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1. Executive Summary

REK Bitola is located in the southern part of Macedonia, in the Pelagonia plain. The
power plant has been planned, designed and built on the basis of the finds of coal-lignite,
at around 12 km eastwards from the city of Bitola.

The conception of development and exploitation of the thermal power plant Bitola was
initiated in the beginning of the 80-ties. In parallel with the start up operation of unit 1
in 1984, unit 2 was put into operation, and unit 3 in 1988, constructed in the manner
that can be adapted for joint operation with another unit - unit 4 that remained
undeveloped.

1.

Today, REK Bitola with its three completed units of individual capacity of
225 MW each, or total installed capacity of 675 MW provides an average
annual generation of 4,34 million MWh electricity. REK Bitola operates as a
power plant of the Public Company ELEM (Elektrani na Makedonija; Power
Plants of Macedonia). The main idea of the present project activities is to
improve the TPP Bitola energy efficiency by modernisation of the cooling
towers, including installation of a new PVC or PP fill and auxiliary
equipment, with aim to reduce cooling water temperature and to decrease
the condenser pressure. The project activity of energy efficiency will
result with reduced fossil fuel consumption, which implies reduced GHG
emission as well as reduced emission of other harmful materials to the air,
soil and water. Additionally, the project activity will contribute to the
conservation of natural resources, too. The project activity is an
environment friendly energy efficiency project with negative impact on the
environment. Since the project is expected to result in energy efficiency
improvement and consequent GHG emission reduction, it has a potential for
CDM. Rehabilitation and/or energy efficiency improvement measures in the
context of the suggested methodology refers to an investment in an existing
power plant, whose performance has deteriorated over the years, with the
purpose to upgrade its performance without adding new generating units.
The power plant should be currently operational and would remain
operational along the whole crediting period. It is carried out a
technical and economical evaluation of the project. The main findings are:
Calculations indicate that the project implementation will improve the
overall efficiency of the power plant from 30,93 % to 31,12 %.

The investment will be in the range of 10 million EUR, which includes
unpacking of the cooling towers, installation of new splash bars (fill) with
auxiliary equipment and disposal of asbestos materials. The cost for disposal
of asbestos materials has to be further investigated.

3. The energy saving give an internal rate of return of 6 %.

If the project is implemented as a CDM project, the internal rate of return
will be about 8 %.
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2. Technical report
2.1. Background

The Norwegian Ministry of Foreign Affairs (NMFA) has decided to issue a grant for the
Project MAK-09/006 “Cleaner and More Cost Effective Industry in Macedonia” with
duration from 2009 to 2012, and is based on an application from Norsk Energi. The
Center for Climate Changes (CCC), National Cleaner Production Center and the Ministry
of Environment and Physical Planning were involved in the application.

The project will contribute to reducing greenhouse gas emissions and will assist
Macedonian industry in preparing for future EU obligations and in becoming more cost
efficient. As a part of the programme, Norsk Energi is providing technical assistance to
the selected companies in identifying energy efficiency measures and developing
projects. One of those companies is AD ELEM Branch REK “Bitola”, where technical and
environmental aspects of the cooling towers modernisation are analysed. In the
framework of the project, Norsk Energi and partners made an assessment of the
possibility to use the Clean Development Mechanism (CDM) for covering parts of the
financing cost and thus to enable implementation of the energy efficiency project at REK
“Bitola”.

2.2. Introduction

The company ELEM is planning to modernise and improve the cooling tower
performance at TPP Bitola three units (3x225 MW), located near the town of Bitola.
Proper functioning of the cooling towers has significant impact on the plant heat rate
and efficiency. The main idea of the project activities is to improve the TPP Bitola energy
efficiency by complete cooling towers modernisation, including installation of a new PVC
or PP fill, with aim to lower cooling water temperature and to decrease the condenser
pressure.

The project activity of energy efficiency corresponds to the reduced fossil fuel
combustion, which implies reduced GHG emission, reduced emission of other gases,
such as SO, reduced particulates and other materials to air, water and soil. Additionally,
the project activity will contribute in the conservation of natural resources, too. The
project activity is an environment friendly energy efficiency project with no significant
impact on the environment.

Since the project is expected to result in energy efficiency improvement and consequent
GHG emission reduction, it has a potential for CDM. Rehabilitation and/or energy
efficiency improvement measures in the context of the suggested methodology refers to
an investment in an existing power plant, whose performance has deteriorated over the
years, with the purpose to upgrade its performance without adding new generating
units. The power plant should be currently operational and would remain operational
along the whole crediting period.
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2.3. Estimation of Power Plant Efficiency

The role of TPP Bitola in the energy system of R. Macedonia

The public enterprise ]SC ELEM (Power Plants of Macedonia) exists more than 50 years,
through different organisational forms. The basic activity of the enterprise is generation
of electricity. Around 96 % of the entire domestic electricity production comes from the
ELEM capacities. ]SC ELEM produces about 5000 GWh electricity annually from the
thermo power plants, which are with installed capacity of 800 MW, while from the
hydro power plants, with installed capacity of 530 MW, are generated about 1200 GWh
electricity annually. In general, thermal power plants cover approximately 80% of the
domestic electricity generation. Consequently, JSC ELEM is considered as strategically
the most important company in the country and, with its installed capacity and energy
generation, REK Bitola is the most important branch of the enterprise. At present, ELEM
has about 3800 employees. The basic organisational structure is presented in Figure 1.
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Figure 1. Organisational chart of ELEM

The basic indicators for the generation of electricity power by JSC ELEM in 2009 are
presented through Table 1 and Figure 2.
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Table 1. Electricity generation results of JSC ELEM power plants, 2009

Power plants Projected generation, GWh | Realised generation, GWh %
Thermal power plants - 4806.0 4788.6 81.4
total

Bitola 1 1380.0 1416.2 24.1
Bitola 2 1380.0 1364.0 23.2
Bitola 3 1443.0 1417.0 24.1
Oslomej 603.0 591.4 10.0
Hydro power plants - total 802.0 1097.6 18.6
Vrutok 199.0 266.7 4.5
Raven 24.0 29.9 0.5
Vrben 23.0 46.7 0.8
Spilje 230.0 287.1 4.9
Globocica 131.0 182.1 3.1
Tikves 92.0 157.1 2.7
Kozjak 103.0 128.0 2.2
TOTAL 5608.0 5886.2 100

Bitola 3
24%

Oslomej
10%

Bitola 2
23%
Raven
1%
Vrutok
5%
Vrben
1%
Shpilje
5%
Globochica

Bitola 1 Kozjak 3%
24% 2%

Figure 2. Contribution of ELEM’s thermal and hydro power plants in total production

In accordance with the electricity power balance for 2009, JSC ELEM has realised
electricity generation of 5886,2 GWh, which is above the planned generation. The
thermal power plants have achieved 0,4 % lower generation than planned, and the
hydro power plants generated 36,9 % more than planned, which results from the
increased inflows and the favourable hydrological conditions during the year.

REK Bitola is a company whose basic operation is production of electrical energy and
coal. It is the largest company in the Macedonian energy supply system and it is
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composed of two production units: ,Suvodol“ Mine and Thermal Power Plant and
operational unit. The company has began its operation in 1980, and the first electrical
energy was generated in 1982, when the first of the three units of the thermal power
plant was started.

As it was previously shown, TPP Bitola has an average share of 70-75 % in the total
electrical energy production of the Macedonian energy system, which is an indicator for
the crucial importance of this facility for the country.

By opening the new coal mine Brod-Gnietino located in the Pelagonija basin, it is
estimated that the operational life of this energy generator will be extended for at least
more 20 years.

TPP Bitola basic technical data

The Bitola Thermal Power Plant, owned by the state utility company ELEM (Power
Plants of Macedonia), is located in the southern part of Macedonia, in Pelagonia plain
and, with its three units with individual capacity of 225 MW (total of 675 MW), provides
an average annual generation of 4.34 million MWh electricity, covering huge share of the
electricity demand in the country. Flowsheet of the main systems and equipment in REK
Bitola is presented in Figure 1. There are three boiler units of Ramzine type, designated
as Pp-670-140, known as P-65, each one with capacity of 194.4 kg/s and average gross
efficiency of about 85 %, designed for production of superheated steam at temperature
545°C and pressure 135 bar and feed water temperature 247°C. The turbines are
produced by LMZ, Sankt Petersburg, Russia, type K-210-130-3, reconstructed in the 90-
ies and the unit capacity was increased from 210 to 225 MWe. The condensers are also
of Russian production, type 200 KCS-5, with design water flow 27500 m3/h, heat
transfer surface of 13180 m? and absolute pressure pconda = 0.063 bar (tcona = 37°C).

The main properties of the steam cycle are presented in Table 2. Schematic
representation of the main systems and equipment of one unit in the thermal power
plant Bitola is given in Figures 3 and 4.

P0429060 FO3 - EEP2 - 10 - Modernization of Cooling Towers in TPP REK Bitola
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Parameter Unit Boiler | Turbine
- Steam production capacity t/h 700 700
- Superheated steam temperature °C 545 540
- Superheated steam pressure bar 135 127.5
- Steam flow for reheating t/h

- Steam temperature before reheating °C 332 -
- Secondary steam pressure bar 27.6 24.3
- Secondary steam temperature °C 545 540
- Temperature of feed water oC 247 -
- Average fuel consumption (depending on fuel t/h 310-350 -
quality)

- Average boiler efficiency % 85 -
- Nominal electric power output MW - 225
- Pressure in condenser 0.069 bar

- Flow rate of cooling water through the condenser 27500 m3/h
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Figure 3. Flowsheet of the main systems and processes in REK Bitola
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Figure 4. Schematic representation of the main equipment of TPP Bitola unit
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The boilers are designed to operate with low quality lignite, with lower calorific value in
the range 6200-8100 k] /kg (as received), characterised with high moisture content (up
to 50 %) and with ash content between 12 and 20 %. Coal proximate and ultimate
analyses are given in Table 3.

Table 3. Lignite properties

Proximate analysis With total With analytical Dry basis
moisture moisture
Char, % 28.97 51.99 57.72
Fixed carbon, % 14.76 26.48 29.40
Volatiles, % 21.22 38.08 42.28
Ash, % 14.21 25.51 28.32
Moisture, % 49.81 9.93 -
Sulphure (total), % 0.56 1.00 1.11
Combustibles, % 35.98 64.56 71.68
Ultimate analysis With total With analytical Dry basis
moisture moisture
C % 23.33 41.86 46.48
H, % 2.15 3.85 4.28
S (combustible), % 0.13 0.23 0.26
O+N, % 10.37 18.62 20.66

The annual design coal consumption at an average output electrical power of 630 MW is
about 6,300,000 tonnes. Annual heavy oil consumption is about 3680 t/year, but sometimes
reaches the maximum of ~5000 t/year. The power plant own energy consumption is about
8.5 % of the overall electricity generation. Annual electricity generation is approximately
4.34-106¢ MWh/year. The net efficiency of the power plant is about 31.5 %.

The average coal consumption in TPP Bitola in 2007, at an average unit of 209.9 MW
electrical power, is presented in Table 4.

Table 4. Coal consumption at an average power of 209.9 MW per unit (year 2007)

Coal consumption Measuring | Per one unit | TPP in total
unit (block)

Coal consumption per hour t/h 304,4 913

Coal consumption per day t/day 6732 21914

Coal consumption per month t/month 174964 524893

Coal consumption per year t/year 2099573 6298722

The boiler layout is illustrated in Fig. 5. The furnace intersection is octagonal, with 24
conventional burners located on six walls at two elevations.
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Figure 5. A schematic representation of the utility boiler Pp-670-140 GOST 3619-76 (P-65) -
layout and horizontal intersection showing the burners’ disposition

In the steam turbine, the thermal energy of the steam is converted to mechanical work,
i.e. turbine shaft rotation. This occurs between the steam inlet point and the condenser,
with the steam expansion being used as the driving force. During this steam expansion,
the temperature of the steam decreases in association with a pressure drop from the
starting value of 127.5 bar to the condensing pressure of about 0.07 bar. Due to the large
difference in pressure, the steam expansion is realized in three stages -high pressure
(HP), medium pressure (MP) and low pressure (LP) stages of steam turbines. These
steps allow the steam to be reheated in reheaters before re-entering the next lowest
pressure step in the steam turbine.

After the expansion of the superheated steam in the turbine stages (high-, inter-mediate-
and low-pressure), condensate is transported with two stages of condensate pumps:
first stage pumps with flow rate 500 m3/h and second stage pumps with flow rate 320
m3/h. The condensate flows through the water chemical treatment plant, through a
system for low-pressure water heaters, where condensate is heated up to 158°C and
then transported to deaerator and feed water tank. Design parameters of the feed water
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tank are 167°C and 7 bar. From the tank feed water is transported by feed pumps
through high pressure water heaters, and, reaching pressure of 185 bar and
temperature of 247°C, is introduced into the steam generator.

In the condenser, located downstream of the low pressure section of the turbine, steam
is condensed back to water (condensate). After the expansion in the steam turbine, some
condensation and kinetic energy remains in the steam and is not transferable to
mechanical energy. Efficient condensation systems allow a reduction in the pressure of
the steam turbine to well below atmospheric pressure (vacuum of down to 0.03 bar,
depending on the cooling medium temperature and the cooling water mass flow is
achieved in modern large power plants. This maximises the extraction of mechanical
energy from the expansion of steam in the turbine.

Efficiency improvement of the thermal cycle: basic idea

The ideal reheat Rankine cycle (Figure 6) differs from the simple ideal Rankine cycle in
that the expansion process takes place in two stages. In the first stage (the high pressure
turbine), steam is expanded isentropically to an intermediate pressure and sent back to
the boiler where it is reheated at constant pressure, usually to the inlet temperature of
the first turbine stage. Steam then expands isentropically in the second stage (low
pressure turbine) to the condenser pressure.

The incorporation of the single reheat in a modern power plant improves the cycle
efficiency by 4 to 5 per cent by increasing the average temperature at which heat is
added to the steam. The average temperature during the reheat process can be
increased by increasing the number of expansion and reheat stages. As the number of
stages is increased, the expansion and reheat processes approach an isothermal process
at the maximum temperature. The use of more than two reheat stages, however, is not
practical.

Reheating
High pressure
3 turbine

le— Low pressure
turbine

Low
HrEssue

Boiler
turbine

4 turbine

Reheater

P-l:PS:Pr:hﬂl

5

Condenser

~

Pump

Figure 6. The ideal reheat Rankine cycle

The basic idea behind all the modifications to increase the thermal efficiency of a power
cycle is the same: increase the average temperature at which heat is transferred to the
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working fluid in the boiler, or decrease the average temperature at which heat is
rejected form the working fluid in the condenser. That is, the average fluid temperature
should be as high as possible during heat addition and as low as possible during heat
rejection. One of the ways of accomplishing this for the simple ideal Rankine cycle is
lowering the condenser pressure.

Steam exists as a saturated mixture in the condenser at the saturation temperature
corresponding to the pressure inside the condenser. Therefore, lowering the operating
pressure of the condenser automatically lowers the temperature at which heat is
rejected. The effect of lowering the condenser pressure on the Rankine cycle efficiency is
illustrated on a T-s diagram in Figure 7. For comparison purposes, the turbine inlet state
is maintained. The shaded area on this diagram represents the increase in net work
output as a result of lowering the condenser pressure from state 4 (4) to state 4’(4’). The
heat input requirements also increase (represented by the area under curve state 2’(2_)
to stage 2 (2), but this increase is very small. Thus, the overall effect of lowering the
condenser pressure is an increase in the thermal efficiency of the cycle.

T

2

7 _4/ s
Qh

1 o
/ ' (lncrease in wye, 4 \

‘

s

Figure 7. The effect of lowering the condenser pressure of the ideal Rankine cycle (without
reheating)

Cooling tower role in a thermal power plant and its operation

Cooling Tower Role

Cooling techniques are applied to remove the condensation energy from the steam, i.e.
the thermodynamically unusable energy of the process. Cooling towers are the most
common method used to dissipate heat in open recirculating cooling systems. They are
designed to provide direct air/water contact and that is an example of a typical
technology that is dominated by mass transfer processes. Heat rejection is primarily by
evaporation of part of the cooling water. Some sensible heat loss (direct cooling of the
water by the air) also occurs, but it is only a minor portion of the total heat rejection.

Cooling towers are very important elements of the thermal power plants, aimed to cool
down the water that is used as a cooling medium in the condensers. Since the overall
power plant efficiency in large extent depends on the condensers pressure, which
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should be as low as possible, that is directly dependant on the cooling water
temperature. The lower cooling water temperature on the condenser’s entrance means
that there is larger possibility to obtain lower pressure in the condenser and bigger
technical work of steam in the turbine.

Types of cooling towers. Cooling towers are classified by the type of draft (natural draft
and mechanical or forced draft) and the direction of airflow (crossflow or counterflow).
Mechanical draft towers are further subdivided into forced or induced draft towers.

Natural draft towers, sometimes called "hyperbolic" towers due to the distinctive shape
and function of their chimneys, natural draft towers do not require fans. They are
designed to take advantage of the density difference between the air entering the tower
and the warmer air inside the tower. The warm, moist air inside the tower has a lower
density, so it rises as denser, cool air is drawn in at the base of the tower. The height of
up to 150 m is necessary to induce the chimney effect and adequate airflow. Due to the
large size of these towers, they are generally used for water flow rates of the range
20000 to 30000, even 45000 m3/h. Natural draft towers can be either counter-flow or
cross-flow designs.

In the mechanical-draft cooling towers, fans are used to pull air through the packing.
Mechanical-draft towers are much shorter and can sometimes be seen on the roofs of
buildings.

The maximum water loss in the thermal power plants appears in the cooling towers, in
the form of evaporation. Around 180 m3/h cooling water flow to the condenser are
needed to generate 1 MW electric power. Empirical relation often used in this situation
is:

Evaporation ration (m3/h) = Circulation rate (m3/h) x Temperature difference (°C/675)

Based on this formula, the expected evaporation ratio for every 1 MW of power
generation is 2.6 m3/h. For a 225 MW power plant unit, the expected evaporation loss
would be 585 m3/h. To compensate this evaporation loss, the blow down losses and
drift need to provide make up water. Since the water is circulated many times in closed
loop, the concentration of dissolved solids increases over a period. The cycles of
concentration (COC) is the ratio of dissolved solids in the circulating water to the make-
up water. Normally, the cooling towers are designed for a COC of around 3.

Components of Cooling Tower

The basic components of an evaporative tower are: frame and casing, fill, cold water
basin, drift eliminators, air inlet, louvers, nozzles and fans. Figure 8 shows a huge cooling
tower used to cool the water leaving power plant condensers or other large heat
exchangers. The dimensions on the drawing are corresponding to the ones in TPP Bitola
cooling towers.

It is essentially an empty shell, at the bottom of which are arrays of cement boards or
plastic louvres, over which is sprayed the hot water that needs to be cooled. The hot
water runs down the packing, and a small portion of it evaporates into the surrounding
air that enters the tower from below. Most towers employ fills (made of cement, plastic
or wood) to facilitate heat transfer by water and air contact. Fill can either be splash or
film type. With splash fill, water fall over successive layers of horizontal splash bars,
continuously breaking into smaller droplets, while also wetting the fill surface. Plastic
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splash fill promotes better heat transfer than the cement or wood splash fill. Film fill
consists of thin, closely spaced plastic surfaces over which the water spreads, forming a
thin film in contact with the air. These surfaces may be flat, corrugated, honeycombed,
or other patterns. The film type of fill is the more efficient and provides same heat
transfer in a smaller volume than the splash fill.

Diameter on the top
\ 51.5m 4 Yarm air
; . _‘;__}uutlet e
= : ".ivar!n air [ Drift eliminator
Diameter _( I = L_ e
Level 31 m i: TR . e
Height — I P e Hot water
108 m - > input
; -
- e ’_-~" Asbestos cement
f &‘T BT Cha o ---r’:-' g --':" : -"' - ? huard ﬂins}
k=l
_ ) 08 1 1 Cooled water falls
i T —— to pond below
.[: ool air Diameter at the bottom P
inlet ~90 m

Figure 8. Schematic presentation of a natural-draft cooling tower

The remaining water, having been cooled by the evaporation, falls to the bottom, in the
cold water basin, where it is collected and re-circulated. The cold water basin, located at
or near the bottom of the tower, receives the cooled water that flows down through the
tower and fill. The basin usually has a sump or low point for the cold water discharge
connection. In many tower designs, the cold water basin is beneath the entire fill.

Drift eliminators capture water droplets entrapped in the air stream that otherwise
would be lost to the atmosphere. Air inlets are the points of entry for the air entering a
tower. The inlet may take up an entire side of a tower-cross flow design- or be located
low on the side or the bottom of counter flow designs. The purpose of the louvers is to
equalize air flow into the fill and retain the water within the tower. Many counter flow
tower designs do not require louvers. The nozzles provide the water sprays to wet the
fill. Uniform water distribution at the top of the fill is essential to achieve proper wetting
of the entire fill surface. Nozzles can either be fixed in place and have either round or
square spray patterns or can be part of a rotating assembly as found in some circular
cross-section towers.

The temperature of the air rises as it absorb the warm water vapor and, in the natural-
draft form of cooling tower shown, the upper portion of the tower acts as an enormous
chimney through which the warm, moist air buoys, pulling in cool air at the base. The
working heat and mass transfer process in a cooling tower is the evaporation of water
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into air. The rate of evaporation depends on the temperature and humidity of the
incoming air, the feed-water temperature, and the air-flow characteristics of the tower
and the packing. When the air flow is buoyancy-driven, the flow rates are directly
coupled. Thus, mass transfer lies at the core of the complex design of a cooling tower.

Factors affecting cooling tower performance
Important parameters, from the point of view of determining the performance of cooling
towers, are:

"Range" (or cooling range) is the difference between the cooling tower water inlet
and outlet temperature. (Figures 9 and 10).

"Approach" is the difference between the cooling tower outlet cold water
temperature and ambient wet bulb temperature. Although, both range and approach
should be monitored, the 'Approach’' is a better indicator of cooling tower
performance.

Cooling tower effectiveness (in percentage) is the ratio of range, to the ideal range,
i.e.,, difference between cooling water inlet temperature and ambient wet bulb
temperature, or in other words it is = Range / (Range + Approach).

Cooling capacity is the heat rejected in kJ/h, given as product of mass flow rate of
water, specific heat and temperature difference.

Evaporation loss is the water quantity evaporated for cooling duty and, theoretically,
for every 42,000,000 k] heat rejected, evaporation quantity works out to 1.8 m3.

Hot water
Emperature (in) Twl

(In) to the tower
(Out) from the tower

Cold water
temperature (out) w2

~l
{=—Range —+}

Approach | | Wet-bulb
1 | temperature (in)  Gywp
-

Figure 9. Graphical presentation of cooling range and approach
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Figure 10. Graphical representation of tower characteristic through temperature-enthalpy
diagram

The following represents a key to Figure 10:
c' - Entering air enthalpy at wet-bulb temperature, tws
BC - Initial enthalpy driving force
CD - Air operating line with slope L/G
DEF - Projecting the exiting air point (D) onto the water operating line (E) and then
onto the temperature axis (F) shows the outlet air web-bulb temperature

Capacity

Heat dissipation (in kJ/hour) and circulated flow rate (m3/h) are not sufficient to
understand properly the cooling tower performance. Other factors, which we will see,
must be stated along with flow rate m3/h. For example, a cooling tower sized to cool
4540 m3/h through a 13.9°C range might be larger than a cooling tower to cool 4540
m3/hr through 19.5°C range.

Range

Range is determined not by the cooling tower, but by the process it is serving. The range
at the exchanger is determined entirely by the heat load and the water circulation rate
through the exchanger and on to the cooling water.

Range °C = Heat load in k] /hour / Water Circulation Rate in m3/h

Thus, range is a function of the heat load and the flow circulated through the system.
Cooling towers are usually specified to cool a certain flow rate from one temperature to
another temperature at a certain wet bulb temperature. For example, the cooling tower
might be specified to cool 4540 m3/h from 48.9°C to 32.2°C at 26.7°C wet bulb
temperature.
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As a generalization, the closer the approach to the wet bulb, the more expensive the
cooling tower due to increased size. Usually a 2.8°C approach to the design wet bulb is
the coldest water temperature that cooling tower manufacturers will guarantee.

Heat load

The heat load imposed on a cooling tower is determined by the process being served.
The degree of cooling required is controlled by the desired operating temperature level
of the process. In most cases, including power plants operation, a low operating
temperature is desirable to increase process efficiency or to improve the quality or
quantity of the product. The size and cost of the cooling tower is proportional to the heat
load. Process heat loads may vary considerably depending upon the process involved.
Determination of accurate process heat loads can become very complex but proper
consideration can produce satisfactory results.

Approach and wet bulb temperature

The design wet bulb temperature is determined by the geographical location. Usually,
the design wet bulb temperature selected is not exceeded over 5 % of the time in that
area. Wet bulb temperature is an important factor in performance of evaporative water
cooling equipment. It is a controlling factor from the aspect of minimum cold water
temperature to which water can be cooled by the evaporative method. Thus, the wet
bulb temperature of the air entering the cooling tower determines operating
temperature levels throughout the plant, process, or system. Theoretically, a cooling
tower will cool water to the entering wet bulb temperature, when operating without a
heat load. However, a thermal potential is required to reject heat, so it is not possible to
cool water to the entering air wet bulb temperature, when a heat load is applied. The
approach obtained is a function of thermal conditions and tower capability.

Initial selection of towers with respect to design wet bulb temperature must be made on
the basis of conditions existing at the tower site. The temperature selected is generally
close to the average maximum wet bulb for the summer months. An important aspect of
wet bulb selection is, whether it is specified as ambient or inlet. The ambient wet bulb is
the temperature, which exists generally in the cooling tower area, whereas inlet wet
bulb is the wet bulb temperature of the air entering the tower. The later can be, and
often is, affected by discharge vapors being re-circulated into the tower. Recirculation
raises the effective wet bulb temperature of the air entering the tower with
corresponding increase in the cold water temperature. Since there is no initial
knowledge or control over the recirculation factor, the ambient wet bulb should be
specified.

Range, flow and heat load

Range is a direct function of the quantity of water circulated and the heat load.
Increasing the range as a result of added heat load does require an increase in the tower
size. If the cold water temperature is not changed and the range is increased with higher
hot water temperature, the driving force between the wet bulb temperature of the air
entering the tower and the hot water temperature is increased, the higher level heat is
economical to dissipate.

If the hot water temperature is left constant and the range is increased by specifying a
lower cold water temperature, the tower size would have to be increased considerably.
Not only would the range be increased, but the lower cold water temperature would
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lower the approach. The resulting change in both range and approach would require a
much larger cooling tower.

Fill media effects

In a cooling tower, hot water is distributed on certain level above the fill media, which
flows down and is cooled due to evaporation with the intermixing air. Thus, some power
is consumed in pumping the water to a height above the fill. An energy efficient or low
power consuming cooling tower is to have efficient designs of fill media with
appropriate water distribution, drift eliminator, fan, gearbox and motor. Power savings
in a cooling tower, with use of efficient fill design, is directly reflected as savings in fan
power consumption and pumping head requirement.

The fill media in a cooling tower has very important function. Heat exchange between air
and water is influenced by surface area of heat exchange, time of heat exchange
(interaction) and turbulence in water effecting thoroughness of intermixing. Fill media
in a cooling tower is responsible to achieve all of above.

Generally, modern fill media are categorized as splash and film media (Figure 11). The
splash fill media generates the required heat exchange area by splashing action of water
over fill media and hence breaking into smaller water droplets. Thus, surface of heat
exchange is the surface area of the water droplets, which is in contact with air. In a case
of a film fill, water forms a thin film on either side of the fill sheets. Thus, the area of heat
exchange is the surface area of the fill sheets, which is in contact with air.

g

\

‘*'uu/mu )

Figure 11. Installation of corrugated film-type tower fill can increase
tower capacity relative to splash fill

Due to fewer requirements of air and pumping head, there is a very significant saving in
power with the invention and implementation of film fill. Recently, low-clog film fills
with higher flute sizes have been developed to handle high turbid waters.
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Some design technical characteristics of the TPP Bitola cooling towers

A simplified schematic presentation of the hyperbolic natural-draft cooling tower of the
TPP Bitola is given in Figure 12. The cooling towers are wet, natural draft type. The total
height of two of the towers (units 2 and 3) is 108 m, while the unit 1 has reduced height.
The main geometry parameters of the cooling towers are given in the following table.

The main geometry parameters of the TPP Bitola cooling towers (two out of three) are
given in Table 5.

Table 5. Geometry properties

Parameter Value
Height 108 m
Diameter - top of the tower 51.5m
Height of the opening for air entrance 6.5 m
Height to the level of the tower throat 81m
Diameter of the tower throat 46.4 m
Level of the load-bearing grid of the cooling fill 5.57 m
HEATED AND HUNIFIED
AIR OUT

E /—HEIGHT (108 m)

REINFORCED
CONCRETE
SHELL
(HYPERBOLOID)

FILL PACKING

R S LU COUNTERFLOW WATER/ATR)

SYSTEM WITH NOZZLES

AIR INLET QM H ,/'} AIR INLET
.;) -

COLD WATER
SV~ 7S T .
_____ TEEE o T Ry » TO PUMPS
COLD-WATER BASIN NI I I IZ3+——HOTWATER

FROM CONDENSER

Figure 12. Hyperbolic natural-draft cooling tower of the TPP Bitola Unit 3

The cooling fill consists of waved asbestos-cement boards with a wave height of 90 mm.
The level of the load-bearing grid of the cooling fill is located at 5.57 m and the level of
the intake hole is at 6.5 m. The piping for winter spraying is located at level 5.57 m.

The cooling tower design parameters are given in Table 6, but it must be noted that they
are not achieved in actual operating conditions.
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Table 6. Cooling tower design data (not achieved in actual operation)

Parameter Value
Water volume flow 30000
m3/h
Heat output 321 MW
Temperature of hot water (Cooling tower inlet) 38.2°C
Temperature of cold water (Cooling tower outlet) 290C
Temperature range (cooling zone) 9.20C
Tolerance 1oC
Air dry bulb temperature 25°C
Ambient air relative humidity 64 %
Inlet air wet bulb temperature 20°C
Wind average speed Upto 2
m/s
Atmospheric pressure 950 hPa
PP Unit electric power output 225 MW
Pressure in condenser 0.069 bar

General technological scheme of the system for water supply in TPP Bitola is given in
Figure 13.

A schematic representation of the circulation cooling water system of the Unit 3, TPP
Bitola, including the water treatment station (pos. 1), cooling tower (pos. 2), pump
station (pos. 5), condenser (pos. 8), etc,, is given in Figure 14.
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Figure 13. Technological scheme of the system for water supply of TPP Bitola
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Figure 14. Technology scheme of the cooling water system of TPP Bitola Unit 3

1 - Water treatment station; 2 — Cooling tower; 3 - Valves with colander; 4 - Entering water
chamber; 5 - Pump station; 6 - Pit with valves; 7 - Pipelines; 8 - Condenser; 9 - Filters for
mechanical treatment of water; 10 - Unit for winter operation of the cooling tower
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Calculation of Power Plant Unit Efficiency

Objective of the calculation

The objective for performing calculations is to check the increase of the power plant
efficiency with implementation of cooling towers fill replacement and other
modernisation activities. However, the exact improvement can hardly be computed for
the actual working conditions, as they show various performances, what can be seen
from the data given in the tables below.

Estimation input parameters

Design parameters of the power plant unit

Some general design parameters of the power plant unit are given in the beginning of
the Section (1.2).

Turbine
Type K-200-130-3, produced by LMZ - Sankt Peterburg, Russia
Initial design electric power 210 MW, later increased to 225 MW

Steam flow rate through the high-pressure stage
-maximal: D;=660t/h=183,33 kg/s
-nominal:  Dy=557t/h=154,72 kg/s

Condensing pressure: 0.069 bar

Condenser
Each power plant unit is equipped with two identical condensers.

Type 200-KCS-5
Cooling water flow rate through the condenser W=27500 m3/h =27500-103 kg/h

Absolute pressure in the condenser (design value) pcona = 0,069 bar (dew point tx =
38.750C)

Condenser plant for each power plant unit consists of two condensers, designed as two-
pass surface-heat exchangers. Each condenser unit has its separate water inlet and
outlet, which enables independent operation, proper cleaning, maintenance etc. The
total heat exchanging surface of two condensers is 13180 m?, consisting of 16760 pipes,
each 8930 mm long and with diameter 28/26 mm/mm.

Cooling tower
The main geometry and operation parameters of the cooling towers are given in Section
1.2.

Design parameters of various working modes of the turbine/condenser system,
gathered from the design documentation, are given in Table 7. Data are selected in the
manner to cover a range of the unit electric power output P, = 180-225 MW.
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Table 7. Design parameters of various working modes of the turbine

Unit electric Fresh steam Steam flow rate | Pressure in the Ambient Barometer
power flow rate, in the condenser, conditions pressure
output, mg, kg/s; t/h condenser, Peond, kPa (tem.peraturt-e, C-’C; Poar, hPa
P, MW Meond, Kg/S relative humidity

%), as given in
the design
documentation
217.5 196.2556; known by 11.69 21.7°C /52 % 947
706.52 calculation
211 188.3167; 9.84 21°C/42% 947
677.94
200.25 177.1139; 8.173 18.5°C /50 % 947
637.61
175.5 152.8361; 7.873 16.1°C /52 % 948
550.21
154.5 136.2917; 7.40 20.2°C /48 % 947
490.65

Some necessary actual operation data for the output electric power and for the power
plant cold end, condenser/cooling tower system, are given in Tables 8 and 9. It should
be noted that they are selected from the plant records in such a way to cover as wider
operating modes as possible:

— different seasons of the year: summer, winter, spring, autumn;

— different periods of day (changes on hourly basis);

— different power plant unit load (expressed through the electric power output)
For detailed calculation, operational data for some extreme weather conditions should

be included: highest and lowest temperatures, very high air humidity etc.

Table 8. Actual operating parameters of the cooling tower/condenser system

Date * Unit Pressure in | Temperature Cooling Climate conditions Note
electric the of water at range of (ambient air)
d , li thet , . .
(I:St‘/" Ei condenser Ct(:)(‘)/vl:lfg ¢ rower Dry-bulb air Relative
put, Peond, KPa entrance Btws,°C | temperature, | humidity
Pe, MW ’ Bt Btws tapar, °C of air,
tw1, °C twz, °C 2, %
22.01.10 173 3.5889 22.25 8.45 10 87
26.03.10 168 5.8339 319 9.15 129 67
14.06.10 213.7 8.6953 39.2 11.9 20.8 69
09.07.10 221 7.9536 37.3 11.05 25 49
30.10.09 222 7.3843 33 11.5 9 50
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Table 9. Actual operating parameters of the cooling tower/condenser system

Unit Steam Pressure Climate Cooling water Water flow | Water flow
electric | flow in the in the conditions: ] rate in the rate in the
. Temperature | Cooling .
power | condenser, | condenser, air condenser, cooling
output, k kP temperature of water at range of G tower
! Mcond, g/S Dcond, a and humidit Cooling the w,cond, ’
Pe, MW Y tower tower, m3/h Gw, m3/h
tdb“- OE/and entrance, Bt,1, °C (by
?, 0 wl .
fw1, °C B, Bt calculation)
tw2v oC
211 known by 9.84 21.7°C /42 41.8 11.93 22926 known by
calculation % calculation
222 7.84 8.4°C /60 % 34.85 12.3 22077
220.25 11.53 28.1°C /48 43.187 11.812 23300
%
221 7.49 7.950°C /22 31.25 13.375 22740
%
213.92 10.52 25.7°C/ 34 41.1 11.3 24280
%
219.73 5.17 49°C/62% 27.7 10.81 23883

Examples of parameters expected to be obtained with modernisation are given in Tables
10 and 11.

Table 10. Table of proposed data for REKO 20 cooling filling, flow 30 000 m3/hour (Var. 1)

Flow volume Q 30,000 m3/hour
Heat output 321 MW
Temperature of heated water 36.3°C
Temperature of cooling water 27.10°C
Cooling zone 9.20°C
Tolerance 10°C
Temperature of outside air 250C
Relative moisture of outside air 64 %
Wind speed up to 2 m/s
Air pressure 949.3 hPa

Table 11. Table of proposed data for REKO 20 cooling filling, flow 25 000 m3/hour (Var. 2)

Flow volume Q 25,000 m3/hour
Heat output 267.5 MW
Temperature of heated water 35.4¢°C
Temperature of cooling water 26.2°C
Cooling zone 9.20(C
Tolerance 10°C
Temperature of outside air 250C
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Relative moisture of outside air 64 %
Wind speed up to 2 m/s
Air pressure 949.3 hPa

Table 12. Calculation parameters

Case Cond. Dew Specific Specific Specific Specific Specific | Specific
No. Pressure, point, volume, v,’ volume, enthalpy, enthalpy, | entropy, | entropy,
Pcond, bar teond, °C m3/kg v,'m3/kg | h,k]/kg h k] /kg s,’ s,

ki/kgK | KJ/keK

1 0.062 36.77 0.0010066 22.791 153.88 2568.2 0.5285 8.3195
2 0.06274 37 0.0010067 22.764 154.92 2568.6 0.5319 8.3147
3 0.0645 37.5 0.00100685 22.197 157,01 2569.5 0.5386 8.3051
4 0.069 38.75 0.0010070 20.826 162.2 2571.7 0.5553 8.2812
5 0.06991 39 0.0010074 20.558 163.27 2572.2 0.5588 8.2765
6 0.07183 39.5 0.0010076 20.053 165.36 2573.1 0.5655 8.2671
7 0.07375 40 0.0010078 19.548 167.45 2574.0 0.5721 8.2576

The main assumptions

The calculations are conducted for an average electric power output of 210 MW
per unit, which is an average power output rate in the last few years.

The estimations in this section are conducted starting with so called conservative
approach, meaning, between the other, conservative assumption for the cold
water temperature decrease in the cooling towers after the modernisation, taken
here slightly below 1.3°C.

The moderate (the most realistic) approach is based on assumption of cooling
tower temperature drop of 2°C.

According to certain experiences of leading companies in that area, an actual
improvement of about 3°C (cooling water temperature decrease in the
modernised towers) can be expected, compared to the present working
conditions, with replacement of the old cooling system with new PVC or PP fill
and other equipment. That would improve significantly the actual power output
of the power plant, which means that the possible energy efficiency increase
would be even larger than it is shown by calculations.

Regarding the energy efficiency improvement, the most sensitive is the summer
working regime, since, from obvious reasons, it is much easier to achieve the
necessary cooling range over the other seasons.

According to the long-term experiences and operational data, the energy
consumption of the TPP Bitola for covering of its own energy needs is estimated
at approximately 8.5 %.

Process diagram

Part of the steam cycle process is presented in the diagram specific enthalpy-specific
entropy, in Figure 15. It is clear from this diagram that small decrease of the condenser
pressure, which is also followed by dew point temperature decrease, leads to significant
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increase of the steam turbine technical work and, therefore, to improvement of the
thermal efficiency and overall power plant unit efficiency.
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Figure 15. Part of the process in TPP Bitola presented in enthalpy-entropy diagram
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Energy Efficiency, Financial and Environmental Benefits

Case 1: Very conservative approach
Condensing pressure

(1) Before the cooling tower modernisation Pcond,1 = 0,069 bar (tcong1=38,75°C)
i 2162,2K]/kg; i £2571,7 k] /kg; r=2409,5 k] /kg
(2) After the cooling tower modernisation Pcond2 = 0,0645 bar (tcond2 = 37,5°C)
I 2157,03 k] /kg; 1 22569,18 kJ/kg; r=2412,45 K] /kg
Primary steam parameters before the turbine:
- pressure and temperature ps1 = 127,5 bar, ts1 = 540°C
- specific enthalpy hs1 = 3443,75 k] /kg = 3444 k] /kg
- specific entropy ss1 = 6,586 k] /kgK
Secondary steam parameters:
- pressure and temperature ps1 = 24,3 bar, ts1 = 540°C
- specific enthalpy hz = 3552 kJ/kg
- specific entropy s3 = 7,448 k] /kgK
Primary steam after expansion in the turbine high pressure stage:
- pressure 27,6 bar
- temperature 301,8 (302°C)
- specific entropy s3 = ss51 = 6,586 k] /kgK
- specific enthalpy h2’= 3000 k] /kg

(1) Steam parameters after the expansion in the turbine before the cooling tower
modernisation:

- pressure 0,069 bar (dew point 38,75°C)
- specific entropy s+ =7,448 k] /kgK (s’=0,555 k] /kgK; s"=8,281 k] /kgK)
- specific enthalpy ha' = 2312 k] /kg (h'=162,2 k] /kgK; h"=2571,7 k] /kgK)

(2) Steam parameters after the expansion in the turbine after the cooling tower
modernisation:

- pressure 0,0645 bar (dew point 37,5°C)
- specific entropy s+ =7,448 k] /kgK (s’=0,5382 k] /kgK; s”"=8,305 kJ/kgK)
- specific enthalpy hs= 2303 kJ /kg (h'=157,03 kJ/kgK; h"=2569,2 k] /kgK)

Technical work of the feed pumps is
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D fwvoond ( p fp,exit — pcond )

77p,oi

Ppp=

194.4-0.001007 - (185 —0.001007 )-102
0.85

=4261kW=4.261 MW

Ppp =

Feed water enthalpy increase due to the work of the feed pumps is
Ip=Pp [ Dw=21.9 k] /kg = 22 k] /kg

(1) Thermal efficiency of the cycle before the cooling tower modernisation:
(isl _iz')+(i3 _i4')_| p
(ig—ix)+ (s —iy)
_ (3444 —3000 )+ (3552 — 2312 ) - 22
(3444 —162,2)+ (3552 —3000)

=

=0.43351

(2) Thermal efficiency of the cycle after the cooling tower modernisation:
(isl - iz')+ (i3 - i4")_ Iy

(ig =i+ (i3 —in)
_ (3444 —3000 ) + (3552 — 2303 ) — 22

= = 0.43527
(3444 —157,026 )+ (3552 —3000)

=

Thermal efficiency increase

— T T 100 = 0,43527 —0,43351

-100 = 0,404 %
M 0,43527

A T

Efficiency of the thermal power plant (for condensing unit)
nps = Nt NkpHspMoi mt!eg
Internal efficiency of the steam turbine and the feed pumps:

- steam turbine i = 0.86+0.90

- feed pumps Noip=0.85+0.90
Internal absolute efficiency of the cycle (0.38+0.40)

i = Toit

Steam boiler efficiency (7= 0.84+0.87)

Mp=0.85

Efficiency of the pipelines for transportation of working medium in systems like the one
in TPP Bitola is usually 7sp= 0,98+0,99, but in this case, it is already taken into account
with the steam pressure and temperature drop in the steam pipelines from the boiler to
the turbine.

Steam turbine internal relative efficiency

76i = 0.86
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Mechanical efficiency of turbo-generator (7m;=0.970+0.995)
Nmt= 0.993

Electrical efficiency of the electric generator (77¢qg=0.97+0.99)
Neg= 0.985

Efficiency of the thermal power plant (for condensing unit)

nep = Mt kpHoi mtMeg
mpy=0. 43351A0. 85A0. 86A0. 993A0.985 = 0.3099
men= 0.43527A0. 85A0.86A0.993A0.985 = 0. 311

Power plant unit efficiency increase

App= MMpsn —Mps, 100 = 0,31122 —0,30996

-100 = 0,4049 %
Mes 0,31122

(1) Fuel consumption and electricity generation before the cooling towers
modernisation

Equivalent fuel (lignite) consumption expressed through the plant unit electrical power
of 210 MW (Note: The full load means 225 MW electric power!)

B| :—PI
Hd77Ps,|

B - 20 92.81 kg/s
7.3-0.30995

The total equivalent lignite consumption for three TPP units, expressed through the
overall output electric power

Po . 630

Brot = =278.4 kg/s

Annual electricity generation: ~4.34-10¢ MWh//year
Annual heavy oil consumption: = ~3680 t/year (max. ~5000 t/year)
Annual electricity generation (at 7000 hours per year):

Ep year Piotz= 630-7000 = 4410000 MWh/year

Financial parameters of annual electric power generation

Average price of produced electrical power (EP = electricity price)
EP =30 0/MWh
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(Actual price ELEM-REK Bitola to MEPSO for 2010 is slightly below 35 Euro per MWh,
EP =35 Euro/MWh)

— total value (TV = total value) of electrical energy generated on average annual
level

TV: EP' EP,ear
TV = 30-4410000 = 132.3-10° G/year(Euro/year)
TV = 35-4410000 = 154.4-10° G/year(Euro/year)

(2) Fuel consumption and electricity generation after the modernisation of the cooling
towers

Fuel consumption, expressed via the power output of a TPP unit (estimated for electrical
power output 210 MW per unit, as an average power in the last few years)

B, = L
H77ps,

B - 20 92.43 kgls
7.3-0.31122

Total consumption, for three units: Bi: = 3B1 = 277.3 kg/s

Reduction of fuel consumption per unchanged electric power output (as before cooling
towers modernisation), estimated for total electric power output P = 630 MW

P P P 1 1
ABtot = Brot prev — Brot,after = ot - tot = ot - (t/year)
dal7 PS, prev H a7 PS,after H d 77PS, prev 77PS,after
630 1 1
ABior= - =1.136 kg/s = 28632 t/year
Bor= 73 (0.30995 0.31122 j J 4

Total effective increase of the electricity generation on annual basis

AEp year= (28632 t/year)-(7.3 MJ/kg)-(1000 kg/t)-0.31122 =66 152 804 MJ/year =
18376 MWh/year

Financial benefit

Financial effect due to the fuel savings with achievement of identical amount of
electricity generation with less fuel consumption, in comparison with the situation
before cooling towers modernisation

ATV = EP- AEp year (Euro/year)
- at price of 30 €/MWh

ATV =30-18376 = 551280 u/year  (Euro/year)
- at price of 35 €/MWh
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ATV = 35-18376 = 643160 U/year

Additional financial benefit would be obtained if the cooling tower modernisation
qualifies as CDM project. That means, if the project is approved by the UN as CDM, the
sale of COz certified emission reductions is going to improve the profitability of the
investment.

(Euro/year)

GHG emission reduction
The total reduction of CO2 emission, calculated on a basis of the fuel consumption, with
the [PCC emission factor for lignite EF=101 t CO2/T], on a net calorific value, is:
AEco2 = (28.632 kt fuel/year)(101 t CO,/TJ)(7.3 TJ/kt fuel) =
=21110t CO,lyear

Calculated using the country specific emission factor, including combustion efficiency of
98 %, the CO2 emission reduction is going to be:

AEcoz=(30.4 t C/TI)(7.3 TI/Kkt)(3.67t CO,/ t
=22 850 t CO,/year

Some calculation results regarding thermal efficiency, plant efficiency and equivalent
fuel consumption with different initial parameters are given in the following table.

C J26\632 k@y&arh=

Table 13. Calculation results with different initial parameters

Case Cond. Dew Thermal Plant Equivalent Equivalent
No. | Pressure, point, efficiency efficiency fuel fuel
Peond, bar teona, °C consumption | consumption
(one unit), (total), kg/s
kals
1 0.062 36.77 0.43623 0.3119 92.23 276.7
2 0.06274 37 0.43584 0.311626 92.313 276.94
3 0.0645 375 0.43527 0.31122 92.433 277.3
4 0.069 38.75 0.43351 0.309957 92.81 278.43
5 0.07183 39.54 0.432585 0.309296 93.008 279.025
6 0.07375 40 0.43178 0.30872 93.18 279.516

Case 2. Moderate approach

This calculation is based on the following assumption: Condensate pressure decrease
from 0.072 bar (condensation temperature 39.54°C) to 0.0645 bar (condensation
temperature 37.5°C), temperature drop Btcona=2°C.

It is very important to emphasize that the cooling temperature drop of 2°C is probably
the value level that will be guaranteed by the companies - potential suppliers, although
(unofficially) they are convinced that the cooling towers modernisation will result in
greater improvement, which means larger cooling water temperature drop and all the
other consequences that arise from. Also, it must be noted that this approach is
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considered as the most realistic and the further calculations (efficiency improvement,
reduction of emissions, financial calculations etc.) are based on the results of this
approach.

Power plant unit efficiency increase
In this case, the efficiency grow of the power plant unit is going to be
MTepn —Mpp,

Aop= TEEN ~TeRa 0 031122 —0,309296
7ep, 0,31122

-100=0,6182 %

- Absolute increase of 77pp:  A7pp,ans(%) = 7pp —17pp,; =31.122130.9296 = 0.1924 %

Fuel saving

ABot=

630( 1 1

- =1.725 kg/s = 43,470 t/year
7.310.30995 0.31122

Total effective increase of the electricity generation on annual basis

AEp year= (43,470 t/year)-(7.3 MJ/kg)-(1000 kg/t)-0.31122 = 98,759,754 MJ/year =
27433 MWh/year

Financial benefit

Financial effect due to the fuel savings with achievement of identical amount of
electricity generation with less fuel consumption, in comparison with the situation
before cooling towers modernisation

ATV = EP- AEp year (Euro/year)
- at price of 30 4/MWh

ATV =30-27433 = 822990 U/year
- at price of 35 4/MWh

ATV = 35-27433 = 960155 U/year

Additional financial benefit would be obtained if the cooling tower modernisation
qualifies as CDM project. That means, if the project is approved by the UN as CDM, the
sale of CO2 certified emission reductions is going to improve the profitability of the
investment.

GHG emission reduction

The total reduction of CO2 emission, calculated on a basis of the fuel consumption, with
the [PCC emission factor for lignite EF=101 t CO2/T] on a net calorific value, is:

AEcoz = (43.470 kt fuel/year)(101 t CO,/TJ)(7.3 TJ/kt fuel) =
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= 32,050 t CO,/year

The CO2 emission reduction, calculated using the country specific emission factor,
including combustion efficiency of 98 %, is going to be:

AEco2=(30.4t C/TJ)(7.3 TI/kt)(3.67tCO,/ t  C J4R4T0. kiy&arA=
= 34,600 t CO,/year

Obtained results regarding the efficiency improvement, fuel saving, GHG reduction, and other
parameters are given in Table 14.

Table 14. Efficiency improvement, fuel saving, GHG reduction, etc.

Parameter Value
Condensing pressure change, pcona: before / after cooling towers

modernisation, bar 0.072 / 0.0645
Dew point change, tcong, °C 39.5to0 37.5
Power plant efficiency change, before/after modernisation, % 30.9296 / 31.122
Power plant efficiency improvement, % 0.6182

Fuel saving, t/year 43470
Increase in electricity generation, MWh/year 27433

GHG reduction, CO; t/year 32,000t (25,100 t*)
Financial effect due to fuel saving, at price 30 €/MWh 822990 €/year
Financial effect due to fuel saving, at price 35 €/MWh ** 960155 €/year
Financial effect, CDM component ~ 272000 €/year

*) The value in parentheses is calculated on a basis of electricity emission factor

“) Note: Actual electricity price for the regulated producer JSC "Macedonian Power Plants” (AD
ELEM) is 2.1114 MK denars/kWh, which is about 34.3 Euro/MWh.

Case 3. Optimistic approach

This calculation is based on the assumption that, after the modernisation, condensate
pressure will decrease from 0.072 bar (condensation temperature 39.54°C) to 0.06274
bar (condensation temperature 37°C) and the temperature drop in the condenser will be
AteondO 2 °C 5

Although this approach is assigned “optimistic”, this is also very realistic; however, it is
very likely that the supplier will not guarantee such level of improvement.

Condenser thermal parameters:
(1) Before the cooling tower modernisation Pcond,1 = 0,07183 bar (tcond1 = 39.54°C)
h £165.36 k] /kg; h = 2573,1 kK] /kg; r=2407,74 k] /kg

- thermal efficiency 0.432585
- power plant efficiency 0.309296
(2) After the cooling tower modernisation Pcond2 = 0,06274 bar (tcond2 = 37°C)
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I 2154,92 k] /kg; 1 2 2568,6 k] /kg; r=2413,68 k] /kg
- thermal efficiency 0.43584
- power plant efficiency 0.31163

Reduction of fuel consumption per unchanged electric power output (as before cooling
towers modernisation), estimated for total electric power output P:: = 630 MW (as an
assumed average power capacity load of the three units)

P P P 1 1
ABiot = Bhot prev — Brot,after = tot - tot = _tot —
Harps prev Hapsaer Ha\ 77 PS,prev TIPS after

(t/year)

630
A =
Bor= 3

( t ! j:2.086 kgls = 52,572 tlyear
0.30930  0.31163

Total effective increase of the electricity generation on annual basis
AEp year=ABrot Har7ps (MWh/year)
AEp year= (52,572 tlyear)-(7.3 MJ/kg)-(1000 kg/t)-0.31122 = 119,596,120 MJ/year =
= 33,221 MWh/year

Financial benefit

Financial effect due to the fuel savings with achievement of identical amount of
electricity generation with less fuel consumption, in comparison with the situation
before cooling towers modernisation

ATV = EP- AEp year (Euro/year)
- at price of 30 €/MWh

ATV =30-33221 = 996,634 U/year (Euro/year)
- at price of 35 €/MWh

ATV =35-33221 = 1,162,735 U/year (Euro/year)

Additional financial benefit would be obtained if the cooling tower modernisation
qualifies as CDM project. That means, if the project is approved by the UN as CDM, the
sale of COz certified emission reductions is going to improve the profitability of the
investment.

GHG emission reduction

The total reduction of CO2 emission, calculated on a basis of the fuel consumption, with
the [PCC emission factor for lignite EF=101 t CO2/T] on a net calorific value, is:
AEcoz = (52.572 kt fuel/year)(101 t CO,/TJ)(7.3 TJ/kt fuel) =

= 38,760 t CO,/year
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The CO: emission reduction, calculated using the country specific emission factor,
including combustion efficiency of 98 %, is going to be:

AEco2=(30.4t C/TJ)(7.3 TI/Kt)(3.67tCO,/ t  C J5A502 kiGy&rA=
= 41,960 t CO,/year

Rough calculation of the energy efficiency-| OEA006 AGDPAOEAT AAO
The following, let’s say, very optimistic approach of the efficiency improvement
estimation, is based on the assumption that the additional temperature decrease of the
cooling water of 3°C can be expected after the cooling tower modernisation.

According to some world on-site operational experiences and literature data, a 1°C drop
in cooling water temperature in a thermal power plant can give a heat rate saving of
over 20 kJ/kWh. Transformed for the TPP Bitola case, it would mean that, if we assume
temperature decrease of cooling water of Bt, = 3°C, at an annual electricity generation
(7000 hours per year) of

Epyeam Proti= 6307000 = 4410000 MWh/year = 1.5876-10'° MJ/year,
the total heat rate saving would be 277.83-10¢ M] /year, which means significant saving.

In this case, the financial effect due to the fuel savings with achievement of identical
amount of electricity generation with less fuel consumption, compared with the
situation before cooling towers modernisation would be much higher. Additional benefit
under this assumption, due to the total CO2 emission reduction, namely, the CDM
component, would also increase, adding to the profitability of the project.

2.4. Performance assessment and energy saving opportunities in cooling
towers

Performance assessment of the cooling towers on regular basis is very important in
order to evaluate the power plant overall efficiency. In the case of TPP Bitola cooling
towers, the performance assessment is particularly important, because of the necessary
CDM procedures.

In operational performance assessment, the typical measurements and observations
involved are:

— Cooling tower design data and curves to be referred to as the basis.- ntake air
wet-bulb temperature (WBT) and dry-bulb temperature (DBT) at each cell at
ground level using a whirling psychrometer.

— Exhaust air WBT and DBT at each cell using a whirling psychrometer.

— Cold water inlet temperature at risers or top of tower, using accurate mercury in
glass or a digital thermometer.

— Cold water outlet temperature at full bottom, using accurate mercury in glass or a
digital thermometer.

— Process data on heat exchangers, loads on line or power plant control room
readings, as relevant.
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Cold water flow measurements, either direct or inferred from pump motor kW
and pump head and flow characteristics.

Total dissolved solids (TDS) of cooling water.

Observations on nozzle flows, drift eliminators, condition of fills, splash bars, etc.

general energy saving and energy efficiency improvement opportunities that

should be taken into consideration in the cooling towers modernisation and operation
are the following:

Follow manufacturer's recommended clearances around cooling towers and
relocate or modify structures that interfere with the air intake or exhaust.

Optimise the distribution of cooling water and location of spraying nozzles.

Replace old cooling fill with more efficient type. Replace splash bars with self-
extinguishing PVC cellular film fill.

On old counter-flow cooling towers, replace old spray type nozzles with new
square spray ABS practically non-clogging nozzles.

Install new nozzles to obtain a more uniform water pattern.

Replace slat type drift eliminators with low pressure drop, self extinguishing, PVC
cellular units.

Restrict flows through large loads to design values.
Periodically clean plugged cooling tower distribution nozzles.
Balance flow to cooling tower hot water basins.

According to the operational experiences, 1°C drop in cooling water temperature
can give a heat rate saving of about 21 k] /kWh in the thermal power plant.

Monitor L/G ratio (L and G, according to the diagram in Fig. 10), cooling water
flow rates w.r.t. design as well as seasonal variations. It would help to increase
water load during summer and times when approach is high and increase air
flow during autumn (rainy or high-air-humidity) times and when approach is
narrow.

Monitor approach, effectiveness and cooling capacity for continuous optimisation
efforts, as per seasonal variations as well as load side variations.

Optimise cooling water treatment (e.g. to control suspended solids) and blow
down flow rate. Cooling water treatment is mandatory for any cooling tower
independent of what fill media is used. Efforts to increase cycles of concentration
(COC), by cooling water treatment would help to reduce make up water
requirements significantly. Consider COC improvement measures for water
savings. Improvement of the COC in large industries and power plants is
considered as one of the key areas for water conservation.

Consider possible improvements on cooling water pumps w.r.t. efficiency
improvement.

Optimise process cooling water flow requirements, to save on pumping energy,
cooling load, evaporation losses (directly proportional to circulation rate) and
blow down losses.
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Cover hot water basins to minimise eventual algae growth that contributes to
fouling.

Cooling tower fill and drift eliminator replacement and other necessary
works

Why it is necessary to undertake cooling towers repacking and other
modernisation activities?

There are several key reasons to undertake modernisation activities on the cooling
towers:

Material in three towers is original (from the period of construction of the units),
old and degrading due to age;

Material supports in some areas have given away;

Material and supports have been damaged over the years due to the weather
conditions (ice, wind, etc.), chemicals, and pH of the water;

Fill has been damaged and some has delaminated;

As it was explained in the previous Sections, the cooling towers modernisation is
related with the improvement of overall power plant energy efficiency.

Scope of the project activities

Within the scope of the present project the following main activities are provided for
realisation:

Remove all of the old fill and drift eliminators and dispose of material (asbestos
cement)

Remove old fill supports

Install new fill support grids and fill (new material is PVC or PP)
Install new more efficient drift eliminators (PVC)

Repack three cooling towers with the following modifications:

- cooling system,

- water distribution lines

- spraying jets

- drift eliminators

- system for winter spraying
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Tower fill material

The quantities of materials per one tower that have to be removed are given below.

About 203,224 splash bars, with dimension 2480 x 2200 mm, type 6, according to
the JUS.

About 2000 support grid sections

54,288 drift eliminators, 177 x 1.320 mm, and their supports, type 6, according to
the JUS.

Total mass of the fill: 3,100 tonnes
Total volume of the packages of asbestos-cement boards: 10,544 m3

The quantity of fill material is summarised in the following table.

Table 15. Quantity of the cooling towers fill material

Description Quantity per one Dimensions per Total 7 three

cooling tower unit piece, mm x cooling towers
mm

Splash bars 203,224 pieces 2480 x 2200 609,672

Support grid sections 2000 pieces - 6000

Drift eliminators (incl. 54,288 pieces 177 x 1320 162,864

supports)

Total mass of the fill 3100 tonnes 9300 tonnes

Total volume of the packages

of asbestos-cement boards 10,544 m3 31,632 m3

Repacking a cooling tower

First, the support grid is installed from the bottom up.

The splash bars (fill) are then installed from the bottom up, inside to outside and
follow the support grid up-dismantling of the existing one, made from asbestos-
cement boards and install a new composite grid on the repaired load-bearing
beams.

Then the drift eliminators are installed in sections that the fill has been
completely installed.

Cooling towers wear out

A repack is a normal process in the life of a cooling tower.
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= There are several items that can affect the longevity of the fill and tower: the age
of material, type of tower, materials used in construction, weather conditions
(ice, wind, and, sun), water chemistry (chlorine and Ph value).

= Plants of our generation have or are currently repacking cooling towers at this
time.

Treatment of the asbestos-cement material

Due to the complexity and sensitivity, this issue is treated separately, in the next section.
The removed material has to be handled as asbestos, with respect to the stringent rules
for handling such materials.

Timeline of activities

= Proposed time frame of the activities: One cooling tower in the fiscal year 2011
and two in fiscal year 2012, during the period of regular annual maintenance
activities.

= The total duration of the activities for one cooling tower repair is expected not to
exceed 60 days.

Offers from two companies, REKO Praha (Chech Republic) and HAMON Brussels
(Belgium) are received. The most important notes:

- the proposed activities from both companies are comparable;
- the estimated budget price of HAMON is over 20 % higher;

- the offers of both companies (REKO and HAMON) do not include transport of
dismantled and collected waste and deposit to the final depot.

P0429060 FO3 - EEP2 - 10 - Modernization of Cooling Towers in TPP REK Bitola



www.ccei.org.mk | 44
Modernization of Cooling Towers in TPP REK Bitola

3. Directions for Preparation of CDM Documentation

3.1. Purpose & Activity

ELEM is planning for improving the cooling towers performance at Thermal Power Plant
Bitola on all three units (3x225 MW), because, as it was explained in the previous
sections, the cooling towers have a large impact on the plant overall heat rate and
efficiency. Due to the fact that the design parameters on the plant cold end (condenser-
cooling tower system) are rarely achieved, more fuel burning occurs and resultant CO>
emission increases.

Because the cooling towers performance below the design parameters is often spread
out over long periods of time, this chronic loss of performance can have significant heat
rate impacts. The cooling tower performance improvement through complete
modernisation: replacement of support structure, fill, drift eliminators, spraying system
etc., will focus on improving the heat rate and eventually less fuel burning & reduction in
CO2 emission. Since the proposed project will cover the improvement in energy
efficiency and ultimate reduction in CO2 emission, taking into account technical and
environmental benefits, is suitable as a project under CDM, according to the Kyoto
Protocol.

Natural draft, counter flow cooling towers are designated in accordance with conditions
provided below in table, but the design parameters are rarely achieved in actual
working conditions. An example of set of parameters is given in Table 16.

Table 16. Comparison of design and actual operation data

Parameter Design conditions | Actual conditions
Flow volume 30,000 m3/h 23000 m3/h
Heat output 321 MW -
Temperature of heated water 38.2°C 41.8°C
Temperature of cooling water 29 oC 29.9°C
Cooling zone 9.2°C 11.9°C
Ambient temperature 250C 21°C

Air relative humidity 64 % 42 %

Wind speed up to 2 m/s -

Air pressure 949.3 hPa 947 hPa

Project boundaries

According to Annex B of the Simplified Modalities and Procedures for Small Scale Project
Activities, the project boundary shall be limited to the physical project activity. Project
activities that displace energy supplied by external sources shall earn certified emission
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reductions (CERs) for the emission reductions associated with the reduced supply of
energy by those external sources.

Therefore the Project boundary is the physical and geographical site of power station
unit affected by the efficiency measures and reductions can be claimed by the
displacement of electricity from the grid.
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The energy efficiency improvement initiative is one of the major steps taken up by the
company in keeping with its commitments towards the corporate social responsibility
and contributing towards sustainable development. The project proponents believe that
the project activity will contribute to sustainable development in the following manners:

= Social - benefits
=  Environmental - benefits

* Technological - benefits

Social benefits

The project activity provides job opportunities initially on contract basis to the local
population during erection and operation of the project contributing to improvement in
living standards of the local population. The company ELEM is keenly aware of its social
responsibilities, and besides providing education and health care facilities for its
employees, and the community at large, the company is involved in a number of social
activities, also. Thus the project activity has contributed to social well being.

Environmental benefits

The project improvement reduces GHG emission, reduce emission of other wastes and
reduce pollution in general. Additionally, the project activity will contribute in the
conservation of natural resources (coal). Removal of the present asbestos based cooling
tower filament is an advantage to the working environment for the employees as well as
to the local environment around the power plant. The project activity is in general an
environment friendly energy efficiency project with no significant negative impact on
the environment. .

The following environmental benefits are derived from the project activity:
*= Reduction in GHG emissions.
*= Removal of asbestos
* Conservation of natural resources.
= Rural development at the project activity location

» Insignificant negative impact on the environment due to the project activity.
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Technological benefits

There is continuous research and development on the energy efficiency projects and
new technologies are being introduced to do this, in which cooling tower is a major part,
which augurs well for the technological well being. The project activity improves the
supply of electricity with higher energy efficiency while contributing to the
regional/local economic development. Energy improvement plants provide local
distributed generation, and provide site-specific reliability and transmission and
distribution benefits including:

» Improved power quality;

* Reduced fuel consumption;

=  Power control;

» Mitigation of natural resources losses.

All the above are the contributions of the project activity for the sustainable
development.

3.2. CDM Methodology

AMS I1. B. Supply side energy efficiency improvements - generation

Technology/measure

1. This category comprises technologies or measures to improve the efficiency of fossil
fuel generating units that supply an electricity or thermal system by reducing
energy or fuel consumption by up to the equivalent of 60 GWhe per year.

. Examples include efficiency improvements at power stations and district
heating plants and co-generation.

o The technologies or measures may be applied to existing stations or be part
of a new facility. A total saving of 60 GWhe is equivalent to maximal saving of 180
GWhth in the fuel input to the generation unit.

Boundary

2. The project boundary is the physical, geographical site of the fossil fuel fired power
station unit affected by the efficiency measures.

Baseline

3. The energy baseline is the technical losses of energy within the project boundary. In
the case of retrofit measures, the energy baseline is calculated as the monitored
performance of the existing generating unit. In the case of new facilities, the energy
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baseline is calculated using a standard for the equipment that would otherwise have
been installed selected in accordance with relevant paragraphs of ‘general
guidance’.

4. The emissions baseline is the energy baseline multiplied by an emission coefficient
for the fuel used by the generating unit. IPCC default values for emission coefficients
may be used.

Leakage

5. If the energy efficiency technology is equipment transferred from another activity or
if the existing equipment is transferred to another activity, leakage is to be
considered.

Monitoring

6. Energy savings shall be measured after implementation of the efficiency measures,
by calculating the energy content of the fuel used by the generating unit and the
energy content of the electricity or steam produced by the unit. Thus both fuel use
and output need to be metered.

J Efficiency improvements to non-fossil fuel generating units, such as turbine
replacement for hydro projects, shall be treated in the same way as renewable
energy projects. The efficiency improvement is calculated or measured, this
improvement, expressed as a percentage, is applied to the measured output of
the unit and multiplied by the emission factor calculated in accordance with
category L.D projects.

o Biomass co-generation projects shall be considered as category 1.C or I.D
activities.

7. A standard emission coefficient for the fuel used by the generating unit is also
needed. IPCC default values for emission coefficients may be used. In the case
of coal, the emission coefficient shall be based on test results for samples of the coal
purchased if such tests are part of the normal practice for coal purchases.

3.3. Applicability

This methodology is applicable to project activities that implement rehabilitation/
modernisation and/or energy efficiency improvement measures in an existing fossil fuel
fired power plant for electricity generation.

The following conditions apply:
= The project activity power plant supplies electricity to the electricity grid;

= The project activity is implemented in an existing power plant and does not
involve the installation and commissioning of new electricity generation units.
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» The design power generation capacity of each unit may increase as a result of the
project activity, but this increase is limited to several % of the former design
power generation capacity of the whole plant.

= Throughout the crediting period the installed power generation capacity of the
project activity power plant does not exceed the design power generation
capacity of the project activity power plant previous to the implementation of the
project activity by more than 1 %.

» The existing power plant has an operation history of at least ten years and data
on fuel consumption and electricity generation for the most recent five historical
years prior to the implementation of the project activity are available;

* Only rehabilitation and/or energy efficiency improvement measures which
require capital investment are included. Regular maintenance and housekeeping
measures are not included in the proposed CDM project activity;

» The most plausible baseline scenario is the continuation of the operation of the
project activity power plant, continuing to use all power generation equipment
that was already in use prior to the implementation of the project activity and
undertaking business as usual maintenance.

3.4. Monitoring

Energy savings shall be measured after implementation of the efficiency measures, by
calculating the energy content of the fuel used by the generating unit and the energy
content of the electricity or steam produced by the unit. Thus both fuel use and output
need to be metered.

A standard emission coefficient for the fuel used by the generating unit is also needed.
IPCC default values for emission coefficients may be used. In the case of coal, the
emission coefficient shall be based on test results for samples of the coal purchased if
such tests are part of the normal practice for coal purchases.
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4. Financial planning

4.1. Calculation of GHG emission reduction

Calculation is based on the technical data given by the suppliers of the equipment
(filament and other) and it was based on conservative approach (Technical Report).

Parameter Value before Value after
cooling towers | cooling towers
modernisation | modernisation

Condensing pressure chande, pcona: bar 0.072 0.0645

Dew point change, tcong, °C 39.5 37.5

Power plant efficiency % 30.93 31.12

Power plant efficiency improvement, % 0.19

Fuel saving, t/year 43470

Increase in electricity generation, MWh/year 27433

GHG reduction due to energy replacement, CO; t/year 25102t

Financial effect of fuel savings at enegy price 35 €/MWh 960155 €/year

Financial effect from CDM component at carbon credit ~ 272000

price €/year

4.2. Replacement of the filament

Investment per tower (upgrading the potential of cooling towers, including cooling fill
replacement, installation of new fill supports, installation of new system for water
dispersion etc.) is 2,2 - 2,57 million euros.

For the implementation of the reconstruction of one cooling tower by REKO Praha, the
price for the reconstruction of one cooling tower would be EUR 2,2 million, and the
HAMON price is 2,57 million (total). Additional investment is proper disposal of old
asbestos cooling fill, project development and other costs. Mining and Energy
Combine (REK) Bitola is a facility of strategic importance and primary installation for
electricity generation in the Republic of Macedonia. It satisfies over 70% of the demand
for electricity in the country, as well as major part of the needs for coal (lignite) of
industrial boiler plants and general consumption. Therefore REK Bitola emits high
percent of the COz, of the total CO2 emissions, and the increasing of the efficiency of
production of energy is big value in national frame. Higher level of energy
production can lead to decreasing of import of electrical energy, and with this additional
financial benefit for the R. Macedonia. With this, Scenario 1 it is more likely to happen
because there is constant need of energy, and in high percent of time TPP REK works
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with full capacity. This difference of increased energy production will substitute
imported energy, and it will be easily calculated with national emission factors for the
local coal (Last version of the National GHG inventory for Macedonia). Scenario 2,
it is very difficult to calculate, because there is no market price for the coal produced
from Suvodol, and the internal production costs are not enough relevant, because it
comes from internal source. Also it is not very reliable that TPP REK Bitola will keep the
production with the same level, if there is an option of higher energy production
regarding the higher demand (especially in winter months) and because of this scenario
is not very likely to happen.If we start with the investment parameters, and we take in
consideration Scenario 1, there will more likely that the project will qualify as CDM
project, but there is need of rechecking the emission reduction and the financial
implication.

4.3. Manipulation with asbestos-cement material (removal, transport and
disposal)

EU Regulative and asbestos materials

European legislation has sought to prohibit the use of asbestos, and to set strict
standards for the protection of workers when they may be exposed. The following are
some of the relevant directives.

o Directive 1999/77/EC of the European Union bans all types of utilization of
the asbestos from 1st January 2005. In addition, the 2003/18/EC directive bans
the extraction of asbestos and the manufacture and processing of asbestos
products.

o Actually, Directive 2003/18/EC amends Council Directive 83/477/EEC of
19 September 1983 on the protection of workers from the risks related to
exposure to asbestos at work, modified by Council Directive 91/382/EEC of 25
June 1991, and amended by Council Directive 98/24/EC of 7 April 1998 and
Directive 2003/18/EC of the European Parliament and of the Council of 27 March
2003.

. Council Directive 83/477/EEC, with all its amendments, was reapealed by
adoption of Council Directive 2009/148/EC of 30 November 2009 on the
protection of workers from the risks related to exposure to asbestos at work
(codified version).

Cement 7 asbestos material per one tower

The cement - asbestos material per one cooling tower consists of the following elements
and quantities:

- About 203,224 splash bars, with dimension 2480 x 2200 mm, type 6, according to
the JUS.
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- About 2000 support grid sections

- 54,288 drift eliminators, 177 x 1.320 mm, and their supports, type 6, according to
the JUS.

- Total mass of the fill: 3,100 tonnes per tower
- Total volume of the packages of asbestos-cement boards: 10,544 m3

Because the existing filament is made from cement-asbestos there is a regulation that
covers the waste management. In the Law for waste management (Official Gazette
68/04 and 71/04) in the Article 75 there is short definition of who deals with the waste,
but more precise definition for procedures of handling is composed in Rules for asbestos
waste management (Official Gazette 89/06). For the waste disposal issues Ministry of
Environment and Physical Planning is responsible, and it will be required to get
additional information of licensed companies that can handle the asbestos waste. By
our information there are licensed companies that can carry out the whole information
for disposal of the waste on proper manner. Five companies that are licensed are
contacted regarding these issues and actual offers are requested.

Price level for waste handling

Five companies were contacted for asbestos management and three offers were
obtained. The offers include preparation, transport and disposal of the waste. The
offering company will take care for the location for asbestos waste disposal.

Company Price per m3 Price per tone Investment Investment per
per tower tower (tons)
(m?)
Ezo Teh - Skopje 180 Euro 67 Euro* 1.897.920 207.700
Toping - Skopje 92 Euro 970.048 0
Eko team - Skopje 1150 Euro 0 3.565.000

* This value is based on obvious miscalculation of the provider concerning the quantity
of asbestos material (in m3) per cooling tower.

Regarding the calculation and comparison of the offers concerning the price expressed
per tones and per m3, there is no clear picture about the quantity of this, mostly because
in this case asbestos-cement filaments are loose (not compact). In this mater, further
analysis should be made about the cement-asbestos filament for preparation of
tendering documentation, with defined density of the material and the type: loose or
compact according the Rules for asbestos waste management. Price range of the offers
per tower are in the range of 1- 3,5 million euros (excluding the questioned offer per ton
from EzoTeh), which would lead to a conclusion that the disposal cost of the filament is
on same level with investment in new filament. In consultations with experts, it is
concluded that those prices are very high, compared to equipment investment (50%-
150% of the equipment), and additional analysis should be made. In that direction, in
parallel to the received bids from domestic firms, offers from specialised foreign
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companies should be required. = Average price of 1 million euros per tower is taken
for further calculations, as an upper limit of the cost for this activity.

4.4, Investment costs

Equipment and installation costs

Regarding the offers for implementation of the reconstruction of one cooling tower by
REKO Praha (Czech Republic), the price for the reconstruction of one cooling tower
would be EUR 2,2 million, and the HAMON (Brussels, Belgium) price is 2,57 million
(total). Total for all three towers will be 6,6 million Euros if we take in consideration
the lower offer.

Waste disposal cost

There is a huge deviation in the offers for the asbestos-cement waste
management/disposal and the range is 1-3,5 millions euros (per tower). Taking in
consideration that investment for equipment and installation is 2,2 millions euros, the
management of the waste is a big part of investment costs. If we take the lowest offer
(92 Eur/m3) total waste disposal cost will be 3 million Euros.

Project preparation and project management costs

Project preparation and management cost should be 5% of equipment and installation
costs, which in this case is 330000 Euros or 0,33 million Euros. These costs are also
including preparation of CDM Project Document.

Contingency reserve

For bigger projects that involve expensive equipment and big operations and activities,
contingency reserve should be 7 - 10%. In this case we can take 7% and this we lead to
around 700.000 Euros of reserve.

Total investment:

Activity Investment in Euros

Project preparation and project management 330.000
Equipment and installation costs 6.600.000
Waste disposal costs 3.000.000
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Contingency 700.000

Total invstment 10.630.000

4.5. Income and savings

According the realistic calculation, financial effect due to the fuel savings with
achievement of identical amount of electricity generation with less fuel consumption, in
comparison with the situation before cooling towers modernisation at energy price of
35 €/MWh

ATV =3527433=w@mp u v QiP&AIAD Euros/year)

There are no additional operation and maintenance expenses that are implied from the
project itself, but we will include 3% of O&M costs.

Financial effect from fuel savings 960000 | EUR/year
0&M Expences 30000 | EUR/year
Financial effect from fuel savings 930000 | EUR

Income from CDM Project

GHG Reduction

The total reduction of CO; emission, calculated in realistic scenario, calculated on a basis
of the fuel consumption, with the [PCC emission factor for lignite EF=101 t CO2/T] on a
net calorific value, is:

AEco2 = (43.470 kt fuel /year)(101 t CO2/TJ)(7.3 T]/kt fuel) =
= 32,050 t COz2/year

GHG Reduction 32000 | tCO2/year
Carbon credit price 8,5 | Eur/tCO2
Project Monitoring expences 12000 | Eur/year
CDM financial effect 260000 | EUR

Income from Carbon credits selling minus monitoring costs: 260000 Eur/year

In the moment, there is no legislative about removing asbestos containing materials in
the R. Macedonia. This project can be qualified as CDM, only when there is
addditionality. Since R. Macedonia is EU member candidate, we can assume that in next
several years there will be a legislative that will require phasing out of asbestos
materials (http://noforasbestos.net/ Capacity Building for Banning and Phasing out
Asbestos in West Balkan Countries, Gauss Institute-Bitola, EU Project 2010-2011).

Therefore, in this case the maximum period of carbon crediting period is 10 years.
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4.6. Total investment and payback period

A summary of the investment and payback period parameters is presented in the
following table.

Without CDM With CDM
Investment 10.630.000 Eur 10.630.000 Eur
Yearly income/savings from 930.000 Eur 1.190.000 Eur
the project
Payback period 11,5 years 9 years

Economic lifetime = 20 years
Real interestrate = 4,5 %

The analysis below is based on 4.5% discount rate. It is the real interest rate and is
calculated as the interest rate on state bonds (5,5%) minus the rate of inflation (National
Bank of Republic of Macedonia predicted rate of inflation to be 1% in 2011).

Internal rate of return

The internal rate of return is presented through the following table.

Cashflow without CDM | Cashflow with CDM
Real rate 4,50% 4,50%
Year O -1.0630.000 -10.630.000
Year 1 930.000 930.000
Year 2 930.000 1.190.000
Year 3 930.000 1.190.000
Year 4 930.000 1.190.000
Year 5 930.000 1.190.000
Year 6 930.000 1.190.000
Year 7 930.000 1.190.000
Year 8 930.000 1.190.000
Year 9 930.000 1.190.000
Year 10 930.000 1.190.000
Year 11 930.000 1.190.000
Year 12 930.000 930.000
Year 13 930.000 930.000
Year 14 930.000 930.000
Year 15 930.000 930.000
Year 16 930.000 930.000
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Year 17 930.000 930.000
Year 18 930.000 930.000
Year 19 930.000 930.000
Year 20 930.000 930.000
NPV 1.404.192 3.288.130
IRR 6,04% 8,15%

The calculation is made on the assumption that economic lifetime is 20 years and the
real interest rate 4,5 %. The problem with all financial prediction comes from two sides.
First is national fiscal policy that as big uncertainty of prediction of future interest rate,
and the second one is the economical lifetime which is equal to the technical life time,
and can happen to be shorter that 20 years (low coal reserves, unforeseen problems). In
this case there is a financial barrier for investment in this kind of energy-efficiency
project, and one of the option is CDM.

Sources of financing

Regarding the risk factors of investment, and the benefit of the project, the project
owner should seek for a grant in the amount of 50% of total investment. In that case,
participation of the project owner should be at least 10% to secure the ownership and
show commitment for the project. Rest of the financing sources can be low rate loans
from interational and national sources.

Equity capital 1.063.000 | EURO 10%
Grant / other resources 5.315.000 | EURO 50%
National or international

loan* 4.252.000 | EURO 40%
Total investment 10.630000 | EURO 100%

* Loan interest rate should be as low as possible (lower than 6%)

Macedonian Bank for Development Promotion ad Skopje has crediting line that covers
energy efficiency Projects, but with total project amount up to 500.000 Euros
(http://www.mbdp.com.mk/en/mbdp.php?page=Kkrediti energija )

The same bank has Credit Line from The European Investment Bank which includes
Product 3 with following characteristic:

PRODUCT No. 3

Product name: Priority project credits

Single credit amount intended to final beneficiaries: up to 12,500,000 EUR
Repayment period: up to 15 years

Grace period included: up to 3 years

Interest rate to final beneficiary (FB): 5.5% p.a.
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MBDP partaking in the credit support: Maximum 50%

Purpose:

To provide support in the area of energy, ecology, industry, health, education, services
and tourism.

http: //www.mbdp.com.mk/en/mbdp.php?page=EIB kredit

Also international sources for financing and available, and there should be additional
analysis of that kind of sources.

http://www.kfw.de /kfw/en/KfW Group/Sustainability and Climate Protection/Docum
ents.jsp
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5. Recommendations

This project has good base for CDM project with the improvement of efficiency of
cooling towers, and with that reduction of the emission.

The Operative plan for the next year and the IPPC plan show that there is no intention of
replacement of the filaments in the towers. At the moment there is no legal frame for
replacement of the cement-asbestos materials in the objects like TPP REK Bitola.
Therefore, the baseline scenario is based on the postulate of continuation of current
situation and operation without replacement of the cooling towers fill. This project is
feasible and can qualify for CDM project, and there are several inputs that are very
important especially for financial aspect of the CDM Project. The project in this moment
is feasible even without CDM component (20 years of economic/technical lifetime, 4,5%
real rate of discount), but this can easily become a project on the edge of profitability,
and therefore the aspect registration as CDM project should be considered.

This project is profitable on long term basis, with period of return of 9-11,5 years, which
is relatively longer period than expected in the period of its initiation. This is because
almost 30% (or more) of the projected investment is allocated for disposal of old
cement-asbestos filaments. There was a big deviation in the different offers for the
disposal of asbestos materials form the licensed companies. Therefore, additional
analysis for asbestos waste handling should be made, including obtaining offers from
specialised companies, in order to establish good price basis for the potential
investment.

The profitability is questioned in long term, because of the fluctuation of the national
state bond interest rate and the inflation. Regarding the fact that this is a long-term
investment, and with financial risk from the financial stability of the country, we suggest
that project owner should seek for grant and secure international or national loan with
low interest rate.

At the end, REK Bitola will have to make an agreement with equipment supplier on how
the guaranteed effect of the measure should be monitored and checked regarding the
recommendation in the technical report, and with that to secure the projected financial
savings.
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