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AN EARLY CONSTRUCTION TECHNOLOGY: FERROCONCRETE
Halil İbrahim POLAT*
1. Introduction
History is the activity of translating traces into facts. The subject of
modern architecture in the 20th century is a complex area and can be taken
differently depending on where the researcher is standing (Gür and
Durmuş, 2017). The choice of carrier system reveals the character
represented by a structure and describes the developmental stages of
construction technology together with the period time of construction.
From the first time of being republic, Turkey slowly break off the
timber frame building practices and systematically resorted to more
compact technology. Therefore, the use of steel and concrete has become
widespread. The first examples of the type of conveyor system where the
tensile strength steel and the pressurized concrete perform a function
together are ferro-concrete. It is not at all wrong to think of ferro-concrete
as a kind of early concrete technology.
In this study; ferro-concrete, one of the most important development
phases of construction technology, has been discussed. The vertical and
horizontal direction of the pulling and bending loads of some examples of
the buildings are tried to be explained by taking advantage of in the written
and visual documents.
Given this classification, one must consider the intricate approaches in
the selection of the bearing systems in some buildings, the direction of the
progress of the technology in restoration, where especially the flooring
systems and masonry walls transformed into reinforced concrete columns.
Steel column reinforcements were also made in the structures where
ferroconcrete technology was used. But however, the classification is
based on the original carrier system. It is difficult to talk about a unification
in the architectural context between the periods of the destruction of the
Ottoman State and the establishment of the Republic of Turkey. While
studying the structure, it can be seen that the architects and engineers of
this period used mixed systems. For example, there are buildings which are
of vertical masonry, horizontally brick arch floor, while steel beams and
concrete, which is ferroconcrete system, can be found in the load bearing
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system of the building. Hence, the method of classification of each
structure can be based on one’s conviction.
Classification on ferro-concrete technologies:
•

Masonry + brick arch floor

•

Masonry + Steel frame + brick arch floor

•

Steel frame + brick arch floor

•

Ferro-concrete

•

Steel Skeleton + reinforced concrete

•

Masonry + reinforced concrete

•

Reinforced concrete

The time scope of this classification extends from the last quarter of the
19th century to the first quarter of the 20th century (approximately 50
years) and is limited to Istanbul, with more than 200 structures having been
researched. The scope of this classification is limited to Istanbul and
extends from the last quarter of the 19th century to the first quarter of the
20th century (about 50 years). The majority of the masonry + brick arch
floor and reinforced concrete construction technology has been researched
on 200 structures. For the correct evaluation of this period, it is necessary
to read well the carrier system. Because of today's rugged building
strengthening methods, the lack of historicity under the name of
restoration, and the argument of capital-oriented urban transformation, do
not hesitate to destroy structures that are the memory of a civilization
(Polat, 2017).
2. Ferro-Concrete Construction Technology
At the beginning of the 20th century, the steel skeleton system was used
in vertical and horizontal directions. In the same period, the steel and
concrete together with ferroconcrete construction technology had been
integrated into the new buildings and finally the reinforced concrete
structure system was used in all structural elements (Figure 1) (Yergün,
2002).
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Figure 1. A ferro-concrete application
At the beginning of the 20th century, masonry (stone and brick)
materials were inadequate for the design of large and monumental
structures. Also, a new material was needed instead of the steel due to its
high cost at the time in question. Concrete was the material produced as a
result of this need. However, there are some drawbacks of concrete being
a standalone building element. Because concrete is a structural element
which is resistant to pressure (ductile) but cannot show resistance against
tensile stresses that can cause brittle fracture. For this reason, the
discovered ferroconcrete technology takes as principle the joint placing
with steel beams (bending strength) and concrete (compressive strength).
And it is considered as an important construction technology accelerating
the transition process to reinforced concrete construction technique. In this
system, the horizontal loads are transferred to the vertical elements with
the aid of ferroconcrete beams by closing the spaces above and by using
an improved form of the brick arch floor technique (Polat, 2017).
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Figure 2. A ferro-concrete bridge, 19th century, Slovakia (Web)
The biggest difference of ferro-concrete application from modern
concrete application is the form of steel material which meets the tensile
stress. In the application of ferro-concrete, the structural element providing
the pull is beam (Figure 2). In the modern sense, the same task gets
reinforcements in the reinforced concrete building. In the ferro-concrete
application, steel beams surround the concrete. In this sense, a very large
amount of steel elements is used and the structure becomes more rigid and
massive than it needs to be. Therefore, it is difficult to show the ductile
behavior under horizontal loads such as earthquakes. Reinforcing steel in
reinforced concrete, adhering to it in the concrete takes the tensile forces.
Ribbed reinforcement steel forms a lighter, less visible layer in the
concrete. Thus, a reinforced concrete building can exhibit more ductile
behavior against the earthquake and remain on the safe side.
Outside the monumental architecture, the buildings are the bridges. In
Figure 2, an old ferro-concrete bridge positioned steel beams only at the
edges of the bridge. This design is made with the purpose of covering only
concrete, keeping it alive and not providing its lateral strength. The new
bridge examples are qualified engineering structures built by calculating
the horizontal and vertical orientations under static and dynamic loads. In
these structures, steel beams are positioned in rows in concrete (Figure 3).
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Figure 3. Modern-style ferro-concrete bridge (MEB, 2013)
The structure of monumental architecture can be the best representation
of the concrete structure technology. Eminonu Post and Telegraph
Building (1905, Architect Vedat Tek) and Galata Customs Buildings
Warehouses (1907-1910) are examples of early ferroconcrete applications.
(Figure 4 and 5) (Uzun, 2008).

Figure 4. Karaköy Customs (Rusumat) building
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Figure 5. Ferro-concrete at the front and entrance floors of
Karaköy Customs (Rusumat) building
Vedat Tek’s Defter-i Hakani Building (1908) (Uzun, 2008), Nemlizade
Tobacco Warehouse (1912) and Liman Han (1912) (Batur, 1999) on which
demolition decision is taken due to laying 3° (three degree) towards the sea
in Sirkeci are the extant products of ferroconcrete technology. In addition,
Assicurazioni Generali Han (1909-1923) and Wiener Bank- Verein
(Karakoy Ziraat Bank, 1911-1912) by the architect Giulio Mongeri are
built with ferroconcrete system (Yergün, 2002). Central Rihtim Han (19121914), which is one of the symbols of Galata, was destroyed under the
name of repair and conversion to hotel, due to Galataport project during
the days of this study (Figure 6 and 7) (Polat, 2017). Architect Kemalettin
Bey’s IV. The Vakıf Han (1916-1926) (Yavuz, 1981), the Syrian Passage
(1908), the Çinili Rıhtım Han (1910-1911) and the Kasımpaşa Naval
Building (1908) are historic buildings which are still standing in all its
splendor (Erol, 2013).
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Figure 6. The Central Rıhtım Han, 2010

Figure 7. Remaining from the Central Rıhtım Han (Photo by:
Polat, H. İ., May 2017)

3. Conclusion and Evaluation
Ferro-concrete, called early period concrete structure type, can be
defined as a kind of transition period form. It can also be defined as an
interface between steel and concrete. Many of the building types
mentioned in the surrounding areas of Fatih and Beyoğlu, which we call
old Istanbul, have gained monumental value. Galata Rüsumat (Customs)
7

Building, Nemlizade Tobacco Warehouse, IV. Vakıf Han are the most
known examples. Besides, there are also ferro-concrete structures in some
places which are not monumental. In fact, it is of great importance in the
context of environmental sensitivity and protection instinct to bring these
types of buildings to life, to be recorded in inventory and to be classified.
Because these structures are the memory of cities. It is the memory of
intellectual society. If there are worn parts, it should be ensured that the
experts of the subject have survived by preparing their survey, restoration
and restitution projects. In principle the structure should not be separated
from its historical character during these operations.
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CLAIMS BASED ON DELAYS CAUSED BY CHANGES: A
COMPARISON OF AIA A201-2007 AND TURKISH GENERAL
CONDITIONS FOR BUILDING CONSTRUCTION’S
APPROACHES
Ruveyda KOMURLU
1.

Introduction

The construction industry, with the related industries, functions as a
locomotive for the economy in developing countries as well as developed
countries. However, regarding the size and complexity, the number of
parties and processes involved, and the long period of time required for
completion, building construction projects experience changes inevitably.
Since changes are inevitable, the success of a project heavily depends on
the effective management of changes. Changes introduce extra costs as
well as delays, which need to be documented, evaluated and processed
effectively in a timely manner. Delays caused by changes threaten the
profitability and success of any project. Changes and delays, not properly
managed cause claims and disputes. A201 - 2007 General Conditions of
the Contract for Construction, published by the American Institute of
Architects, is the most commonly used general conditions document in
the U.S. Similarly, the General Conditions for Construction, issued by the
Ministry of Environment and Urbanization is the most widely used
general conditions in Turkey. Both documents introduce methods and
processes for processing changes. A201 - 2007 propose negotiation as the
primary approach, where the General Conditions for Construction assigns
the owner as the authority to decide about any deviation from the
contract. This study aims to analyze the claims based on delays caused by
changes by comparing the general conditions most commonly used in the
U.S. and Turkey. In order to avoid claims and disputes, proper
preparation to the tender stage, assigning a competent contractor, proper
management of the performance of the project, timely documentation and
administration of changes as well as introducing effective solutions to
them, and finally supplying the additional costs and time are necessary
for effective management and success of a project.
2.

Projects, Construction, Contract Documents

2.1. Project & Construction Projects
According to the Project Management Institute (PMI, 2017), a project
is a one-time endeavor with defined beginning and end times as well as
scope and resources for obtaining a unique product. The success of a
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project generally depends on the management of the three major
constraints, i.e. scope, budget and time. The three major constraints are
interrelated, which means altering one effects at least one other (Komurlu
and Arditi, 2016a). Construction projects are performed on a piece of
land, relatively large and complex, take a relatively long period of time,
and require a relatively big budget (Chui and Bai, 2010).
Generally, there are three major parties involved in construction
projects, namely the owner, the designer, and the contractor. The owner
determines a need to be met, and according to the traditional delivery
method, signs a contract with a designer, i.e. the architect for the design
of the building, and another contract with a contractor for the
performance of the project. The construction contract and related
documents define the project and all related issues (CSI, 2011). The
construction documents consist of a contract, drawings, technical
specifications, general conditions, contract document forms (Cakmak and
Tas, 2014; Komurlu and Arditi, 2016a), and supplementary conditions
(Table 1). General conditions are one of the most important parts of the
contract documents, because roles and responsibilities of the parties i.e.
the owner, the architect, and the contractor, are described in this
document (Komurlu and Arditi, 2016a). This document directs
administrative procedures such as payment routines, schedules, change
orders, claims, conflicts, and disputes (Chui and Bai, 2010). The
following items should be included in the general conditions (Thompson,
2006):















Definitions,
Administration procedures,
Rights and responsibilities of the owner,
Duties and authorities of the design professional (architect and
engineer),
Rights and responsibilities of the contractor,
Subcontractor participation,
Time,
Payments and completion,
Changes in the scope of work,
Protection of persons and property,
Insurance and bonds,
Disputes,
Termination of the contract,
Safety.

2.2. General Conditions of the Construction Contract
Standardization of general conditions presents a number of advantages
such as (Komurlu and Arditi, 2017);
10






saving time spent on preparation of the document,
preventing omissions,
providing a relatively clear language,
better understanding for all parties and
misinterpretations,
implementing consistency in courts of law.



avoiding

Table 1. Construction Documents (CSI, 2011).

Contract Documents

Project Manual

Procurement Documents

Procurement
Requirements

Solicitation
Instructions for procurement
Available information
Procurement forms and supplements
Contracting
Contracting Forms
Requirements
Agreement form
Project Forms
Performance bond
Payment bond
Certificates
Conditions of the Contract
General conditions
Supplementary conditions (revisions,
clarifications and modifications)
Specifications
Division 01 General requirements
Division 02-19 Facility construction
Division 20-29 Facility services
Division 30-39 Site and infrastructure
Division 40-49 Process equipment
Contract Drawings
Resource Drawings

There are various general conditions in use in the U.S., and according
to Chui and Bai (2010), the most commonly used ones are those issued
by







the American Institute of Architects (AIA),
the U.S. government (Federal Acquisition Regulation),
the Engineers’ Joint Contract Documents Committee
(EJCDC) composed of the American Society of Civil
Engineers (ASCE),
the National Society of Professional Engineers (NSPE),
the American Consulting Engineers Council (ACEC),
the Construction Specifications Institute (CSI).
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The American Institute of Architects (AIA) has been founded in 1857
for providing conditions and procedures for licensing, and standardizing
the contract documents and practices. AIA has introduced more than 100
forms and documents for guiding and regulating the design, bid and
construction processes (El-adaway et al., 2014; Komurlu and Arditi,
2017).
A201 - 2007 General Conditions of the Contract for Construction,
published by the American Institute of Architects, is the most commonly
used general conditions document in the U.S. (El-adaway et al., 2014),
the first version of which was introduced in 1911 as a part of the A-Series
family of documents (AIA, 2007).
The Government, with 42.33 percent of the total construction
investments (YEM, 2015), is one of the biggest building construction
investors in Turkey, and thus have a considerable influence on the
industry. The Public Procurement Authority of the Ministry of Finance
regulates the public projects’ bidding process and performance in Turkey.
Ministry of Environment and Urbanization’s the General Conditions for
Construction is the only general conditions document issued by public
authorities and its use is mandatory in public projects. Thus, the General
Conditions for Construction is the most widely used general conditions in
Turkey. Regarding its issuance by the government and wide range of
usage, it is extensively used by courts of law as a basis for evaluating the
conflicts (Komurlu and Arditi, 2016a).
3.

Changes, Delays and Claims - Comparison of General
Conditions

3.1. Changes
Regarding their size and complexity, building construction projects
require detailed and complicated contracts, which may lead to confusion
and disagreements (Iyer et al., 2007). Stating realistic completion dates
(Yates and Epstein, 2006), as well as producing detailed drawings and
technical specifications, clear quality requirements and cost assignments
(Komurlu and Arditi, 2017) contribute to avoiding misinterpretations.
However, the relatively long time span of a construction project leads to
owner’s changing needs, which results with the revision or design.
Additionally, design errors, unforeseen site conditions, and weather
conditions (Komurlu and Arditi, 2017), the type and size of the project,
the contract amount and duration, and the level of competition in the
bidding process may lead to changes (Anastasopoulos et al., 2010).
AIA’s A201 - 2007 General Conditions of the Contract for
Construction assigns Article 7 to changes in the work. The first section
states the general definition and conditions of handling change.
12

According to the second section, 7.2 Change Orders, the owner, the
architect and the contractor should reach a consensus about the effects of
the change. The third section, 7.3 Construction Change Directives, states
that if the owner and the contractor cannot reach a consensus, a directive
is issued by the architect for the change. The fourth and final section
gives the architect the authority to issue minor changes consistent with
the contract documents which are binding on the owner and the
contractor.
The Turkish General Conditions for Construction section 23 defines
the method for determining the unit price of a line item not present in the
contract documents, whereas section 24 and 25 states that any additional
work issued by the owner should be performed by the contractor for
additional payment. However, any change performed without the consent
of the owner will not receive additional payment.
In addition to extra cost, changes in the work cause time extension for
projects. Additions and omissions to work defined in the contract
documents require changes in the work schedules. Besides, conflicting
operations of various trades, negative attitude caused by disruption and
competition, reassignment of labor, inefficient crew size, stacking of
operations, dilution of supervision, orientation need of the new crew
cause productivity losses and delays (Goldsmith, 2016; Komurlu, 2018).
3.2. Delays
Since construction projects take a relatively long time to complete,
deviations from the time schedule are very common. However, regarding
the size of the investment, time is a strong constraint for construction
projects, and the success of a project depends on the timely completion.
Delays emerging during the planning and design phases are generally
caused by the owners changing needs and requirements (Yang and Wei
2010). Nevertheless, delays may be caused by strikes, rework, lack of
organization, material shortage, equipment failure, natural disasters, and
change orders (Birgonul et al., 2015).
Regarding the effect on the success of a project, the general conditions
documents place special emphasis on time issues and delays (Komurlu
and Arditi, 2016b).
AIA’s A201 - 2007 General Conditions of the Contract for
Construction assigns Article 8 to time. The commencement, execution
and substantial completion of the work are defined in this article, as well
as the methodology to be followed for time variations. According to
Section 8.3, if a delay is caused or justified by the owner or the architect,
and the contractor files for the related extension and cost claim in a
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timely manner, the contractor should be awarded extra time and cost
related.
In the Turkish General Conditions for Construction, conditions for
charging the contractor for liquidated damages and awarding the
contractor a time extension are defined under clause 30. According to this
clause, it is the owner’s preference to award a time extension at any given
circumstance. However, timely reporting of the cause and effect of the
delay is necessary for avoiding any conflicts.
Construction projects are commercial endeavors. The owner invests
money in a project with the expectation of monetary returns. For public
projects, the return may be a public service, which has an economic
value. Thus, the timely return of the investment is essential for the
endeavor to be feasible. Any delays for the delivery of the project cause
damages. On the other hand, additional costs occur on the contractor side.
Direct costs, as stated in an issued change order document, are relatively
easy to determine and document (Figure 1). However, indirect costs are
harder to evaluate, since there are various methods for distributing
overhead expenses to bid proposals’ line items, and multiple changes
occur simultaneously. Thus, determining the true cause of delays has
special importance for avoiding disputes.
Change Order
(C.O.) Costs

Direct Costs

Direct Labor,
Material and
Equipment Costs

Indirect Costs

Job
Costs/Expenses
Related to C.O.

Overhead
Expenses

Profit

Figure 1. Change order costs (Syal and Bora, 2016)

3.3. Claims
Scope changes, inadequate drawings and technical specifications,
constructability issues, and the owner’s on-site regulations require the
issuance of change orders. Change orders cause additional costs as well
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as extra time. Delays cause unforeseen costs by additional overhead
expenses.
Deviations from contract conditions such as contract amount and
schedule, direct contractors to claims in order to cover the losses.
However, claims generally cause additional costs and delays. Thus,
management of claims plays an important role in the success of the
project (Komurlu and Arditi, 2017).
Article 15 of AIA’s A201 - 2007 General Conditions of the Contract
for Construction focuses on claims and disputes. This article states the
conditions for the contractor for filing a claim. Following, the assignment
of the architect as the initial decision maker is expressed. It is also stated
that if the owner and/or the contractor is not satisfied with the initial
decision, mediation and arbitration procedures should be followed.
The Turkish General Conditions for Construction, on the other hand,
addresses claims only in one clause, stating that claims should be
awarded only if the owner is the cause for the deviation and the amount is
to be decided upon negotiations. Other than that, the contractor is directed
to litigate at a court of law.
Never the less, both documents state that the contractor doesn’t have
the right to halt the project in any case of a claim.
4.

Conclusion

Building construction projects are one-time endeavors with set scope,
time and budget constraints. The success of a project requires completion
within these constraints. However, regarding the big size, complexity,
relatively big budget and the period of time for performance, deviations
from the set goals occur during design and construction phases.
Additional costs and delays in delivery of the project caused by changes
cause disputes between project parties.
Construction contracts with their addenda define the work to be
completed, the time limits of the project, the price agreed upon, as well as
the roles and responsibilities of the parties. Additionally, methods to be
followed in certain circumstances are described within these documents.
Administrative issues are covered in general conditions. Standardization
of document introduce advantages such as ease of preparation, avoiding
misinterpretations, consistency in courts of law etc.
Because of the long history of establishment in the U.S. and the role
of the architect, AIA’s A201 - 2007 General Conditions of the Contract
for Construction is the most commonly used general conditions in the
U.S. Being the biggest building construction investor in Turkey, the
government has a strong influence on the industry. The General
Conditions for Construction issued by the Ministry of Environment and
15

Urbanization is mandatory for public projects. Thus, it is the most
commonly used general conditions in Turkey.
Because of their size and complexity, construction projects are open to
changes. Additionally, the owner's changing needs cause changes in the
design. Thus, changes are inevitable for any project. In order to minimize
changes, contract documents should be prepared in a clear language to
avoid misinterpretations. Besides, drawings and technical specifications
should be prepared in detail and reviewed in order to avoid
constructability issues. Additionally, rewarding the contract to a
competent contractor, and assigning an efficient project management
entity contributes to minimizing and proper management of changes.
Dealing with details and other various potential problems gives the
parties the ability to develop the ability to prevent change orders (Gardner
and Block, 2004). AIA’s A201 - 2007 General Conditions of the Contract
for Construction propose methods for managing changes i.e. change
orders agreed upon, construction change directives to be negotiated later,
and minor changes in the work issued by the architect. The Turkish
General Conditions for Construction, however, states that the contractor
should perform any changes issued by the owner, for the price set by the
owner.
Changes cause additional work as well as delay the project delivery.
In addition to direct costs to the owner, changes produce extra costs to the
contractor via loss of labor productivity. Besides, delays cause loss of
profit to the owner. In order to minimize delays, changes should be
documented via change orders in a timely manner, evaluated in detail,
and performance should be organized accordingly. Change orders’ timely
process contributes to maintaining the schedule and performance of the
project (Gardner and Block, 2004). AIA’s A201 - 2007 General
Conditions of the Contract for Construction requires the contractor to file
for extra time and cost caused by changes in a timely manner. The
Turkish General Conditions for Construction states that the owner has the
final word for any changes in project time and/or cost.
Change orders not properly issued and administered introduce claims
filed by the contractor. According to AIA’s A201 - 2007 General
Conditions of the Contract for Construction, methods for resolving claims
are negotiation, mediation and arbitration. The Turkish General
Conditions for Construction, on the other hand, direct the parties to
negotiation, the method for which is unclear. The final option for
unresolved claims is the courts of law. Since the court process takes extra
time, additional costs occur, which points to additional losses. Thus, it is
for all parties' advantage to resolve any claims beforehand.
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This study is performed in order to compare the most frequently used
general conditions in the U.S. and Turkey, and provide a better
understanding of general conditions in other countries for the Turkish
general contractors aiming foreign markets. This study aims providing a
better understanding of construction project constraints, changes and their
effects, precautions for avoiding delays, and minimizing claims and
disputes for successful project management.
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SPATIAL CONFIGURATION IN FACULTY BUILDINGS: A
COMPARATIVE SYNTACTIC ANALYSIS OF ITS EFFECT ON
SOCIAL INTERACTION1
Süheyla BÜYÜKŞAHİN SIRAMKAYA2 & Dicle AYDIN3
1. Introduction
As a result of the two way interaction between human and the physical
environment, the physical properties of the space form the behavior of the
people who use while human behaviors change and transform the space.
Human behaviors emerge as a result of the social and psychological needs
that he/she has until his/her birth. As one of these needs; the need and the
impulse of being together with the ones of his/her own kind (social
interaction) can be observed among all living creatures, therefore it is usual
for people to live together and feel the need of being in harmony with their
environment. In this context, the requirement of the spaces to fulfill this
socialization need can be seen as an incontrovertible fact.
The spatial organization - identified as the order of spaces to come
together – may pave the way for supportive or obstructive movement
patterns in human behaviors and interactions. Every architectural design
product is formed of a series of spaces in which the users move, come
across and noticed each other. Spatial configuration in educational
buildings may also increase or decrease interaction opportunities of
students, therefore affects their socialization levels and awareness of
others. In this sense, it is possible to say that the spatial configuration of
faculty buildings - forming the case study of this research – affects the
social interaction potentials of the users outside of classes.
2. Aim of The Study
The aim of this study is to research the effect of spatial configuration
on social interaction in architectural design. Case study is determined as
faculty buildings and it is aimed to investigate the research problem
through a comparative analysis of selected examples. For this purpose, in
the scope of the study the answers for the following questions will be tried
to be found: Does the spatial configuration of faculty buildings affect the
social interaction potentials of the students outside of the classes?
This book chapter is prepared by making use of the PhD thesis of Süheyla Büyükşahin
Sıramkaya written with the supervision of Prof. Dr. Dicle Aydın named as “Syntactic
analysis of the effect of spatial configuration on social interaction in faculty buildings”.
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Does the syntactic values of the spaces in faculty buildings have
positive/negative effect on social interaction activities?

3. Scope of The Study
In the case study, with the aim of reaching general results as an outcome
of a comparative evaluation, Faculty of Fine Arts and Faculty of
Engineering having similar plan schemes (spatial configurations) in Selçuk
University Alaaddin Keykubat Campus are selected. The selected
examples both have gridal plan schemas with courtyards, this defines the
common characteristics in architectural sense and also determines the
boundaries of the case study. It is predicted that, the spatial differences in
circulation area and courtyard usages will provide comparable data for
evaluation.
3.1. Spatial Configuration in Faculty Buildings
In university environments the mediums for education and research as
the main function are faculty buildings. Today it is seen that faculty
buildings are required to be planned according to the spatial configurations
fulfilling the users’ psychological and social needs other than the formal
structure of the education.
In this sense contemporary educational buildings can be handled as real
living models:


Inside and outside of which education and development are
continued consistently,



Where not only cognitive but also affective education and
development of students is valued,



Where personality, identity and future are fictionalized by living,



Which can establish a dynamic and productive relationship with
the life around it (Sanoff, 1994).

When the users of faculty buildings such as academicians, students and
administrative staff are classified as temporary and permanent users,
students can be defined as temporary users as they stay only along their
education and leave after graduation. The space groups in building
program are administrative section, academicians’ sector, education sector,
socio-cultural spaces (canteen, conference hall, etc.) and technical spaces
on the basis of user groups. As any other architectural organization, certain
spatial organizations can be adopted in faculty buildings and it is seen that
the circulation network is the determinant in the configuration.
The classes in different kinds and dimensions where the formal process
of the education is realized form the basic units of education buildings and
it is expected that the classes will be articulated, grouped within a specific
22

logic and form significant series. The ways for classes to come together
can be in linear arrangement, groups or clusters. The “solid” sections of
the education buildings are formed with the different combinations of these
arrangements or groups. Other than these “solid” sections, places for social
gathering, conversancy and developing behavior should be planned. The
spaces which will be located in the intersection points of the buildings such
as cafeteria, canteen, foyer, meeting hall, student clubs, library and sport
halls should be thought as public spaces for these gatherings (Karabey,
2004).
In educational buildings, it is possible to see two spatial organizations
as corridor type and central type. In the first one classes are located along
a corridor and around a central area in the second one. The corridor schema
take on a circulation task and provide the access to the classes. There is a
common area in central organization. This area provides both the access to
the classes and the opportunities for social relations and contacts (Pasalar,
2003).
The majority of the spatial organizations in educational buildings
depends on the grouping of the classes as in a linear form or clusters. In
Perkins’s (2001) study about the categorization of spatial organization in
educational buildings; he schematized the educational environments by
defining the basic sections as circulation, common usage areas and classes
(Figure 1).

main circulation

classes

common areas (library, sports area, etc.)

class nodes

Figure 1. Schematization of education buildings depending on spatial
organization (Perkins, 2001)
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In another study handling the design models of educational buildings in
Europe in 21st century these models were classified as courtyard plan,
block plan, cluster plan and town-like plan (Figure 2). The essentiality in
detailing these models were emphasized as morphology and spatial
organization (Rigolon, 2010).

Figure 2. Spatial configuration models in educational buildings (Rigolon,
2010)
According to their functions, the spaces forming the faculty buildings
as an education building can be classified as; administrative spaces (dean’s
office, head of departments and other branches, academicians’ offices and
service spaces), educational units (classes, seminar rooms, conference
halls, drawing ateliers and service spaces), research spaces (laboratories
and library), meeting and activity spaces (hall with large capacity,
amphitheaters), exhibition areas, socialization areas (cafeteria, canteen,
resting areas), service spaces (various storages, technical services) and
circulation areas (various corridors, stairs and elevators) (Türeyen, 1999).
As it is generally seen in educational buildings, spatial configuration in
faculty buildings takes shape with the formation of circulation network.
Faculty buildings - as a complex physical formation having high number
of users and function variety – should provide the spatial organizations to
fulfill not only the basic needs depending on the education but also
socializing needs. If the students pursue their education in faculty buildings
having spatial organizations fulfilling their different needs, this will affect
their academic and social life in a positive way.
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3.2. Social Interaction in Faculty Buildings
When the environment is evaluated from the point of progress of young
ones, it is emphasized that it is important for them to spend time in
appropriate spaces to speed up their progress process and increase the
effect of youth period on personality progress (Versteeg, 2003). Faculty
buildings are one of the important buildings where young ones has
intensive friendship relations and develop social roles alongside of gaining
professional education when it is evaluated from the point of
environmental design. The education mediums of students are important
from the point of both physical and also social and psychological view.
Because the fact that human affects the environment as environment
affects human determines the basic interaction construct (Düzenli, 2010).
In this sense, it is possible to say; spatial characteristics of faculty buildings
may increase or decrease the opportunities of interaction, therefore affect
the socializing levels and the awareness for the others (Pasalar, 2003).
Researchers emphasized that academic experiences of students and the
perception of faculty medium is related to their academic success.
Moreover in other studies it is mentioned that the designed medium of
universities may affect the stress level of the students (McFarland and fri.,
2008). Faculty buildings are spaces for youth to develop their abilities
related to human relations as much as learn new knowledge and be
educated. These mediums are so to say laboratories for social interaction
(Kulaksızoğlu, 1998).
School environments should provide opportunities to awake the sense
of security and trust and support the improvement of the students’ talents
with social and physical environments. These environments should also
support both social interaction and privacy and encourage individual
identity and sense of community with their spatial arrangements and other
physical characteristics. Therefore school environments have a social role
for students of all ages having different pasts to learn how to interact with
their social and physical environment.
It is important to understand that the students spend their time in school
for socializing as much as learning (Pasalar, 2003). For this reason faculty
buildings should aim especially to teach as social arrangements and create
occasions for students to interact with their peers and academicians by
means of a perpetual communication in academic and social practice.
Faculty buildings are complex social organizations formed of
structural, social and functional components. These spaces should include
arrangements for young people to extend the social connection network
with others and interact with their peers and adults, in this way they will
feel connected and belonged to the society. Besides these arrangements
will be supportive for the basic needs of young generation (friendship,
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contagion, security, individualization, adventure, being belonged to
society, having new experiences, etc.) in a constructive way.
4. Method
The method of research is formed of 3 phases (Figure 3) and includes:




Social interaction analysis via behavior modes determined by
observation in the space,
Determination of syntactic values of spaces in spatial
organization,
The interpretation (SPSS) of the relationship between the
findings of these two analysis.

Figure 3. Methodology of Research (Büyükşahin Sıramkaya&Aydın,
2018)
By the observation, the intense social interactional spaces except the
classrooms that the students used, spent time and interacted with the
environment and other friends in their free time, and the low interactional
spaces that students spend more time personally and do not provide
opportunity to interact with each other and the environment, were
determined. The behavioral modes of users in the space, which zones they
prefer in social interactional areas, the frequency and duration of using the
space were also confirmed by observation. As a result of observation study
- documented by perpetual photographing on a specified route in
predetermined time intervals, the activities of the users (sitting, standing
interaction, etc.) are processed into architectural plans with the
classification of the space where the social interaction is seen and not seen
(Büyükşahin Sıramkaya & Aydın, 2018).
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Observed behaviors are classified depending on:




Activity patterns
The preferred areas
Time

parameters.
For space syntax analysis, the plans of selected faculty buildings were
drawn into the “Syntax 2D” licensed program of the University of
Michigan. Quantitative data were obtained by analytically evaluating the
spatial configuration with space syntax analysis. The potential of the users
to come together has been determined by superposing movement and view
areas on the plans of selected building. Points were identified to understand
the characteristics of different areas on the plans and to obtain comparable
values. These points are selected from the areas that are thought to be
fictionalized and used as social interactional areas, the spaces that are
important components of the spatial configuration (entrance or entrances,
circulation (nodal points, corridors, endpoints of the circulation) and
functionally defined main spaces (exhibition-rest, canteen, foyer) within
the spatial organization of the faculty buildings. The parameters to
investigate are selected according to the previous studies made on social
interaction in different building types with different users. The values of
integration-n, depth (mean depth), connectivity, isovist perimeter, isovist
area and circularity parameters of the determined points were obtained by
means of Syntax 2D program. The value of the integration of the spaces is
presented by both numerical and graphical representations4 obtained from
the “Syntax2D” program while other parameter values are only presented
numerically on the table (Büyükşahin Sıramkaya & Aydın, 2018).
To evaluate the findings of these two analysis statistical analysis is
applied. The syntactic values of “low interactional” and “intensive
interactional” spaces have been found by overlapping the values come
from space syntax analysis and the findings obtained from the observation.
In this context, the findings obtained by observation are integrated and
developed by space syntax analysis. The parameter values of space syntax
were converted into nominal values and made three classifications from
small to grand. The nominal values in this table were compared with simple
regression and Chi-Square tests on SPSS 16.0 program to see whether they

4

In these graphical representations according to the color scale continuing from blue to red,
the red areas in the plan represent the most integrated areas and the blue areas represent the
deep spaces where the spatial integration is the lowest. While the areas with high integration
value (expressed in red color) represent regions where the movement become intense and
give opportunity for social interaction, the areas with low integration value (expressed in
blue color) define the regions where the movement is low.
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have a meaningful relationship with each other and the results were
comparatively interpreted (Büyükşahin Sıramkaya & Aydın, 2018).
5. Findings
5.1. Findings of Faculty of Fine Arts
In Faculty of Fine Arts (FFA) (Table 1.a), behavioral modes based on
social interaction of students were determined as “chatting as seated”,
“chatting afoot”, “doing sports activity (playing table tennis)” and
“watching sport activities and chatting” as a result of observation (Table
1.b). 23 points defined on the ground floor plan to determine the features
of different points and to obtain comparable values and shown in Table
1.d. As a result of observation analysis, the spaces preferred by students
for social interaction activities were determined among 23 points as student
entrance (M2), nodal point (M10), canteen (M6), exhibition and resting
spaces (M7,M8), foyer (M11) and the end point of circulation (M22).
When these points and the syntactic values obtained from space syntax
analysis are superposed; it is seen that the regions with the highest
integration value and the social interaction spaces preferred by the students
match on the exhibition – rest (M7), nodal point (M10) and foyer (M11)
spaces, but do not match on the student entrance (M2), canteen (M6),
exhibition – rest (M8) and the end point of circulation spaces (M22). In
addition, it is observed that the social interaction spaces (M6, M7, M11),
which are intensively used by the students, are whether on the horizontal
axis with high integration value (M7), or directly connected to the axis
(M6) or closely located to the axis (M11) (Table 1.c). The spaces preferred
by students for social interaction activities, the behavior modes based on
social interaction, the intensity of students participating in interaction and
the frequencies of social interaction were determined and the average
values of the data obtained from the observation analysis are shown in
Table 2. The relationship between the syntactic values of the points
determined on the plan and the nominal values of the social interaction
behavioral modes (Table 3) are analyzed by the Chi-Square test. According
to the analysis results; the values of depth (x2=12.316, df=3, p=0.006
<0,05), integration (x2=11.794, df=3, p=0,008<0,05) and isovist perimeter
(x2=13.465, df=6, p=0.036<0,05) of the space are determined to have an
effect on the formation of social interaction in that space. It is also seen
that the values of connectivity (x2=7.800, df=6 p=0.253>0.05), isovist area
(x2=8.079, df=6, p=0.232>0.05) and circularity (x2=7.800, df=6.
p=0.253>0.05) of the space have no influence on the realization of social
interaction in the space (Büyükşahin Sıramkaya & Aydın, 2018).
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Table 1. Analysis data in FFA

a. Site Plan of FFA

b.

Behavior modes of social interaction

ENTRANCES
Dean Entrance: M1
Student Entrance: M2
CIRCULATION SPACES
Node points:M3, M4, M5, M9, M10, M12,
M13, M18, M19, M20, M21
Corridors: M14, M15, M16, M17
Circulation end points: M22, M23
FUNCTIONALLY IDENTIFIED MAIN
SPACES
Exhibition-Rest: M7, M8
Canteen: M6
Foyer: M11
d. Distribution and functional
equivalent of the points determined
on the ground floor plan of FFA

c.

Integration-n graphic of FFA and the
relationship of social interactional spaces
determined by observation
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Table 2. Behavior modes, number of participants and interaction
frequency in FFA
FRFRFR-sport
Chatting
Chatting
activity
seated
afoot
+chat
M1
D.E.
0
0
0
0
0
0
0
0
M2
S.E.
4
0
4
0
0,1/hour
0
0,09/hour
0
M3
N.D.
0
0
0
0
0
0
0
0
M4
N.D.
0
0
0
0
0
0
0
0
M5
N.D.
0
0
0
0
0
0
0
0
M6
Cant
51
44
7
0
1,4/hour
1,2/hour
0,2/hour
0
M7
E.R.
34
28
6
0
1,0/hour
0,82/hour
0,17/hour
0
M8
E.R.
2
0
0
2
0,2/hour
0
0
0,17/hour
M9
N.D.
0
0
0
0
0
0
0
0
M10
N.D.
3
0
3
0
0,2/hour
0
0,17/hour
0
M11
Foyer
9
0
0
9
0,8/hour
0
0
0,78/hour
M12
N.D.
0
0
0
0
0
0
0
0
M13
N.D.
0
0
0
0
0
0
0
0
M14
Cor.
0
0
0
0
0
0
0
0
M15
Cor.
0
0
0
0
0
0
0
0
M16
Cor.
0
0
0
0
0
0
0
0
M17
Cor.
0
0
0
0
0
0
0
0
M18
N.D.
0
0
0
0
0
0
0
0
M19
N.D.
0
0
0
0
0
0
0
0
M20
N.D.
0
0
0
0
0
0
0
0
M21
N.D.
0
0
0
0
0
0
0
0
M22
C.E.P.
5
5
0
0
0,2/hour
0,17/hour
0
0
M23
C.E.P
0
0
0
0
0
0
0
0
(D.E: dean entrance, S.E.: student entrance, N.D.: nodal points, E.R.: exhibition-rest, C.E.P: circulation end
points)
Total
Act.

Chat
seat

Chat
afoot

Sport+chat

FR-Total
Activity

Circularity

Isovist
Perimeter

Isovist area

Integration-n

Mean Depth

Connectivity

Table 3. Syntactic values and behavior modes in the determined points in
FFA
Behavior Mode

M1
D.E.
533
2,63
3,20
5.14
2,57
127
M2
S.E.
173
3,16
2,30
1,73
1,25
90
Chatting afoot
M3
N.D.
415
2,43
3,41
4,09
3,86
364
M4
N.D.
364
2,50
3,39
3,53
3,16
283
M5
N.D.
199
2,86
3,09
2,26
2,28
229
M6
Can.
102
3,64
1,63
1,07
0,81
63
Chatting seated
M7
E.R.
87
3,08
2,82
0,93
0,86
80
Chatting seated
M8
E.R.
101
3,12
2,31
1,02
0,97
92
Sport+chat
M9
N.D.
169
2,90
2,99
1,84
1,76
168
M10
N.D.
405
2,29
3,47
3,98
3,55
317
Chatting afoot
M11
Foyer
215
2,77
3,06
2,21
2,06
192
Sport+chat
M12
N.D.
300
2,68
3,19
2,74
2,73
272
M13
N.D.
224
2,71
3,18
2,41
2,69
301
M14
Cor.
89
3,26
2,30
1,09
1,02
96
M15
Cor.
240
2,72
3,19
2,21
1,82
150
M16
Cor.
210
2,88
3,01
1,95
1,55
124
M17
Cor.
134
2,90
3,08
1,65
1,46
130
M18
N.D.
153
2,84
3,00
1,75
2,23
284
M19
N.D.
166
2,71
3,24
1,64
2,27
314
M20
N.D.
275
2,64
3,27
2,63
2,77
292
M21
N.D.
213
2,64
3,26
2,39
2,32
227
M22
C.E.P.
87
3,26
2,29
1,08
0,99
90
Chatting seated
M23
C.E.P
137
2,90
3,08
1,66
1,64
162
(D.E: dean entrance, S.E.: student entrance, N.D.: nodal points, E.R.: exhibition-rest, C.E.P: circulation end points)
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5.2. Findings of Faculty of Engineering
In Faculty of Engineering (FE) (Table 4.a), behavioral modes based on
social interaction of students were determined as “chatting as seated”,
“chatting afoot” and “studying together” as a result of observation (Table
4.b). 26 points defined on the ground floor plan to determine the features
of different points and to obtain comparable values and shown in Table
4.d. As a result of observation analysis, the spaces preferred by students
for social interaction activities were determined among 26 points as
canteen (M6), corridors (M10, M17) and nodal points (M11, M16). When
these points and the syntactic values obtained from space syntax analysis
are superposed; it is seen that the regions with high integration-n value and
the social interaction spaces overlap in node (M11) and canteen (M6), but
does not overlap in corridors (M10, M17) and node (M16). In addition to
this it can be said that the social interaction spaces used more frequently
by the students (M6, M11, M16) are placed even on the main circulation
axis (M11) or directly connected to that axis (M6, M16) (Table 4.c). The
spaces preferred by students for social interaction activities, the behavior
modes based on social interaction, the intensity of students participating in
interaction and the frequencies of social interaction were determined and
the average values of the data obtained from the observation analysis are
shown in Table 5. The relationship between the syntactic values of the
points determined on the plan and the nominal values of the social
interaction behavioral modes (Table 6) are analyzed by the Chi-Square test.
According to the results of the analysis; it is determined that the mean
depth (x2=7.973, df=2, p=0.019<0,05), integration-n (x2=17.039, df=4,
p=0.002<0.05), isovist area (x2=17.024, df=4, p=0.002<0,05) and isovist
perimeter (x2=16.024, df=4, p=0.002<0.05) values of the space directly
affect the social interaction which will occur in that space. It is also seen
that there is no effect of the connectivity (x2=8.785, df=4 p=0.067>0.05)
and circularity (x2=8.785, df=4, p=0.067>0.05) values on social
interaction (Büyükşahin Sıramkaya & Aydın, 2017).
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Table 4. Analysis data in FE

a.

Site Plan of FE

b.

ENTRANCES
Student Entrance:M1, M23
Deanery Entrance:M12
CIRCULATION AREAS
Nodes: M5, M11, M16, M18, M20, M26
Corridors: M2, M3, M4, M7, M8, M9, M10,
M13, M14, M15, M17, M19, M21, M22, M24,
M25
MAIN SPACES WITH IDENTIFIED
FUNCTIONS
Cafeteria: M6
d. Distribution and functional equivalent of
the points determined on the ground floor
plan of FE

c.

Behavior modes of social interaction

Integration-n graphic of FE and the
relationship of social interactional
spaces determined by observation

Table 5. Behavior modes, number of participants and interaction
frequency in FE

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11

S. E.
Cor.
Cor.
Cor.
N.D.
Can.
Cor.
Cor.
Cor.
Cor.
N.D.

Total
Activity

Chatting
seated

Chatting
afoot

Studying
together

0
0
0
0
0
237
0
0
0
25
3

0
0
0
0
0
152
0
0
0
0
0

0
0
0
0
0
31
0
0
0
25
3

0
0
0
0
0
54
0
0
0
0
0
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FR-Total
Activity
0
0
0
0
0
4,5/hour
0
0
0
0,3/ hour
0,2/ hour

FRChatting
seated
0
0
0
0
0
3,1/ hour
0
0
0
0
0,17/ hour

FRChatting
afoot
0
0
0
0
0
0,2/ hour
0
0
0
0,3/ hour
0

FRstudying
together
0
0
0
0
0
1,2/ hour
0
0
0
0
0

M12
D.E.
0
0
0
0
M13
Cor.
0
0
0
0
M14
Cor.
0
0
0
0
M15
Cor.
0
0
0
0
M16
N.D.
13
4
9
0
M17
Cor.
23
0
23
0
M18
N.D.
0
0
0
0
M19
Cor.
0
0
0
0
M20
N.D.
0
0
0
0
M21
Cor.
0
0
0
0
M22
Cor.
0
0
0
0
M23
S. E.
0
0
0
0
M24
Cor.
0
0
0
0
M25
Cor.
0
0
0
0
M26
N.D.
0
0
0
0
(D.E: dean entrance, S.E.: student entrance, N.D.: nodal points)

0
0
0
0
0,6/ hour
0,3/ hour
0
0
0
0
0
0
0
0
0

0
0
0
0
0,33/ hour
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0,25/ hour
0,3/ hour
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 6. Syntactic values and behavior modes in the determined points in
FE
Mean
Integrationdepth
n
M1
S. E.
9
6,93
0,39
M2
Corridor
22
6,79
0,60
M3
Corridor
29
6,78
0,58
M4
Corridor
19
5,93
1,16
M5
N. D.
64
4,95
1,84
M6
Canteen
189
4,51
2,08
M7
Corridor
41
4,64
2,04
M8
Corridor
21
5,30
1,47
M9
Corridor
40
5,86
1,18
M10
Corridor
49
5,18
1,81
M11
N. D.
102
4,40
2,32
M12
D.E.
58
5,01
1,52
M13
Corridor
26
4,34
2,17
M14
Corridor
27
4,43
1,77
M15
Corridor
28
4,82
1,70
M16
N. D.
26
4,62
1,33
M17
Corridor
42
5,42
1,14
M18
N. D.
76
5,88
1,10
M19
Corridor
25
5,59
1,63
M20
N. D.
81
4,93
1,88
M21
Corridor
21
5,19
1,43
M22
Corridor
29
5,73
0,98
M23
S. E.
80
5,10
1,37
M24
Corridor
49
5,16
1,25
M25
Corridor
43
4,64
1,69
M26
N. D.
101
4,49
1,99
(D.E: dean entrance, S.E.: student entrance, N.D.: nodal points)
Connectivity

Isovist
area
0,63
1,33
1,07
1,15
2,72
7,98
1,37
1,14
1,25
1,60
3,50
2,26
1,02
1,05
0,99
1,09
1,35
2,83
1,23
3,20
1,17
1,26
2,94
1,85
1,34
3,34

Isovist
perimeter
0,38
1,13
1,09
1,15
2,73
3,52
1,12
1,09
1,20
1,65
2,51
1,66
1,17
1,38
1,08
0,64
1,07
1,98
0,97
2,00
1,18
1,25
2,26
1,99
1,09
2,49

Circularity
24
97
111
115
279
156
93
106
115
170
180
122
134
183
119
38
85
138
77
125
118
126
174
214
89
186

Social
interaction
Chat seat
Chat afoot
Chat seat
Chat seat
Chat afoot
-

6. Discussion and Conclusion
The plan schemas, integration graphics obtained from space syntax
analysis and the averages of syntactic values of both faculty buildings in
the case study are tabulated (Table 7). The comparative evaluation of these
data will give ideas for design criteria of faculty buildings and provide new
design inputs for the faculty buildings to be planned in the future.
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Table 7. Comparative data of faculty buildings
Faculty of fine Arts (FFA)

a.

c.

Faculty of Engineering (FE)

Ground floor plan

Integration-n graphic
3,37
2,12
153
1,54
1,07
86,6

b.

d.
e. Mean depth
f.Integration-n
g.Connectivity
h.Isovist area
i.Isovist peri.
j.Circularity

Ground floor plan

Integration-n graphic
5,97
0,25
69
1,60
1,02
77

When the integration graphics belonged to faculty buildings are
examined, according to the color scale leveled from red to blue it is seen
that; red and tones close to red dominate in FFA plan while blue and tones
close to blue dominate in FE. As the spaces shown in red and tones close
to red indicate the spaces with high integration – n value; it is possible to
say that FFA has an integrated plan schema. When the spatial configuration
of ME is evaluated, it is seen that the mean depth values of spaces are high
and there are no spaces with high integration – n values. The difference
observed on graphics finds its numerical response when the mean depth
values of faculty buildings (Table 7.e) are compared.
More movement is realized in shallow spaces having low mean depth
value, while there is less movement in “deep” spaces. This depth provides
the measurement of integration – n value which is the most important
formation parameter related to the whole. The mobile spaces - through
which there are many transitions – are identified as “integrated”, while the
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ones with less transitions are “segregated”. This situation clearly indicates
the reverse proportion between the values of “mean depth” and
“integration - n”.
The spaces having high integration – n values are the spaces carrying
the potential of bringing the people living or located in there with any
reasons together. The most integrated spaces are seen as the ones used for
passing to reach from one space to another. This situation is prominently
revealed in integration graphic of FFA. The most integrated spaces
observed in integration graphic form the circulation network. When the
circulation network has high integration – n values, plan schema becomes
integrated. The comparison between the average integration – n values of
faculty buildings (Table 7.f) numerically verifies the difference observed
in graphics.
When the average connectivity values obtained in two faculty
buildings are compared, it is seen that FFA has a much higher connectivity
value than FE (Table 7.g). This difference shows that high connectivity
values indicating the situation of spaces being related with each other is
effective on the spatial configuration to be integrated. The spaces having
opportunities of passing through different spaces positively affects the
movement in the space so it is effective on the integration value of the
spatial configuration.
There are no characteristic differences between the values of
isovist perimeter and isovist area in FFA and FE (Table 7.h, 7.i). This
realizes that these parameters have no effect on the spatial configuration to
be integrated.
When the value of circularity – an expression of the general
configuration of the space to be close to roundness – is compared in two
faculty buildings (Table 7.j), the difference between the average values
shows that FFA’s plan schema is closer to circularity and FFA has a more
central spatial configuration with its linear circulation network.
The comparison between the syntactic values of two faculty buildings
both having gridal plan schemas with courtyards is important from the
point of the evaluation of spaces having similar plan schemas. When their
spatial configurations are evaluated (Table 7.a, 7.b), it is observed that the
formation of the circulation network directly affects the integration – n
value of the space. In FFA, there are linear, continuous circulation axis and
nodal points having clear geometry appropriate to gridal plan schema.
Whereas in FE, circulation network is interrupted and changed direction in
nodal points. The shift on nodal points in the circulation schema negatively
affects the perception of spaces. In this sense it is possible to say that; the
formation of the circulation network in buildings with complex functions

35

having high circulation load and being used intensively is directly effective
on the spatial configuration to be integrated.
When the plan schemas of faculty buildings are examined it is seen that
the differentiation in circulation networks arises from the distinctness in
the usage of inner courtyards. In FFA, inner courtyards are used as spaces
around which the ateliers and the spaces directly connected to main
circulation axes are located. However in FE circulation axes circulate
around the inner courtyards. Because of that there happen to be shifts in
nodal points in FE. This change in direction is tried to be obviated by
widening and changing in form of nodal points, but the negative effect on
the perception of space cannot be eliminated. Therefore it is obvious that,
in spatial configurations having plan schemas with courtyard; planning
spaces belonged to general configuration in adjacency of inner courtyards
and conserving the linear and clear circulation schema are incontrovertible
facts for the spaces to be integrated.
In summary, it is possible to organize the conclusions obtained from the
research as follows:








By this study, social interaction is defined as one of the students’ basic
needs in faculty buildings and planning spaces with social interactional
possibilities is revealed as a design problem. As a result of the
interpretation of the syntactic parameter values together with the results
of observation, the positive effect of isovist perimeter, isovist area and
circularity values on social interaction is determined in addition to
integration – n and mean depth values determined in previous studies
and an important contribution to the research area is provided in this
sense.
Spaces with high values of movability and accessibility in spatial
configuration increase the level of social interaction. The integration –
n value analyzed via humans’ potential movement patterns is higher in
plan schemas with clear and regular circulation network. This situation
is directly effective on the social interactional activities depending on
the possibilities of humans’ movement and encounter.
In buildings with complex function, it is an important criteria to design
the circulation continuous, orderly and in a way that will increase the
level of accessibility to spaces for the space to be integrated and provide
opportunity of social interaction.
The gridal plan schema with courtyard - as one of the spatial
configuration models of education buildings - forms configurations
having high integration-n values when the circulation network is
conserved in accordance with the schema, the corridors are planned
with spaces in both sides and the spaces are planned around inner
courtyards. This shows that, gridal plan schema with courtyard is a
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preferable schema from the point of providing spaces directed at
fulfilling social interactional needs along with its educational function.
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DAYLIGHTING PERFORMANCE OF DIFFERENT SPACES IN
AN EDUCATIONAL BUILDING
Tuğba İNAN GÜNAYDIN*

1. Introduction
Daylight is a significant factor on architectural design considerations.
As a matter of fact, throughout history, daylighting also has been
considered as a key factor in effective energy performance of buildings,
especially educational institutions. The issues related to the daylighting
design in educational buildings have become a common research area. It
is possible to define daylighting as a passive strategy to improve energy
performance and users’ visual comfort without expensive installation and
operational cost [1]. Daylight is also described as the full-spectrum of
light that is most suitable to the human visual response. In this way, it
contributes to student health, performance and productivity in educational
buildings [2-5]. These are also valid for office building and spaces, which
are inhabited by users who deal with specific tasks.
Daylight has always been an inseparable part of the architecture, also
as being the most important natural source. It has begun to be perceived a
significant part of the environmentally friendly building design [6-12].
Therefore, taking daylight-based considerations into account during the
design process is crucial for educational institutions in Izmir, Turkey,
which is located in the northern hemisphere and has hot and humid
climate. Daylight is available up to very high amounts for the most of the
year in Izmir; therefore, it inevitably becomes a vital factor on the
occupant productivity and performance. According to data taken from
general directorate of electric power resources survey and development
administration, an annual average hour of sunshine of İzmir is 8.17 hour/
day. The annual average of solar energy potential is 4.10 kWh/m2.
Mounthly average hours of sunshine of İzmir are shown in Table 1.
Table 1 Mounthly average hours of sunshine of İzmir (h/d)
Jan. Feb. March April May June July Augst Sep.

Oct.

Nov. Dec.

4.86 5.86

7.61

5.55

6.96

8.03

9.8

12

12.2 11.48 9.67

4.21

Literature has focused on a specific envelope component, along with
the issues of glazing applications in building facade connected to
(Assoc. Prof. Dr.) Niğde Ömer Halisdemir University, Department of
Architecture, Niğde/Turkey
*
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situations like overheating, overcooling and glazing [13-17]. The
effectiveness of daylight in a space mainly depends on its fenestration
system. Windows play the most effective role on energy consumption of
a building, since they take fresh air and light into the building [12]. The
design of a suitable window system in the early stage of architectural
design is considered as being among the most significant strategies for
using the daylight in a building effectively.
In this study, daylighting performance is investigated. Both
experimental measurements and simulation software are used. For this
aim, an office space and a pc laboratory are chosen for the field study at
the Faculty of Architecture at Izmir Institute of Technology. Furthermore,
basic performance parameters in daylighting such as illuminance and
daylight factor (DF) are described. Then, a luxmeter and a daylighting
performance analysis software, Velux Daylight Visualizer, are used to
analyze variable daylighting factors for both of the spaces. They are
examined according to their sufficiencies of daylighting performance.
Furthermore, illuminance levels, daylight factors and the uniformity ratio
of illuminance are evaluated with regards to standards of the daylight
performance.
2. Theorical Background
2.1. Basic Terms
Illuminance levels and DFs give a general idea on daylight
performance of any space. Illuminance is the luminous flux falling on a
unit area of the surface under consideration. It is the ratio of luminous
flux incident on a surface to the area of a surface. The daylight factor
(DF) is defined through the relation between the indoor illuminance at a
point on working plane to the outdoor horizontal illuminance, according
to the CIE overcast sky conditions (CIE,1970). It is described as the ratio
of indoor illuminance to the outdoor illuminance.
2.2. Basic Views of Standards, Codes and Guidelines related to
Daylight
There are various codes, regulations, and design handbooks that
include the precautions and conditions for efficient daylighting in
buildings. All of them have approximately similar limit values for
providing efficient daylighting based on illuminance levels and daylight
factors.
LEED [18], the green building rating system from the US Green
Building council, suggests a daylight factor of 2 % for the minimum
daylight level and a minimum illuminance level of 269 lux on the
equinox at 9 am and 3 pm under the CIE clear sky conditions. Also, the
IESNA [19] committee recommends an illuminance level of 300 lux for
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ofﬁces, classrooms and library type spaces, occupied hours from 8 am to
6 pm local clock time. In the environmental rating system of BREEAM,
occupied spaces have an average DF of over 2%. Similar to these rating
systems, CIBSE [20] declares that the space which has an average DF
level under 2 % is unsatisfactory for the comfort levels of users. In this
case, artificial lighting is required in that space. While the average DF
levels between 2% - 5% are accepted as comfortable for users, DF over
5 % is accepted as being well lit. If the space has an Average Daylight
Factor (ADF) of 5% or more, it does not normally need electric lighting.
However, in such spaces, glare and overheating problems may occur. If a
DF is below 2 %, the space needs more electric lighting [21, 22].
According to CIBSE [20], in educational buildings, the minumum
illuminance level is 300 lux for classrooms and computer practice rooms,
whereas the minimum illuminance level is 750 lux for technical drawing
classrooms and 500 lux for conference and meeting rooms.
The uniformity ratio has decisive effects on daylight performance in a
space. It is a ratio between the minimum and average illumination level.
Homogeneous distribution of illuminance is also a significant criterion on
daylighting. General guidelines include an illuminance uniformity
criterion. Furthermore, the limits for the uniformity value change
depending on the codes, regulations, standarts, etc. For example, while
the BREEAM describes a uniformity ratio of at least 0.4, it is defined as
0.7 in CIBSE [20].
3. Window design issues
Windows, which can be described as the eyes of the building, are the
key elements in daylight performance of buildings. They allow people to
contact with the outside world and support the human health and
performance [12]. However, they can cause comfort problems, especially
related to the excessive heat gains or losses. Nowadays, more attention is
being given to the effects of windows on daylight performance. Letting in
what is wanted and excluding what is not wanted is a significant problem
about daylight. The amount of light which enters into the building should
neither be too low nor high due to the occupant comfort and energy
issues. Sufficient daylight is generally only available up to a distance of
twice the height of the window head height above the working plane into
a room [23].
The window sizes have both advantages and disadvantages on natural
illumination. The large window area provides more daylight into a space;
however, maximum usage of daylight may cause excessive heat gains or
losses, which increase the energy consumption [17]. Narrow window
areas may not reduce the daylighting performance, but they contribute to
thermal insulation and minimize the cooling loads [12]. It is emphasized
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in Building Bulletin 90 that while wide shallow windows provide a broad
distribution, tall narrow windows provide a deep, but narrow distribution.
Besides, BS8206-2 [22] states that window heads should be above
standing eye height and sills should be below the eye level of a seated
user. In a room, which has windows only one side, if the depth of room
from outside wall is lower than 8 m, the percentage of window wall as
seen from inside should be minimum 20 %.
When it is equal or between 8 and 11 m, the percentage of window
wall should be minimum 25 %. If it is greater than 14 m, the percentage
of window wall should be 35 %. Moreover, if the windows are placed to
only one side, it is suggested that the total widths of the windows should
be at least 35 % of the length of the wall [22].
4. Method
The amount of daylight which is brought into the spaces mainly
depends on window configurations on building envelopes. In this study,
the effects of windows on daylighting performance were investigated for
an optimum use of daylight. A classroom is a difficult space to light only
with daylight, due to the depth of the classroom and the different tasks
which must be performed in it. Therefore, an office and a pc laboratory at
the Faculty of Architecture at Izmir Institute of Technology were chosen
for this field study. The building has four storeys and there is not any
building around the chosen block that might cause shadow. The impacts
of daylight were considered with the effects of the glazing ratio, the floor
level, the orientation of windows and the season. The effects of these
parameters on daylight factor and illumination levels were also examined.
Simulation calculations were checked with the measured results.
4.1. Experimental Measurements
In order to calculate the effects of window configuration in different
work spaces, at different daytime, storeys, orientations for the classes, a
luxmeter, LT-Lutron LX-1108 were used. To find the illumination values
in each chosen classes, a Room Index (R) was calculated in the first step.
The room index is the number which describes the ratios of the room’s
length, width and height [20].

R=

(L *W )
………………………………………………
Hm * ( L  W )

…………………………………………………………………(1)
Where L is Room Length, W is the Room Width and Hm is the
mounting height of fitting from Working Plane.
42

The room index values usually range between 0.75 and 5 based on
CIBSE [20] (0.75 for small rooms and 5 for large rooms). Depending on
this room index, the number of calculation points was displayed in Table
2. This room index will be used later for dividing into classes an equal
areas which should be as square as possible.
Table 2 Number of measurement points required to determine the
average work plane illuminance

Room index

Number of points

Below 1

9

1 and below 2

16

2 and below 3

25

3 and above
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The measurement points were determined in the centre of the grids
based on CIBSE [20]. The chosen classrooms are used for different work
tasks. One is used as the assistant’s office and the other one is used as pc
laboratory. They are located at different floors having different glazing
areas (Figure 1-2).

Fig. 1. Measurement point of office space

43

3

4

1

2

Fig. 2. Measurement point of pc laboratory
In the assistant’s office, the room index was found 0.85 that is below
1. Therefore, 9 measurement points are enough for the office (Fig. 1). On
the other hand, the room index was calculated as 1.63 in the pc laboratory
that was between 1 and 2 (Table 1). For this reason, 16 measurement
points are enough for daylight performance evaluation of this space (Fig.
2). All measurement points were taken at least 0.5 m away from the
walls. [20]. The illumination levels were determined according to the
working plane, which is at a height of 0.80 m above the floor. The
general information related to the chosen spaces was given below (Table
3).
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Table 3. General information related to classes
Parameters
Classroom length
Classroom width
Classroom height
Work surface
Room index
Number of measurement points
Windows width
Windows height
Number of windows
Height of windows above floor
Glazing Area
Floor area
Normal-Normal Transmittance
of the Glass
Hemispherical-Hemispherical
Transmittance of the Glass
Hemispherical-Hemispherical
Reflectance of the Wall
Glazing ratio

Office
895 cm
395 cm
4000 cm
80cm
0.85
9
200 cm
210 cm
1
100 cm
1*(2.1*2.0)=4.2
m2
35.35 m2
0.84
0.74
318.3 cd/m²

Pc laboratory
1165 cm
955 cm
4000 cm
80cm
1.63
16
200 cm
210 cm
4
100 cm
4* (2.1*2.0)=
16.8 m2
111.25 m2
W1-2:0.81 /
W3-4: 0.60
0.78
97.68 cd/m²

4.2/ 35.35 =
11%

16.8 / 111.25 =
15 %

4.2. Simulation Software
Simulation is an effective tool for analyzing the daylighting
performance in a space. Parametric studies can easily be generated by
diverse features of a space [12]. In this study, Velux Daylight Visualizer
was used for the simulation. This simulation tool has a simple modeler
for defining the room boundaries and window configurations. The output,
in addition to luminance and illuminance visualizations, includes an
animation of the light course in the room over a day and a year. Sky
conditions, time of day or year can be chosen by this tool [24]. It also
determines the point measurements and the average values of daylight
factor.
In this study, the impact of daylight was considered with the effects of
the glazing ratio, the floor level, the orientation of windows and the
months in each season via Velux simulation tool.
5. Discussions and Results
Experimental measurements and a series of simulations were
conducted with the Velux Daylight Visualizer, in order to examine the
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distribution of illumination levels, uniformity ratio and daylight factor in
the chosen spaces. The basic scope of the study was to investigate the
effects of glazing ratio and positioning of windows on daylighting
performance.
The office space, which is located on the third floor has a glazing ratio
of 11 % (Table 2). According to Foytonont and Berruto [25], this ratio
can be between 5 % and 30 %. They describe these percentages as rapid
daylight performance indicators in a space. Nevertheless, this is not an
indicator of good illumination. The results of this study revealed that the
brightest points in the office are P1, P2, P3 and the darkest points are P7,
P8 and P9 (Figure 1). This mainly depends on the inadequate distribution
of windows in the office space. Also, there is a high ratio between the
width and length of the office space. According to the findings, the ratio
between the minimum and average illumination values (uniformity ratio)
has a range of 0.12-0.17 in the morning and 0.07-0.16 in the midday,
while The BREEAM describes a uniformity ratio of at least 0.4.
Unfortunately, the limit value for illumination uniformity could not be
provided in the office space. There were relatively low values.
In the measurements, sudden variations in weather conditions were
observed. Therefore, the results of the illumination values showed
differences in the measurements. For instance, while the average
illuminance at 12.30 on April 21 displayed a value of 1008.24 lx, this
value changed to 871.44 lx on May 9. However, despite the high depth of
the space, there is only one window towards the one side. This causes
high differences in the illumination values of the office.
The office space has a south facing window. Therefore, it has higher
illumination levels especially in midday (1008-1097lx) due to its
orientation. As a matter of fact, south facing windows can cause
excessive heat gains in the spaces located on northern hemisphere unless
the sun is heavily controlled by shading devices. However, they increase
solar heat gains in winter in the northern hemisphere. This situation can
be turned into a big advantage if excessive heat gains can be controlled in
summer.
Glazing ratio in laboratory space was found 24 % (Table 2). This
space has north and west facing windows. Illumination values showed
changeable behaviour in four days at each measurement time. According
to the results, the brightest illumination values were observed at point
P12, P13, P14 and the darkest points were in P3, P11 and P15 (Figure 2).
The uniformity ratio had a range of 0,18-0,53 in the morning and 0.150.56 in the midday. Depending on the overcast sky conditions, the
illumination values in the measurement points decreased. Therefore, the
limit value for the uniformity ratio of illumination was not provided on
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overcast sky conditions. Therefore, on these days, daylighting should be
supported with artificial lighting. From the simulations it was observed
that the DF in nearly one third of the laboratory took a DF value below 1
%, which was under the limit coefficient (Fig 5-6).
The laboratory space located on the second floor faces with both north
and west direction windows. The north windows are better in using sky
factors, taking high illuminance values (293-467 lx) in midday with the
contribution of the west windows. The west facade windows are exposed
to the sunlight directly in one part of the day and this causes overheating
and glare problems, which can be avoided by installing solar devices.
The sufficiency in glazing ratio is a significant factor to provide
efficient daylighting in a space. In this study, the office space was used to
examine the effect of the glazing ratio. Turkey is located in an actively
seismic region; therefore, it suffers from earthquakes at frequent
intervals. The Faculty of Architecture Building, where the chosen spaces
are located, was exposed to a devastating earthquake load at about 5.9
magnitudes in 2005. After this earthquake, the building was strengthened
with shear walls. Therefore, some window openings had to be closed
down like in this office space. Before the earthquake, this office space
had two windows with same dimensions; however, one of them was
closed after that disaster. This type of strengthening improves the
earthquake resistance of the building. Yet, it usually affects the daylight
performance of the space negatively.
For this study, the office space was remodeled by Velux Daylight
Visualizer to evaluate the daylight behaviour of this space before the
reinforcement due to the earthquake. This model shows better daylight
performance than the model which reflects the current state of the space.
Illumination values and DF got higher values. Balanced distribution of
daylight is a significant finding of the study. Before the earthquake
strengthening, the office space provided the limit value for the uniformity
of illumination value based on daylight standards; its DF values were
approximately above the limit value of 2%. However, in the current state,
the DF values of the part of the office which it is away from the window
and dark, was found under the limit value of 0.2 %. The results of the
study indicated that the DF values decreased away from window.
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Fig. 6. DF values in pc laboratory at midday
In the annual simulations, it was observed that the DF and illuminance
levels got lower values from autumn winter (Figure 3,4,5,6). Later, it
began to take greater values in February until August. In summer, there
was not a significant change in DF and illuminance values. Then, it began
to take lower values again from summer to autumn Furthermore, the
office space was exposes to overheating problem, especially in summer
due to the south window, although it is only one window on the one side
of the space (Figure 3-4).
6. Conclusions
Daylighting is a vital part of the building design. In educational
buildings, if it is carefully considered and designed, it contributes to the
educational performance of students. Buildings which are carefully
designed for a good daylight performance provide comfortable daylight
levels in spaces and decrease consumption of electric energy together
with need for artificial lighting and cooling. Windows allow daylight to
enter the building, and also, the placement of windows on building
envelope and their glazing ratio have a significant effect on daylight
performance of the spaces in a building. Therefore, they should be taken
into account at the beginning of the architectural design.
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In this study, daylighting performance was investigated depending on
both experimental measurements and the findings which were provided
by the Velux Daylight Visualizer. For this aim, a classroom and a
laboratory was chosen for the field study at Faculty of Architecture at
Izmir Institute of Technology. Illuminance values, daylight factors and
the uniformity ratios of illuminance were evaluated in accordance with
figures and tables based on standards related to daylight performance.
The results indicated that both office and laboratory provided the
proposed limits for illuminance based on daylight performance standards.
However, it was observed that daylight was not distributed
homogeneously. In the office space, one of the windows had to be closed
down due to the strengthening of building by shear walls after İzmir
earthquake in 2005. The uniformity ratio of illuminance in the office
space took a maximum value of 0.17, which was under the limit value of
0.4, as suggested by BREEAM. Moreover, it was noticed that while all
DF values in office space were nearly above the limit value of 2% before
the İzmir earthquake in 2005. After the strengthening, DF values in half
area of office space were measured as 0.2, which is one tenth of limit
value of 2 %. Furthermore, it was observed from the simulations that the
DF values decreased away from window. Consequently, the illumination
level of a space, especially in educational buildings cannot be an
indicator of the daylight performance of the building. The uniformity
ratio of illuminance is a more efficient factor than the average
illuminance level in daylight performance of educational spaces of space
with regard to the aim of creating equality in freedom of usage for users
and increasing the usable depth of space.
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AWARENESS in THE CONSERVATION PROCESS of
CULTURAL HERITAGE: HAMAMÖNÜ DISTRICT-ANKARATURKEY
Nevin Turgut GÜLTEKİN 

Introduction
Cultural heritage must be protected and kept alive in a universal
dimension as common values of humanity rather than only community or
geography it belongs to or is not as, it should be kept alive. Nation-states
has assumed the responsibility of protecting cultural heritage in order to
demonstrate the evidence, existence and permanence of history, their
political power and cultural richness and leave this heritage to the future.
In the process of restructuring the urban space with the foresights of
globalization, the meaning attached to cultural heritage and protection
approaches becomes different. On the changing agenda of urban
conservation; in spite of the sustainable and integrated conservationdevelopment approaches based on participation, transparency and
cooperation, the capital directed to the city has been attracted to the
cultural heritage and its conservation zone that have gained importance in
urban competition in the globalization process.
In this process, the cities which prepared by new urban policies for
neo-liberalism were seen as the main instrument of economic
development in Turkey with 1990s, thus working to tried to be legitimize
the entrepreneurial management mentality. Consequently, with this policy
which is result of the wave of globalization can be said that immovable
cultural heritage sites have been left to tourism and real estate. Change of
function is seen as the most effective tool for the reconciliation of the
conflict between protection and development economies within the last
10-15 years. Targets of getting a share from the increasing real estate and
economic added value of immovable heritage with the social and
functional transformation that is carried out with “regain, revitalization
even renewal” slogans acquire the power to direct protection planning
and even legal sanctions in this field. Therefore, actors that are included
in this process, especially the government, are supported with laws that
are against protection while thinking that they will get the edge on urban
competition. In this process, “conservation oriented renovation approach”
is favoured in cultural heritage zones that are identified as slummed or
losing its urban value.
Principally, low-income users are taken out of this approach which
results in gentrification and are obliged to leave their living spaces which
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are urban cultural conservation zone. They are exposed to be
disenfranchised and so directly to be displaced, even to be dispossessed.
The last users are those who resist the system or expect to receive a share
of the system's return on gain. This phenomenon is discussed in the
disciplines related to urban conservation over change, destruction or even
eradication of architectural original values or quality as well as the
memory, identity, historical and cultural values of immovable cultural
heritage.
This discussion includes evaluation of functional changes due to
ongoing rehabilitation implementations in Ankara-Hamamönü cultural
heritage area or urban conservation zone within the limited scope of this
study. This assessment mainly on the results of the application awareness
of the parties in accordance with the principle of causality in the
questioning is done outside of subjective judgment. This evaluation is
made by questioning the awareness of the parties through the
implementation results in line with principle of causality apart from
subjective judgments. In other worlds, this study deals with interventions,
which aim for sustainability with functional change in efforts to protectmaintain the historic and traditional housing fabric which has lost its
currency, through Hamamönü with a critical approach in theory and in
practice. Therefore, the aim of the study is to draw attention of all parties
not to damage the original settlement pattern and form (original physicalspatial features) – content (intended use that shape the architecture,
reason of creation) – place (geographic location and formation based on
local culture) of the architectural structure in social and functional
changes of immovable cultural heritage areas.
2.

The Aim and Method of the Research

Sustainability of immovable cultural properties and their conservation
areas is not possible only by legal restrictions but requires economic
welfare, awareness and public participation. Therefore, in order to reduce
the stress between the urban conservation and development economies, it
is necessary to develop heritage awareness and social awareness in order
to ensure the effective, efficient and cooperative participation of the local
people. With this approach, in this study, participation in the renewal
process, which is mentioned as rehabilitation in the texture of historical
and traditional settlements, and the resultant gentrification, was
questioned over the Hamamönü. In this way, it is considered by
emphasizing the importance of participation in success of conservation
process, thus will be a guiding for such applications.
Participation in the conservation process has been done through a field
survey, taking into account the characteristics of cultural values and In
this study, a qualitative research method, it has been used to define and
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evaluate the user's opinions, request and demands for participation and
awareness, through rehabilitation process. The qualitative methods have
been supported by quantitative (survey and deep interview) methods to
explain the cause-effect relationship in the rehabilitation process and to
determine the level of influence of different users from this process. In
other words, “place-based qualitative method (s)” and “spatial-oriented
quantitative method (s)” are used together according to the possibilities /
constraints in the study area (Yıldırım & Şimşek, 2016). With this
approach, the original characteristics of the traditional historical fabric in
which the rehabilitation was applied to set up the spatial context in the
cause-and-effect relationship were first defined by qualitative methods in
Hamamönü (Chapter 3). The quantitative method was used with end
users (Chapter 4). The displacements could not be reached because most
of them went a long time ago.
This questionnaire was conducted with commercial operators (from a
total of 52 operators to 38 operators with a rate of approximately 72 %),
their employees (from a total of 162 registered employees to 114
employees with a rate of approximately 70 %), and the employees in
around the area and patient visitors from Hacettepe University Hospitals
who used this area mostly for rest and gastronomy. The deep interview
was conducted with users who used the area for tourism at the weekend
and for incoming to visit the tombs such as Sheikh Tacettin Tomb and to
worship to mosque such as Hacettepe, Karacabey, Tacettin Mosques at
Fridays.
3. Original Physical-Spatial Structure of Hamamönü Cultural
Heritage Area
Original physical-spatial qualities of immovable cultural heritage must
be hand down to the next generations in order to maintain cultural
sustainability as the evidences of local architectural and living culture of
the period they were created. The problem of how to maintain the
immovable can be solved by depicting the original qualities of
constructed environment rather than with nostalgic and romantic feelings.
Thereby, these qualities will be the guide in cases that require functional
change. With this approach, original qualities that are essential when
evaluating functional change in the field of study are defined briefly
below.
3.1.
Urban Location Based on Its Period, Settlement Pattern
and Formation
In Ankara, economic development with mohair -Angora wool (sof)
production and trade required spatial expansion and settlement outside of
the castle (Kalealtı) started with new neighborhoods which were founded
around mosques and prayer rooms in the Period of Ahi(s) (1290-1354).
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This urban development and settlement system continued in Ottoman
Period (1354-1923) (Aktüre, 1978:11-14). The city continued to develop
towards south with Imaret-i Karaca Bey Neighborhood after Muslims
settled around mosques, imarets, trenches and bathhouses constructed by
Anatolian Governor Celalettin Karacabey around 1427 (Bayartan, 2005:
32; Gültekin 2014). The area in front of Karacabey Bathhouse (in the
south), which gives its name to the district, is known as Hamamönü, the
area behind it (in the north) was named Hamamarkasi and this historic,
traditional housing fabric on southwest side of the castle today is known
as Hamamönü. At the beginning of the 17th century, Hamamönü was
demolished together with settlements outside of the Castle after Jelali
Revolts. The third castle walls which entirely surround the city and
settlements within the borders of these walls were reconstructed against
these attacks (1604-1606). Hamamönü and the region lost its importance
in housing and trade after the city lost its economic power as the sof
market was dominated by the English with 1838 Trade Agreement, the
Ottoman Empire collapsed in the 19th century as well as effects of wars.
Hamamönü started to lose prestige as old housing area during the
reconstruction in the city with the effect of westernization in this century
(Atauz, 2004: 68). This district was tried to be renewed under heavy
economic conditions as it burnt partially in 1881 and burnt down entirely
in 1917 (Özdemir, 1986: 88, 94). Therefore, settlement structure which is
renewed on the traces of the past, mountain shore-city of hillside features
belonging to the Ottoman Period in Anatolia although the housing fabric,
except for public buildings in Hamamönü (such as mosque, bathhouse,
etc.), dates back to the 19th century at the earliest.
As Ankara was deemed capital (in 1923), it became the residential
area of the bureaucrats, solders and delegates and new houses were
constructed by dividing some parcels. During the construction of city as a
capital, the city became old by being abandoned due to the new (modern)
housing zones of users in 1950s. The apartments and fabric, the sheltering
are of migrants in the same period, were destroyed with the collapse.
However, this area, which was ignored due to different social, cultural
and politic reasons, is the historical and cultural identity area of the city
transmitting Republic and pre-Republic era to today with its spatial
installation and architectural features.
Hamamönü is located near hospitals zone and surrounding of Talat
Pasa Boulevard and Ulucanlar Street opened in 1957 and deemed as one
of the main transport artery which connects old city and historical trade
center (Ulus) to the city (Kızılay).
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3.2.

Fabric/Street/Parcel/Building Relation

The streets are wide enough for the passage of a horse-drawn vehicle
in agriculture city transport system suitable for the incline increasing
towards the tower in Hamamönü. The streets, which are perpendicular to
slope in organic residential structure, narrow in high grades (1.20-1.50 m)
and open up to small squares connecting to mosques in lower grades (i.e.
Goztepe, Alaca Street). The streets limit the structuring groups (city
blocks) even though they are not in a regular geometric order. The deadend streets with the length of maximum 3 m (i.e. termination of
Hamamarkasi Street in North) can be found in this residential area.
The streets, although they are not in the regular geometric form, limit
the structure city blocks comprised of the housing structures which pile
around the mosques. Thus, the city block and parcel forms and array are
not in regular form as well. Those streets are connected to main axle
(Inci- Hamamarkasi- Gebze Streets) which ranges to Kalealti from old
Panayir square.
Parts of the houses facing the streets are limited due to the high (1.502.00 m) courtyard-garden walls. The bay windows overflowing to the
streets add visual richness to the fabric (Figure 2). The street furnishing
or surface formation is in cobblestone pavement. There seen fountains
and street stones (i.e. handout -sadaka-, vow -adak-, penitence -tövbe-,
carrier -hamal- stone).
3.3.

Spatial Installation and Factors in Traditional Houses

The urban houses in Anatolia belonging to Ottoman era can be
classified as monumental qualified 'non-modest houses' belonging to high
level class and 'modest scale houses' which are relatively smaller in terms
of area/volume and belonging to ordinary people (Gültekin, 2010). The
house varies according to the size of buildings and yards and its typology
varies according to the size of parcel (i.e. the smallest parcel is 85-95 m2,
385 block/12 parcel and the biggest parcel is 1 decare, 385 block/1
parcel). However, the spatial installation of both house types depends on
the house use of traditional family type - at least married two generations
live in the same house. Each room is arranged as a house of a family. The
array of the rooms according to the sofa, which is a plan maker factor,
and the planning scheme of houses differ from each other. Hamamönü
houses shows inner and central sofa in early period (1800s) and non-sofa
plan type characteristics in relatively late period (after 1923). Rooms are
placed in long corner of the sofa in upstairs which is the living storey in
inner sofa houses and stairs are placed in short corners or between rooms.
Within the expansion of width of sofa, 'inner plan scheme' is obtained.
With the growth of structuring area and arrangement of rooms and stairs
around inner sofa, the central sofa plan type is developed. Non-sofa plan
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scheme is created with the formation of sofa according to the form and
size of parcel besides the transformation of sofa to entrance hall, corridor
and even well-hole (Gültekin, 2014).
First floor workshops of mohair wool, service areas (kitchen,
bathroom, storage etc.) and upstairs are arranged as the main living area
in early period houses. A person can enter into the building through yard
or garden in such houses. On the other hand, each storey is a living area
in late period houses and the entrance of the building passes through the
street. Upstairs, in both plan types, are the volumes opening of the house
from narrow corner of the sofa to the street. Yards or gardens are the
daily living areas as long as the climate is available. There are yard types
which are connected to the street in U form and two walls in L form
according to the location of the parcel and building. Besides, the types, in
which yard is surrounded by rooms from each corner, are available in
small parcels.
3.4.

Physical Characteristics in Traditional Houses

Hamamönü houses have the characteristic of 'Central Anatolia Region'
house architecture (Eldem, 1984) with a disintegration realized according
to the different regional features with the impact of climatic, regional and
social conditions of housing architecture in Anatolia. The traditional
houses in Hamamönü are mud brick and mud brick filled wooden frame
structures and they are also plastered and in dark yellow, dark red and
white colors. Houses are generally two-storey and there is semi-basement
storey in the structures positioned perpendicular to slope. The form of
building depends on the parcel and position in parcel. Authentic building
and street designs in third dimension are developed by fixing the form of
building through storey extension in upstairs in parcels which are
generally not in regular geometric form. Wooden lapped storey
extensions, which are seen in Ankara wide and accepted specific to the
region, are the most distinct façade component. The extensions in the end
of inner sofa were turned generally into embedded balcony in early 20 th
century. Non-embedded balconies and some extensions are reinforced
with decorative wooden buttresses.
Upstairs have a wider intervals comparing to the basement floors in
façade array. The intervals of windows are formed in rectangle shape
placed vertically with ½ ratios and designed with single modular and dual
or triple arrays. It is seen that the upper part of interval in the middle of
triple array is covered with arch. Guillotine opening-closing system is
common in windows in relatively early period. Rectangle prism
structures are closed with saddle roof while cubic structures are closed
with hipped roof through timber framing system. The roof skin is
Ottoman style in early period and Marseille roof tile in late period.
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4. Functional and Social Changes In Hamamönü Cultural
Heritage Zone
Projects started by Altındağ Municipality in 2006 have been
completed in Hamamönü to a great extent and partially completed
historic and traditional fabric in Hamamarkasi and Kalealti has been
opened for recreation, tourism and trade.
4.1. Changing physical-spatial architecture with new functions
Interventions for protection of Hamamönü are made with the
foresights of Development Plan for the Protection-MaintenanceRehabilitation of Old Urban Fabric of Ankara which was approved in
2005. In this plan, Revitalization Regions are determined as “prioritized
rehabilitation and intervention zones where functional transformations
such as public services, restaurants, cafes, daily trade, hostel, traditional
production” will be encouraged. Street rehabilitation projects prepared in
Hamamönü, one of the revitalization regions, and projects initiated by
Altindag Municipality in 2006 continue with different scales and
methods.
Changes in the settlement pattern with these projects are as following:
 Mehmet Akif Ersoy (Hacettepe University- HU) Park: In 2008,
traditional housing fabric has been entirely demolished in an area of
approximately 2 decares from Talat Pasha Boulevard to HU premises.
Location of simultaneously restored Haci Musa Mosque in park area
erased the mission of past within neighborhood formation.
 Hamamönü – Fair – Square: Illegal Municipality stores in old fair
grounds in Hamamönü and Dutlu Streets in front of Karacabey
Bathhouse were demolished in 2004 and this area was regenerated.
However, materials and kitsch street furniture are incompatible with
the original fabric in the new regulation and they do not explain the
past well.
 Art Street (Exhibition Hall and Handicrafts Center): It is a building
complex which was designed and constructed in 2010 on certain
construction foundation traces in an area of around 1500 m2 between
Sarikadi and Mehmet Akif Ersoy Streets. Full/empty rates and
arrangement style of structural units around a big yard are contrary to
original fabric/street/ parcel/yard/building relation in this structure.
 Altındağ Culture and Art Center: It is a new building constructed in
2010 in an area of 575 m2 in Dutlu Street. It is interesting that
although the parcel and building size of this structure is against the
original structuring; its design imitates traditional housing
architecture.
 Hamamönü Handicrafts and Food Market: space usage and size of
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new buildings constructed as two separate buildings in 2010 in Sarı
Kadı Street are appropriate for street skyline but against original
settlement pattern. However, architectural elements that imitate
monumental structures create a kitsch situation.
 Hamamönü Square and Parking Garage: It was completed in the
north of Talat Pasa Boulevard in Hamamarkasi in 2013. In this area,
clearance of music instruments repair and sale units in extension
booths allowed the fabric to be perceived. However, demolishing
traditional houses and arranging a square against the original
settlement pattern contradicts with sustainable protection
understanding.
 Stairs to Ulucanlar: The stairs which was completed in 2014 at the
junction point of Ulucanlar Street and Divan Street, which connects
Hamamarkasi with Kalealti, is entirely against the fabric and human
scale sensibility of the past.
 Reconstruction projects: Expansion of building ground areas in line
with the requirements of new functions in these projects for tourism
and trade function ruins parcel/building relation in the original
settlement pattern.
When the practices made with different restoration techniques in a single
structure size;
 Face-lifting: Restoration of technical infrastructure was completed in
2008 with this project which was finished in 2008 (with Inci and
Dutlu Streets, Mehmet Akif Ersoy and Hamamönü Streets, Filiz and
Can Streets, Sarikadin Street Rehabilitation Projects). In these
projects, addition of non-original façade elements (floor molding,
window-gate posts, wrought iron decoration, etc.) is misleading about
the past while the worn façade of traditional houses are renewed.
Simple and modest taste of the original architecture is lost with
exaggerated façade decorations. This practice breathes new life into
Hamamönü and increases its popularity with new functions (antique
shops, traditional workshops, coppersmith shops, carpet shops, etc)
that are appropriate for the traditional fabric by changing the outdated
look and image of Can and Filiz Streets (Photo1). However, due to the
lack of interior improvement, usage comfort could not be established
in back streets which do not have this potential; therefore, final users
are abandoned to their fate.
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Before-2006

After-2007

Photo 1. Application of face-lifting in a modest-sized traditional house
in Filiz Street.
 Reconstruction Projects: Although public (non-modest) houses
(Mavaga -Mavi Aga-, Kabakci, and Kamil Pasha Mansion) remained
loyal to original architectural features in the past, façade decorations
were added (Photo 2). Space organizations of these types of structures
were not changed as they are planned to be used with new public
functions (foundation, municipality, guest house, and meeting).
However, radical changes were made in modest-sized traditional
houses which were prepared for tourism and trade functions. Building
ground areas were enlarged in all projects, basements were added and
original plan scheme was changed in interior arrangements. Façade
layout (full/empty rates were changed and number of windows were
increased, their sized were enlarged, forms were changed and store
windows were added to basement floors, etc.) was ruined. Many nonoriginal (console, bow window, balcony, floor bonding, molding, jamb
and even eaves in store entrances) structure and façade elements were
used.

Photo 2. Reconstruction practice in non-modest traditional house in
Mehmet Akif Ersoy Street.
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 Restoration (essential repair-maintenance) was applied successfully
in structures used by the public (i.e. mosque, small mosque, public
house, Turkish bath) in the past with the support of General
Directorate for Foundations. The original architectural features were
abided during the applications (Mehmet Akif Ersoy's House, some
houses in Can, Dutlu, İnci and Gebze Streets, Photo 3) of the
municipality as far as possible. However, this application method,
which is expensive and long standing, was not generally preferred for
traditional houses.

Photo 3. Applications of restoration in some modest-sized traditional
house.
 New structuring: These applications realized in order to enhance the
recognizability; visibility and capacity of use of cultural heritage area
besides economic value are suitable for the silhouette of the fabric.
Nevertheless, the façade order and components, which are not seen in
Hamamönü, are usually confused with original structures by imitating
the traditional house architecture and become misleading. The use of
old/new contrast technique may be more suitable in terms of
sustainable protection instead of creating an imitation or new
traditional architecture.
The façade renewal on Talat Pasha Boulevard which prevents the
visibility and sense of the area but realized by considering the storey
number in multi-storey apartments is the achievement of ongoing
rehabilitation process.
4.2. Social Change; Displacement of Final User and Gentrification
with New Arrivals
Hamamönü cultural heritage zone becomes an attraction center of the
urbanites, especially the users of hospitals and Hacettepe University who
are informed through media and social communication instruments as it
is opened to recreation, culture tourism and trade. In fact, it is flooded
with visitors outside of the town and foreign missionary in capital with
the incentive of municipality, used intensively as activity and visibility
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area of many non-governmental organizations and turned into a social
interaction area. The same shall also be available for Hamamarkasi whose
constructional applications are about to be finished and opened to use
partially within similar new functions. Can Street in Kalealti was turned
into the most attractive antique bazaar of the city after the rehabilitation
and project preparations were completed for back streets under the
similar goals.
As a result of function changes realized under protection based
renewal approach in Hamamönü cultural heritage zone, the final users
were displaced and proprietors were dispossessed through expropriation
and purchasing method which is called reconciliation. Those who use (i.e.
Inan Street and Firinci Street residents) face-lifted structures were
alienated and otherized in their own living areas in which new arrivals
constitute the majority of habitants. Thus, the new formation of
gentrification caused different social and cultural issues with the imitation
of immovable cultural heritage which is hidden behind the renewal of
urban protection area. Another concern about the issue is the inactivity
and collapse of the area due to the changes in tendencies and preferences
of today in tourism and trade.
5. Evaluation of Function Changes Ongoing in Hamamönü in
Context of Cultural Heritage Awareness
Protection planning and practices in immovable cultural heritage
zones take place in the fields of different disciplines. State institutions
and organizations are authorized in audition, technical support and
finance during the protection process seeking public and society benefits.
However, the sustainability of culture heritage cannot become possible
only with legal sanctions and anticipations of professional and scientific
information, but also the creation of economic income and social
awareness to resist to unearned income of public works. Thus, the
surveys and deep interviews were held with final users residing in
Hamamönü, new arrivals (visitors), business owners and employees,
business owners in Hamamarkası and house owners in Kalealti.
According to the questioning held in Hamamönü;
- Rate of recognition of the area as the cultural zone; final users 92 %
(6% left unanswered, 2 % no idea), business owner 100 % and
employees 12 %, visitors 68% (32 % comprehend but not perceive, 10
% not care).
 Rate of preference of using the area depending on cultural heritage
values; visitors 48% (22% accessibility of transport, 18% good and
affordable food- good service, 10% variety of activity, 2% curiosity),
business owner 32% (52 % high level of customer potential, 16 %
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affordable renting), employees 38 % (22 % satisfied wage, 18 %
customer quality, 22% accessibility of transport), 18% of final users
(48% affordable renting – TL 200-250 sharing the house with more
than one family, 12 % are the house owner, attachment, 22%
closeness to enterprise, school and mosque).
 Rate of realizing the originality of structures in the area; 24% final
user, business owner 52 % and employees 16 %, visitors 8 % (Table
1). Final users, business owners, employees and visitors stated that
they comprehend the state of structures as final users can monitor the
process, business owners know that the structure is newly constructed,
employees are informed by the environment and visitors know about
the former state of the environment. It is determined that the visitors
had received university education and they had worked in inner circle
hospital and public organizations and had foreign country experience.
While 38% of the same group thinks that the structures only
underwent repair, 22% thinks that the all structures -including food
and handcraft bazaar, art street etc. which are newly constructed and
have actual function - are original.
Table 1. The rate of realizing whether the structures in the area are
original
Users

Understand the original structures (%)

Final Users
Business Owner
Employees
Visitors

24
52
16
8

 Rate of recognition of historical and architectural value of area; final
users 24 %, business owner 52 % and employees 16 %, visitors 8 %.
(Table 2).
The majority of visitors (62%) complain about the lack of guide and
the inadequacy of information based on superficial and media
advertising.
Table 2. Use preference depending on cultural heritage value
Users

Use for cultural

Final Users
Business Owner
Employees
Visitors

24
52
16
8
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According to the mentioned data; it can be said that the awareness of
cultural heritage develops parallel to the urbanization conscious and
education level. The insensitivity of (8% license degree, 38% high-school
graduate) employees, who use the area longer than the visitors, is
thought-provoking. All business owners have knowledge about the issue
as they preferred their working place with the expectation of high
turnover depending on that qualification.
6.

Conclusion and Discussion

The purpose of protecting immovable cultural heritage is not to
reproduce the past, create or reconstruct the heritage with familiar old
qualifications but to synthesize the possibilities of both past and today. It
should be determined which immovable should be protected with which
criteria first within this approach. The amelioration of only physical
structure is not enough in protecting, keeping alive or retrieval of
immovable cultural heritage and areas which completed their functional,
physical and social life depending on the time. The change of function is
an effective instrument which provides the use, visibility and
recognizability, the anticipation of sustainable protection making life
cycle constant. However, the changes of function should be suitable for
the physical-spatial structuring features besides immovable cultural
heritage and architectural features or it should not be changed. The
reconstruction pursuant to restoration principles may be the last resort in
the structures which cannot maintain their existence through repair and
maintenance in order not to lose the meaning of immovable heritage and
its symbolic value. Nevertheless, this method, as in Hamamönü example,
is resulted in the creation of imitation structure and environment as it is
generally preferred due to being economic and effortless comparing to
repair and maintenance and pre-determined changes of function form
basis in practice. Grounding on change of function in restoration
applications and imitation of past in reconstruction are the reasons of the
same conclusion. Another point to be avoided in changes of function is
the creation of gentrification through social change.
Losses and damages caused by these kind projects could be prevented
through a planning approach based on heritage management system with
broad participation of all stakeholders (public institutes and corporations,
non-governmental organizations, users, town dwellers, etc.), in
accordance with the integrated protection principles. The management
system for immovable cultural heritage has begun to be implemented
when increased role of culture and cultural heritage in sustainable
development processes and strengthening of local governments at the end
of the 1990s. Following the World Heritage Sites Management Guide of
1998 which is prepared by The World Heritage Committee, guidance to
heritage management of the Australia ICOMOS International Charter for
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the Conservation of Places of Cultural Significance (Burra Charter) has
been pioneering and encouraging in this process (ICOMOS, 1999). This
heritage management system is a concept of administration which
combines presence of immovable cultural heritage and today’s usage
requirements. This concept suggests that, on the basis of sustainability
principle, all knowledge in different areas of expertise should be shared
with all stakeholders and collaboration should be established to convert
immovable cultural heritage into an economic and social value. Thus
cultural heritage awareness shall be created and consequently, the user
and society shall be encouraged to adopt, follow, and audit these values,
which is the fundamental condition of the protection. On this issue, urban
planners, architects and conservationists should adopt this mission and
social aspect of the protection, which is ignored by practitioners in
vocational education, should be underlined.

References
Aktüre, S.(1978). (19. Yüzyıl Sonunda Anadolu Kenti Mekânsal Yapı
Çözümlemesi. Ankara: ODTÜ Mimarlık Fakültesi Basım İşliği.
Aslanoğlu, İ. (1988).Ankara Karacabey Külliyesi. Ankara: Kültür ve
Turizm Bakanlığı Matbaası.
Atauz, A. (2004). “Kale ve Duvar: Ankara Kalesi“. Kentin Zulası:
Ankara Kalesi (s. 61-220). İstanbul: İletişim Basın.
Bayartan, M. (2005). “Osmanlı Şehrinde Bir Idari Birim: Mahalle” (An
administrative unit in the Ottoman city: the neighborhood)
Geography Journal -İstanbul University, Faculty of Geography-,
13(1), s.93-107.
Eldem, S. H. (1987). Türk Evi: Osmanlı Dönemi (Turkish House:
Ottoman Period) İstanbul: Türkiye Anıt, Çevre, Turizm Değerlerini
Koruma Vakfı Yayınları.
Gültekin, N. (2014). Urban conservation policy- the case of HamamönüAnkara-Turkey. 54th ERSA-Congress of the European Regional
Science Association Regional Development & Globalisation : Best
Practices 24 – 39 August 2014 Saint Petersburg- Russia. Accessed 19
May 2018.
http://www-sre.wu.ac.at/ersa/ersaconfs/ersa14/e140826aFinal00651.pdf
Gültekin, N. (2010). 19. Yüzyılda Anadolu Kenti ve Konut Dokusu Ayaş
ve Beypazarı ( Anatolian Town and the Housing Pattern Ayaş and
Beypazarı at 19th Century), Ankara: Nobel Yayın.
ICOMOS (1999). Burra Charter. Accessed 13 June 2018.
https://australia.icomos.org/wpcontent/uploads/BURRA_CHARTER.pdf
68

Özdemir, R. (1986). 19.Yüzyılın İlk Yarısında Ankara -Fiziki,
Demografik, İdari ve Sosyo-Ekonomik Yapısı- 1785-1840. Ankara:
Kültür ve Turizm Bakanlığı Matbaası.
Tankut, G. (1993). Bir Başkentin İmarı. İstanbul: Anahtar Yayınevi.
Yıldırım, A. ve Şimşek, H. (2016). Sosyal Bilimlerde Nitel Araştırma
Yöntemleri. Ankara: Seçkin Yayınevi

69

70

Engineering Sciences

71

72

DESIGN PRINCIPLES OF IMPLANTABLE ENZYMATIC
FUEL CELLS
Şeyda KORKUT & Muhammet Samet KILIC
1. Overview of conventional EFCs
Energy is an indispensable need for humanity. As an alternative to the
fossil fuels, which cause environmental problems and directly affect the
quality of life, the increasing energy demand has been led researchers to
renewable, clean and high efficiency systems such as fuel cells and solar
energy. In addition, technological/medical devices that benefit human
life, and miniaturization of those come into our lives. Fuel cells are
electrochemical devices that convert chemical energy directly into
electric energy. Although it is known that the effective power generation
of the conventional fuel cells is advantageous, the high working
temperature requirement (60-1100oC), the high cost and the use of large
metal electrodes make difficult the mini-scale design of these systems
(Shukla et al., 2004; Bullen et al., 2006). These drawbacks have led
researchers to cost-effective and mini scale eco-friendly biological fuel
cells (BFC). BFCs use biological catalysts instead of expensive metal
catalysts. In enzymatic fuel cells (EFC), the chemical energy generated as
a result of the biochemical reactions of an enzyme that is specific to the
organic matter used as fuel is converted into electrical energy. In mild
conditions (room temperature, pH 7), high selectivity and high
conversion properties of enzymes have aroused interest in order to design
more practical and miniaturized fuel cells (Ivanov et al., 2008).
An EFC system is comprised of four-electrode system including a
bioanode and a biocathode working electrode, a reference electrode and a
counter electrode. Bioanode and biocathode enzymes are immobilized to
electrode surfaces via a suitable polymer coated on electrodes. The reason
of the usage of a polymeric layer in EFCs is to provide the enzyme
immobilization on electrode surfaces without damaging the threedimensional structure of the enzyme and transfer electrons released from
the biochemical reactions from enzyme to the electrode surface. The
chemical morphology of polymers used in EFC studies, the type and
number of side groups bound to the polymer effect the energy generation
capacity of the system. For this reason, the polymers used in EFC
electrodes should have the ability of forming films on the electrode
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surface, insoluble structure in the aqueous buffer where EFC is operated.
In addition, the polymers should easily capture the electrons released
from the biochemical reaction, and if they have side groups, these groups
should allow the chemical or physical immobilization of the enzyme. In
an EFC system, the reduction of moleculer oxygen is provided with
transportation of the electrons which are released from the fuel oxidation
with the anodic enzyme, to the cathode side under a proper cell potential.
These reactions proceed as long as fuel is added to the system. The
electrical current is generated by the electron flow. Up to now, glucose
oxidase (GOx) has been widely used in the EFC studies as anodic
enzyme. Figure 1 schematizes an EFC system comprised of GOx
bioanode, bilirubin oxidase (BOD)/Laccase (Lac) biocathode and glucose
as fuel.

Figure 1. Schematic view of the compartmentless EFC system.
In Figure 1, the glucose is oxidized by GOx in presence of molecular
oxygen on bioanode surface. Since the molecular of oxygen reaction
medium is also used on the biocathode side, the reduction rate of oxygen
in the biocathode slows down, which results in decreasing of energy
generation performance of the EFC system. For instance, in an EFC study
prepared with carbon rod electrodes composed of GOx and alcohol
dehydrogenase enzymes could produce a power density of 10 nW/cm2
using standard glucose, and the prepared fuel cell life was reported to be
only 2.5 days (Ramanavicius et al., 2005). In another study, the
maximum power densities were reported to be 5 µW/cm2 (Coman et al.,
2008) and 1.38 µW/cm2 (Wang et al., 2009) with GOx bioanode and
glucose used as fuel. A GOx based EFC system which was operated with
a mediator to accelerate the reactions on the electrode surface, power
generation was calculated to be 23 µW/cm2 (Cosnier et al., 2010). A
power generation was reported as 37.4 µW/cm2 with immobilized GOx
bioanode and LAC biocathode. The reported maximum power values
from another EFC systems based on GOx were 6 µW/cm2 (Toit and
Lorenzo, 2014), 16 µW/cm2(Barriere et al., 2006), 24 µW/cm2 (Brunel et
al., 2007) and 42 µW/cm2 (Habrioux et al., 2008). The results of the
literature clearly show that the power generations of GOx based EFC of
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the systems are low. Although the researchers have focused on to
increase power generation performance in these studies, the
implantability of these EFC systems has not been investigated. The low
power generation drawback in GOx based EFC system can be eliminated
by using independent and non-interacting reaction medium where EFC is
operated in by compartmentalization of bioanode and biocathode. In this
way, oxygen will not limit the bioanode and biocathode reactions, so
power generation ability of the system will be increased. In this case, it is
impossible to use such an EFC system as an implant. Since the all
electrodes of an implantable EFC system must be operated in the same
reaction medium (within the physiological fluid). In GOx based systems,
the need to operate systems in separate compartments to eliminate
oxygen limitation makes the device impractical to use as an implant.
Using different electron mediators in the reaction medium can also
increase the power generation. These mediators are redox active
substances which accelerate the electron flow by mediating the electron
exchange between the enzyme and the electrode. In the EFC studies,
gold, cobalt, silver, nickel, copper, indium, palladium nanoparticles and
carbon nanotubes can be given as examples of a large number of electron
mediators used for this purpose (Guo et al., 2012; Li et al., 2013;
Ciszewski and Stepniak 2013; Kunga et al., 2014; Yuan et al., 2014;
Dhara et al., 2014; Wang et al., 2014). These mediators have been
commonly used in GOx-based EFC systems. Since the active center of
GOx, which is responsible for the biochemical catalytic reaction, is
burried in the deep of the protein structure, it is very difficult to transfer
the electrons, which are released by the enzyme-substrate reaction, to the
bioanode surface.
2. Overview of implantable EFCs
Body fluids are divided into intracellular and extracellular liquids
(Birol et al., 1997). An EFC system can be used as an energy generator
must be placed in the extracellular fluid or blood vessel. The type and the
amount of substances found in the extracellular fluid and intravenous
blood fluid in the body are similar (Cosnier et al., 2014). The only
difference between content of extracelluler fluid and blood fluid is that
the amount of protein in blood fluid (albumin, globulin and fibrinogen) is
higher than extracelluler fluid (Birol et al., 1997). Thus, the use of EFCs
as a energy generator in the physiological fluid also means that it can
show the same or similar performance in the blood. The contcentration of
glucose varies between in the range of 0.14-5 mM in physiological fluids
and blood (Zierler, 1999).

75

The implantable EFC system, which will be designed to supply power
for the body electronic implant and uses glucose as fuel, depends on the
following parameters (Cosnier et al., 2014):
 The optimum usege of glucose and oxygen: glucose and oxygen
concentrations in the body physiological fluids must be sufficient for
EFC reactions and rapidly regenerated.
 Electrocatalytic reactions on bioanode and biocathode side of the
EFC system should be carried out under physiological conditions (at pH 7
and 37 °C) without slowing down the reactions.
 The designed EFC system should be biocompatible and easily
contacted with physiological fluids.
 Fuel reinforcement should be continuously provided to the system.
 A metabolite that damage the living organism should not be
produced from the reactions with EFC operation.
The most important requirement for an EFC system to be implantable
is that the system should be biocompatible. The materials used as electron
mediators in the EFC system are metallic nanoparticles, therefore they
can be toxic effects to life and make the system unusable. GOx also
simultaneously produces H2O2 while it oxidizes glucose to
glocanolactone in the presence of oxygen. Even the trace level of
produced H2O2 with the fuel addition to the GOx based EFC systems
decreases the system performance by adversely affecting Lac and BOD
cathode enzymes, which are responsible for oxygen reduction by copper
ion found in their active center (Zafar et al., 2012a). The production of
H2O2 in an implantable EFC system can also create toxicity within the
tissue. In order to overcome this problem and design high performanced
EFCs, Glucose dehydrogenase (GDH), which does not need oxygen, has
higher electron transfer ability than GOx and does not produce any
harmful reaction products can be used instead of GOx. There are three
different GDH in the active center containing nicotinamide adenine
dinucleotide (NAD), flavin adenine dinucleotide (FAD), and
pyrrolitoquinoline quinone (PQQ) cofactor. The high catalytic activity of
GDH enzymes especially containing PQQ and FAD cofactors, stability,
substrate selectivity, and efficiency on electrode surfaces even at low
redox potentials are other important advantages of GDHs (Zafar et al.,
2012b).
Biochemical reactions on electrode surfaces of GDH bioanode based
EFC systems are presented below:
Bioanode reaction: 2C6H12O6→ 2C6H10O6 + 4H+ + 4e–...............(1)
Biocathode reaction:
Net reaction:

O2 + 4H+ + 4e–→ 2H2O.............................(2)
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2C6H12O6(glucose)+O2→2C6H10O6(gluconolactone)+2H2............….…(3)
It has been reported that a high power of 2.3 ± 0.2 mW / cm2 is
obtained from a FAD-dependent GDH bioanode and BOD biocathode
(Milton et al., 2015). In another work, a power density of 65 μW/cm2 was
generated by using PQQ-dependent GDH immobilized to the polyaniline
polymer (Schubart et al., 2012). A power density of 40 μW / cm2 was
generated with NAD-dependent GDH anode and BOD cathode (Korani et
al., 2015). A power density of 107 μW/cm2 from the EFC system with the
PQQ-dependent GDH, and the power density of 130 μW/cm2 with using
a vertically aligned carbon silicium electrode instead of glassy carbon
electrode in the same study was reported (Scherbahn et al., 2014). A
power density of 52 μW/cm2 was obtained from another EFC system with
NAD-dependent GDH and BOD enzyme pairs (Miyake et al., 2009).
These results showed that power generation of GDH bioanode based
EFC systems have reached to mW levels and generated more energy
than GOx based EFC systems. In addition to using GDH, it is also an
advantage for the system that the preferred biocathode enzyme can
exhebit high activity at physiological pH (Scherbahn et al., 2014).
3. Design Principles
An implantable EFC system to be prepared in laboratory consists of
four electrode system. The difference of this system then conventioanal
three electrode is that it contains one more working electrode. The four
electrode system comprises of a pair of electrodes including bioanode and
biocathode, the platinum wire as the counter electrode, and a reference
electrode (Ag/AgCl or SCE). In this system, the buffer solution should
contain the physiological liquid metabolites and has the pH of the body
physiological fluid, and it is continuously passed through the continuous
flow EFC module with a HPLC pump at an appropriate flow rate. During
operation, the appropriate voltage values for the transfer of the electrons
from bioanode to biocathode are entered into the multianalizer. The
multianalizer is operated in an approptiate method (usually in the
amperometric current-time method) and the current values on the EFC
electrodes surface are waited for reaching to a steady-state background
current. Once the current reached to a steady-state value, the
physiological fluid containing the fuel that the substrate of the anode
enzyme, is continuously fed to the EFC module with the pump. The
bioanode and biocathode currents generated during continuous fuel feed
are recorded by the multianalizer. The cell potential (Ecell) of the EFC
system is calculated by subtracting the bioanode potential from the
biocathode potential. In accordance with the Joule Law, the power output
of the system is calculated by multiplying the current with the cell
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potential. A schematized representation of the EFC system including the
continuous flow EFC module, the multianalizer, the HPLC pump and the
connections including the working electrodes (bioanode and biocathode),
reference and counter electrodes is shown in Figure 2.

Figure 2. Continuous flow EFC system.
The most crucial step of the high performanced continuous flow EFC
design is the preparation of bioanode and biocathode working electrode.
This preparation begins with the selection of the EFC electrode material.
Platinum (2 mm diameter), gold (2 mm diameter) and glassy carbon (3
mm diameter) electrodes with different conductivity values are
commonly used materials. After these selection step, a thin film layer is
created on the working electrode surfaces by using a suitable polymer.
The film on the electrode surface may consist of conductive polymers or
chemically synthesized (co)polymers. The density of the polymer used on
the electrode surface is a parameter that directly effects system
performance, therefore optimum amount of polymer to be used on the
electrode surface should be determined by testing different polymer
densities.
The immobilization process on the coated electrode surface is divided
into two parts depending on the polymer morphology. If the polymer
contains enzyme-binding functional groups (carboxyl, amine, epoxy
groups, etc.), the polymeric surface is first activated with various binding
agents (carbodiimide solution, gluteraldehyde). For carboxyl group
containing polymer, these groups are activated with carbodiimide
solution (aqueous solution including 1-ethyl-3- (3-dimethylaminopropyl)
carbodiimide and N-hydroxysuccinimide), and for amine group
containing polymer, these groups are activated with glutaraldehyde
solution (25%) before the immobilization step (Korkut and Kilic 2016;
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Korkut Ozoner et al., 2011). These process is carried out by immersing
the film coated electrode into the prepared binder agent solution and
waiting it at room temperature for predetermined time. After the
functional group activation, the polymer film coated bioanode and the
biocathode are immersed in the related enzyme solution prepared in a
suitable buffer, and the immobilization step is accomplished by waiting at
the determined times. For polymers which have no enzyme binding
functional groups, enzymes are trapped by adsorption method in the pores
of the polymers. This process is carried out as mentioned above by
passing the functional group activation step. Then the bioanode and
biocathode should be washed with ultrapure water to remove the unbound
enzyme from the surface of the electrodes. Enzyme immobilization
methods are schematized in Figure 3. The immobilized enzyme quantity
should be determined by a standard protein analysis since the enzymes
are responsible from the biochemical reactions from the fuel to generate
electrical power.

Figure 3. Enzyme immobilization methods carried out on bioanode
and biocathode surfaces
A number of studies should be done to improve the performance of
the system following the EFC bioanode and biocathode preparation
methods outlined above. These can be classified as the effect of pH, the
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application voltage, the system flow rate and the test of its usability in
physiological fluids. These parameters can be briefly summarized as
follows: The bioanode and biocathode of the continuous flow EFC
system, which should be able to design to form a base for in vivo
implants, should be able to function in-body pH values. Since bioanode
and biocathode are the single-compartmented cells to be operated with a
single solution, the ability of anode and cathode enzymes to react at the
highest activity values in the same solution is a parameter that positively
affects system performance. Another parameter that directly affects
system performance is the voltage values applied to bioanode and
biocathode. In order to achieve maximum performance from an EFC
system, the transmission of electrons released by enzymatic reactions to
the system electrodes must be carried out with the appropriate application
voltage. In other words, the transmission of the electrons released from
the biochemical reactions occured on the bioanode surface to the
biocathode material and the capture of these electrons by the biocathode
is possible with the voltage applied to the anode and cathode. For this
purpose, the system is operated at various anodic and cathodic voltages to
determine the appropriate voltage values where maximum power can be
generated. The rate of the enzymatic reaction in the continuous-flow
reactors containing immobilized enzyme or microorganism is either
diffusion or chemical reaction controlled depending on the flow rate. In
the diffusion controlled reaction, depending on the low flow rate, the
substrate diffusion towards to the immobilized enzyme layer is
insufficient and the enzymatic reaction slows. In such a system, as the
diffusion of substrate becomes easier when the flow rate is continuously
increased, the rate of the enzymatic reaction begins to increase and
remains constant after a certain flow rate. The reason for this is that the
mass transfer resistances are overcome after a certain flow rate value by
the increasing flow rates and the mass transfer rate exceeds the reaction
rate. In this case, the enzyme kinetics is under the control of the chemical
reaction and the enzymatic reaction rate reaches the maximum (Korkut
Ozoner et al., 2011). A very high flow rate means that the fuel can be
removed from the electrode surface without reacting with the enzyme,
which can significantly reduce the energy generation performance of the
system. From this point of view, the optimum flow rate should be
determined by operating the system at different flow rates in order to
achieve high performance fuel oxidation in the designed EFCs.
Metabolites and their concentrations in both physiological fluids and
blood vessel fluids: Na+ is 145 meq/L in blood, 142 meq/L in
physiological fluid, K+ is 4 meq/L in both fluids, Ca+2 is 3 meq/L in both
fluids, Mg+2 is 2 meq/L, Cl- is 105 meq/L in blood, 110 meq/L in
physiological fluid, HCO3- is 24 meq/L in blood, 28 meq/L in
physiological fluid, PO4-3 is 2 meq/L in both fluids, protein is 7 g/dL in
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blood and 2 g/dL in physiological fluid (Birol et al., 1997). The energy
generation capability in the physiological fluid content of the designed
EFC system should be investigated after it has undergone all optimization
processes. For this purpose, EFC systems contain the following
metabolites in the concentrations given above (Na+, Ca+, K+, Mg+2, Cl-,
HCO3-, PO4-3 and protein content consisting of albumin, fibrinogen,
globulin) and glucose in the range of 0.14-5 mM at physiological pH
value should be fed continuously with phosphate buffers at 37 oC, and the
energy generation of the developed systems should be calculated. In this
way, it is determined how other metabolites other than glucose in the
blood and in the physiological fluid will affect the system performance.
Thanks to the continuous flow operation of EFC systems, the glucose
produced repeatedly in the physiological fluid is continuously fed into the
system as fuel. Thus, the energy to be provided for the implants is never
interrupted. The battery is not needed in an electronic device powered by
an EFC which is continuously fed with the fuel. In the literature, a few
number of continuous flow EFC systems were reported and it was
understood that very few of those were implantable. Malate
dehydrogenase and alcohol dehydrogenase as anodic enzymes were
tested in two continuous flow EFC systems which are operated in
independent reaction medium. Ethanol and L-malat was used as fuel for
the EFC operated with alcohol dehydrogenase and malate dehydrogenase
anode, respectively. In both EFC systems, laccase enzyme was used in
the biocathode. The bioanode side of the systems was continuously
supplemented with fuel in aquous medium while the biocathode side was
air-absorbed and used without being dipped into the solution. The
maximum power densities obtained from the EFC systems with malate
dehydrogenase bioanode and alcohol dehydrogenase bioanode at a flow
rate of 3 mL/min were calculated to be ~9 µW/cm2 and ~26 µW/cm2,
respectively (Rincon et al., 2011a). L-malic acid was fed as fuel into a
continuous flow EFC system operated at a flow rate of 3 mL/min with
malate dehydrogenase bioanode and laccase biocathode intermittently
every 300 seconds, and 70 µA current was generated from the system
(Rincon et al., 2011b). An enzymeless-polidimethylsiloxane coated
platinum electrode was used in a microfluidic EFC system prepared by
glucose dehydrogenase bioanode. The system was continuously fed with
a pH 7 phosphate buffer containing 5 mM glucose and 1 mM NAD+ at a
flow rate of 1 mL/min and a maximum power density of 32 µW/cm2 was
obtained (Togo et al., 2007). In another study, an EFC designed with
glucose dehydrogenase and bilirubin oxidase-based microfluidic system,
which glucose was used as fuel and continuously was fed, a current value
of 20 µA was reported at the flow rate of 0.3 mL/min (Togo et al., 2008).
The amount of energy generated in these systems is quite low and no
studies have been conducted on the implantability of these designed
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systems. In one of the EFC studies published so far, it has been suggested
that the system is implantable, but in the same study it is stated that due
to the low power generated from the system, it cannot operate a
pacemaker that needs a power of 10 µW. In this study, the use of oxygendependent glucose oxidase enzyme in the anode generated insufficient
power for the system and this situation made the system impossible to
implant. In addition, it can easily be said that the flow cell module
designed for the generation of minimum energy required for in-body
implants to work in the living tissue is directly related to the appropriate
enzyme selection and electrode configuration.
With individual optimization of the parameters that affect the
performance, the system is able to generate high power. In this study
reported by Toit and Lorenzo, glucose oxidase and laccase enzymes were
immobilized to the high-pore gold anode and cathode electrodes. The
continuous flow system was prepared in two different ways: In the first
design, the anode and cathode were placed in two different channels
having independent solutions, while in the second design the anode and
cathode were placed in a single channel. Both EFCs were continuously
fed with pH 7 phosphate buffer at 37oC containing 27 mM glucose at a
flow rate of 0.35 mL/min. A power of 0.7 µW/cm2 could be generated
from the single channel EFC module while 1.6 µW/cm2 was generated
from the two-channel EFC system (Toit and Lorenzo, 2015).
4. Conclusion
When designing an implantable EFC system, it should be paid
attention that the anode and the cathode should be operated in the same
solution with a compartmentless cell, reaction-by-products that may harm
livings should not be created, the ability of the energy generation within
the body should be as high as possible, both anodic and cathodic enzymes
together do not catalyze oxygen-dependent reaction, the polymeric films
coated on the electrode surfaces should have high ability for electron flow
and should be biocompatible. An EFC system designed on the basis of
these design parameters can be used easily by miniaturized within the
body and generate sufficient energy.
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ENVIRONMENTAL EFFECTS AND PERFORMANCE
ANALYSIS OF BIOFUELS**
Mustafa Kaan BALTACIOĞLU** & Yıldız KOÇ***
1. An Overview of Biofuels Such as Biodiesel, Ethanol and
Hydrogen
In last decades, air pollution and global warming are become frequently
encountered terms. As known; global warming and climate change
stemming from fossil fuel-based energy production are important global
problems. In addition to industrial engines used to generate electricity,
many vehicles used in transportation work with fossil fuels. The use of
fossil fuels is restricted in order to prevent increased air pollution and to
reduce the serious effects of global warming on the earth, clean and cheap
alternative energy sources are tried to be used instead of fossil fuels. The
effects of biofuels such as biodiesel to exhaust gas emissions are evidenced
by many researchers. At the same time, performance losses are expected
result related to the lower heating value of biodiesel fuels. In order to
compensate the performance loss, various amount of HHO (hydroxy gas)
enrichment to biodiesel has experimentally performed and analyzed in this
chapter.
The most common alternative fuel used in C.I. engines is biodiesel,
among the alternative fuel types. The studies in the literature have shown
that the fuel characteristics of biodiesel are very similar to standard diesel
fuel (Canakci, 2007, Chang et al., 1996, Freedman and Pryde, 1982,
Ozcanli et al., 2017). These issues provide the use of biodiesel without any
structural modification to the diesel engine (U.S.E.P.A., 2008, E.M.A.,
2003, Murillo et al., 2007). There are many known advantages of biodiesel,
such as high cetane number and lubrication effect, low CO and CO2
emissions, negligible sulfur and approximately 10-11% extra oxygen
which is the one of the most important feature of the biodiesel, contents.
However, when considered lesser heating value and due to the higher
combustion temperature more NOx formations than diesel fuel, it has seen
that they have a couple of disadvantages (Mittelbach and Remschmidt,
2004, Chen et al., 2010, Sendzikiene et al., 2006, Baltacioglu et al., 2016,
*
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Ali et al.,2015, Dhar and Agarwal, 2014, Gopal et al., 2014, Özçelik et al.,
2015, Jeevahan et al., 2017)
One of the issues discussed within the framework of the search for
solutions is the use of hydrogen and biodiesel in the transportation sector.
Today, the use of hydrogen in vehicles is known as major popular subject.
Hydrogen has the potential to be fuel of the future, due to its approximately
three times higher heating value than the fossil fuels and easy availability
(Momirlan and Veziroglu, 2002). While pure hydrogen can use in the
vehicles which has equipped by fuel cells directly, in IC engine they cannot
be used as a fuel without blending due to high octane number and high
flame speed (Al-Rousan, 2010, Saravanan et al., 2007, Szawa and GrabRogalinski, 2009). These two crucial parameters directly affect
combustion and engine efficiency.
On the other hand, the storage of pure hydrogen is very troublesome
and dangerous because of the prevention of leaks and the difficulty of
liquefaction. Furthermore, these parameters increase the cost of hydrogen
to be used as fuel. However the HHO usage on vehicles is the more
applicable because of ease of production and using. The “HHO” first
appeared in 1977 as “Brown Gas” by Yull Brown (Brown, 1977-78). HHO
is completely safe to use with on-board applications as it can be easily
obtained by electrolysis from water. Almost pure hydrogen is obtained as
a result of the production using this method (Dincer, 2012). HHO has better
combustion characteristics with respect to pure hydrogen due to its oxygen
content.
Oil and petroleum products are at the forefront of almost all crises that
the world has lived in over the last decades. This crisis is most felt by those
who have depended to oil import and the economy which is based largely
on oil revenues. Bio-origin fuels can offer a viable solution to the
worldwide energy demand crisis. Various biofuel sources such as biomass,
biogas, primary alcohol, vegetable oil, biodiesel have been investigating
by scientists. These alternative sources are generally environment-friendly,
but they need to be assessed for their advantages, disadvantages and
specific applications. While some of these fuels are directly available,
some must be reformulated to bring them closer to conventional fuels.
Researchers have done numerous studies on alternative fuels and also with
their combinations. Those which similar to the subject of this study focused
on different combinations of diesel, biodiesel, ethanol liquid fuels and
hydrogen gas fuel (Tüccar 2018, Rakopoulos et al.2006, Basha, Gopal and
Jebaraj 2009, Najafi et al. 2009, Imdadul et al. 2016, Akansu et al. 2017,
Zaharin et al. 2017, Midilli and Dincer 2008, Demirbas 2009). On the other
hand, none of the studies in literature contains any combination of diesel +
biodiesel + ethanol + HHO at the same time. The aim of this experimental
study is to fulfil this gap and take it one more step further.
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Although petroleum and petroleum-derived fuel reserves have a decent
occupancy rate for many years, the damage of the changing climate
conditions due to the rapidly increasing global warming is only possible to
reduce by using low carbon or carbon-free fuels. Despite the high initial
investment cost, sustainable and renewable energy sources play an
important role in solving problems such as climate conditions changing
and increasing energy demand. New technologies that must be used to
achieve the full of about 150 Petawatt-hours (PWh) of fossil fuels from
sustainable and renewable sources of energy require a great deal of
investment. it is seen as a better choice to pass by using fuel mixtures, such
as fossil fuels, hydrogen, and biofuels instead of a direct transition to
alternative energy sources (Abas, Kalair and Khan 2015, Saxena Kumar
and Saxena 2018). Although biodiesel fuel is considered as a good
alternative to diesel engines, some biodiesel fuels cannot meet of world
standards such as ASME and EN 590 in terms of fuel properties when used
alone. These properties can be improved by adding bioethanol. Ethanol
affects some important properties related to blending stability, viscosity
and lubricity, energy content and cetane number by mixing with diesel fuel
(Hansen Zhang and Lyne 2005).
Firstly, bioethanol, which is considered as an alternative to petrol used
in spark-ignition engines, is also suitable for use in compression ignition
engines. (Barabás and Todoruț 2019).
Huang et al. performed their experiments with different ethanol
addition ratios which are 10%, 20%, 25% and 30% with in ethanol-diesel
fuel mixtures. In this study, performance values showed that when ethanol
contents of fuel mixtures were increased, brake specific fuel consumption
increased but brake thermal efficiency values decreased with same trend
(Huang et al. 2009). According to many researches, the LHV of ethanol is
the major reason of these performance outputs (Hansen et al. 2000, Hansen
et al. 1998, Kass et al. 2001). On the other hand, the emission values were
improved by using ethanol blended diesel fuel mixtures in their study.
Carbon monoxide (CO) were reduced at the mid and high engine speeds.
Total hydrocarbon (THC) and nitrogen oxides NOx values were also
improved by ethanol addition in diesel fuel (Huang et al. 2009). Di et al.
investigated that the various ethanol addition (2%, 4%, 6% and 8%) to
ultra-low sulfur diesel fuel usage in direct injection (DI) compression
ignition engine. Their investigation was focused on the effects of different
ethanol-diesel fuel mixtures on emissions characteristics. Brake thermal
efficiency was increased with the increasing ratio of ethanol in the fuel
mixture. The CO and total hydro carbon emissions were reduced by using
ethanol-diesel fuel mixtures but they observed more NOx formation with
respect to diesel fuel (Huang et al. 2009). Rakopoulos et al. also studied
with different amount of ethanol (5% and 10%) diesel fuel blends. The
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results showed that the same characteristics as the given studies previously;
as well as the ethanol contents of fuel mixtures were increased; BSFC
values increased, BTE values decreased (Rakopoulos et al. 2008). Shadidi
et al. investigated the effects of diesohol fuel blends on the performance
and emission characteristics of a tractor engine. The results showed that
engine power and torque values were increased 8.50% and 10.28%,
respectively. They also observed that emission parameters such as, CO,
unburned hydrocarbon (UHC) and CO2 were improved by using diesohol
fuel (Shadidi et al. 2014).
It is well known criteria that biodiesels are mixable with alcohols,
unlike diesel fuels. Subbaiah and Gopal performed their experiments with
ethanol blended rice bran oil (RBO) biodiesel fuel mixtures. They
investigated effects of using different ethanol (2.5%, 5% and 7.5%)
addition to RBO biodiesel in compressed ignition engine. Their results
showed that the 2.5% addition of ethanol improved performance outputs
and maximum brake thermal efficiencies was obtained 6.98% and 3.93%
higher than standard diesel and biodiesel, respectively (Venkata and Gopal
2011).
When considering normal conditions, ethanol-diesel fuel mixtures do
not remain as a homogeneous mixture for a long time, and biodiesel can be
used as a good additive in stabilizing this mixture. A chart is given in figure
1 (Kwanchareon et al. 2007) to explain homogeneity of these three
different liquid fuels.

BED at 20 oC

BED at 10 oC

BED at 30 oC

Fig.1. Ternary (Diesel-Ethanol-Biodiesel) liquid fuel blends at various ambient
temperatures (Kwanchareon, P., et. al. 2007)
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Lebeckas et al. conducted their study with ethanol-diesel-biodiesel fuel
mixtures. The fuel composition composed of 15% ethanol, 80% diesel and
5% biodiesel. They reported smoother engine operation for all
performance parameters with biodiesel addition to ethanol-diesel fuel
mixtures according to neat ethanol-diesel mixtures. The experimental
results showed that ethanol (15% volume), diesel (80% volume) and
biodiesel (5% volume) fuel mix can be used to increase efficiency in
performance and emissions parameters of diesel engines (Labeckas Stasys
and Mažeika 2014). Hulwan and Joshi, performed another study about
ethanol-diesel-biodiesel fuel mixtures. During their experiments, they used
different amount of ethanol, diesel and biodiesel in mixtures, fuel mixtures
contents were D70/E20/B10 (blend A), D50/E30/B20 (blend B)
D50/E40/B10 (blend C), and Diesel (D100). The main goal of their
investigation was to substitute diesel with maximum amount of ethanol in
diesel–ethanol blends by using ethanol-diesel blend stabilization property
of biodiesel. The results showed that all performance values were
improved except BSFC and all emission values were reduced with all
blends except NOx emissions at mid and high loads (Hulwan and Joshi
2011).
In last two decades, hydrogen plays a key role as an energy source of
transportation sector. The many researches have been done about
performance and emission effects of hydrogen usage in internal
combustion engines (Tüccar 2018, White Steeper and Lutz 2006, Verhelst
and Wallner 2009, Heffel 2003, Eichlseder et al. 2003, Kumar Ramesh
and Nagalingam 2003, Al-Baghdadi 2004). In order to use hydrogen as a
single fuel in internal combustion engines, both storage safety and engine
construction must be considered, although hydrogen can be used as fuel
enrichment without any structural changes but it is difficult to overcome
the storage problem on-road applications, except HHO systems
[Baltacioglu et al. 2016, Santilli 2006, Birtas et al. 2011, Arat et al. 2016,
Yilmaz Uludamar and Aydin 2010, Sa’ed and Ammar 2011). The
applications of HHO systems are made with dry cells. The flat type dry
cells are widely used to produce HHO gas from pure water and catalyst
mixture, on-road systems. Thanks to its thin structure, flat-type dry cells
allow you to add more plates and to use the gaps efficiently during
applications (Sankar 2014). The widespread model usage of this system is
presented in figure 2 (Anonymous).
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Fig. 2. Flat-type dry HHO cell system schema
Also these advantages provide to produce more HHO gas when needed
in heavy duty engine applications. Sankar performed his study with
different ratios of HHO enriched biodiesel fuel mixtures. The results were
reported that performance and emission parameters were improved by
using biodiesel with HHO enrichment usage in diesel engine (Sankar
2014). Many studies in the literature show improvements in the
performance and carbon emissions of HHO enriched biodiesel fuel in
compression ignition engine (Baltacioglu et al. 2016, Ozcanli et al. 2017,
Durairaja Shanker and Sivasankar 2012, Masjuki et al. 2016). Jeffrey and
Subramanian used HHO and neem oil ethyl ester in a single cylinder four
stroke diesel engine. The performance parameters such as brake thermal
efficiency (BTE) and brake specific fuel consumption (BSFC), were
calculated and results showed that BTE was increased, BSFC was
decreased by using HHO enriched biodiesel when compared with neat
diesel operation (Subramanian 2014). Kale and Dahake performed a
review study about performance and emission analysis of HHO and
biodiesel blends in compression ignition engines. Their results obviously
recommended that HHO enriched biodiesel could be used, due to
improvement effects of hydrogen enrichment in biodiesel on performance
and emission outputs (Kale and Dahake 2016).
In the scope of this research is performance and emission analysis of a
single cylinder CI engine fuelled with biofuel mixtures, which contain the
various combination of biodiesel (5/10/15), diesel (90/80/70), anhydrous
ethanol (5/10/15) and hydroxy gas (HHO) to compare with the diesel fuel
base condition have been done for the first time in this book chapter. The
aim of the study is to reduce fossil fuel dependence and also harmful
exhaust emissions gas. Maximum reduction of carbon monoxide and
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carbon dioxide emission was obtained with 0,5 liter per minute hydroxy
gas enriched biodiesel (10%) - diesel (80%) and ethanol (10%) fuel blend.
Additionally, unsurpassed brake power and brake torque improvements
were provided by same fuel blend, similarly. The results which have been
obtained as performance and emissions were very promising except NOx
and BSFC increments compared to sole diesel usage. Furthermore, thermal
and volumetric efficiencies are conducted, calculated and presented by
graphs.
2. Experimental Procedure
The pure raw soybean oil has processed and converted into biodiesel by
traditional transesterification method which includes chemical reactions,
washing, separation of glycerine with pure water, drying, and filtering
steps. Liquid test fuel analysis of diesel and biodiesel-diesel-ethanol fuel
combinations which were used in this experimental study were performed
and shown in table 1. Three different BDE (biodiesehol) fuel mixtures were
named by their volumetric composition of the new fuel contents; which are
BDE (5/90/5), BDE (10/80/10), BDE (15/70/15). As an example, the
mixture BDE (5/90/5) indicates the fuel ratios of the all used substances in
the fuel mixture: 5 % biodiesel, 90 % diesel fuel and 5 % ethanol, in terms
of volume. By the ratio of ethanol in the fuel mixture increases, the density
of the mixture was decreased. The density of ethanol is lower than the other
two components of the mixture, causing the density of the fuel mixture to
drop. On the other hand, opposite situation is obtained by the ratio of
biodiesel in the mixture. Therefore, a balance point has been caught about
density.
Table 1. Test fuel specifications
Specifications
Density
(g/cm3)
Cetan
Number
Cetan Index
LHV (kJ/kg)
Pour
Point
(°C)
Viscosity
(cSt) (40 ºC )

Measurement
Device
Kyoto
Electronics
DA-130

Diesel
0,835

BDE
(5/90/5)
0.835

BDE
(10/80/10)
0.835

BDE
(15/70/15)
0.834

EN590
Standards
0.8200.845

EN 14214
Standards
0.86-0.90

55,22

63.383

58.939

59.347

Min. 51

Min. 51

45,63
44,280

49.918
42,720

53.614
42,630

56.006
41,160

Min. 46
-

-

-18

- 27.8

- 27.1

- 25.4

-

3,06

2,55

2,1

2,51

2-4.5

Sum< 4.0
Win<-1.0
3.5 - 5.0

Zeltex ZX440
IKA Werke
C2000
Tanaka MPC102
Tanaka AKV202

Additionally, hydroxy gas (HHO) was used with a constant 0.5 liter per
minute flow rate to enrich intake air and improve combustion efficiency
during the entire tests.
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This experimental research was conducted on the single cylinder test
engine which powered by diesel-biodiesel-ethanol fuel blends those
enriched by 0.5 l/min HHO gas fuel during the entire tests. Schema of the
experimental test rig and the test engine which is non-modified, naturally
aspirated, one-cylinder stationary engine are shown in figure 3 and table 2,
respectively.
Table 2. Test engine specifications
Type

4 stroke, single cylinder, diesel engine

Displacement
Bore & Stroke

219 cc
70mm * 57mm

Compression Raito
Brake tork
Brake power

17:1
8.8 Nm @ 2000 rpm
3 kW @ 3600 rpm

Fig. 3. Experimental Set-up
It is equipped with simple air cooling system with a suitable size fan.
All the experiments were performed under full load condition within the
range of 1200 to 3200 rpm and graphical points were selected at intervals
of 100 rpm. The brake engine torque is determined by means of a hydraulic
dynamometer and a measuring unit.
The HHO gas system contains plate type dry cells with 14 plates,
electrolyte added water reservoir, a flash tank, solenoid relay switch,
constant current Pulse Width Monitor (PWM) with LCD screen, fittings
and electrical connections as represented in figure 4. HHO generator was
powered by engine battery (12 V). 10 amps were enough to produce
necessary HHO amount. Constant rate of 0,5 L/min HHO flow was
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controlled with the aid of needle vane before the Alicat brand HHO
flowmeter.

Fig. 4. Experimental HHO system
Exhaust emissions results were obtained by MRU Delta 1600 V gas
analyser which has measuring ranges for CO, CO2 and NOx emissions 010%, 0-20% and 0-4000 ppm, respectively.
3. Results and Discussion
With the aim of combustion character analysis for the test fuel mixtures
which are enriched by HHO gas; the measured and recorded performance
and emission values of the diesel test engine have been presented with
graphs in this section. Results have been interpreted by comparison each
other and also base line diesel properties. Along with different
interpretations, the general view is that performance losses are expected
when fuel mixtures are used with lower heating values while
improvements are expected in exhaust emissions (Arcoumanis 2008,
Pramanik 2003, Rakopoulos et al. 2010, Rakopoulos et al. 2008, Usta
2005).
Under these conditions, HHO enrichment is critical in terms of results.
The using of hydrogen in internal combustion engines increase the incylinder temperature and provide a more efficient combustion
phenomenon in terms of thermodynamics. Hydrogen has significant
properties compared to the conventional liquid fuels, when used as a fuel
or fuel additives thanks to its higher heating value and flame speed.
(Baltacioglu et al 2016).
As seen in figure 5, overall brake power vs. engine speed is improved
for BDE (5/90/5) + HHO, BDE (10/80/10) + HHO and BDE (15/70/15) +
HHO compared to neat diesel fuel (0/100/0). Maximum brake power point
is obtained at 2600 rpm by BDE (10/80/10) + HHO. It is clear that HHO
affected power outputs positively. Increased volumetric ratio of biodiesel
and ethanol in the fuel mixture had a trend to reduce brake power,
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especially at middle engine speed range (2000-2900 rpm). But when
considered about high-speed ranges more than 3000 rpm, HHO enrichment
and extra oxygen contents of test fuels provided better combustion. This
trend can be observed as long as the effect of the extra oxygen in the fuel
for combustion process is greater than the impact of the increased value of
the latent heat of vaporization (Jamrozik et al. 2017). BDE (10/80/10) +
HHO test fuel usage was provided 5.9% improvement compared to neat
diesel results. Other mean brake power improvement ratios vs neat diesel
fuel were 4.15% and 2.08% for BDE (5/90/5) + HHO and BDE (15/70/15)
+ HHO, respectively.

Fig. 5. Brake power vs engine speed
Brake torque results provided similar character as brake power.
Constant 0.5 l/min HHO enrichment of BDE (10/80/10) represented
highest overall brake torque increments while peak point was obtained
by BDE (5/90/5) + HHO as brake torque. Improvement ratios compared to
neat diesel fuel were 1,43 %, 3,59 %, 1,35% for HHO enriched BDE
(5/90/5), BDE (10/80/10) and BDE (15/70/15), respectively. High engine
speeds are more favourable for all HHO enriched experimental test fuels.
Results are represented in figure 6.
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Fig. 6. Brake torque vs engine speed
As known, BSFC is the rate of fuel consumption divided by the brake
power produced. In other terms, it is a measure of the fuel efficiency to
compare the efficiency of internal combustion engine. In this experimental
study liquid fuel consumption was measured by the aid of computer,
sensors and software. Beside, HHO gas fuel enrichment was provided
except neat diesel fuel tests. Amount of hydrogen consumption should be
considered to get realistic BSFC results during the calculations. Therefore,
pure hydrogen fuel quantity in 0.5 l/min HHO was calculated and
transformed to same amount diesel fuel. Since oxygen part of HHO gas
cannot be called as fuel, it just enhances combustion, means that it does
not contain the calorific value to be considered. Additionally, mass
proportion of H:O is 1/8. As a result of these principles, the equivalence of
0.5 liter HHO is 0.085 gr diesel fuel by the point of energy content. The
BSFC results of experiments are shown in figure 7. The entire HHO
fortified test fuels were increased BSFC by 1 % with compared to base
diesel fuel results, which are very acceptable when considered the
improvement in brake power and torque outputs. Maximum increment was
obtained by BDE (15/70/15) test fuel which might be expected. Because
of the highest proportional content of biodiesel (15% v/v) and ethanol
(15% v/v) among other test fuel mixtures while it was still the same flow
rate of HHO enrichment to combustion room.
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Fig. 7. Brake specific fuel consumption vs engine speed
In figure 8, CO versus Engine speed is shown by graph. As it is seen
from the figure, all fuel mixtures were provided better combustion by
hydrogen addition and the CO formations were decreased. The best
reduction was achieved with BDE (10/80/10) + HHO fuel mixture at a rate
of 10% in average, whereas the minimum CO reduction was 4.08% in
average with BDE (5/90/5) + HHO fuel mixture. Especially at high engine
speeds where the lack of enough time for combustion, the higher flame
speed of HHO and ethanol leads better combustion than neat diesel fuel.
Therefore, better improvements were occurred at high engine speed range
than low and middle ranges.

Fig. 8. CO vs engine speed
These reductions were obtained by hydrogen enrichments and extra
oxygen content of HHO and other alternative fuel mixture. The hydrogen
and oxygen content of the HHO contributed to the complete combustion,
increasing the formation of CO2. It is obviously seen from figure 9 that
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CO2 formations were lower than base diesel reults at low engine speed for
entire HHO enriched alternative fuel combinations. On the other hand,
CO2 formation levels were more than base diesel when the middle and
high engine speed ranges were examined. Absence of carbon molecules in
HHO and lower C:H proportions for alternative fuels lead a reduction on
CO2 exhaust emissions. The obtained emission values show that hydrogen
enrichment reduces emissions of carbon-derived harmful gases, especially
when performance improvements are considered. BDE (10/80/10) + HHO
and BDE (15/70/15) + HHO experimental fuels provided 1.34% and 1.18%
overall reductions, respectively. Additionally, BDE (5/90/5) + HHO was
the sole fuel combination among all that increased the average CO2
emissions compared to base diesel. Overall increment ratio was 2.05%.

Fig. 9. CO2 vs engine speed
NOx exhaust emission versus engine speed results are represented in
figure 10. Three main factors can be listed as the main reasons for NOx
exhaust gas emission which are (i) high temperature, (ii) oxygen
concentration, and (iii) the residence time (Baltacioglu et al. 2016).
Singular or plural existences of these three main factors increase NOx
formation during the combustion. Since hydrogen increases in-cylinder
temperature; furthermore provides extra oxygen to the combustion
chamber as similar to biodiesel and ethanol fuels which are listed above as
the main factor for NOx emissions. As a result, NOx emission is directly
related to test fuels and their fuel characteristic. Experimental results
showed that 0,5 l/min HHO enriched BDE (5/90/5), BDE (10/80/10) and
BDE (15/70/15) were increased NOx emissions 7.65%, 6.74% and 9.15%,
respectively.
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Fig. 10. NOx vs engine speed
The volumetric and the thermal efficiencies versus engine speed graph
are given by figure 11. The volumetric efficiency is defined as the ratio of
the amount of fresh air or fuel-air mixture entering the cylinder on the
intake stroke to the amount of fresh air or fuel-air mixture that can be
entered in ideal conditions (reference pressure and temperature).

Fig. 11. Thermal and volumetric efficiencies vs engine speed
The major problem with hydrogen and HHO usage as a fuel or fuel
additive are that when the hydrogen and HHO in the gas phase are taken
into the cylinder, they occupy high volume in the cylinder (Yilmaz
Uludamar and Aydin 2010). Therefore, the volumetric efficiency values
are decreased at medium and low engine speeds when compared to neat
commercial fuels, thanks to long valve opening time. On the other hand,
the brake thermal efficiency graph is given in the same figure. Although
the general expectation that the hydrogen usage always increases
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performance parameters, it is seen from the figure that the brake thermal
efficiencies were decreased at low and high engine speed. These decreases
may define as the use of hydrogen reduces volumetric efficiency at low
engine speeds and reduces combustion efficiency due to high flame speed
at high engine speeds.
3. Conclusion
Analysis of HHO enriched bio-diesohol on performance and exhaust
emission in a single cylinder CI engine analysis have been successfully
conducted in this research area as a leading-edge experimental study. Sole
diesel fuel results were the reference point in order to make comparison
between various blend ratios. This extended experimental research
presents:
• analysis and characterization of liquid test fuels (diesel, biodiesel,
ethanol ) and their different volumetric blends
• replacement of the diesel fuel with environmentally friendly up to
30% without any structural changes or modification on test engine
• experimental investigation of the combustion process (from the view
of performance and exhaust emission results)
• determination of most promising and optimum hydroxy gas enriched
biodiesehol combination
Very promising results have been obtained as performance and
emissions, however, minimum NOx emission and the BSFC increment
ratios were 6.7% and 1.05%, respectively. Overall best and optimum
coupling between the constant flow rate of 0,5 l/min HHO enrichment with
various volumetric ratio mixtures of alternative fuels is determined BDE
(10/80/10) + HHO from both views of performance and emission point.
BDE (10/80/10) + HHO fuel blend comprises 20% (v/v) renewable and
antipollution characteristic fuels with respect to standard diesel fuel.
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DETERMINATION OF THE EMISSION INVENTORY FROM
ROAD TRANSPORT IN THE ALIAGA DISTRICT CENTER,
IZMIR
Goksel KAYA*
INTRODUCTION
With the rapid development of technology and population rise in recent
years, the increase in the number of motor vehicles has become a
significant problem especially in urban areas and the pollutants emitted
into atmosphere from these vehicles constitute environmental health risk
factors for humanity (Mimi et al., 2017: 599; Dey et al., 2019: 213; Bourar
et al., 2019: 198, Ganzenmuller et al., 2019: 656). Although the measures
taken decreased air pollution around the world, majority of urban
population is still exposed to high levels of pollution that exceed air quality
standards (Han et al., 2018: 121; Bogacki and Bzdziuch, 2019: 67; Zhang
et al., 2018: 85; Krecl et al., 2018: 186). Particularly the pollution caused
by exhaust gas emissions by motor vehicles is the primary cause of this
problem. The current limitations on pollutant emissions are defined by Air
Quality Directive 2008/50/EC in the European Union countries (EC,
2008). Within the frame of the harmonization process of Turkey with EU
legislation, our country adopted the legislation issued in EU countries on
exhaust emissions and have started to implement it since 2009.
With air pollution crossing borders and becoming a global problem, it
has become a need to prepare emission inventories and define current
emissions (Alyuz and Alp, 2014: 488). Emission inventory is defined as
the information on pollutants from air-polluting sources into the
atmosphere within a defined region in a given time interval and it involves
the list and amount of the pollutants as well as their ratio to the overall
pollution (Ma et al., 2018: 195). Review of literature shows that the
preparation of emission inventories is carried out by focusing on a single
or a few highways in the town center, vehicles on the selected highways
are counted with automatic counting devices or camera systems, emissions
are determined using emission factors in literature, and the atmospheric
distribution near the highway is calculated using special air quality models
(Lonati et al., 2005: 39; Niemeier, 2003: 37; Saija and Romano, 2002: 36).
It is possible to classify the pollutant emissions from internal
combustion engines into atmosphere as emissions released while the
engine warms up, hot exhaust emissions after the engine has warmed up,
and emissions caused by the evaporation of fuel from the fuel tank and
*
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carburetor (Ergeneman et al., 1998: 5). The main pollutants in the
composition of exhaust gases which constitute the majority of motor
vehicle pollutants can be listed as unburned hydrocarbons, partially burned
hydrocarbons (HC), carbon monoxide (CO), nitrogen oxides (NOx), sulfur
dioxide (SO2), lead compounds and particulate matter (PM10) (Adamovic
et al., 2018: 639; Seinfeld and Pandis, 2006: 411).
Air pollution reports show that the air and environmental pollution in
Aliaga district is increasing day by day. The impact of industrial pollution
on the basis of this pollution is quite high. Other reasons include the use of
coal in households as well as industrial facilities as well as exhaust gases
released by vehicles in traffic (TEACU, 2017).
This study calculates the amount of emission from moving vehicles on
the highway numbered 550-09 (2) in central Aliaga, which was counted by
the Ministry of Transportation and Infrastructure General Directorate of
Highways in 2017, using emission factor, number of vehicles and road
distance. The emission factors were selected suitably from the CORINAIR
emission factor database in the form of velocity-related equations as
vehicle class, type of fuel, emission standard and engine technology. The
numbers of vehicles and route lengths were obtained from the data of the
State Highways Traffic Volume Map published by the General Directorate
of Highways of the Turkish Ministry of Transportation and Infrastructure.
Emissions were calculated separately for 5 pollutants (CO, NOx, VOC, PM
and SO2) by using the MATLAB programming language. Within the scope
of the study, hot emissions that occur at the first start of the engine and
while driving after the opening of thermostat were calculated, while cold
emissions that occur until the moment the thermostat starts to open and
emissions by evaporation could not be calculated because of lack of data.
Moreover, General Directorate of Highways does not count motorcycles,
hence the study does not include emissions from these vehicles.
METHODOLOGY
Study Domain
Aliaga is a district in Izmir and placed on the shore of the Aegean Sea.
The district is surrounded by Dumanli Mountain in the southeast and Yunt
Mountain in the northeast, and the Aegean Sea is in its west. It is located
at 38 degrees, 56 minutes North, 37 degrees South latitude, and 26 degrees
53 minutes West, 27 degrees 10 minutes East longitude. Aliaga used to
develop in the North-South direction but because of Development Plans
and housing policies, it now develops toward East, and the new housing
areas are positioned in this direction. Surface area of Aliaga is 412.5 km2.
Aliaga is the industrial region in Izmir and is neighbor to Manisa in the
east, Bergama in the north, Menemen in the south, and Foca in the
southwest. The double-flow Izmir-Canakkale highway passes through the
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district and makes it possible to arrive at Izmir from this district in 45
minutes. Figure 1 shows the geographical position and road network of
Aliaga.

Figure 1. Location and road network of the Aliaga district (GDH, 2017)

Vehicle Counting
This study considers the highway numbered 550-09 (2) which passes
through the center of Aliaga and of which the vehicle counting was
performed by the General Directorate of Highways. This highway can
directly affect the air quality in the central region of the district because of
its traffic density. There are two types of methods of counting vehicles used
by the General Directorate of Highways (GDH, 2017).
1- Automatic Vehicle Classification Counts (AVCC1): In 2017, vehicle
classification counts were realized on 1353 points, in every season for at
least 7 days and 24 hours by portable traffic counting and classification
devices which are pneumatic tubes. System realizes the traffic
classification according to number of axles, axle spacing and sometimes
axles groups in 11 categories.
3- Automatic Vehicle Classification Counts (AVCC3): These counts
are realized with inductive loops which were installed on 516 locations all
around Turkey. The system is continuous permanent traffic counting and
classification system. Through these continuously operating stations
monthly adjustment factors which are used in converting count data of
portable stations into Annual Average Daily Traffic values are determined.
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Figure 2 shows the number of vehicles counting points and the number of
vehicles on Aliaga district national highway traffic flow map.

Figure 2. Traffic Flow Map (GDH, 2017)

Table 1 displays detailed information such as annual average daily traffic
values, speed values, road distances and types of counting.
Table 1. The state roads annual average daily traffic and the average speed values
of the 7. Regional Division of Highways for the year of 2017
PROVINCE/DISTRICT
CONTROL SECTION
NUMBER
SEGMENT NUMBER
LENGTH (km)
TYPE OF COUNTING
TOTAL ANNUAL
AVERAGE DAILY TRAFFIC
(AADT) (vehicle/day)
PASSENGER CAR

LİGHT DUTY VEHİCLE

COACH

TRUCK

ARTICULATED TRUCK

İzmir/Aliağa
550-09
2
8
AVCC3
34345

AADT
(vehicle/day)
AVERAGE SPEED
(km/h)
AADT
(vehicle/day)
AVERAGE SPEED
(vehicle/day)
AADT
(VEHICLE/DAY)
AVERAGE SPEED
(km/h)
AADT
(vehicle/day)
AVERAGE SPEED
(km/h)
AADT
(vehicle/day)
AVERAGE SPEED
(km/h)
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25863
84
1736
75
557
72
2756
66
3433
65

The vehicle counting technology used by the General Directorate of
Highways does not give data on the engine technology and fuel type used
in vehicle counting. For this reason, the data that was used in another study
on Istanbul is also used here (Koca and Elbir, 2013: 2). Istanbul which
contains 19% of Turkey’s vehicle number can be said to represent Turkey
in general. The data of the General Directorate of Highways contains
distribution of automobiles with respect to their fuel types for Istanbul for
the year 2017, hence this data is updated. The distribution of vehicles based
on fuels and types is given in Table 2 and the distribution based on
technology used and types is given in Table 3.
Table 2. Distribution of vehicles according to fuel type (%)
Gasoline
Diesel
LPG
Total
Passenger car
27.2
34.4
38.4
100
Light duty
10.7
89.3
100
vehicle
Truck/Coach
6.6
93.4
100

ECE 15-00/01

ECE 15-02

ECE 15-03

ECE 15-04

EURO1

EURO2

EURO3

EURO4

TOPLAM

Passenger
car
Light duty
vehicle
Truck/Coach

PRE-ECE

Table 3. Distribution of vehicles according to emission standard (%)

1.5

0.7

0.6

1.6

9.7

10.1

10.6

22.2

43

100

0.9

2

0.7

1.6

11

15.4

17.6

32.1

18.7

100

1.6

3.4

0.9

1.3

4.3

7.4

15.7

33.9

31.5

100

Calculation of Emissions
This study uses EMEP/CORINAIR methodology for the calculation of
emission inventory. According to this methodology, emissions from
moving motor vehicles are calculated using Equation 1 (European
Environment Agency [EAA] 2007).
𝐸𝑖,𝑗,𝑘 = 𝑁𝑗 . 𝑀𝑗,𝑘 . 𝑒𝑖,𝑗,𝑘

(1)

where i (pollutants) represents CO, VOC, NOX, SO2 and PM, j (vehicle
classes) represents fuel type and production year, k (road class) represents
urban, rural roads and highways, Ei is amount of pollutant emission
(tons/year), Nj is number of vehicles (j: according to class depending on
production year), Mj,k is kilometers taken by vehicles (j: road type and k:
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vehicle class), ei,j,k is emission factor [g/km] (according to pollutants,
vehicle classes, road type).
Hundreds of different emission factor equations are used in the study.
Equation 2 is an example for Nox emission factor for automobiles of class
Euro 4 that use gasoline as fuel.
𝐸𝐹 = (0,106 − 1,58. 10−2 . 𝑉 + 7,10. 10−6 . 𝑉 2 )

(2)

Where EF is NOx emission factor (g/km) and V is vehicle speed (km/h).
Total emissions for each pollutant are calculated using a program
written in MATLAB programming language using emission factors. The
program was written to enable the calculation of all emission amounts after
entering only vehicle numbers, velocities and road distances. Hence, it can
be easily applied to anywhere in our country.
Findings and Results
This study calculates the amount of emissions from moving vehicles on
main highway numbered 550-09 (2) on which vehicle counting was done
by the General Directorate of Highways, which is located in the center of
Aliaga district. It is seen that 34345 vehicles are moving in a day on this
highway. The distribution of the vehicles according to vehicle type shows
that the greatest percentage of 75.3% is taken by automobiles. It is followed
by trucks with 18,02%, medium commercial vehicles with 5.05%, and
buses with 1.63%.
The emissions are calculated using vehicle numbers, average vehicle
speed, and emission factors selected from the CORINAIR emission factor
database. Emissions are calculated separately for carbon monoxide (CO),
nitrogen dioxide (NOx), volatile organic compounds (VOC), particulate
matter (PM), and sulfur dioxide (SO2). For average vehicle speeds given
in Table 1, annual total emission amounts from the highway on which
vehicles were counted are given in Table 4.
Table 4. Emission inventory in the Aliaga district center for the year of 2017
İzmir/Aliaga
PROVINCE/DISTRICT
550-09
CONTROL SECTION NUMBER
2
SEGMENT NUMBER
8
LENGTH (km)
AVCC3
TYPE OF COUNTING
34345
TOTAL ANNUAL AVERAGE
DAILY TRAFFIC (AADT)
(vehicle/day)
46.37
PASSENGER CAR
CO
(ton/year)
21.50
NOx
6.19
VOC
1.68
PM
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0.05
2.94
4.94
0.41
0.46
0.01
1.50
8.36
0.43
0.26
0.007
47.34
82.6
4.83
1.93
0.07
98.2
117.4
11.9
4.3
0.14

SO2
CO
NOx
VOC
PM
SO2
CO
NOx
VOC
PM
SO2
CO
NOx
VOC
PM
SO2
CO
NOx
VOC
PM
SO2

LIGHT DUTY VEHICLE
(ton/year)

COACH
(ton/year)

TRUCK
(ton/year)

TOTAL
(ton/year)

As seen in Table 4, the amount of pollutants emitted into the
environment in 2017 from the highway numbered 550-09 (2) located in the
center of Aliaga district is 98,2 tons for CO, 117.4 tons for NOx, 11.9 tons
for VOC, 4.3 tons for PM and 0.14 ton for SO2.

(a)

(b)
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(c)
Figure 3. CO emission characteristics according to the vehicle speed a) Passenger
car b) Light duty vehicle c) Truck/Coach (G: gasoline, D: diesel, PC:
passenger car, LDV: light duty vehicle, C: coach, T: truck)

Figure 3 shows the change in CO emission according to vehicle speed
for various vehicle types. The largest share for CO pollutant belongs to
trucks with 48.21%. It is followed by passenger cars with 47.21%, light
duty vehicles with 3%, and coaches with 1.58%. As seen in Figure 3, CO
emission has high values when vehicle speed is low, and it is observed that
increase in speed decreases these values. When vehicle speed increases
even more, wind resistance also rises causing a re-increase in emissions.
The number of vehicles pre-Euro 1 (5337) is quite lower than the number
Euro 1 and later (290008) yet has a 45.47% share in CO emission.
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(a)

(b)

(c)
Figure 4. NOx emission characteristics according to the vehicle speed a) Passenger
car b) Light duty vehicle c) Truck/Coach (G: gasoline, D: diesel, PC:
passenger car, LDV: light duty vehicle, C: coach, T: truck)

Figure 4 shows the change in NOx emission according to vehicle speed
for various vehicle types. The largest share for NOx pollutant belongs to
trucks with 70.4%. It is followed by passenger cars with 18.3%, coaches
with 7.1%, and light duty vehicles with 4.2%. As seen in Figure 4, NOx
emission has high values when vehicle speed is low, and it is observed that
increase in speed decreases these values. Minimum NOx production occurs
when speed is around 70 km/h. It is determined that vehicles pre-Euro 1
constitute 51.3% of the NOx production.
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(a)

(b)

(c)
Figure 5. VOC emission characteristics according to the vehicle speed a)
Passenger car b) Light duty vehicle c) Truck/Coach (G: gasoline, D:
diesel, PC: passenger car, LDV: light duty vehicle, C: coach, T: truck)

Figure 5 shows the change in VOC emission according to vehicle speed
for various vehicle types. The largest share for VOC pollutant belongs to
passenger cars with 52.1%. It is followed by trucks with 40.7%, coaches
with 3.7%, and light duty vehicles with 3.5%. As seen in Figure 5, VOC
emission has high values when vehicle speed is low, and it is observed that
increase in speed decreases these values. Minimum VOC production
occurs when speed is around 80 km/h. It is determined that vehicles preEuro 1 constitute 49.66% of the VOC production.
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(a)

(b)

(c)
Figure 6. PM emission characteristics according to the vehicle speed a) Passenger
car b) Light duty vehicle c) Truck/Coach (G: gasoline, D: diesel, PC:
passenger car, LDV: light duty vehicle, C: coach, T: truck)

Figure 6 shows the change in PM emission according to vehicle speed
for various vehicle types. The largest share for PM pollutant belongs to
trucks with 44%. It is followed by passenger cars with 39%, light duty
vehicles with 11%, and busses with 6%. As seen in Figure 6, PM emission
has high values when vehicle speed is low, and it is observed that increase
in speed decreases these values. It is determined that vehicles pre-Euro 1
constitute 48.60% of the PM production.
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(a)

(b)

(c)
Figure 7. SO2 emission characteristics according to the vehicle speed a) Passenger
car b) Light duty vehicle c) Truck/Coach (G: gasoline, D: diesel, PC:
passenger car, LDV: light duty vehicle, C: coach, T: truck)

Figure 7 shows the change in SO2 emission according to vehicle speed
for various vehicle types. The largest share for SO2 pollutant belongs to
trucks with 51.1%. It is followed by passenger cars with 36.5%, medium
commercial vehicles with 7.3%, and busses with 5.1%. Minimum SO2
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production occurs when speed is around 70 km/h. It is determined that
vehicles pre-Euro 1 constitute 25.6% of the SO2 production.
Evaluation and Recommendations
This study calculates the amount of emission from moving vehicles on
the highway numbered 550-09 (2) in central Aliaga, which was counted by
the Ministry of Transportation and Infrastructure General Directorate of
Highways in 2017, using emission factor, number of vehicles and road
distance. The emissions were calculated using the programming language
MATLAB for 5 pollutants (CO, NOx, VOC, PM, and SO2).
The results show that the amount of pollutants emitted into atmosphere
from the route in Aliaga on which vehicles were count in 2017 are 98.2
tons for CO, 117.4 tons for NOx, 11.9 tons for VOC, 4.3 tons for PM, and
0.14 tons for SO2. Trucks have the highest share in the pollutants CO, NOx,
PM and SO2 with %48.21, %70.21, %44, and %51.1, respectively. The
largest pollution source for VOC emission is passenger cars with 52.1%. It
is found out that the amount of pollutant emissions is minimum on the
speed interval 70-90 km/h.
As of January 1st, 2011, selling of rural diesel from refinery and
importation of it are stopped in Turkey, and selling of it is also forbidden
in gas stations. Hence, the highest sulfur ratio among automotive fuels is
10 ppm for diesel and gasoline, and 50 ppm for LPG. It is believed that this
lowered the amount of sulfur dioxide emitted into atmosphere from motor
vehicles.
In Turkey, lack of data on the distributions of vehicles according to fuel
type and motor technology is a great problem in calculating emission
inventories. For this reason, it is important to insert this kind of up-to-date
data into literature.
Examining emission results, it attracts attention that the level of
pollutants emitted into atmosphere especially at low vehicle speed levels
are high. For this reason, development of cross-roads and signalization
system and application of green wave system can be a solution to this
problem. Especially in relation to quite high levels of pollution caused by
vehicles pre EURO1, various measures can be taken, including use of new
vehicle and fuel technologies, complete automotive maintenance, and that
motor vehicle tax should be taken based on emission values.
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