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1 GENERAL INFORMATION 

1.1 Introduction. 

The Project will be executed at the premises of PPC S.A./TPP Agios Dimitrios, at the area 

of Machine and Electrical Rooms of UNITS I-IV, at levels ±0,00m and -4,50m and at the 

broader area of General Auxiliary Transformers of UNITS I and II. An indicative general 

overview of the new installation is presented in  (drawing MVEB-TPP-AD-101), 

at the end of Technical Specifications. 

The Project is about of engineering, procurement, construction and put in full operation 

of two (2) groups of hot water medium voltage 6[kV] electrode boiler of nominal 

thermal power 40[MWth] each, for the thermal energy needs of the Municipal District 

Heating Company of the Municipality of Kozani. Each Group will produce hot water at 

the secondary circuit of the installation, with maximum flow of 750[t/h], nominal 

pressure of 25[bar], supply temperature to the city of 120[oC] and return temperature 

to the Groups of 70[oC]. 

General Objectives of the Project: 

• Production of total thermal power of 80[  

• Production of hot water will be performed by hot water electrode boilers of 

medium voltage 6[kV]. 

• 

existing pipelines of UNIT- III and IV. 

• Completion and put in full operation of the whole project will be accomplished 

in ten (10) months, starting on the day of bringing into force of the Contract. 

-

all equipment and work that might be considered necessary/mandatory (due to a 

validated study which ensures a safe and normal operation of the PLANT), even though 

the above-mentioned equipment and work are not specifically mentioned herein. 

The scope of the Project is indicatively composed of: 

A. A complete set of engineering/studies and ready-for-construction drawings 

(electrical, mechanical, and civil works) must be submitted to Public Services, 

so to issue relevant Permits/Certificates/Releases (e.g., Building) of the PLANT, 

or to revise the existing ones. 

In cooperation with Supervision Service of PPC S.A., Contractor will research 

and submit to Public Services relevant documentation needed for the issuance 

of above-mentioned Permits/Certificates/Releases (e.g., Building) and/or 

revision of the existing ones. 

B. Engineering, procurement, manufacturing, factory testing, loading, 

transportation, unloading, storing on site, assembling, and erecting of all 

necessary material and equipment regarding Civil Works, as described in the 

Technical Specification. Indicatively but not limited to, consists of: 

• Formation, foundation and/or shoring of erection level,  

• Preconstructed Rooms, container-type, and Electrical Rooms M.V and/or 

L.V of metallic parts and/or civil construction, 
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• Metal Structures and Walkways, 

• Sewerage (urban and industrial usage), 

• Insulation of Rooms and Metal Structures, 

C. Engineering, procurement, manufacturing, factory testing, loading, 

transportation, unloading, storing on site, assembling, and erecting of all 

necessary material and equipment regarding Mechanical Works of the PLANT. 

Indicatively but not limited to, consists of: 

• Medium Voltage 6[kV] Electrode Boiler 

• Water-Water Heat Exchanger Plates Type 

• Primary and Secondary Water Circuit 

• Water Treatment Unit  

• Expansion Vessel  

• Potable and/or Demineralized Filling Water of PWC 

• Interconnection of new circuits with the relevant existing ones 

• Suspensions, Anchors and Supports 

• Insulation of mechanical equipment 

• Active-Passive Fire Protection  

• Heating, Ventilation, Air-Conditioning 

• Lifting Devices 

D. Engineering, procurement, manufacturing, factory testing, loading, 

transportation, unloading, storing on site, assembling, and erecting of all 

necessary material and equipment regarding Electrical Works of Medium and 

Low Voltage (AC-DC) of the Project. Indicatively but not limited to, consists of: 

• Medium Voltage-6[kV] and Low Voltage-400[V] Fields 

• Disconnection, Checking, Rerouting, Re-Checking before final connection, 

and Final Connection of existing M.V. cables 6[kV] for the needs of the 

PLANT 

• Low Voltage cables 

• Automation and Instrumentation equipment, Measurement-Protection-

Control Arrangements and Devices for the whole Project 

• HMI Equipment, Utilities, Applications for an Automated Operation of the 

Installation 

• Lighting of the PLANT 

• Grounding-Earthing of the PLANT 

• Cable trays, Suspensions, Anchors and Supports for the whole electrical 

installation. 

E. Personnel training and Documentation of the Project. 

F. Execution of tests of the PLANT and of each GROUP (Hydraulic Test of 

Mechanical Equipment, Electrical Tests and Electrical Protection, Preliminary 

Operational Tests, Semicommercial Operation, Commercial Operation, and 

Performance & Acceptance Tests). 
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G. Procurement, manufacturing, factory testing, loading, transportation, 

unloading and storing on site, at an indicated area of TPP-AD, of Spare Parts. 

1.2 Project  Time Schedule. 

The project in its wholeness, must be completed in a period of ten (10) months starting 

on the day of bringing into force of the Contract. 

1.3 Mode of Operation of PLANT 

PLANT will operate Thermal Period which is scheduled by DHCK 

from the beginning of October and ends before 15th of May. Both time-limits may differ 

for a few days and the actual duration of Thermal Period depends on winter  climate 

conditions. 

1.4 Abbreviations 

DHCK: District Heating Company of Municipality of Kozani, 

DHS: Existing District Heating System (extended from the city of Kozani up 

inside TPP-AD 

installation), 

TPP-AD: Thermal Power Plant of Agios Dimitrios, PPC S.A., 

UNIT(-x): ** Each unit, out of five, of TPP 

PLANT:  Total installation of the new Project, 

GROUP(-n): *** Each independent system (out of two) of the PLANT, capable of 

producing hot water of 40[MWth], including all relevant electrical and 

mechanical equipment, 

MVEB(-n): *** Medium Voltage Electrode Boiler (one per GROUP), * 

HEPT(-n): *** Heat Exchanger Plate Type (one per GROUP), * 

PWC(-n): *** Primary Water Circuit (one per GROUP), extended from MVEB to HEPT, * 

SWC(-n): *** Secondary Water Circuit (one per GROUP), extended from HEPT to 

connection point of the existing relevant SWC of UNITS III and IV, * 

WTU(-n): *** Water Treatment Unit of PWC (one per GROUP), * 

EV(-n): *** Expansion Vessel, if applicable, on PWC side (one per GROUP), * 

TSGA-I: Transformer of General Auxiliaries of UNIT I, 150/6[kV], 40-50[ VA], 

TSGA-II: Transformer of General Auxiliaries of UNIT II, 150/6[kV], 40-50[ VA], 

MVER-I: Medium Voltage Electrical Room I. Contains installed 6[kV] fields and 

relevant auxiliary equipment (MV-LV, AC-DC), placed between TSGA-I 

and MVEB-1, 

MVER-II: Medium Voltage Electrical Room II. Contains installed 6[kV] fields and 

relevant auxiliary equipment (MV-LV, AC-DC), placed between TSGA-

II and MVEB-2 

CCR I-II: Central Control Room of UNITS-I & II  

 

*   Including all necessary equipment 
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** -x  at the end of abbreviations refers to Latin 

for the distinction of Units of TPP. 

*** - at the end of abbreviations refers to n and it is used for the 

distinction of GROUPS and their relevant equipment. 
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2 PROJECT OUTLINE 

2.1 Project Description 

2.1.1 Project Layout 

PLANT will be erected at Machine Room of UNITS I-IV. The main equipment will be 

installed at the indicated area in Machine Room of UNIT-II (attached drawing in ANNEX 

 

Bidder shall include in his Offer the General Layout Drawing of the Project with all 

buildings, structures, roads, etc., fulfilling all requirements of the Inquiry. Bidder must 

also visit the site and gather all the information in the extend needed, to elaborate the 

General Layout of the Project with all buildings, structures, roads, etc., fulfilling all 

requirements of the Inquiry. Especially, it is emphasized that the PLANT will be installed 

inside an existing building, near to working circuits and equipment.  

Especial prevision must be undertaken regarding existing circuits e.g., water, sewerage, 

pipelines, Electrical Rooms MV-LV, etc. and the interconnection to them. 

The arrangement of the machinery installed shall be selected by Bidder in such a way 

that will allow the easy dismantling and transportation in and out of the equipment, 

during repair and maintenance works, the maximum operability of the GROUPS and 

the safety of the operational and maintenance personnel and the equipment. The 

proper selection of the dimensions of the free spaces will be the result of a complete 

study (including transportation study) which will be submitted by Contractor during 

design phase for review. The study will be accompanied by relevant drawings. 

2.1.2 Scope Of Supply - Limits of Supply 

The Contracto will include design, engineering, 

documentation, procurement, manufacturing, factory testing, delivery of brand-new 

materials and brand-new equipment, loading, transportation, unloading and storage 

at site, erection at site, execution of all adaptation and modification works in existing 

systems, brand-new spare parts, 

commissioning, execution of performance tests and putting into operation of the 

PLANT consisting of two (2) GROUPS, both of them in parallel connection with existing 

DHS circuit, for the production of total thermal power of 80[MWth]. 

After the entry into force of the Contract, a complete set of engineering/studies and 

ready-for-construction drawings (electrical, mechanical, and civil works) must be 

submitted to Public Services, so to issue relevant Permits/Certificates/Releases (e.g., 

Building) of the PLANT, or to revise the existing ones. In cooperation with Supervision 

Service of PPC S.A. and Municipal or Regional Public Services of Kozani, Contractor will 

research and submit all relevant documentation needed for the issuance of above-

mentioned Permits/ Certificates/Releases (e.g., Building) and/or revision of the existing 

ones. 
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Regarding Civil Works, main mechanical equipment will be installed at the level of 

±0.00m. Civil Works includes all relevant procurement and construction works i.e., level 

rehabilitation and formation, foundations, shoring of level ±0,00m, reinforced concrete 

installation, masonry, concrete/metallic buildings, metallic structures, insulation, 

openings and doors, fences, including all necessary supplementary civil works and 

auxiliary equipment, etc. 

Mechanical Scope of the Project includes engineering, procurement, manufacturing, 

factory testing, loading, transportation, unloading and storing on site, assembling, and 

erecting of all necessary brand-new material and equipment of two (2) GROUPS of 6[kV] 

power supply and 40[MWth] thermal power each. Each GROUP consists of: 

• Hot water medium voltage electrode boiler of 6[kV] (MVEB), including all necessary 

equipment such as steel structure/cage, pipelines, valves, supports, fittings, 

electrodes, 6[kV] terminal boxes and bars, insulators, ceramics, walkways, 

manholes, instruments, protection-, measurement-, control-, and safety-circuits 

and a separate Control Unit. MVEB will be of Hot Water circuit and NOT steam. 

Furthermore, no pressurizing gas system inside boiler is required. 

• Plate Type Water-Water Heat Exchanger (HEPT), including all necessary equipment 

and instrumentation. Regarding SWC characteristics: maximum flow of 750[m3/h], 

nominal pressure of 25[bar], maximum outlet temperature of 120[oC] and average 

inlet temperature of 70[oC]. Water pressure-drop through HEPT will not exceed 

1,5[bar] and efficiency of heat exchanger not less than 99,0[%]. 

• Primary Water Circuit (PWC) from MVEB to HEPT, including all necessary equipment 

and instrumentation (pumps, pipelines, by-passes, fittings, instruments, valves, 

filters, etc.). 

• Secondary Water Circuit (SWC) from HEPT to connection point with existing SWC of 

UNITS III and IV, at the specified area - - prior of the inlet & 

outlet existing DHS headers, including all necessary equipment and 

instrumentation (pipelines, instruments, fittings, valves, by-passes, filters, etc.). 

• Water Treatment Unit (WTU) of PWC including all necessary equipment up to the 

connection point with PWC (pumps, pipelines, instruments, fittings, valves, tanks, 

filters, chemical protection facilities etc.). 

• Expansion Vessel (EV) of PWC -if deemed necessary- including all necessary 

equipment up to the connection point with PWC (pumps, pipelines, instruments, 

valves, tanks, filters, etc.). 

• Interconnection of new circuits (scope of supply of this Project) with the relevant 

existing ones, i.e., potable and/or demineralized water, sewerage, treated 

industrial wastewater, etc. Any required work and material/equipment for the 

interconnections  scope of supply. 

Furthermore Bidder/Contractor shall be responsible to supply and install all 

necessary brand-new equipment to ensure the required operating characteristics 

of the above-mentioned circuits to effectively accomplish the dedicated 

interconnection in purpose and function. 

• Walkways, Suspensions, Anchors and Supports of the mechanical equipment 

ensuring optimal and safe operation of the PLANT 

• Insulation of mechanical equipment, Active-Passive Fire Protection, Heating, 

Ventilation, Air-Conditioning, Lifting Devices, etc. 
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Electrical Scope of the Project includes engineering, procurement, manufacturing, 

factory testing, loading, transportation, unloading, storing on site, assembling, and 

erecting of all necessary brand-new material and equipment of Medium and Low 

Voltage (AC-DC) Installations. Indicatively but not limited to, consists of:  

• MV 6[kV] fields, inside electrical rooms and relevant M.V. and L.V. (AC-DC) equipment 

for the power supply of MVEB by the two Transformers: TSGA-I and TSGA-II. 

• LV electrical equipment, inside electrical rooms (if necessary), for power supply and 

control of each GROUP equipment (fields, motors, protection & control systems, 

etc.) which is located at the PLANT area. 

• MV cables, cable conduits, cable trays, terminal boxes, and connections from TSGA-

I and II to the MVER-I and II, and from this point to both MVEB connection 

terminals. Regarding 6[kV] cables, it is stated that Contractor will use existing 

cables. The sequence to be followed is as follows:  

i. disconnection of all 6[kV] cables from both sides (one side is TSGA-I & II and 

the other side is 6[kV] fields at the Electrical Room of UNITS I and II),  

ii. first phase of checking/measuring, via proper method approved by PPC, of the 

characteristics of every cable before repositioning,  

IMPORTANT NOTE 

If first 

approved by PPC, then another existing or new cable will be 

provided to Contractor by PPC for every route which results of 

measurements are insufficient. 

iii. adapting length and rerouting cables: (a) First Route: from TSGA-I & II to the 

MVER-I & II and (b) Second Route: from MVER-I & II to MVEB terminals,  

iv. second phase of checking/measuring of every cable in their final position and 

prior to final connection,  

IMPORTANT NOTE 

If second 

approved by PPC, (e.g., not accepted results, caused by an injury 

or false method of repositioning of cables during rerouting), then 

Contractor will provide a brand-new 6[kV] cable of the same 

characteristics with the existing ones, for every route which 

results of measurements are insufficient. 

v. final connections of cables to junction points of First and Second Route.  

• LV cables, cable conduits, cable trays, terminal boxes, and connections from 

existing fields of 400[V] of UNIT II & III (and/or wherever is indicated to the 

Technical Specifications or will be indicated on site during erection) up to the 

relevant fields of the GROUP areas, and connection with the local LV equipment 

• Automation and Instrumentation equipment, Measurement-Protection-Control 

Arrangements and Devices for the whole Project 

• HMI Equipment, Utilities, Applications for an Automated Operation of the 

Installation 

• Lighting of the PLANT 

• Grounding-Earthing of the PLANT 
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• Cable trays, Suspensions, Anchors, Supports and Walkways for the whole electrical 

installation.  

• Interconnection of new circuits (scope of supply of this Project) with the relevant 

existing ones, i.e., lighting, earthing, automation, etc. Any required work and 

material/equipment for the interconnections are included in the 

responsible to supply and install all necessary brand-new equipment to ensure the 

required operating characteristics of the above-mentioned circuits to effectively 

accomplish the dedicated interconnection in purpose and function. 

Personnel according to 

para. 8 of Special Conditions of the Contract. Training will include presentations, videos, 

brochures, testing of equipment, operation procedures, maintenance activities, etc. 

under normal and transitional conditions of the PLANT. Contractor will submit all 

training material (folders, books, CDs, brochures etc.) to PPC in three (3) printed copies 

and one (1) in digital form upon completion of training. 

Execution of tests of the PLANT and of each GROUP (Hydraulic Test of Mechanical 

Equipment, Electrical Tests and Electrical Protection, Preliminary Operational Tests, 

Semicommercial Operation, Commercial Operation, and Performance & Acceptance 

Tests), including submission of all necessary documentation regarding each test.  

Regarding Documentation of the Project, Contractor will submit to PPC final (As-Built) 

studies, drawings, instructions, modifications, interconnections, test protocols, etc. in 

three (3) printed copies and one (1) in digital form. 

2.1.3 Documentation and Information to be submitted by the Bidder 

Bidder will submit all documents referred in Commercial Part of the Inquiry.  

In the following paragraphs, a more detailed description of documents to be 

submitted by Bidder is given, in addition to the ones specifically defined in Commercial 

Part of the Inquiry.  

•  description. Bidder will hand over descriptions of the Pro  mechanical 

and electrical equipment, chemical processes, structures, including main control 

functions.  

• General layout drawing showing the complete Project, comprising all buildings, 

structures, equipment, roads, etc.  

• Arrangement drawings (plans, sections) of all structures, buildings.  

• Technical leaflets and brochures for the main mechanical, e.g., Electrode Boiler, 

Heat Exchanger, Expansion Vessel, Pumps, etc.  

• Process flow diagram for Project.  

• Complete heat and mass balance diagrams (HBDs) of the PLANT at full load of 

each GROUP. The HBDs will be provided for ambient temperature of 0°C and 10°C 

and shall have complete information (mass, temperature, pressure) of the two 

streams (heating medium and heated medium) to all heat exchangers of the 

PLANT, as also thermal power generation 

• Overall Single Line Diagram (SLD).  
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• List of motors.  

• Technical description of the overall electrical installation with reference to the 

main equipment technical features.  

• Arrangement drawings for the main electrical equipment in the electrical rooms.  

• Control system description and architecture drawings.  

• Bidder will include in his Offer, list of Spare Parts as defined in specific chapter.   

All aforesaid documentation and information are indicative and will be finalized by 

Contractor, during  to fulfil the Technical 

Specifications of Contract, without any change of the total Contract price and without 

any extension of the contractual delivery time. 

2.1.4 Documentation to be submitted during execution of the Project by 

Contractor 

Further to the documents (data sheets, drawings, diagrams, studies etc.), which must 

be submitted during  execution, as per requirements of the Commercial Part 

of the Inquiry, as well as per requirements of the various sections of the Technical 

Specifications, Contractor, during the planning, erection, commissioning, and other 

phases, must also submit the documents of the following, both in Greek and English 

language: 

General 

• Overall time schedule for engineering, manufacture, delivery, installation, and 

commissioning, broken down to the principal components, stating dates when 

preparations must be completed by others.  

• Detail schedule for manufacturing of items of equipment delivery of materials, 

testing, acceptance at workshops, erection at workshops, transportation to site, 

supply of subcontractors and subsuppliers, etc.  

• Detailed installation schedule.  

• Detailed commissioning schedule.   

• List of proposed equipment subcontractors and subsuppliers.  

• Reference lists for proposed subcontractors and subsuppliers.  

• Lists of standards and codes for design, tests, construction, commissioning, etc.  

• List of valid drawings to be updated every month.  

• Progress reports consisting of each month description of status of design, 

engineering, manufacture, delivery, erection, etc.  

• All needed documents for permit application.  

• Procedures and program for acceptance tests.  

• Inspection and acceptance records, evaluation including report on acceptance 

measurements.  

• Detailed description on the nature and scope of the proposed training program 

of staff.  

• Special operating and maintenance instructions.  
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• Revised drawings and documents (as-built drawings).  

• Spare parts lists.  

• Record of temporary acceptance.  

• Record of final acceptance.  

• Operating manuals with descriptions and all technical documents for all 

installations and systems of the scope of supply and written in Greek & English 

Language.  

• Documentation for training purposes.   

• KKS description.  

• All the relevant Standards, Codes and Guidelines to which the PROJECT Plant shall 

be designed and constructed, in electronic form (CD-pdf files).  

• General arrangement drawings of the entire PROJECT and equipment and 

systems.  

• Detail drawings of supporting steel structures.  

• Detail arrangement drawings of stairs, platforms, walkways, rails, hoists, and lifts.  

• Layout drawings showing configuration of all principal components and auxiliary 

installations, with steel structures, ducts, arrangement of platforms, etc. (scale 

1:100 or larger).  

• Longitudinal and cross section views of equipment.  

• Assembly drawings of equipment and accessories.  

• Arrangement drawings of piping, piping plans and details of pipe bridges; 

isometrics for main pipe runs (DN 50 and greater), (scale 1:50).  

• Arrangement drawings for electrical equipment, with rooms/areas layout and 

sectional drawings where appropriate (e.g., for Station Service Auxiliaries 

transformers, MV and LV switchgears, inverters, etc.).  

• Stress and expansion calculations for piping and vessels.  

• Detail drawings of connection at limits of supply, tie-ins including existing piping.  

• Foundation loads for the principal components.  

• Foundation loads for the auxiliary installations (tanks, pumps, etc.).  

• Detail drawings of embedded parts.  

• Approved static calculation of the steel, reinforced concrete, or other structures.  

• Drawings of cable trays.   

Start  up diagrams  

Contractor shall submit start-up diagrams for the following modes of  start-

up:  

- Cold start-up (after a maintenance period).  

- Start-up from stand by mode (auxiliaries being in operation).   

The diagrams shall provide complete information for the required time to attain the 

full load, as well as for the variation with the time of basic operating parameters (e.g., 

temperature and mass flow, power rate, etc.).  
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Correction curves  

Contractor shall submit correction curves to convert the measured figures of the 

guaranteed parameters to the reference conditions, due to deviation (if any) of the 

actual conditions during Acceptance Tests from the reverence values.   

Operation and Maintenance Instructions  

In this paragraph, a detailed description of operation and maintenance manuals to 

be submitted is given.  

The O&M manuals must be submitted for review only in electronic form during the 

ll be available and 

prior to the start of the semi-commercial operation, three (3) hard copies and one (1) 

electronic copy will be delivered. Both hard and electronic copies will be indexed, and 

the index will be included as part of each volume of O&M manuals. The hard copies will 

be organized in volumes, classified separately by category, coherent to the index, 

included and bound in uniform and numbered folders.  

Operation and maintenance instructions for the equipment and operation instructions 

for the complete Project shall be provided and submitted in accordance with the 

provisions of Contract. The instruction manual's contents shall conform to the table of 

contents and be complete, specific, and customized for the given Project. Every effort 

shall be made to use information material specific to the Contract. Nomenclature of 

reference to any one item shall be consistent throughout the manual. More specifically:  

• Operation Instructions  

To illustrate the operating principle, the instructions will contain a detailed description 

of the technical operating basis of the equipment, including flow sheets, diagrams, 

P&IDs along with process descriptions including the control logic function, circuit 

diagrams, layouts, piping diagrams, wiring diagrams and similar.  

The instructions for operation shall be accurate and easy to be understood and shall 

contain the sequence of individual manipulations required for operation. The 

information shall be prepared in such a manner that the contents of this clause can be 

used also for instructing untrained personnel in the operation of the Project and 

equipment.  

Additionally, to the aforesaid manuals and instructions the supplier will provide a 

separate comprehensive operating manual giving essential functional information of 

the systems and the sequence of various operating steps during the start-up, normal 

operation, and shutdown of complete systems.  

• Maintenance Instructions  

The maintenance manuals will contain a complete and accurate description of the 

equipment, its assembly and dismantling, as well as of all components, accessories, 

and spare parts (including serial numbers required for purchasing of spares). An 

accurate list stating clearances, tolerances, temperatures, fittings etc. is required.  

A section shall be dealt with regular and preventive maintenance and shall indicate the 

inspections required at regular intervals, the inspection procedure, the routine cleaning 

and lubricating operations, the regular safety checks and similar steps.  

Moreover, another section shall contain the spare parts list including manufacturer's 

part number list for future spare stock replacement with all necessary data for 
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ordering, list of lubricants, list of packings, seals and gaskets, list of chemicals and 

consumable materials and list of special tools.  

As Built Drawings  

Furnishing of As Built Drawings with the modifications introduced in the mechanical, 

electrical, and I&C installations, chemical processes systems, and civil works during the 

design, construction, erection, commissioning, and the guarantee period in 

accordance with the provisions of Contract.  

Special Tools  

Contractor shall submit for review, the special tools (if applicable). 
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2.2 Performance Requirements 

2.2.1 Operational Aspects 

A District Heating System (DHS) is already in operation at the Municipality of Kozani, 

which is the capital of the homonymous Prefecture of West Macedonia. DHS up to date 

is supplied with hot water which is produced via steam-water heat exchangers 

installed in TPP-AD UNITS III, IV and V of 201[MWth] (Unit III-IV: 67[MW] each, UNIT V: 

70[MW]), located at 18[Km] from the town of Kozani, along the main road to 

Thessaloniki. Since TPP-AD is going to cease its operation partially at the end of 2022, it 

is necessary the needed thermal energy to be provided from another technical 

solution. 

The present project concerns the engineering, procurement, construction and put in 

full operation of all necessary brand-new equipment and circuits for the partial supply 

of the needed thermal , provided by two (2) Hot Water Medium 

Voltage Electrode Boilers, with nominal thermal capacity of 40[MWth] each and voltage 

of 6[kV]. Each GROUP will provide thermal power of 40[MWth] with a corresponding 

inlet/outlet temperature of SWC 70/120[°C], and maximum flow rate of 750[t/h]. 

The design features of the project must be carefully considered resulting in an optimum 

balance between cost, performance, and availability, as well as operation and 

maintenance benefits, using brand-new latest state of the art technology for 

equipment, which must be well-proven in commercial operation. All basic 

requirements, in terms of project configuration, including redundancies, must be 

considered for the best availability. 

The main equipment and related auxiliary components and systems of the project can 

be in any of the following status:  

• Isolated (any auxiliary can be stopped, and any circuit can be emptied).  

• Stand-by (all auxiliaries and circuits are in condition permitting the immediate 

starting of the relevant main equipment).  

• Starting (bringing the relevant main equipment from either stand-by or isolated 

status to its minimum continuous technical load or to any requested operating 

load).  

• Normal thermal energy generation operation (operation of the main equipment 

in any thermal load according to DHS thermal load's demands between the 

technical minimum and the maximum continuous load).  

• Stopping of any GROUP and the PLANT (bringing the relevant main equipment 

from either the minimum technical thermal load or any operation load, to stand-

by status).  

All thermal load variations and all status changes shall be initiated either 

automatically or from the operator and they will be performed automatically through 

the open and closed loop control subsystems, without any manual or local operation 

(fully automatic operation). 

The DHS water (the same water circulates in SWC of each GROUP) is recirculated by 

means of recirculation pumps, belonging to the DHCK. Bidder/Contractor must take 
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into consideration that SWC inlet temperature to HEPT (return temperature from the 

city) during normal operation of DHS may vary and could be lower than 70[°C] or more 

than 80[°C] in relevance to high and low consumption of thermal energy by the 

consumers. Moreover, regarding pre-heating of DHS grid during initial start-up of the 

DHS at the beginning of thermal period, SWC inlet temperature could be 

as low as 15[°C]. At this short period of operation of the PLANT (usually at the end of 

September or beginning of October), adequate amount of energy must be provided 

by the PLANT to DHS grid giving heed to the predetermined DHS pre-heating ratio (to 

accomplish uniform expansion characteristics of DHS pipeline). The above-mentioned 

ratio is within the range of 5-15[°C/h]. 

The maximum thermal power of 40[MWth] of each GROUP will be achieved through 

MVEB within 40[min] from cold start and within 1[min] from hot start. The maximum 

thermal energy production will be preserved continuously without any limitations on 

 

Nominal thermal power of 40[MWth] will be accomplished by means of a SWC flow of 

711[t/h], inlet temperature of 70[oC] and outlet temperature of 120[oC]. 

The range of automated adjustments should be from 10 to 100% of nominal 

characteristics. During normal continuous operation of the PLANT, below above-

mentioned minimum set-point of 10% the MV power supply must be discontinued/ 

switched off.  

During operation, conductivity will be continuously monitored, and adjustments should 

be applied automatically. A dedicated Water Treatment Unit will be installed to 

maintain and avoid exceeding operational constraints. 

Furthermore, the following information for the expected system operation will be 

submitted by the Contractor: 

• Heat and Mass Ballance Diagrams of PLANT and each GROUP regarding water 

temperatures of SWC at the range of 70[oC] - 120[oC] at various flow rates,  

• Performance diagrams 10-100[%] of 40[MWth], based on values of conductivity and 

voltage. 

The MVEB should require minimum maintenance and the electrodes should be of long 

operating life type and with no wear under normal conditions. 

2.2.2 Operational Personnel of the Project 

Bidder/Contractor must consider that the shift personnel to serve the Project comprises 

two (2) technicians. Both, among other duties regarding TPP-AD, will be occupied as: 

• Operator, who will initiate all status and load changes from the Control Unit 

according to the DHS demands in thermal load. He will control the PLANT 

operation through the relevant human-machine interface system and will 

intervene, if it is necessary, by changing set values of parameters and operating 

remotely from the Control Unit, any part or equipment of the PLANT. He will not be 

obliged to take care of the safety of the equipment, since this will have to be done 

automatically by the control system. The same is valid for the normal operation 

changes of status or load, which will be performed by the automatic systems, 

when initiated.   
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• Field (roving) supervisor/operator, who will be responsible for supervision, 

inspection and for manual local actions, of all mechanical, electrical, and chemical 

systems of the PLANT, if instructed so.  

• Both will form the firefighting squad.  

2.2.3 Guaranteed And Expected Performance, Penalties and Rejection. 

2.2.3.1 Introduction 

Bidder/Contractor guarantees that the equipment installed meets the ratings and 

performance requirements stipulated for various equipment covered in the Technical 

Specifications. The guaranteed parameters are without any tolerance values. All 

margins required for instrument inaccuracies, uncertainties, and errors and for all 

other reasons must be considered in order to be included in the guaranteed figures. 

No tolerance or allowance on the test results will be permitted for instrument error or 

inaccuracy, or for the method of testing, or any other cause.  

Contractor will demonstrate all the guarantees and performance data, stipulated in 

the Technical Specifications, during the execution of the performance (acceptance) 

tests.  

All the guaranteed parameters and expected parameters have been quoted by Bidder 

taking into account the requirements specified in the Technical Specifications, as well 

as the fulfilment of the reliability, availability, operability, maintainability, and duty 

conditions of the equipment proposed.  

Bidder/Contractor guarantees the quality and completeness of his planning, supplies 

and services, in particular regarding conceptual design, dimensioning, detail design, 

material selection, manufacture, and installation, as well as complete and satisfactory 

operability according to the Technical Specifications of the Inquiry.  

Bidder/Contractor guarantees that all equipment of the Project shall be free from 

defects and shall perform as to comply with Specifications and all other requirements 

contained in the Inquiry/Contract documents 

2.2.3.2 Conditions for Guaranteed Values 

The timing of the Acceptance Tests  execution is defined in the Commercial Part of the 

Inquiry/Contract. Therefore, all guaranteed and performance values to be proven 

during the Acceptance Tests will be defined by Bidder/Contractor in his Offer/Contract 

taking into consideration the aforementioned timing of the Acceptance Tests and the 

resulting thereof non recoverable deterioration of the equipment. In case of 

prolongation of Commercial operation or delays in the execution of the Performance 

Tests for any reason attributed either to Contractor or PPC, no change of the 

guaranteed and expected performance values shall be accepted.  

The figures filled in for guaranteed values are binding and cannot be changed.  

For the correction of the guaranteed parameters to their reference conditions, the 

Contractor will submit, together with the Preliminary Test Procedure (that is four (4) 
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months before the commencement of Commercial Operation), all required correction 

curves according to paragraph 2.2.3.3 hereinbelow, as well as any additional correction 

curves which are necessary for the execution and evaluation of Performance Tests. PPC 

will comment all former correction curves. The evaluation and approval of all former 

correction curves will be performed by THIRD PARTY.  

The PLANT -and each component of it- is guaranteed to operate in accordance with all 

guaranteed figures for the time intervals between scheduled maintenance intervals as 

defined by the manufacturer. Any claim regarding variation of any of the guaranteed 

figures due to aging will not be accepted. 

2.2.3.3 Guaranteed and Expected Performance. 

All margins required for instrument inaccuracies, uncertainties, and errors and for all 

other reasons have been considered by Bidder/Contractor in order to be included in 

the guaranteed figures. No tolerance or allowance on the test results will be permitted 

for instrument errors or inaccuracies or for the method of testing or any other cause. 

Bids with not completely filled-in herein TABLE OF GUARANTEED DATA  or violating 

specified performance requirement limits stipulated in this paragraph, will be rejected. 

Guaranteed data are being accepted by the Bidder/Contractor in any case with no 

clarification, term, precondition, etc. 

The Reference Conditions where the Performance of the PLANT and each GROUP is 

guaranteed are:  

• SWC Inlet Temperature of the HEPT:  70[oC] 

• SWC Flow:  711[m3/h] 

In case of deviation during the Acceptance Tests of the measured values for above 

parameters from its reference values, correction of the measured values to the 

reference conditions shall be carried out using correction curves to be provided by the 

Contractor, as it is mentioned below. The correction curves shall be provided with 

correction formulas.  

Correction curves of the Maximum Continuous Thermal Power of each GROUP shall be 

provided for deviation of the following conditions/ parameters:  

• SWC Flow: 600 up to 750[m3/h] 

• SWC Inlet Temperature at the HEPT: 60 up to 80[°C] 

 

GUARANTEED DATA of PERFORMANCE 

• Maximum Continuous Thermal Power of each GROUP (Qmax, GROUP) is forty 

Megawatts-thermal (40[MWth]).  

Thermal Power is calculated at the SWC side of HEPT of each GROUP, using outlet 

and inlet temperature, enthalpy, absolute pressure, and flow. The formula is: 

Qmax, GROUP = m [kg/s] x h [KJ/kg] 

• Maximum Continuous Thermal Power of PLANT (Qmax, PLANT) is eighty Megawatts-

thermal (80[MWth]).  
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It is calculated as the sum of the Qmax of the two GROUPS, equally loaded, using the 

formula of the previous paragraph. If the two GROUPS are not equally loaded, then 

they must be balanced in order to achieve the combined actual maximum power 

of the PLANT. 

Qmax, PLANT  =  Qmax, GROUP 1   +   Qmax, GROUP 2 

• SWC outlet temperature of HEPT on each GROUP will be hundred and twenty 

degrees Celsius (120[oC]), when relevant SWC inlet temperature of HEPT on each 

GROUP is seventy degrees Celsius (70[oC]). 

• Minimum Efficiency of each GROUP (nGROUP) is ninety-eight percent (98,00%)  

It is calculated as the ratio of Maximum Continuous Thermal Power of each GROUP 

to the Relevant Electrical Power (EPGROUP) from TSGA of each GROUP through 

corresponding 6[kV] fields.  

nmax, GROUP 1 or 2   =  Qmax, GROUP 1 or 2  /  EPGROUP 1 or 2 

 

TABLE OF GUARANTEED DATA 

s/n Description Value 

1 Maximum Continuous Thermal Power of each GROUP (Qmax, GROUP) 40[MWth] 

2 Maximum Continuous Thermal Power of PLANT (Qmax, PLANT) 80[MWth] 

3 

SWC outlet temperature of HEPT on each GROUP will be hundred 

and twenty degrees Celsius (120[oC]), when relevant SWC inlet 

temperature of HEPT on each GROUP is seventy degrees Celsius 

(70[oC]) 

120[oC] 

4 Minimum Efficiency of each GROUP (nGROUP) 98,0[%] 

2.2.3.4 Rejection of PLANT and/or GROUP 

• The GROUP (each one) will be rejected in case that the Maximum Continuous 

Thermal Power produced is less than thirty-eight Megawatts-thermal (<38[MWth]). 

• The PLANT will be rejected in case that the Maximum Continuous Thermal Power 

produced is less than seventy-six Megawatts-thermal (<76[MWth]).  

• The GROUP (each one) will be rejected in case that the SWC maximum continuous 

outlet temperature is less than hundred eighteen degrees Celsius (<118[oC]), 

assuming that SWC inlet temperature is equal to or more than seventy degrees 

70[oC]).  

• The GROUP each one) will be rejected in case that the Efficiency of each GROUP 

(nGROUP) is less than the guaranteed value of ninety-eight percent (<98,00%) 

2.2.3.5 Penalties 

It is hereby explicitly agreed that in case any performance proves to be better than the 

value guaranteed by Bidder, there shall not be any off setting of the penalties versus 

any performance not meeting the guaranteed values. Furthermore, the fact that 
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achieved performance proves to be better than the value guaranteed by Bidder, does 

not generate claims or arrogations in any way. 

1. Maximum Continuous Thermal Power of each GROUP (Qmax, GROUP) 

For each Megawatt-thermal [MWth] (corrected to the reference conditions with the 

relevant guaranteed value, to the relevant guaranteed value) up to the limit of 

rejection (see para. 2.2.3.4), that the measured Maximum Continuous Thermal Power of 

each GROUP (Qmax, GROUP) is below the guaranteed value given above, Contractor must 

pay a penalty equal to one point five percent (1.5%) of the total price of the Project as 

defined in Commercial Part of the Inquiry. For fractions of 1.5% deficiency, penalties 

shall be in proportion to the specified penalty for 1.5% deficiency.  

2. Maximum Continuous Thermal Power of PLANT (Qmax, PLANT) 

For each Megawatt-thermal [MWth] (corrected to the reference conditions with the 

relevant guaranteed value, to the relevant guaranteed value) up to the limit of 

rejection (see para. 2.2.3.4), that the measured Maximum Continuous Thermal Power of 

PLANT (Qmax, PLANT) is below the guaranteed value given above, Contractor must pay a 

penalty equal to one point five percent (1.5%) of the total price of the Project as defined 

in Commercial Part of the Inquiry. For fractions of 1.5% deficiency, penalties shall be in 

proportion to the specified penalty for 1.5% deficiency.  

3. SWC outlet temperature of HEPT on each GROUP  

For each degree Celsius [oC] (corrected to the reference conditions with the relevant 

guaranteed value, to the relevant guaranteed value) up to the limit of rejection (see 

para. 2.2.3.4), that the measured SWC outlet temperature of HEPT on each GROUP is 

below the guaranteed value given above, Contractor must pay a penalty equal to one 

percent (1%) of the total price of the Project as defined in Commercial Part of the 

Inquiry. For fractions of 1% deficiency, penalties shall be in proportion to the specified 

penalty for 1% deficiency.   

2.2.4 Tests after installation. 

2.2.4.1 Preliminary tests. 

Upon completion of the installation of the equipment, and before placing it into 

operation, Contractor will perform at Site, at his expenses and responsibility, 

preliminary tests of the equipment in accordance with the relevant and updated 

norms, rules, specifications etc.  

Contractor will proceed to all regulations, adjustments, and preliminary tests, 

necessary for the safe and efficient operation of the two GROUPS and the whole PLANT 

to PPC s satisfaction. Prerequisite for conducting the tests is that the DHS of municipality 

of Kozani will be in operation, which means not earlier than the beginning of October. 

In any case the period of the tests will be agreed with PPC.  

The preliminary tests of each GROUP and the whole PLANT will be carried out in the 

presence of PPC  supervision personnel and will include as a minimum:  

✓ MVEB l Tests 

✓ HEPT s Operational tests. 
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✓ Hydrostatic Test of Mechanical Equipment and Circuits 

✓ Valves, motors, pumps etc. operational tests 

✓ Calibration test on local indicators, transmitters, flow switches, conductivity 

sensors, etc.  

✓ Functioning tests of the equipment.  

✓ Emergency shutdown from partial and full load of each GROUP. 

✓ Automatic start-up and shutdown of each GROUP. 

✓ Main equipment change-over tests. 

✓ Electrical Tests and Electrical Protection Tests (PLANT and Transformers/ 

National Grid) 

✓ Testing of the alarms using simulated inputs as above.  

✓ Wiring tests of all control cabling combined with the function tests.  

To this effect, four (4) months prior to the date specified in the Contract for the 

commencement of Commercial Operation of each GROUP and PLANT, a detailed Test 

Procedure will be prepared by Contractor, submitted, and approved by PPC, based on 

the requirements of the Technical Specifications, indicating all tests that must be 

performed after installation of the equipment and up to the time of commencement 

of Semicommercial Operation. 

Upon the satisfactory conclusion of the preliminary tests Contractor will prepare test 

reports. All test reports will be submitted to PPC in three (3) printed copies and one (1) 

set in digital form, before the end of Semicommercial Operation of PLANT. 

Test Reports are prerequisite for the commencement of Commercial Operation. 

2.2.4.2 Semi-Commercial and Commercial Operation. 

For the Semi-Commercial and Commercial Operation see Article 22 of the Special 

Conditions of the Contract. 

2.2.4.3 Performance  Acceptance tests. 

The purpose of the Performance Tests is to verify that all guaranteed and expected 

performance data of the GROUPS, as well as of the whole PLANT are satisfied. The 

correct functioning of each GROUP and the whole PLANT, the final operational 

performance data of the systems and equipment according to the requirements of the 

Contract, will be verified as well. Depending on the results of the performance tests, 

each GROUP, and/or the whole PLANT, will be accepted with or without penalties, or 

rejected by PPC. 

The performance tests DH Boilers shall be based on European all other equivalent 

applicable standards.  

The detailed procedure (e.g., time schedule, instruments and measuring points, etc.) 

required for the Performance Tests, as well as evaluation procedures will be agreed 

upon between PPC and Contractor four (4) months before the commencement of 



TPP-AD, DLYLP-199, HOT WATER MEDIUM VOLTAGE ELECTRODE BOILER 80[MWth] 

CHAPTER 2 page 23  

 

 

Commercial Operation. The time schedule of the performance tests is specified in 

Article 22 of the Special Conditions of the Contract. 

The performance tests will be performed by Contractor at his expenses, personnel, and 

responsibility and must be attended by PPC. In addition, PPC will assist -if necessary and 

accepted- to the preparation and the execution of the tests by means of its specialists 

and personnel. If deemed necessary by PPC, a Third-Party Organization will be present 

and participate to the Performance Tests, assisting PPC. The responsibilities of the 

Third-Party are as follows: 

• to evaluate the necessity of additional correction curves and approve all 

correction curves,  

• to correct and approve of the procedure of the performance tests,  

• to evaluate and check the accuracy and the calibration of the instrumentation to 

be used for the performance tests,  

• to approve the applied data acquisition system (DAS), with regard to verification 

of the physical values to be measured,  

• to attend and supervise the execution of the tests,  

• to execute all required calculations and evaluations of the measurements of the 

performance tests, including preparation of calculation worksheets (MS Excel), on 

basis of the measurements included in the DAS,  

• to assist resolving all disputes between Contractor and PPC, arising during 

preparation, performing and evaluation of the performance tests,  

• to check the draft-final Report (issued by the Contractor) with the results and 

evaluations, to be submitted to PPC and Contractor for comments,  

• to check, verify and sign the final Report with the results of the tests and their 

evaluation.   

Furthermore, if deemed necessary by PPC, authorized representatives of the DHCK are 

also allowed to be present during Performance Tests.  

than three months before the execution of the tests) calibration certificates accepted 

by both parties and shall be subjected to the approval of PPC. Batch calibration will not 

be acceptable. Instrument accuracies, measuring principles and calibration shall be in 

accordance with the stipulated tests codes and standards. PPC reserves the right to 

reject any proposed instrument not fulfilling the requested calibration and/or 

accuracy. In this case Contractor is obliged to provide and use, instead, other 

instrument of better accuracy or different principle of measuring at his own expense.   

During the tests, readings of instruments (of appropriate class and calibration) will be 

used directly. No tolerance or inaccuracy of instruments can be used by Contractor 

giving a range for a measured value instead of a specific value. The above holds for all 

measuring quantities.  In case that the measuring instruments give readings, which 

need interpretation, the formulas to be used will be agreed before the measurement, 

always giving one value for one reading, without tolerance.  

In case that many readings are taken for the same quantity in a time interval, the 

mean value of these readings is taken as representing value for the quantity and no 

deviation interval is accepted.   
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All samples taken for the verification of the guaranteed values must be given for 

analysis to an accredited laboratory which will be agreed between Contractor and PPC. 

Contractor is responsible for the transportation and storage facilities of taken samples 

for analysis.  

During the execution of the Acceptance Tests, no adjustments/modifications in the 

operation of the GROUPS, or any other equipment whatsoever will be allowed.   

The issuance of the Results Report will be under full responsibility of the Contractor and 

will be submitted and approved by PPC within fifteen (15) days upon completion of Tests 

in three (3) printed copies and one (1) in digital form. 

In case Performance Tests Results do not meet the guaranteed values, giving rise to 

the application of a penalty or rejection, PPC may give Contractor a further chance to 

modify and/or adjust the equipment to make it able to meet the guaranteed results, 

in a time mutually accepted by PPC and Contractor, but not exceeding two (2) months. 

Contractor will proceed to the modifications deemed necessary and will repeat the 

performance tests at its own expenses, personnel, and responsibility. The New Test will 

be performed under the same procedure applied for the first test and under the 

supervision of the THIRD PARTY. Contractor will also carry all expenses for the THIRD 

PARTY and PPC's personnel regarding the new test. 

The determination of the amount of the penalty is deferred until a new test is 

conducted and evaluated. 

In case that New Test Results are fall short of the guaranteed ones, the corresponding 

penalty or rejection is applied.  

Tests are to be conducted at steady state conditions following the applicable 

standards or other stated procedures which are subject of PPC  s approval.   

Contractor, considering the measurements protocols of the Performance Tests signed 

by both PARTIES, is obliged to prepare the evaluation reports of the tests, and submit 

them to PPC in three (3) printed copies and one (1) in digital form for review, within 

fifteen (15) days upon completion of New Tests. PPC will declare (or not) the acceptance 

of the above reports within one (1) month as from the date of their delivery. 
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3 MECHANICAL SPECIFICATIONS 

The Contractor's scope of supply and services of Mechanical Equipment will be covered 

in every respect and will include deliveries and services, which are necessary to 

complete the project, even if they are not explicitly mentioned herein, and will include 

whatever deemed necessary for the operation of the PLANT, constructed on an 

EPC/turnkey basis. Nevertheless, final scope of supply and services will be subject of 

 

This will also include design, engineering, manufacturing, procurement, factory testing, 

transportation, unloading, construction, erection, commissioning and putting into 

operation (including testing after installation) of the complete scope on mechanical 

equipment. 

3.1 Electrode Boilers 

Two (2) Medium Voltage Electrode Boilers (MVEB) will be supplied, with nominal thermal 

capacity of 40[MWth], one per GROUP. 

The boilers will be installed in the Machinery Room of the TPP-AD and specifically in the 

rehabilitated area of Feed Water Pumps of UNIT- II. They will be of a cylindrical and 

vertical design, produced from clean steel materials. They will be constructed in 

accordance with class requirements and must be accompanied by CE marking. 

The MVEB should be equipped with safety valves, automatic vent line, automatic blow-

down valve, dedicated isolating valves, prevision for internal inspection, electrodes, 

ceramics, insulators, power regulating arrangement, and the necessary instruments 

(e.g., pressure, temperature, level and conductivity transmitters and indicators etc.). 

Thermal insulation is required to minimize the heat loss. Electrodes will be of minimum 

maintenance requirements with minimum wear factor. 

MVEB will be of Hot Water technology and NO steam will be used/produced. 

Furthermore, no specific pressurizing gas system (e.g., N2) will be applied inside boil s 

vessel. 

The terminals of the electrodes will be enclosed in a protected cage. The electrical 

supply will be directly from 6[kV] substation MVER-I & II. 

3.2 Heat exchangers. 

Two (2) Water-Water Heat Exchangers Plate Type (HEPT) will be supplied, one per 

GROUP. HEPT will be the connecting equipment between MVEB and DHS. Produced 

thermal energy by MVEB will be transferred -through PWC- to HEPT, where indirectly will 

be transferred -through SWC- to DHS. HEPT must be capable to operate in constant 

availability, efficiently and safely in all operational conditions at PWC and SWC side (e.g., 

inlet-outlet temperatures, pressure, quality of water, flow, etc.). Especially about SWC, 

prevision must be undertaken regarding transitional operational conditions of DHS, as 

described in para.2.2.1 (i.e., initial start-up, high-low consumption, etc.). Medium 

characteristics are shown in chapter 7. HEPT will be selected according to required 

specifications under most unfavorable conditions. 
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HEPT will be of plate type with stainless steel plates. Each HEPT will be equipped with 

its own upstream and downstream isolating valves. Thus, these dedicated isolating 

valves are not subject of any other isolation role (e.g., isolating controlled valves). In 

addition, ranches will be equipped with vents and drains to ensure normal and 

safety operational and maintenance procedures (e.g., filling, emptying, etc.). 

The design, as well as the materials of the HEPT must be according to the DIN, ASME, 

HEI and TEMA or other equivalent standards. The design and construction of the HEPT 

will also follow the requirements of the PED directives.  

The thermal capacity of each heat exchanger will be 40[MWth] 

 

DATA SHEET FOR HEAT EXCHANGERS 

1. SWC (Water of DHS) 

MAXIMUM FLOW 

NOMINAL INLET PRESSURE 

AVERAGE INLET TEMPERATURE 

MAXIMUM OUTLET TEMPERATURE 

 

[t/h] 

[bar] 

[°C] 

[°C] 

 

750 

25 

70 

120 

2. PRESSURE DROP IN SWC SIDE [bar] <1,5 bar 

3. EFFICIENCY [%] >99,0% 

4. PIPE SWC CONNECTION POINT TO 

UNITS III-IV DHS SIDE 

[mm] DN450 

 

Special Provisions 

1. The HEPT will 

internal surfaces preserved and maintained properly before they are assembled at site 

(if applicable). 

2. All weldings/connections will conform to the requirements of the ASME Boiler 

Construction Code unfired pressure vessels and PED directive, or equivalent European 

standards. 

3. The hydrostatic tests will be performed according to applicable standards. 

4. Insulation will be provided.  

3.3 Piping Valves and Fittings 

3.3.1 Scope. 

The intent of this Specification is to describe general technical requirements of valves 

and piping. The complete brand-new piping system will be furnished, fabricated, shop 

tested, delivered at Site, erected, and installed, cleaned inside and outside, in perfect 

condition, to operate in a manner according to all relevant regulations and standards, 

acceptable to PPC in all modes of operation of the PLANT. 
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3.3.2 Standards. 

Piping and valves will comply with currently approved applicable codes, specifications, 

and standards (latest revision) of DIN, ANSI, ASTM and ASME or another equivalent 

European standard.  

In case of conflict between Specification and Standards the expressed requirements of 

this Specification will prevail. 

3.3.3 General Design and Construction Requirements. 

3.3.3.1 Piping Systems 

The piping systems will be complete, including all necessary by-passes, welded joints, 

backing rings, flanges, bolting materials, piping supports, turnbuckle, anchors as may 

be required in primary and secondary side. 

Contractor will include all work necessary to connect the  drain lines to the 

existing draining system, the feed water lines to nearby interconnection points and the 

SWC pipelines to existing circuits of UNIT III and IV. 

The material of the various piping systems to be used will be the same as the respective 

existing one on which they will be connected. 

Provision will be taken for operability, accessibility, and maintainability of equipment. 

The systems should be effectively operated and completely and suitably vented and 

drained when desired. 

Pockets serving to accept permanent and/or removable instruments will be supplied 

as specified or as subsequently requested. All connections and primary block valves on 

piping systems for instruments, thermocouples, thermocouple wells, test wells, alarms, 

gauges, flow elements and other equipment that must be regularly observed, 

adjusted, or maintained will be accessible. 

No pipework shall run in trenches carrying electric cables. The Contractor shall provide all 

the necessary wall boxes and sleeves where pipes pass through walls, floors, and roofs, 

as well as the necessary supports for any pipes laid in trenches 

All pipes will be hydrostatically tested after erection at Site, at the test pressure 

required by the applicable Standards. 

Corrosion allowance of 2[mm] will be applied for all carbon steel piping.  

3.3.3.2 Valves. 

The piping systems will be equipped with all necessary control valves, isolating valves, 

non-return valves, safety valves, etc. for automatic, effective, and reliable operation of 

the complete PLANT. 

Design, construction, fabrication and testing of the valves shall be in accordance with the 

applicable Standards. Contractor shall submit to PPC detailed specifications of the 
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valves with list of materials. Appropriate certificates shall be issued for all valves according 

to the applicable Standards. 

For reasons of PLANT standardization, Contractor shall standardize the valves to 

reduce the number of types and manufacturers to a minimum. 

Each valve shall be marked on the body with the nominal diameter, the nominal 

pressure and an arrow showing the flow direction. The color of the nameplate 

engraving shall correspond to the service of the related pipework. 

All valves shall be suitable for the media and for the service conditions. 

All non-return valves shall be constructed in a manner to allow the internal parts to be 

examined and/or replaced without removing the valve from the respective pipeline. Non-

return valves shall be provided, whenever required, with drain valves for proper drainage 

of the pipeline. 

All valves shall be so designed so that the reconditioning of the seating and 

replacement of their internals is possible without removing the valve body from the line. 

All pressure reducing valves shall be of approved type and shall be stable of low noise 

emissions and of low vibration level in all operating conditions. A pressure relief or 

safety valve shall be provided in the outlet side of each pressure reducing valve, 

capable to exhaust safely to atmosphere the maximum flow without undue build-up 

of pressure in the LP side. Pressure gauges and thermometers shall be provided 

upstream and downstream of each pressure reducing valve. 

Gate valves with self-sealing bonnet shall be equipped with a safety device against 

overpressure at the body. Gate valves shall be tested for seat tightness in both 

directions. 

Steam traps of thermodynamic type shall be installed at each low point, or condensate 

collecting point in each steam piping system. Each trap installation shall include a 

permanent strainer, upstream and downstream isolating valves, a manual by-pass valve 

and a globe valve as free drain. 

In rubber-lined circuits, wetted surfaces of valve internals shall be fully rubber lined 

extending up to the edges of flanges (if any) without any joint. Lining thickness shall be 

according to  standard practice but not less than 2[mm]. 

All motor operated valves shall be equipped with hand wheels and arranged for 

emergency hand operation under full unbalanced pressure. Motors shall be suitable for 

indoor or outdoor operation at the worst expected ambient temperatures 

individually specified. Motors for outdoor service shall be constructed in such a 

manner that exposure to all weather conditions shall not interfere with successful 

operation. 

All materials of construction and the pressure and temperature ratings of valves and 

accessories shall be suitable for the intended service conditions. 

The control valves must be suitably designed and capable to operate under extreme 

ambient conditions and under all temperature and pressure changes, which may be 

met during starting, normal operation, stoppage, and emergency conditions. The rating 

of the control valves shall be selected accordingly. Proper by-pass branch equipped 

with necessary isolating valves shall be installed to all control valves. 

For the manufacturing of the control valves, the accuracies must be in accordance with 

VDI/VDE 2173 Standard or equivalent. The construction and installation of the control 
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valves shall be made in a way to allow easy inspection of the welding and complete 

dismounting of the valve trim, without removal of the valve body from the piping. 

Especially for the seating surfaces, they must be constructed of, or armored with, wear 

and cavitation resisting materials (stellite). 

In cases where cavitation or flashing may occur, special measures must be taken 

(anti cavitation devices, flash tank, etc.). 

The control valve actuators shall be calculated so that the required leakage rates can be 

obtained (seating surface specific pressure). They shall be capable to open and close 

the valve under fully unbalanced pressure and they must have a driving force of at least 

20% higher than the actually required one for each point of the stroke. The type and 

rangeability of the control valves must be so selected that the maximum calculated 

flow and the minimum calculated flow can be attained with the 80% and 20% of the 

full stroke correspondingly. 

Construction materials of valve bodies shall comply with the piping materials. Special 

attention shall be paid to the selection of these materials, depending on the 

characteristics of the relevant fluid, to avoid corrosion effects. 

Materials of construction of valve internal parts and valve stems shall be basically in 

accordance with the following table. In any case, these will be in accordance with the 

manufacturers experience and Standards and shall be finally reviewed by PPC. 

 responsibility to design the one-line diagram and the whole 

valve system, in such a way, as to ensure the safe and normal operation of the PLANT. 

3.3.3.3 Pumps 

Pumps shall be designed, manufactured, and erected in accordance with the latest 

valid issues of relevant Codes, European Norms, IEC Recommendations, ANSI, ISO, ASME, 

Hydraulic Institute, or other equivalent Standards as well as accident prevention 

regulations and legal regulations to be reviewed by PPC. 

Type and materials of main components including bearings shall be stated for all 

pumps of the PLANT, during  execution. 

Each pump and its associated equipment shall be arranged in such a manner as to 

permit easy access for operation, maintenance, and pump removal without interrupting 

plant operation. It shall be ensured that during repair work or replacement there is no 

need to disconnect and remove any main pipelines, or other important plant 

components. 

Lifting lugs and eyes and other special tackles shall be provided as necessary to 

permit easy handling of the pump and its components. 

All pumps shall be designed to withstand a pressure of 1,5 times the maximum possible 

pump shut-off pressure, under maximum suction pressure conditions. The pumps shall be 

also hydrostatically tested according to the requirements of the applicable 

Standards. If a pump will operate at sub-atmospheric suction conditions, the entire 

pump shall be designed for full vacuum conditions. 

Test runs to demonstrate the specified performance of the pumps shall be carried out 

according to European Standards and ASME Power Test Code for Centrifugal and Rotary 

Pumps. 
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All pump parts and accessories in contact with the pumped fluid shall be constructed of 

materials specifically designed for the conditions and nature of the pumped fluid, and 

they shall be resistant to erosion and corrosion. 

The pump casing shall be suitable for easy maintenance, and it shall be designed so 

that the impeller and shaft are capable of being withdrawn from the casing without 

disturbing any of the main pipe work and valves carrying the pumped fluid. In general, all 

horizontal pumps with draw-out rotors shall be fitted with a coupling to facilitate 

disassembly, without removing the motor. Pull-out design shall be applied to vertical 

wet pit and dry pit pumps as well. 

Pumps shall be carefully located to ensure that the net positive suction head (NPSH) 

available under all operating conditions will be adequate for the type of pump 

employed. The NPSH values shall refer to the worst operating conditions (e.g., lowest 

atmospheric pressure, lowest level of water on the suction side of the pump, maximum 

flow and highest temperature of the pumped fluid). If not otherwise specified, a safety 

margin of 0,5 m, or 20% above the maximum required NPSH, whichever is larger, shall 

be provided. 

Static and as far as it is applicable dynamic balancing, shall be carried out on the 

rotating members of all centrifugal pumps. 

Pumps shall operate smoothly throughout the speed rang up to their operating speeds. 

The first coupled critical speed shall be at least 20% higher than the maximum 

operating speed. 

Whenever required by the process, the pumps shall be fitted with minimum flow 

arrangements. 

Pressure and/or flow limit switches shall be provided downstream of each 

reciprocating pump to interlock its operation in case of failure. 

A shop coat of paint shall be applied to all cast iron and steel surfaces to prevent 

corrosion. Special attention must be paid to eliminate the possibility of corrosion 

resulting from galvanic effects. 

All bearings shall be oil tight against the atmosphere. Provisions shall be made at each end 

of the bearing to prevent oil or grease from being thrown off outside the bearing housing 

or creeping along the shaft. 

Non-pressure oil lubricated bearings shall be equipped with constant-level oilers and all 

bearing oil wells shall be fitted with visual oil level indicators. 

For bearings which are designed for pressurized lubrication, the oil shall be used for both 

lubrication and cooling. 

When several pumps are installed for the same service, they shall be suitable for 

unrestricted parallel operation. The pump flow/head characteristics shall be such that 

the head shall continuously increase with decreasing of flow, maximum head being 

reached at zero flow. 

Stand-by pumps shall start automatically when failure at the pump in duty occurs, 

giving at the same time alarm signal in Control Unit. 

Unless otherwise specified, all pumps shall be capable to operate at 110% of the rated 

capacity at the rated delivery head. Furthermore, the selected pumps shall be 

capable to provide a margin of 5% on the discharge head at the rated delivery flow. 
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Piping shall be designed in such a way that forces transmitted to the equipment 

through connecting piping are not greater than specified by the equipment 

manufacturer. The arrangement of the piping shall ensure that the equipment can be 

dismantled or removed without adding temporary supports or dismantling other 

equipment. The design of the pump and relevant equipment arrangement shall ensure 

that sufficient free head room and clearances are provided for the removal of the 

equipment by use of mobile or fixed lifting devices and facilitation of maintenance or 

local repairs. 

All pumps shall be installed with isolating valves at suction and discharge sides, a non- 

return valve and suction and discharge pressure gauges unless otherwise specified. 

Accessible couplings shall be provided with removable type guards. 

Venting valves shall be fitted to all pumps at suitable points unless the pump is self- 

venting, due to the arrangement of the suction and discharge piping. Drainage 

facilities shall also be provided to facilitate dismantling of the pumps. Pipes for 

leakages, venting, draining, etc. shall be routed to a funnel accordingly. 

All positive displacement pumps shall be fitted with a discharge relief valve capable of 

passing the maximum pump delivery flow 

3.3.3.4 Material and Other Construction Requirements. 

1. Certified reports, in three (3) printed copies and one (1) in digital form, will be 

submitted to PPC and identified for all piping materials. These reports will cover as 

much as applicable: 

a. Chemical composition 

b.  Tensile properties 

c.  Mechanical properties, i.e., flattening, bending, impact 

d.  Heat treatment 

e.  Surface conditions 

f.  Cleaning 

g.  Dimensions 

h.  Non-destructive testing (NDT) and results 

2. All equipment of the scope of supply of the Contractor like pipes, valves, 

thermometer wells, thermocouple wells, supports, and associated equipment and 

instruments not expressly specified, will be furnished, and installed by the Contractor in 

a manner acceptable to the PPC. 

3. All piping, valves, bends, welding joints, flanges, fittings, and bolting material 

will be listed in a piping and valve schedule with all the information such as material, 

type, size, maximum working pressure, maximum working temperature, hydrostatic 

test pressure after erection etc. The piping and valve schedule will be submitted by the 

Bidder/Contractor for review. 

4. All piping must be of seamless type. 

5. All pipe bends will be made to a radius not less than twice nominal pipe 

diameter unless otherwise specified. In addition, they will maintain the angle, radius, 

and circular cross - section of pipe, without buckling, or undue stretching of pipe wall, 



TPP-AD, DLYLP-199, HOT WATER MEDIUM VOLTAGE ELECTRODE BOILER 80[MWth] 

CHAPTER 2 page 32  

 

 

according to Pressure Piping Code ANSI B 31.1.0 latest revision, or equivalent European 

standards. 

6. Contractor will completely machine all welded ends on piping, bends and 

fittings and furnish all backing rings to make all welds complete, both in shop and fields. 

Welding joint design will avoid all sharp corners. Welding rods will deposit metal having 

essentially the same composition as the parts joint. Backing rings are not permitted for 

all the piping. Argon arc procedure is provided for the first pass of welding. 

7. All pipe flanges and contact surfaces will be concentric with axis of piping. Small 

nozzles on piping will be reinforced. 

8. The internal parts of all valves will be of corrosion resistant materials. 

3.3.3.5 Pressure Vessels and Tanks 

Bidder, further to the tanks and vessels mentioned in various Chapters of Volume B1, shall 

provide all necessary tanks and pressure vessels for the reliable and effective operation 

of the PLANT. 

All tanks and vessels shall be designed, manufactured, and tested in accordance with the 

latest issues of the applicable European Norms, API, ASME or other equivalent Standards 

to be reviewed by PPC. 

Corrosion allowance of 2[mm], at least, shall be provided in addition to the calculated 

wall thickness, unless otherwise specified. Minimum plate thickness for tanks shall be not 

less than 6[mm]. 

If any degree of vacuum may occur, the pressure vessel, or tank, shall be designed for 

full vacuum, even if vacuum breakers are installed. 

All reinforcing plates welded to the vessel shall be of the same material as the vessel. 

All tanks are to be provided complete with necessary equipment for safe, reliable, and 

effective use and maintenance, including as minimum requirements the following: 

• Insulation and cladding (All tanks installed outdoors shall be insulated and if 

required shall be also equipped with heating. Tanks installed indoors shall be 

insulated, if required). 

• External and/or internal anticorrosion painting according to the relevant 

Technical Specifications. 

• Staircases (vertical ladders for tanks and vessels). 

• Level sensors transmitting signal via the control system to the Control Unit. 

• High- and low-level alarm sensors transmitting signals, via the control system, 

to the Control Unit. 

• Local level indicator with black polythene numerals on a white background. Its 

readings shall not be referred to tank height but to its volume (volumetric 

graduation). 

• Pressure sensors transmitting signals, via the control system, to the Control Unit 

(for pressurized tanks). 

• Temperature sensors transmitting signals, via the control system, to the Control 

Unit for heated tanks, as well as local temperature indicators. 
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3.3.3.6 Expansion and Flexibility. 

Piping systems will be so laid out, supported, guided, and anchored as to preclude 

excessive thrusts or stresses due to the combination of loading from internal pressure, 

thermal expansion, weight, and by any other possible reason (wind, earthquake, etc.). 

Piping design of each system will be based on the worst expected ambient and 

operating conditions which must be clearly defined per each case.  

Contractor will be responsible for calculating expansion movements, combined 

stresses, and weights of all pipelines and for providing suitable supports and restraints 

to assure compliance with the latest rules of the American Standard Code for pressure 

piping, ANSI B 31.1.0, or equivalent European Standards.  

The flexibility calculations will consider the following requirements: 

The actual stresses, in the highly stressed parts of the piping, in the most severe 

combination of all influencing factors, will not be more than 80% of the allowable 

stress. 

The actual range of the suspension movement will not be more than 80% of the total 

range of the suspension equipment. 

The flexibility calculations report must be approved by a Notified Body and submitted 

to PPC for review. 

Reactions at equipment connections will be within limits specified by manufacturers of 

the respective equipment. Lines may be cold sprung during erection approximately 

50% of the calculated thermal expansion. (Contractor may determine the pretension 

according to the requirements.) 

3.3.3.7 Anchors and supports 

All piping supports, turnbuckle, rod hangers, spring hangers, rollers with incidental 

structural framing will be designed, supplied, and erected by Contractor after PPC s 

review. Any deformation of any piping support, spring hanger, etc. due to any reason, 

is not allowed. 

The travel range of constant and variable spring hangers between cold and hot 

condition will not exceed the 80% of the total travel range indicated by the support 

manufacturer. 

All pipelines will be arranged, suspended, supported, guided, and anchored with due 

regard to the general requirements and to avoid interference with structural members 

or equipment and to accommodate insulation. 

The supports must not be welded on to the piping, but they will be preferably of a 

clamped type. The material influenced by the temperature conditions will be of nearly 

the same quality as the related pipe. 

During erection no weights must be lifted by means of tackles fastened to the beams 

of slabs of the floor or to the roof or to pipework already erected except where 

provision has been specifically made for this purpose. 

After the erection, the piping will be marked with colored arrows indicating the type of 

the fluid and the direction of the flow. 
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3.4 Insulation and Painting. 

3.4.1 Insulation. 

All surfaces having normal operating temperature above 60[°C] in still air will be 

insulated to reduce the heat losses to the atmosphere to a minimum, to maintain 

temperature for process control and to afford safety to the personnel. 

The insulation must be such that with ambient temperature of 40[°C] in still air the 

insulation surface temperature will not exceed 60[°C]. The criteria for equipment 

insulation will be the maximum surface temperature of the equipment to be insulated 

and not the design temperature. 

The supply and application of thermal insulation will comply with relevant VDI, DIN and 

ISO standards or other equivalent. 

Insulation will be covered with corrosion - resistant-alloyed aluminum sheets of 

0,8[mm] thickness, conforming to ASTM B 209-1060 temper H-14. 

Hexagonal wire mesh netting shall be 10 to 13[mm] aperture made of galvanized steel 

wire of at least 0,71 mm diameter. In case of insulation interface temperature of 

400[°C] and above, the wire mesh shall be made of stainless-steel wire. 

Same principles apply for insulation of band and straps. Bands in general shall be 25 mm 

wide and 3 mm thick. Cladding and insulating material supporting bands (rings) shall 

come in contact with cladding sheets through suitable ceramic straps to avoid galvanic 

corrosion and thermal bridge effects. The distance between said bands shall be so 

selected to ensure rigidity of the cladding sheets and insulating material. In general, 

said distance shall be: 

• No longer than 800 mm for horizontal pipes (DN > 200[mm]) and ducts. 

• No longer than 450 mm for vertical pipes (DN > 200[mm]) and ducts 

Removable box type cladding and insulation shall be provided for valves, flanges, and 

pipe fittings 

Insulation will be of mineral wool with density of not less than 100[kg/m3]. 

Man walking on the said insulated surfaces is not allowable. A special staircase and/or 

walkway will be foreseen, designed, and constructed. 

All material and workmanship will be the best of their respective kind. Insulation will be 

applied in such a manner that it can be easily removed from pipes, instruments, or 

valves for purposes of repair, and easily applied again without the insulation being 

destroyed. 

Where insulation is exposed to weather or undue moisture, effective weather proofing, 

which is designed and applied as to protect it from weather and/or moisture, should 

be provided. 

An insulation schedule with all the information about material, number of layers of 

insulation and thickness in relation with temperature range and piping diameter will 

be submitted by Contractor to PPC for review. 

Specification of mineral wool: 
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For insulation of the water piping, as well as of the valves, heat exchangers, etc. of 

various operating temperatures and diameters mineral wool will be used of the 

following characteristics at minimum: 

- Material density not less than 100[kg/m3] 

- High workability 

- Fire-resistant material (non-combustible) resistant in temperatures 800  

1000[°C] without significant alterations in its composition. Melting point of fibers 

must be above 1000[°C]. Max temperature 800[°C] when exposed to vibration. 

- ing 

temperature must not be higher than 0, 17[W/mK]. 

- The insulation material must be clean and free of various admixtures 

(impurities). 

- Falling of fibers must not take place when material is exposed to vibration.  

- The max content in soluble to water chloride must be 6[ppm]. 

The above specifications must be proven by certifications issued by authorized 

organizations. 

3.4.2 Anticorrosion Painting. 

All metallic mechanical and electric equipment, structures, parts and components, 

piping, vessels, tanks, etc., with or without insulation of the Project will be protected 

against corrosion with the appropriate systems of coating, linings, etc. 

The preparation of steel surfaces rust grades A or B before coating application will 

follow the Standards ISO 12 944. Degree of purity for sandblasting will be Sa 2 ½ and for 

repairs and post weld degree of purity of the surface will be St 3. 

The following painting systems will be applied:  

1) Insulated surfaces  

*Prime coat: Application of one layer of a min DFT 75[ ] with 2  Component 

Inorganic Zinc  Ethyl Silicate, acc. to MIL P-38336 spec. with zinc content in dry film at 

85% weight (b.w.) 

2)  Non insulated surfaces 

 * Prime coat: Application of a layer of a min DFT 75[ ] with 2  Component Inorganic 

Zinc  Ethyl Silicate, acc. to MIL P-38336 spec. with zinc content in dry film at 85% by 

weight (b.w). 

* Intermediate coat: Application of one layer, with a min DFT 120[ ] with 2  

Components Polyamide  curred Epoxy according to spec. MIL-C-82407 B-Class spec.  

* Topcoat: Application of one layer of a min DFT 60[ ] with 2-Components 

polyurethane polyester resins cured by aliphatic isocyanate resin according to MIL-

85285. 

Total min DFT 255[ ]. 

3) In case of galvanized equipment (i.e., gratings, cable trays, cable conduits etc.), 

the process by hot dip galvanization will be according to DIN with min thickness 75[ ]. 
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For outdoor galvanized equipment a special protection will be performed as in above 

para. 1 &2.  

For each painting material, the detailed composition, i.e., quality and quantity for 

resins, pigments, binders, solvents, etc., will be submitted to PPC for review.  

All painting material manufacturers, whose products will be used in the project, must 

be indispensably reviewed by PPC. 

The application of the painting materials will strictly follow the manufacturer's 

instructions and will follow again the ISO 12 944. 

3.5 Lifting Equipment (Cranes and Monorails) 

Contractor will provide all necessary lifting equipment (cranes, monorails, hoists etc.) 

suitable for the safe and reliable handling, removing, transportation, maintenance, or 

, if there is no other equivalent 

solution. 

The lifting equipment must be designed, constructed, and tested in accordance with 

the relevant Standards (FEM, DIN, VDI and VDE). The safety rules outlined in VBG 8 of the 

codes will be applied. 

For the design of the motor operated lifting equipment, the following must be 

considered: 

 

Speed of the cranes at rated load     [m/min] [m/min] 

Hoists operating / creeping speed         (2.5 / 0.25) -  (5 / 0.5) 

Trolley operating / creeping speed  (12 / 3)        -  (25 / 7) 

Crane operating / creeping speed           (14 / 4)       -  (31.5 / 9) 

 

Speed of the monorails        [m/min] [m/min] 

Hoists operating / creeping speed  (2.5 / 0.25) -  (5 / 0.5) 

Trolley operating / creeping speed   (12 / 3)        -  (25 / 7) 

Accelerations of crane / trolley  0.02         0.04 m/s2 

 

For lubrication, inspection and maintenance of the cranes and lifting equipment the 

necessary ladders, platforms and stairs will be provided.  

All hoists of the cranes will be equipped with two independent brakes, one for holding 

the load and another for controlling the lowering speed.  

The crane girders and running tracks will be calculated for a deflection not exceeding 

the 1/1000 of the span at static testing load. 

In case this deflection is not verified from the bridge crane performance tests, then the 

necessary measures to be taken by Contractor will be discussed with PPC and subject 
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Nameplates stating the nominal load capacity in [kN] or [tons] will be attached on both 

sides of the lifting equipment structure and on both sides of the rope block. The printing 

will be clearly visible from the floor. 

The load hooks will will 

be approximately two thirds of the ultimate strength. The hooks will be load tested at 

150% of the rated load and x-rayed or magna fluxed after testing to ensure that there 

are no hidden damages inside the hooks. 

3.6 Heating and Ventilation 

Contractor will provide and install all the appropriate equipment to handle the heating 

and ventilation needs of the PLANT.  

So, electric air heaters will be provided to avoid freezing of the equipment and 

mediums of the PLANT, when it is out of operation. In such a case the heating system 

will be designed to maintain a steady indoors temperature of 9[oC]. The fresh air heat 

load will be also considered. 

The main space also will be ventilated by intake and exhaust fans. The ventilation 

system will keep overpressure in the room, to prevent dust ingress. The fresh air intakes 

must be so located that entrance of dust-polluted air is avoided and will be equipped 

with suitable filters, sand trap filter and insect screens. 

Design Conditions and Requirements 

Ambient Conditions 

Outdoor conditions to be taken into consideration during winter: 

temperature (D.B.T.) :  -15[°C] 

relative humidity :  100% 

3.7 Fire Fighting Systems 

Contractor will submit a complete passive and active fire protection study for the 

whole installation of the PLANT. Contractor will prepare a complete file in four copies 

with all documents (description, calculations, drawings, equipment technical leaflets, 

etc.) for the firefighting systems, as it is required by the Greek legislation and the local 

Fire Brigade Authority and submit it to PPC in Greek language for achieving the relevant 

permits. 

The relevant up-to-date Greek legislation and standards will be obligatory followed, 

thus  

 71/88, 

  

T.OT.E.E. 2451/86 

After the approval of the firefighting study from the local Fire Fighting Authority 

Contractor will manufacture, supply, install and put into operation the relevant 

equipment of the firefighting of new buildings.  

In case that there will be comments for adaptations of the design or the equipment, 

as well as additional demands for equipment by the Greek Fire Fighting Authority, 
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Contractor must proceed to the necessary actions and measures on his own expenses, 

to conform and fulfil above alterations, until the issue of the relevant permits. All the 

requirements determined by the Fire Brigade Authority for the acceptance of the 

system design will 

they are not mentioned in this specification, or they are more restrictive of those 

described in this specification.  

3.8 Welding Procedure - Inspection of Heat Exchangers and Piping. 

1. All welding will be performed by shielded metal arc method in accordance with 

Code for pressure piping ANSI B 31.1.0 latest revision, or equivalent European standards.  

2. Welding will be executed by certified operators both in shop and field in 

accordance with the ASME boiler and pressure vessel Code, Section IX (Welding 

Qualifications), or DIN 8560.  

3. Contractor will submit to PPC in due course for review a welding schedule 

including but not limited to the following documents: 

3.1. Piping list including all the piping of the plant. This list divided into columns and 

lines will include the code number related to the diagrammatic and arrangement 

drawings, and various sizes of piping. For each size the design, operation and test 

pressure, operation temperature, approximate length, piping material specifications 

and welding procedure will be given. 

3.2. Welding procedures specifications for various piping materials and sizes 

including welding preparation, filler metal specification number, type, and character 

of backing rings and welding rod diameters, pre-welding and post-welding heat 

treatment, method of temperature measurements and/or recording during the heat 

treatment, welding inspection (method and percentage). 

3.3. Complete specifications of all piping and filler metal materials. 

3.4. Sheets with end preparation of all types of welding to be used (butt-welding, 

socked welding, branch and nozzle connections of various sizes and thickness, etc.). 

3.5. Detailed description of the treatment (pre-weld and post-weld) to be used in 

each of the various cases. 

3.6. Procedure qualifications reports. 

3.7. Complete test program including all necessary non-destructive examinations 

(radiation, ultrasonic, surface crack tests, etc.). The relevant standards according to 

which this program is proposed will also be submitted. 

4. The field welds of the piping will be subject to examination by non-destructive 

tests (NDT), which will include: 

4.1. 10% radiographies. 

4.2. 100% dye penetrate test, where no hydrostatic test is foreseen. 

All the tests will be carried out in the presence of PPC s representative unless otherwise 

agreed. 

Contractor shall be fully responsible for the quality of all welding through his own 

supervisory staff and trained welders either in the Shop or at Site. 
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Contractor, prior to any welding at Site, shall prepare at least the above-mentioned 

documents, which shall be submitted to PPC for review. Same documents shall be 

available to  inspectors upon request for Shop welding. Any other relevant 

document, required by the applicable Standards and necessary for the verification of 

any welding, must be also prepared by Contractor. 

Contractor shall only employ welders who have passed a qualification test as stated in 

DIN 8560, EN 287, ASME IX, or other equivalent Standards, to be reviewed by PPC. Welders 

for Site welding will pass tests, before starting of welding. 

3.9 Platforms, Stairways and Ladders  

The scope of supply of the present Inquiry includes also all necessary structural steel 

platforms, stairways and ladders required for the safe and convenient operation, 

inspection, maintenance, and repair work of all the main and ancillary equipment of the 

Project. Unless otherwise explicitly stipulated in the Technical Specifications of this 

Inquiry, the following requirements must be fulfilled: 

Platforms and walkways shall be arranged at approved levels and shall be provided 

with sufficient access stairways. Access stairways and ladders shall be provided also for 

galleries. 

PPC reserves the right to inspect the Project after erection together with Contractor 

and to decide whether additional structural steel platforms, walkways, or stairs are 

necessary or not, for operation, inspection, and maintenance reasons. In case that 

additional structural steel platforms, walkways, or stairs are required, then Contractor 

shall be obliged to supply and install them without any extra charge to PPC. 

All pipe and duct fittings (valves, expansion joints, dampers, etc.), measuring and 

inspection points, inspection manholes, etc., must be accessible. 

Platforms, walkways, and stairways shall conform to the following requirements. PPC's 

review of any exception is required: 

• Walkways shall be not less than 1000[mm] wide. 

• Stair steps shall not be less than 800[mm] wide and 240[mm] deep, except where 

interference with equipment makes this impracticable. DIN 24531 should be 

taken into consideration. The foot boards of the steps shall be secured against 

slipping. 

• Walkways and Platforms shall be designed for a live load of not less than 

3.000[ N/m2]. 

• The main Platforms shall be designed for a live load of not less than 

4.000[ N/m2] 

• Grating deflection shall be limited to 1/500 of its span. 

• Grating panels shall be hot-dipped galvanized and removable 

3.10 Arrangement Of the Equipment 

For the review of the arrangement of the equipment in PLANT area the submission to 

PPC of full transportation study is necessary. Main -and broadest of all- entrance for 
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PLANT area is the sliding door of Machine Room of UNIT-I, entering from eastern side, 

with dimensions 5.20 X 5.20[m] (height X width). 

The above study must prove the capability of: 

1. dismantling/removing existing equipment (after approval of PPC) that blocks the 

installation and  

2. placing each new piece of equipment (boilers, pumps, driving motors, heat 

exchangers, etc.) without dismantling other equipment or piping except for the 

connections of the equipment to be replaced. 

The arrangement of the new equipment will allow easy access of personnel for safe 

and efficient operation and maintenance. All maintenance/repair jobs, as described in 

relevant maintenance manuals of manufacturers of the equipment, must be 

conducted without removing or dismantling any other piece of equipment except for 

the one to be maintained/repaired. 

Relief valves will be accessible from platforms or grade. When a relief valve weights 100 

kg or more, the valve will be accessible with a lifting device. 

Arrangement of the equipment will ensure that enough room for passages is left 

between the parts of equipment in order personnel to run away in case of danger, 

access all points, inspect visually all equipment, detect leaks, read all local instruments, 

replace instruments, execute periodical maintenance work, etc. 
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4 ELECTRICAL, ELECTRONIC, AND I&C SPECIFICATIONS 

4.1 Electrical Equipment: Scope of supply 

The Contractor's scope of supply and services of Electrical Equipment will be covered in 

every respect and will include deliveries and services, which are necessary to complete 

the project, even if they are not explicitly mentioned herein, and will include whatever 

deemed necessary for the operation of the PLANT regarding MV and LV circuits, 

constructed on an EPC/turnkey basis. Nevertheless, final scope of supply and services 

 

This will also include design, engineering, manufacturing, procurement, factory testing, 

transportation, unloading, construction, erection, commissioning and putting into 

operation (including testing after installation) of the complete scope on the electrical 

equipment. 

Each MVEB will be fed from two (2) independent 6[kV] switchboards according to ANNEX 

. Each switchboard will be comprised of as many panels as required to receive the 

6[kV] Medium Voltage from a transformer and deliver it to the corresponding MVEB, 

according to high standards of engineering and workmanship. These four (4) power 

Medium Voltage supplies will come: 

• Two from an existing 161,25/6,3-6,3[kV] step-down transformer, so called TSGA- 

I, rated 50/25-25[MVA] (ANNEX F), located in UNIT- I, and  

• Two from a similar existing transformer, so called TSGA-II, (ANNEX F), located 

in transformers UNIT- I .  

Both are in operation, and they serve each internal Unit  General Auxiliary 

consumptions. They are already supplied from the 150[kV] National Grid through P55 

(150[kV]) circuit breaker. In ANNEXES B   is presented the location of both 

transformers in relation with the TPP-AD, with the UNIT Machine Room 

where the PLANT will be erected and with the new 6[kV] electrical rooms (so called 

MVER-I and II). In ANNEXES D  and E  is presented the single line diagram of 150[kV] 

infeeding from National Grid to TSGA-I and II of TPP-AD.  

6[kV] winding will feed, through the adequate part of the existing 

cables and a new 6[kV] switchgear a number of electrodes set of MVEB, i.e., each MVEB 

will be fed from two 6[kV] feedings in which the amount of electrodes sets will be 

distributed equally. Each set of 6[kV] switchgears which will feed each MVEB could be 

accommodated in a different electrical room. The indicative positions of the two 

electrical rooms are presented in ANNEX . The positions of MVERs are suggested 

according to the length of the existing 6[kV] cables and the new possible rerouting.  

The Bidder/Contractor could propose a different design-arrangement for the MVER, 

 MVEBs according to 

 specifications considering that the existing 6[kV] cables must be used. In 

any case the proposal should be approved by PPC. 

Contractor will perform all the relevant modifications and supply the needed relevant 

materials for the connection of the existing cables to feed the 6[kV] of the MVEBs from 

the existing 6[kV] 6[kV] winding.  
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The entire electrical installation of GROUPS will have the capability to be controlled and 

supervised from a future relevant operator  station (SCADA). Each set of 6[kV] 

equipment of each MVEB will be controlled and supervised locally inside its 

corresponding new 6[kV] Electrical Room and remotely by its relative Control Panel. 

Any fault in the electrical installation will have the capability to be handled by the 

Sequence of Event Recording System, will be displayed on the screens and will be 

printed-out in the form of alarm list. For this purpose, a specific color laser printer 

(paper size A4) must be supplied and installed locally and can be operated via HMI 

operation system. 

4.2 MV Power Supply 

4.2.1 6[kV] feeding system 

The 6[kV] switchgears arrangement will be basically as shown in the relevant single line 

diagram (ANNEX M) including four (4) sections with two incoming power-supply per 

transformer. 

Each switchgear will be of the metal clad, withdrawable type, utilizing vacuum type 

circuit breakers.   

The Contractor will ensure that all 6[kV] and LV drives will be able to sustain, while 

operating under full load, transient voltage dips on the system down to 70% of the 

rated voltage with duration of not more than 10[sec]. 

The 6[kV] sformer, which will feed each of the two MVEBs, 

will be installed inside a dedicated new electrical room to the direction of UNIT

machinery room, where the GROUPS will be installed. The position of MVER-I and MVER-

II will be selected considering the existing 6[kV] 

the MVEBs and should be approved by PPC. The 6[kV] switchgears will be sufficiently 

rated to feed the total 6[kV] load, plus a margin of 20%. In any case, each one of the 

four 6[kV] feeders (cables and switchgears) will be sized according to the nominal 

power of 20[MW] (half of MVEB power). 

Contractor will also provide and install on the cable compartment of the outgoing 

feeder the CTs for the cable differential protection. 

One fully equipped 6[kV] outgoing, and one fully equipped 6[kV] incoming feeder with 

the relative cubicles (CB), will be provided as spares.  

The 6[kV] system will be unearthed and the insulation of the 6[kV] parts and of the 6[kV] 

cables will be rated at 10[kV] and a selective earth fault detection system will be 

provided. 

Contractor will provide all the relevant studies of coordination of process in case of loss 

of 6[kV] voltage.  

The necessary LV in each of the MVER for feeding auxiliary loads (lighting, sockets, air-

condition units, housed electrical equipment heaters, etc.) will be provided from 400[V] 

AC sub-distribution boards of UNIT- II and III as described in article 4.3. 

The 220[V] DC auxiliary voltage for control and signaling purposes will be brought from 

two existing 220[V] DC distribution boards: one from UNIT- 

+4,00m and the other from UNIT-  
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The modification and rerouting of the existing cables, the supply (in case of an out of 

limits measurement in second phase of checking is acknowledged) and installation of 

new cables, as well as all relevant connection works will be realized by the Contractor.  

4.2.1.1 Environmental conditions and equipment selection   

All electrical equipment such as MV switchgear, LV distributions and sub-distributions 

(except the local boards), will be installed in dedicated, air conditioned, rooms with 

internal overpressure always over a minimum value. Piping and drains of any kind will 

be prohibited in such rooms.  

All indoor electrical equipment, installed outside the dedicated rooms for such 

equipment (electrical rooms) will be selected to operate continuously under rated load 

in an ambient air temperature ranging from 15[°C] up to +45[°C]. Such indoor 

electrical equipment will be suitable for operation under medium atmospheric 

pollution with soot ash, abrasive and conducting dust, sulphur fumes, in combination 

with weak acid or alkali dust or fumes. 

All indoor electrical equipment, installed inside electrical rooms will be suitable for 

operation under ambient temperature conditions of -5[°C] to 40[°C]. 

All the electrical equipment intended for indoor installation outside the electrical rooms 

will be suitable for operation under relative humidity, which may reach 80% at 

temperatures equal or lower to 25[°C] and 100% at temperatures equal or lower to -

5[°C]. 

Anti-condensation heaters controlled through adjustable hygrostats or thermostats 

will be installed inside indoor and outdoor switchgear cubicles, control boards, local 

boards and in general for each individual enclosure accommodating electrical 

equipment and instruments. Heaters will be provided also for all indoor motors rated 

55[kW] or above or installed in areas with high humidity and for all actuators. 

4.2.1.2 Short circuit level 

The short-circuit power of the existing 6[kV] equipment (i.e., TSGA-I and TSGA-II) are the 

values the Contractor will consider dimensioning the electrical installation of MVEB MV 

feedings.  

4.2.1.3 Inductive interferences (EMC issues) 

PPC may operate wireless communication equipment in the GROUPS installation. The 

Contractor will ensure that all the supplied equipment is proof against any signals 

emitted by this wireless communication equipment. 

Furthermore, the relevant stipulations mentioned in respective paragraph of Technical 

Specifications of the Contract, concerning Electromagnetic compatibility issues and 

radiation must be respected by the Contractor.  
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4.2.1.4 Explosion proof equipment 

All electrical equipment associated with any part of a system within the following areas 

will be of flame/explosion proof type: 

- Any area classified as hazardous. 

All explosion proof equipment will be of approved design and must have undergone 

type testing, according to the appropriate standards. The selection of such equipment 

with reference to design features and allocation to hazardous areas will be subject to 

approval by the PPC. 

Furthermore, explosion proof equipment and installations of the GROUPS will be in full 

conformity with the European Directive 94/9/EC (ATEX Directive). 

4.2.1.5 Labels 

Labels written in Greek will be provided for all switchboards, switchgear drawers, fixed 

panel feeders, local boards, local control panels, cubicles, panels, instruments, relays, 

control switches, push buttons, indication lights, breakers, junction boxes, motors, 

actuators, heaters, solenoid valves, cable trays, etc. The label will be fixed close to the 

equipment it identifies in such a way that easy identification is possible. Fixing on the 

dial glass of instruments will not be accepted. The wording will conform to the wording 

used in engineering documents and will be submitted for approval to the PPC. 

All above mentioned equipment will also be identified by their plant identification 

number. Cubicles and similar units will also bear this identification number on the rear 

side if rear access is maintained. 

All equipment inside cubicles, panels, boxes, etc. will be properly labelled with their item 

number. This number will be the same as indicated in the pertaining documents (wiring 

diagrams, equipment lists, etc.). 

Instruction plates showing the wiring diagrams or instructions for maintenance will be 

fitted on the inside of the front door of the electrical switchboards. 

Warning labels will be made of stainless steel with engraved letters. 

For indoor circuit breakers, starters, etc. transparent plastic material with suitably 

contrasting colors and engraved lettering will be provided. 

LV switchboards will have yellow labels, with 5[cm] black letters reading "MAINS 230 

 

MV switchboard will have red-colored labels with 7.5[cm] white letters reading, e.g., 

"DANGER 6.000 VOLTS". 

All switchgear room door labels (lettering as before) will be as follows: 

 - LV Volts Mains: Yellow label with black letters 

 - MV Volts Mains: Red label with white letters 

4.2.1.6 Electrical equipment transportation, storage, and installation principles 

Transportation of all major equipment will be realized according to the relevant 

transportation studies that will be prepared by Contractor and reviewed by PPC. 
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All electrical equipment such as switchgears, local boards, control and protection 

cubicles, motors, actuators, inverters, rectifiers, instruments, etc. will be installed in a 

manner that facilitates inspection, maintenance works as well as the complete 

dismantling and replacement. For this reason, all the relevant facilities like platforms 

and ladders, doors, and hatches of adequate dimensions, etc. must be foreseen. 

Prior to installation, storage of equipment at Site will be realized according to the 

ing the severe 

climate conditions of the area. 

4.2.1.7 Pre-service cleaning and protection of electrical equipment 

When all electrical equipment has been erected and lagged or at such other time as 

may be agreed with PPC for sub-assemblies, the installation will undergo a procedure 

for Site cleaning proposed by the Contractor and subject to the approval of PPC. 

4.2.1.8 Electrical equipment tests 

Unless otherwise specified, all electrical equipment will be type and routine tested in 

accordance with the relevant international standards, mainly IEC or EN. Alternatively, 

equivalent standards approved by PPC may be used, such as VDE. Type tests will be 

performed, if type test certificates certified by an independent test authority are not 

available.  

The Contractor will furnish the necessary labor and all required testing equipment, 

unless otherwise specified, and will perform all tests on electrical material and 

equipment, furnished and/or installed under the present Specifications, in accordance 

with the provisions of these Specifications. All testing meters, instruments and 

equipment used by the Contractor should be accredited by a testing laboratory in 

accordance with accuracy standards prescribed by PPC. 

All site tests will be witnessed by representatives of PPC. A written log will be kept of all 

tests and 3 official copies of each log will be submitted to PPC. 

The insulation resistance to ground of winding of all, transformers and of switchboard 

busses will be measured and recorded after the installation but before any external 

wiring connections are made. 

The insulation resistance, prior to energizing of any piece of equipment, will not be less 

than the requirement of IEC applicable standards, and PPC's approval of the measured 

insulation resistance will be obtained before these items of equipment are energized 

or operated under power. All insulated wires and cables will be tested for insulation 

resistance after installation and before and after rerouting. 

All power, control, lighting, signal, and other wiring will be tested, after completion, for 

conformance with the Contract plans and Specifications. 

For the major items of operating equipment, the wiring of control circuits and the 

control equipment itself will be tested with normal voltage applied to the control 

circuits but with the motor power leads disconnected at the motors. During these tests, 

the limit switches and other control devices normally operated by driving machinery 

will be operated manually to simulate normal operation through all the specified 

sequences of operation. 
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After the individual items of wiring and control equipment have been tested and 

proven satisfactory as outlined above, the circuits and operating equipment will be 

operated under power. 

The limit switches, torque switches, overload relays, time relays and other control 

devices will be adjusted for proper operation. The electrical circuits, machinery and 

electrical equipment will be operated a sufficient number of times, to the satisfaction 

of PPC, to prove that all items have been properly installed and will operate properly. 

The installation, testing and placing in operation of various equipment or groups of 

equipment, will occur over a period of time. 

It is desirable that all, or as much as possible, of the above work be completed prior to 

the time the main units are placed in operation, especially the lighting system, auxiliary 

power, relay and metering, heating, and ventilation, etc. The various items of 

equipment, or groups of related equipment, or complete systems, therefore, will be 

given preliminary acceptance notes as soon as possible after installation and 

operation tests are completed. 

After each individual item of equipment furnished and/or installed by the Contractor 

has been tested and found to be satisfactory and properly adjusted or calibrated, an 

acceptance test will be made on the complete installation. During this test all 

equipment and circuits will be placed in service under normal operating conditions. A 

written log of 3 official copies of the tests will be kept and furnished to PPC. The 

acceptance tests will be made by the Contractor and will be supervised by 

representatives of PPC. 

The Contractor will provide at his expense the specialized personnel for the 

performance of all the above tests as well as the instruments and metering devices. 

The following operation tests and measurements will be performed at minimum after 

the completion of the GROUPS installation: 

• Operation tests on the whole of the electrical installation e.g., MV and LV 

system remote control and change-over operation. 

• Measurement of the voltage drop respective MV and LV distributions at full 

load operation. 

• Measurement of the GROUP  

• Measurements of magnetic and electric field strength at the Control, Electrical 

and Electronic rooms and in all areas that will be requested by PPC. 

4.2.1.9 Engineering items to be submitted 

The Engineering will include the following items to be submitted to PPC for review and 

approval of the construction drawings and specifications and for the familiarization in 

operation, maintenance and troubleshooting of all the equipment, systems, and 

installations by the operating personnel of the GROUPS, as well. 

The PPC however, reserves the right to ask the Contractor for any other studies, 

drawings, and documentation which, during the project, will be considered beneficial 

for the proper and timely execution of the project, as well as for the economic and 

unhampered operation of the GROUP during the expected period of its operation. 

Studies for: 

1. Short-circuit conditions MV (6[kV]) and LV (400[V]) switchgears and calculation 
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of the prospective maximum/minimum short circuit currents for the respective 
network configurations.  

2. Definition of the characteristics of the MV and LV switchgear equipment.  

3. Load balance calculations for all MV and LV (AC and DC) switchboards and 
service t/fs sizing  

4. Calculations of the temperature rise inside MV and LV switchgear. 

5. Motor starting study for LV motors with calculation of voltage drop. 

6. Studies of coordination of process in case of loss of voltage.   

7. MV/LV cable sizing according to the specified criteria. 

8. Coordination and definition of settings for the protective relaying systems. 

9. Selectivity for the phase and earth fault overcurrent protective relays, circuit 
breakers, fuses, and thermal relays for all voltage levels (AC and DC). 

10. CTs end VTs sizing. 

11. Analytic determination of the routing of each cable and its thermally worst 
portions from the point of view of laying conditions and ambient 
temperature.  

Drawings, diagrams, and documents: 

1. Single line diagrams of MV and LV (AC and DC) installations.   

2.  

3. Layout arrangement drawings for main electrical equipment and 
installations (e.g., switchgear, cable rooms, etc.) with the necessary sections 
and details.    

4. Connection and functional diagrams of each system. 

5. Cable trays/ladders route and arrangement drawings.   

6. Wiring diagrams of the panels. 

7. Drawings of each element of the equipment (transformers, motor, actuator, 
insulator, steel structure, etc.) including but not limited to those specified in 
present Technical Specification. 

8. List of motors and consumers 

9. Cable list. 

Instruction Manuals: 

For operation, maintenance, troubleshooting and testing of the electrical equipment, 

systems, and installations. These instructions will also give guidance about the 

dismantling and reassembling of the main and complicated equipment 

As built documentation: 

After the completion of the Project, the Contractor is obliged to submit PPC the as built 

documentation and drawings of the  installation, in quantities and format as 

outlined within the Contract. 

4.2.1.10 Applicable standards 

The electrical equipment will comply with the following Standards unless otherwise 

specified in present Technical Specification, applicable in their latest edition: 

- IEC regulations and guidelines 

- EN standards 
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- IEEE recommendations 

- ELOT standards 

Other standards, e.g.: 

- CENELEC 

- VDE regulations and guidelines 

- DIN/ISO standards 

- VDI recommendations 

- VGB recommendations 

Furthermore, the supplied LV equipment and the whole LV installation of the GROUP 

Installation will be in full conformity with the European Directive 2006/95/EC (Low 

Voltage Directive).  

In general, the following standards will be applied: 

- -EN 50178: Electronic Equipment for Use in Power Installations 

- -IEC 60079: Electrical Apparatus for Explosive Gas Atmospheres 

- -IEC 61241: Electrical apparatus for use in the presence of combustible dust 

- -IEC 61000: Electromagnetic compatibility (EMC) 

4.2.1.11 List of electrical drawings 

1 P-4806A 30064 ANNEX E P55, 150[kV] Circuit Breaker 

2 P-4806A 20039 ANNEX F Labels of TSGA-I and II 

3 P-4806A 30186-A ANNEX G TSGA I-II One-line diagram 

4 P-4806A 30068-C, -3 ANNEX H TSGA-I, Circuit Breaker Tripping  

5 P-4806A 30068-C, -D, -3 ANNEX I TSGA-I, Alarms & Data Logger 

6 P-4806A 30186-A, -B, -D ANNEX J TSGA-II, Circuit Breaker Tripping  

7 P-4806A 30186-B, -A ANNEX K TSGA-II, Alarms & Data Logger 

8 P-4806A 30064 ANNEX L 150[kV] Differential Protection 

4.2.2 6[kV] Switchgear 

The present chapter covers the 6[kV] metal-clad switchgear and the associated 

equipment to be supplied and installed by the Contractor throughout the GROUP 

feedings. 

Any details, accessories, equipment, etc. required for the satisfactory operation of the 

6[kV] feeding system not specifically mentioned in this Specification are deemed to be 

included in the scope of supply. 

Operating conditions: 

- Installation:  Indoors 

- Ambient temperature:  Maximum +40[°C]; minimum -5[°C]; average 24 

hours mean temperature not exceeding 35[°C]. 
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- Relative humidity:  Not exceeding 50% at 40[°C]; it may be temporarily 

as high as 100% at a temperature of 25[°C] or lower. 

All switchboards and associated busways will be designed for pollution degree 2, at 

least. 

The switchgear will be of the metal-clad compartmented design for indoor installation. 

The cubicles are to be provided with a single copper busbar system and truck mounted 

draw-out type circuit breakers. 

The main design data of the 6[kV] cubicles will be as follows: 

- Rated voltage        6[kV] 

- Insulation class             12[kV] 

- Rated frequency      50[Hz] 

- Rated short time current (1 second)    40[kA] 

- Rated short circuit breaking current (symmetrical)  40[kA] 

- Rated peak current withstand     125[kA] 

- Rated power frequency withstand voltage (50[Hz], 1 min.)  28[kV] 

- Rated impulse withstand voltage (1,5/50[ ], peak value) 75[kV] 

- Degree of protection        IP41 

The system will be ungrounded. 

The switchgear cubicles will be subdivided in the following segregated functional 

compartments: 

- Circuit breaker compartment. 

- Cable connection compartment. 

- Control and relays compartment. 

- Voltage transformers compartment (for the metering cubicles). 

Said partitions must be constructed on an arc-limiting basis and the compartments 

will be suitably sealed off, so that, hot gases, produced in the case of breakdown, 

cannot enter the unaffected parts of the cubicle. Furthermore, each individual 

compartment will be equipped with relief flaps to effect quick pressure relief during 

disturbance, and they will be so arranged as to evacuate the hot gases to the gas ducts 

placed just above them. The gas outlets will be placed at a suitable location and will 

be such oriented as to safeguard personnel from being attacked by hot gases. The 

outlet of the gas ducts should be provided with flaps, being normally closed, and 

opened at a given overpressure less than 10[mbar] also preventing the entrance of 

vermin, moisture, and dust, inside ductworks. 

Automatic shutters will be provided to isolate the active compartment from the circuit 

breaker compartment when the breaker is removed. 

The arc monitors will be provided one every second cubicle.  

Arc monitors will also be fitted to the circuit breaker and cable connection 

compartment of each cubicle. 

All switchgear will be designed as type-tested medium voltage switchgear and 

controlgear assemblies. The type of the switchgear assembly, regarding the internal 

partitioning, will be LSC2B-PM, according to IEC 62271-200. The type of the switchgear 

assembly, regarding the arc-proof design, will be IAC-AFLR, according to IEC 62271-200. 
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Type test certificates, on identical switchgear, will be submitted to PPC to prove that 

the switchgear supplied is able to withstand fault arcs. If type test reports are not 

available, the relevant tests will be performed in the presence of PPC's inspector. 

The Contractor must ensure that after commissioning at least 15% of the fully installed 

spare terminal board capacity is available in each cubicle. 

The switchgear must be designed at least to enclosure type IP 41. 

The switchgear cubicles must be mounted on subframes specially provided for this 

purpose. The subframes will also be delivered by the Contractor at a reasonable time 

prior to dispatch of the switchgear cubicles. 

The base of the switchgear panels will be sealed with fireproof closures to seal the 

outgoing cables. The fire protection must be F 90 (fire resistant for 90 minutes). 

The panels are to be so arranged that they can be installed freely in the room (access 

from front and rear side). 

Each cubicle truck will be provided, as a minimum, with the following mechanical 

interlocks: 

- The truck will not be allowed to move from the test position to the service 

position without the auxiliary voltage being connected to it. 

- Disconnection of the auxiliary voltage will not be possible when the truck is in 

the service position. 

- The truck will not be permitted to be withdrawn from the test position before 

the disconnection of the auxiliary voltage. 

- Moving of the breaker from the service or test position will not be allowed with 

the circuit breaker closed. 

- Closing the circuit breaker in any position between the service and test positions 

will not be allowed. 

- Moving the truck from the test position to the service position will be impossible 

with the earthing switch closed. 

- Earthing switch will not be permitted to close with the circuit breaker being in 

the service position. 

Position switches will be foreseen for the service and test position and will be used for 

interlock, control, and remote signalization purposes. 

Metal-oxide lightning arresters (ZnO arresters) will be always used to protect 

transformers and motors from overvoltage. These lightning arresters will be installed 

close to the protected equipment, in dedicated cubicles. Installation of the lightning 

arresters in adequate terminal boxes of the motors is preferable. 

The cubicles are to be equipped with withdrawable truck mounted circuit breakers. 

Vacuum type circuit breakers, with motor-driven stored energy mechanisms will be 

provided equipped with silver faced contacts. 

The circuit breakers will have maintenance free poles. 

The rated voltage of the wind-up motor will be 220[V] D.C. with a voltage range from 

187[V] to 242[V]. 

All circuit breakers will be equipped with pushbuttons for mechanical (not electrical) 

opening and closing, one mechanical tripping device and one mechanical position 

indicator with auxiliary contacts for remote indication. The operation mechanism will 

include a mechanically charged spring and a charging motor. The spring will be 
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charged automatically by the motor or manually. All circuit breakers will be fitted with 

undervoltage releases for opening upon lack of auxiliary control voltage. Each circuit 

breaker will have a device to register the number of closing operations. 

The maximum breaking time of all circuit breakers will be 0,1[s].  

All circuit breakers will be able to take the following positions: 

- Service position. 

- Disconnected-test position (main circuits disconnected, auxiliary circuits 

connected). 

- Disconnected position (main and auxiliary circuits disconnected). 

- Removed position. 

All circuit breaker trucks carrying breakers of same rating will be interchangeable. 

A complete series of draw-out unit transportation carriages for all the types of 6[kV] 

switchgear circuit breakers will be provided for test and maintenance works, providing 

two pieces of each type needed. 

Current limiting fuses of the High Rupturing Capacity (HRC) will comply with IEC 60282. 

They will be equipped with a striker pin to indicate that the fuse has responded and to 

initiate an alarm as well. The force exerted by the striker will meet the requirements of 

DIN 43265, or equivalent. The fuse-holder frames will be fitted with a mechanism for 

automatic opening of the associated contactor even if a single fuse blows. Contactor 

closing will be not possible when a fuse is missing. 

The fuses will be selected so that the switching voltage will not exceed the insulation 

level of the equipment. The arc voltages will attain a mean value of no more than 1,7 

times the peak value of maximum voltage rating.  The fuse minimum interrupting 

current will not exceed 2,5 times their rated current. 

Current limiting fuses for protection of voltage transformers will be rated close to the 

maximum continuous thermal current of the VTs but lower than the current carrying 

capacity of the connecting conductors. 

A common earthing conductor will be provided extending over the whole length of the 

switchgear. The earthing conductor will be calculated for fault current density 

<170[A/mm2], and it will have a suitable cross section. The enclosure of each functional 

unit will be connected to the common earthing conductor. 

All metallic parts intended for earthing will be connected to the common earthing 

conductor directly or through other earthed parts with 240[mm2] copper connections. 

The common earthing conductor will be connected to the external earthing system 

through two copper connections of at least 240[mm2] each.    

Each part of the main circuit which can be disconnected from other parts will be 

capable of being earthed. The withdrawable carriages which are normally earthed in 

service position will also remain earthed in the test/disconnected position and in any 

intermediate position whilst the auxiliary circuits are not totally disconnected. 

The earthing connection between truck and cubicle will be made by means of sliding 

contacts and their design will assume that the truck is earthed, as long as it is not in 

the removed position. 

Permanently installed short-circuit-proof earthing switches are to be provided in the 

lower part of the switchgear cubicle and will be locked mechanically with the 

corresponding circuit breaker. Interlockings to prevent closing of the earthing switches 

on energized systems will be provided. Earthing switches will also be fitted to ground 
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the busbars of each section of the switchgear, foreseen with the appropriate 

mechanical and/or electrical interlocks. Wherever electrical interlocks are provided to 

cope with these cases, the same will be realized on the fail-safe basis. The position of 

the earthing switch will be visible from the front of the switch board by means of an 

indicator. 

Arc monitors using optical sensors will be provided in the cables compartment, the 

circuit breaker compartment, and the busbars compartment of each switchgear 

cubicle. The first will trip the circuit breaker of the respective cubicle. The second (for 

outgoing feeders only) will trip the incoming and coupling circuit breakers. The third will 

trip all incoming and coupling circuit breakers of the respective bus section, as well as 

the circuit breakers upstream of the incoming breakers. The arc monitors in the circuit 

breaker and the cables compartment of an incoming feeder will trip the respective 

upstream circuit breaker. Thus, the arc monitors, in the switchboard incoming cables 

compartment feeder originating from the secondaries of the TSGA-

transformers, will trip the P55 circuit breaker.  

It might be necessary that arc monitors are configured in more than one protection 

zones, so that selectivity and availability objectives are satisfied. 

The arc monitor will have maximum trip time below or equal to 10[ms]. 

The arc monitors will be designed and installed to avoid nuisance tripping due to 

flashing external to the protected closed space. 

Activation of the arc monitors will give individual local alarm signals on the 

switchboard, and collective remote alarm signal, one per switchboard section. 

The thermal withstand capability of the current transformers is to be based on a 

disconnection time of 1[s] in the outgoing circuits to the consumers and of 1,5[s] in the 

infeeds. All current transformers must be mounted in the fixed part of the switchgear 

cubicle. Current transformers will comply with the following: 

Rated secondary current   1[A] 

Accuracy for measurement to incomers class 0,2 FS 5 

Accuracy for measurement to outgoings class 0,5 FS 5 

Accuracy for protection   class 5P20 

Cast-resin insulated corona-free transformers are to be employed. The current 

transformers are to be designed capable to withstand the dynamic and thermal short 

circuit stresses. Intermediate transformers are not allowed. For protection and 

measurement separate cores will be provided. 

The terminals of the CTs must include short-circuiting bridges. 

Three voltage transformers. will be mounted on a withdrawable truck, which will be 

accessible from the front side of the respective cubicle. Moving of the truck in test or 

service position will be possible with the switchgear energized.  

All incomer feeders will include VTs, measuring the incoming voltage. Busbar voltage 

will be measured by VTs installed in separate cubicle per each busbar section. Voltage 

transformers will comply with the following 

Rated Secondary Voltage  100/ 3 V or 100/3 V for open-delta connected windings 

Accuracy for measurement class 0.2 

Cast-resin insulated, corona-free transformers are to be employed. 
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The voltage transformers in the measuring cubicles must additionally have an auxiliary 

open-delta winding for the connection of an earth fault detection relay. This auxiliary 

winding is to be damped by a resistor so that oscillations will be suppressed. 

The secondary sides of voltage transformers are in general to be protected by 

miniature circuit breakers. If the same voltage transformer is used for several purposes 

(e.g., measurement, protection, metering) then individual separate voltage 

transformer miniature circuit breakers with auxiliary contacts are to be provided. 

The MV switchgear cubicles will be equipped with suitable anti-condensation heaters 

controlled automatically by adjustable hygrostats (setting range about 50-100% 

relative humidity) or adjustable thermostats.  

The electrical apparatus so protected will be designed so that the maximum permitted 

rise in temperature is not exceeded if the heaters are energized while the apparatus is 

in operation. 

Heaters will be connected to a suitable terminal box with main switch and indicating 

LED and will be placed in an accessible position. 

All instruments i.e., relays, control, and protection devices, etc. will be installed in the 

low voltage (instruments) compartment, for which a separate door will be provided, to 

allow accessibility by the operating personnel. Especially, for the protection relays, 

suitable test sockets for testing the current and voltage circuits connected to the relay 

will be installed on the door of the low voltage compartment. 

Also, suitable test sockets will be installed on the door of the low voltage compartment 

for testing the trip command to each circuit breaker or contactor trip coil. 

These sockets will ensure blocking of tripping circuits, short-circuiting of CTs, opening of 

voltage circuits and will make the relay terminals available for secondary injection. 

Male plugs per each type of test socket installed for injecting current and voltage will 

be supplied by Contractor prior to testing. 

All inspection windows will be provided with transparent insulation material, which 

must meet the requirements set forth in IEC 62271-200 and will be of mechanical 

strength comparable to the one of the enclosures of the cubicle. 

A liquid crystal graphic display, a number of pushbuttons necessary for the man-

machine interface as well as indicating LEDs will be flush mounted on the front face of 

the  low voltage compartments. 

At all cubicles capacitive voltage indication system will be provided. 

The control voltage of the switchgear will be 220[V] D.C. The equipment must be 

capable of satisfactory operation within a range of 187[V] to 242[V]. 

The control voltage will be made available at least twice (redundant scheme) for each 

half busbar in the measuring cubicle. The Contractor must provide a diode decoupling 

of the control voltages; the voltage will be monitored. 

The decoupled control voltage must be permanently wired from panel to panel. In 

each cubicle, the control voltage is to be protected by miniature circuit breakers and 

the tripping of these is to be indicated locally. A further potential-free set of miniature 

circuit breaker auxiliary contacts is to be wired as a group signal to the future 

 

If the control voltage fails, the concerned circuit breaker will trip. 

A mimic diagram implemented through a liquid crystal graphic display will be provided 

on the front of each switchgear cubicle with the necessary graphical symbols. The 
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following signals will be provided, locally and with future remote capability for 

indication: 

- "Open" signal for the CB. 

- "Closed" signal for the CB. 

- "Open" signal for the earthing switch. 

- "Closed" signal for the earthing switch. 

- "CB tripped" signal. 

- "Test position" signal. 

- "Disturbance" signal. 

- "Local control" signal. 

- "Feeder thermal overload" alarm signal.  

The above-mentioned local signals will be implemented through a liquid crystal 

graphic display and/or through LEDs on the low voltage (instruments) compartment.   

The "Disturbance" signal will group the below mentioned individual signals: 

- Carriage not in test position and not in service position via position switches. 

- Fuse failure. 

- Tripping of MCB (micro circuit breakers) or fuses for auxiliary circuits related to 

the CB or contactor cubicle. 

- Protection relay internal fault.  

Separate signals from each switchgear section will be lit locally and will transmit 

indication in the following cases: 

- Lack of 6[kV] voltage. 

- Lack of auxiliary 220[V] DC voltage. 

- Lack of auxiliary 230[V] AC voltage (in case it is used). 

- MCB or fuse tripping related to the switchboard common part (mainly the 

voltage measuring cubicle). 

- Activation of arc monitor. 

- Feeding overvoltage alarm. 

- Feeding undervoltage alarm. 

The above local alarms will be arranged on the front door of the voltage measuring 

cubicle and will be implemented through the liquid crystal graphic display and/or 

through LEDs. 

One operating hours meter will be provided locally for each cubicle. 

All local indications on the switchgears implemented thought LEDs will be foreseen with 

lamp test facilities. 

The circuit breakers of the 6[kV] Switchboard will have the capability to be remotely 

controlled, from the CCR -

.   

Each circuit breaker will be capable of being operated locally by means of the electrical 

ON and OFF push buttons only in the test position. If the control voltage fails, the 

mechanical OFF operation of the circuit breaker must be possible. In the test position 
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of the truck, the circuit breakers must be capable of being operated locally and 

remotely. 

In the event of a protective trip of the circuit breaker, means must be provided to 

prevent reclosing by interlocking. Reclosing should only be possible after reset of 

tripping signal at the cubicle.  

In each measuring cubicle an undervoltage-monitoring device is to be provided for 

voltage monitoring. The activation value of the monitoring device must be variable 

from 50 to 100% voltage and the delay time will be variable from 1 to 15 seconds. This 

equipment is necessary for the defined disconnection, of the MVEB

case of failure of the feeding voltage. 

The following measurements are to be provided locally and remotely: 

- Triple current indication in all infeeds. 

- Single current indication in phase L2 for all outgoing feeders. 

- Voltage measurement to phases L1  L2, phases L2  L3, phases L3  L1, of all MV 

incoming power supplies. 

- Active power measurement at each infeed of the switchgear. 

- Active energy metering at each infeed of the switchgear. 

Energy meter will be installed on each 6[kV] cubicle which feed the MVEBs, and they will 

be of the electronic solid-state type, suitable for three phase unbalanced loads and will 

comply with the requirements of IEC 60689.  

Energy meters will be of class 0.2S and will have a suitable display that can be easily 

read from the front of the metering panel without the need to remove covers.    

Energy remote measurements will be made available to the Control Cabinets and to 

Protocol from the respective energy meters and adequate metering devices that 

Contractor will install. 

Plug-in type connections are to be provided for all the auxiliary contacts between the 

circuit breaker truck and the fixed part of the switchgear cubicle. The plug contacts are 

to be so arranged that the switch trucks are universally interchangeable without 

alterations of the wiring. 

As regards the cabling from the active part of the cubicle to the relays recess, no cable 

openings will remain open after commissioning. The Contractor must therefore fit 

pressure-tight screw plugs to all the openings without cables.  

Principally all secondary equipment in the switchgear cubicle will be wired to terminal 

strips. 

The current and voltage transformers secondary circuits must be wired individually to 

the switchgear cubicle terminal strip. In the case of current transformers, the necessary 

terminals are to be equipped with short-circuit links.  

The following design items will be submitted to PPC: 

- Short circuit calculations comprising dynamic and thermal calculations for 

conductors including earthing. 

- Load balance and load flow calculations.  

- Voltage drop and motor starting calculations.  
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- Layouts and front views of the switchgear showing the arrangement of the 

components. 

- Single line diagram incorporating the ratings of the power components (circuit 

breakers, fuses, earthing switches), the settings of the protection relays, the 

instrument transformers, the related fuses, and the instruments. 

- Wiring diagrams incorporating the power (6[kV]) and the auxiliary (220[V] DC, 

230[V] AC) parts of each feeder. 

- List of equipment for each feeder. 

- Calculations for the CTs and VTs burdens with a sufficient margin for portable 

measuring instruments. 

- Calculations for the protection settings. 

- Calculations for the selective earth fault detection system. 

- Temperature rise calculations for switchboards with rated current above 

1000[A].  

A nameplate will be fixed to each switchgear section as well as to all its components, 

including: 

- Manufacturer's name or trademark. 

- Type designation or serial number. 

- Applicable rated values 

- Rated operating insulating voltages for auxiliary circuits.  

- Number of the relevant Standard. 

Also, a label will be fixed in front of each cubicle indicating the code number of each 

consumer, the number of cubicle and the description of the consumer in Greek 

language. 

The tests prescribed here below include type tests and routine tests.  All tests will be 

carried out in accordance with IEC 62271-200 and IEC 62271-1. 

Components forming part of the metal-clad switchgear, which are not covered by 

other specifications or not mentioned particularly hereinafter, will comply with, and be 

tested according to the relevant IEC standards. 

Further to the tests prescribed here below, the switchboards must be type tested, with 

open arcs during solid short-circuit tests according to IEC 62271-200 as to fulfil all 

relevant criteria, to assure full personnel safety and reliable service.  

 Arcing current and duration will be as follows: 

- Arcing current :  50[kA] 

- Test time  :  0.5[s] at least 

Type test reports carried out on cubicles of the same type and rating may be 

submitted. The type test reports will not be accepted if not have been carried out 

within the last ten years as from date of bid opening (2012). 

The type tests will be made on representative prototype assemblies or sub-assemblies, 

with the switching devices in place and in close position.  Type test reports can be 

accepted provided that they refer to switchboards of same type and rating.  

The following type tests will be performed for the 6[kV] metal-clad switchgear: 

 1. Dielectric tests: 
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  - Impulse voltage dry test: 

• To earth and between phases 75[kV] (peak) 

• Impulse        1,2/50 [ s] 

 - Power-frequency voltage dry tests: 

• To earth and between phases 28[kV] rms 

• Test time             1[min] 

 2. Partial discharge tests (IEC 60270) 

 3. Temperature rise tests. 

 4. Measurement of the resistance of the main circuit. 

 5. Short time withstand current, and peak withstand current test:  

 - Short time current  40[kA] 

 - Test time    1[s] 

 - Peak current    125[kA] 

 6. Verification of the degree of protection. 

7. Tightness tests. 

8. Additional tests on auxiliary and control circuits: 

-  Functional tests. 

-  Electrical continuity of earthed metallic parts test. 

- Verification of the operational characteristics of auxiliary contacts. 

-  Environmental tests. 

-  Dielectric tests (2[kV] rms, 1[min]). 

The following type tests will be performed for the 6[kV] circuit breakers (acc. To IEC 

62271-100 and IEC 62271-101)   

 1. Dielectric tests: 

  - Impulse voltage dry test: 

• To earth and between phases 75 kV (peak) 

• Impulse        1,2/50 [ s] 

  - Power-frequency voltage dry tests: 

• To earth and between phases 28[kV] rms 

• Test time     1[min] 

 2. Measurement of the resistance of the main circuit. 

 3. Temperature rise test. 

 4. Short time withstand current, and peak withstand current test:  

- Short time current     40[kA] 

 - Test time    1[s] 

 - Peak current    125[kA] 

5. Verification of the degree of protection. 

 6. Tightness tests. 

7. Additional tests on auxiliary and control circuits: 

-  Functional tests. 
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-  Electrical continuity of earthed metallic parts test. 

-  Verification of the operational characteristics of auxiliary contacts. 

-  Environmental tests. 

-  Dielectric tests (2[kV] rms, 1[min]). 

8. Mechanical and environmental tests. 

 9.  Short circuit making and breaking tests   

  The verification of the breaking and making capacity will be carried out, 

alternatively, by synthetic testing according to IEC 62271-101. 

 10. Verification of making and breaking capacity with the tests T10, T30, T60, 

T100s without intermediate maintenance. 

 11. Mechanical endurance  

 10.000 close-open operations required at least. 

 12.  A certificate will be submitted for electrical endurance to 1000 

operations. 

The purpose of routine tests is to detect possible material or manufacturing defects. 

These tests will be made on all transportable assemblies and, whenever practicable, 

at the manufacturer's works. The following routine tests will be performed for the 6[kV] 

metal-clad switchgear: 

 1. Dielectric tests on the main circuit: 

  - Power-frequency voltage dry tests: 

• To earth and between phases  28[kV] rms, 50[Hz] 

• Test time     1[min] 

2. Tests on auxiliary and control circuits: 

- Inspection of auxiliary and control circuits, and verification of 

conformity to the circuit diagrams and wiring diagrams. 

- Functional tests. 

- Verification of protection against electrical shock. 

- Dielectric test with test voltage 2[kV], 50[Hz], 1[min].       

 3. Measurement of the resistance of the main circuit. 

 4. Tightness tests. 

 5. Design and visual checks. 

 6. Mechanical operation tests. 

5 times operation of switching units and of slide-in units to check the mechanical 

interlocks. 

The following routine tests will be performed for the 6[kV] circuit breakers (IEC 62271-

100):  

 1. Dielectric tests on the main circuit: 

  - Power-frequency voltage dry tests: 

• To earth and between phases  28[kV] rms, 50[Hz] 

• Test time     1[min] 

 2. Tests on auxiliary and control circuits: 
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- Inspection of auxiliary and control circuits, and verification of 

conformity to the circuit diagrams and wiring diagrams. 

- Functional tests. 

- Verification of protection against electrical shock. 

- Dielectric test with test voltage 2[kV], 50[Hz], 1[min].      

 3. Measurement of the resistance of the main circuit. 

 4. Tightness tests. 

 5. Design and visual checks. 

 6. Mechanical operating tests according to para 7.101 of IEC 62271-100. 

The following tests will be performed at Site: 

1.  insulation resistance measurement between each phase and 

against earth. 

2.  Wiring tests. 

3.  Current and voltage transformer ratio and polarity tests. 

4.  Protection relays tests by current and voltage injection. 

5.  Indication instruments and transmitters accuracy tests. 

6.  Arc monitoring devices tests. 

7.  Functional and interlocking tests. 

8.  Bolts torque fastening tests for cable and busbar connections. 

9.   Remote operation and signalling tests. 

10.  Quick change-over devices tests. 

4.2.3 Power And Measuring Cables 

Existing 6[kV] power cables are already in use in UNITS I and II, and they will be reused 

6[kV] will 

comprise but not be limited to disconnecting them from TSGA-I and II, checking and 

measuring them, rerouting to MVER-I and II, installing of another part of existing power 

cables from MVER-I and II to MVEB, rechecking and remeasuring each independent 

part of the cables, and connecting them to the final position.  

Regarding LV cables (such as low voltage power cables, signalling-measuring-control-

interlocking cables, VTs-CTs measuring cables, telecommunication cables, cables for 

fire detection and firefighting systems, cables for station utilities, terminals, cable trays, 

conduits, cable fixing material, etc.), of the complete GROUP installation, Contractor will 

supply all required material whether specified or not to this paragraph, to perform a 

complete, safe, and reliable GROUP installation. 

 

- MV cables 6/10[kV] insulated, for connecting the 6[kV] 

the 6[kV] cubicles and then with the MVEBs. For this purpose, will be used the 

existing cables. The Contractor after disconnecting from UNITS I and II 6[kV] 

busbars of existing el

new connection points  MV cable 

sizing study) will be one of the two MVER- I or II and then to the relative MVEB. 



TPP-AD, DLYLP-199, HOT WATER MEDIUM VOLTAGE ELECTRODE BOILER 80[MWth] 

CHAPTER 4 page 60   

Contactor after disconnecting the 6[kV] cables both sides and before rerouting 

the cables must test them via VLF and Megger methods. In case of a faulty 

cable, it will be replaced with an existing or a new one provided by PPC. After 

rerouting them to their final positions they will be tested again by the aforesaid 

methods in order both results to be compared. In case that the rerouted cable 

is detected faulty then Contractor is obliged to supply and install a new one.  

- The Contractor must submit both results to PPC for final approval before 

connecting them to their final junction points. 

- LV power cables, 0.6/1.0[kV] insulated for supplying the various low voltage AC 

and DC consumers and interconnecting switchboards. 

- Signaling, measuring, control and interlocking cables for voltages >50[V] and 

VTs-CTs measuring cables, 0.6/1.0[kV] insulated, LIYCY type.    

- Fire resistant and temperature resistant cables for applications as outlined 

herein. 

- Telecommunication cables and station utilities cables.  

In case of a new 6[kV] cable needed 

or equivalent manufacturer and will be constructed with XLPE insulated cables, having 

a PVC flame retardant outer jacket conforming to the requirements of the applicable 

Standards.  

The MV cables from each of the TSGA s winding to any of four 6[kV] distribution 

switchboards, and then to the MVEBs, taking into account all derating factors, will be 

dimensioned to the half of nominal power of the MVEBs, namely 20[MW]. 

The LV cables from the UNIT- II and III 400[V] existing electrical rooms to the incoming 

feeders of LV distributions taking into account all derating factors will be dimensioned 

for the nominal power of the maximum load as it will be determined by the relative 

 

The current carrying capacity of the cables, taking into account all derating factors, will 

match the rated current of the fed consumers like motors, actuators, or any other 

equipment. 

For feeders to heaters the cable capacity will include a 10% margin above the rated 

current of the heater.  

The LV power cables will be PVC or XLPE insulated, with external PVC jacket. The jacket 

will be also in conformity to the requirements of applicable Standards concerning 

flame retardancy. 

The signalling, measuring, control and interlocking cables for voltages >50[V] and VTs-

CTs measuring cables will be PVC insulated with external flame retardant PVC jacket, 

LIYCY type. 

The polyvinyl-chloride (PVC) used for the outer cable jacket will be also of the type 

known as high temperature  or heat-resisting . The PVC compound and the 

plasticizer will be such as to give a cable life of at least 10 years when operating at a 

temperature of 85[°C]. 

The cables will be, where necessary, resistant to 1[m] impression in water, and 

chemicals used in various plants. 

Cable conductors will comprise stranded, annealed, high conductivity copper 

conductors laid up and rendered smooth and free from defects likely to injure the 

insulation. 
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Cable through joints will not be accepted under any circumstances, unless a previous 

written approval has been obtained from the Purchaser for each joint required.   

Conductors of cross section equal to or above 4[mm2] should be of the stranded type. 

Especially cable conductors used for CTs and VTs secondaries should be of stranded 

type, irrespective of their cross section. 

The identity of the manufacturer and the year of manufacture will be provided 

throughout the length of the cable. Letters and numerals, if applied on the outer 

sheath, will be raised, and will consist of upright block characters. 

The maximum continuous current carrying capacity of each individual cable type and 

cross-section used will be determined by the Contractor considering site 

environmental conditions with adequate safety margin (at least 5%).  

The derating factors of cables, one for laying conditions and one for ambient 

temperature, will be fixed on the basis of the worst ambient temperature and laying 

conditions met throughout their routing, on the basis of IEC 60502-2 for MV cables and 

IEC 60364-5-52 for LV cables, which will apply either for cables laid in air - on trays (with 

restricted air circulation) or ladders (racks) (with unrestricted air circulation), in rooms 

or in gutters/channels - or for cables buried in trenches. 

For ambient temperatures higher than 60[°C], special type of cables will be installed. 

For cables buried in trenches, it is assumed that they are laid in PVC ducts buried in sand 

or embedded on concrete with a mean specific thermal resistance equal to 1,5[Km/W]. 

The loading factor for these cables is assumed to be 1,0 (continuous loading). 

Further to the derating factors given by the corresponding tables of IEC Standards, the 

current carrying capacity of such cables will be multiplied by 0,85 because of their laying 

in PVC ducts (up to 6 cables per duct).  

For cables connected between switchgear and variable speed drives (VSDs) or VSDs 

motors, a derating factor will be applied due to harmonic currents in these circuits. Said 

cables must be shielded. 

Additional derating factors will be considered by Contractor in the following cases: 

- If more than one single core parallel cables are used per phase to account for 

the proximity effect at the switchgear terminals and, eventually, not even 

distribution of the current in the parallel branches. 

- When the cable is crossing fire resisting material (e.g., FLAMEMASTIC) whose 

thickness exceeds 100[mm]. 

- When the cable trays are covered, 

- In case the cables are installed in more than one layers. 

For the above cases Contractor will apply derating factors according to the applicable 

regulations and/or his experience. These factors will  

The conductor cross section of each cable will be adequate for carrying the prospective 

fault current determined by the next relevant short-circuit protection device when 

operating under the specified load conditions without deterioration of the dielectric.   

The minimum short circuit current at the consumer end of the cable will be taken into 

account in the sizing of the cables cross sections protected by fuses, for short circuit 

strength, taking into account the fuse characteristics. 
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On the contrary, in the sizing of cables cross sections protected by circuit breakers (with 

instantaneous or fixed time releases) the maximum short circuit current at the 

beginning of the cable will be taken into account. 

For all the MV cables, as well as the LV cables feeding main distributions and sub-

distributions above 630[A], the maximum short circuit current at the power infeed end 

of the cables will be used in sizing the cables cross sections for short circuit strength, 

including a 10% short-circuit margin for LV cables and a 5% for MV cables. This current 

will be considered with a minimum duration as follows: 

- 0.6[s] for MV cables.   

- 0.4[s] for LV cables between feeding switchgears and the relevant LV 

distribution. 

- 0.3[s] for LV cables feeding sub-distributions rated above 630[A]. 

Regarding dimensioning of the MV incoming cables to the 6[kV] distribution the 

duration of the short circuit current will derive from the selectivity study to ensure 

appropriate time grading as far as overcurrent protection is concerned. The same 

principle is valid for LV incoming feeder cables to main LV distributions and outgoing 

feeder cables to LV sub-distributions. 

For the other LV cables the total breaking time of the upstream circuit breaker or fuse 

will be considered. For fuses, the melting time corresponding to the upper statistical 

current-time characteristic will be considered. For fuses, moulded case circuit breakers 

and miniature circuit breakers, a calculation based on the maximum corresponding 

value of the square current-time integral is also acceptable. 

The sizing of cables to mechanical and thermal short circuit strength will be carried out 

according to VDE 0103 or equivalent. However, sizing according to VDE 0100/430 

nomograms and tables, or other equivalent method, considering cable length, total 

minimum or maximum short circuit loop impedance and rating of the upstream fuse 

or miniature circuit breaker, is also permissible. 

Cables cross sections will be calculated for voltage drop according to the following 

criteria: 

-  Voltage drop will 

 

- For supply cables to distributions, sub-distributions or local boards from which 

consumers are directly fed, the maximum overall supply network voltage drop 

under normal operating conditions will not exceed 2% of rated network voltage. 

- For supply cables to consumers: 

- The maximum overall supply network voltage drop under normal operation will 

not exceed 5% of rated network voltage at the terminals of fluorescent lamps, 

and of all other AC loads. The maximum overall supply network voltage drop 

during starting will be equal to 15% of rated network voltage for all motors with 

the exception of motors of closed loop control valves and dampers actuators, 

where voltage drop at starting will be limited to 5% (the starting current of such 

motors is equal to their rated current). 

- Voltage drop calculations will be carried out at the maximum operating 

temperature of all live conductors, which will be 70[°C] for PVC cables and 90[°C] 

for XLPE cables. 
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- The voltage drop for measuring and control cables and cables for instrument 

transformers (VTs and CTs) will not exceed 2% 

The above limits are valid unless more severe restrictions are imposed by the 

equipment specifications or the Contractor 

In principle all cables for indoor and outdoor runs will be installed on cable trays or 

ladders (racks). The trays or ladders including their supports and fixing material will be 

made of hot dip galvanized steel sheets and profiles. The routing of the cables-ladders 

and the materials used (cable trays, supports, etc.) should be approved by PPC. 

The MV power cables will be manufactured and tested to conform to all requirements 

of IEC 60502 and VDE 0273 (or equivalent). 

The insulation thickness and test voltage will be those applicable for an ungrounded 

neutral 6[kV] network, i.e., for rated insulation voltage core-to-core 10[kV] and core to-

sheath 6[kV]. 

The conductors will be of stranded copper and the effective cross section of the copper 

screen will be not less than 6[mm2].  

The cables will be of the cross-linked polyethylene (XLPE) primary insulated type 

provided with either one or three stranded copper conductors, conductor jackets of full 

or semi-conducting material for electrical field equalizing and control, overall copper 

tape screen or copper wires and with an outer jacket of polyvinyl chloride (PVC flame 

retardant type). 

Shield will nd. 

The maximum bending radius will be 15 X outer cable diameter. 

The LV power cables will be manufactured and tested to conform to the requirements 

of IEC 60502 and VDE 0271 (or equivalent). 

The insulation thickness and the test voltage will be those applicable for rated 

insulation voltage core-to-core 1[kV] and core-to-ground 600[V]. 

The cables will be of the PVC or XLPE primary insulated type with an outer jacket of 

flame retardant type PVC. 

Conductors will be made of copper. 

The maximum bending radius will be 15 X outer cable diameter. 

Cables for lighting and power outlet installations with cross sections up to 16[mm2], will 

have cores for the phases and additionally two cores for the separated neutral (N) and 

protective earth (PE). Higher rated lighting and power outlet loads will be separately 

connected to the station earthing system, so they will be fed by cables with cores for 

the phases and one core for the neutral (N). Cables for consumers other than the 

lighting and power outlet ones, with cross-sections up to 16[mm2] will have cores for 

the phases and one core for the protective earth (PE). Cables for consumers other than 

the lighting and power outlet ones, with cross-sections higher than 16[mm2], will have 

cores only for the phases. 

All conductors of power cables will be sized equal to or above 2,5[mm2], except lighting 

cables, for which a minimum cross-section of 1,5[mm2] will apply.    

The signalling, measuring, control and interlocking cables which are intended to serve 

voltages >50[V] and for measurements from VTs and CTs secondaries, will be 

manufactured and tested in conformity to the requirements of IEC 60502 and VDE 0271 

(or equivalent). 
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The insulation thickness and the test voltage will be those applicable for rated 

insulation voltage core-to-core 1[kV] and core-to-ground 600[V]. 

Conductors will be made of copper. 

The minimum conductor size will be 1,5[mm2]. For special uses smaller conductor sizes 

can be used, subject to Purchaser's approval (e.g., 1[mm2]) 

The cables for CTs and VTs secondary circuits minimum conductor size will be 2,5[mm2]. 

The cables for CTs and VTs secondary circuits as well as the control, measuring and 

signalling cables will be provided with overall copper tape or copper wires screen. 

For multiconductor control cables 20% spare conductors will be provided, with a 

minimum of two spare conductors.  

The cables will be of the PVC primary insulated type with an outer jacket of flame 

retardant type PVC. 

The following cable types and colour codes are to be used for 0,6/1,0[kV] power cables 

with up to five cores (LV colour coding): 

 Cable Conductors    Colour Code 

 Earth    : green-yellow 

 Neutral   : light blue 

 One phase   : brown 

Three phases 

 L1    : brown 

 L2    : black 

 L3    : grey 

Where a circuit includes a neutral, the colour used for this purpose will be light blue 

according to HD 308 S2 standard. 

The green/yellow conductor will be used for identifying the protective conductor and 

for no other purpose according to IEC 60446 and HD 308 S2 standards. These colours 

(green, yellow, green-yellow) will not be used for any other purpose in LV circuits. 

The colour coding for the 6/10 kV cables will be as follows (MV colour coding): 

phase Color Phase identification 

A Red  

B Yellow L2 

C Blue L3 

The coding will be unique and will be followed for the three-core cables. Single core 

cables will be similarly colour coded using shrinkable identification gaskets, on both 

ends. 

Each cable when completely erected will have permanently attached to it, at each end 

and at intermediate positions, as many as may be considered necessary by the PPC, 

stainless steel labels detailing the identification number of the cable, voltage, and 

conductor size. 

The cable identification numbers will comply with those of the cable lists. 

All cables in cable gutters, trenches, galleries etc. and at entry to building blocks will be 

labelled utilizing the afore-mentioned type of label. 
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Fixing the labels on the cables will be realized with stainless steel tapes. 

At all terminations of wires and cables, the insulation will be neatly stripped without 

nicking the strands of the conductors. Cable lugs for power cables will be of adequate 

size. Cable glands or clamps will be fitted in all cases to prevent any stresses being 

borne by the conductors or the terminals. The sealing compound as well as the sleeving 

used in terminations will be selected to suit the service temperature conditions under 

which the cable is to operate. 

No terminations will be accepted if their insulation resistance, 24 hours after their 

construction, is less than 100[M ], using a standard MEGGER instrument. 

Where cable terminations are likely to be disturbed for maintenance purposes, some 

slack cable length, in a loop or other suitable form, is to be allowed at a convenient 

place along 

Every cable end of MV power cables will be sealed and protected in an approved 

manner consistent with the voltage level, the type of the cable and the place of 

installation. The spacing between conductors and the earth as well as the correspon-

ding creepage distance will be in accordance with the applicable Standards (VDE 0110 

or equivalent). After removal of the outer cable jacket the conductors are to be 

provided with a stress control tubing or tape, sealed either by a weather resistant and 

non-tracking tubing shrunk covering the conductor or by self-gluing, with a ready 

manufactured piece of silicon rubber, with inner potential distributor. This piece is to 

be pushed over and it will be terminated into a long trail cable lug hydraulically pressed 

together with the phase conductor. 

MV cable shields (screens) are to be solidly grounded at consumer end.   

Shields of control cables will be solidly grounded at one end, the most decentralized. 

The installation of cables will be performed in such a way to minimize fire hazards, and 

to provide easy maintenance and replacement in case of damage. 

Where cabling is crossing structural members (walls, floor slubs etc.) any of the 

following techniques will be applied: 

- Rigid PVC pipes to VDE 0605 or equivalent, resistant to heavy pressures 

(according to DIN 49016 or equivalent), of adequate size, are embedded in the 

respective structural member to form the opening. The finishing materials are 

terminated on the pipes. The cable trays or ladders will be terminated 10[cm] 

before the structural member at both sides and the cables will be passing 

through the openings. If there exist no trays or ladders but the cables are 

installed in conduits, the conduits will be passed through the openings. 

- Rectangular openings made of concrete and steel frames will be provided on 

the structural members. The cable trays will be passing through the openings. 

This technique will be avoided in case of conduit installation. 

Where cables are crossing walls of fire - resistant sections, the openings on the walls 

must be internally closed with mineral wool and vermiculite, creating a fire-resistant 

block and coating of fire-resistant material, similar to FLAMEMASTIC, will be applied on 

the cables at a minimum distance of 1m from both ends of the openings. Said sealing 

will ensure a time of firing resisting equal to the one of the relevant fire compartment 

and not less than 90[min]. All seals will be vermin proof. 

The same technique will be followed in the openings of the electrical and cable 

compartments. 
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Where tunnels, gutters or trenches are provided for cable runs, these will be used only 

for that purpose. It is not permitted to use the cable trenches, gutters, and tunnels for 

other installation e.g., piping, irrespectively of the fluid type. Cold water piping may be 

exempted from the aforementioned rule, subject to Purchaser's approval. 

Cable gutters and tunnels will be totally isolated at their respective ends by means of 

fire-resistant walls, provided with pass-by doors, in the case of tunnels. Horizontal and 

vertical cable routes, at the points of separation of the building's functional areas, at 

the entries of switchboard cubicles, at the entries to the Control Room area, etc., will 

be provided with full insulation fire-resistant blocks ensuring full tightness against fire 

by product gases. Fire resistant at the entries of the electrical rooms and the cable 

compartments blocks will be constructed with vermiculite and mineral wool. Fire 

retardant coating similar to FLAMEMASTIC type will be applied at a minimum distance 

of 1m at both sides of the fire blocks. 

Every twenty meters of the cable runs in gutters, tunnels or cable runs of more than 

one ladder/tray layer in all over the GROUP installation, simple fire-resistant blocks 

vertical to the route, of suitable material as above, will be installed to inhibit the spread 

of fire. The width of these blocks will match the width of the trays. Coating of fire-

resistant material, similar to FLAMEMASTIC, will be applied on the cables at a minimum 

distance of 1[m] from both ends of these fire blocks. Said sealing will ensure a time of 

firing resisting not less than 90[min]. 

All large cable rooms and cable floors will be divided by fire barriers that will ensure a 

time of firing resisting equal to the one of the relevant fire compartments and not less 

than 90 minutes. Access will be provided through fireproof doors. In areas where there 

is a possible risk of oil or other combustible material falling onto cable trays, the trays 

will be mounted in the vertical plane. 

Total fire-resistant blocks will be installed every 70[m] in the cable gallery, in order to 

separate the fire-resistant sections, according to the Fire Brigade regulations 

provisions.  

Cable ducts must be so arranged and sealed as to avoid any risk of flooding with fuel 

oil, lube oil or any other flammable liquid. In addition, the cable rooms, basements, 

gutters, and galleries must be completely sealed against leakage from above as well, 

to preclude the ingress of lube oil or other flammable liquids 

All cable entrances to switchgear panels and cubicles must be sealed fire-resistant.   

The insulated power and control cables will be completely constructed and fabricated 

at the factory and subjected to tests in accordance with the relevant IEC Standards.   

Type tests reports on each type of cable can be accepted under the following 

conditions: 

- The same materials, i.e., insulation and semi-conducting screens, and 

manufacturing process are used. 

- The conductor cross-section is not larger than that of the tested cable. 

- The rated voltage is not higher than that of the tested cable. 

The existing or new (in case of replacement) 6[kV] power cables must be subjected to 

routine tests according to IEC. 

The following tests will be realized for the existing and new cables at Site: 

- Insulation resistance and VLF measurements per each existing MV power cable 

before and after rerouting works. 
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- Insulation resistance and VLF measurements per each new MV power cable 

installed (between each phase and against earth). 

- Insulation resistance measurements per each LV power cable installed 

(between each phase and against earth). 

- DC voltage test of the oversheath for MV cables (according to IEC 60502-2). 

- Insulation test (according to IEC 60502-2). 

- Correct cable and cable tray/ladder labelling checks. 

Design documents 

- Analytic determination of the routing of each cable and its thermally worst 

portions from the point of view of laying conditions and ambient temperature. 

- Calculation of the prospective maximum/minimum short circuit currents for the 

respective network configurations. 

- Calculation of the voltage drop under normal operating conditions as well as 

under conditions of starting of the various loads. 

- Calculation of the cables cross-sections according to the specified criteria. 

- Analytical thermal study for multilayer cable trenches.  

Contractor, upon termination of his cables cross-section selection calculation will 

submit the results of his study in a table form containing, at least the following data: 

- Item and code number. 

- Description and location. 

- Manufacturer and catalogue number. 

- Type of cable, insulation, armoring and sheathing. 

- Number of conductors and their cross section in [mm2]. 

- Standard ampacity at 30[°C] in [A]. 

- Derating factor for ambient temperature according to the application.  

- Grouping factor and other derating factors (worst case). 

- Ampacity under Site conditions in [A] (worst case). 

- Length in meters. 

- Type of cable termination. 

- Fault current at the end of the cable (maximum, minimum). 

- Total voltage drop at rated load and starting conditions. 

- Protection setting of circuit breaker or fuse size. 

The Contractor will submit a cable list comprising, at least, the following data: 

- Cable Identification Code. 

- Termination points (at both ends). 

- Cable route (indicating the different sections the cable runs through). 

- Cable type. 

- Number of conductors and their cross-section. 
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- Length. 

- Standard ampacity. 

- Ampacity at Site conditions. 

The cable route and tray arrangement drawings will indicate the main cable routes in 

the GROUPS installation and inside of buildings as well as all cables in gutters and in 

trenches. The main cable routes will be numbered and divided into individual sections. 

Such individual sections will be formed whenever a cable joins or leaves a main cable 

route. A cable route loading schedule will indicate the loading of each individual section 

by listing the cable numbers laid on the different tray/ladder levels. 

4.2.4 Electrical Protection and Control System 

The subject part of the Specification covers the main features for the supply and 

installation of the protective relays and of other equipment associated with the control 

and supervision of the electrical installation. The equipment outlined herein below is 

the minimum required by PPC and must not limit the Contractor from applying further 

protective schemes according to his design principles of protection and the needs of 

the equipment to be installed for the MVEB secure operation. 

The new protection scheme combined with the existing ones (diagram attached to 

ANNEX D will give an overall view of the protection system required for the various 

electrical systems of the GROUP installation). 

The two infeeding t 6[kV] (TSGA-I and II) protection schemes already 

exist, and they are presented analytically in their respective drawings. In any case, it is 

deliver 

an integrated protection study. 

The Contractor must combine the protection scheme of the new equipment with the 

approval. The new protection scheme concerns the following equipment: 

 Protection of 6[kV] infeeding cables 

 Protection of 6[kV] Electrode Boilers  

 Protection of 400[V] infeeding cables 

 Protection of all 220 - 400[V] equipment 

         DC and secure AC network protection 

ll the existing connections between the 

new relay outputs to the already existing control and protection cables. 

All alarm and trip signals as derive from the aforesaid protection schemes will be 

transmitted to the CCR I-II for monitoring and event recording. In addition, the 

aforesaid signals will be able to be transmitted via a communication protocol to a 

 

4.2.4.1 General requirements of the electrical protection systems 

The primary function of the protection system will be to isolate the disturbed part of 

the system in the event of fault or abnormal operation conditions. Tripping of a faulty 
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part of the system will take place before mechanical and electrical related parts of the 

system are damaged and early enough to maintain the power system stability. 

Especially the 6[kV] protection scheme will be organised to form two protection groups 

i.e., group A and group B. The provisions will be made for two separate coils for each of 

the tripping devices (first way and second way tripping scheme). The complete 

redundancy will be achieved by duplicated all essential components. The final 

submit his proposal. 

Grouping in two sets will be such, so that each of the sets completes the other and in 

no way the feeding transformers are left to operate without any form of protections. 

If a protection function in one group is not covered redundantly by other protection 

functions in the other group, then two stages for this same function will be 

implemented, each belonging to different group and housed in different relay.   

The Contractor will include, whether explicitly mentioned or not, all the elements 

necessary to coordinate and ensure the correct functioning and selectivity of the 

referenced protection equipment in accordance with subject specification and the 

applicable Standards. 

Additionally, the Contractor will supply the necessary documents, calculations, and 

settings to guarantee the correct set-up, functioning and effectiveness of the 

protection schemes he intends to apply. 

The components of each relay will be suitable for operation in the local climatic 

conditions. Relays will not be sensitive to mechanical shocks. 

Protection relays and associated auxiliary equipment will be of standard construction 

and supplied by an experienced and reliable manufacturer, to be approved by PPC. 

The protection relays will be of the digital type (microprocessor design) with continuous 

self-monitoring and supervision of all parts of the relay hardware, firmware and 

software and will have a documented life of not less than three (3) years. 

Relays will be CE marked in accordance with European Union requirements related to 

electromagnetic compatibility and low voltage equipment safety.  

In the event of fault that leads to activation of the protection relays, the current and 

voltage waveforms will be stored in the relays to facilitate trouble  shooting. The 

relays will provide comprehensive records for trip and alarm conditions, with 

indications of which element initiated the trip or alarm and of voltage and current 

vectors at the time of initiation. The application specific data will be stored in non-

volatile memories so that no information will be lost in case of power supply failure. 

Installation and connections 

The protection class of the cubicles for all relays will be IP41. If the front face of the relays 

is exposed, it will have protection class at least IP41. 

The relays will be back connected. Each one of the protection relays will be isolated, 

housed in physically separated compartments of said cubicle (separation by metal 

sheet). 

The relays for the MV switchgear will be mounted inside the relaying compartment of 

the MV cubicles, or on the front door of it. If the latter mode of mounting is selected, 

then all relays will have protection class at least IP41 on the front. 

For each relay built in test facilities will be provided that will permit testing the relay 

while the protected object remains in operation. 
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Auxiliary relays and devices necessary for performing completely the particular 

function of each protective relay, including annunciation, will be furnished by the 

Contractor.  

The MV switchgear protection scheme will be suitable for 220[V] DC so that it will not be 

rendered ineffective even in case of black-out conditions. 

The power supply of the protection relays will be provided from the 220[V] DC auxiliary 

voltage which originates from a distribution board at +4.00 m of UNIT UNIT

III electrical room (main and standby supply). 

The protective relays will be suitable for operation with the instrument transformer's 

ratios and connections that feed them. 

If some modules of relays connected to the CT's current circuits can be removed, the 

design of these parts will prevent an open circuit at the secondary part of the CTs under 

all circumstances, through automatic short-circuiting device. 

It will be possible to manually test any relay without first opening its case.  

All the relays will have the necessary number of auxiliary contacts able to handle the 

AC and DC control, communication, alarm, monitoring, supervisory and tripping 

functions related to the protection as well as having the capability to make and break 

currents which can flow in the stated circuits. 

External relay connection to voltage and current transformer secondary circuits, DC 

auxiliary supplies, DC control, AC auxiliary power, supervisory alarms, tripping and 

communication circuits will be marked with slip-over ferrules of different colours and 

numbering in accordance with DIN 40719 or another equivalent standard.  

The protection system will be completely wired, tested, and inspected at the 

Contractor's factory. The only work to be performed at Site will be the connection of 

the external devices, the commissioning procedure, and the Site tests. 

All the relays will be equipped with a self-monitoring alarm system, (watchdog). 

Furthermore, the DC supply and abnormal level of stabilized DC voltage will also be 

monitored. All the relevant alarm signals will be transmitted hardwired to CCR I-II.  

If fuses are used, they will be supervised with local and remote alarm. 

Terminal blocks will include 20% spare of all types of terminals used. Exception will be 

made for the test blocks. 

All tripping control circuits will be interrupted for the qualitative and quantitative tests. 

These circuits will be located at the same test block provided to test the relay with 

current and/or voltages. 

Each protection relay will be so arranged that operational and calibration checks can 

be carried out with associated primary circuits(s) in service. 

All the relays will be able to be tested to determine the quantitative evaluation of all 

incoming current and voltages, as well as the tripping times and the confirmation of 

the transmission of the trip signal to other protection or communication equipment. 

Each protection equipment and/or relay will be able to be tested through test sockets 

to be provided to the front door of the protection equipment panel with the primary 

circuit(s) in service. The test points will be clearly identified and labelled.  

The test plugs of the test sets will correspond with the test sockets provided with the 

relays. Test plugs and sockets will be provided before commissioning of the relays. 
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Signals from VTs used for protection within the control and protection system of the 

GROUP installation must originate from different circuits than those used for 

measurements. These last will be fused separately with MCBs.  

No time delay for the tripping contacts will be accepted. Master trip relays will have a 

maximum tripping time equal to or less than 10[ms]. 

LED lamps on the protection relay will be used to identify the faulty phase of the 

protected circuit, the type of fault, as well as all internal faults related with the 

operation of the relay or failure of the power supply. Local and remote alarms, as 

necessary, will also be foreseen. Each such LED indicator will be capable of being reset 

by hand without opening the relay. 

All protection relays will have integral disturbance recorder. The records will be 

recorded with the COMTRADE format, following IEC 60255-24. 

The disturbance channels and their triggering sources will be user configurable. The 

records will be able to be extracted from each relay via the relative software and 

oscillography analysis will be provided for optimum results.   

The trip signals of all protection functions (all stages), as well as all alarms and 

recordings will be time tagged in the protection relays with 1[ms]. 

Moreover, the protection units will be provided with an integral local user interface (LCD 

display and keyboard) to facilitate setting changes and observation of indications 

without the use of remote communications or external equipment. 

Configuration drawings and software 

The Contractor will supply, before the elaboration of the wiring diagrams, functional 

block diagrams (FBDs) in one drawing for each type of feeder and protection. These 

drawings will include schematic information concerning trip circuits, control circuits, 

secondary circuits of voltage and current transformers with polarity marks, DC power 

supply and supervisory alarms. In case of multi-functional programmable relays or 

intelligent electronic devices (IEDs), the FBDs will also include the internal configuration 

of the relays. These block diagrams will be updated during the factory test, erection, 

and commissioning phases.  

Contractor will provide software allowing programming, parameter setting, alarms, 

trips and disturbances downloading, as well as oscillography analysis of disturbances 

for all types of installed protection relays via a laptop PC. The program settings will be 

changeable and stored in non-volatile memory of the relay. The settings will be 

retained in memory even in case of power failure.  

6[kV] switchgear protection and control devices 

The protection and control of the MV switchgear feeders will be realized through bay 

control and protection units. These units will combine the local indication, local control, 

and local measurement functions, thus forming intelligent electronic devices (IEDs). 

Said devices will include multifunction numerical relays, microprocessor based, capable 

for real time processing, with continuous self-monitoring. Remote control signals to the 

circuit breaker (Open, Close) and operation status (On, Off, Disturbance, Alarms, Trip, 

Test position, Local control, Earthing switch position) interface signals with the CCR I-II. 

Remote measurements will be realised only through independent transmitters, which 

will be hardwired to CCR I-II and there will be capability to communicate with a future 

 

An additional front communication port to allow direct interfacing to a laptop PC will 

be provided. 
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The front panel will be fitted with a rear-lit liquid crystal graphic display several 

pushbuttons necessary for the man-machine interface as well as indicating LEDs. Said 

display will give information (state of the external units, alarms, protection, self-

diagnosis, etc.) and will depict the single-line wiring diagram of the part of the 

installation to which the device is connected, indicating the position of the operating 

mechanisms. The indicating LEDs on the panel will give a local indication for the 

energization of the respective protective relay. Furthermore, all required local 

measurements like current, voltage, active power, reactive power, etc. will be depicted 

on the display. 

The protective devices for MV switchgear will have external resetting means. Unless 

otherwise specified, relays will be of the hand resetting type. The devices will provide 

easy access for testing and setting purposes. All protective devices will be mounted in 

the upper compartment of their anticipated circuit breaker panels. 

Control contacts will be suitable for 220[V] DC. The devices will have sufficient contacts 

and/or auxiliary relay contacts to perform all the tripping, intertripping, interlocking, 

indication and alarm functions required. Spare contacts (2 NO + 2 NC) will be provided 

for the Purchaser's use. 

Instantaneous overcurrent functions on the devices will be provided with adjustable 

short time timers (0-1000 msec), adjustable in 50 msec steps, if selective operation in 

case of short circuit cannot be achieved otherwise due to low cable/system impedance.  

All the devices will be supplied with auxiliary power from UNIT- UNIT- 220[V] 

DC distribution boards (main and standby supply), as mentioned before in this article. 

All devices however must operate satisfactorily within the acceptable voltage range 

and ripple factor of the auxiliary source. 

For each 6[kV] cubicle separate fusing or miniature circuit breakers will be provided for 

the supply of protection devices. The same will apply for the signalling and control 

voltage of the cubicle. The auxiliary DC voltage source will be supervised in each cubicle 

by means of an undervoltage relay which will signal to the CCR I-II any defect of the 

auxiliary voltage (fuse failure, lack of voltage, etc). 

The following protection functions will be supplied and installed by Contractor (see also 

the relevant protection diagrams attached to the Contract) implemented through the 

multifunction protection devices: 

1. For each 6[kV] feeder, one three-phase, thermal overload function. The time 

constant and the current setting of the thermal overload relay will be 

constant and thermal current. Energization of the overload element will result 

into an alarm signal to CCR I-II when thermal integral reaches a first 

adjustable limit, and a trip, when said integral reaches a second adjustable 

limit. 

 For the 6[kV] a three-phase overcurrent function will be 

provided with definite and instantaneous time characteristics. The 

instantaneous element setting will be selected so that the Electrodes are 

protected from short circuits, but its starting sequence is not hindered to any 

extent. Picking up of the instantaneous element will result into circuit breaker 

tripping. The definite time element will be adjustable current-wise and time-

wise and will be set to a current about two times rated current and a time 

greater than maximum permissible starting time. Pick-up of the definite time 

element actuates a trip signal. All trip signals actuate circuit breaker tripping. 
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 All 6[kV] consumers will be provided with differential protection. 

 The protection relay will also feature, at minimum, directional earth fault 

protection, unbalanced load and phase-sequence protection, loss of load and 

breaker failure. 

2. One three-phase undervoltage relay will be provided, at each section of each 

6[kV] feeder. 

 One three-phase overvoltage relay as well as a voltage displacement 

monitoring relay will be provided, at each section of the 6[kV]. The setting of 

the undervoltage relays will be between 30-80% UN with a reset ratio equal to 

105%. Time setting for undervoltage relays will provide a delay between 0.03-

2[s], or wider depending on application. Adjustable definite time facilities will 

be also provided.  

 The overvoltage relays will monitor the voltage on the 6[kV] feeders. These 

relays will initiate only alarms to CCR I-II. 

 The voltage displacement monitoring relays will be provided for earth fault 

supervision of the 6[kV] feeders. A sensitive directional earth fault detection 

system will be provided, as mentioned above, aiming to determine the feeder 

where the earth fault is located. The respective information will be 

transmitted to CCR I-II and trip the respective circuit breaker. 

 For the sensitive directional earth fault detection system Contractor will 

supply and install at each feeder toroidal summation current transformers to 

measure earth fault currents feeding into directional highly sensitive solid 

state numerical earth fault relays. Correct operation of the relays and at least 

90% coverage of motor windings will be affected using suitable burdened 

voltage transformers. 

The following conventional indicating instruments will be installed on the existing 

conventional mimic panel located in the CCR I-II: 

- Active power and energy consumption fed from each 6[kV] winding of the TSGA 

 

- Three phase current indication for 6[kV] infeed from each winding of the TSGA I 

 

- Three phase voltage indication per each feeder of 6[kV]. 

The aforesaid conventional instruments will also be installed on a conventional panel 

located in each MVER (of the relative transformer) and will also be available to a future 

SCADA system. 

The accuracy class of all conventional indicating instruments will be 0,5. 

The existing conventional 6[kV] mimic panel located in the CCR I-II will be modified to 

also indicate the MVEBs.  

l 6[kV] switchgears will 

be provided on the mimic panel though the existing indicators.  

will 

be connected on said mimic panel for manual control of all 6[kV] switchgears. 

Existing alarm indicators will be continued to operate providing on the mimic panel at 

least all the existing warning and trip signals regarding the 150[kV] circuit breaker, the 

TSGA-I and II and the new 6[kV] switchgears.  
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4.2.4.2 Remote control and supervision of the electrical installation  

The entire electrical installation of the GROUPS will have the capability to be controlled 

and supervised from a future SCADA system.  

All remote measurements will be accomplished through 4-20[mA] transmitters of 

accuracy class 0,5 for the MV level and 1,0 for the LV level. The transmitters will follow 

IEC 60688. 

4.2.4.3 Design study of the protection system  

The Contractor prior to the installation of the protective relaying system will submit for 

approval to the engineering services of PPC a detailed study of the protective relaying 

principles accompanied with all necessary design, wiring and construction drawings 

and data. The protection and coordination study will include all involved voltage levels 

(high voltage, medium voltage, low voltage, AC and DC). 

The following selectivity principles will be applied for coordination between overcurrent 

protection devices, including overloading as well as phase and earth faults. 

MV circuit breaker to upstream MV circuit breaker: 

- 200[ms] minimum distance between the pick-up characteristics of the 

overcurrent relays, for the range between min. and max. short-circuit level. 

LV circuit breaker to upstream LV circuit breaker: 

- 100[ms] minimum distance between the pick-up characteristics of the circuit 

breakers, for the range between min. and max. short-circuit level. If limiting 

circuit breakers are involved, the selectivity for the max. short-circuit level will be 

based on let-through energy and will be obtained by CB manufacturer 

calculations. 

LV fuse to upstream LV circuit breaker: 

- The max. melting time characteristic of the fuse will be lower than the pick-up 

characteristic of the circuit breaker. If limiting circuit breaker is involved, the 

selectivity for the max. short-circuit level will be based on let-through energy 

and will be obtained by CB manufacturer calculations and charts. 

The overcurrent selectivity study will ensure full selective protection between the 

upstream and downstream protective devices, following the flow of energy. In cases 

where there are one upstream device (incomer) and more than one downstream 

device (outgoing feeders), as in switchboards, the selective operation must be ensured 

with the highest security. Where there is only one upstream and one downstream 

device, e.g., outgoing feeder to a switchboard and incomer of this switchboard, the 

selectivity is not essential and can be omitted, if necessary. 

The study will include the settings of the protective relays, their characteristic response 

curves, exact definition of the protection zones, error data, etc. The electrical 

characteristics of the protected objects will be clearly defined in the study.  

The study will take into account the design limits of all protected objects and other 

network data, including loading data, short-circuit levels, voltage drop values due to 

motor starting or reacceleration after quick change-over, etc. 
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After installation of the relaying system Contractor will forward to PPC updated wiring 

diagrams of the protection cubicles, instructions for testing, maintaining, regulating, 

and troubleshooting the installed relays and system. 

4.2.4.4 Tests on protection system 

All relays will be subject to type and routine tests as specified in the relevant IEC 

publications or other equivalent standards before incorporation into the complete 

equipment.  

After installation all relays will be tested by the competent team of PPC for good 

functioning, effective covering of protected objects and, in coordination with the 

characteristics of circuit breakers, for proving the correct accomplishment of the 

selectivity of protection principle according to the  installation operational 

needs. This team will grant the final approval of the relays. 

Secondary injection will be carried out on all AC relays using voltage and current of 

sinusoidal wave form and rated power frequency, to confirm their accuracy and 

response times at several points of their measuring range. 

The magnetizing characteristic of all current transformers will be checked at least at 

two points to identify the current transformers with reference to the manufacturer's 

estimated design curve, and to determine the suitability of the current transformer for 

its intended duty. Special measures may have to be taken to ensure that the core is 

fully demagnetized before commencing the test. 

Primary current injection tests are to be carried out by the Contractor. The primary 

injection methods employed for a particular installation will be agreed upon with the 

Purchaser. 

Tests are to be carried out as follows: 

- Local primary injection to establish the ratio and polarity as well as the current 

error curve of current transformers, care being taken to prove the identity of 

current transformers of similar ratio. 

- Overall, three-phase primary injection to prove correct interconnections 

between current transformer groups and associated relays. 

- Fault setting tests to establish, where practicable, the value of current 

necessary to produce operation of the relays. If not practicable, these tests are 

to be carried out by secondary injection applied at the wiring close to the 

current transformer. 

Prior to commissioning, technical manuals, operating instructions, testing procedure, 

settings and protection curves of the relays will be submitted in print-out copies and 

CD/DVD. 

One laptop PC will be provided by Contractor. PC will be equipped with proprietary and 

necessary software and licences. It will be used for configuring and settings uploading, 

as well as registers downloading and oscillography analysis from protection and 

control equipment of the electrical protection and control system of the GROUPS

installation, including protection relays. It will be also used for monitoring, settings 

downloading and results uploading from monitoring and testing devices. Furthermore, 

PC will be used, for communicating with the above equipment, as well as for evaluation 

of results. The PC will operate under last version of Microsoft Windows operating system 



TPP-AD, DLYLP-199, HOT WATER MEDIUM VOLTAGE ELECTRODE BOILER 80[MWth] 

CHAPTER 4 page 76   

and will include all Microsoft Office software (Word, Excel, PowerPoint, Outlook). The PC 

will include optical drive for reading and writing CDs and DVDs, Ethernet 

communication card and the necessary USB and serial communication ports. 

Contractor will also provide the software and technical manuals for any other 

programmable equipment installed such as programmable transducers, energy 

meters, etc. 

Contractor must deliver to PPC any special cables, plugs and connectors that are 

required for communication, programming and testing of the protection relays and 

the other programmable equipment.   

4.2.4.5 Electrical Rooms for MV Electrical Equipment Installation 

The installation of each one of the two sets of MV electrical equipment, which will feed 

each MVEB, will be realized inside a new adequate building or a prefabricated 

container (MVER-I and II) installed indoors in an available space close as possible to 

machinery room of UNIT- II. The indicative positions of the two MVER are shown in 

Annex C  and they have been selected based on the existing 6[kV] 

routing, and available free space. The final positions of the two electrical rooms will be 

selected by the Bidder/Contractor and will be approved by PPC.  

Each MVER 

responsibility to achieve the relevant permits, if any is needed, as it is required by the 

Greek legislation. 

In case the Contractor will proceed with containers solution, they will be standardized, 

metallic, indoor type, and suitable for housing electrical equipment. The side walls and 

the roof will be of metal panels with internal thermal insulation attached to a frame of 

steel beams of suitable thickness that will ensure transportation of the complete 

container without any deformation. 

The minimum thickness of the outside lamina of the panels will be 0,50[mm] while the 

insulation material will be of rigid polyurethane foam or of mineral wool. The panels 

will be galvanized and delivered painted with a complete standard coating (corrosivity 

category C5-I for the external panels and C4 for the internal panels, with durability high 

according to ISO 12944). 

If galvanized panels will not be provided, both external and internal panels (and for 

both sides of each panel) will be painted with powder coating. 

will be delivered painted with a complete standard 

coating for outdoor installation (corrosivity category C5-I with durability high 

according to ISO 12944). 

All other provisions of Technical Specification of this Inquiry, concerning Painting and 

Anticorrosion Protection are valid. 

The roof will be provided with suitable inclination to avoid water concentration. 

The metallic frame of each container will be of suitable height, or it will be placed at an 

appropriate position that will facilitate handling of cables underneath the MVER.   

Each container will be provided with indoor perimetric earthing loop, made by 

240[mm2] bars, connected at least at two points with the Power Plant existing earthing 

grid of the same cross section.  
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Each container will be provided with two exit doors at opposite sides provided with 

panic bars and opening to the way-out direction. The doors will be provided with 

security locks. At least one opening will be capable for the transportation of the 6[kV] 

cubicle panels. 

The containers will be equipped with lighting system for the indoor area as well as the 

outdoor perimeter and above the entrance.  

The level of illuminance which will be attained will be 250[LUX] for indoor and 30[LUX] 

for outdoor. Indoor lighting fixtures will be controlled with switches located close to 

both exits (alle-retour type) while outdoor lighting fixtures will be controlled manually 

through switches. 

Additionally, emergency lighting fixtures ensuring an illuminance level of 50[LUX] will be 

provided inside the containers. These fixtures will be provided with autonomous 

batteries ensuring a minimum operation of each fixture not less than 90[min]. 

Emergency exit lights equipped with batteries will be provided above each exit door.  

2 (two) power socket outlet 230[V], 1-phase, 16[A] will be installed inside the containers. 

The indoor area of the containers will be air conditioned with an inverter type split unit. 

The continuous achieved temperature must be of 20[oC]. 

Fire detection system will be provided for indoor area of the containers. The system will 

consist of the necessary number of alarms initiating circuits provided with manually 

operated push buttons, addressable fire detectors and addressable indoor and 

outdoor local annunciators with sounders and flashing lamps.    
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4.3 LV Power Supply 

Two 400[V], 50[Hz], 3-phase, power supplies will be provided for feeding each of the 

400[V] Subdistribution Panel of Motor Control Centers (MCC) of each one of the two 

GROUPS. Each power supply will derive from dedicated boards at level +4.00m of UNITS 

II and III Electrical Rooms (main and standby supply). The outgoing cubicles of the 

power supplies will be indicated by PPC. The cables and the switchgears of each power 

supply will be calculated to be capable to supply both MCC Panels of the two GROUPS. 

At each MCC Panel the supply selection will be done by a three position (UNIT-II / 0 / 

UNIT-III) manual selector switch. The incoming feeders from these two power supplies 

will be installed in each of the 2 MCC boards and should be interlocked to avoid 

simultaneous closing. In normal operation each UNIT 400[V] supply will feed one MCC 

Panel. Additionally, in each MCC panel there will be installed an Energy and Power 

indicator  meter for the 400[V] energy consumption independently of the power 

supply source. 

Additionally, two more 400[V], 50[Hz], 3-phase, power supplies, one from the electrical 

room at level +4.00 m of the UNIT- II and the other from the electrical room at level 

+4.00 m of the UNIT- III will be led to the new subdistribution boards (lighting, socket 

will be indicated by PPC. At each subdistribution board one of the two power supplies 

will be the main one and the other the standby one. The supply selection will be done 

by a three position (UNIT-II / 0 / UNIT-III) manual selector switch. The incoming feeders 

from these two power supplies will be installed in each of the 3 subdistribution boards 

and must be interlocked to avoid simultaneous closing. Additionally, there will be 

installed a total Energy (and Power) indicator  meter (MWh) for the 400[V] energy 

consumption independently of the power supply source. 

In case it is required 400[V] AC secured supply or/and 220[V] DC supply for the 

implementation and operation of the new equipment then two new power lines for 

each voltage level will be derive from the LV power room at +4.00 m of UNIT- II and 

UNIT- III. 

All above power supply cables will be supplied and installed by the Contractor. 

4.3.1 400 [V] Subdistribution Panel (Motor Control Center) 

Each MCC subdistribution panel will be metal-enclosed, metal-clad type according to 

the IEC 60439 and will be designed as type-tested low voltage switchgear and 

controlgear assemblies (TTA). The thickness of the external metal enclosure will be at 

least 1,5[mm]. 

The switchboard will be of the self-standing type, installed on metallic sub-frames and 

bolted to them. Entrance of cables on the switchboard will be realized from below. 

Openings for cables will be such as to ensure the degree of protection and the 

protective measures against direct contact. 

Terminals will be identified according to IEC 60445. 

Openings under the cubicles will be covered and/or sealed after laying of cables so as 

to obtain fire-proof and vermin  proof installations. 

The contacts of the fixed and withdrawable part of the units (drawers or withdrawable 

ACBs) will be silver plated. 
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Busbars will be of D, double D-shaped, annular, or flat copper, according to 

l contact surfaces 

-sections will be so selected, that the temperature 

rise of the various equipment in proximity with them will, in no case, exceed the values 

specified in IEC. The busbar dimensioning will follow DIN 43671. Nevertheless, busbar 

dimensioning will be subject to PPC's approval. Furthermore, the busbars will be 

provided with special joints, capable to take over any thermal expansion of the 

busbars, as well as of the secondary branches. Main busbars and busbar branches to 

circuit breakers and other functional units will be all dimensioned for the rated short 

time and peak withstand current. 

The cross-section of the common earthing conductor will be connected to the existing 

earthing system of the UNIT- II through two bare terminals of cross section 240[mm2] 

each. 

The outgoing feeders will be equipped with the following main components related to 

the loads they serve: 

- Switched HRC fuses or circuit breaker 

- Contactor and thermal overload relay 

- Single phase (the middle one) current transformer, ammeter and transmitter 

for loads rated above 11[kW] 

- Interposing relays for remote ON/OFF operation 

- Residual current relay for motors rated above 55[kW] earth leakage protection 

- Protection relay for temperature monitoring of the motor windings and 

bearings (Pt100 protection, for rating above 55[kW]). The relay will include a 4-

20[mA] output for remote measurement 

- Control relay for temperature monitoring of the actuator motor windings 

(thermistor protection) 

Separate alarms will be displayed locally on the MCC board by LEDs and transmitted 

remotely in specified room indicated by PPC in the following cases:   

- Lack of main power 400[V] AC voltage 

- Lack of auxiliary DC voltage 

- Tripping of MCB or fuse of auxiliary circuit 

- Protection relays fault (group fault collecting the internal fault of all protection 

relays provided with self-diagnostic watch-dog facility) 

All local alarm and status indicating LEDs will be provided with lamp test facilities. 

All 400[V] AC circuit breakers will be tripped in case of lack of control voltage via 

undervoltage releases as well as upon lack of power network voltage.  

The signalization voltage line and control voltage line will be protected by means of a 

2-pole MCB or two monitored fuses.  

Fuses of main and auxiliary circuits (either AC or DC) will be equipped with fuse 

monitoring devices i.e., striking-pin devices, or parallel MCBs to the fuses, or fuses and 

switches or voltage monitoring relays. Fuse failure will be signalized locally and 

remotely as above, and a single-phase fuse failure will automatically trip the affected 

switching element or downstream contactor. 

The rated insulation level of the MCC subdistribution will be as follows: 
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- 600[V] to earth and 1000[V] between wires for all power and auxiliary circuits 

- 300[V] to earth and 300[V] between wires for monitoring circuits of electronic 

modules 

All metal work will be cleaned and a rust  resisting treatment will be applied after 

fabrication, followed immediately by a prime coat of rust  resistant paint. Structure 

exterior and interior surfaces will be finished according to RAL No. 7032, unless otherwise 

approved by Purchaser. 

Anti-condensation heaters controlled through a thermostat will be also provided for 

the MCC subdistribution. 

The switchboard will bear nameplates comprising the following information: 

a. The manufacturer's name or trademark 

b. Type designation or identification number 

c. Standards which apply (IEC 60439-1 and IEC 60947-1) 

d. Type of current for main and auxiliary circuits (and frequency in case of AC) 

e. Rated operational voltages for main and auxiliary circuits   

f. Rated insulation voltages for main and auxiliary circuits   

g. Rated short circuit withstand for 1[s] 

h. Degree of protection 

 

Type tests (according to IEC 60439 and IEC 60529) 

The type tests will include but not be limited to the following: 

-Switchboard 

• Verification of the temperature rise limits 

• Verification of dielectric properties 

• Verification of the short circuit withstand capability 

• Verification of the continuity of the protective circuit 

• Verification of the ability to carry the rated short time withstand current 

• Verification of clearances and creepage distances 

• Verification of the degree of protection to IEC 60529 

-Circuit breakers 

• Verification of the temperature rise limits for main and auxiliary circuits 

• Verification of dielectric properties 

• Verification of the rated short circuit making and breaking capacities 

• Verification of the ability to carry the rated short time withstand current 

• Mechanical operation test 

• Verification of the mechanical and electrical endurance life 

-Contactors 

• Verification of the temperature rise limits for main and auxiliary circuits 

• Verification of dielectric properties 

• Verification of rated making and breaking capacities 
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• Verification of the mechanical and electrical endurance life 

 

Tests on Site 

The following tests will be carried out on Site: 

-Switchboard (IEC 60439-1 and IEC 60947) 

• Inspection of the switchboard including inspection of the wiring and electrical 

operation test to check compliance to the wiring diagrams 

• Verification of insulation resistance with MEGGER 500V:  

• The insulation resistance of main and auxiliary circuits to frame must not be less 

than 0,6[M ] (1000[Ohm/V] of rated insulation voltage to earth) 

• Checking of the protective measures and of the electrical continuity of the 

protective circuit 

-Components 

They will be routine tested according to the relevant IEC Standards. 

The design documents to be submitted for PPC's review and approval will comprise but 

not be limited to the following items: 

- Load balance (low flow) calculations for main power circuits 

- Voltage drop and motor starting calculations of main power circuits 

- Layouts and front views of the switchgear showing the arrangement of the 

components 

- Single line diagram incorporating the ratings of the power components, i.e., 

load switches or breakers, fuses, contactors, thermal overload relays etc., the 

instrument transformers and the instruments 

- Wiring diagrams incorporating the power and the auxiliary parts of each feeder 

- List of equipment for each feeder 

- Calculations for the protection settings, taking into account selectivity   

4.3.2 Cables, Wires, and Installation Material 

Contractor will furnish and install all types of control and power cables, as well as wires 

and conduits, cables boxes, terminal potheads and other cable accessories, terminal 

strips, and other wiring material for the completion of all electrical installations 

pertaining to the subject Project. 

Cables will be laid on the existing or on new racks. The existing racks may be used, 

new racks are necessary, these will be supplied and installed by Contractor. 

The trays or ladders including their supports and fixing material will be made of hot 

dip galvanized steel sheets and profiles. Galvanizing will be carried out according to 

DIN 50976, BS 5493 or equivalent. In all outdoor areas the hot dip galvanized tray or 

ladder elements and supports as well as the cable conduits will be further protected 

with additional painting, as described in para.2.3.4  

Each row of outdoor installed ladders/trays must be covered. 
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Instrumentation and control cables will be installed on dedicated cable trays, which 

will follow, as far as possible, a different route from the power cables route.  

All cables will be adequately protected against external injuries e.g., with suitable 

removable covers or with metallic tubes. The protection will extend at least 2[m] above 

the floor or ground levels. 

Cables laid on trays or ladders will be properly fixed or clamped, with smooth finished 

split pieces having bore diameters suitable for the cables. The cable run on trays or 

ladders will be fastened at intervals of not more than 1,5[m], with clips or saddles that 

will be adequate to withstand all developed short circuit forces. 

Out of the trays, all kind of cables or wires (power cables, I&C cables, cables for lighting, 

etc.) for indoor and outdoor installation of cross section less than or equal to 35[mm2], 

branched from the general raceways and directed to the equipment, will be installed 

in galvanized steel conduits and metallic flexible conduits. 

Where cabling is crossing structural members (walls, floor slubs, etc.) the openings must 

be closed with mineral wool and vermiculite, creating a fire-resistant block and coating 

of fire-resistant material, similar to FLAMEMASTIC or equivalent, will be applied on the 

cables at a minimum distance of 1m from both ends of the openings. Said sealing will 

ensure a time of fire resisting not less than 90 minutes. All seals will be vermin proof. 

The same technique will be followed in the openings of the electrical and cable 

compartments. 

The LV power cables will be PVC or XLPE insulated, with PVC jacket. Cable conductors will 

comprise stranded, annealed, high conductivity copper conductors laid up and rendered 

smooth and free from defects likely to injure the insulation. Cable through joints will not 

be accepted under any circumstances, unless a previous written approval has been 

obtained from the Purchaser for each joint required. All cables will be in accordance with 

the best modern practice and will conform to the latest applicable IEC standards as to 

design, construction, performance, and tests, unless otherwise specified herein. 

All the cables will be properly marked at their respective end by means of numbered 

labels, to indicate the terminal to which they are connected to same numbers will be 

 

The cross section of the cables and wires must be selected taking into consideration: 

❖ Current rating based on rated continuous service conditions, type of insulation, 

screening, method of laying, etc. 

❖ Continuous ambient temperature of 45[°C] for indoor installation. For cables laid in 

concrete gutters or tunnels, the ambient temperature, which may be higher than 

45[°C], will be calculated by the designer 

❖ Voltage drop during normal operation, and the consumer terminals in % of rated 

voltage: 

➢ switchboard 2% 

➢ AC loads 5% 

❖ Voltage drop at starting: 

➢ motors 15% 

➢ motors for closed loop control valves and dampers 5%. 

➢ AC solenoids and coils 10% 
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❖ Maximum short circuit current persisting for 0,25[s] (applicable for incoming 

switchboard feeders only). 

For all other cables and wires the short circuit withstand time will be determined 

by the upstream overcurrent protection 

The maximum continuous current carrying capacity of each individual cable type and 

cross-section used will be determined by the Contractor considering site 

environmental conditions with adequate safety margin (at least 5%).  

The derating factors of cables, one for laying conditions and one for ambient 

temperature, will be fixed based on the worst ambient temperature and laying 

conditions met throughout their routing, based on IEC 60364-5-52, which will apply 

either for cables laid in air - on trays (with restricted air circulation) or ladders (racks) 

(with unrestricted air circulation), in rooms or in gutters/channels. The way of laying of 

cables and wires must conform to IEC 60364 and VDE 0100 or equivalent (distances 

between cables, trays, ladders). 

Power Cables Insulated 

a. Size and number of conductors 

      Cable Type                  Color Code 

 1-conductor as earth : green  yellow 

 2-conductors and earth :     brown/blue/green-yellow 

 3-conductor and earth : brown/black/grey/green-yellow 

4-conductor and earth : brown/black/grey/blue/green-                 

yellow  

 Above 5-conductors and earth :  black/ green-yellow 

 2-conductor without earth : brown/blue 

 3-conductor without earth : brown/black/grey 

 4-conductor without earth : brown/black/grey/blue 

 Above 5-conductors : black 

b. Conductor material :  Copper wires 

c. Insulation : PVC or XLPE 

d. Circuit Identification 

According to ELOT HD 308/S2 standard, the colors used for the phases will be 

brown (L1) black (L2) and grey (L3). 

Where a circuit includes a neutral, the color used for this purpose will be light 

blue according to ELOT HD 308 S2 standard. 

The green/yellow conductor will be used for identifying the protective 

conductor and for no other purpose according to IEC 60446 and ELOT HD 308 

S2 standards 

e. Jacket: PVC (flame retardant type) 

4.3.3 Equipment and installations Grounding 

PPC will provide a complete earthing system for all existing installations. 
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All new district heating equipment will be connected to a new earthing loop, at least, 

of 240[mm2] cross-section. This loop will be connected at four points of the same cross 

section to the UNIT

240[mm2] cross-section and special connectors.  

All the electrical equipment and metallic structures provided by the Contract will be 

grounded by connecting them to the aforesaid groundi

expenses. 

All electrical equipment metallic frames and supports, system neutrals, structural steel, 

and in general all major metallic structures that may receive short circuit currents will 

be connected to the grounding bus by means of copper conductors of suitable cross 

section. 

The MCC subdistribution and other major electrical equipment frames, as well as large 

metallic masses of non-electric equipment will be connected to the existing grounding 

grid of UNIT- II by means of, at least two separate copper conductors, of not less than 

240[mm2] in cross section. 

In addition, conduits, conduit hangers, cable trays, handrails, ladders, piping, metallic 

covers, and all miscellaneous exposed steel, will be properly grounded to the main 

grounding system by means of copper conductors of not less than 35[mm2] in cross 

section. Piping flange connections will be provided with bare copper links of 35[mm2], 

at least, to ensure earthing continuity. The different pieces of the whole structure of 

cable ladders/trays will be connected with 35[mm2] bare copper conductors. The 

different pieces of metallic consecutive cable conduits will be connected with 10[mm2] 

bare copper conductors. Cable ladders/trays, piping, metallic equipment, etc. that will 

be installed by the Contractor will be connected to the corresponding UNIT

grounding system. 

The whole structure of cable ladders/trays and conduits in the entire installation will be 

connected to the indoor grounding loop or to the outdoor grounding system at 

distances smaller than 25[m] with 35[mm2] conductors for ladders/trays and 10[mm2] 

for conduits. 

Where the cross section of the grounding conductor of an electrical consumer is 

calculated less or equal to 16[mm2], a fourth wire of the power supply cable will be used 

for grounding, or a separate, at least, 16[mm2] bare copper conductor will be installed 

as an earthing conductor. 

Connections between copper conductors will be executed by brazing with phosphor-

copper, by resistance brazing or means of other approved method. 

Connections between grounding conductors and steel structure or electrical 

apparatus will be made by means of approved bolted  type connections. 

All grounding conductors will be fixed at regular intervals, for both the horizontal and 

vertical runs.  

4.3.4 AC Motors (including open loop Actuator Motors)  

The power rating of the motors will be determined based on the driven machinery 

absorbed power, under worst operating conditions (i.e., maximum power demand 

conditions), and a safety factor as follows: 

• 1,5 times the absorbed power of the driven equipment for all actuators 
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• 1,2 times the absorbed power of the driven equipment for all motors rated 

under 11[kW] 

• 1,1 times the absorbed power of the driven equipment for all other motors 

Nominal voltage and frequency of the motors and actuators will be 50[Hz] and 400[V] 

AC correspondingly. Single phase (230[V] AC) motors with rating bellow 11[kW] or single-

phase actuators can be provided subjected to approval of PPC. 

Motors will operate satisfactorily at rated load with frequency and voltage variation in 

the range of ±5% and ±10% correspondingly (+ 10%, -20% of the rated voltage for 

actuators). 

With 80% of the nominal voltage applied to the motor terminals, each motor will be 

capable of accelerating its associated load to rated speed with a minimum 

accelerating torque of 10% of full load torque. Motors will be capable of continuing their 

operation when subjected to a terminal voltage deep down to 0,7 times their rated 

voltage for a period of 10[s].  

Actuators motors will be capable to start under full load with voltage down to 80% of 

the rated value and with rated torque or thrust. 

All motors will start with direct switching on the supply network. Soft starters may be 

 

The locked rotor current (starting current) will not exceed the following limits, under 

rated voltage and frequency. No positive tolerance is allowed, additional to the 

following values: 

• 7,2 times the rated current for LV motors rated above 90[kW]. 

• 7,8 times the rated current for LV motors rated below or equal to 90[kW]. 

The power rating of the motors will refer to duty type S1 (continuous duty). The power 

rating of the open loop actuators will refer to duty type S2  10[min] (intermittent duty). 

Other duty types will 

approval. 

Motors will be able for operation in both directions of rotation. The relation between 

direction of rotation and terminal designation will be in accordance with IEC 60034-8. 

All motors (other than actuators) will be capable for three consecutive startings from 

cold condition and two startings from hot condition under 80% of rated voltage and 

frequency. 

Motors will be self-ventilated. The enclosure protection degree of all motors will be at 

least IP54 (IEC 60034-5), unless specified environmental conditions call for higher 

protection class. The degree of protection of all actuators will not be lower than IP55. 

The insulation class of the windings will be F, in conformity to IEC 60034-1. Motors and 

actuators will have temperature rise corresponding to insulation class B, although their 

actual insulation will be of class F.   

The insulation of all motors will be suitable for operation in damp locations, for 

occasional contact with corrosive gases and vapors and for considerable fluctuations 

in temperature. 

Unless otherwise specified, all motors will be of the totally enclosed fan-cooled type, 

according to IEC 60034-6. 
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All motors will be provided with ball or roller bearings. Bearings will be chosen to 

withstand stresses because of vibration as well as all stresses involved by the 

installation mode of the motor (cf. IEC 60034-7). 

The bearings will have L10 lifetime (following ISO 281) of at least 40.000 hours under the 

maximum radial and axial loading imposed to them by the motor and the driven 

equipment. 

Ball or roller bearings will be delivered full of grease. 

All motors 11[kW] will have lubricating holes (nipples) permitting the use of a universal 

grease gun. 

All motors 55[kW] will be provided with adequate means for lubrication during 

operation. 

All motors <11[kW] and all submersible wet motors will be provided with auto-lubricated 

bearings. 

Actuator motors will be supplied with self-lubricated bearings. 

The bearings will further be protected and sealed against dust penetration and 

lubricant leakage. 

For motors 55[kW], bearings will be provided with double embedded temperature 

detectors of the resistance type (Pt100). 

All motors 55[kW] will have embedded temperature detectors in their windings, 2 per 

phase, of resistance type (Pt 100). 

All actuator motors will have embedded temperature detectors one per phase, 

initiating actuator trip when the temperature exceeds the allowable limit. 

The trip units of the temperature detectors and the thermistors of the motors and 

actuators will be installed in the relevant motor control center (MCC) cubicle drawers. 

Wherever called for, by service conditions as well as, all motors rated 55[kW] or above 

will be equipped with single phase, 400[V], 50[Hz] space heaters, automatically put in 

operation when the motor is at standstill. Respectively, all actuators will be fitted with 

heating resistors.   

Terminal boxes accessibly mounted on the motor frame will be supplied for all leads of 

the motor. 

Terminal boxes will be totally enclosed and designed to prevent the ingress of moisture 

and dust. All joints will be flanged with gaskets of neoprene or similar material. Unless 

otherwise specified, the terminal box will be sealed from the internal air circuit of the 

motor. 

All motors will have suitable means for attaching grounding conductor such as a 

corrosion-resistant/non corrodible/metal pad welded to the motor frame. 

Motors weighing more than 25[kg] will be provided with eyebolts, lugs or other 

adequate means to facilitate safe lifting. 

For all motors, the vibration displacement, velocity, and acceleration will not exceed 

the limits of vibration grade A, according to IEC 90034-12.    
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4.3.5 Closed loop actuators 

Contractor will supply and install for all types of actuators all necessary access means 

for their local operation and maintenance (stairs, platforms, etc.)  

Actuators protective enclosure, including motors and terminals, will be suitable for 

indoor installation according to IP55 protection class. They will be suitable for mounting 

at any position according to IEC 34 and they must fully comply with the ATEX directive. 

Further to the automatic and remote manual operation each actuator will be suitable 

for local hand operation under full unbalanced pressure. Local position indicators with 

0-100% scale will be supplied and installed on the actuators and will be clearly seen 

form the corresponding floor level. 

An LCD will be provided, equipped with a keyboard to allow local operation, and 

monitoring of the actuator status (position indication, open-close, torque, total 

operating time etc.). 

All electrical connections, both power and control section, to the actuators will be made 

by means of plugs. 

Electric closed loop control actuators will be suitable for operation at 230[V], 50[Hz] 

single-phase power supply, formed and supervised internally in the closed loop control 

cubicle. 

All motors will be of the continuous duty type and will be self-protected in end positions, 

without limit switches for end-of-travel switching off. End of travel limit switches and 

torque switches can be installed for signalization purposes only. Power units will be 

used for positioning of the continuous duty modulating actuators mounted on any kind 

of valve. Each closed loop actuator will be equipped with a power unit that will include 

a frequency converter for speed control. Moreover, the supply voltage will be controlled 

in correlation with the frequency for torque adjustment. Dead band for position control 

will not be more than 0,5%. This unit will perform valve position control and actuator 

speed will vary according to the position error. The power unit can be integrated in the 

actuator in case of indoor installation and if free of vibrations. For outdoor installations 

they will be located at close distance to the actuator in rack mount installation inside 

enclosure with IP 67 protection. 

Control actuators and ON/OFF actuators required to remain into intermediate 

position, between the fully opened and fully closed one, will be equipped with inductive 

/ optical electronic position transmitters. 

Electromechanical brakes will be used only when the actuators are driven in remote 

manual mode or in case of power failure. Otherwise, manufacturer must justify and 

document that the a.m. operation of the actuator is accomplished by the mechanical 

design.  

Closed loop control actuator motors will be rated for continuous operating duty (S 9) 

according to VDE 0530 and IEC60034. 

Coating protection will be applied according to the provisions of the relevant article 

4.4.2 of anticorrosion protection paint RAL 7005 or similar. 
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4.3.6 Standards 

All Electrical Equipment will be manufactured, installed, and tested in accordance with 

the IEC Standards. 

4.3.7 Lighting, socket outlets and auxiliary equipment 

A Lighting, a socket outlets, and an auxiliary equipment board will be installed near the 

GROUPS

equipment (air heaters, ventilation fans, etc.) of the new installation as described in 

article 4.3.  

Each MVER will be supplied from the aforesaid boards through an adequate cable and 

a subdistribution panel.  

The degree of protection of the above subdistribution boards will be IP66 unless 

auxiliary voltage for control and signals will be 220[V] DC and will be derived from the 

electrical room at level +4.00m of the UNIT- II and of UNIT- III (one as main and the 

other as standby). The cables and the switchgears of each power supply will be 

calculated to be able to supply the total load. The outgoing boards of nd III 

will be indicated by PPC. 

The two power supplies will be interlocked to avoid simultaneous closing. The power 

supply selection will be done by a three position (UNIT-II / 0 / UNIT-III) manual selector 

switch. The supply and installation of two cables should be taken into consideration. 

Lighting installations will be provided for all the indoor areas as well as the perimeter 

of the new electrode boilers and heat exchangers infrastructure. Visual performance 

of lighting will be free of excessive stroboscopic effects and flickering. The level of 

illuminance which will be attained 250[LUX] 

electrical rooms 300[LUX]. The required maintenance factors (M.F.) will be 0,7 for the 

heat exchangers area, and 0,8 for the electrical rooms.  

Illuminance level calculations for all areas will be carried out by Contractor considering 

the existing lighting level and the machinery room architecture and will be submitted 

to PPC for approval. 

Escape way lights will be installed above or along escape routes. 

Safety exit lights will be installed above all exits leading out of the Electrical rooms. 

Totally enclosed corrosion resistant fluorescent luminaires, weatherproof and 

dustproof to IP65, with a glass-fiber reinforced polyester housing, polycarbonate or 

acrylic cover and stainless-steel cover clips will 

area of the district heating building. In case that the installation height inside said area 

is more than 5[m], high bay bell type luminaires, weatherproof and dustproof to IP65, 

with painted aluminum housing and glass cover will be provided. 

Totally enclosed corrosion resistant luminaires, weatherproof and dustproof to IP65, 

with painted aluminum housing and UV resistant polycarbonate or fireproof glass 

cover will be provided for outdoor lighting. Said fixtures will be installed on hot dip 

galvanized steel arms mounted in a convenient height in the outer perimeter of the 

building.  
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Lamps for bell type luminaires will be of the HP mercury vapor type or metal halide 

type. 

LP sodium vapor lamps will be used for outdoor lighting. 

The indoor lighting circuits of each area will be controlled with push buttons located 

next to the entrances to the corresponding area.  
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4.4 Electronic Instrument & Control Specifications. 

4.4.1 Control System  

The PLANT control and supervision will be implemented in the appropriate 

Programmable Logic Controllers, provided by the Contractor. The PLC control system 

will be Simatic S7-1500 by Siemens which will ensure the unattended fully automatic 

operation of the District Heating production. Each GROUP will have its own control 

system. Contractor will install in the PC of paragraph 4.2.4 all necessary proprietary 

software applications of aforesaid PLC and the relative TIA Portal of Siemens which run 

these applications, with all required licenses.  

The PLC control system of each GROUP will have high processing capability, high speed, 

will feature full self-diagnostic functions and will be installed inside a suitable metallic 

panel in a free space near GROUPS area approved by PPC. The metallic enclosed panel 

will be constructed according to 4.3.1 specifications as 400[V] MCC Panels. 

The power supply of each Control Panel will be 400[V] AC secured supply from two 

different power boards, indicated on site by PPC. One will be from UNIT- II and the other 

from UNIT- III. The two power lines will be brought from the LV power room at +4.00[m], 

from the relevant secured voltage boards of UNIT- II and UNIT- III. The outgoing 

boards of the power supplies will be indicated by PPC. Each power line will be capable 

to feed both Control Panels. In every Control Panel one power line will be the main 

supply and the other will be the standby one. The supply selection will be done by a 

three position (UNIT-II / 0 / UNIT-III) manual selector switch. 

The control and the supervision of the GROUPS will be operated from local widescreen 

touch panel (Human Machine Interface, HMI). Through HMI the operator will be 

capable to operate and supervise the complete installation by means of graphic 

displays, alarm, historic logs, etc. Each GROUP will have its own HMI panel. 

The Contractor will provide complete documentation of the control system including, 

among others, equipment and System description, process information, logic 

diagrams, P&I diagrams, cubicles layout drawings, wiring diagrams, measurements list 

etc.  

4.4.2 Automatic Operation. 

The start-up and normal shut down of the complete installation will be implemented 

fully automatically using sequence control technique. 

In addition to that the control system will be able to handle automatically all the 

emergency and fault conditions either by setting the plant into a safe mode or by 

starting the standby equipment. For instance, the control system will be designed to 

ensure the free circulation of the PWC through the MVEB-HEPT under specific 

circumstances of the PLANT.  
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4.4.3 Interface Signals to the Municipality. 

Remote indication/recording signals i.e., thermal power ([MWth]), thermal energy 

([Kcal]), inlet and outlet water temperatures, district heating water flow etc., that is 

already provided, will continue to be provided in the form of hardwired signals to be 

transmitted to the DHCK. 

4.4.4 Closed Loop Control. 

For district heating systems water outlet continuous temperature closed loop control 

will be provided to maintain stable temperature at set point adjusted by the operator.  

The control valves will modulate according to measured district heating water flow, 

inlet, and intermediate temperatures in order to achieve the temperature outlet 

setpoint. 

4.4.5 Heat rate measurement. 

The Heat rate measurement will be based on district heating water flow 

measurements individually for each district heating system. Temperature and pressure 

measurements will also be monitored and will be used for the calculation of the heat 

rate. 

These measurements will be monitored by the PLC system and will be able to be 

displayed, archived, processed, and printed by the operator in real-time or in various 

time-trends. 

4.4.6 Measurements.  

In addition to the aforesaid heat rate measurement, at least the following parameters 

will be displayed, archived, processed, and printed by the operator in real-time or in 

various time-trends:    

- Temperature and pressure parameters of MVEB, PWC, and SWC.  

- Water level in each boiler.  

- Heating system water flow.  

- Cation conductivity  

From the above-mentioned cation conductivity measurements two high conductivity 

signals will derive. The first one of them will give an alarm and the second will 

automatically initiate a protection procedure for the boilers.  

All transmitters, binary switches and local instruments will have protection class IP65, 

unless their installation  condition indicates for better protection class.   

All installed transmitters will be equipped with a digital LCD display to read locally the 

displayed values apart from their transmission to the control system. 

Measuring devices and instruments, installed at the DHS will be suitable (e.g., accuracy, 

repeatability) for executing the  Performance Tests. For this purpose, all 
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instruments to be used will provided with proper calibration certifications. The 

calibration certification will be . 

4.4.6.1 Temperature measurements 

Temperature measurements will be taken by thermometers, thermocouples, electrical 

resistance temperature detectors (RTDs) suited to the characteristics of the media 

which, temperature is measured. 

Accuracy class A and repeatability of measurement 0,01°C and Calibration curve in 

compliance to IEC-751 will be applied.  

The probes (sensor and sheath) will be replaceable, and they will be installed in 

stainless steel pockets. In case they are applied to insulated pipes or vessels, they will 

be equipped with a neck of proper length. 

Temperature sensing elements will be connected to I/O modules, through measuring 

transmitters. These transmitters will be provided with sensing element for break 

detection and annunciation. 

Moreover, these transmitters will be located at the head of the thermoelement with 

environment protection class IP 65. 

4.4.6.2 Pressure measurements 

Pressure and differential pressure measurements will be implemented by proper 

mechanism, depending on the types and characteristics of the medium, of which the 

measurement is taken. 

Over ranging of 130% of the upper range limit will be allowed. The use of pressure 

gauges with pointer and position transmitter devices instead of transmitters will not 

be allowed. 

The high- and low-pressure connections of differential pressure gauges and 

transmitters will be marked accordingly.    

The accuracy of the sensor and transmitter flow will not exceed the ± 0,2% of the 

measured value in full range. 

4.4.6.3 Flow measurements 

For flow measurements, the proper method will be applied depending on the medium 

characteristics. 

The type of element (vortex, venturi, orifice plate, nozzle, electromagnetic, etc.) will be 

chosen in relation to the characteristics of the fluid. The flow sensor will be installed at 

least 10ND after valves, restrictions, tees, etc. and 5 ND before them. 

Whenever necessary, (e.g., steam flow), temperature and pressure correction will be 

applied. 

The upper range limit of the flow measurements will not be higher than 15% of the 

nominal flow.  
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The accuracy fault of the sensor and transmitter flow will not exceed the ± 0.5% of the 

measured value of the full range. 

4.4.6.4 Level measurements 

For level measurements, the proper method will be applied depending on the medium 

characteristics.  

Pressure and temperature correction will be provided, whenever necessary. 

Local indicators will be installed, in a manner permitting easy supervision and direct 

reading. Sight glasses will be protected from mechanical damages. 

The accuracy of the measurement will not exceed ± 0,5% of the measuring range. 

4.4.6.5 Cation Conductivity measurements 

Two (2) automatic conductivity monitoring systems (one for each heat exchanger - 

boiler) will be supplied and installed by Bidder including instruments and necessary 

connections to the control system for: 

- continuous monitoring of cation conductivity of the water in primary side 

- alarm and automatic initiation of protection procedure. 

The above will be implemented in the PLC control system. 

Conductivity probes will be retractable, easy to clean, with the cell constant K appropriate 

for the conductivity range to be measured and with temperature compensation. Cable 

length must not exceed the 50 m from the probe to the transmitter. 

The maximum measurement error will not exceed ±0,2% of the full scale.  

Calibration solutions have also to be supplied adequate for two years of operation. 

4.4.6.6 Local instruments 

All local instruments, necessary for maintenance and local supervision have to be 

delivered.  

The scope of supply will comprise, but will not be limited to:  

- Level indicator for each tank or basin 

- Pressure indication on the suction and discharge side of each pump  

- Differential pressure indicator at each strainer or filter 

- Temperature indicators before and after each heat exchanger. 

Preferably, the instruments will be grouped on local panels. All local instruments of 

equipment (pumps, tanks, etc.) will be readable from one side only, easily accessible for 

supervision and maintenance. 

All local instruments will be mounted free of vibration and their accuracy class will be 1. 

Whenever required damping elements have to be used. 

.  
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5 CIVIL WORKS 

5.1 Design Of Civil Works. 

The Contractor's scope of supply and services of Civil Works will be covered in every 

respect and will include deliveries and services, which are necessary to complete the 

project, even if they are not explicitly mentioned herein, and will include whatever 

deemed necessary for the operation of the PLANT regarding Civil Works, constructed 

on an EPC/turnkey basis. Nevertheless, final scope of supply and services will be subject 

 

This will also include design, engineering, manufacturing, procurement, factory testing, 

transportation, unloading, construction, erection, commissioning and putting into 

operation (including testing after installation) of the complete scope on the Civil Works. 

After the entry into force of the Contract, a complete set of engineering/studies and 

ready-for-construction drawings (electrical, mechanical, and civil works) due to Public 

Services, so to issue relevant Permits/Certificates/Releases (e.g., Building) of the PLANT, 

or to revise the existing ones. In cooperation with Supervision Service of PPC S.A. and 

Municipal or Regional Public Services of Kozani, Contractor will research and submit all 

relevant documentation needed for the issuance of above-mentioned Permits/ 

Certificates/Releases (e.g., Building) and/or revision of the existing ones. 

Regarding Civil Works, the main mechanical and electrical equipment will be installed 

at the level of ±0.00m. Civil Works includes all relevant procurement and construction 

works i.e., level rehabilitation and formation, foundations, shoring of level ±0,00m, 

reinforced concrete installation, masonry, concrete/metallic buildings, metallic 

structures, insulation, openings and doors, fences, including all necessary 

supplementary civil works and auxiliary equipment, etc. Every design, study or drawing 

of the Bidder/Contractor must be approved by PPC. 

As -I to UNIT-IV. All 

necessary electromechanical equipment i.e., MVEB, HEPT, SWC, PWC, WTU, EV, MV & LV 

equipment, etc., will be erected on the existing level of ±0.00m of Machine Rooms of 

UNITS I-IV, TPP-AD. The main part of the equipment will be erected on Machine Room 

of UNIT II on the existing level of ±0.00m.  

Up to now, the above-mentioned area of UNIT-II is used as 

Thus, all calculations of this specific area regarding civil works were executed in refer to 

this equipment. Bidder/Contractor must proceed with new calculations according to 

drawings shown in para 5.5 and relevant data of new equipment. 

After extensive cleaning of the surface of the existing level, a new one must be 

formatted either as a reinforced concrete base or a metallic grid. Either ways 

Bidder/Contractor must consider the weight, dimensions, and parameters of operation 

of the new equipment in relevance to the existing reinforced concrete structure. In case 

needed, shoring works must be performed from the level of -4.50m. All supporting 

structures and foundations for the E/M installations must be calculated and applied to 

avoid any deformation of existing concrete structures, to ensure normal and proper 

operation of the PLANT, and keeping free of use operational and safety ways of existing 

equipment. 

New E/M equipment must be properly anchored/mounted to the new foundation or 

metallic structure. In addition to that, no obstacles or interruptions of free walkway is 
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allowed due to existence of such structures. Service platforms, walkways, and stairs to 

the equipment installed will be provided for safe access, maintenance, and operation. 

Drainage of the whole PLANT will be guided through relevant equipment (gutters, 

pipelines, sewers, etc.) to the interconnection point with the existing sewerage circuit. 

Provision must be taken for the separation of urban and industrial wastes. 

Contractor will undertake all the excavation necessary, the transportation and 

disposal of excavated products to an appropriate dump area and finally level the 

territory. Area will be indicated by supervision service of PPC. 

Contractor should study the necessity of a lifting equipment, as described in article 2.3.5 

of Technical Specifications, to lift the heavy parts of the electromechanical equipment 

or propose an equivalent and suitable solution (forklift truck, pallet truck, etc.). 

Sufficient doors and/or removable (bolted) wall and roof parts will be foreseen for the 

maintenance or removal of the equipment according to the transportation study. 

New electrical buildings are going to be constructed for housing the Medium Voltage 

power distribution equipment (switchgears, etc.). Alternatively, switchgear containers 

can be used. The indicated space is available as shown in Annex C . Electrical Rooms 

(either metallic or concrete) must be designed in such way to allow adequate height at 

the lower level, to maintain enough space for the incoming and outgoing cables. At 

least one main external steel door for the personnel and one for transporting needs of 

relevant dimensions (both fire resistant) will be designed to the electrical rooms. 

The LV distribution and I.&C. panels should be placed in an open area inside the 

building and in any case in such manner that assure the safety of personnel and 

facilities. 

Description of works that might be executed due to design of Civil Works by the 

Bidder/Contractor: 

• Soil excavation and backfilling (proper fill material, compacted in layers of 20cm to 

a Modified Proctor 90%)  

• Soil reclamation for building and equipment foundation in a total layer not less 

Modified Proctor 95%). 

• Buildings will be equipped with sufficient ventilation fans and electrical hot air 

blowers. 

• Perimetric wall of metallic buildings and roof cladding will be constructed by steel 

hot dip galvanized panels thermally insulated. In case that LV distribution and I.&C. 

panels are enclosed in an electric room the partition walls of the room will be with 

brick walls, thermal insulated, plastered and painted, its roof will be of reinforced 

concrete and its doors will be fire resistant. 

• Clearance and final grading of the site area.  

• Any other civil works will be deemed necessary for the complete and perfect 

design, construction, and operation of the Project. 

• All finishing works. 

5.2 Engineering, Design and Drafting Services for The Civil Works. 

The Contractor will render the following services by no way of limitation: 
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- Engineering design, structural calculation, and preparation of detailed 

construction drawings of all civil works related to this Project also including all 

necessary documentation and drawings for the building permit by the 

Authorities.  

- Technical coordination of the design with the construction of civil works. 

- Supervision of the construction of civil works. 

- Setting out of all facilities and structures of the Project in relation to the existing 

points, lines, and levels of reference. 

- Surveying of the existing situation of the site area and the existing facilities and 

structures to the extent deemed necessary by Contractor. 

The final engineering for the civil works will include the following items, by no way of 

limitation: 

- General layout drawing also including the gutters, the relevant pipe and cable 

rack in relation with the existing buildings, facilities, and road network.  

- Layout drawing including all buildings (concrete and metallic). 

- Transportation study. 

- Layout drawings for gutter, possible channel(s), including longitudinal sections, 

cross sections. 

- Arrangement drawings for the supporting structures. 

- Complete and detailed design calculations for all steel, metallic and/or concrete 

structures and foundations. 

- Structural steel work drawings for all steel structures. 

- Formwork and reinforcement drawings for all concrete structures. 

Above drawings and calculation documents will be submitted to PPC for review, in 

accordance with the detailed time schedule of the Project.  

5.3 Engineering And Design Criteria. 

The design of the reinforced concrete structures will be carried out according to the 

valid Greek Design and Construction Concrete Code and the valid Greek Antiseismic 

Code, latest editions. 

For the steel structures the EC 3 and the valid Greek Antiseismic Code will be applied.   

The area of the Project lies in seismic zone I of the Greek Antiseismic Code with seismic 

 

1,3 for all structures. 

Concrete grade will be C20/25 or higher according to Greek Concrete Technology Code 

and reinforcing steel will ELOT

anchoring of the equipment non-shrinking grouting of high strength (EMACO or similar) 

will be applied, according to recommendations of the manufacturer.  

The Contractor has the responsibility for the determination of foundation system and 

construction techniques according to the subsoil conditions of the foundation soil. If 

Contractor deems necessary, he will carry out by himself a soil investigation to 
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ascertain the actual subsoil conditions and determine the foundation design of the 

structures. 

Further information, if requested as necessary, will be furnished by PPC if available; 

otherwise, Bidder/Contractor will have by himself to gather such information on site. 

5.4 Procurement and Quality of Materials. 

Contractor is bound to supply all necessary materials for the civil works. 

All materials will be of first quality and will conform to the specifications of Codes and 

Standards applicable to each kind of material. 

documents and tests certificates according to the applicable Codes and Standards 

respective specifications. 

Samples of all materials with their technical documents, as above, will be submitted 

 

No material will be incorporated to the Project without being in conformity with the 

specifications and/or drawings and without the approval of PPC. 

5.5 List of Drawings 

Herein below are the drawings regarding machine room of Unit II (9.15.  :Civil 

Works) : 

1) MR-2101 

2) MR-2104 

3) MR-2106 

4) MR-2108 

5) MR-2111 

6) MR-2300 & 2301 

7) MR-2305 2308 

8) MR-2311 

9) MR-2323  

10) MR-2333 & 2334 

11) MR-2336 338  

12) MR-2362 

13) MR-2377 

14) MR-2379 
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6 WORKMANSHIP, TESTING, IDENTIFICATION, SINGS 

6.1 Workmanship. 

All workmanship entering into materials of complete systems and execution of works 

covered by this Contract will be the best of their respective kind for purposes and 

services intended. 

6.2 Shop and Field Inspections Testing. 

6.2.1 General 

PPC S.A. has the right to inspect, through any person of its choice, the way the 

equipment is being manufactured at any factory of Bidder/Contractor or his 

SUBSUPPLIERS. 

Bidder/Contractor will send to PPC S.A. three (3) copies of each order of equipment to 

all SUBSUPPLIERS of this supply, containing all indications, i.e., technical specifications, 

acceptance conditions, time of delivery etc., to enable the representatives of PPC S.A. 

to follow the manufacturing of all equipment. 

Any manufacturer, through Bidder/Contractor, must notify in due time PPC S.A. about 

test of materials and part of the equipment, inspection of cast before any important 

repair, acceptance tests of finished parts and in general all inspections or tests giving 

the indication of the quality of the construction. 

PPC S.A. reserves the right to proceed with a quality investigation and make all 

necessary quality controls (EVALUATION) on materials used in the manufacture of the 

equipment during different stages of manufacture. The manufacturer will proceed 

with up-to date quality evaluation of material by non-destructive tests. 

Factory tests will be attended by both the PPC S.A. and the  

representatives. 

Test reports will be prepared by Bidder/Contractor (or his SUBBIDDERS/ SUBSUPPLIERS) 

and /or by the  representatives and tests will be witnessed by PPC 

S.A. inspector who will issue the release of material or equipment. 

Such issuance does not release the manufacturer and/or Bidder/Contractor from the 

responsibility to furnish material in accordance with applicable specifications and 

standards. All test reports will be sent to PPC S.A. in three (3) printed copies and one (1) 

in digital form. 

6.3 Electrical Equipment. 

All electrical equipment will be tested in conformity to the respective IEC Standard. 

6.4 Safety Aspects, Identification, and Sings 
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6.4.1 Safety Aspects 

The design of the complete PROJECT shall favor safe operation and maintenance, 

reducing the potential of causing damage to personnel in any situation. The 

possibilities of human failure must be foreseen. Provisions shall be made to avoid 

damage caused by human error or to ensure that such effects both to persons, as well 

as to the equipment are minimized with the use state of the art technology.   

Particularly the following conditions shall be fulfilled in any case:  

 Rotating or any other moving part of the machinery, hot parts or any part that may 

cause accident to the staff must be adequately protected, in accordance with the 

safest known method.   

 The equipment shall be provided with the necessary elements to keep possible failure 

of the main, auxiliary or control elements from causing unfavorable consequences. For 

this purpose, protections shall be installed such as:   

• stops in case of failure of shafts,  

• auxiliary suspensions that will keep parts from falling or coming loose because 

of centrifugal or other forces,  

• stops to limit movement in case of failure of normal limiting devices, etc.   

 Access stairs to the equipment must be safe, with anti-skid rungs and handrail. 

Normal circulation areas of the equipment shall be protected to keep personnel from 

falling or shall be surrounded by strong guardrails, platforms should have kicking plates 

to keep loose objects placed on the floor from dropping off, entrances and large 

openings in the equipment shall be provided with lids or doors affixed in such a way as 

to open them also from the inside.   

The equipment should be adequately protected against environmental effect, such as 

humidity, rain, dust, electromagnetic radiation etc., and the influences that other 

equipment may have, such as heat radiation, induced vibrations, etc. 

6.4.2 Hazardous Material 

Contractor shall take full account of any special requirements concerning the nature, 

unloading, handling and storage of gases and chemicals, etc., and provide systems, 

equipment, buildings and other services, accordingly, including all facilities to ensure 

the safety of the operating and maintenance personnel.  

No toxic substances of any kind shall be used, if less harmful substitutes are available, 

subject to PPC's review.  

The application of asbestos or materials containing asbestos and of fluids containing 

PCBs/PCTs is strictly prohibited 

6.4.3 Markings 

All elements should be properly marked at the manufacturing workshop, in order to 

make assembly and maintenance work as easy as possible.   

Each marking shall consist of:  
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• Contract number,  

• the part number consisting of a main number and a subdivision indicating the 

functional group or system,  

• the name of manufacturer and its part number, if different from the 

Contractor's.  

6.4.4  

Contractor shall apply an identification and numbering system derived from the KKS-

system classification of systems, showing the name and number of each item of the 

Project in a unique manner. There shall be only one description for any item of the 

Project, and this must be used consistently for mechanical, electrical and 

instrumentation designations throughout.  

The classification numbers shall be used in all documents (schematics, plans, lists, 

descriptions, operating manuals, mechanical, electrical, or I&C drawings, etc.) to be 

prepared by Contractor.  

Contractor shall submit detailed description of the PROJECT Identification System 

including as a minimum description of the breakdown of the identification levels, 

appendices indicating the keys of each level and general examples of the identification 

of the PROJECT components.  

Contractor shall provide for identification purposes labels including the KKS number 

and description in Greek language for the PROJECT mechanical equipment (e.g., tanks, 

pumps, compressors, fans, valves, dampers, etc.), electrical equipment (for details see 

Section B2, Electrical Part) and I&C equipment (e.g., cubicles, field instruments, CCR 

instruments, cables, junction boxes, racks, local control boxes, etc.).  

Moreover, Contractor shall provide also labels, nameplates, instruction, and warning 

plates on all the equipment necessary for the identification and safe operation of the 

PROJECT equipment. All inscriptions shall be in Greek language.   

All labels, nameplates, instruction and warning plates shall be securely fixed to items 

of PROJECT equipment with stainless steel rivets, plated self-tapping screws or other 

approved means. The use of adhesives will not be permitted.   

Nameplates for PROJECT equipment identification and record purposes shall be 

manufactured from stainless steel of 1,5 mm thickness with a matt or satin finish and 

engraved with black lettering of a size which is legible from the working position.   

Warning plates shall be manufactured from stainless steel engraved with white 

lettering on a red background and sited in the position where they afford maximum 

safety of personnel.  
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6.4.5 Signs  

6.4.5.1 General 

Safety colors, safety symbols and safety signs must comply in construction, geometrical 

form, color and meaning with the ISO 7010 and ISO 3864.  All signs shall be in Greek 

language.  

The signs should be of a material, which is weather-resistant and of sufficient durability 

for the conditions prevailing on Site.   

The positions for the signs must be chosen so that they are within the field of vision of 

the persons to whom they apply. The provisions of the ATEX study must be also taken 

into consideration. The signs should be permanently attached. Temporarily dangerous 

areas (e.g., construction sites, assembly areas) may also be marked by movable signs. 

The safety signs must be mounted or installed in such a manner that there is no 

possibility of misunderstanding. 

6.4.5.2 Information signs  

Information signs should provide the necessary information to acquaint personnel 

with the physical arrangement and structure of site, buildings and equipment, e.g., 

floor numbers, load-carrying capacities including marking of floor areas, working loads 

of cranes, lifting gear and lifts, room identification, etc.   

When information signs are applied in situations not covered by ISO 7010 and ISO 3864 

the possibility of using pictograms should be considered. Pictograms are particularly 

suitable for the identification of rooms, areas and buildings in the non-technical areas 

of the PROJECT, sanitary and amenities buildings, etc.   

6.4.5.3 Emergency signs  

In the event of accidents, all necessary information should be available immediately to 

those affected. Thus, a sufficient number of signs of appropriate size should be 

installed, e.g., escape routes (including marking of floor areas), emergency exits, fire 

alarms, fire extinguishers, instructions for special fire-extinguishing agents, warnings 

against fire-extinguishing agents, first aid equipment, first aid points, accident 

reporting points, telephones, etc.   

6.4.5.4 Mandatory signs  

Signs indicating obligatory actions must be provided and installed wherever certain 

 

Signs should also indicate when the wearing of protective clothing and equipment is 

necessary and obligatory, e.g., protective goggles, protective clothing, helmets, head 

guards, breathing equipment, earmuffs, etc.   
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6.4.5.5 Warning signs  

Warning signs should refer to the existence or possible existence of danger, e.g., 

flammable substances, explosive substances (as per ATEX 137), corrosive or noxious 

substances, suspended loads, general danger, width/height restrictions, steps, risk of 

trapping, slipping, falling, etc. In addition to warning signs, appropriate black-yellow 

strip markings should also be used where necessary. 
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7 SPECIAL CONDITIONS 

Bidder will visit the site and will be fully acquainted with the existing situation. Bidder 

will investigate, and gather all data deemed necessary by him on site, in addition to 

the diagrams and drawings furnished to Bidder by Inquiry. 

Thus, Bidder has acquired already all necessary information for the proper and timely 

execution of this Project and will in no case raise a claim for possible difficulties in the 

preparation of the final design, due to lack of complete information for the existing 

structures and/or equipment arrangement, nor for possible difficulties in the 

construction and erection works. 

Bidder undertakes all the necessary measures during construction and erection works 

to ensure the safe and the unhindered operation of all Units. 

Bidder/Contractor must consider during design of the Project the following Raw Water 

Analysis (historical data) of TPP Agios Dimitrios.  

The following data on demineralized water is for information only. In view of the 

following, Bidder/Contractor is responsible to take his own samples and make 

complete analyses, upon which the design of the PLANT will be based. Values in the 

table are prior to and without NH3 injection (used for final characteristics) 

 

Description Units 
Average 

Value 

pH  6.5  7.5 

Na ppb < 2 

Fe ppb < 10 

SiO2 ppb < 10 

Conductivity  S/cm < 0.2 

 

The corresponding characteristics of the District Heating Water of Municipalities, are 

as below:  

pH: 9-10  

Conductivity: [°C])  

As per above-mentioned demineralized water of TPP-AD, presented data on DHS water 

is for information only. In view of the above, Bidder/Contractor is responsible to take 

his own samples of DHS water and make complete analyses, upon which bid and the 

design of the PLANT will be based.
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8 SPARE PARTS LIST L-1 

offered type of equipment.  

The herein below stated requirements refer to the complete Project including as well 

all and any of the peripheral installations. Whenever the term "of each type" is used in 

the following text it is understood to apply to the complete Project. Furthermore, 

Bidder/Contractor must describe all specific which are included in each spare 

part. 

Bidder/Contractor will break down and describe in detail the corresponding spare 

parts which are included in next table and are filed as  In addition, e

will include all necessary parts for immediate replacement of this set, without needing 

any additional spare parts. 

 

Item Description Quantity 

Price of 

material 

at site 

(Euro) 

1. 

Complete set of an electrode of MVEB (from the 

connection point to 6[kV] busbar -after the MVEB 

terminal, inside MVEB cage- including immersed part) 

2 set  

2. 
Complete set of moving and/or stable shields for the 

regulation of load of MVEB 
2 set  

3. 

Complete set of the power regulating arrangement of 

MVEB (it refers to the equipment, which is installed 

inside the cage of MVEB, exterior to boiler and not 

included in spare parts No 1 and 2 of this table) 

1 set  

4. 

For each type and size of valves (including safety 

valves), complete repair kit including spindle, disc, 

seats, packings, stem, gaskets, etc. 

1set 

(1 pc/type) 
 

5. Standard service kit for the pumps. 1 set/type  

6. 
Fully equipped 6[kV] outgoing feeder with circuit 

breaker  
1 pc  

7. 
Complete circuit breaker of the type installed at the 

incoming feeders of the MCC sub distribution panel 
1 pc  

8. VT and CT of each type 
1set 

(1 pc/type) 
 

9. Complete motor of each type and rating installed. 
1set 

(1 pc/type) 
 

10. 

Complete open loop actuator of each type installed 

(actuator is meant complete i.e., comprising motor, 

reduction gear, stroke mechanism and power control 

units, etc.) 

1set 

(1 pc/type) 
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11.  CPU, PS and I/O card of each type that is used 
1set 

(1 pc/type) 
 

12. HMI Control Panel 1 pc  

13. MV protection relay  1 pc  

14. 
Sensors and transmitters (binary and analog) for each 

type installed in the plant. 

1set 

(1 pc/type) 
 

15. 

Cation conductivity instrument and its components, 

as well as consumables as filters, probes, resin cells 

and similar parts will be supplied for two (2) years 

operation according to the manufacturer's manual 

maintenance requirements. 

1 set  

16. 

For each type of closed loop actuators installed in the 

Plant (actuator is meant complete i.e., comprising 

motor, reduction gear, stroke mechanism and power 

control units, etc.),  

1set 

(1 pc/type) 
 

TOTAL PRICE OF SPARE PARTS.   
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9 LIST OF ANNEXES 

9.1. ANNEX A: TPP Agios Dimitrios (top view)  

9.2. ANNEX B: TPP-AD, Machine and Electrical Rooms (top view) 

9.3. ANNEX C: TPP-AD, PLANT-Indicative Arrangement 

9.4. ANNEX D: Grid of 150[kV], Infeeding of UNIT- I and II 

9.5. ANNEX E: P55, 150[kV] Circuit Breaker 

9.6. ANNEX F: Labels of TSGA I & II  

9.7. ANNEX G: TSGA-I & II One-Line Diagram 

9.8. ANNEX H: TSGA-I, Circuit Breaker Tripping 

9.9. ANNEX I: TSGA-I, Alarms & Data Logger 

9.10. ANNEX J: TSGA-II, Circuit Breaker Tripping 

9.11. ANNEX K: TSGA-II, Alarms & Data Logger 

9.12. ANNEX L: 150[kV], GA IV Differential Protection 

9.13. ANNEX M: [kV] Indicated Layout 

9.14. ANNEX N: Site facilities 

9.15.  : Civil Works 
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9.1 ANNEX A: TPP AGIOS DIMITRIOS (top view) 
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9.2 ANNEX B: TPP-AD, Machine & Electrical Rooms (top view) 

 

 

 

  

TSGA-I 

TSGA-II 
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9.3 ANNEX C: TPP-AD, PLANT-Indicative Arrangement  
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9.4 ANNEX D: Grid of 150[kV], Infeeding of UNIT- I and II 

 

 

 

 

  

TSGA I TSGA II 

P55 
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9.5 ANNEX E: P55, 150[kV] Circuit Breaker 
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9.6 ANNEX F: Labels of TSGA-I & II 
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9.7 ANNEX G: TSGA-I & II One-Line Diagram 
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9.8 ANNEX H: TSGA-I, Circuit Breaker Tripping 
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9.9 ANNEX I: TSGA-I, Alarms & Data Logger 
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9.10 ANNEX J:  TSGA-II, Circuit Breaker Tripping 
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9.11 ANNEX K: TSGA-II Alarms & Data Logger 
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9.12 ANNEX L: 150[kV] Differential Protection 
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9.13 ANNEX M: 6[kV] Indicated Layout 
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9.14 ANNEX N: Site facilities 

 

  

  

Entrance to 

Machine Rooms 

from UNIT-I side 
Entrance to 

TPP-AD from 

National Road 

Site Facilities 1 

Site Facilities 2 

Site Facilities 3 
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9.15 ANNEX O: Civil Works 

The drawings presented in para 5.5 in separate files type 
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