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ABSTRACT

AIR QUALITY IMPACTS OF VARIOUS HEATING SYSTEMS IN ANKARA

Yavuzdemir, Filiz
M.S., Department of Environmental Engineering
Supervisor: Dr. Serpil Kayin

January 1997, 117 pages

In this study, existing air quality effects of the current domestic heating systems and
the case of electricity use for domestic heating in Ankara have been analyzed. For the
winter season 1991-1992 heat energy used in Ankara for domestic heating has been
calculated by taking into account the fuel use and characteristics of the combustion
systems, and the air quality measurement results have been presented. For the
hypothetical case of electricity use instead of the current domestic heating systems in
the city, Industrial Source Complex-Short Term (ISCST) dispersion model has been
used for six different site alternatives in and around the city and for two thermal
power plants having different combustion technologies and emission characteristics in
order to investigate the ground level concentrations of SO,, NOx and SPM. The
comparison of air pollution levels of current status with the electricity use alternatives
considered in this study showed that potential ground level concentrations of SO,
NOx and SPM should be expected to be substantially lower in the case of electricity
use for 1991-1992 winter season in the city of Ankara.

Keywords:  Air Quality, Urban Air Pollution, Electricity use in Domestic Heating,
Sulphur Dioxide, Nitrogen Oxides, Suspended Particulate Matter.
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FARKLI ISINMA SISTEMLERININ ANKARADA HAVA KALITESI
Yavuzdemir, Filiz

Yiiksek Lisans, Cevre Miihendisligi Boliimi
Tez Yoneticisi: Dr. Serpil Kaym

Ocak 1997, 117 sayfa

Bu ¢aligmada, halihazirda evsel 1sinma amaciyla kullanilan yakma sistemleri ile elektrik
kullammu alternatifinin hava kalitesi lizerine etkileri aragtirilmgtir. 1991-1992 kig
sezonu i¢in Ankara'da evsel 1sinma amaciyla kullamlan enerji miktars, yakat titketimi ve
yakma sistemlerinin ozellikleri dikkate alinarak soz konusu doneme iligkin hava
kalitesi olgtim sonuglan verilmistir. Kent ortaminda, evsel isinmada elektrik enerjisi
alternatifinin hava kalitesi etkilerinin tahmininde ise Industrial Source Complex-Short
Term (ISCST) benzetim modelinden faydalamlmistir. Model, bir dizi senaryo
kapsaminda iki farkli yakma teknolojisine sahip termik santral ve Ankara i¢i ve
cevresinde alt1 farkli yer segenegi icin, SO,, NO, ve partikiiler madde yer seviyesi
konsantrasyonlarinin hesaplanmasinda kullanllmistir. Bu ¢aligmada, evsel isinmadan
kaynaklanan mevcut hava kirliligi ile elektrik kullanum alternatifinin yaratacagi
potansiyel hava kirlili§i diizeylerinin bir kargilagtirilmast yapidmus; elektrik kullanim
alternatifinin  yaratacagi potansiyel yer seviyesi SO,, NOx ve SPM
konsantrasyonlarmin, 1991-1992 kig sezonu ol¢lim sonuglarina gore énemli 6lgiide
disiik oldugu belirlenmigtir.

Anahtar Sozciikler: Hava Kalitesi, Kentsel Hava Kirlenmesi, Evsel Isinmada Elektrik
Enerjisi, Kukiirtdioksit, Azotoksitler, Partikiiler Madde.
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CHAPTER 1

INTRODUCTION

1.1 General

In an increasingly technological world, there is a growing awareness of air pollution
problems and concern about their control and abatement. Among the deleterious
effects of air pollution are direct injury to human health and to animals and crops,
damage to property by dusts and corrosive gases, reduced visibility, and the nuisance
of unpleasant smells and odours. Such environmental problems are particularly likely
to be acute in large industrialized zones and in urban areas with highly concentrated

population.

In order to minimize the pollution and develop appropriate abatement and control
policies it is required to assess the relationship between man's activities and the levels

of pollutant in the environment. For air pollution this will imply an understanding of

e generation and control of air pollutants at their source,

e the transport, dispersion, chemical transformations in and removal of species

from the atmosphere,

e the effects of air pollutants on ecosystem and materials.

The main pollutants emitted into the atmosphere and hence causing environmental
problems are oxides of nitrogen (NO, NO,), N>,O, H,S, oxides of sulphur (SO,, SOs,
SOy) , oxides of carbon (CO, CO,), suspended particulate matter (SPM) containing



various organic and inorganic compounds and heavy metals and a variety of organic

gases (NH;, CH,, non-methane hydrocarbons).

These emissions originate mainly from anthropogenic activities, although there are
natural sources as well (e.g. forest fires, volcanic eruptions, sea salt spray and wind

erosion). The four main anthropogenic activities contributing to air pollution are;

e mobile transportation (motor vehicles, aircrafts, railroads, ships, handling
and/or evaporation of gasoline),

e stationary combustion (residential, commercial and industrial power
generation and heating),

e industrial processes (mainly chemical, metalturgical, pulp-paper industries and
petroleum refineries),

e solid waste disposal (household and commercial refuse, coal refuse and

agricultural burning).

In this context, it is important to define air pollution with its full content. The
definition for pollution given by the Royal Commission on Environmental Pollution
in the UK is "Pollution occurs when enough of a substance is present in the
environment to have harmful effects.” More comprehensive and long-winded
definitions have been given elsewhere. For instance, The Engineers Joint Council
(composed of representatives from the various professional engineering associations)
defined air pollution as “the presence in the outdoor atmosphere of one or more
contaminants, such as dust, fumes, gas, mist, odour, smoke or vapor, in quantities or
characteristics, and of duration such as to be injurious to human, plant or animal life,
property, or which unreasonably interferes with the comfortable enjoyment of life
and property” (Bishop, 1957).

As the above definition implies, the contaminants causing air pollution problems are
various, and hence it would be a great underestimation (if not misleading) to define
air pollution as the presence of only SO; and SPM found above certain levels in the

atmosphere which has been the most common interpretation in the Turkish case.



It is a well known fact that air pollution has been increasing rapidly for the last 50
years in Turkey. In many cases the pollution reaches to episode levels in urban areas
especially during winter seasons, in other words, while domestic heating systems are

in operation and meteorological conditions unfavouring the pollution dispersion.

In order to combat the severe air pollution problems inherent in many Turkish
cities the Central and Local Governments have long been seeking for different
solutions. In the same context, this study attempts to investigate different
domestic heating alternatives (imported coal and natural gas fired combustion
systems currently used and electricity use generated through different
technologies) aiming to comment on the domestic heating strategy to be chosen in

the near future.

1.2 Scope and Objective of the Thesis

Objective of this thesis is to investigate different alternatives of domestic heating
with a particular focus on electricity use in order to eliminate the present air
pollution problems as a prelude to develop urban pollution control strategy for
future as a case study for city of Ankara. The scope extends to a brief cost analysis

of the different alternatives investigated.

The focus of the study is domestic heating by electricity use generated through
national sources (i.e. Turkish coal) since it has been the usual trend in most of the
developed countries, although the most pronounced cost disadvantage and the
electricity energy deficiency which our country is currently facing with are well
appreciated. These issues are referred to in the relevant chapters of the thesis (see
Table 2.2 and Table 6.1).

A specific city, Ankara, has been chosen in this study to achieve a quantitative
evaluation of air quality impacts and costs of different domestic heating alternatives.
Because among all Turkish cities, Ankara appears to be the most suitable case

regarding the availability and reliability of the extensive data required concerning fuel



use, characteristics of existing combustion systems, number of buildings and

dwellings, their spatial distribution in the city, meteorology and topography. A

similar study could have been conducted for any other city fulfilling the data

requirements concerned. The air quality impacts of the electricity use in the city for

domestic heating have been determined through simulation modeling studies taking

into account different technology and site selection alternatives for the power

generation.

1.3 Motivations for This Study

The major factors motivated this study are summarized below,

There appears to be a misconception that air pollution problem has been
eliminated altogether in Ankara and it would stay likewise in the future where
natural gas fired combustion systems for domestic heating has been in rapid

increase.

It is true that in Ankara SO, and SPM emissions have been eliminated
significantly and consequently there has been a continuous decrease of
corresponding concentrations in the atmosphere. As a result, lower values
achieved in comparison to currently effective Long Term Standards of Turkish
Air Quality Regulation. However, as the rapid population increase continues, it
can be expected that the decrease will cease at some point, and following this an
increase in trend will appear since it would be impossible both technically and
economically to supply natural gas to the whole community. Additionally, like all
other fossil fuels NOx emissions originate from natural gas combustion and the
ambient NO; concentration standards are stricter in comparison to SOx and SPM
standards.

Continuous NOx measurements conducted in the last three years in eight stations

in Ankara show that winter concentrations already exceed the standards.

Although the primary source of NOy emissions is traffic, it is apparently more
difficult to control traffic originated NO; emissions in the near future as it involves



far more complicated socio-economic and legislative constraints in comparison to

control of NQ, emissions originating from domestic heating.

e Besides being an important primary pollutant, NOx emissions cause ozone (O;)
and photochemical smog formation in urban atmosphere, hence bring about some
serious secondary effects. Although there is no continuous urban measurements of
Os conducted in Turkey, assuming an increase trend in Os; concentration would

definitely not be an overstatement.

e In order to develop scientifically sound air pollution control and abatement
strategies in urban areas, air quality modeling studies estimating future trends are

required in parallel with corresponding cost analysis.

1.4 Outline of the Thesis

This thesis is divided into two main sections. The first section, regarding the
problems of energy production for domestic heating from the perspective of air
pollution, highlights environmental impacts and economic factors of concemn;
demonstrates the extent of the problem in Ankara with a brief inclusion of whole
Turkey. The second section of the thesis is devoted to investigate air pollution
impacts of different domestic heating alternatives with a particular attention on
electricity use for Ankara. All analysis included in this thesis are comprehensive in
nature with a brief referrals of cost, and hence targeted to serve as a preliminary step

for development of air pollution abatement policy in urban areas.



CHAPTER 2

ENERGY PRODUCTION FOR DOMESTIC HEATING FROM THE
PERSPECTIVE OF AIR POLLUTION

In all energy production systems potential environmental impacts and in particular air
quality effects are related to technology of choice and corresponding mitigation measures
as well as the site selection. For example environmental effects of air pollutants, generated
from thermal power plants in rural areas or domestic heating systems in urban areas are
related to the topographical, meteorological and ecological characteristics of the receptor
environment. In other words, emissions having the same qualitative and quantitative
characteristics will cause different effects on areas having different susceptibilities,
implying the importance of site selection. On the other hand, factors such as energy loss
through conversion (i.e. heat energy to electricity) and transmission losses between the
point of production and consumption make the site selection process complicated and
difficult. From economical point of view, the most logical way appears to be producing
energy at the site of need. Producing the energy at “the site of need” means minimization
of transmission losses. However, from environmental point of view “the possible nearest
site” has to be taken into consideration. The differentiation between the two terms has to
be strictly understood as defining the site where the environmental impacts and
transmission losses both minimized, or optimized. For today’s world “an absolute
economical view” is insufficient and “a comprehensive economical view” including

environmental costs has to be taken into consideration.

In this chapter, different alternatives for domestic heating are compared by a fairly
simplistic, yet comprehensive approach. Environmental and economical factors of concern

6



are discussed for individual domestic heating systems (i.e. fossil fuel fired stoves and
boilers) as opposed to domestic heating by electricity (generated through thermal power
plants) taking into account control mechanisms, legal requirements, auditing and
sanctions. The quantitative results of the comparison are given in Chapters 5 and 6.

There are two main subjects of concern in energy production whether it is used for
industrial heat or electricity supply or for residential heating. These are environmental and
economical factors. However, before discussing these issues, a brief overview of energy
budget of Turkey is given below in order to highlight the current status, targets and
constraints of concern; and in Appendix A the most important energy indicators in Turkey

are summarized.

2.1 Energy Production in Turkey from the Perspective of Air Pollution

Turkey’s current electricity energy production serves only for industrial consumption
and lightening. Although the future plans are the same (i.e. no plans for electricity
production for domestic heating), there is an increasing demand of electricity due to
the increase in population and standard of living. According to Turkish Electricity
Generation and Transmission Corporation (TEAS) estimations, Turkey’s electricity
generation capacity will be 106.2 billion kWh in 1997, and annual increase in demand
will be 8%. Therefore, in the year 2000 demand will be 130 billion kWh and 270
billion kWh in the year 2010. This implies a serious electricity energy deficit starting
almost from present time. The only choice Turkey has, appears to be producing more

and cleaner energy as soon as possible.

In Turkey energy consumption per capita does hardly reach to 1,000 kWh annually at
present, whereas it is 8,000 kWh per capita in European Union Countries on the
average and around 14,000 kWh for industrialized countries. In some of these
industrialized countries electricity is also used for domestic heating. In general,
electricity used for domestic heating is generated from fossil fuel fired thermal power
plants, nuclear power plants, hydroenergy and a small portion from different types of

energy production systems (e.g. geothermal, wind, solar energy etc.). However, coal



fired thermal power plants are the main contributor to electricity energy production

all over the world.

Although energy and in particular electricity energy production in Turkey is an order
of magnitude smaller than developed countries, global emissions created in developed
countries are only two or three times more than that of our country. Similarly and
more remarkably, urban air quality in Turkey is much worse when compared to that
of urban areas in developed countries, implying a significant problem generating
higher concentrations with lesser emissions. For example, in Germany energy
consumption per capita is 15,000 kWh per year (i.e. 15 times of that of Turkey),
however, emission per capita is only three to six times more than that of Turkey (see
Table 2.1). This means that in Germany although more fossil fuel is consumed and
much more energy is produced compared to Turkey, emissions generated from

energy production are controlled effectively.

Table 2.1 Global SO,, NO; and SPM emissions
in Turkey and Germany

i

y 52 50 12
Source: State Planning Organisation (DPT), 1992.

Enforced by the discussion given above, it is felt that the causes of air pollution problems
in Turkish cities have to be scientifically analysed and radical pollution control strategies
should be developed, implemented through certain control measures. In this context,
extensive use of individual domestic heating systems (i.e. stoves and boilers) can not help
to solve the problem. Because these systems are operated without any or with a very
limited control of combustion and fuel, and without any impact assessment procedures
which would otherwise help foreseeing the influences to be expected. At this point it is
crucial to make a comparison between individual systems and electricity use in domestic

heating for environmental and economical factors of concern.
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2.2 Environmental Impacts

Environmental effects or related environmental costs of energy production systems can be
defined as the “negative impacts or losses” encountered in the receptor environment.
Energy production activities cause negative impacts on the receptor environment (air,
water, soil), on living species in that area (human beings, animals, plants) and on materials
having economical, cultural and historical importance (i.e. buildings, bridges, historical
monuments)' . The factors determining the scale and controllability of the potential impact
is not only the amount of pollutants but also the characteristics of the receptor area (its
self-cleansing capacity and sensitivities of the living organisms) and applicability of the
legal requirements and sanctions. Therefore, three major factors to be considered in the
context of air quality effects of energy production or in particular domestic heating
activities are i) emission minimization, i) site selection, and iii) legal requirements, auditing

and sanctions.

Among those, emission minimization is related with the fuel, process (combustion)
technology and control (treatment) technology. However, in the local scale, emission
minimization does not mean a proportional improvement in air quality since emissions and
concentrations are directly but not linearly related. Transport, dispersion, chemical
transformations in and removal of species from the atmosphere are functions of
topographical and meteorological setting of the activity area. Additionally, the same level
of pollutant concentrations have different impacts on different receptor environments,
therefore site selection is of significant importance. Finally, planning the activities
regarding site selection and fulfilling the commitments regarding emission minimization
must be under legal control through auditing and sanctions.

2.2.1 Emission Minimization

Energy production systems in this context are either boilers and stoves used for domestic
heating, or industrial heat and electricity production systems or thermal power plants. In

all those activities of concern, in order to minimize emissions and air pollution, the first

! Another important point for the environmental impacts of all energy production activities is socio-
economical; neverthless it is not in the scope of this thesis,
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issue of consideration have to be the current air quality status of the facility area or the
current emission load. When an activity requiring use of fossil fuel is of concern and if the
current emission load exceeds certain limits or tend to reach a certain level, permissions
should be given after a very careful examination of the potential impacts. If the pollution
level is above the limits permission to any type of energy production activity should be
given after analysing the potential impacts of the proposed activity on the environment
very carefully. In parallel to this assessment necessary measures have to be put into
practice for reducing the emission loads originating from the existing energy production
systems. For the case of residential heating in urban areas in Turkey, such an approach is

not in practice up until the date.

2.2.1.1 Fuel

Emissions generated from any type of energy production systems are directly related to
the physical and chemical characteristics of the fuel. Therefore, fuel selection is one of the
key points to reduce emission levels. For the case of coal use, there is a wide variety of
techniques available to enhance the fuel quality by means of enrichment processes,
gasification, coking, liquification, briquetting and coal treatment aiming to produce higher
calorific value with lower pollutant characteristics.

The first step in this context is to select the cleaner fuel having lower sulphur, ash and
humidity content. In the Turkish case where the in~country coal assets can not fulfil these
requirements there are two alternatives to reduce the emission level, either imported low-
sulphur coal or natural gas should be used or relatively high-sulphur in-country lignites,
after certain enrichment processes. However there are significant economical handicaps®
in the case of using foreign sources, i.e. natural gas and imported coal. It is rather
controversial to choose expedient measures which would lead to severe foreign
dependency on such a primary issue as energy in the Turkish case. However, our national

2 In 1990, energy import was accounted for some 31.4% of Turkey’s overall export. This

indicates a curicial 60% foreign dependency of our national economy (TMMOB, 1995).
Therefore, an energy planning policy based on the most realistic use of Turkish lignite
(accounting about 8.6 billion ton) and brown coal reserves (1.3 billion ton) should be
considered as a must.
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fossil fuel sources are very poor in quality and should only be used after necessary
enrichment processes in parallel with the most efficient combustion technologies.

At present 20% of the total energy consumption in Turkey is met by the combustion
of in-country lignites. The amount of lignite utilization in the total energy
consumption in the year 2000 is expected to be doubled compared to the present. The
prevalent characteristics of Turkish lignites are high volatile matter, moisture, ash,
and sulphur contents and low calorific value. Turkish lignites have a mean humidity
content of 31%, mean ash content of 22%, mean volatile matter content of 26%, a mean
total sulphur content of 2% and a mean heat value of around 1,800 kcal’kg (Atimtay and
Ozenirler, 1995). The main characteristics of the Turkish Lignites are given in Table 2.2
and the distribution of sulphur forms in Turkish Lignites are given in Table 2.3.

Table 2.2 Characteristics of the major Turkish lignite reserves

| (10°ton) | (%) () (%) | (kcal/kp)
539.20{ 13.30 9.60| 2440| 6,649.23| 8730 5.10{ 050 -
22030| 2490 2080 2430| 3,634.04| 7450{ 550 140} 295
51500] 2350 1510 32.10{ 3,72385{ 73.50| 4.80| 090| LI12
12830| 3040} 2140 2550| 2,79545| 66.10] 550| 840|225
22860 1480 3100 2840 325475/ 7000{ 500/ 200{ -
58.50{ 2420 2680} 2460| 267555 6940{ 560 320 -
22200 3480 2210( 1510( 245605/ 7080| 5.80| 7.30| 2.50]

ir : Lower % Dry Ash Free
TFotal Ash |- | Volatile | Calerific
Source | Reserve | Content | Moisture | Matter Value C H S N
guldak
I Tunghilek

535.10 15.80 37.30 28.20 2,535.83 - - 3.9 -
143.00 16.80 44.90 19.20 1,976.69 - -l 630 -
176.00 21.00 4830 19.80 1,357.34 - -l 750 -
3539.00 23.30 49.50 18.30 1,117.80| 66.20 5501 2.70 -
1000.00;  68.50 5.00 25.70 2,995.13] 13.20 2.00 - 0.30'
2500.00 32.00 - - 3,038.12} 56.00 6751 1.45] 1.40
130.00} 24.60 45.80 - 1,098.62_ - -l 37

Source: Atakiil, 1993.
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There are combustion difficulties in conventional combustors associated with the low
ash sintering temperatures. For these reasons, there is a major air pollution problem in

the large cities of Turkey during winter months (Atakiil, Oner and Yardim, 1993).

As presented in detail in Table 2.2 and Table 2.3, poor quality Turkish lignites have to be
processed before use for the environmental matters of concemn. Application of enrichment
and treatment techniques are not optional any more but becomes a must worldwide to
solve the air pollution problems and to ensure the stack gas emission limits and receptor
area concentration levels are not exceeded (Hucko ef al., 1988).

Table 2.3 Distribution of sulphur forms in Turkish lignites

Source Sulphate Pyritic Organic | Combustible | Reference
(%) (%) (%) (%)
Tungbilek 3.39 40.68 55.93 - 1
25.67 27.93 46.40 68.92 2
41.17 8.95 49.88 97.95 3
it 6.20 7.70 86.22 90.13 4 I
Beypazan 12.52 18.79 68.69 - 1 I
22.83 28.29 48.87 55.94 2
i 1029 32.13 57.58 86.23 3
21.28 27.86 50.14 26.66 4
Soma 2.86 4143 55.71 - 1
| 5.15 32.99 57.73 4536 2 J
17.15 33.81 49,05 26.66 3 |
Can 19.62 2528 55.10 - 1 |
! 28.59 14.74 56.67 98.60 2 |
Yatagan 6.10 18.50 66.59 - 1
| 11.38 14.37 74.25 48.50 2
ll Elbistan 3.92 327 92.81 - 1 JI
’ 28.44 11.70 60.10 51.60 2 |
Seyitomer 11.23 35.18 53.80 - 1
L 36.05 35.19 28.75 41.63 2
| Kangal 11.73 35.18 53.90 - 1
Karliova 16.35 21.61 62.03 - 1
Bessehir 19.82 75.77 440 - 1 |
| Mergen 9.80 19.14 71.06 - 1
, 0.64 17.64 81.72 97.94 2 I

1. Giiriiz et al. (1987), 2. Giiriiz and Celebi (1979),
3. Kigtikbayrak (1984), 4. Ceylan and Olcay (1987)
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There are basically three physical processes feasible for the enrichment of coal; namely
sizing, washing and drying. Sizing process applied by means of crushing and sieving. By
the use of these processes coal size is optimized for efficient combustion. Washing
processes are applied to minimize the ash, pyritic and sulphate originated sulphur content
in the fuel. Drying processes are on the other hand, effective in reducing the excess water
of coal. By the use of these techniques, i) CO, HCy (hydrocarbons) and SPM emissions
will be reduced significantly. ii) heat value will be increased substantially because of lower
water and ash content, consequently amount of fuel used for unit energy production will
be reduced which results in decrease of emissions per unit energy production, iii)
transportation of coal bearing lower water and ash content will be more economical, and
iv) although there will be no change in SO, emissions originating from organic sulphur in
coal, pyritic and sulphate originated SO, emissions will be minimized. The level of
enrichment through those physical processes is directly dependent on the characteristics
of the tuvenan coal and the characteristics of the techniques applied (Wheelock and
Markuzewski, 1981). There are some chemical and biological techniques of organic
sulphur removal from coal (Dogan and Celik, 1992) yet they are not found to be feasible
at the present time. However, in the future by means of technical and economical
improvements these are expected to become applicable (Bos et al., 1986, Hucko et al.,
1988).

2.2.1.2 Process (Combustion) Technology

The second important point for emission minimization is the selection of process
(combustion) technology. Among the combustion emissions, CO, H,C, and NOx levels are
particularly related to the characteristics of the combustion system and its operational
efficiency. '

In a combustion process two main parameters determining the combustion efficiency are

CO and H,C, emissions. An efficient combustion results in lower amount of CO and H;C,

emissions. To ensure the efficient combustion process high turbulence, high temperature

and long enough residence time is required in the combustion system. In addition, careful

control of the excess air (oxygen) in the flame, reaching a high combustion temperature

and optimal air-fuel contact results in even lower emission levels. NO; emissions
13



generated form combustion processes are formed in two different ways. First one is
originated from the nitrogen content of the fuel and the second one due to the reaction of
free nitrogen in the atmosphere with oxygen at high temperatures in the combustion
systems. The main factors affecting the amount of NO, emissions can be summarized as;
the temperature of the flame and the temperature in the boiler, residence time of gases in
the flame, cooling speed of gases and the excess oxygen content in the flame. In the case
of coal, use of fluidized bed combustion systems, limestone injected and cycloned
combustion systems will enhance the minimization of all CO, H,C,, SO, NO,, PM
emissions (Flagan, 1988).

In light of the above discussion, design of the combustion system suitable for the
characteristics of the fossil fuel used, proper operation and carefil control of certain
technical details will result in significant reduction in the emissions since an efficient
combustion of concem strictly depends on the fuel and combustion system used.

However, an important point needs to be highlighted is where and how an efficient
combustion processes can be achieved both theoretically and practically. In the case of
large energy production facilities such as coal fired power plants, combustion efficiency
will be much higher where the process is specifically designed to achieve maximum
efficiency (in other words, maximum energy production with the use of minimum amount
of fuel) and operated under strict control by professional staff. On the contrary, in the case
of small combustion systems such as stoves and boilers combustion efficiency is lower
where the design of combustion system does not necessarily suitable for the fuel used and
operated without any proper control by non-professionals. This is quite significant in terms
of its implications for air pollution, meaning higher fuel consumption and consequently
higher emission levels per energy produced.

In a thermal power plant heat energy is converted to electricity, therefore, thermal
efficiency of a thermal power plant is lower than stoves and boilers. According to the
studies carried out in Ankara, the thermal efficiency of imported hard coal fired boilers is
around 62% (Durmaz and Ercan, 1992) and that of stoves is around 50% (Durmaz et.al.,
1995). On the other hand there is a wide variety of technological alternatives to increase
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the thermal efficiency in power plants. For example, in a coal fired conventional power
plant, thermal efficiency is between 30-35% while for a combined cycle heat and energy
plant (in which the waste heat is used again in the water vapour cycle) it is between 50-
54%. For the combined cycle power plants any type of fuel, natural gas, liquid fuels and
also gasified coal can be used and in near future the efficiencies are expected to increase
upto 58.5% (Ozgiirel and Egeli, 1994). In addition, according to a study by Sahin and
Bekdemir (1994), considering investment, fuel, operation and maintenance costs,
combined cycle power plants are more economical when compared to the conventional
coal fired thermal power plants and nuclear power plants.

In Turkey, stoves are used commonly for domestic heating in the poorer areas of cities.
This has motivated certain studies to develop better stoves having higher thermal
efficiency, lower emission characteristics and overall more suitable to the Turkish lignites
(Durmaz ef al., 1995). However, the design of the better stoves alone will not able to
solve the problem as the continuous control and maintenance of the systems are not an
easy target. Hence the efficiency of the system in practice is not likely to reach to the
theoretical values. In the last decade of the 20™ century there is almost no logical
explanation left for individual domestic heating systems by means of stoves and boilers.
And let alone local air quality effects of domestic heating by the use of primitive stoves,
they have been led to serious problems in indoors. Only in Istanbul in November-
December 1995 and January 1996, within three months 24 people died due to the
poisoning from toxic gas leakage from coal fired stoves (Yeni Yiizyil February 6, 1996).

2.2.1.3 Control (Treatment) Technology

Once emissions are reduced by the use of cleaner fuel and appropriate combustion
technology selection, they can be further reduced by the application of control (treatment)
technologies. However, the applicability of the control technologies, explained in detail
below, will be different theoretically and practically for different type of energy production
activities. First of all, cost of investment and operation of the control technologies are
rather high. Second, these technologies can not be applied to small, dispersed and discrete
energy production facilities (such as stoves and boilers). However, these technologies are
applicable and can easily be improved for large energy production facilities, especially
15



thermal power plants. Besides, it is necessary for proposed power plants to assure the
effluent limits. Cost benefit analysis will show that employing control technologies are

even profitable when environmental costs are taken into account.

Particulate Matter. Particulate in the form of dust, smoke, flyash and the like are
generated by a variety of chemical and physical processes in the combustion chamber.
These effluents exhibit a range of particle size and chemical composition depending on
characteristics of the fossil fuel and combustion system used. In case of coal use, particles
relatively large in size remain in the fumnace, but smaller particles are emitted to the
atmosphere with the flue gases. Flyash effluents escaping from power plants and being
emitted into the atmosphere are further contaminated with trace elements suspended on
the flyash particles. These elements (Al, Ba, Ca, Ce, Cs, Fe, K, Mg, Mn and Th) remain
condensed at the temperature of coal combustion and divide equally between fly ash and
bottom ash; As, Cd, Cu, Pb, Sb, Se and Zn which are volatilized and will, therefore, be
depleted from the slag and bottom ash and condense out on the smaller fly ash particles;
Br, Hg and I which are volatile and mostly remain in the gas phase, depleted in all ashes
(Giiney, 1994).

Pollution control techniques are well established in order to collect effluent particulate
efficiently. These include mechanical cyclone collectors, electrostatic precipitators and
fabric filters and baghouses, and wet scrubbers. Only electrostatic precipitators and fabric
filters are able to carry out the collection of particles with an overall efficiency of 99.5% or
more, so meeting the strict emission standards economically (Giiney, 1994). All thermal
power plants in Turkey have electrostatic precipitators. Their efficiencies and capital,
operational and maintenance costs are given in Table B.3 in Appendix B. Particle removal
efficiency is also related to the size of the particles. While almost 100% of the particles
having a diameter of 10um or more can easily be removed, only 5 to 10% of particles
having diameter smaller than 1um can be removed by electrostatic precipitators.

Proper operation, careful and periodical controls are crucial for the proper operation of
treatment technologies as in the case of combustion technology.
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Treatment technologies for SPM as discussed above are only applicable to the large
power generating and industrial facilities. These technologies can not be applied to the
individual heating systems.

Sulphur Oxides: There are different control technologies available for the removal of
sulphur oxides generated from the combustion of fossil fuels and yet studies on the
removal of sulphur oxides are still continuing densely. Flue Gas Desulphurization (FGD)
methods are mainly, wet, semi-wet and dry techniques. In detail, limestone-dolomite
injection, limestone washing systems, magnesium oxide washing systems, ammonium
sulphate processes, catalytic oxidation techniques and Wellman-Lord processes can be
stated. Target of these control technologies is the absorption of SO, by a chemical
substance as a result of a chemical reaction. The resultant chemical substance can be
reused or can be changed to a new form having economical value.

In Turkey, Cayrhan thermal power plant has FGD facility. In Appendix B characteristics
and economical data on FGD for potential installations are given.

In general, with today’s technology, 95% removal of SO, is successfully achieved
(Sadakata, 1991) in FGD systems and in some as high as 98%. Besides, there is a new
technology called NOXSO in which 90% of the SO, and 70-90% NO, removal can be
achieved (Bolli ez al., 1991).

FGD systems have to be designed suitable for the flue gas characteristics and the system
has to be controlled regularly so as to achieve a certain efficiency for the removal of
sulphur oxides. Such systems are only feasible in large power generation or industrial
facilities.

Nitrogen Oxides: Nitrogen oxides are important air pollutants, the primary anthropogenic
source of which is combustion. Motor vehicles account for a large fraction of the nitrogen
oxide emissions, but stationary combustion sources ranging from electric power

generating stations to gas-fired coking stoves also release nitrogen oxides.
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Both NO and NO, are produced in combustion. Nitric oxide is formed both from
atmospheric nitrogen, N,, and from nitrogen contained in some fuels. The latter source
depends on the fuel composition and is not important for fuels with low nitrogen contents
but is a major source of NOx in coal combustion. Nitric oxide can be formed, however,
when any fuel is burned in air because of high-temperature oxidation of N,. To control
thermal-NO;x formation, it is necessary to reduce the temperature to slow the rate of N;
oxidation. One approach is to inject liquid water into the fuel-air mixture to reduce the
flame temperature (Flagan, 1988).

A number of different technologies are applicable to the removal of nitrogen oxides
originated from fuel: (e.g. overfire air, off-stoichiometric combustion, and low-NOx
burners) are only feasible in the large facilities (Flagan, 1988).

2.2.2 Site Selection

In the case of a thermal power plant, site selection is possible to choose a site where the
potential environmental impacts will be under certain limits. Additionally it is always
possible to make a comparative analysis between different alternatives. However, it is
obvious that it is strictly not possible to make a site selection for the case of individual
heating systems in an urban area. The parameters determining the relation between
emissions and concentrations, in another word the self-cleansing capacity of the
atmosphere, are topography and meteorology. In addition, sensitivity of the receptor
environment (health of thousands of millions of people and other living organisms) is very
important. In an urban area where individual domestic heating systems are used, however
severe the topography and meteorology would work counterwise for self cleansing
capacity of the atmosphere and consequently health of the population is endangered
seriously, site selection is out of the question. In this case the only choice left to the urban
population is to live under thousands of chimneys and expose themselves to the
concentrated air pollution. In addition to those, depending on the choice of activity site,
energy production technology, thermal efficiency, and the emission characteristics of two
alternatives are very different. For a thermal power plant, emission is from a tall point
source where the outlet velocity and the temperature of the emissions are very high; for
individual heating systems, emission is from thousands of chimneys from almost ground
18



level with much lower outlet velocity and the temperature. In addition, emission treatment
will not be possible at all in smaller combustion systems. In short, both the emission
minimization and dispersion maximization will show significant advantages in the case of a
thermal power plant.

Geometrical configuration of the facility buildings at the site of choice is of significant
importance within the selected site and can result in noticeable reductions on the pollutant
concentrations (Kaymn et al., 1995) as well as the site selection itself. This can only be
practically controlled in the case of thermal power plants but not possible in a residential
area. For example thermal plants with dry cooling tower system cause high concentrated
air pollution problems in short term by means of building downwash effect. Geometrical
configuration of the stack, tower and other buildings relative to each other, considering
the meteorological and topographical characteristics of the vicinity will solve the short
term air pollution problems to a large extent. Suitable choice of those parameters which
affects the dispersion of pollutants (e.g., stack height, exit velocity and temperature and
geometrical configuration) emitted from a large energy generating facility, will reduce the
short term ground level concentration in the receptor environment. In urban areas current
air pollution problems are enhanced by the uncontrolled and unplanned increase of number
of buildings. In addition, building downwash effect is a problem without any solution in
cities because of the low stack height, low exit velocity and temperature. As a result,
reducing currently observed ground level concentrations in urban areas in winter season

require radical solutions.

The main parameters of interest in site selection which in turn determines the potential air
quality impacts are summarized below.

2.2.2.1 Topography

Topographical characteristics (hills, valleys, flat areas and their spatial distribution) in the
facility area determine the level of dispersion and transportation of the pollutants and
hence where the maximum concentrations will occur. Selection of a site ensuring the
maximum dispersion capacity will minimize the potential concentrations in the local scale
and enable to protect susceptible receptor areas effectively.
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2.2.2.2 Meteorology

Similarly, meteorological characteristics (wind direction and speed, ambient air
temperature, pressure, precipitation, relative humidity, cloud and snow cover at the region
and as a function of these vertical movement of air parcels in the atmosphere and mixing
height) of the facility area determine the level of diffusion of pollutants in the vertical scale,
transportation of pollutants in the horizontal scale and type of deposition of the pollutants
(dry or wet). An appropriate site selection aiming to maximize dispersion capacity and
resulting in possible minimum hourly, daily and annual average concentrations should be
seeked for.

2.2.2,3 Susceptibility of the Receptor Environment

Ecosystem components (water, soil, air and their dependants including human) in the
receptor environment are directly affected by any energy production activity. Impacts of
the same activity will be different on different ecosystem components having different
characteristics, hence a site with the least susceptible ecosystem components should be
selected for a proposed activity.

Comparison can be made between the susceptibilities of different receptor environments
for selecting the site of a proposed thermal power plant. However, such an approach is
not possible for the current combustion systems used in urban areas for domestic heating.
Decrease in number of emission sources, by means of using large facilities, will radically

help to solve the air pollution problems in urban areas.

2.2.3 Legal Requirements, Auditing and Sanctions

One of the most important step to prevent potential environmental impacts is to foresee
those prior to activities start and try to find ways of minimizing them (different site
selection alternatives, production technologies, control technologies, cleaner fuels) or even
choosing not to do alternative if the environmental impacts appear to be unacceptable.
The philosophy here is to prevent pollution formation or minimize it to the extent of being
acceptable, rather than seeking for solution after pollution is already created. This planning
approach which can be summarized as "Foreseeing the Impacts” is named as
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Environmental Impact Assessment (EIA) which is well defined in our currently effective
regulations. However, in practice, while EIA procedure is valid and a must for a thermal
power plant, it is not strictly applicable to the small combustion systems used in the urban
areas. In general, urban development plans carefully consider parameters such as
infrastructure, transportation facilities, etc., on the other hand, air pollution impacts of
thousands of chimneys are generally ignored. Another crucial point in this context is that
even if the EIA procedure is strictly applied for both cases (e.g. for stack gas
concentration standards), auditing and giving sanctions, if required, will not be practically

achievable in the case of small combustion systems.

Operation of a facility (i.e. a thermal power plant) can be ceased according to the current
legislation when it is not in compliance with the standards. The same procedure can not be
applied to the chimneys in an urban area in practice. At the present, certain temporary
measures are applied in urban areas when the problem is encountered. In nature, these are
not radical solutions, they only solve the problem for a very short period of time. For
example, when the level of pollution exceeds the limits in urban areas, the stoves and the
boilers are allowed to be burned between scheduled hours and for rest of the time
combustion is not permitted. For a similar case, operation of a thermal power plant can be
ceased, or even permission for operation is only given if the standards related to the

emissions and the receptor environment are satisfied.

Legal requirements, auditing and sanctions for environmental impacts are completely
applicable to a thermal power plant theoretically and practically. But these are not
practically applicable in the case of small hand fired systems (stoves and boilers). Table 2.4
below summarizes applicability of air quality mitigating measures on individual domestic
heating systems and thermal power plants. Additionally in Appendix C possible mitigating
measures for thermoelectric projects are given in a greater detail. As can be seen from
Table 2.4, both theoretical and practical applicability of mitigation measures in the case of
thermoelectric power generation as opposed to the current individual domestic heating
systems show outstanding advantages from the perspective of efficient air quality control.
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Table 2.4 Applicability of air quality mitigating measures on individual
domestic heating systems and thermal power plants

Mitigating Measures Individual Domestic Electricity use in
Heating Systems Domestic Heating ﬂ
| Emission Minimization
| Better Fuel Applicable but difficult Applicable
to audit I
| Better Difficult to achieve Applicable and can
Combustion Technology easily be audited
i Effluent Treatment Not Applicable Applicable
' (Control Technology)
Maximization Dispersion il
Site Selection Not Applicable Applicable and already
(Topography and Meteorology) enforced by regulations
Facility Design and Not Applicable Applicable and already
Geometrical Configuration realized in a few EIA
studies in Turkey
Legal Control (related to the above items)
{ Fuel Type and Characteristics | Applicable but difficult Applicable
to audit
I Combustion Technology Not Applicable Applicable
Treatment System Not Applicable Applicable and enforced
by regulations
1
| Minimization of Impact on the Receptor Environment F
EIA Applicable but not Applicable and enforced
enforced in practice by regulations Fl
Permits (related to the site Not Applicable Applicable and enforced
selection and stack gas effluents) by regulations
Monitoring (related to the stack Applicable but not Applicable and enforced
gas effluents and ambient enforced in practice by regulations
congcentration) 1
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2.3 Economical Factors

Within the context of this study, the economical factor is understood as the cost of energy
production. This cost, “cost per unit energy consumed” depends on i) investment cost, ii)

cost of energy production, and iii) cost of transmission losses.

2.3.1 Investment Cost

Investment cost of a combustion system may be the construction cost of a thermal power
plant or cost of a stove or boiler including the cost of necessary infrastructure such as

pipelines etc. as in the case of natural gas. Construction of a thermal power plant
generating energy for domestic heating and price of the overall collection of individual
combustion systems such as stoves or boilers, are of comparable cost despite of the
common contradictory thought (see Table 6.1). The quantitative analysis and
corresponding monetary comparison for Ankara case is given in Chapter 6.

In addition, there is an interesting point to note for Ankara case. Economical life of a
thermal power plant is about 25 to 30 years. However, in Ankara, Cankaya, boilers have
been changed four times in the last 25 years, as a result the cost of each boiler has been
paid by the consumers. Earlier coal fired boilers using poor quality Turkish coal had been
converted to oil fired boilers in 1970’s to eliminate severe air pollution problems
encountered in the city, assuming emissions would have been decreased. Following this
however, in the late 1970's and early 1980°s faced with the world petroleum crisis and
substantial increase in prices, boilers had been once more converted, this time using
imported low-sulphur coal. Finally, having seen the problem had not been solved yet,
about five years ago it was decided to use natural gas for domestic heating systems.

2.3.2 Production Cost

Absolute cost of energy generation will be the sum of unit cost of the fuel, amount of the
fuel combusted which is inversely proportional with the thermal efficiency of the
technology used, man power, maintenance and other operational costs of the system used.
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Theoretically, unit cost of the fuel used in stoves and boilers can be thought as the same
with the cost of the fuel used in a thermal power plant. But the wholesale to be used in
thermal power plants is much cheaper’ .

The amount of fuel to be used for unit energy production depends on the heating value of
the fuel and thermal efficiency of the combustion technology. Although combustion
efficiency is much lower in stoves and boilers in comparison to thermal power plants
where complete combustion is achieved under controlled conditions; thermal efficiencies
are lower in thermal power plants since heat energy is converted to electricity. Still
however, quantitative analysis of such two alternatives result in comparable amount of fuel
use (see Table 4.5 and 4.7).

Another factor of the production cost is man power. For the case of individual stoves used
in the houses, payment is out of question. On the other hand, there is a payment involved
for the boilers used in the buildings and the economical cost of the time lost firing the
stoves can be accounted for. Operation of thermal power plants obviously requires
professional staff and payments are correspondingly higher. Maintenance costs, in this
context, are rather difficult to evaluate for individual heating systems. However, a simple
operational and maintenance cost analysis for thermal power plants is given in Chapter 6
(see Table 6.3).

2.3.3 Transmission Losses

Transmission losses depend on the technology used for transmission and distance between
the production and consumption sites. For example in our country, hydroelectric energy
produced in South and Southeast Anatolia is transmitted by interconnected system to the
highly populated and industrialised Western Anatolia results in about 10-15% of
transmission loss. (TEK, 1993). However, this figure corresponds to the average of whole

country and the loss is much lower when facilities are closer to the consumption site.

3 In 1991 price of coal sold to thermal power plants by TKI (Turkish Coal Managements) was 10.84 $/ton,
price of coal sold to residential and industrial consumption by TKI was 30.57 $/ton (Arioglu, 1995).
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Obviously, there is no significant transmission loss when heat energy is directly produced

in stoves or boilers.
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CHAPTER 3

CONTRIBUTION OF DOMESTIC HEATING ON URBAN AIR POLLUTION

In this chapter, current air quality status of Ankara is discussed. and related statistical
measurement data are presented. Current air quality status of Turkish cities’ is discussed
and related statistical measurement data are presented in Appendix D. In this context, the
reference point is obviously currently effective Turkish Air Quality Regulation Standards
which are given in Table 3.1 below alongside with WHO standards.

Table 3.1 Current air quality standards in Turkey and WHO

Turkish Air Quality Standards WHO Standards
Pollutants (pg/m’) e (ng/m’}
LTS’ STS? RSV |I. LTS STS |
SO, 150 (60)" 400 900 ]l 50 125 ]
NO, fl 100 300 - - 150
PM (<10y) 150 (60)* 300 60 50 120 |
0; (ppb) 110 - 240 | 100-200° -

Sources: Official Gazette, No. 19269, 2 November 1986
WHO Air Quality Guidelines for Europe, 1987

Long Term Standards (maximum yearly average)

Short Term Standards (maximum daily average)

Reference Standard Value (maximum hourly)

Target Long Term Standard

1 hour mean/exceeded once per month

LT RV I S

! This discussion is based on the detailed and through evaluation presented in the UCEP Report
(Tuncel, 1993).
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In many countries ambient air quality standards are much stricter in comparison to
Turkish Air Quality Regulations. A summary of European Ambient Air Quality
Standards are presented in Appendix E which gives a clear indication of the severity of
problems in Turkish cities. As it is known, SO, and smoke have been daily or
continuously measured in Turkish cities by Ministry of Health; and these
measurements have been processed and published monthly by the State Institute of
Statistics since 1990. SO, and SPM concentrations measured in Turkish cities are
given in Appendix D in detail.

3.1 Current Status in Ankara

Ankara has long been faced with severe air pollution problems during the past 30
years and both the Central Government and various Local Governments of the city
developed various measures to combat this problem. During the last five years, as
the domestic heating systems are converted to natural gas fired systems, a
remarkable decrease in ambient concentrations of SO, and SPM has been

achieved.

In Ankara winter season average SO, concentrations for the years of 1990, 1991, 1992,
1993, 1994, 1995 are given in Table D.1 as 218, 187, 130, 90, 79, 78 pg/m’
respectively. Similarly, however the decrease trend being not as significant as SO,
winter season average SPM concentrations for the years of 1990, 1991, 1992, 1993,
1994, 1995 are given in Table D.2 as 107, 118, 97, 108, 77, 84 pg/m’ respectively. In
Table 3.2, 3.3 and 3.4 the results of monthly air quality measurements of SO, and SPM
in Ankara is given for the period between January 1990 and December 1995. NO and
NO; concentrations are measured only in two stations namely Sihhiye and Kiigiikesat
since 1994 and monthly measurement results are shown in Table 3.5 for the period
between January 1994 and December 1995. SO, and SPM concentrations are the
averages of data obtained from eight measurement stations, namely Bahgelievler,
Cebeci, Cankaya, Demetevler, Incirli, Kiigiikesat, Sthhiye and Yenidogan. Most of
these stations are located at the sites where natural gas conversion has been completed
up to a great extent. On the outer reaches of the city, however, if measurements had

been possible, much higher results could be expected as most of the population still
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relies on coal fired systems. Concentrations measured in Bahgelievler, Cankaya and
Kiigiikesat where natural gas systems are in great majority, have a significant effect on

calculating lower averages.

Another important point regarding recent measurement results of Ankara (see Table
3.5) is NOy concentrations. Although there has not been enough amount of data
accumulated to comment on the trend, it is seen that both LTS and STS have been

exceeded a few times in winter months.

Table 3.6 and Table 3.7 shows the winter/summer concentration ratios of SO, and
SPM for 1990-1995 regarding each of these stations. As can be seen from the tables,
winter/summer concentration ratio of SO, is around 3.5 while that of SPM is around
2.0 for 1990-1992 and 25 for 1993-1995. There is a decreasing trend in
winter/summer concentration ratio of SO, in Bahgelievler, Cankaya and Kii¢iikesat

where natural gas is used for domestic heating,.
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Table 3.6 SO; Winter /Summer concentration ratios in Ankara (ug/m°)

Measurement || 90-91 91-92 92.93 | 93-94 94-95
Stations Win/Sum | Win/Sum | Win/Sum | Win/Sum | Win/Sum

| Bahgelievler 3.6 5.4 . 2.6 2.7
Cebeci I 3.1 49 . 25 .

Cankaya 3.7 53 . 32 2.7
Demetevler .. . .. 4.1 4.2
Incirli .. .. . 5.6
Kigiikesat .. .. .. 2.9 2.4
Sihhiye 3.3 3.7 . 27 2.8
Yenidogian 35 42 .| 37 3.4

Table 3.7 SPM Winter/Summer concentration ratios in Ankara (ug/m:')

Measurement || 90-91 91-92 9293 | 9394 | 94-95 95-96
Stations Win/Sum | Win/Sum | Win/Sum | Win/Sum | Win/Sum | Win/Sum
Bahgelievier 2.2 1.9 y 25 2.2 2.0
Cebeci 2.0 2.1 . 2.8 . 2.6
Cankaya 1.6 3.7 . 2.2 22 2.8
i Demetevler . p y 3.2 2.8 3.6
Incirli . 4 4 . 3.0 2.5
Kiigiikesat . .. .. 2.2 1.5 1.9
Il Sihhiye I 19 1.8 . 2.2 1.9 1.7
| Yenidogan || 17 1.8 4 2.6 3.1 2.6

3.2 The Causes

Energy demand for domestic heating has been rising in urban areas in Turkey proportional
with the increase in population and standard of living. This demand has been mostly met
by producing heat energy by the coal fired stoves or boilers (i.e. individual heating
systems) which result in high air pollution levels in our cities to an extent that the health of
the people have been under risk as the data outlined in Appendix D clearly indicates (see
Section 3.3). In most of the Turkish cities the main reason of the pollution is domestic
heating and it is followed by the industry and/or transportation. Summary of results of a
recent emission inventory conducted for Ankara (Atimtay, 1993) is presented in Appendix
F. According to this study, domestic heating is the main cause of pollution in Ankara
regarding CO, H,C,, SO, and SPM, except NO; for which the primary source is traffic.
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The causes given above are all related with the use of fossil fuels, or in other words
internal or external combustion emissions. However, ambient air quality is judged in terms
of concentrations which in turn a function of emissions, but also how they are released and
how they are dispersed. In this context, the cause of urban air quality problems can be
grouped into three as i) the fuel and combustion system, ii) multiple sources with no

control and iii) urban meteorology.

3.2.1 The Fuel and the Combustion System

The fuel and the combustion system used in the domestic heating is of significant
importance for potential air quality impacts as discussed previously in parts 2.2.1.1 and
2.2.1.2. Obviously, use of cleaner fuels with higher heating value and combustion systems
with higher combustion and thermal efficiency will result in lower emissions per unit heat
energy produced for domestic heating. However, in the Turkish case, switch to natural
gas meant a higher foreign dependency of country’s economy (see Section 2.2.1.1) and
switch to imported coal proved to be not very efficient as the use of Turkish coal still
continues illegally in various sites of Ankara and Istanbul. Additionally, attempts for
individual heating systems with better combustion characteristics resulting in the
theoretical emission values is very questionable (see Section 2.2.1.2).

3.2.2 Multiple Sources with no Control

In urban areas where population is dense, individuals live under thousands or hundreds of
thousands of stacks with direct contact to pollutant emissions. These stacks are generally
short, discharging emissions having low exit velocities and low exit temperatures and
consequently having lower dispersion capabilities .

It is practically not feasible to control emissions originating from thousands of point

sources. The reason for this (see also Table 2.4) can be summarized in three steps.

¢ Planning/foreseeing and commitments regarding emissions originated from domestic
heating systems either does not exist, or is not sufficient, or practically not applicable
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and not inspectable. In case of violating stack gas or ambient air quality standards,
cease of activities or not to do alternative in not possible.

e Technical mitigation measures in order to increase dispersion potential of pollutants
(i.e. increase in stack heights, emission exit velocity, exit temperature, and most
important of all flue gas treatment) are not practically applicable.

¢ Site selection which enables to chose a meteorological and topographical setting to
maximise dispersion and a receptor environment which is least susceptible is not
possible at all in case of urban areas with individual heating systems.

In this regard, urban meteorology is of significant importance on the air quality problems

observed in many cities.

3.2.3 Urban Meteorology

It has been recognized for many decades that the presence of an urbanized surface
produces a variety of changes in the climate of a city. These departures from the preurban
climate of the place constitute the “urban effect on climate” which is usually estimated by
obtaining measures of differences in atmospheric variables between the urban area and
some typical, contemporary, nearby rural area. In general, the deviations of concern in the
atmospheric variables have a negative effect on the dispersion potential of pollutants in the
urban area. Some of the most important parameters that influence pollution dispersion

adversely in urban areas are summarized below.

Heat Emissions: Not only pollutants but significant amount of heat is emitted into the
urban atmosphere by hot gas emissions and heated buildings. Additionally, concrete
surfaces conduct sun’s energy three times faster than soil surfaces. As a result in an urban
area during daytime more heat energy is absorbed compared to the rural areas. In contrast,
during nightime more radiational cooling is observed in rural areas. The heat energy is
reradiated into the atmosphere and a dramatic cooling affect occurs at the surface.
Therefore, a cooler surface and warmer overlying layers can be observed in the
atmosphere; or the rate of temperature decrease with increasing height can be lower than
neutral, indicating stable atmospheric conditions. Especially in winter months at night a
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heat island can easily form severely restricting the vertical dispersion potential where
pollutants are trapped near the surface and can not penetrate through the inversion. This is
(increase in temperature with increasing height) very common in urban areas which results

in higher ambient air pollution levels and in some cases episodic conditions.

Average wind speed: Higher topographical features surrounding the cities generally result
in blocking the strong winds. As a result, stagnant conditions are more common in cities
compared to the rural areas, average wind speeds are lower and frequency of strong winds
are smaller. These will directly imply a weaker potential for horizontal transport of
pollutants and indirectly a lower potential for atmospheric instability and hence vertical
transport. Even if there is no significantly high surrounding topographical features around
the city, the tall buildings within the city can be effective as windbreaks. In general, the
average wind speeds observed in cities are 25% lower compared to rural areas (Weisberg,
1976).

Building Downwash: Beside affecting the general circulation pattern in cities, tall
buildings have another adverse impact on urban air quality. Emission plumes discharged
from not-so-tall-stacks will be captured by the aerodynamic wakes and eddies created by
the adjacent buildings, resulting in building downwash effect and very high localized
concentrations or hot spots (Huber and Synder, 1976, 1982).

Precipitation and Fog: Despite the fact that mean relative humidity is 6% lower in cities
because the rainwater is collected with drainage systems hence causing less evaporation, in
rural areas 10% more precipitation is observed. Additionally, fog events are 30% more in
summer and 100% more in winter time. The reason for that is thought to be the higher
SPM in the atmosphere serving as cloud condensation nucleides (CCNs). In the urban
atmosphere, therefore, when atmosphere is cleansing itself through condensation and
precipitation, fog events in which chemical conversions are very fast, will cause a direct
contact between acidic species and human beings and other living species (Weisberg,
1976).
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3.3 Health and Economic Benefits of Air Pollution Abatement

An average 15 million residents of the major cities (i.e. Ankara, Istanbul, izmir,
Bursa, Kayseri, Erzurum, Sivas,) in Turkey have been exposed to SPM and SO,
levels above the WHO standards in the 1990-1993 period. An assessment of health
effects due to SPM and exposure to SO, suggests that if annual SPM and SO, were
reduced to the WHO standards, this could have brought a reduction of 5.94 and 5.48
thousand hospital admissions for respiratory diseases, 121.4 and 112.1 thousand
emergency room visits, 8.26 and 6.85 million restricted activity days, 57 and 73
thousand cases of low respiratory symptom of children 0-12 years age, in 1990 and
1993 respectively. The estimated annual economic value of avoiding these effects is
nearly 0.12% and 0.08% of 1990 and 1993 GNPs respectively. Furthermore, the
results show that by attaining WHO air pollution standards 3.31 and 3.06 thousand
lives may have been saved in 1990 and 1993 respectively (Zaim, 1996).

3.4 Conclusions

In order to minimize air pollution problems encountered in our cities, as a medium term
target, industrial activities should be moved out of the urban areas. For traffic originated
air pollution however, the only main solution is extensive use of public transportation. For
air emissions generated from domestic heating, although the altermatives are various, the
most radical solution appears to be encouraging electricity use in domestic heating.
Among the factors determining the level of air pollution problems in urban areas, only the
fuel and type of combustion systems can be decided on. However, as long as the extensive
use individual boilers and stoves are continued there exists no site selection altemnatives
(i.e. meteorology and topography will work counterwise to eliminate problems). In
addition combustion and thermal efficiencies of heating systems are bound to be not very
high. Moreover, with a massive 35 million population increase expected in our cities in the
next 20 years, the efforts to sustain the current emission levels with the existing individual
systems will no doubt to be insufficient. Even if electricity use for domestic heating can
not be a short term target for the whole urban population of the country, the efforts should
start from now on in order to investigate feasibility of this alternative. Therefore in the
following chapters of this thesis, a comprehensive air quality and a brief cost analysis of
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different domestic heating alternatives based on electricity use are studied in the case of
city of Ankara.

38



CHAPTER 4

REQUIREMENT OF ENERGY FOR DOMESTIC HEATING IN ANKARA

4.1 Energy Production for Domestic Heating in Ankara

In order to calculate the energy required for domestic heating for the winter season of
1991-1992 in Ankara, the previous studies carried out in Gazi University have been
used. Heat energy requirement of Ankara (for 31 districts in the city center) has been
evaluated by using the amount of fuel consumed, fuel characteristics and combustion
system characteristics. Fuel characteristics used for domestic heating in Ankara are
given in Table 4.1. Fuel types used for domestic heating are mainly domestic lignite,
imported hard coal, natural gas and fuel oil.

Table 4.1 Characteristics of fossil fuels used in domestic heating in Ankara

Source; Durmaz, et al., 1993 ! jnkcal/Nm?® for Natural Gas
2 in $/1000 Nm? for Natural Gas > Prices are for June 1992

Combustion systems and their efficiencies are summarized in Table 4.2. Emission
factors of stoves taken from Durmaz ef al., (1993) which are presented in Table 4.2
are lower than that of USEPA emission factors summarized in Table 4.3. On the
other hand, emission factors for boilers are higher than that of USEPA. There is a
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is a significant difference between the emission factors evaluated by Durmaz et al.,
(1993) and USEPA. This might have been due to the very low efficiencies and

unfavoured conditions of current boilers used for domestic heating in Ankara.

Fuel consumption and heat production in districts of Ankara for winter 1991-1992 are
given in Table 4.4. For each district, calculations have been accounted for using the
number of buildings in regular and irregular settlements, fuel consumption by type of
the combustion system and the emission characteristics of current combustion
systems. Therefore, the energy requirement in each district and the total cumulative
energy for domestic heating for city of Ankara for 1991-1992 has been calculated and

the results are summarized in Table 4.5.

Table 4.2 Characteristics of commonly used domestic heating systems in Ankara

0.017
23 2.1 1.58 1.63 2 4.5 2
2 3] 0. 138]L 1.45 28.8 2.82 0.28

Source: Durmaz ef al., 1993 ' Emission factor for natural gas is in g/Nm’

Table 4.3 Emission factors for hand fired combustion systems

Source: USEPA, 1977 ! Emission factors for natural gas is in g/Nm® and for fuel-oil g/liter
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4.2 Electricity Use Alternative for Domestic Heating in Ankara

Since the aim of this study is mainly to compare air quality effects of the current
domestic heating systems with the electricity use alternative, required electricity
generating capacity of a thermal power plant producing the same amount of energy as
the current domestic heating systems is calculated. Two types of power plants
considered in this study are conventional coal fired thermal power plant (CTPP) and
natural gas fired combined cycle power plant (NGCC). Conventional coal fired
thermal power plant technology is chosen because of its wide use in Turkey which
enables domestic lignite use. The second alternative is taken into consideration
because of its high combustion efficiency with lower emission characteristics and due
to the fact that there is an increasing trend toward the natural gas use in the current

policy objectives of the Ministry of Energy and Natural Resources.

As the generating capacities of the power plants are calculated, transmission losses
are also taken into consideration. Loss in the transmission lines is taken as 5%. This
value is much lower compared to the average loss in the Turkish transmission lines
which is 12%. However, the existing length of the transmission lines is very long in
Turkey. Most of the electricity energy is generated in the Southeastern part of the
Anatolia and transmitted to the Istanbul or other provinces located at the Western
part of Turkey which increases the overall loss considerably. In this study,
hypothetical thermal power plants are located closer to the consumption location.
Hence the length of the transmission lines are much shorter and consequently the

transmission loss will be much less compared to the country's average.

Overall electricity energy production requirement in order to meet domestic heating
needs for the city of Ankara is calculated and results are shown in Table 4.6. For the
two different choice of thermal power plant technology, amount of fuel to be used
and required capacities are presented in Table 4.7 taking into consideration thermal

efficiencies of these systems which are conveniently taken from in-use examples.
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Table 4.6 Summary table of parameters used in power plant calculations

Required Heat Energy for 6,321.22x10° kWh/year
Domestic Heating, 1991-1992 (see Table 4.5)

Energy Loss in Transmission Lines 5%

Energy has to be Produced in CTPP 6,653.92x10 ¢ kWh/year
Lower Heating Value of Lignite (Soma Lignite) | 4,000 kcal’kg

Table 4.7 Fuel consumption and generating capacity for different alternatives

. 1, Existing System

Amount of Fuel Used Hard Coal 838,115,000 kg/year
Fuel-0il 193,468,000 kg/year
Natural gas 280,000,000 Nm?

Amount of Emissions SO, 6,516 tonnes/year
NO, 2,843 tonnes/year
SPM 2,111 tonnes/year

2. Conventional Coal Fired Thermal Power Plants
Efficiency 35%
Amount of Fuel Used 4,086.68x10° kg/year
6,653.92 x 10° kWh / year x 859.8452278kcal [ kWh .
=4,086.68x10" kg / year
4,000kcal / kg x 035
Capacity of the Power Plant | 660 MW

4,086.68x 10°kg / year x 20years x 4,000kcal | kg

500x 10° (FixedValue | \MW)

=654 > 660MW

Amount of Emissions SO, 23,566 tonnes/year
NO, 8,003 tonnes/year
SPM 150,400 tonnes/year
""""" 3. Natural Gas Fired Combined Cycle Power Plant
Efficiency 53%
Amount of Fuel Used 1,332.72x10° Nm’*/year

6,653.92 x 10° kWh / year x 859.8452278kcal / kWh
8,100kcal / Nm” x 0.53

=1,332.72x10° Nm” / year

Capacity of the Power Plant | 450 MW
1,332.72 x10° Nm® / year x 20years x 8,100kcal / Nm’
. =432 > 450 MW
500x 10° (FixedValue | 1MW)
Amount of Emissions SO, 142 tonnes/year
NOx 6,108 tonnes/year
SPM 34 tonnes/year
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CHAPTER §

AIR QUALITY IMPACT ANALYSIS OF ELECTRICITY USE IN
DOMESTIC HEATING IN ANKARA

In order to evaluate air quality effects of a power plant generating the required
amount of energy for domestic heating in Ankara for the year 1991-1992, a series of
mode! simulations have been undertaken. In this study The Industrial Source
Complex-Short Term (ISCST) model has been used for the estimation of hourly, daily
and yearly ground level concentrations of SO,, NO; and SPM. For this purpose, six
different sites and two different thermal power plant technology alternatives at each

site have been investigated.

5.1 Review of Air Quality Models

An air quality model is a mathematical description of the processes in the atmosphere
which govern the fate of pollutants released from a source. The processes include; the
dilution of the pollutants at the point of release, the movement or transport of the
pollutant away from the source, the dispersion about the path the pollutant travels,
the chemical reactions undergone by the pollutant during transport, and the removal

of the pollutant from the atmosphere.

Suitability of an air quality model assessing potential impacts depends upon several
factors (USEPA, 1987). These include: i) the meteorological and topographic
characteristics and complexities of the facility area, ii) the level of detail and accuracy

needed for the analysis, iii) the technical competence of those undertaking air quality
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simulation modeling, iv) the resources available, v) the detail and accuracy of the
database (i.e., emissions inventory, ambient air quality data, and meteorological data).
In general, air quality models can be grouped into four classes: statistical (or

empirical), physical, numerical (or comprehensive) and Gaussian.

Statistical or Empirical Models: Generally applied to situations when scientific
understanding of physical or chemical processes are not sufficient or data bases

required for the Gaussian or numerical modeling are, not available.

Physical Models: They involve the use of wind tunnel or other fluid modeling
facilities. Physical modeling is generally useful for complex flow situations, such as
building, terrain or stack downwash conditions, plume impact on elevated terrain,
diffusion in an urban environment, or diffusion in complex terrain. If physical
modeling is available and its applicability demonstrated, it may be the best technique
(USEPA, 1987).

Numerical or Comprehensive Models: Generally appropriate for area source urban
and regional scale applications. However they require extensive input data bases,

computational resources and expert modelers.

Gaussian models: Gaussian models are the most widely used method to estimate the
impacts of nonreactive pollutants. The Gaussian model assumes that continuously
released nonreactive material is transported in a direction opposite to.the wind
direction and time-averaged spreading of the material will result in cross-sections of
pollutant concentrations horizontally and vertically through the pollutant plume that
have normal distribution (Schulze, 1990). Gaussian models are generally employed in
coal fired power plant applications.

Extensive theoretical and experimental investigations of atmospheric diffusion have
shown that the concentration of a substance at the receptor downwind from a source

can generally be represented by a Gaussian function given below

48



X o Q vl ere)]
by 2nvo, 0,
where;
X= concentration at some point in the X, y, z coordinate space (kg/m’),
oy and o, = standard deviation of the dispersion in the y and z directions (m),
Q= Emissions (kg/sec),

v = average wind speed (m/sec.).

The standard deviations are measures of how much the plume spreads. If y and z are
large, and the concentration is low as well. The opposite is true if the spread is small.
And the dispersion is dependent on both atmospheric stability and the distance from
the sources (Vesilind, 1980).

5.2 Description of the Simulation Model

The Industrial Source Complex-Short Term (ISCST) model is considered to be the
most advanced computer model that can estimate hourly, daily and annual average
ground level concentration (GLC) values under varying conditions of real-time
meteorological data. The ISCST model combines and enhances various dispersion
model algorithms to account for pollutant sources such as isolated stacks and fugitive
emissions. In assessing the air quality impact of emissions from a wide variety of
sources associated with an industrial source complex, the model also considers wake
effects, gravitational settling and dry deposition. Point, area or volume sources can be
modeled with ISCST. The model has an option to consider the effects of aerodynamic

wakes and eddies produced by on and off-site buildings and structures.

The grid system used by ISCST can be either polar or cartesian. Discrete receptor
points can also be included. Pasquill stability classes are used in dispersion
calculations. Additionally, the ISCST model has a terrain correction option. For SPM,
the ISCST incorporates size distribution data including terminal settling velocity and
surface reflection coefficient of each class. The model requires four types of input

data.
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e Meteorological data include hourly data for wind direction and speed, ambient air
temperature, pressure, cloud cover, snow cover, Pasquill stability class, mixing
height, wind profile exponent (optional), and vertical potential temperature
gradient (optional).

e Source data require source location with respect to a user defined origin, source
elevation, source diameter, exit velocity, exit temperature and pollution emission

rate.

e Receptor data include coordinates and elevations of selected grid points and

receptors.

Program control parameters include user-selected run control options to select

between 30 different alternatives.

5.3 Input Data Used

Model simulations have been made for SO, NOx and SPM emissions generated from
two different power plant alternatives located at six different sites set in and around
Ankara, namely Kegioren, Esenboga, Beypazari, Kizilcahamam, Keskin, and Polath.
At those hypothetical sites, meteorological stations are available as well. In Figure 5.1
those sites are shown and in Table 5.1 their distance from the Ankara city center is
presented. Digitized topography of the study area is given in Figure 5.2. For the pre-
processing of meteorological data which is consequently used by the model algorithm
itself, urban option has been used for Ankara (Kegiéren) meteorological station and
rural option has been used for the other alternatives. Each power plant is taken as
located to be at the origin of a rectangular area having 40km x 40km dimensions.
Emission characteristics of two different power plant alternatives are calculated by
using the emission factors given in Table 5.2 following the amount of energy
requirement and fossil fuel usage calculations in Chapter 4. The input parameters for
the hypéthetical power plants as stack characteristics and emissions of SO, NOy and

SPM are given in Table 5.3 which are conveniently adopted from in-use examples.
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Table 5.1 Distance of the hypothetical thermal power plants from

Ankara city center
I
24 NE L
83 NW
72 SE
61 NW H
72 SW l

=

35 53
0.9838 0.005922
0.3341 0.255
6.2787 0.001422 “

1 Conventional Coal Fired Thermal Power Plant
2 Natural Gas Combined Cycle Power Plant
Source: TEAS

Table 5.3 Input source parameters used for dispersion modeling

SO, PM Exit Exit | Stack | Stack
Temperature |Velocity| Diameter | Height
s s
&) e @y @ |
| 74728 | 253.78 |4769.17 373 15 10 100
450 | 193.69 1.08 373 15 10 100
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Table 5.4 Input parameters used for SPM dispersion modeling for CTPP

Diameter (um) 0-1 ] 1-2.5 2.5-10 1 10-5
Mass Fraction (¢,) 0.06 0.04 0.25 0.65
Settling Velocity (cm/s) 0.0029 0.3645 0.4649 10.7100
Reflection Coefficient (y,) 0.95 0.85 0.83 0.50

Source; USEPA, 1992

For SPM dispersion modeling of the NGCC alternative, since all particles have a
diameter between 0 and 1 um, mass fraction is taken as 1.00 and settling velocity

and reflection coefficient are calculated as 0.0119 cm/s and 0.92 respectively.

5.4 Simulation Results

A summary of the simulation results are given in Tables 5.5 and 5.6 for CTPP and
NGCC correspondingly. Maximum hourly, maximum daily average and maximum
yearly average Ground Level Concentrations (GLCs) of SO,, NOx and SPM and
the distance of those maximum concentration points relative to the Ankara city

center are summarized in those tables.

Figure 5.3 shows the estimated annual average SO, values for CTPP for all
different sites of concern. As can be easily seen, for the sites of Beypazan,
Kizilcahamam, Polatli and Keskin, the annual average GLCs are reduced to
negligible amounts at distances far from the city center of Ankara (see also Figure
5.4.c,5.4.4d,5.4.¢, 5.4.1). Additionally, short term GLC values of maximum hourly
and maximum daily average occur at least 65 km from the city center in all cases
(see Table 5.5). For the other two sites, namely Ankara (Kegioren) and Esenboga,
as those sites are inside or just outside of the city center maximum hourly, daily
and annual GLCs estimated are observed to be in and around the city center (see
Table 5.5 and Figures 5.4.a and 5.4.b). However, for all of the sites investigated

(including Kegitren) estimated maximum SO, GLC values are much smalier
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Turkish Air Quality Regulations which are 150, 400 and 900 pg/m? for maximum
annual average, maximum daily average and maximum hourly respectively except

for Ankara (Kegioren) for hourly maximum.

Table 5.5 Simulation results for CTPP

Meteorological Hourly Maximum Daily Maximum Yearly Maximum
Stations GLC Distance ! GLC Distance GLC Distance
(pg/m’) (km) (pg/m’) (km) (pg/m®) (kam)
SO,

Esenboga 297.04 2730 NE 11830 20.62 NE 21.10 335NE

73.73 SE

64.83 SE

Keskin 57.72 SE

Polatla 428.52 7433 SW 103.88 75.74 SW 1171 8732 SW

Esenboga 100.87 2730 NE 40.18 20.62 NE 717 335NE

Keskin 11624 7373 SE 20.46 64.83 SE 225 57.72 SE

Polath 145.52 7433 SW 3528 75.74 SW 398 8732 SW

Keskin 41917.99 77.02 SE 4812.50 78.05 SE 120.52 78.05 SE

Polath 21553.87 75.74 SW 2436.08 76.06 SW 248.33 70.47 SW

! Point occurrence as Distance from Ankara City Center

Similarly, estimated NOx GLCs for all sites of investigation produced rather low
values (see Table 5.5 and Figures 5.5, 5.6.a, 5.6.b, 5.6.¢, 5.6.d, 5.6.e and 5.6.f) in
comparison to the regulations which are 100 and 300 pg/m? for maximum annual

and maximum daily average respectively.
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On the other hand, estimated SPM GLCs for the CTPP alternative (see Table 5.5 and
Figures 5.7, 5.8.a, 5.8.b, 5.8.c, 5.8.d, 5.8.¢e and 5.8.f) show exceedence in annual
average concentrations except two site alternatives (Ankara and Keskin), for which
currently effective standard is 150 pg/m* and severe exceedence for all site

alternatives for daily averages for which the standard is stated as 300 pg/m?®.

The simulation results for the case of NGCC alternative at six different sites for SO,
NO; and SPM are summarized in Table 5.6 and the annual average NOx
concentrations are shown in Figure 5.9 and Figure 5.10.a, 5.10.b, 5.10.c, 5.10.d,
5.10.e and 5.10.f In this case, as expected, for all sites of choice and pollutants of

concern there is no exceedence of standards of short or long term.

Further model simulations have been made in order to account for the possible
treatment technology to be installed in the CTPP alternative. This, in turn appears to
be a must to be in compliance with the currently effective stack gas effluent standards
for new facilities. Results of model simulations, assuming a CTPP equipped with an
FGD system of 95% SO, removal efficiency and Electrostatic Precipitator (ESP)
system of 99% efficiency are summarized in Table 5.6 for all site alternatives. As
expected, such a measure will ensure reducing potential GLCs of SO, and SPM

dramatically.
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Figure 5.4.b Estimated annual average SOx GLCs for CTPP at Esenboga
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Figure 5.4.d Estimated annual average SOx GLCs for CTPP at Keskin
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Figure 5.4.f Estimated annual average SOx GLCs for CTPP at Polatli
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Table 5.6 Simulation results for NGCC

Meteorological Hourly Maximum Daily Maximum Yearly Maximum
Stations GLC Distance ! GLC Distance GLC Distance
(g/m’) | (km) (ug/m®) (km) @gm) | @m)
SO,

1.79

33.56 NE

071

10.55 NE

0.13

10.55NE

2.06

63.56 SE

0.36

58.50 SE

0.04

5772 SE

2.58

75.74 SW

0.63

81.278W

0.07

7132 SW

76.99

33.56 NE

30.66

10.55 NE

5.47

10.55NE

88.72

63.56 SE

58.50 SE

172

57.72 SE

111.07

75.74 SW

81.27 SW

3.03

7132 8W

0.48

63.56 SE

0.09

58.50SE

0.01

5772 8E

Polatly

0.59

75.74 SW

0.14

81.27 SW

0.02

71.32 SW

! Point occurrence as Distance from Ankara City Center
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Table 5.7 Simulation results for CTPP equipped with treatment technology

Meteorological Hourly Maximum Daily Maximum Yearly Maximum
Stations GLC Distance ! GLC Distance GLC Distance
(ug/m’) (km) (pg/m®) (km) (ng/m®) (km)

SO, (FGD with 95% efficiency)

Esenboga 14.85 27.30 NE 5.90 20.62 NE 1.06 3.35NE

Keskin 17.10 73.73 SE 3.00 64.83 SE 032 57.72 SE

Polath 2145 7433 SW 5.20 75.74 SW 0.59 87.32 SW
SPM (ESP with 99% efficiency)

Keskin

20.96

73.73 SE

377

64.83 SE

0.41

Polath

26.24

74.33 SW

637

75.74 8W

0.74

87.32 8SW

! Point occurrence as Distance from Ankara City Center
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5.5 Discussion on the Simulation Results

By the use of ISCST simulation model, GLCs of SO,, NOx and SPM originating
from power plant generating electricity for domestic heating for city of Ankara
have been estimated. According to the simulation results for four site alternatives
excluding Ankara (Kegioren) and Esenboga, there would be no contribution to the

air pollution levels in Ankara city for the period of 1991-1992 winter season.

As expected, the maximum contribution to the air pollution levels in Ankara
would occur for the hypothetical alternative of CTPP located in the city center of
Ankara (Kegioren). However, even with this extremely unreasonable site selection
choice (which implies a single tall stack in the middle of the city as opposed to
thousands of discrete sources distributed over the city area) the potential air
pollution levels in the city would be much lower than what was measured in

Ankara during the period of concern.

According to an emission inventory conducted by Atimtay (see Appendix F)
domestic heating in the city contributes to 59% of SO, 29% of NO, and 63% of
SPM concentrations annually. Since the winter season in Ankara is about six
months, residential and commercial heating activities contributes only to the
winter season pollution levels. In order to calculate the contribution of domestic
heating on the GLCs during winter season, amount of emissions from industrial
sources and traffic is taken as half of the annual total whereas total annual heating

emissions are assumed to be discharged only during winter months.

As a result, contribution of domestic heating to the overall pollution level during
the winter months has been calculated as 74%, 45% and 77% for SO,, NOy and
SPM respectively. This implies that during winter 1991-1992, on the long term
average basis, domestic heating contributed about 138pg/m?® of SO,, 56ug/m? of
NOy and 91pg/m?® of SPM (see Table 5.8) to the measured concentration levels in

the city (which were previously presented in Table 3.5).
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In Table 5.8 measurement results of average SO,, SPM and NO, concentrations
during 1991-1992 winter season and the estimated concentrations of those
parameters in the case of electricity use for domestic heating have been given.
According to the table estimated GLCs of SO, for each power plant alternative
(located in Ankara as a hyphotetical case) are below the 1991-1992 winter season
measurements. For the parameter of NO; estimated GLC is also lower compared
to the measurement results. NO; was measured as 125 ug/m?® and it has been
estimated as 78 and 76 ug/m? for the alternatives of CTPP and NGCC respectively.
For the parameter of SPM, estimated GLC, 174 pg/m® for the CTPP
(uncontrolled) alternative is higher compared to the measurement results, which
was 118 pg/m3 However, since new facilities like thermal power plants have to be
in compliance with the stack gas effluent standards, they have to be equipped with
proper treatment systems like ESP. Annual average GLCs originating from the
CTPP alternative equipped with ESP is estimated as 29 pg/m? which is very low

compared to the measurement results.

A simple comparison of the measurements with the simulation results summarized
in Table 5.8 and presented in detail in Table 5.5 and 5.6 shows that even a CTPP
located inside the city of Ankara would lead to much lower long term average

GLC values as opposed to the current status.

On the other hand, simulation results concerning short term GLCs, as daily
average and maximum hourly, should be approached with a caution as no building
downwash effect has been taken into account in these hypothetical studies which
can increase the maximum hourly GLCs up to an order of magnitude in some
extreme cases. However, even an order of magnitude increase in hourly maximum
GLCs for a CTPP alternative equipped with proper treatment technology located

inside the city of Ankara would not cause exceedence of standards.
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One of the most important meteorological parameter, affecting the GLCs, is
mixing height only within which pollutants are able to be distributed. In Ankara
(Kegioren) and in other meteorological stations, mixing height in summer season
is around two times that of winter season (see Table 5.9) which implies for the
same amount of pollutants two times higher GLCs are expected in winter.
However, a careful examination of Table 3.6 in Chapter 3. indicates that in some
of the districts of Ankara measured winter/summer concentration ratios are greater
than 2.0 implying that factors such as building downwash, low exit velocity and
temperature of effluent gases which are in turn unfavouring the dispersion
potential do play an important role. Such adverse factors can easily be eliminated
in case of a thermal power plant instead of individual domestic heating systems

currently used.

Table 5.9 Seasonal mixing heights for the year 1992 at six meteorological
stations (m)
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CHAPTER 6

COST ESTIMATION OF DIFFERENT DOMESTIC HEATING
ALTERNATIVES IN ANKARA

The results presented in Chapter 5 strongly suggests that electricity use for domestic
heating in Ankara will result in much better air quality levels. However, since the
economy is an important factor in the decision making process a simple cost analysis

is included below.

6.1 General Cost Estimations

A simplistic cost estimation of different alternatives for domestic heating in Ankara is
given in Table 6.1. The parameters taken into consideration are investment cost, cost

of fuel consumed an(l operation and maintenance costs.

In addition, a brief summary of a recent study by Anoglu (1995) and following his
assumptions a similar calculations are included in Appendix G. The estimations
showed that electricity use alternative and the current individual domestic heating

systems are of comparable cost despite of the common contradictory thought.
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Table 6.1 Calculated investment cost of different domestic heating system
alternatives in Ankara

Coal Fired Stoves:
Number of Dwellings in Ankara (winter 1991-1992) : 644,906
1.5 stoves /dwelling = 967,359 stoves (5 years economical life)
Average price of a coal fired stove = 588
967,359x58%= 56,106,8228% (for 5 years)
56,106,822x4= 224,427,288 (for 20 years)

Natural Gas Fired Stoves:
Number of Dwellings in Ankara (winter 1991-1992) : 644,906
1 stoves /dwelling = 644,906 (15 years economical life)
Average price of a natural gas fired stove = 1,670$
644,906x1,670% = 1,076,993,0208 (for 15 years)
56,106,822x4= 1,435,990,693$ (for 20 years)

Coal Fired Boilers in Each Building:
Number of Building in Ankara (winter 1991-1992) : 208,192
Average price of a Boiler = 21,643$
208,192x21,643%= 4,505,899,456% (20 years economical life)

Natural Gas Fired Boilers in Each Building:
Number of Building in Ankara (winter 1991-1992) : 208,192
Average price of a Boiler = 10,519%
208,192x10,519%= 2,189,971,648$ (20 years economical life)

Electricity Generated by Conventional Coal Fired Plants (1x660" ):
Investment Cost of 1 kWe(with FGD) =1,128 USS$ (Sahin, Bekdemir,
1994)
660 MW, x1,128$/kW .~ 744,480,000 USS (20 years economical life)

Electricity Generated by Natural Gas Combined Cycle Plants (1x450"):
Investment Cost of 1 kWe = 771 US$ (Sahin, Bekdemir, 1994)
450 MW, x770$/kW = 346,500,000 USS (20 years economical life)

Generating capacity of the power plant is calculated in Table 4.7
30




Table 6.2 Calculated fuel cost of domestic heating for different heating system
alternatives in Ankara

Coal Fired Stoves

Total energy required:
Efficiency of coal fired stoves:
Lower heat value of fuel:
Total fuel required:

Unit fuel price:

Total fuel cost:

Natural Gas Fired Stoves

Efficiency of N. gas fired stoves:
Lower heat value of fuel:

Total fuel required:

Unit Fuel price:

Total Fuel Cost:

Coal Fired Boilers

Efficiency of coal fired boilers:
Lower heat value of fuel:
Total fuel required:

Unit fuel price:

Total fuel cost:

Natural Gas fired Boilers:

Efficiency of N. gas fired boilers:
Lower heat value of Fuel:

Total fuel required:

Unit fuel price:

Total fuel cost:

Unit fuel price:
Total Fuel Required:
Total Fuel Cost:

Unit fuel price:
Total Fuel Required:
Total Fuel Cost:

6,321.22x10° kWh/year
50%

4000 kcal/kg
2,717.64x10° kg/year
65 US$/ton (June 1992)
=176,646,303 USS$/year

81%

8,100 kcal/Nm®
828.42x10°Nm’/year

0.285 US$/Nm*(June 1992)
=236,099,700 US$/year

55%

4,000 kcal/Nm®
2,470.58x10° kg/year
65 US$/ton (June 1992)
=160,587,700 USS$/year

85%

8,100 kcal/Nm®

789.44x10° Nm®/year

0.285 US$/Nm’ (June 1992)
=224,989,425 US$/year

Conventional Coal Fired Thermal Power Plant

10.84 USS$/ton
3,405.57x10° ton/year
=36,916,380 USS$/year

Combined Cycle Natural Gas Fired Power Plant

0.285 US$/Nm’
1,332.72x10° Nm®/year
=379,825,200 US$/year




In Table G.1 operation and maintenance costs of individual domestic heating
systems are included implicity in the investment costs following Arnoglu, 1995.
For the power plant alternatives, operation and maintenance costs are calculated

by using the values given in Table 6.3.

Table 6.3 Coal technologies and alternatives, cost and performance

500 33 0.38

500 10 0.32

i

Source: Sahin, 1995,
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CHAPTER 7

DISCUSSION, CONCLUSION AND FUTURE RECOMMENDATIONS

7.1 Discussion and Conclusjons

Today, there is a remarkable increase in energy demand in Turkey parallel to the
increase in population and standard of life. This energy requirement should preferably
be met by national fossil fuels in our country as far as possible rather than the very
controversial imported sources which enhances foreign dependency dramatically (see
Section 2.2.1.1). However, while using our national fossil fuel sources of which
mainly lignites, have high sulphur, ash and water content and lower calorific value,
and hence not appropriate to be used in individual domestic heating systems without

any fuel pre-treatment.

In order to solve the air pollution problems inherent in many Turkish cities,
alternatives such as the use of imported coal and natural gas have been implemented
in the past. However, with the increase of urban population those foreign fuel sources
will only increase country's foreign dependency in the near future. Hence the use of
national sources in the most logical way should be studied carefully. Electricity use
generated through in-country resources for domestic heating is a viable option. The
results of this study showed that the use of electricity generated through in-country

coal resources for domestic heating is a viable option.
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In this study it is shown that potential GLCs of SO,, NO; and SPM of thermal power
plant alternatives are substantially lower compared to the measurements for 1991-
1992 winter season (see Table 5.8). By implication, use of electricity energy in
Ankara for the future would prove to be the most advantageous alternative as far as

air quality impacts are concerned.

In addition from economical point of view, results of the simplistic cost analysis
produced comparable values for electricity use alternative and existing systems (see
Table 6.1 and 6.2).

7.2 Recommendations for Future Work

In many of Turkish cities, air pollution in winter months have already reached to the
critical level. Measures have been taken so far such as cleaner fossil fuel use, are only
short term solutions which should be expected to become inefficient in the near future

due to the high population increase.

In order to solve the current and potential problems that future holds long term
strategies have to be studied on. This study has only attempted to give an insight on
the viability of electricity energy use in Ankara for domestic heating with a rather

simplistic, yet comprehensive approach as a prelude to more detailed future studies.

To enable similar studies for other cities in Turkey, current status of the urban areas
including current energy requirement, future energy requirement, cost and emission
characteristics of the current combustion systems, meteorological, topographical and
ecological characteristics of the area should be carefully analyzed before deciding on
the appropriate long term pollution control and abatement strategies. Therefore there

is an extensive gap concerning those data requirements to be fulfilled.

Another important area of study which will prove to be a valuable tool for decision
making, is to evaluate target emission values for urban areas to ensure not to violate

current and target concentration standard.
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Table A.1 The most important energy indicators in Turkey

Commercial Energy Produced 17,739,000 toe' (1992)
Commercial Energy Consumed 42,677,000 toe (1992)
Dependency to Foreign Energy 58 %
Primary Energy Production 26,863,000 toe (1993)
Primary Energy Production by Fuels

Hard Coal 64 %

Lignite 36.6 %

Petroleum 152 %

Hydraulic 10.8 %

Firewood, Dried dung 29.5%

Other (Geothermal, Asphaltic) 1.5%
Primary Energy Consumption 61,018,000 toe (1993)
Primary Energy Consumption by Fuels

Hard Coal 9.6 %

Lignite 16.87 %

Natural Gas 7.6 %

Petroleum 46.6 %

Hydraulic 48%

Firewood, Dried dung 13%

Other (Geothermal, Electricity) 1.53 %
Energy Consumption by Sectors in Amount and Percentage (1993)

Residential and Commercial 17,498,000 toe (36 %)

Industrial 16,526,000 toe (34 %)

Transportation 10,419,000 toe (21 %)

Other (Agricultural and so on) 4,188,000 toe (9 %)
Net Total 48,632,000 toe (100 %)
Primary Energy Consumption 61,018,000 toe
Cycle 20 %
Primary Energy Consumption per Capita 1,019 koe®
Commercial Energy Consumption per Capita 717 koe
Commercial Energy Consumption per capita in the World 1,395 koe

Electricity Production by Primary Energy Sources

Hard Coal 1.796x10° ton/year

Lignite 21.963x10° ton/year

Natural Gas 10.788x10° ton/year

Petroleum 5.174x10° ton/year

Thermal 39,856.6 Gwh

Hydraulic 33,950.9 Gwh

Total 73,807.5 GWh
National Electricity Production by Primary Sources in Percentage

Hard Coal and Lignite 324%

Petroleum 7%

Natural Gas 14.6 %

Hydraulic 46 %
Electricity Generating Capacity (1992) 17,027 MW
Electricity Produced (1992) 60,338 GWh
Electricity Consumed (1992) 60,591 GWh
National Electricity Consumption per Capita (1992) 1,060 kWh
Electricity Consumption per Capita in the World (1992) 2,188 kWh

ton oil equivalent
kilogram oil equivalent

Source: Arioglu, 1995
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Table A.1 The most important energy indicators in Turkey (continued)

[Expected Energy Supply and Demand and
|JAmount of Consumptions by Sectors for the

year of 2000
Thermal 104,249 GWh
Hydraulic 44,788 GWh
Total (Supply) 149,037 GWh
Demand 130,350 GWh
Stand-by 14 %
Industrial 72,195 GWh
Residential and Commercial 39,326 GWh
Transportation 1,424 GWh
Agricultural 1,427 GWh
Consumption per Capita 1,878 kWh
I Amount and Cost of the Primary Energy
expected to be Imported for the year of 2000
Hard Coal 8x10° ton/year
Steam Coal 6.5x10° ton/year
(846 Million $) (Cost of Hard Coal
included)
Petroleum Products
Natural Gas 36.5x10° ton/year (7.758 Billion $)
Total 125x10° m’/year (1.370 Bilion §)

9.975 Billion $

92




APPENDIX B

A RECENT COST ANALYSIS CONDUCTED FOR FLUE GAS
TREATMENT OF TURKISH THERMAL PLANTS

A summary of a recent cost analysis conducted for Turkish thermal power
plants (TEAS, 1996) is presented below (see Table B.1 and B.2). According to
this study installation of FGD and ESP systems will prove to be highly

efficient in reducing potential emissions (see Figure B.1 and B.2).

Table B.1 Characteristics and economical data on FGD in thermal power plants

—

Thermal Type |Efficiency| Investment Cost Const?nt Variable :l‘rotal
Power Plants F(();fD of FGD Opi:r:st:;mal Opi:r:::(smal Opc;r::::nal
(%) | (/KW) | (3/Gj in) | ($/KW-m) (SMWh) (8/Gj in)
| Yatagan 1-3 Wet 95 165 1.9882 0.56 0.97 0.2115 J
Kemerksy 1-3 Wet 95 149 1.7954 0.59 1.62 0.2860 l
Yenikoy 1-2 Wet 95 223 2.5457 0.87 1.62 0.3223
Orhaneli 1 Wet 95 278 3.0854 0.90 0.83 0.2422
Cayithan 34 Wet 95 178 1.9190 0.76 1.07 0.2352
Kangal 3 Wet 95 241 2.3690 0.93 1.72 0.2962 +
I Afsin-Elbistan A 5-6 | Wet 95 148 1.3141 0.63 1.46 0.2040
Soma-B 1-6 Dry 70 96 1.0305 0.46 1.73 0.2441
1-340 Wet 95 191 2.1198 0.77 1.77 0.3115
1-300 Wet 95 213 24315 0.84 1.08 0.2649
[ L-150 Wet 95 287 3.4583 1.09 1.04 0.3235 |
HC-30 Wet 90 186 2.1233 0.81 0.16 0.1655 l
CIMP Wet 90 159 1.8655 0.54 0.16 0.1205
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Table B.2 Characteristics and economical data on ESP in thermal power plants

Thermal Efficiency | Investment Cost | Constant | Variable Total.
Power Plants of ESP O%Z:Eng Opg;:tt;ng Op(t:e: :tt;ng
(%) B/kW) |(8/Gj in)| ($/kW-m) | (SMWh) (8/Gj in)

Yatagan 1-3 99.4 - - 0.093 0.047 0.023
l|Afsin-Elbistan 14 99.0 - - 0.015 0.171 0.016
Yenikoy 12 99.4 - - 0.017 0.098 0.013
[Kemerkoy 1-3 99.4 - - 0.029 0.054 0.011
Seyitdmer 1-4 98.0 - - 0.006 0.136 0.015
Soma-A 99.0 - - 0.104 0.075 0.022
Soma-B 1-6 99.0 - - 0.006 0.434 0.042
Tungbilek A-B 98.0 - - 0.091 0.100 0.028
Cayirhan 1-2 99.6 - - 0.039 0.065 0.013
[Kangal 1-2 98.0 - - 0.039 0.025 0.008
Orhaneli 1 99.8 - - 0.001 0.091 0.009

Catalagzi-B  1-2 99.0 - - 0.054 0272 0.037 |
Caytrhan 3-4 99.5 54.63 | 0.5890 0.039 0.065 0.013
IlKangal 3 99.5 72.27 | 0.7104 0.039 0.025 0.008
Afsin-Elbistan A5-6 99.5 56.33 | 0.5001 0.015 0.171 0.016
|L-340 99.5 63.99 | 0.7101 0.049 0.060 0.015

|L-300 99.5 67.75 | 0.7734 0.045 0.060 0.014 PI
IL-ISO 99.5 67.71 | 0.8159 0.045 0.050 0.014
lHC-30 99.5 64.48 | 0.7361 0.049 0.060 0.015
I_lCIMP 99.-5 | 59.37 | 0.6965 0.066 0.060 0.019
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Figure B.1 SO; Emissions from thermal power plants by years
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Figure B.2 Particulate emissions from thermal power plants by years
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APPENDIX C

MITIGATION MEASURES FOR THERMOELECTRIC PROJECTS

Potential negative impacts and mitigating measures for thermoelectric projects and

electric power transmission systems are presented in Table C.1.
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Table C.1 Potential negative impacts and mitigating measures for
thermoelectric projects

I Potential Negative Impacts Mitigating Measures
1. Air emission effects to human health, | #  Locate facility away from sensitive air quality receptor
agriculture, and native wildlifeand | e  Design higher stacks to reduce ground level
vegetation, concentrations.
Use cleaner fuels (e.g., low sulphur coal)
Install air pollution control equipment.
I 2. Thermal shock to aquatic organisms. Use alternative heat dissipation design (e.g., closed cycle
cooling).
e Dilute thermal condition by discharging water into larger
receiving water body.
e  Install mechanical diffusers. W
W o Cool water on-site in holding pond prior to discharge,.
o  Explore opportunities to use waste heat.
3. Vegetation removal and habitat loss. | ¢  Select alternative site or site layout to avoid loss of
ecological resources.
i e  Restore or create similar vegetation or habitats.
4.  Avian hazards from stacks, towers e  Site stacks and tower away from flyways.
and transmission lines. e Install deflectors, lights and other visible features.
5. Human population displacement e  Select alternative site or site layout to avoid
1l displacement.
e Involve affected parties in the resettiement planning and
program.
e  Constuct socially and culturally acceptable
| settlements/infrastructure development.
6. Modification of historically or e Select alternative site or site layout.
archaeologically structures or lands | ¢  Develop and implement “chance find” procedures to
(e.g., churches, temples, mosques, recover, relocate or restore structures.
LL cemeteries). e Fence or constuct other barriers to protect structures or
lands.
7. Worker exposure to dust from ash ¢  Provide dust collector equipment.
and coal. e  Maintain dust levels < 10mg/m®.
e Monitor for free silica content.
o Provide dusk musks when levels are exceeded.
8. Worker exposure to toxic gases e Maintain boilers properly.
leaking from broilers. »  Monitor concentrations will levels not to exceed:
SO; 5 ppm %i
CO 50 ppm
NO; 5 ppm
9. Loss of land use and population o Select right-of-way (ROW) to avoid important social,

relocation due to placement of towers
and substations.

agricultural, and cultural resources.
Utilize alternative tower designs to reduce ROW width |}
requirements and minimize land use impacts.

Adjust the length of the span to avoid site-specific tower
pad impacts.

. Avian hazards from transmission

lines and towers.

Select ROW to avoid important bird habitats and flight
routes.

Install towers and lines to minimize risk for avian
hazards.

Install deflectors on lines in areas with potential for bird
collision.

lines and towers.

Select ROW to avoid airport flight paths.
Install markers to minimize risk of low-flying aircraft.

Source: World Bank, Environmental Department, 1992
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APPENDIX D

URBAN AIR QUALITY STATUS IN TURKEY (MEASUREMENTS)

SO, and PM concentrations have been measured by Ministry of Health and the results
have been published by the State Institute of Statistics since 1990. Winter and
summer season SO, and PM average concentrations in provinces for the last six years
are given in Table C.1 and Table C.2.

Sulphur Dioxide

In Table C.1 measured maximum and minimum and average SO, concentrations in
Turkish cities between 1990-1995 are given for winter and summer seasons. In the same
table, number of days exceeding the STS of Turkish Air Quality Protection Regulation;
ratio of summer and winter concentrations and the trend between 1990 and 1995 are
shown for each city. As it can be seen from the table, average SO, concentrations during
winter season are regularly above the LTS in Erzurum, Kiitahya, Eskigehir, Sivas, Corum,
Cankiri, Istanbul, Konya, Diyarbakr, Kinkkale, Kahramanmaras, Kayseri, Kocaeli,
Canakkale, Bursa, Adiyaman, Malatya, Tokat, Nevsehir, Balikesir, Kirsehir, Yozgat,
Gaziantep and Izmir.

For the same cities daily SO, averages have frequently exceeded STS. Obviously, in these
24 cities especially during winter season air pollution is a very important problem.

Obviously, winter/summer concentration ratios result in a number bigger than 1 in all
cities, as the meteorological conditions unfavour the pollution dispersion in
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winter months. However, the ratio between winter and summer concentrations are rather
big in many Turkish cities, implying the important contribution of domestic heating. As
can be seen in Table C.1, there are only a few provinces in which winter concentrations
are lower than that of two times summer concentrations. These cities are Gaziantep,
[zmir, Van, Mardin, Kirklareli, Bilecik, Hatay, Igel and Kars. Among them, Gaziantep is
industrialized region, Izmir and Igel have very mild winters, Mardin and Kars have missing
data, therefore it is rather difficult to comment on these latter cities. On the other hand, in
many Turkish cities winter/summer concentration ratios are equal or more than 4. These
cities are Erzurum, Kiitahya, Eskigehir, Sivas, Corum, Mugla, Konya, Bayburt,
Diyarbakir, Kahramanmarag, Canakkale, Malatya, Kirgehir, Agn, Yozgat, Edirne,
Sakarya, Afyon, Elazig, Burdur, Erzincan and Siirt. Among them Eskigehir, Bayburt,
Malatya and Konya are especially remarkable.

Suspended Particulate Matter

Winter season SPM concentrations between 1990-1995 are given in Table C.2. A similar
evaluation for SPM concentrations shows that the share of the domestic heating on the
SPM concentration is not as important as the SO, concentrations. The first group of cities
under risk are only Diyarbakir, Sivas, Erzurum and Zonguldak. Additionally, there is an
increase trend in Erzurum and Zonguldak and a decline in Diyarbakir and Sivas. Except
these four cities, SPM concentrations varies between 100 and 150 pg/m’ in Tokat,
Adiyaman, Mus, Afyon, Kahramanmarag, Kocaeli, Izmir, Rize, Istanbul, Kiitahya,
Kayseri, Antalya, Erzincan, Bursa, Konya, Van and Ankara during winter season. In
addition there has been a 10% increase observed in Afyon and Rize.

Nitrogen Oxides and Ozone

NOs, being a primary pollutant originating from all combustion activities have certain
health effects itself. It also causes Os; and photochemical smog formation in urban
atmospheres, consequently bring some secondary effects as well. As shown in
Chapter 3 in Table 3.1, ambient NOy standards are stricter in comparison to SOy and
SPM.
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Recent NO; measurements conducted in different locations in Turkey are given in
Table C.3. Results show that monthly averages of NO concentrations in Erzurum is
between 70 and 153 pg/m’ and that of NO, concentrations is between 110-188 pg/m’
in winter season of 1994. There are NO; measurements in Bursa for January and
March in 1996. The results of these measurements shows that both NO and NO,
concentrations is around 13 pg/m’. Similarly, recent O; measurements, carried out in
Antalya since November 1994 and in Amasra for April-June of 1995, are summarized
in Table C.4. Results show that concentrations are around 30 ppb in rural areas.
Bearing in mind, long term ambient air quality standard for O; is 110 ppb in Turkey
and 120 ppb in USA, it would not be a an overstatement to assume urban O;
concentrations in Turkish cities has already exceeded the standards in summer

months.
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Table D.3 NO, Concentrations measured in Eyzurum and Bursa

Source: Tuncel, 1995

Table D.4 Os; Concentrations measured in Amasra and Antalya

November 26

December 21
January 21

February 24
March 30

42 36

39 35

32 31

39

August 29
September 31
October 29
November 22
December 16

Source: Tuncel, Environmental Eng. Dep. of METU, 1995.
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APPENDIX E

EUROPEAN AMBIENT AIR QUALITY STANDARDS

In a recent publication of Economic Comission for Europe, strategies and policies for
air pollution has been summarised (ECE, 1995). According to this document, policy
measures should be grouped into four categories: regulatory measures, economic
instruments, measures related to technology, and the monitoring and assessment of
effects. Ambient air quality standards or target levels frequently serve as a reference
base for other standards (emissions, fuel quality, control technology) designed to
achieve a given desirable level of air quality in the context of regulatory measures.
Therefore in many circumstances, ambient air quality standards serve as a locomotive
to implement other control mechanisms. A summary of ambient air quality standards
effective in various European countries and United States are given in Table E.1
which can be compared with currently effective Turkish standards.
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APPENDIX F

A RECENT EMISSION INVENTORY CONDUCTED FOR ANKARA

An emission inventory conducted by Atimtay (1993) provides a useful insight into
Ankara’s current energy use portfolio and related emissions. Table F.1 presents the
total energy use in Ankara by sources and sectors, and Table F.2 emissions. Figure
E.1 shows the emission distribution graphically.

Table F.1 Total amount of energy used in Ankara by sources and sectors

9,178x10°
732,917 4,382x10°
402,677 3,262x10°
153,436 1,534x10°
787x10° 6.7
6,835
31,970
47,470
95,130
12,742
1,792x10° 15.2
92,366 1,108x10°
62,250 684x10°
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Table F.2 Total amount of emissions by sources and sectors in Ankara

(ton/year)
_Ful | €O | NO, | CuH,'| 50, |Particulate| Lead
. Consumed | o L Maiter .
esidential and 24,465 | 2,531 | 27,028 | 7,006 5,762 -
Commercial
fﬁngadinstoves‘j,;;‘ 472,300 | 17,950 | 1,086 94 1,889
" isedin Boilers 260,617 | 4,092 425 | 15,142 1,200
*  Natural Gas (10°Nm®) || 402,677 | 2,375 | 330 | 7,006 7
Fuel-Oil (for boilers) L153,436 48 690 | 4,786 3,910
adustrial 10965 | 365 | 3492 | 4139 3,265 -
' L 6,835
31,970
47470 | 10,965 365 | 3492 | 4,139 3,265 -
95,130
12,742
154,616 | 19,389 | 5947 | 3276 808 108 13
92,366 | 17,930 | 2,305 | 2,269 473 38 3
62,250 | 1459 | 3642 | 1,007 335 70
8,000 —
7,000 ey HNOx
E 6,000 ‘ Nsoz2
% 5,000 \\‘\é’ @ Particulate Matter
PO i \
3,000 %};;:
g 2,000 RN
1,000 «%
0 ‘ ,
Residential and Industrial Traffic
Commercial
Sources and Types of Emissions

Figure F.1 Amount of emissions by sectors
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APPENDIX G

COST ESTIMATION FOR DIFFERENT DOMESTIC HEATING
ALTERNATIVES

In a recent study by Anoglu (1995) amount and cost of fuel used in lignite fired
stoves, LPG fired stoves and natural gas fired stoves have been calculated (see Table
G.1). Following his assumptions amount and cost of fuel used in imported fired
boilers, natural gas fired boilers and cost of heating by electricity have been
calculated (see Table G.2).

Additionally, in an earlier study by Ulug (1987) a similar cost analysis concerning
electricity use had been proved to be a viable option for future (see Table G.3). In
this study it was stated that "Although the use of electricity for domestic heating
seems to be difficult today, in the years of 2000 by the technological improvements
on the energy transmission and isolated transmission centers it may become a good
alternative for domestic heating. By considering current air pollution problems in

cities, electricity use has to be initiated step by step from now on".
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Table G.1 Calculated cost of fuel in domestic heating systems

(Arioglu, 1995)
ASSUMPTIONS:
o Area heated A = 50m°
e Number of days used per year ty= 180 days
e Number of hours use per day ty = 10 hours
o Thermal power of the stove Qy = 5,000 kcal/hour

o Thermal efficiencies of different stoves
e Coal Fired Stoves
e LPG Fired Stoves Nw = 70%
» Natural Gas Fired Stoves Mo = 95%
» Lower heat value and cost of the Lignites | 1, = 85%
e Lower heat value and cost of the LPG LHV; = 3,500 kcal/kg (in original)
o Lower heat value and cost of the Natural | m; =1,900,000 TL/ton=1,900TL/kg
Gas LHVy = 11,200 kcal/kg
my =15,083 TL/kg
LHV, = 8,250 kcal/kg
my =6,480 TL/kg

Annual Cost of Fuel Consumption in the Stoves

anﬂm,)
(oesidy)  (dpslyer)

%‘%x g g xt, 7 s 1L )

Annual Fuel Consumption in the Stoves

Qb(kml/lm)

T, =
Y by xLEVEE

(o) (days/ )
xt, xtyo o (kg/ year)
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Table G.1 Calculated cost of fuel in domestic heating systems (continued)

e Fuel Costs and Consumptions for Lignite Fired Stoves

M o=—20 10x180x1900 4910 (TL / year)
=———x10x180x = year
g My % 3,500 My
2,571
T = (kg / year)
M

e Fuel Costs and Consumptions for LPG Fired Stoves

6

M 200 10x180x 15,083 121 (TL/ year)
=—x10x180%x15,083 =— year
" 1, 11,200 up

804

T, =— (kg/year)

Ty

e Fuel Costs and Consumptions for Natural Gas Fired Stoves

6

5,000
=——x10x180x6,480 =

TL/
b, x8,250 h,, L

1,091
T, =— (ke/year)

My

e RESULTS

Lignite Fired Stoves M,= 7x10° TL/year=225US$/year, Ty= 3.6 ton/year
LPG Fired Stoves M,=12.7x10° TL/year=410US$/year, T, =850 kg/year
Natural Gas Fired Stoves ~ M,=8.4x10° TL/year=270 US$/year, T,= 1.3 ton/year
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Table G.2 Calculated cost of fuel use in domestic heating by boilers and

electricity
ASSUMPTIONS for BOILERS
o Area heated A =100m’
¢ Number of days used per year ty,= 180 days
e Number of hours use per day t, = 10 hours
e Number of dwellings in a building Ng=20
e Thermal power of the boiler
Characteristics of the Boilers' Qs = 200,000 kcal/hour

o Thermal efficiencies of different boilers
» Imported Coal Fired Boilers
o Natural Gas Fired Boilers

o Lower heat value and cost of the imported | ny = 62%

coal Mot = 85%
o Lower heat value and cost of the Natural | LHV;, = 6,000 kcal’kg
Gas m;. =0.173 $/kg (June 1992)

LHV,, = 8,100 kcal/Nm®
My, =0.285 $/Nm® (June 1992)

e Annual Cost of Fuel Consumption in the Boilers

(hoali hour)
g

M t(haws/ dy) X tj()dzys/;mr)

'y 7 w LEy o) Xi, xm, ($/ year)

e Annual Fuel Consumption in the Boilers

(keal/hour)
T b x t(lmm/day)

— (days/ year)
* b, xLHVE

><’£y

(kg / year)

! Characteristics of boilers are taken from Durmaz, (1992).
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Table G.2 Calculated cost of fuel use in domestic heating by boilers and
electricity (continued)

e Amount and Cost of Fuel for Imported Lignite Fired Boilers
(for 100 m” area and 20 dwellings)
200,000

| =—————x10x180x0.173=16,742 ($/ year)
0.62x6,000

T, =96,775 (kg year)

¢ Amount and Cost of Fuel for Natural Gas Fired Boilers
(for 100 m” area and 20 dwellings)

200,000

| =——————x10x180x0.285=14,902 ($/ year)
0.85x8,100

T, =52,288 (N’ | year)

e Amount and Cost of Electricity use

(for 50 m? area)

1, =5,000x10x180=9,000,000 (keal / year) (1 keal = 0.001163 kWh)
T, =10467 (k¥Wh/ year)

Cost of the 1 kWh = 7500 TL (based on June, 1996 prices)
M, =5,000x10x180x7500="78,502,500 (TL/ year)

¢ RESULTS (based on 50m” area heated)

Imported Coal Fired Boilers M, = 418.55 US$/year , Ty= 2,419 kg/yr
Natural Gas Fired Boilers My =372.55 US$/year, T,= 1,307 Nm®/yr
Electricity M, = 945.81 US$/year , Ty= 10,467 kWh/yr
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Table G.3 Costs of alternatives of electricity use for domestic heating in Ankara

238,823 187,824 426,647
113,648 295,800 409,448
270,450 158,025 428,475
135,225 90,300 225,525

Source: Ulug, 1987
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