

the impacts of in three refurbishment works?

materials per

square meter. To calculate the mean of the impacts of the same

;'ggg;?gges were material in three cases for even indicators.

Which material has the least LCA impact
according to six indicators?

To show the damages of different volume of
refurbishment projects to the environment.

To propose a matrix while refurbishing, which material
is the best from the point of view of six LCA indicators.

To show the precautions against to the impacts of
seven materials according to six LCA indicators.

Figure 3.4. The methodology adapted by the author.

54




3.2.1. Data Compilation Process

First of all, the bill of materials of refurbishment projects of hotel buildings
are confidential files so the author is very grateful to the technical
management of these hotels. Data pertaining to refurbishment/renovation
projects of the three abovementioned five star hotels in Ankara was
gathered in 2005.

After grouping these data, they were classified as guestroom floors and
general spaces. In these data, there are structural materials and also the
finishing materials. In the computer program, the structural materials can
be assessed but fixtures like bathtubs, closets and beds can not be
assessed. Data for only guestrooms and corridors on the guestroom floors
has been analyzed and only those materials that were used in the
refurbishment projects of all the three hotels were chosen for the analyses.
These common materials were levelling concrete, brick, stucco, gypsum

board, wallpaper, hardwood (skirting) and paint.

It should be noted that in Hotel C the rooms were converted to suits and
more changes in the designs were made compared to Hotels A and B;
therefore, the variety and amount of material were more than the other two

hotels, seen in Table 3.1.

3.2.2. Simulation

This study consists of three different refurbishment projects. The hotels
are assessed one by one and then they are compared with each other.
The assessment procedure for Hotel A is explained as an example.
According to the phases of an LCA study, the first phase is goal and scope
definition as mentioned before. In scope, this case study estimates the life

cycle environmental impacts of material manufacturing, maintenance,
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repair and replacement effects of the refurbishment project of Hotel A. The
goal of this study is to provide an interactive LCA case study which allows
investigation of the life cycle impacts of a similar range construction. To
define the system boundaries is very important. The study is confined to
effects on the natural environment; while local indoor effects on human
health are omitted. The software database is used; the materials which
have the similar impacts are used instead of missing materials. General
information about the project, which is: project name, location, gross floor
area, building life expectancy, building type, units (SI or Imperial), project
description and operating energy consumption is entered on the computer.

The most important location factor for the use of the software is not
climatic zone, but rather how the electricity is generated in the region and
the author must choose from the existing location options. The ATHENA
Institute offered Toronto location as best match for Turkey's grid according
to the electricity profile of Turkey, which was obtained from TURKSTAT
(Table B.9, Appendix B). If operating energy consumption of building in a
year is given, the location data can be ignored. So the yearly operating
energy consumption data was found and average value was calculated
that was derived from the data belonging to a twelve year period (Table
B.10, Appendix B).

The building life expectancy was defined as 37 years for Hotel C, because
in this hotel major renovation was needed in this time period. As a second
step, the materials were quantified according to the bill of quantities.
These materials are put under the heading of extra basic materials
because this project is a refurbishment project; so foundation, structure,
beam, column roof and their materials are not changed. After entering the
materials as the input, the summary tables and graphs about six
indicators; such as primary energy consumption, solid waste, global

warming potential, air pollution index, water pollution index and weighted
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resource use; are obtained as the output. Accordingly, this project can be
evaluated on the basis of these graphs and tables.

The limit conditions and specific benchmarks of these six environmental
impact indicators can not be found, and also the found values can not be
correlated with the software summary measures. So the found
international standards can be used and a comparison between all case

studies will be more illustrative to the readers.

For solid waste indicator, the limit value is generally measured in
ton/person and this limit was 1.35 ton/person in Turkey (TURKSTAT). For
water pollution, the ranges of index values could be categorized as follows
in EPA standards:

very small, 0 -0.20
small, 0.21-0.40
medium, 0.41 - 0.60
high, 0.61-0.80
very high, 0.81 - 1.00.

However, the results of the software about water pollution could not be
correlated with these values. For air pollution index, it is developed in
easily understood ranges of values, instead of using the actual
concentrations of air pollutants, as a means for reporting the quality of air
or level of air pollution. To reflect the status of the air quality and its effects
on human health, the ranges of index values should be categorized. For
Turkey, there was not an index like this. Only the amount of special gases
such as sulphur oxide was determined seen in Table B.11, Appendix B
(TURKSTAT). But the results of this software about air pollution could not
be correlated with these values for Turkey. So the EPA standards were
used to assess the materials. The corresponding pollutant concentrations
and API value according to EPA is given in Table 3.2, and the API values

regards to the effects to human health are also given in Table 3.3.
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Table 3.2: Air pollution index value and corresponding pollutant
concentrations according to EPA.

Pollution Pollutant Concentrations
Index ( my/cubic meter )
i S0, (daily MO, (daily {dh:;ID CO (hourly O (haurly
AVErane) AVErage) avara ;E} average) AVErANe)
| s0 | opso | o080 | 0050 | 5 | 0120
| 100 | w150 | o120 | 0450 | 10 | 0.200
| =ms | meen | mzss | mess [ omme | g
| 20 | ts00 | 0s65 | 0420 | a0 | 0800
| 400 | 2100 | 0750 | 0500 | 120 | 1.000
| so0 | 2620 | 0940 | 0600 | 150 |  1.200

(Source: http://www.epa.gov/ttn/oarpg/tl/memoranda/rg701.pdf, last

access 08.06.2007).

Table 3.3: Air pollution index and air quality grading regards to health.

‘ API ‘ Air ql!al!t_v Grade Effects to health Measures suggested
Description
‘D-SD |E}{ce|lent | 1
Draily activities not be affected
‘51-100 |Gnnd | 2
101-150 | Slightly polluted 34 | Thesymptomn of the susceptible is | The cardiac and respiratory
agaravated slightly, while the healthy | system patients should reduce
: people will appear stimulate strenath draining and outdoor
141-200 | Light polluted 3B S\,-'mptom. activities.
Moderate The symptoms ofthe cardiac and The aged, cardiac and lung
201-350 | liuted 4% | lung disease patients agoravate disease patients should stay
remarkahly, and the exercise indoors and reduce physical
endurance drop lower. The healthy activities,
261.30n | Moderate-heaw 48 | crowds popularly appear some
polluted symptams,
The exercise endurance ofthe The aged and patients should
healthy people drops down, some stay indoors and avoid strennth
=300 Heawy poliuted a appears strong symptoms draining; the ordinary should
remarkably. Some diseases appear | avoid outdoor activities.
eatlier.

(Source: http://www.zhb.gov.ca/english/airqualityinfo.htm, last access

08.06.2007).
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Basic formula of the API calculation method according to EPA was given
below (http://www.epa.gov/ttn/oarpg/tl/memoranda/rg701.pdf):

Ihigh—' I!cw

=
Chigh_ Clow

(C =% Gow) + jr|m"~f

where
I = Index value,

Ihigh and liow = the maximum and minimum value of the API index range,
which the concentration of pollutants take place.

Chigh and Cio, = the maximum and minimum value of the concentration
range, which the concentration of pollutants take place.

C = the concentration of pollutants.
3.2.3. Tests of Hypotheses

Tests of hypotheses were formulated according to data derived from

simulation modelling in order to determine whether or not any significant

relationships existed between the life cycle environmental impacts of the
same material per square meter in three refurbishment works. The
hypotheses were:

— Ho1: There is no difference in primary energy consumption between
refurbishment projects of three hotels according to the impacts of
seven materials per m?,

- Ho2: There is no difference in solid waste between refurbishment
projects of three hotels according to the impacts of seven materials
per m?

— Hos: There is no difference in the air pollution index between
refurbishment projects of three hotels according to the impacts of

seven materials per m?,
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— Hos: There is no difference in water pollution index between
refurbishment projects of three hotels according to the impacts of
seven materials per m?

— Hos: There is no difference in global warming potential between
refurbishment projects of three hotels according to the impacts of

seven materials per m?,

— Hos: There is no difference in weighted resource use between
refurbishment projects of three hotels according to the impacts of

seven materials per m?

The paired-sample t-test was used to analyze the refurbishment works of
subject hotels. Three pairs from three hotels were formed such as: Hotel B
- Hotel A, Hotel B - Hotel C, and Hotel A — Hotel C. 5 % level of
significance (a=0,05) was prescribed. These analyses were done using
SPSS 11® software for Windows®, wherefrom significance is established

on the basis of p-value outputs.

60



CHAPTER 4

RESULTS AND DISCUSSION

This chapter includes details on five aspects of the investigation. The first
covers discussion of statistical data on renovation and refurbishment
projects in Turkey and the second covers the frequency of and reasons for
hotel refurbishment projects, as elicited through informal interviews. After
gathering data generated by the LCA software (ATHENA), the statistical
analyses of these data using paired-sample t-test are presented in the
fourth section. The last section covers the comparative evaluation of the
three case studies and seven common materials that were used in all

three refurbishment projects.

4.1. Discussion on Statistical Data for Refurbishme nt Projects

Building construction statistics that are prepared by TURKSTAT in 2003
were analyzed. The buildings are classified according to their use;
residential, commercial, industrial, cultural, religious, administrative and
other. As shown in Figure 4.2, it was observed that floor area of completed
or partially completed new buildings and additions by use of building in the
last fifteen years reached its highest value for residential buildings in 1996,
for commercial buildings in 1997, and for administrative buildings in 1991.
While the total floor area of construction increased, there was a decrease
in the floor area of cultural and administrative buildings (Table B.1,

Appendix B).
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Figure 4.1. The number of completed or partially completed new buildings

and additions by use of building according to years Table B.2.

(Source: TURKSTAT).
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Figure 4.2. Total floor area of completed or partially completed new
buildings and additions by use of building according to years Table B.2.

(Source: TURKSTAT).
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The statistics for tourism licensed facilities of Turkey and Ankara were
obtained from T.C. Kdltlr ve Turizm Bakanligi (The General Directorate of

Investment and Enterprises Ministry Culture and Tourism Republic of

Turkey).
9000
7832
7000
6000
4917

5000 - 4523 O Turkey
4000 B Ankara
3000 1
2000 1
1000 1 73 66 148 34

0

Total Tourism Hotel Buildings in Total Tourism Hotel Buildings in
Establishments in 2003 Establishments in 2000
2003 2000

Figure 4.3. Data related to the number of tourism establishments in Turkey
and Ankara derived from Table B.3, B.4, B.5, B.6.
(Source: Ministry of Culture and Tourism).

As can be seen in Table B.5, Ankara ranks twelfth amongst the 81
provinces in Turkey according to the number of tourism licensed facilities
in 2003. If this data is analyzed, coastal cities rank the highest. Although
Ankara is not a coastal city, nor a mountain resort, it is the capital city and
therefore hosts many delegations, which is why it has many hotels. This
being the case it needs to have world-class hotels to accommodate the
official guests. This in turn means that the hotels in Ankara have to be kept
up to date and must be renovated every how and then to meet the high
standards of equivalent hotels elsewhere.
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The number of completed new buildings and additions decreases day by
day and it becomes nearly the half of the peak value in 2003. This affects
to increase the number of all type of renovations and refurbishments.
Besides this, the rate of change of function of buildings is very high
because users do not have much choice but to purchase what is on the
market, even though the property does not meet their requirements;
hence, the need for additions and alterations to the spaces (T.C.

Bagbakanlik Aile Arastirma Kurumu Baskanligi, 1999: 12).

In Table B.2, the change of use of buildings is examined according to year
2002 to 2004, and old and new use of building. These alterations are only
large-scale alterations which include the change of function of the building.
Besides these, data about different types of alterations of buildings in
Turkey would not be obtained so that for Ankara only is presented; as the

case studies were also conducted in Ankara.

350
308
300 ]
250 O Number of buildings
modified for different
200 use in Turkey
B Number of buildings
150 modified as hotel
buildings
100 O Number of hotel
58 53 buildings modified for
50 T 1 ] different use
4 6 4
0 0 L
2002 2003 2004

Figure 4.4. Number of buildings modified for a different use after
alterations and repairs by year and use of building derived from Table B.2.
(Source: TURKSTAT).
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According to The Chamber of Architects in Ankara, the types of

alteration/renovation works in buildings are as follows:

» small-scale alterations that concerned only changes in internal
partitions, which do not reflect on the building’s structural system or
its facade;

* medium-scale alterations consisted of alterations in plans which
reflected on the fagade also but not in the building’s function;

» large-scale alterations that included changes in plans, facades,
structural system and also the function of the building;

* major renovation projects that entailed an increase in the covered
area, have totally different function and plan and also were
regarded as new projects;

» additions plus alterations contained additions to the building.

39
46

@ Small scale

325 B Medium scale

O Large scale

O With additions

B Major Renovation

213

102

Figure 4.5. Data related to the different types of renovation projects
approved by the Chamber of Architects in Ankara, during the 6 year period
of 2000-2006, derived from Table B.7, Appendix B.

(Source: Turkish Chamber of Architects in Ankara).
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According to data taken from Ankara Chamber of Architects, 18 out of 725
projects i.e. approximately 2.5 % belong to hotels in Ankara, between
2000 and 2006. If we compare this number with the total number of hotels
in Ankara in the year 2000 (Figure 4.3), which was 34 only, the percentage
of hotels renovated in the six year period is almost 53%.

4.2. Frequency of and Reasons for Hotel Refurbishme  nt Projects

Renovation of guestrooms, bathrooms and common/entertainment areas
was mostly done to keep up with new fashion dictates on style and color-
schemes. Meanwhile, major renovation of rooms took place also because
there was a need to provide extra and different facilities to the guests. For
example, to keep up with new technologies, the electrical wiring system
had to be replaced in order to provide high-speed internet connection,
data-port, satellite TV, fax machine, conference call availability
photocopy/printer machines, as well as plugs suitable for both 110 & 220
V. Rooms for left-handed guests required replacement of all fixtures;
whereas, rooms for the disabled had to be equipped with special features
and fixtures. In view of the market demand some rooms were combined to
make extra suits and some were converted into special guest rooms for
non-smokers, disabled or left-handed guests, while some were knocked
down and the space was used to build self-contained apartments for
extended stay. Apart from guestrooms, major renovation works included
the creation of theme restaurants and bars, hi-tech conference and

meeting rooms.

Informal interviews were conducted with the technical managers of hotels
and the general manager of construction company of Hotel B to determine
the frequency of and reasons for hotel refurbishment projects, and to
understand the necessity for such projects.
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Figure 4.7. Typical standard room of Hotel A before refurbishment.
(Source: Ozgurel, 2001: 85).

Figure 4.8. Typical standard room of Hotel A after refurbishment.

67



Renovation works in hotels were undertaken mostly from the point of view
of customer satisfaction. The guests were asked to fill up a questionnaire
to assess their satisfaction. Some of the questions were posed to
determine those aspects which impressed the guests most. The aim was
also to find out whether the guests were bored with the decor or not.
Unless there was a sudden change in fashion trends, this was one of the

reasons of refurbishment.

According to Mr. Caliskan who was the technical manager of Hotel A, their
main environmental issues were energy, waste and raw materials and
purchasing efficiency; and these issues were their main concern in their
refurbishment projects. According to their refurbishment program, the
guestroom floors of this hotel have to be refurbished every ten years and
the general spaces must be refurbished every twelve years. This is a
stipulation for all hotels belonging to this particular international chain. The
franchising and management agreement for Hotel B was similar to that. Mr
Birkan, the general manager of the construction company of Hotel B, gave
an example from Istanbul where a hotel was excluded from their
international chain because of non-compliance with the agreement

concerning refurbishment periods.

On the other hand, Mr. Birkan added that besides the agreement, the
refurbishment decision depended on their board of directors, their financial
situation and prevailing fashions. The hotels, especially in Ankara, were a
prestige symbol for the directors and being seen as up-to-date and

luxurious was more important for them than being feasible.

The budget of the hotels was planned for one-year and five-year periods.
According to Mr Birkan, 4% of the annual budget of Hotel B was assigned
to all types of refurbishments apart from the day-to-day maintenance. An
example of the budget is given in Table C.1, Appendix C. The
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refurbishment activities are divided into hard and soft refurbishments. In
soft refurbishment, the materials such as carpets, curtains, fabrics, and
cladding were replaced and marble and wood surfaces are polished. In
hard refurbishment, replacement of the wall and floor materials; wallpaper,
gypsum boards, suspended ceilings, partition walls, bathroom walls, etc. is
undertaken. The period of soft refurbishment was generally fixed for every
3 to 4 years; while hard refurbishment was undertaken every 8 to 10

years, according to their budget.

According to Mr, Yasav, who was the technical manager of Hotel B, Hotel
B had an extension built in 2006, comprising of a convention and cultural
centre and above them the guestroom floors. Because of this, the existing
ballroom, whole lobby and the theme-restaurants and bars were
refurbished in order to have the same design theme as that of the new
annex building. Also, the guestroom floor refurbishment mostly depended

on this extension in order not to be labeled as old.

Mr. Caliskan stated that, the refurbishment of guestroom floors of Hotel A
was started in 2002 and finished at the end of 2004. The guestroom floors
were divided into four sections. The rooms were decorated in light colors
to offer a comfortable and spacious working environment. Ash veneered
chip-board panels were disassembled and gypsum-board panels were
used for the suspended ceiling. Vinyl wallpaper on walls was renewed and
timber beading used as wall trimming. Also, the wooden pelmets were
disassembled and replaced with gypsum pelmets. There were light-
colored marble tiles and vanity basin with matching faucet fittings in the
bathroom of the guestrooms before refurbishment. Although these fittings
and fixtures were in good condition, they were replaced with darker new
marble cladding and fittings only because of the changing fashion trends;

as seen below in Figure 4.9 and Figure 4.10.
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Figure 4.9. The faucet fittings and marble claddings in typical standard
room of Hotel A before refurbishment.
(Source: Ozgurel, 2001: 92).

Figure 4.10. Typical bathroom of a standard room of Hotel A after
refurbishment.
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The technical managers of these hotels said that the furniture should be
utilized as much as possible. The management generally has agreements
with suppliers of electronic equipment and electrical parts to replace old
equipment with new ones. In Hotel A, the room furniture, such as
discarded beds, was donated to Cocuk Esirgeme Kurumu (child protection
agency) and Huzurevi (old people’s home). In this refurbishment, all the
locks were changed and electronic door locks were installed. The old locks
were sent to be used in another 3 star hotel near the airport in Ankara. In
Hotel B, the beds and room furniture were sold to their personnel by
private auction. On the other hand, the faucet fittings and marble claddings

could not be utilized so they were either scrapped or auctioned.

4.3. Data Generated By Software

After entering the BOQ of guestrooms as the input to the software, the
summary tables and graphs were obtained as the output. According to
these graphs and tables, these projects could be evaluated and
comparisons could be made between three case studies and the common

materials that were used in all case guestrooms.

As an output of this software, the projects were evaluated according to six
indicators. These were:

« Primary Energy Consumption: Absolute primary energy
consumption by fuel type for each life cycle stage as well as annual
operating energy.

* Solid Waste: Recovered matter resulting from the production and
delivery (packaging) process.

* Air Pollution Index: Inflows and outflows that contribute pollutants to
the air.

 Water Pollution Index: Inflows and outflows that contribute

pollutants to the water.
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* Global Warming Potential: How much a given mass of greenhouse

gas is estimated to contribute to global warming over a specific time

interval.

* Weighted Resource Use: The quantities of raw materials or

intermediary products consumed,

processing or manufacturing of the product.

including water,

during the

Table 4.1: BOQ of guestroom floors of three hotels included common
materials in all cases and used in the software.

Material Unit HOTELA HOTELB HOTEL C

Levelling Concrete - Screed m3 1576.7357 27.30]1193.8815
1/2" Fire-Rated TypeX Suspended m2 4854.608 619.3 9565.6
5/8" Fire-Rated TypeX Gypsum Board | m2 3051.488 1240.305 6765
Wallpaper Tape tones 13.5629 15.3006 9.3765
Water Based Latex Paint I 1719.1080 639.999 2186.37
Hardwood Skirting m2 424.8825 247.8735 586.425
(Modular) Brick Wall m2 228.48 7.3395 525
Plaster, gypsum spackling m2 76199.024 91.30 42369.8
Oriented Strand Board m2 1155
Vinyl m2 1048.6
Solvent based paint : 51

Firstly, the hotel guestroom refurbishment projects, which include the

materials seen above in Table 4.1, were evaluated with the software. The

output was divided into 4 stages: manufacturing, construction, operations

and maintenance, and end of life. In summary tables, after these stages

the total embodied of this project was given by adding of all impacts of

these four stages. The operations and maintenance stage has the value

zero for all indicators, because the materials database of the software did

not include the knowledge about this stage, so this stage was ignored. The
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impacts of the operating energy of the projects was calculated according
to the electricity and natural gas consumption of them in output tables as
the last raw. The raw data of these consumptions were seen in Table
B.10. And as a total life cycle impact was given by adding of the impacts of

all stages seen in Table 4.2 for Hotel A, in Table 4.3 for Hotel B and in

Table 4.4 for Hotel C.

Table 4.2: Summary measures by life cycle stages of Hotel A obtained
from ATHENA software.

Primary Global
Energy Solid Air Water Warming Weighted
Consumption | Waste Pollution | Pollution | Potential Resource
(MJ) (Kg) Index Index (kg) Use (kg)
Manufacturing
Material: 3895168 125957 65263 2 379395 5395879
Transportation: 177714 2 57 0 321 4396
Total: 4072882 125959 65320 2 379716 5400275
Construction
Material: 0 0 0 0 0 0
Transportation: 388409 4 125 0 699 8814
Total: 388409 4 125 0 699 8814
End-Of-Life
Material: 183 0 4 0 13 4
Transportation: 300512 3 96 0 541 6819
Total: 300695 3 100 0 554 6823
Total Embodied
Material: 3895351 125957 65267 2 379408 5395883
Transportation: 866635 9 278 0 1561 20029
Total: 4761986 125966 65545 2 380969 5415912
Operating
Energy
Annual Operating
Energy: 75708212 350905 | 1189069 54 3145474 9271680
Total Operating
Energy: 2801203827 | 12983498 | 43995544 2004 | 116382542 | 343052159
Total Life Cycle: 2805965813 | 13109464 | 44061089 2006 | 116763511 | 348468071
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Table 4.3: Summary measures by life cycle stages of Hotel B obtained
from ATHENA software.

Primary Global
Energy Air Water Warming Weighted
Consumption | Solid Pollution Pollution | Potential Resource
(MJ) Waste (Kg) | Index Index (k@) Use (kg)
Manufacturing
Material: 645033 13773 10110 1 28331 150122
Transportation: 8421 0 3 0 15 197
Total: 653454 13773 10113 1 28346 150319
Construction
Material: 0 0 0 0 0 0
Transportation: 13956 0 4 0 25 317
Total: 13956 0 4 0 25 317
End-Of-Life
Material: 3 0 0 0 0
Transportation: 4489 0 1 0 8 102
Total: 4492 0 1 0 8 102
Total Embodied
Material: 645036 13773 10110 1 28331 150122
Transportation: 26866 0 8 0 48 616
Total: 671902 13773 10118 1 28379 150738
Operating Ener.
Annual Op. En.: 48463215 244106 692567 27 1937695 6732178
Total Op. En.: 1793138937 9031928 | 25624988 982 | 71694723 | 249090594
Total Life Cycle: 1793810839 9045701 | 25635106 983 | 71723102 | 249241332

Table 4.4: Summary measures by life cycle stages of Hotel C obtained
from ATHENA software.

Primary Global
Energy Water Warming Weighted
Consumption | Solid Waste | Air Pollution | Pollution | Potential Resource
(MJ) (Kg) Index Index (kg) Use (kg)
Manufacturing
Material: 4261159 125912 68626 3 338714 4072072
Transportation: 136604 1 44 0 246 3371
Total: 4397763 125913 68670 3 338960 4075443
Construction
Material: 0 0 0 0 0 0
Transportation: 290922 3 93 0 524 6601
Total: 290922 3 93 0 524 6601
End-Of-Life
Material: 144 0 3 0 11 3
Transportation: 197653 2 63 0 356 4485
Total: 197797 2 66 0 367 4488
Total Embodied
Material: 4261303 125912 68629 3 338725 4072075
Transportation: 625179 6 200 0 1126 14457
Total: 4886482 125918 68829 3 339851 4086532
Operating Ener.
Annual Op. En.: 41034340 199619 611292 25 1668179 5411003
Total Op. En.: 1518270563 7385911 | 22617808 917 | 61722607 | 200207100
Total Life Cycle: 1523157045 (511829 P2686637 D20 6 2062458 | 204293632
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The comparisons of three hotels according to the absolute values of six
indicators in total stages -excluded operating energy- were shown in
Figure 4.11, Figure 4.12, and Figure 4.13. The operating energy stages
were ignored while discussing the results in graphs because the impacts
of these stages were calculated according to only the area of the hotels.
This was not changed due to the magnitude of the project. So if only the
impacts of the refurbishment and the materials used in the refurbishments

were wanted to analyze, this stage should be ignored.
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Figure 4.11. The impacts of three hotels according to primary energy
consumption and weighted resource use.
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Figure 4.12. The impacts of three hotels according to water pollution index
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Figure 4.13. The impacts of three hotels according to solid waste, air

pollution index and global warming potential.

On the next step, the comparisons between three hotels were made
according to the six categories of impacts, per m?. In Table 4.5., the last
analyses shown as comparisons of all indicators -excluded the operating
energy stage- in %, were made according to base project. Hotel B was
chosen as base project because in this hotel it was seen that this

refurbishment included only the soft renovation, so its total impacts were

lower than the other projects.

Table 4.5: The comparisons of cases according to six indicators per m?.

INDICATORS HOTEL A HOTEL B HOTEL C
Primary Energy Consumption
(Gigajoules / m ?)

Manufacturing 258.946 55.799 471.873
Construction 24.694 1.192 31.215
End-of-Life 19.118 000.384 21.223
Total Embodied Sub-Total 302.758 57.374 0524.312
Operating Energy 4813.379 4138.308 4402.921

Total 5116.137 4195.682 4927.233
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Table 4.5: (continued)

INDICATORS HOTELA | HOTELB | HOTELC
Solid Waste (kg / m ©)
Manufacturing 8.008188 1.176117 13.510261
Construction 0.000230 0.000011 0.000290
End-of-Life 0.000182 0.000004 0.000203
Total Embodied Sub-Total 8.008600 1.176132 13.510754
Operating Energy 22.309870 20.844397 21.418830
Total 30.318470 22.020529 34.929584
Air Pollution (Index / m ?)
Manufacturing 4.152916 0.863496 7.368108
Construction 0.007925 0.000382 0.010018
End-of-Life 0.006398 0.000129 0.007160
Total Embodied Sub-Total 4.157329 0.863600 7.373201
Operating Energy 75.598647 59.138808 65.590691
Total 79.755976 60.002408 72.963892
Water Pollution (Index/ m ?)
Manufacturing 0.134786 0.052282 0.287388
Construction 0.000140 0.000007 0.000177
End-of-Life 0.000111 0.000002 0.000124
Total Embodied Sub-Total 0.135037 0.052291 0.287689
Operating Energy 3.444364 2.266466 2.659070
Total 3.579401 2.318757 2.946759
Global Warming Potential
(CO, - kg)
Manufacturing 24.141584 2.420455 36.369968
Construction 0.044467 0.002146 0.056210
Operations and Maintenance 0.000000 0.000000 0.000000
End-of-Life 0.035261 0.000710 0.039328
Total Embodied Sub-Total 24221312 2.423311 36.465507
Operating Energy 199.983044 165.461168 178.992959
Total 224.204356 167.884479 215.458466
Weighted Resource Use (kg /m 2)
Manufacturing 343.338865 12.835846 437.288688
Construction 0.560352 0.027042 0.708328
Operations and Maintenance 0.000000 0.000000 0.000000
End-of-Life 0.433806 0.008704 0.481588
Total Embodied Sub-Total 344.333023 12.871592 438.478604
Operating Energy 589.475138 574.865468 580.592147
Total 933.808161| 587.737060 1019.070751
Comparisons of all (%)
Primary Energy Consumption 527.688832 100.000000 913.845045
Solid Waste 680.926927 100.000000 1148.744691
Air Pollution Index 482.314811 100.000000 854.770565
Water Pollution Index 258.240292 100.000000 550.166052
Global Warming Potential 999.513203 100.000000 1504.780408
Weighted Resource use 2675.139325 100.000000 3406.560831

77




600

524,312

500 -
438,479

400 4

344,333
302,758 O Hotel A

300 W Hotel B
O Hotel C

200

100 57,374

0 - 12,872

Primary Energy Consumption (MJ/m2) Weighted Resource Use (kg / m2)

Figure 4.14. The impacts of three hotels per m? according to prim