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Introduction

1. Uzbekistan’s power generation plants are generally old and inefficient, requiring
urgent modernization. According to ADB’s Concept Paper (August 2012), more than
75% of the power plant units are over 30 years old reaching or exceeding their
economic life. The thermal efficiency averages 31%, while that of energy efficient
combined cycle gas turbine (CCGT) exceeds 50%. Replacing the existing power
generation assets with energy efficient equipment is a key strategy for saving energy,
securing reliable power supply, and reducing greenhouse gas (GHG) emissions.

2. The Takhiatash Thermal Power Plant is a multi-block conventional thermal power
plant currently made up of four power blocks numbers 1ll, IV, V and VI. Old blocks | and
Il were already dismantled.

3. The existing power blocks are conventional Rankine cycle units burning natural
gas in boilers as main fuel and residual heavy fuel oil (mazut) as backup fuel.

4. The oldest block was commissioned in 1969 (Block Ill) and the newest in 1990
(Block VI). Blocks Il and IV have an operating life in excess of 40 years, being usually
considered for this type of units a design lifetime of 30 years. The efficiency of these old
units is below 25%, being in the current power plants of the same technology close to
40% and in the combined cycle power plants using the same type of fuel above 55%.

5. Availability of the oldest units of blocks Il and IV is not guaranteed in the long
term and could be a serious safety problem in the midterm. So, in the current demand
scenario, it is necessary to promote the substitution of these old generating facilities by
new modern and more efficient ones.

6. The current price of the natural gas used for power generation in Uzbekistan is
low compared with its price in international markets. It is more likely that in the midterm,
the price would increase tending to approach to international prices. For this reason, the
urgency for replacing inefficient and obsolete power generation units will be more as
time goes by.

7. The objective of the project is to improve energy efficiency of the Takhiatash
thermal power plant (TPP) with the adoption of energy efficient technology that will
contribute to increased reliable power supply and climate change mitigation. The project
will include construction of a 255 MW (nominal size) combined cycle gas turbine
(CCGT) power plant, decommissioning of inefficient existing power plant units, and
capacity development. This improve in energy efficiency will decrease the amount of
gas consumed per MWe generated.

8. The project is a priority project identified by State Joint-Stock utility company
Uzbekenergo (UE). The 730 MW Takhiatash TPP is the main power supply source for
the Karakalpakstan and Khorezm regions with over 3 million people located in the
western part of Uzbekistan. The power demand outlook is strong with a number of
industrial development projects envisaged for the region, exceeding currently available
capacity.
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9. The current power generation and transmission infrastructures development
plant in the area consists of three phases:

Phase 1: Construction of a first CCGT
Phase 2: Construction of a second CCGT
Phase 3: Construction of two 220 kV and one 500 kV transmission lines.

10. Phase 1 and Phase 2 consist of design, supply and installation of two 255 MW
(nominal size) CCGT and decommissioning of existing blocks Il and IV. CCGT units will
comprise as a reference (i) gas turbine with electrical generator, (ii) heat recovery steam
generator, (iii) steam turbine with electrical generator, (iv) steam condenser and (v)
ancillary equipment including generator transformers, systems for control, electrical
switching, water and gas treatment, cooling water, and all other plant auxiliaries.
Construction will be done by a turnkey contractor. The contract scope will cover detailed
design, selection of equipment, installation and commissioning.

11.  The Asian Development Bank (ADB) issued on October 16th, 2012 the Terms Of
Reference documentation for the consultancy services required for the preparation of a
project of performance improvement of the Takhiatash Thermal Power Plant in
Uzbekistan.

12.  Gas Natural Fenosa Engineering (hereinafter GNFE) with the help of the local
subcontractor IKS (jointly the Project Team or the Consultant), submitted a proposal for
the above mentioned tender process, being finally awarded the contract for the
consultancy services. The Consultant received the Notice to Proceed on January 8th.

13. In the Terms Of Reference documentation it was described the project
considering the construction of a single combined cycle gas turbine unit of 280 MW
capacity. During the Interim Mission carried out in April and May 2013 it was announced
the change to consider two CCGT units of the same capacity and the structure of the
project made up of three phases as described before.

Objective

14.  The objective of the present report is to compile the results of the studies on the
different components of the Project from the available technical information and the
observations during the missions carried out between January and May 2013 by the
Consultant. Technical specifications prescribed for the projected facilities are also
included.

15. The present report also contains reached conclusions and makes
recommendations for the easy development of the project and good future performance
of the projected facilities.

Version 5 20/01/2014

pag. 2



21582100050

Scope

16. The present report contains the information elaborated on the following main
parts of the scope of the project:

e Demolition of remaining structures of dismantled blocks | and Il
e Decommissioning of blocks Il and IV
e Construction of two new combined cycle units

Description of the Project

17. The Takhiatash Thermal Power Plant (Takhiatash TPP) is a power generation
complex in operation, with a total installed capacity of 730 MWe.

18. It is the only power station located in the lower Amudarya River, generating and
supplying the energy to the consumers of Nukus, the capital of the Republic of
Karakalpakstan and to the Takhiatash city.

19. The TPP supplies energy also to the National Grid through two 220 kV
transmission lines up to the Horezm power node and through a single 220 kV
transmission line from the Horezm power node to the Navoi power node. The capacity of
this link is limited to 140 — 160 MW. Due to this limitation the excess production can
hardly be exported and the Takhiatash TPP must accommodate its production to the
highly variable local demand.

20. Takhiatash TPP is located in Takhiatash city, in Khodjeyliy region of the Republic
of Karakalpakstan (3 km to the South-West of the city centre).

21. The Power Plant is made up of the following components:

e Blocks | & Il (Already dismantled). Turbogroups foundation structures and
buildings still exist. A still operating water heating system is located inside the
turbine hall.

e Blocks Il & IV conventional Rankine cycle power units (6 boilers feeding a
common header and 3 steam turbines (2x100 MW Block I+ 1x110 MWe Block
IV) (Total 310 MWe).

e Blocks V & VI conventional Rankine cycle power units (2x210 MWe).

e Ancillary systems of operating blocks

e Common auxiliary systems

22. The Takhiatash TPP efficiency improvement project consist of the following main
components:

e Construction of two combine cycle power units initially defined as 230 — 250 MW
capacity each.

e Construction of a new water heating station supplied by the new CCGT units

e Demolition of existing structures of blocks I and I

e Complete decommissioning of existing blocks Il and 1V
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5.1.

23. The project shall be implemented in a coordinated manner providing reliable
continued supply of the electricity and heat demands.

Review of Technical Information, field survey and assessment

24, The major part of available technical information is contained in the following
documents:
e PREFEASIBILITY STUDY (PFS) elaborated by

the“TEPLOELECTROPROJECT” Company, and

e « POWER DISTRIBUTION SCHEME OF 140-160 MW GTU AND 70-90 MW
STEAM TURBINE WITHIN IMPLEMENTATION OF 230-250 MW CCGT AT
THE TAKHIATASH TPP» elaborated by the “SREDAZENERGOSETPROEKT”
Company.

25. Additional information was obtained in the investigation made during the visits to
the TPP carried out by the Consultant Process and Mechanical.

Process and Mechanical

» Gas Supply
26. Two gas pipelines of 1120 mm diameter come from the Bukhara region from a

compression station situated close to the Gazli gas fields. Two (2) 1020 mm diameter
derive from the main pipelines and finally a 6,5 km long 720 mm diameter pipeline
reaches the Gas Distribution Station (GDS) located 2 km away from the TPP. The total
route of piping from the compression station to the GDS is about 500 km long.

27. The ans pressure in the origin ranges 35/40 kg/cmz. Pressure in the GDS ranges
9/20 kg/cm®. Minimum supply pressure is 9 kg/cm? in winter. The temperature of gas is
close to ground temperature and it is highly variable depending on the ambient air
temperature.

28. The water content in the gas is variable depending on the origin of gas.
Mechanical separation of water will be installed in the GDS by Uztransgas before
metering. High water content in the gas has been a source of conflicts in the past.

29. For the supply to the TPP in the GDS there are filters, condensate tanks,
regulators, diaphragm type flow meter and a flow computer.

30. Quality of gas is in accordance with the Russian standard GOST 5542-87. This
standard that is applicable to the export of gas to Russia, establishes limit values for
differer31t components of gas and for calorific value. Calorific value is 8.000 + 100
kcal/m®.

31. For the new plant, it is considered the construction of a new dedicated pipeline
coming to the plant from the GDS currently supplying the operating blocks.
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32. Natural gas is currently being supplied at a constant pressure of about 6 kg/cm?

at the terminal point (GDS, after the regulators).

33. Two separate pipelines supply natural gas to the existing units. A 530 mm
diameter pipeline supplies gas to the blocks Il and IV and a 325 mm diameter pipeline
to blocks V and VI. Natural gas is conditioned separately for both groups of blocks in
facilities equipped with mechanical scrubbing and liquid separation devices, pressure
regulators and diaphragm type flow meters. A gas sampling tube goes to a laboratory
where the Lower Heating Value (LHV) is measured by mean of a calorimeter and the
composition determined by mean of a colorimeter.

34.  The pressure required for the utilization in heavy duty gas turbines of the size
fitting the present Project is above 20 kg/cm2 (abs) depending on the gas turbine model.
It will be specified by the supplier of the finally selected gas turbine during the
implementation.

35. In order to optimize the system, it is recommendable to request a guarantee of
supply at the highest possible pressure, taking into account the above requirement.
Connection of the new pipeline at a higher pressure is possible, however, in winter the
pressure at this point drops to 9 kg/cm2 due to the fact that the closest upstream
compression station is located more than 500 km far, so, in any case it is necessary to
consider the installation of gas compressors in the power plant.

36. Itis recommendable to install two compressors 100% capacity each common for
phases 1 and 2.

37. The new 2 km long gas pipeline to be installed, for a minimum operating
pressure of 9 kg/cm?, would have a minimum diameter of 300 mm for a total capacity for
phases 1 and 2 of about 11 kg/s.

38. The current and forecasted contractual relationship between the gas supplier
Uztransgas and the Power Plant have been analyzed. The conclusions of the analysis
and recommendations are compiled in the report included in the Appendix .

39. Taking into account that both gas buyer and seller are State Owned companies
and that energy generation in the Takhiatash TPP and its distribution are made by
Uzbekenergo without the need for a long term power purchase agreement, it is not
considered necessary the existence of a gas supply long term contract. It is
recommended, however, to consider this possibility and the improvement of some
aspects of the current contract such as the invoicing based on units of energy (for
example USD/MMBTU) (see Appendix I).

» Characteristics of the new CCGT units

40. CCGT combined cycle technology consists of the combination of two
thermodynamic cycles, the Brayton cycle and the Rankine cycle. The first produces
electricity by mean of a gas turbine generator and the second by mean of a steam
turbine generator. Hot exhaust from the gas turbine creates steam in a Heat Recovery
Steam Generator (HRSG) that is fed into a conventional steam turbine, producing a
second source of power. With the latest turbine technologies, natural gas combined
cycle power plants can operate at an efficiency above 50%, which reduces emissions
per electricity output respect simple cycle gas turbine plants and conventional steam
technology.
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> CCGT Configuration

41. In the selection of the configuration of the new CCGT units, the current
configuration of the blocks Il and IV being substituted has to be taken into account.
They have a six (6) boilers to three (3) steam turbine generators configuration very
reliable and flexible for maintenance purposes.

42.  Combined-cycle units are typically built in configurations abbreviated as 1+1,
2+1, 3+1, 3+2, or 4+1. The 2+1 configuration, for example, includes two gas turbines
(GTs), each followed by a single heat recovery steam generator (HRSG), with the two
HRSGs supplying one steam turbine generator set.

43.  For a single unit of about 250 MW a number of different configurations are
available. From the simplest 1+1 single shaft configuration in which one electrical
generator is coupled to the gas and steam turbine to a combined configuration with
several gas turbine generators and a steam turbine generator (2+1, 3+1, etc..).

44,  The configuration considered for the present project is type 1+1 multishaft. The
gas turbine and the steam turbine with its own generator each are mounted in separate
shafts.

45.  Both single shaft and multishaft configurations perform their specific functions,
but the single shaft configuration excels in the base load and mid-range power
generation applications.

46.  Not all suppliers of gas and steam turbines of the size suitable for this project
have available a single shaft configuration.

47.  The multi-shaft combined-cycle system configuration is most frequently applied in
phased installations in which the gas turbines are installed and operated prior to the
steam cycle installation and where it is desired to operate the gas turbines independent
of the steam system. In the present project the implementation of each combined cycle
unit is planned in a single phase, however, separate supply of electricity from each of
the two generators of the first unit at 110 kV and 220 kV, corresponding to the regional
or national grid is considered.

48.  The configuration considered for the new combined cycle units is type 1+1
multishaft. This configuration is appropriate for the new planned CCGT units 1 and 2. It
will allow for units maintenance operations, as the existing blocks V and VI (2 x 210
MW) will be available as back-up.

» CCGT Capacity

49.  Although the capacity considered for each of the CCGT units in the PFS is 230 —
250 MW, it is recommendable to expand the range to about 280 MW in order to
alternatively consider more gas turbine models that otherwise could not suit the
expected range. The proposed definition of unit capacity is 255 MW + 10% at ISO
conditions.
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> Heating System

50. The new CCGT units shall provide heat for water heating (district heating, DH).

51. A medium pressure steam header shall be installed. Pressure in the header shall
be kept constant.

52. Each CCGT will be able to supply the total amount of steam needed for the water
heating station in the most demanding condition, alternatively from steam turbine
extractions in normal operation or from the HRSG when the CCGT is running in ST by-
pass mode.

53.  The Project shall include a new common water heating system made up of two
100% steam condensers/heaters, pumps, piping, valves, auxiliary components,
instrumentation and control and electrical supply as required. Storage tanks shall also
be provided as required for a continuous and reliable operation of the system.

54.  Since the heat supply will vary depending on the ambient temperature, it has
been considered the following heat supply consumptions per period, according to the
PES:

e  Winter Period: 109,8 Gkcal
e Summer Period: 29,2 Gkcal

55.  The condensate formed from the steam used for heating the DH water returns to
the cycle after purification if required.

» Power Demand

56. The Power Plant currently supplies electricity to the National Grid and to a
regional grid. According to the local dispatch, the maximum power being demanded to
the Takhiatash Power Plant is around 550 MW. The maximum power supplied to the
National Grid is 180 MW with a margin of 12%, resulting in an actual maximum of 150
MW. Maximum demand of the regional grid is 480 MW day time and 280 MW nights
time. The availability of the existing blocks is low and so is the quality of the service
being provided to the demand.

> Fuel Composition

57. A periodic report on fuel composition is being provided by the distribution
company. It appears that control of amount and quality of fuel being currently supplied
to the power plant should be improved in order to be in accordance with international
standards. For reference purposes, a continuous measurement of flow rate, fuel
composition and possibly of other contractually guaranteed parameters should be
carried out (see Appendix I).

58.  Fuel composition: It is shown in the PFS as molar %. It may be assumed as the
design composition.
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59.  Specific components and characteristics of the natural gas such as the Wobbe
Index, the sulphur content and others should be within the limits that the gas turbine
manufacturer will request in its Fuel Specification. Usually the supplier conditions their
guarantees to the fulfillment of the limits of that Specification.

» Demolition of old structures and decommissioning of old operating blocks

60. Old blocks | and Il were dismantled in 1980. Foundations of steam turbo
generators and buildings are still there. Buildings are used as occasional workshop and
warehouse facilities.

61. A water heating facility and related equipment located inside the turbine building
are still operating.

62. There are several mechanical interfaces to be solved in the buildings before they
are ready for its complete demolition and removal, mainly electrical and control cables
and some water and steam piping as shown in the Figure 1 below.

Figure 1. Mechanical Interfaces

Turbine Oil Qutput DM 76mm

Turbine Oil Input DN 76mm>

Condensate DM 108mm

Steam Collector [Reduction Cooling Device) 13/8 kgfcmz DN 325mm >

Chemical treatment water line DN 219 mm

Hydrogen (Hz) DM 42mm >

Heating System Output DM 159mm>

9pue gsyao|g

INTTONONONONT TN

Heating System Input DN 159mm

63. The decommissioning of blocks Il and IV shall be carried out from the current
operating condition to a final complete removal of components and waste materials. A
brief description of the constructions is shown in the Section below.

64. Disconnection of these blocks shall be done in a sequence coordinated with the
commissioning of new CCGT units. Once the first CCGT unit enters into commercial
operation the block 1l (200 MW) shall be physically disconnected. No dismantling
activities shall be carried out yet. It shall be kept in a safe and ready situation for a
possible restitution into operation until completion of the warranty period and final
acceptance of that CCGT unit. After this milestone occurs dismantling activities shall
commence and be developed until completion.

65.  Disconnection and commencement of decommissioning of block IV (110 MW)
shall be conditioned to the provisional and final acceptance of the second CCGT unit in
the same manner as the block Ill.
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66. Dismantling activities of blocks Ill and IV shall follow a logic sequence. They shall
be conditioned to solving of all existing interfaces avoiding impact on TPP power
generation capacity and availability and following all applicable and recommendable
health, safety and environmental measures.

67. Final condition of areas occupied by blocks I, II, Il and IV shall be free of any
waste material, piece of equipment and old structure even above or below ground. The
land shall be left filled to level. Definitive interfaces shall be arranged making provision
of the future use of the land.

68. Decommissioning/dismantling implies the need of having available certain
facilities such as a landfill for hazardous materials. The TPP has proposed to use
hazardous waste material landfill an existing unused mazut storage area belonging to
the TPP.

69. A Decommissioning plan is included in the Appendix Il of this document.

> Heat sink and water source

70.  Currently the heat sink of the Power Plant is the Amu Darya River through intake
and discharge canals. The inlet canal comes to the Power Plant and as it approaches
the Plant it divides into two. The one located to the North is used as intake for the
blocks V and VI and the other as intake for the blocks Il and IV. Outfall is also
separated in two canals that joint into one canal conveying back the water to the River.

71. There exist other auxiliary canals used for providing water supply by mean of
pumps when water level in the River is low.

72.  The water from the Amu Darya River is characterized by its high turbidity, high
content of suspended solids, medium mineralization and high total hardness.

73. Suspended solids content, hardness and alkalinity have to be reduced to
condition river water for its use as cooling water circuit make-up.

> Cooling System

74.  Current blocks Il and 1V, with a nominal capacity of 310 MW, evacuate, in the
cooling system, an amount of heat close to 930 MWth at full load.
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Figure 2: Cooling System (Blocks 11l & IV)
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75. The circulation water system consists of two Pumping Stations to supply the
cooling water required by the condensers of the turbines of the power plant. That is:

e Pumping Station 1 (Blocks Il & 1V): With 6 pumps for cooling condensers of the
turbines 1, 2 and 3.

e Pumping Station 2 (Block V & VI): With 4 pumps of the condensers of the
turbines 7 and 8.

76. The new combined cycle units with a nominal capacity of 255 MW + 10% at ISO
conditions will evacuate each to the atmosphere about 160 MWth at full load. Being the
heat currently rejected by the blocks Il and IV about 930 MWth the release of heat to
the atmosphere through the cooling systems will be reduced close to three times.

77. In the Prefeasibility Study (sections 3.9.1 and 3.9.4) a system based on a close
circuit with a mechanical draft wet cooling tower is considered. In the Inception Report it
was outlined the fact that being the climatologic conditions of the Takhiatash TPP site
extreme in terms of temperature, if not properly designed and operated the selected
system may result in a source of availability losses in freezing weather due to the
growth of ice in the wet part of the system (cooling tower). Formation of ice in cold
weather must be prevented taking measures in the design of the tower and with a
careful operation of the system.

78. In order to ensure that not any harmful effect is suffered at below zero condition,
it is recommended to specify properly the cooling system. The operation of the system
should be automatic at any time. Manual operations required should not be accepted.
Furthermore, it is recommended to request a specific guarantee to the EPC contractor
related to the trouble free automatic operation of the CCGT at freezing conditions.

79. In the Inception Report it was recommended to analyze the convenience of
selecting a system based on wet cooling during the days of a year when temperatures
are well above freezing level and on dry cooling in periods of time when temperatures
are below.
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80. For the Request for Proposals documentation for the EPC contract tender,
provided awarding criterion is based on the cost of electricity during the lifetime of the
units, it is recommended to keep open the alternatives to selection by the bidder.

81l. Electrical motors, actuators, instruments and other electromechanical
components that would be installed outdoors must be properly designed to be able to
operate without fault throughout of the complete range of temperatures existing at the
site.

82. The cooling system would be controlled by the DCS in charge of the control of
the Power Island, adapting continuously the operating mode and the load to the
required or optimum for the best global performance of the Units.

83. The following measures are recommended for the design and operation of the
cooling system for the case a wet cooling tower is selected.

v"Airside Control: manipulation of the air flow is an invaluable tool, not only in
the retardation of ice formation, but in the reduction or elimination of ice already
formed. In addition to bringing less cold air into contact with the circulating
water, reducing the entering air flow velocity alters the path of the falling water,
allowing it to impinge upon and melt ice previously formed by random droplets
which wind gusts or normal splashing may have caused to escape the
protection of the relatively warm mainstream of water.

There are three choices available for controlling airflow through the tower:

1. Single-speed fans afford the least opportunity for air flow variation and
towers so equipped require maximum vigilance on the part of the user to
determine the proper cyclic operation of the fans which will result in best
ice control.

2. Two-speed fans motors offer greater operating flexibility and should be
considered the minimum level of control for cooling towers used in cold
climates.

3. Variable Frequency Drives offer the greatest level of flexibility, since they
permit all fans to operate at the same speed for minimum energy
consumption.

v' Waterside Control: to provide for start-up and operating flexibility, provision for
total water bypass directly into the cold water basin is advisable on mechanical
draft towers. During cold weather start-up, the basin water inventory may be at
a temperature very near freezing, at which time the total water flow should be
directed back into the cold water basin upon return from the process load,
without going over the fill. This bypass mode should be continued until the total
water inventory reaches an acceptable temperature level (usually above 80°F),
at which time the bypass may be closed to cause total flow over the fill.
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84.  As areference the following alternative systems are proposed:

Alternative

Table 1: Alternative Cooling Systems

Description

Closed circuit with surface
condenser and mechanical
draft wet cooling tower

RENMES

Special design and operation
measures must be considered to
avoid ice growing in the wet cooling
tower at cold winter conditions.

Hybrid system with Air Cooled
Condenser and surface
condenser in parallel, the
latter with closed circuit and
mechanical draft wet cooling
tower

Air Cooled Condenser operation
alone at cold winter operation;
combined or wet cooling circuit
alone operation in hot summer
conditions.

Hybrid system with two closed
circuits in parallel with one
surface condenser each, one
with mechanical draft wet
cooling tower and the other
with mechanical draft dry
cooling tower

Dry cooling circuit operation alone in
cold winter conditions; combined or
wet cooling circuit alone operation in
hot summer conditions.

» Steam Turbine By-pass

85. Steam by-pass 100% capacity is recommended for pressure control at steam
turbine generator load rejection or trip and for being able to operate in island mode (for
more information of island mode operation, this capability prevents a sudden shutdown
of the gas turbine caused by a shutdown of the steam turbine and the consequent
considerable decrease of the operating life of the gas turbine)

86. Continued operation of the gas turbine with 100% steam by-pass is possible but
not recommended as a normal operating mode as unit performance would be low.

» Gas by-pass capability

87. The combined cycle unit may be configured incorporating a wide variety of
capabilities. Incorporating the gas by-pass capability is one of the most common
decisions to be taken. This capability is considered for allowing for the rapid
configuration of the power plant as a combined cycle or simple cycle system, for
example, when HRSG or steam turbine repair or maintenance is required.

88. The PFS concluded that there is no need for the provision of gas by-pass
capability for this project. The PPTA consultant concurs with this conclusion.
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89. A by-pass stack, whereby gas turbine exhaust gasses are vented to the
atmosphere via a separate stack without going through the HRSG, allows the gas
turbine to be operated should the HRSG be out of operation. As the gas turbine can
provide up to 66% of the plant output (albeit at low efficiency when in open cycle mode)
the additional cost of a bypass stack can be justified when the loss of the complete
plant is not acceptable from a system operation viewpoint. For this reason bypass
stacks are included in large CCGT blocks whose capacity is above a critical share of the
minimum system load and where operation in open cycle mode may be required.

90. During the Fact Finding Mission carried out in May 2013 pros and cons of the
installation of gas by-pass capability were analyzed. They are as follows:

Option 1: Capability provided
Option 2: Capability not provided
Table 2: Pros and Cons of the installation of gas by-pass

Option 1 Option 2

Pros e Simple cycle operation. e Simpler system.
e Fast start of gas turbine. e Stack designed for low
e Rapid load changes. temperature (<150°C). Carbon
steel plates.

e No exhaust gas losses for gas
turbine before HRSG.
e Cheaper option.

cons e Cost of additional e Start of combined cycle unit in
equipment. less than one hour is not
e Maintenance required for possible.
additional equipment. e Slower load changes.
e High temperature design of
stack/ducts/dampers
e High temperature gas leaks
Cost 21,6 MMUSD No cost

91. In relation to a possible unavailability of one CCGT unit to export power to the
UZB system, in the case of Takhiatash TPP the block size (gas turbine and steam
turbine) is 255 MW. This block size is already less than existing 300 MW units on the
UZB system meaning the system can cater for loss of the entire block.

92. If in any unexpected situation it is required the operation of one gas turbine with
the corresponding steam turbine off, this can be accomplished over a certain period of
time by using the 100% steam turbine by-pass.

93. It is further noted that should the block be out of service for an extended period,
existing thermal units, to be kept as back up, can be brought into operation. Operation
of the gas turbines in open cycle mode is therefore not envisaged.

94.  The continuous need for heat supply in both winter and summer periods must
also be considered. One CCGT unit operating in simple cycle mode could not contribute
to this supply.
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95.  On the other hand, normal maintenance operation of the HRSG and the steam
turbine is to be performed less frequently than the maintenance of the gas turbine so it
could be made coincide with gas turbines’ maintenance periods.

96. Itis concluded that the additional capital cost of $22 million for a bypass stack is
not justified.

97. During the Fact Finding Mission Uzbekenergo transmitted its decision of not
considering the installation of gas by-pass capability.

> Stack

98. In the Prefeasibility Study, a 60 m high stack is considered for each of the new
combined cycle units (Phase 1). The location selected for the new units is contiguous to
the buildings of the blocks 5 and 6. Fulfillment of requirements of the World Bank
Environmental Health and Safety Guidelines was checked. In order to fulfill the
recommendation of the World Bank about the height of the stack (Annex 1.1.3), it has
been found that in the current location of the stack, the height of it should be 112,5 m
(the height of the buildings of blocks 5 and 6 is 45 m). Keeping the planned height (60
m) the stack should be located 225 m away from the buildings of the blocks 5 and 6.

99. During the Fact Finding Mission carried out in May 2013, the possibility of
installing a common stack for the two CCGT units with some cost saving was analyzed.
Pros and Cons were analyzed as follows:

Option 1: One common stack for two CCGTs
Option 2: Separate stack for each CCGT

Table 3: Pros and Cons of installing a common stack

‘ Option 1 ‘ Option 2
Pros e Less costly option. ¢ No need for isolation
e  Operation of one unit is
independent of the other unit.
e When one unit is shut-down it
is possible to inspect/maintain
the stack.
Cons e Isolation downstream of e Costly option.
HRSG is needed.
e Additional cost of isolation
devices.
e Additional maintenance is
required for isolation
devices
e Itis not possible to make
any maintenance inside
the stack when the other
block is in operation.
Cost 11,3 MMUSD 12,4 MMUSD
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100. Uzbekenergo confirmed its decision of considering the installation of two
separate 112,5 m high main stacks.

» Gas Turbine Combined Cycle Technology

101. A gas turbine is a thermal machine that converts the energy of the gas fuel into
mechanical work. Gas turbine generators are designed for the provision of safe, highly
reliable, efficient, and low-cost electricity. Exhaust gases emissions produced are
minimized by using dry low NOx burners. Gas turbines for stationary power generation
service are generally industrial heavy duty type.

102. The fuel is combusted in the gas turbine connected to a generator producing
electrical energy. Waste heat contained in the exhaust gases released from the gas
turbine is utilized as a heat source for a waste heat boiler producing steam for one
steam turbine. Its generator produces another part of the CCGT power output. In this
configuration the gas turbine generator generates about 2/3 of the total unit power
output and the steam turbine generator 1/3 of it. Steam parameters are comparable with
the parameters of subcritical steam power plants. A steam turbine working with steam of
such parameters is a standard design.

103. For the interest of the Owner there should be available as much gas turbine
suppliers as possible in order to promote competence and avoid situations favorable to
the suppliers. It has been checked and confirmed that there are available several
models from different suppliers.

Table 4: Available Models

50 Hz 250 MW COMBINED CYCLE GAS TURBINE MODELS (PERFORMANCE AT 15°C, 60%

RH - 1SO)
MANUFACTURER Model MK ‘?‘Jﬁﬁfas Powf\;lv?/gtp“t' Efficiency, %
ALSTOM KAL13E2-1 1 x GT13E2 256 53,3
ANSALDO 1AE942-CC1M 1 x AE94.2 255 53,0
BHARAT CC1.942 1xV94.2 2325 51,5
SIEMENS SCC5-2000E 1x1 | 1 x SGT5-2000E 251,0 52,2

104. Gas turbines with higher power output could be considered, but for the purpose
of selection of EPC tender, for example, for the calculation of Levelized Cost Of
Electricity, it is recommended not to consider the surplus capacity from the maximum of
the range (255 MW net £ 10% at ISO conditions). This means that if the EPC Tender
offers a unit capacity higher than the specified above upper limit, it could be considered
acceptable but for the purpose of comparison between tenders the upper limit specified
would be considered and not the EPC Tender offered unit capacity. In any case the
design of the different components of the Plant must be in accordance with the offered
maximum capacity.
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> Performance Guarantees

105. Combined cycles guarantees are provided at a certain operating conditions,
being considered as the “design conditions”.

106. It is recommended that the guaranteed values requested consider the
performance degradation expected in the units lifetime (25 years).

107. The term “degradation” refers to the reduction of power and increase of heat rate
over the time due to wear and tear. It is pronounced in power plants based on gas
turbines such as the combined cycle power plants. The effects are predictable based on
the operating experience of installed plants.

108. Manufacturers of gas turbines provide degradation curves that can be used to
predict the evolution of the performance after certain number of accumulated operating
hours between periods of major overhaul.

109. Practical ways of minimizing the effects of performance degradation include the
proper treatment of fuel and water, regular GTG compressor washing, condenser tube
cleaning and others.

110. For the calculation of available capacity and gas consumption over the entire
operating life of the power plant, it is recommended to apply certain power reduction
and heat rate increase to the new and clean performance values.

111. For a detailed assessment of total gas consumption during a typical year of
operation, it is recommended to have available the following information:

e Yearly ambient conditions profile (dry bulb temperature, relative humidity) and
average ambient pressure.
e Yearly load profile (simplified as practical).

112. From the information above, net heat rate is calculated for different ambient
conditions and load levels. Finally, integrating over the time a discrete set of
instantaneous gas consumption values, a cumulative gas consumption value
representative of a typical year is obtained.

113. Guarantees requested to the EPC contractor should be at least:

e Net power output at 100% load and Summer Design Conditions

e Net Heat Rate at 100% load and Annual Average Conditions. It would also
be advisable to request guarantees of Net Heat Rate at 75% and 50% load
at annual average conditions.

e Noise at plant boundary

e NOx emission at stack outlet

114. In order to check the fulfilment of the guaranteed values during the
commissioning of the plant, as current conditions are normally different to the design
ones, it is necessary to correct the guaranteed values. Corrections are usually made by
means of correction curves. The correction curves provide information about the
behavior of the combined cycle at different operating conditions.

115. The following correction curves have to be prepared for 100%, 75%, 50% and
25% load:
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e Net Capacity vs Barometric Pressure

e Net Heat Rate vs Barometric Pressure

e Net Heat Rate vs Lower Calorific Value and C/H ratio
Variation

e Net Capacity vs Lower Calorific Value and C/H ratio

Variation

Net Capacity vs Dry Bulb Temperature

Net Heat Rate vs Dry Bulb Temperature

Net Capacity vs Relative Humidity

Net Heat Rate vs Relative Humidity

Net Capacity vs Power Factor

Net Heat Rate vs Power Factor

> Water Treatment Plant

116. The existing water treatment plant is in good condition and presents a tidy and
orderly aspect. The WTP is currently operating at half of its design capacity, supplying
water to the water steam cycle of blocks Ill, IV, V and VI and to the heating systems.

117. The new power units will use water mainly for make up to the cooling system and
to the water-steam cycle. It will also use water for plant general services and fire fighting
and potable water.

118. A large amount of water will be required for the make-up of losses by evaporation
and drift in the wet cooling towers.

119. For the supply of the needs of the new CCGT units it is considered that the
construction of a new dedicated water treatment plant is required.

120. The price of water is relatively low (reported 12,4 sums/m3), so the number of
cycles of concentration (COC) for wet cooling circuits (times the water in the circuit is
concentrated in dissolved solids from their concentration in the make-up water) can be
chosen low. COC = 3 is a reasonable number.

A. Make up water treatment plant for cooling water:

121. River water has high TSS content and high hardness and alkalinity content to be
reduced in order to be used in the cooling tower.

122. In this report it has been considered that, because of the low cost of the water,
the cooling tower could work with 3 cycle concentrations (COC=3). Therefore the
cooling tower make up water treatment plant would not have to include a reverse
osmosis system after the pretreatment.

123. The high TSS content will have to be reduced. UE wants to keep the installation
of sedimentation ponds for clarification according to the design of the PFS.
Nevertheless, The Consultant recommends reducing the high TSS content by
Clarification helped with Coagulation and Flocculation. In order to be more efficient in
the process and to require less space, the clarification should have to be dynamic
lamellar type with sludge recirculation. With this process the TSS= 15 mg/l required in
the make-up cooling water could be achieved.
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124. Due to the fact of the high Hardness content, the process will have to include the
reduction in alkalinity and hardness by means of the process called Cold Lime/soda ash
softening. This process uses lime and soda ash to reduce alkalinity, hardness and
some silica reduction dosed in the clarification.

125. Lime will reduce the calcium and magnesium alkalinity and lime excess and soda
ash will reduce the permanent hardness (calcium and magnesium sulfate and chloride)
to get the limit values required in the make-up water (see 7.1.4.).

126. Water will be treated in the clarifier dosing lime/soda ash, coagulant and
flocculant. The final softened/decanted water will be sent to a tank in order to the final
adjustment of the pH. During the softening process, the pH of the water is increased to
10.2, in order to get the required performance. Lime increases the pH around this value,
and the make-up water to the cooling tower has to comply with a pH around 7.5-8, that
means an acid has to be dosed before discharging into the cooling tower basin.

127. Water treatment process for the makeup for the cooling water will consist of the
following systems:

Raw water Chlorination: consisting of Sodium Hypochlorite dosing equipment:

=  Storage tank
= Dosing pumps
=  Free chlorine analyzer

Lime and soda ash dosing systems, including for each one:

= Storage silo

= Dosing screw

= Dilution tank with agitator
= Dosing pumps

= Coagulant dosing system:
= Storage tank

= Dosing pumps

Flocculant dosing system:

= Preparation and maturation tanks
= Dosing pumps

Clarifier consisting of:

= Reaction chamber

= Recirculation mixer

= Lamellar settling zone

= Softened/ Decanted water collecting device
=  Sludge scrapper

Sludge system:

= Sludge pit
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128.
m?.

129.

Final pH adjustment:

Sludge extraction/recirculation pumps
Sludge thickener storage tank

Sludge transfer pumps
Filter press

Dry sludge storage container

Softened/Decanted water storage tank
Acid Storage tank
Dosing pumps
pH analyzer

The required space to build this plant would be around 35 m x 20 m, that is: 700

In order to make a correct design for the water treatment plant it is recommended
to analyze periodically the following parameters, in order to know the possible seasonal
variations in water quality:

Table 5: Important parameters for the WTP

PARAMETER VALUE Unit
Turbidity NTU UNF
Colour
Odor
pH
Conductivity 20 °C puS/cm
TDS mg/I
TSS mg/I
Temperature
Annual maximun °C
Annual minimum °C
Disolved oxygen mg O,/
Alkalinity m ppm CaCO;
Alkalinity p ppm CaCO;
Free carbon dioxide mg/l
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Tables 6 & 7: lonic composition

CATIONS VALUE ud.
Calcium ppm CaCO;
Magnesium ppm CaCO3
Sodium ppm CaCO;
Potassium ppm CaCO;
Barium ppm CaCO;
Strontium ppm CaCO;
Iron ppm CaCOs;
Ammonium ppm CaCO;
Manganese ppm CaCO;
TOTAL ppm CaCOs;
ANIONS VALUE ud.
Sulphate as SO,~ ppm CaCO;
Chloride ppm CaCO;
Bicarbonate ppm CaCOs
Carbonate ppm CaCOs
Fluoride ppm CaCOs
Nitrite ppm CaCOg
Nitrate ppm CaCOs
Phosphate as PO, ppm CaCOs
Sulphide ppm CaCOs
TOTAL ppm CaCOg
Table 8: Organic Matter

ORGANIC MATTER VALUE ud.
BODs mg/l
COD mg/l
Total Nitrogen mg/I
NHs-Nitrogen

Total Chlorine mg/l
Total Silica mg/I
SiO, colloidal mg/I
SiO, sol. mg/l

Oil and grease mg/l
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130. According to this considerations listed above, considering for this plant COC = 3,
a cooliang tower evaporation flow of 210 m*h, the input to the cooling water would be
315 m’/h.

131. The estimated cost of this water treatment plant would be in the order of 1,7
million USD.

B. Demineralized water treatment plant

132. The existing plant will not be used for the new CCGT units.

133. Clarified water is treated in a mechanical filter, a Reverse Osmosis and a
electrodeionization, obtaining demineralized water with the quality required for the
make-up to the water steam cycle of the combined cycle units. The plant will consist of
three lines 50% capacity each of the total demi water required for the two new CCGTs.
134. A 2000 m® demi water tank shall be considered (all demi water shall pass
through that tank).

135. As the personnel of the power plant indicated, the produced demi water in the
existing plant has a Total Dissolved Solids (TDS) of 30 ug/l (0,030 ppm), that means
0,06 puS/cm. This expected quality is good enough for the combined cycle, besides this
the rest of the parameters have to be checked.

» Waste Water Treatment

136. The expected effluents generated by the operation of the new CCGT units are:

137. Domestic effluents. Domestic wastewater or sanitary effluents (4,401 m3/h) from
buildings and structures of the CCGT units are discharged with no treatment through
the pipeline by gravity flow into the newly designed sewage pumping station. After that,
effluents are pumped to the networks of the TPP’s industrial site and then fed to the
sewage treatment facilities.

138. Rainfall effluents. Rainwater from the roof of the CCGT main buildings and from
the roofs of auxiliary buildings and other facilities will be collected along the territory and
discharged into the existing storm water sewage system. The final storm water
discharge point is located in the area of the existing main building runoff drain system.
At this stage, the coordinates of the connection point are not defined and they will be
specified during the preparation of the detailed design documentation for the project.

139. Oil and chemical effluents. Certain volume of oily wastewater will be generated
within the operation of the new CCGTs facilities in activities such as washing the
equipment, washing the floors, drainage of transformer sites, washing the compressors,
oily effluents in the stormwater, etc. These oily effluents will be collected and led to the
oily effluents treatment facility.

140. New facilities are used for the treatment of effluents from the Takhiatash TPP’s
CCGT units without using the existing effluent treatment facilities. In particular, local
effluent neutralization units and oil traps for oily wastewater treatment are used as part
of the Chemical Water Treatment.
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141. Main cooling system blowdown. Blowdown water from cooling towers is relatively
clean so that it is directly discharged into the outlet channel with no treatment required.

» Climate Conditions

142. Climate in the Takhiatash TPP region - sharp continental - is characterized by
wide annual and daily temperature fluctuation range.

143. From the available information, a profile of ambient temperature and relative
humidity has been elaborated. This profile is considered as representative of a typical
year.

144. A temperature profile has been, therefore, obtained with 16 points distributed
between the minimum and the maximum recorded value. As intermediate points of the
profile, the percentile 5%, the percentile 50% and the percentile 95% have been
calculated. The rest of the points of the profile have been chosen to maintain the
proportionality.

145. From the registers available of relative humidity corresponding to dry bulb
temperatures, a temperature/relative humidity correlation has been defined.

146. Below it is shown the profile of ambient temperature (°C), relative humidity (%),
obtained for a representative year on the site of Takhiatash Thermal Power Plant,
where:

Fcum (n): cumulative frequency
Fcum (n) — Fcum (n-1): frequency value associated with each point.

147. This frequency represents the per-umit amount of time where the temperature is
lower than the corresponding value.
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Table 9: Profile of Ambient Temperature — Relative Humidity

Point Relative Dry Bulb Fcum(n) Fcum(n)-
Humidity Temperature (°C) Fcum(n-1)

0 86 Extreme minimum -26,80 0,0000

1 76 -12,00 0,0223 0,0223
2 73 Winter design -8,59 0,0500 0,0277
3 71 -5,00 0,0902 0,0402
4 67 0,00 0,1728 0,0826
5 64 5,00 0,2800 0,1072
6 62 8,00 0,3531 0,0731
7 60 10,00 0,4043 0,0512
8 58 Annual average 13,64 0,5000 0,0957
9 55 17,00 0,5813 0,0813
10 53 20,00 0,6527 0,0714
11 50 25,00 0,7652 0,1125
12 47 30,00 0,8636 0,0984
13 43 Summer design 35,75 0,9500 0,0864
14 40 40,00 0,9889 0,0389
15 37 Extreme maximum 45,00 1,0000 0,0111

Total 1,0000

148. Annual precipitation level is 110,60 mm.

149. The annual number of freezing days (temperature below freezing all day long) is
higher than 30 and the longest freezing spell recently recorded was 11 consecutive
days with temperatures strictly below freezing.

» Mazut Tankyard, unloading and pumping station

150. A total storage capacity of 50.000 m® is available in six tanks. Provided the
auxiliary fuel will be required in future for the existing blocks V and VI, it is not
necessary to plan the dismantling either of any of the existing tanks or of the unloading
and transfer facilities. Tanks leak containment areas do not have linings. To avoid
potential contamination of the surrounding soil it would be convenient to adopt proper
measures.

5.2. Electrical

151. Visits were made to the MV and LV electrical rooms and control rooms of units
(steam turbine generators) 1, 2 and 3, and then to the control rooms of units 7 and 8.
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152. Single line diagrams of existing facilities were analyzed to identify consumers in
the rest of the plant connected to the units of the blocks to be decommissioned.

153. It was analyzed the power supply from the busbars of the blocks Il and IV to
consumers whose feeding should be maintained after decommissioning, and therefore
they would be supplied from existing low voltage busbars of T-5 and T-6 auxiliary
transformers, from the new combined cycle units or from the existing units 7 and 8.

154. The technical characteristics of each consumer requested are kVA rated power
and rated voltage in V, and the name of its location and identification as indicated on
single line diagrams and layout drawings.

Table 10. Electrical Interfaces between blocks IlI-IV and consumers of the rest of the
Plant not belonging to them

ELECTRICAL INTERFACES BETWEEN BLOCKS Il - IV AND CONSUMERS OF THE REST OF THE PLANT NOT BELONGING TO THEM
REST OF THE PLANT ELECTRICAL CONSUMERS UNITSIIl OR IV FEEDING BUSBARS
RATED POWER | RATED VOLTAGE FEEDER RATED CURRENT | RATED VOLTAGE
N2 |IDENTIFICATION TRANSFORMER IDENTIFICATION
(kvA) V) Ne (A (kv)

1| 5section-0,4kV 1C-22 750 400 7-section-6kV 84 1085 6
2| 6section-0,4kV 1C-23 750 400 8-section-6kV 100 1085 6
3| 7section-0,4kV TC-25 560 400 9-section-6kV 120 808 6
4| 8section-0,4kV TC-26 560 400 10-section-6kV 135 808 6
5| 9section-0,4kV 1C-27 630 400 11-section-6kV 138 909 6
6| 10 section-0,4kV TC-28 630 400 12-section-6kV 163 909 6
7| mazut house-1 TC-20 630 400 7-section-6kV 78 910 6
8| mazut house-2 TC-21 630 400 9-section-6kV 117 910 6
9| firefightingNe7 | mazut house-1 No9 400

10|  fuel suply Ne7 fire fighting Ne1 400

11|  fuelsuplyNo6 | cooling tower Nol 400 )

12| cooling tower No8 | mazut house-1 No10 400 )

155. The insulating and cooling liquid used in existing transformers was assessed.
The Plant staff confirmed that oil is used for insulation and cooling of transformers and
that Pyralene (PCB) is not used.

156. It was found that all wiring from the blocks V and VI destined to the main control
room goes through the building of blocks Il and 1V, so it will be necessary to provide an
alternative routing of these cables.

157. The site proposed for the new CCGTs was visited. It was noticed that due to the
proposed location of the units and to the selected scheme of power evacuation of
CCGT1 gas turbine (at 110 kV), it will be necessary to consider the design and
construction of a trench for routing the power cables connecting that gas turbine
generator main transformer and the 110 kV substation.

158. Considering the installation of the two new CCGTSs, it is recommended to
consider the construction of a new dedicated 220 kV generation substation. This new
substation would connect the CCGTs to the existing 220 kV substation providing
flexibility to the scheme of generated power evacuation through both the 220 kV system
and the 110 kV system.

> Power Evacuation
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159. As described above generated power would be evacuated through the existing
transmission structures. It is proposed the construction of a new switchyard common for
the two CCGTs. The new switchyard shall have a voltage level of 230 kV with a double
bus-bar and “one and a half” breaker configuration. The gas turbine generator of the
unit 1 shall be connected to the existing 110 kV bus-bars and the unit 2 to a 230 kV
bus-bar. New 230 kV bus-bars shall be connected to the existing 220 kV bus-bars.

5.3. Control and Instrumentation

160. During the visits to the TPP they were investigated the existing control interfaces
between the blocks Ill and 1V, the blocks V and VI, the central control room, the local
dispatch center (LDC) and external services as the National Dispatch Centre.

161. It was found that there are no system dependencies between blocks Ill and IV
and blocks V and VI related to Control and Instrumentation.

162. The TPP and the LDC exchanges data with the national dispatching centre and
coordination dispatch centre by tele-information signals with an automatic dispatching
control system (Telemetry TM512) using a high frequency link parallel to transmission
lines.

163. Digital signals and communication signals from the substations pass through
Blocks Il and IV. These signals are destined to the main control room and the LDC.

164. The control rooms (blocks Il and 1V) are based on hardwired technology (1974),
the components of the plant were manufactured in the former Soviet Union. Most of
them have passed their nominal lifetime. The majority of the indications and controls are
from original construction and are almost all analog instruments.

165. The panels are laid out by major plant functions such as electrical systems,
cooling water systems, major machine controls (e.g., turbine/generators or
compressors) and emergency systems. On each panel, indications and controls are
grouped by specific plant systems or functions. Annunciators are on the top plane of the
panel. Feed water heater level indications are grouped on the left-hand side of the
vertical plane. Steam generator temperature and level indications are grouped on the
right-hand side. Across the bottom planes are indications and controls associated with
the control elements for feed pump turbines, condensate pumps, and various valve
position indications and controllers.

166. The alarm systems consists of a few selected process measurements, which are
hard-wire connected to panel board mounted annunciators or indicator lights, which are
activated when the measurements exceed some predefined limits. These panels
provide alarm annunciation to the plant operator. The panels are large but limited in
capacity and thereby tended to limit the number of configured alarms. In some cases
several signals shared the same analog display (by connecting the required signal with
a probe). Historical data is registered on hardcopy.

167. Itis clear that the plant has obsolescence problems in the C&l system and in the
control rooms. The main control room (MCR) is located in a different building and has a
PC that has proprietary based software which communicates with the multifunction
energy meters installed in the Substation via RS 485 ports and displays and stores all
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the technical data in the computer. Additionally the active, reactive energy and
frequency measurements are displayed on LEDs (mounted on a panel).

168. The computer also communicates with the Local Dispatch Centre (LDC) with a
modem for data exchange. The LDC is also hard wired with the substation's
multifunction energy meters and digital signals. The control rooms signals (Blocks Il
and 1V) are also hardwired to the MCR and the LDC. The National LDC (Tashkent) uses
the telephone line for dispatching with Takhiatash TPP.

169. Several meetings were held during the visit to Uzbekistan in order to clarify some
issues on the PFS regarding the communication between Takhiatash TPP LDC and the
National LDC in Tashkent:

A. Meeting in the National Load Dispatch Centre (NLDC) at Uzbekenergo in
Tashkent regarding:

e The description of the Dispatching control, telemetry and the existing
communication between the NLDC and the Takhiatash TPP Local Load
Dispatch Centre is described in the document “POWER DISTRIBUTION
SCHEME OF 140-160 MW GTU AND 70-90 MW STEAM TURBINE
WITHIN IMPLEMENTATION OF 230-250 MW CCGT AT THE
TAKHIATASH TPP” on page 33.

e The following software is used at the NLDC.

Centralized Digital System of Automated Frequency and Active Power
Adjustment (CDS AFPA)

a) Calculation of frequency regulator action

b) Calculation of overflow limits (regulators) action

c) Distribution of control actions among regulating stations and issue
of control actions

d) Event archiving

STM - Server of Telemetry: Russian (1995)

Hardware and software set for receipt and processing of telemetry

a) Receiving of tele-metering from communication channels through
multichannel adapters

b) Initial processing of telemetry

c) Scaling

d) Linearization

e) Integration per day

f)  Forming of retrospective telemetry on server

g) Control of planned indicators of power systems

h) Control of frequency dynamics of the Unified Energy System;

i) Transmission of telemetry to power systems;

i) Alarm signalling;

k) Displaying of information duty personnel's board;
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TIDS: Unified Dispatch Centre (UDC)

Tele- information display system

a) Supplementary calculation of pseudo-parameters;

b) Displaying layouts and arbitrary shapes and printing of current
telemetry values, planned values and pseudo-parameters;

c) Display and printing of retrospective values (10 days) of the above
parameters;

d) Control of uncertainty and failures of parameter limits;

e) Display and printing of value sequence of a given parameter with
specified discreteness and increment, beginning from a preset
time;

f) Entry and editing of layouts, displaying forms, formulas of
pseudoparameters.

PROGNOSIS: Unified Dispatch Centre (UDC)

On-line consumption forecast of Central Asian Power Supply (CAPS)

a) On-line consumption forecast of the Unified Energy System on the
basis of telemetry statistics data;

b) Graphical display of forecast results, telemetering and planned
values from a dispatching schedule.

GPD: Unified Dispatch Centre (UDC)

Graphical Parameters Display
a) Graphical display of a selected telemetry or planned value
parameter in the context of a day or an hour.

FrameGraph: Unified Dispatch Centre (UDC)

Display of frames with parameter graphs

a) Creation of a frame set with parameter graphs (up to 6 parameters
per a frame: telemetry, planned values);

b) Selection of a frame for display by name or code;

c) Display of a frame with technological parameters graphs (up to 6
graphs per a frame) in section of a day from 15minute
retrospective (with paging by days);

d) Selection of needed hour and display of graphs of the same
parameters in section of an hour (with paging by hours)

e) Display of selected telemetry graph in the context of a day or an
hour.

RASTR: Ural State Technical University (Russian)
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Program for calculation and analysis of steady state modes of power grids

a) Calculation, creation of an equivalent and weighting of a mode:

b) Screen entry and correction of initial data;

c) Disconnection of nodes and branches of a circuit

d) Capability of network zoning;

e) Graphical display of a circuit or its separate sections with virtually
arbitrary designed and initial parameters;

f)  Optimization of a mode by active power

B. Meeting with the Design Institute held in Tashkent regarding some open issues:
The PFS outline the main requirements for the new CCGT power plant. See the
Technical Specifications for more details.

170. Due to the importance of the meteorological conditions on the operation of the
combined cycle power stations it is required the installation of a Meteorological station
at the Takhiatash TTP to measure at least the following parameters:

e Ambient Dry Bulb Temperature

e Relative Humidity

e Atmospheric Pressure

e Wind Speed

e Wind Direction

171. The meteorological station should be installed closed to the gas turbine air intake
structures.

5.4. Civil

172. During the visits to the Takhiatash TPP they were investigated the basic civil
aspects of the Plant and especially of blocks Il and IV, as described below.

173. Water table. According to the registers taken from three existing piezometers it is
placed 2,5 - 3 m deep.

174. Type of foundations. There are no piling founded constructions in the TPP.

175. There is a system with about 57 piezometers which are, on one hand, a drainage
system to control the water table (there is always at least one operating pump) and on
the other hand, an analysis system of groundwater by chemical testing.

176. Elevation of the TPP. Topographic data is not available. It is possible to know the
approximate elevation at different points of the site from the data contained in a drawing
of location of piezometers.

177. Rainwater. It flows by gravity to a chest from where it is pumped to a discharge
channel. In the past, it was treated and reused.

178. Wastewater. The same as the rainwater. In the past, it was treated before the
discharge.

179. Internal cooling drainages: The same as rainwater and wastewater.
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180. Seismic intensity degree of the zone. The stack of blocks Il and IV was
calculated assuming an earthquake of 8 degrees in the Richter scale.

181. Stack of blocks Il and IV: It is 80 m high and has variable diameter from 6,3 m in
the base till 5,1 m in the top. The thickness varies from about 60 cm to about 18 cm.
The information above was facilitated verbally. It is not supported by drawings.

182. Cooling piping. They have typically a diameter of 2240 mm. They are made of
steel with bituminous protection. Inside the turbine building, cooling pipes are made of
concrete.

183. The TPP provided a topographic drawing corresponding to the land adjacent to
the TPP southward where the construction of the new CCGT units is planned.
Consultant reviewed the drawing and made an estimation of the shown extent of land,
obtaining as a result an extent of about 40 Ha, almost double of the 21 Ha whose
acquisition was planned for the construction of the first CCGT unit.

184. According to the lay-out and descriptions of the PFS, the planned facilities are
dispersed and a big part of the space required for the extension would be occupied by
large sedimentation ponds for water treatment. Part of the first CCGT unit will be built
inside the current TPP boundary limits.

185. If the facilities are reasonably compacted, it is normally understood that for a
single unit of the same size as the planned CCGT units of about 250 MW a space of
land of about 10 ha is enough for its lay-out. If the 40 ha areas are acquired, there
would therefore be a certain spare area of land available for potential future extension.

186. Itis considered confirmed that after acquisition of the mentioned 40 ha, there will
be enough land for the planned expansion of the TPP as well as for additional future
extension even disregarding the space left after demolition of remaining structures of
blocks I and Il and decommissioning of blocks Il and IV.

187. In the area within the boundary limits to be occupied by the first CCGT and in the
40 ha to be acquired there are some existing small buildings that should be demolished
and relocated if needed.

188. Blocks Il and IV to be decommissioned have the following constructions:

e Turbine and Boiler Building: it has some approximate dimensions of 150,2 x
60 m (3.012 m2) and is made up of 3 areas: turbine zone, control rooms zones
and boiler zone. Building’s height is between 24 and 38 m depending on the
area.

e Facade is made up of prefabricated concrete panels, asbestos panels and in
situ sandwich panels. Roofing has also prefabricated concrete panels.

e Structure: steel structure by steel columns and truss. Foundations: shallow
foundations.

e Stack: concrete structure 80 m high with internal ceramic protection.
Foundation: shallow circular foundation.

e Transformers: ground slabs and brickwork for fireproofing walls.

189. The remaining structures of Blocks | and Il to be demolished are the following:
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e Turbine generators pedestals. There are four pedestals of turbo generators
inside the turbine building.

e Turbine building: The approximate size of the building is 120 m x 18 m and 15
m high. The facade is made partially of brick walls and partially of
prefabricated concrete panels. The structure is made of steel columns and
trusses.

e Boiler building. The approximate size of the building is 35 m x 45 m. The
height of the building is between 25 m and 30 m depending on the zone. The
facades are made of bricks.

e Chimney: Brick structure approximately 65 m high.

5.5. Project Implementation

190. The construction of the two CCGT units will be done by a turnkey contractor. The
contract scope will cover detailed design, selection of equipment, installation and
commissioning.

191. Each combined cycle unit shall be constructed and commissioned in a single
stage. In order to have some savings in investment cost and ease of construction,
operation and maintenance, it is recommended to share between the two CCGT units
some common facilities such as water intake structure planned in the existing intake of
the blocks 3 and 4, substation, water treatment plant, gas pipeline, gas conditioning
system, fire fighting system, compressed air system, control room, laboratory and
workshop and warehouse.

192. The construction of the two CCGT units is proposed in two stages (CCGT1 first
and CCGT2 later) in order to optimize the resources of the EPC contractor. It is
considered the most cost-effective way. The construction of the Common facilities is
proposed in the first stage as convenient.

193. Blocks I and Il demolition works and blocks Il and IV decommissioning works will
be undertaken by the same EPC contractor as the CCGT units construction works.

5.5.1 Detailed Cost Estimates

Plant construction based on a Turnkey EPC Contract
194. EPC cost breakdowns for one and two combined cycle units have been

estimated with the help of specialized software. The estimation is done for the current
year. The cost breakdowns for one (1) and two (2) units are included in Appendix III.

Operation and Maintenance service. Gas turbines inspections. Spare parts

195. It is recommended to negotiate and sign a Long Term Service Agreement
between the Owner and a service provider for a time period long enough until the first
Major Inspection is required (about seven years).

196. The Long Term Service Agreement would include:
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e Operation and Maintenance of the plant beginning on the provisional
acceptance of each CCGT unit.

e Gas turbine minor inspections

e Gas turbine Hot Gas Path Inspection.

e Gas turbine Major Inspection.

197. The computing of times when inspections are prescribed depends on the specific
setting of the gas turbines and on algorithms defined by the gas turbine manufacturers
(see 199 below).

198. The annual cost of a Long Term Service Agreement (LTSA) appropriate for this
plant has been estimated based on prices from real contracts, as follows:

e Fixed Cost: 58 USD/KW of net capacity per year
e Variable Cost: 0,0027 USD/kWh

199. For the gas turbines maintenance, different inspections are performed depending
on the concept “Equivalent Operating Hours” (EOH) (or similar depending on the
manufacturer). For the EOH concept each manufacturer uses specific calculation
formulas, which depend on the operating hours, number of starts, trips, etc.

200. The usual types of inspections are as follows:

e Combustor Inspection (Cl): removal, inspection and installation of replacement
combustor section components including: fuel nozzles, combustor
baskets/cans, transitions, and row one vane segments or first stage nozzles.

During ranges from 3 to 6 days depending on turbine frame, scope,
replacement parts, and a 2-12 shift schedule.

e Hot Gas Path Inspection (HGPI): removal, inspection and installation of
replacement hot components, including the removal of the turbine blades /
buckets, blade rings / nozzles, vanes and interstate seals.

The inspection requires the removal of the turbine cylinder upper half to access
the components. Duration ranges from 8 to 12 working days depending on
turbine frame, scope, replacement parts, and a 2-12 shift schedule.

The estimated cost for HGPI per gas turbine is approximately 10 MUSD.

e Major Inspection (MD): removal, inspection, and installation of replacement
components included the combustor and hot gas path inspections plus removal
and inspection of the rotor, bearings, and the stationary compressor
components. This inspection may include the disassembly, electrical testing,
and inspection of the generator stator and rotor.

Approximate duration is 35 days.

The estimated cost for Ml per gas turbine is approximately 12 MUSD.

201. The list and prices of gas turbine’s replacement parts are specific to each
manufacturer.
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5.5.2 Implementation Schedule

202. The construction period for a single CCGT unit of the same capacity as
considered in the present project would take normally around 30 months from
construction Notice to Proceed until Provisional Acceptance and start of Commercial
Operation.

203. In order to take advantage of synergies in manufacturing of main equipment and
construction activities, construction of the Two CCGT units could proceed
simultaneously within a time lag between the milestones of the first unit and those of the
second unit of around two (2) months. Reduced time lag could be achieved as
proposed by bidders for the EPC turnkey contract.

204. A reference implementation schedule for the construction of two combined cycle
units is attached in the Appendix IV.

5.6. General Lay-out

205. The lay-out elaborated by the “TEPLOELECTROPROJECT” Company, attached
in Appendix V, has been reviewed. Comments to the general lay-out for the two units of
CCGT are made below.

206. This drawing is an initial draft showing the two units, so, the comments are not
detailed as not many final details are shown.

207. The new facilities appear dispersed. They should be concentrated as possible in
order to make an efficient use of land. Spare land should be kept ready for easy
implementation of future extensions.

208. In order to reduce the auxiliary consumption as possible, the different facilities
should be located in a way that the lengths of main piping routes are the shortest.

209. A single 5 cells cooling tower is shown. It is the tower for one unit. The second
tower that is not shown could be located in the same zone, in parallel with the other.

210. Pumping stations should be designed in accordance with the Hydraulic Institute
Standards. They could be located longitudinal to the cooling towers, being part of the
cooling tower basin and using submerged vertical pumps.

211. Despite a common cooling system as the one shown is possible, it is highly
recommended to consider separate systems in order to be able to control the
performance of the units separately.
212. The route of the train line is changed so no need to keep the original shape of
the two South sedimentation ponds.

213. It would be advisable to respect the strip of land North-South southward from the
area currently occupied by the electrical substations. So, it would be advisable to move
the cooling towers and the water treatment plant westward to install them adjacent to
the sedimentation ponds.

214. If additional to the cooling towers an Air cooled Condenser per unit were planned
it could be located adjacent to each Power Island to the South, close to the steam
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turbine. In that case, the Power Island of the Unit 2 should be moved about 50 m
southward.

215. If finally the sedimentation ponds are not considered, the drains basins located in
the South-East corner could be moved to the west boundary closer to the outfall canals.

6. Technical Specifications

216. The Consultant has reviewed the technical specifications of a CCGT unit
contained in chapters 3 to 6 of the Prefeasibility Study. Taking into account those
specifications and integrating the information obtained during the due diligence
activities, the Promoter's preferences, common requirements of the selected
technology, industry standards and good engineering practice, it has developed
updated technical specifications for the two CCGT units.

217. The updated Technical Specifications are being issued as a separate document.

7. Project outcome

218. The main outcome of the Efficiency Improvement Project will be as follows:

e Increased available capacity. The existing capacity of 310 MW will be
replaced by new more reliable capacity of 510 MW. Power generation will
increase accordingly.

e Reduction of natural gas consumption per generated kWh. The use of an up-
to-date technology will allow more efficient power generation with the
corresponding reduction of fuel consumption.

e Reduction of water use per generated kWh. The use of closed cooling
circuits and dry cooling systems instead of the current open circuit systems
will significantly reduce the total volume of water used for the heat sink of the
Plant.

e Reduction of GHG emissions per kWh thus contributing to climate change
mitigation. Production rate of CO2 per kWh is nearly proportional to the
efficiency of the process, so that CO2 emissions will be reduced with the
efficiency improvement.

Table below summarizes both the current situation and the expected project
outcome, which has been calculated based on the forecasted operation time of the
new units and the back-up units in the future scenario.
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8.1.

8.2.

Table 14. Power generation, fuel and water consumption and CO, emission for the
current and the “after project” scenarios

Installed Power Gas Water CO,

Capacity ) | Generation®” |  Usage" Usage Emission

(MW) (GWhiyr) (million m® | (million m® | (1000 tCO,,)
Existing Units 730 3,276 1,117 453 2,117
New Units 510 3,554 691 7 1,496
Decommissioning (310) (956) (390) (155) (741)
Backup 420 342 108 44 203
Net Change 200 620 (318) (402) (418)
After Project 930 3896 799 51 1699

CO, = carbon dioxide, GWh/yr = Giga Watt hour per year, m? = cubic meter, MW = Megawatt, tCOe =
ton of carbon dioxide equivalent.

(*) Indices for the existing units have been calculated based on the installed capacity and data on
annual operating hours, specific fuel consumption and hourly water requirements found in the
prefeasibility study. The operating hours considered for calculation of the new units’ indices are the
forecasted by the Economic and Financial Analysis.

(**) CO; emission rates of the existing units for calculation of the total annual CO, emission have been
taken from Uzbekenergo and ADB’s estimations found in ADB’s Concept Paper (August 2012) and
validated by GNFE calculations, whereas CO; emission rate of the new units has been estimated by

GNFE.

Conclusions and Recommendations

219. The most significant conclusions and recommendations proposed for the Project
Preparation from the consultancy services being carried out are summarized below.

Power Demand

220. The Power Plant currently supplies electricity to a regional grid and to the
National Grid. The maximum power being generated by the Takhiatash Power Plant is
around 550 MW. The maximum power supplied to the National Grid is around 150 MW.
Maximum demand of the regional grid is around 480 MW day time and 280 MW night
time. The availability of the existing blocks is low and so is the quality of the service
being provided to the demand.

Gas Supply

221. For the new plant, it is considered the construction of a new dedicated pipeline
coming to the plant from the Gas Distribution Station (GDS) located 2 km away from the
plant currently supplying the operating blocks.

222. Natural gas is currently being supplied at a constant pressure of about 6 kg/cm2
at the terminal point (GDS).

223. The pressure required for the utilization in heavy duty gas turbines of the size
fitting the present Project is above 20 kg/cm2 (abs.) depending on the gas turbine
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model. It will be specified by the supplier of the finally selected gas turbine during the
implementation.

224. In order to optimize the system, it is recommendable to request a guarantee of
supply at the highest possible pressure, taking into account the above requirement.
Connection of the new pipeline for the supply of gas to the CCGT unit at a higher
pressure than current pipelines is possible, however, in winter the pressure at this point
drops down to 9 kg/cm?® due to the fact that the closest upstream compression station is
located more than 500 km far, so, in any case it is necessary to consider the installation
of gas compressors.

225. It is recommendable to install two common compressors 100% capacity each
common for phases 1 and 2.

226. The new 2 km long gas pipeline to be installed, for a minimum operating
pressure of 9 kg/cm?, would have a minimum diameter of 300 mm for a total capacity for
phases 1 and 2 of about 11 kg/s.

8.3. Power evacuation

227. Power generated shall be evacuated through the existing transmission
structures. It is proposed the construction of a new switchyard common for the two
CCGTs. The new switchyard shall have a voltage level of 230 kV with a double bus-bar
and “one and a half” breaker configuration. The gas turbine generator of the unit 1 shall
be connected to the existing 110 kV bus-bars and the unit 2 to a 230 kV bus-bar. New
230 kV bus-bars shall be connected to the existing 220 kV bus-bars.

8.4. CCGT Configuration

228. The considered configuration for the new combined cycle unit is type 1+1 (one
gas turbine, one HRSG and one steam turbine) multishaft. This configuration is very
common in single combined cycle units. It is flexible, reliable and appropriate for the
new planned CCGT units 1 and 2.

8.5. CCGT Capacity

229. The proposed unit capacity is 255 MW + 10% at ISO conditions (15 °C, 60%
RH). There are sufficient gas turbine models available in the market to assure
equipment available in the timeframe of the project and competence between
technologies.

8.6. Steam Turbine By-pass
230. Steam by-pass 100% capacity is recommended for pressure control at steam

turbine generator load rejection or trip and for being able to operate in island mode.

231. Continued operation of the gas turbine with 100% steam by-pass is possible but
not recommended as a normal operating mode as unit performance would be low.
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8.7. Gas By-pass capability
232. Gas by-pass capability is not required.
8.8. Heat sink and water source

233. Currently the heat sink of the Power Plant is the Amu Darya River through intake
and discharge canals. The inlet canal comes to the Power Plant and as it approaches
the Plant it divides into two. The one located to the North is used as intake for the
blocks V and IV and the other as intake for the blocks Il and IV. Outfall is also
separated in two canals that joint into one canal conveying back the water to the River.

234. There exist other auxiliary canals used for providing water supply by mean of
pumps when water level in the River is low.

235. The water from the Amu Darya River is characterized by its high turbidity, high
content of suspended solids, medium mineralization and high total hardness.

236. Suspended solids content, hardness and alkalinity have to be reduced to
condition river water for its use as cooling water circuit make-up.

8.9. Climatic conditions

237. Climate in the Takhiatash TPP region - sharp continental - is characterized by
wide annual and daily temperature fluctuation range. Annual average air temperature is
13,64 °C. Maximal temperature 45,00 °C, minimal -26,80 °C.

238. Annual precipitation level is 110,60 mm.

239. The annual number of freezing days (temperature below freezing all day long) is
higher than 30 and the longest freezing spell recently recorded was 11 consecutive
days with temperatures strictly below freezing.

8.10. Cooling System

240. Being the climatologic conditions of the Takhiatash TPP site extreme in terms of
temperature, if not properly designed and operated the cooling system may result in a
source of availability losses in freezing weather due to the growth of ice in the wet part
of the system (cooling tower). Formation of ice in cold weather must be prevented
taking measures in the design of the tower and with a careful operation of the system.

241. In order to ensure that not any harmful effect is suffered at below zero condition,
it is recommended to specify properly the cooling system. The operation of the system
should be automatic at any time. Manual operations required should not be accepted.
Furthermore, it is recommended to request a specific guarantee to the EPC contractor
related to the trouble free automatic operation of the CCGT at freezing conditions.
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242. As areference, the following alternative systems are proposed:

Table 15: Alternative Cooling Systems

Alternative ‘ Description Remarks ‘
| Closed circuit with surface Special design and operation
condenser and mechanical measures must be considered to
draft wet cooling tower avoid ice growing in the wet cooling

tower at cold winter conditions.

Hybrid system with Air Cooled | Air Cooled Condenser operation

Condenser and surface alone at cold winter operation;
condenser in parallel, the combined or wet cooling circuit
latter with closed circuit and alone operation in hot summer
mechanical draft wet cooling conditions.
tower

" Hybrid system with two closed | Dry cooling circuit operation alone in
circuits in parallel with one cold winter conditions; combined or
surface condenser each, one wet cooling circuit alone operation in
with mechanical draft wet hot summer conditions.

cooling tower and the other
with mechanical draft dry
cooling tower

8.11. Water Treatment

243. The new power units will use water mainly for make up to the cooling system and
to the water-steam cycle. It will also use water for plant general services and fire fighting
and potable water.

244. A large amount of water will be required for the make-up of losses by evaporation
and drift in the wet cooling towers.

245. The price of water is relatively low (reported 12,4 SUM/m3), so the number of
cycles of concentration (COC) for wet cooling circuits (times the water in the circuit is
concentrated in dissolved solids from their concentration in the make-up water) can be
chosen low. COC = 3 is a reasonable number.

8.11.1 Make up water treatment plant for cooling tower

246. The high TSS content shall be reduced by Clarification helped with Coagulation
and Flocculation.

247. Sedimentation ponds shall be used for the clarification. In order to be more
efficient in the process and require less space, the clarification could be dynamic
lamellar type with sludge recirculation. With this process the TSS= 15 mg/l required in
the make-up cooling water can be achieved.
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248. Softened/decanted water will be sent to a tank where a final adjustment of pH will
be done.

249. For reducing the high alkalinity and hardness of water a process called “Cold
Lime/soda ash softening” is proposed. This process uses lime and soda ash to reduce
alkalinity, hardness and some silica dosed during the clarification.

250. Lime will reduce the calcium and magnesium alkalinity and lime excess and soda
ash will reduce the permanent hardness (Calcium and Magnesium sulfate and chloride).

8.11.2 Demin water treatment plant

251. Clarified water is treated in a mechanical filter, a Reverse Osmosis and a
electrodeionization, obtaining a demineralized water with the quality required for the
make-up to the water steam cycle of the combined cycle units. The plant will consist of
three lines 50% capacity each of the total demin water required for the two new CCGTSs.

8.12. Heating system

252. The new CCGT units shall provide heat for water heating (district heating).

253. A medium pressure steam header shall be installed. Pressure in the header shall
be kept constant.

254. Each CCGT will be able to supply the total amount of steam needed for the water
heating station in the most demanding condition, alternatively from steam turbine
extractions in normal operation or from the HRSG when the CCGT is running in ST by-
pass mode.

255. The Project shall include a new common water heating system made up of two
100% steam condensers/heaters, pumps, piping, valves, auxiliary components,
instrumentation and control and electrical supply as required. Storage tanks shall also
be provided as required for a continuous and reliable operation of the system.

8.13. CCGTs construction schedule

256. The construction period for a single CCGT unit of the same capacity as
considered in the present project would take normally around 30 months from
construction Notice to Proceed until Provisional Acceptance and start of Commercial
Operation.

257. In order to take advantage of synergies in manufacturing of main equipment and
construction activities, construction of the Two CCGT units could proceed
simultaneously within a time lag between the milestones of the first unit and those of the

21582100050 Version 5 20/01/2014 pag. 38



second unit of around two (2) months. Reduced time lag could be achieved as
proposed by bidders for the EPC turnkey contract.
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5.6. Decommissioning perimeter

63. The affected area is defined on the following figure as decommissioning perimeter.

Figure 5.3. Decommissioning perimeter
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5.7.

Interfaces

64. The main interfaces to be taken into account are:

65. Mechanical interfaces

."\'/

A
gasNatural
fenosa

Figure 5.4. Mechanical interfaces

66. Electrical interfaces

< 11. Turbine Oil Output DN 76mm
14. Turbine Oil Input DN 76mm >
< 9. Condensate DN 108mm
< 21. Steam Collector (Reduction Cooling Device) 13/8 kq/cm2>
<
2
@ 1. Chemical treatment water line DN 219 mm
o™
]
S
S < 23. Hvdroaen (H>) DN 42mm >
el
6. Heatina System Output DN 159mm >
N~
—
< 3. Heatina System Input DN 159mm

6T

9 pue G s)}o0|g

67. The following table shows the electrical interferences between blocks 3 & 4 with the rest of

consumers of power plant.
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ELECTRICAL INTERFACES BETWEEN BLOCKS Il - IV AND CONSUMERS OF THE REST OF THE PLANT NOT BELONGING TO THEM
REST OF THE PLANT ELECTRICAL CONSUMERS UNITS I11 OR IV FEEDING BUSBARS
RATED POWER | RATED VOLTAGE FEEDER RATED CURRENT | RATED VOLTAGE
N2 [IDENTIFICATION TRANSFORMER IDENTIFICATION
(kvA) v) Ne (A (kv)
1| 5 section-0,4kV TC-22 750 400 7-section-6kV 84 1085 6
2| 6 section-0,4kV TC-23 750 400 8-section-6kV 100 1085 6
3| 7 section-0,4kV TC-25 560 400 9-section-6kV 120 808 6
4| 8section-0,4kV TC-26 560 400 10-section-6kV 135 808 6
5| 9section-0,4kV TC-27 630 400 11-section-6kV 138 909 6
6| 10 section-0,4kV TC-28 630 400 12-section-6kV 163 909 6
7| mazut house-1 TC-20 630 400 7-section-6kV 78 910 6
8| mazut house-2 TC-21 630 400 9-section-6kV 117 910 6
9| fire fightingNe7 | mazut house-1 No9 400
10|  fuel suply No7 fire fighting Nol 400
11| fuel suply No6 cooling tower Nel 400 \
12| cooling tower Ne8 | mazut house-1 Ne10 400 \

68. In the following block diagram, it can see the electrical interfaces between the blocks 1 & 2
(already dismantled) with blocks 3 & 4 and blocks 5 6 6.

Local
Dispatch
Center

Main
Control
Building

21582100058

BLOCKS 1 & 2
A -
Auxiliary Auxiliary
Transformer Transformer
T5 — 6kV T6 — 6kV

BLOCKS

3&4

CCR-Unit 1&2 and CCR-Unit 3

Fire Fighting
System
Switchgear
0,4kV

Fuel
Supply
Switchgear
0,4kV

Cooling
Tower
Switchgear
0,4kV

Figure 5.5. Electrical interfaces block diagram
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69. When blocks 3 & 4 are dismantled, the power supply requirements can be providing for the
new combined cycle unit.

Electrical power supply

70. See electrical part of the “Takhiatash technical due diligence report — Capter 5. Site Survey
and Analysis. The feeding from the blocks 3 & 4 to the mazut House Switchgear 0.4 kV, and
from this to the Fire Fighting System, Fuel Supply and Cooling Tower must be maintained
after decommissioning the blocks 3 & 4, and therefore they would be supplied from LV
busbars of T-5 and T-6 auxiliary transformers or from the blocks 5 & 6 (units 7 and 8). It is
desirable that the whole process of disconnection and reconnection is sufficiently
documented and collected in a procedure to follow.

Gas supply

71. Gas Distribution System (GDS) located some 2 Km far away from Power Plant and feed to
the first line of filtering, measurement and conditioning, arriving to the power plant. This first
line sends gas to boilers of blocks 3 and 4 and, from here, starts the second line which,
from a second conditioning point, will feed boilers of groups 5 and 6.

72. Once de Conditioning Station has been modified, cutting off the feeding to blocks 3 & 4 and
ensuring supply to blocks 5 & 6, it must be to proceed to its inertization prior to its
dismantling.

Mazut supply

73. This system will continue feeding to blocks 5 & 6. However, it is necessary to disconnect the
mazut supply main pipe line to the boiler 1-6, placing a blank flange on the outlet pipe of the
mazut pumping station to these boilers. Then emptying the pipe lines and proceed to its
inertization prior to its dismantling. It is recommended to elaborate a procedure for
disconnection and decommissioning the mazut pipe line to boilers 1 to 6

Medium pressure steam collector

74. 1t is necessary to study and analyze this system in order to find the best solution, without
having to go to the redesign, relocating the existing heating pipes, currently from steam
collector blocks 3 & 4 (boilers 1 to 6) in order to ensure the steam supply demand of hot
water for district heating and for heating Mazut tanks.

Water supply

75. The drinking water and fire fighting system must be redesigned, adapting it to the needs of
operation of Blocks 5 and 6, in accordance with the current legislation.

76. It is important to note that the fire protection system must be sectored, as systems are
dismantled, according to the sequence of dismantling agreed in the plan. However, it is
recommended that the next hydrant network remains in operation till the dismantling work
has been completed. Once finished the dismantling works, the firefighting system and
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potable water system must be to the areas that remain in service, blocks 5 & 6, among
others). After completing this proceduret, the demolition plan could start

Circulating system
77. See section “Decommissioning components”, Circulating Pumps House.

78. Works’s description of the decommissioning process

6. Methodology

79. The decommissioning activities within the scope of the present Plan will be developed in
accordance with a pre-engineered sequence of activities as described below:

6.1. Coordination schedule

80. The decommissioning activities will be carried out keeping available at any time enough
power generation capacity to supply the current demand of electricity. Therefore, the
decommissioning activities shall be coordinated with the CCGTs commissioning activities.

81. Coordination of main construction and commissioning activities of the two new combined
cycles and dismantling & demolition activities of Blocks 1, 2, 3 & 4 are shown in the Figure
6.1 below.

82. Note: The decommissioning process involves certain previous activities which are very
important to ensure the proper development of activities and the continuous operation of the
operating facilities. These activities include the elaboration and application of specific safety
procedures, the relocation of certain equipment and the redesign of existing interfaces.

83. Blocks 1 & 2, have already been dismantled. Some civil structures of these blocks such as
turbine generators foundations, buildings and chimney are kept. In the Figure 6.1 it is
considered the start of the demolition of those structures at the beginning of the project
activities. Previous activities are not shown.

84. Block 3 and Block 4 will be disconnected once the Provisional Acceptance of the CCGT-1
and CCGT- 2 takes place, respectively.

85. The construction of CCGT-2 will begin 3 months after the starting date of CCGT-1

86. After the Final Acceptance of the CCGT-1 and CCGT-2 the process of dismantling and
demolition of Block 3 and Block 4 shall proceed, respectively.
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TAKHIATASH THERMAL POWER PLANT EFFICIENCY IMPROVEMENT PROJECT

COORDINATION SCHEDULE Year

Id__|TASKS 1 | 2 3 5
1 |BLOCKI pr—
2 Disconnection
3 Dismantling
4 Demolition (—
5 |BLOCK I v
6 Disconnection
7 Dismantling
8 Demolition ———
9 |BLOCK Il (4B + 25T) 200 MW L o . 4
10 Disconnection M

11 Dismantling )

12 | Demolition Da—
13 [BLOCK IV (2B + 15T) 110 MW L v
14 Disconnection L

15 Dismantling S

pul

16 Demolition P —
17 |BLOCK V (1B + 15T) 210 MW This Block will continue in operation

18 |BLOCK VI (1B + 15T) 210 MW This Block will continue in operation

19 |CCGT-1 (1GT + 1 HRSG + 15T) 230-280 MW

20 Construction R —

21 Commissioning h

22 Provisional Acceptance

23 Warranty Period

24 Final Acceptance

25 |CCGT-2 (1GT + 1HRSG + 1ST) 230-280 MW L 4

26 Construction —

27 Commissioning L_j

28 Provisional Acceptance —

29 Warranty Period _

30 Final Acceptance

Figure 6.1 Coordination Schedule
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7. Description of activities
7.1. General

87. Professional dismantling requires careful planning, risk assessment and broad
environmental knowledge.

88. The dismantling assignments mainly generate iron and metal scrap in general as part of
recycling activities

89. Following the planned activities, it must be carry out the disconnection and switching off the
interfaces with the switch yard, MCCs, leaving in operation LV bus bar to supply basic
services such as lighting, rooms heating, among others.

90. After that, it can proceed to empty the tanks and pipes of fluid systems, recovering, as much
as possible, the fluids (oil, demineralized water, mazut, among others) to be used in the rest
of units in operation. The fluids below the pumping level, must be treated and disposal by
an authorized waste manager.

91. In terms of equipment and components, it is important to inspect the state of all equipment
and components to be used as spare parts for other systems (other blocks) or re-sale of
their surplus or redundant equipment and machinery. After do that, it can begin with
dismantling according to establish planning, ensuring the minimum disruption of the
operation continuity in active blocks.

92. Decommissioning activities can be broken down into implicit scrapping activities regarding
the existing metallic material which has not been previously separated as spare parts or for
other uses. This requires additional scrapping areas for depositing the different metallic
materials (iron, structural steel, alloy steel, copper, ..,) before selling them.

93. The dismantling and demolition activities must be carried out by a company which offers
complete solutions that ensure the minimum disruption to business continuity in active
blocks and the least environmental impact on the surrounding community

94. Only permit holders and authorized personnel can access the dismantling site.
7.2. Preparatory activities
95. Since in the area affected by the dismantling there are still systems in service, in the already
dismantled Blocks | & Il (Heaters of the district heating system) and electrical

interconnections and possible monitoring wires from the blocks | & 1l to Blocks 3 & 4 and
also to Blocks 5 & 6, it is necessary to carry out the preparatory activities as follows:
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96. Study, design and implementation of an alternative to relocate the heaters of the district
heating system currently in the ground floor of the turbine building blocks 1 & 2.

97. Identification of all power and control cables (if any) passing through the current area of the
blocks | and I, feeding other buildings as shown in the electrical interfaces diagrama.

98. Study and implement an alternative cable route for those units that require remaining
powered.

99. Establish procedures for the connection of the new feed and disconnect and remove the old
one.

100. Select specific areas for scrapping, temporal deposition of waste material (hazardous and
non hazardous).

101. Establish procedures for entry and exit of trucks with materials to be managed
7.3. Dismantling activities
102. After the shut down and cooling down of the blocks 3 & 4, separately, according to the

operation procedures and taking into account the interconnection with other groups or
systems, it is necessary follow a dismantling approved plan.

103. The main activities involved in dismantling of blocks 3 & 4, till the complete removal of the
all metallic and non metallic materials, are as follows:

104. Inventory of non metallic materials

105. The removal and disposal of the hazardous waste materials (thermal and acoustic
insulation/ mineral fibers from older production /sealing materials) must be done. It is
necessary to identify all places, equipment and components where these materials exist.
Asbestos waste is a hazardous waste, which must be disposed of properly. Waste disposal
comes under the remit of the provisions of the Waste Management Acts 1996 to 2008.

106. As a first approximation, all non-metallic materials may contain asbestos or mineral fiber.
The asbestos can exist as:

107. Rigid insulation, as thermal insulation of boilers and turbines pipes and fittings (90%)
108. Insulation, as thermal insulation in boilers including downcommers

109. Joints in boiler manholes and furnace peepholes and also in Insulated panels
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