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1. Scope 
This specification covers the minimum requirements for the design, manufacture, inspection, 
and testing, certification, preparation for transport and installation on offshore platform in 
hazardous area of “Closed Cycle Vapour Turbo generator” (CCVT) for continuous power supply 
of electrical loads. 

This document treats only fuel gas CCVT systems installed in hazardous areas (Zone 2). 

When CCVT is located outside hazardous areas, it shall be in accordance with the particular 
project specification. 

Related power generation generally consists of one, two or three CCVT’s. 

Any substitution or deviation from this specification shall be highlighted by Manufacturer, who 
shall notify the Company in writing. Manufacturer shall not proceed with any substitution or 
deviation prior to receiving the Company written approval. Manufacturer shall confirm that 
proposed substitution or deviation do not entail the current certification. 

2. Reference documents 
The reference documents listed below form an integral part of this General Specification.  

External Documents 
Unless otherwise stipulated, the applicable version of these documents, including relevant 
appendices and supplements, is the latest revision published at the effective date of this 
document. 

Reference Title 

94/9/EC 
(ATEX 100a / ATEX 95) 

European Directive 94/9/EC on the approximation of the laws of 
the members states concerning equipment and protective systems 
intended for use in potentially explosive atmosphere 

Motive Fluid Cycle / Vacuum Enclosure Materials 

ASTM A 240 Standard Specification for Chromium and Chromium-Nickel 
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and 
for General Applications 

ASTM A 249 Standard Specification for Welded Austenitic Steel Boiler, Heat-
Exchanger, and Condenser Tubes 

ASTM A 269 Standard Specification for Seamless and Welded Austenitic 
Stainless Steel Tubing for General Service 

ASTM A 312 Standard Specification for Seamless, Welded, and Heavily Cold 
Worked Austenitic Stainless Steel Pipes 

Welding Q.C 

ASME Section V Radiography 

ASME B 31.3 - K 341.3.2 Acceptance criteria 
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Reference Title 

Electrical Boxes / Cabinets 

EN 60079 (Parts 0; 1, 7, 
15) 

Electrical apparatus for potentially explosive atmospheres - 
Parts 0; 1; 7; 15 

IEC 60079 Electrical apparatus for explosive gas atmospheres 

IEC 60146 Semiconductor converters 

IEC 60228 Conductors of Insulated Cables 

IEC 60255 Relays 

IEC 60269 Low voltage fuses 

IEC 60332-2-1 Tests on electric and optical fibre cables under fire conditions - 
Part 2-1: Test for vertical flame propagation for a single small 
insulated wire or cable Apparatus 

IEC 60335-2-29 Safety of household and similar electrical appliances, battery 
chargers 

IEC 60529 Degrees of protection of enclosures 

IEC 60622 Sealed nickel-cadmium rechargeable cells 

IEC 60947 Low voltage switch-gear and control-gear 

IEC 62262 Degree of protection against mechanical impacts - IK code 

IEC 62402 Obsolescence management - Application guide 

Shelter Materials 

UL 94 - V0 Fibre glass 

Alternator 

IEC 60034-1 Rotating electrical machinery 

Fire & Gas detection and protection 

NFPA 12 Design & installation (protection) 

NFPA 72 Design & installation (detection) 

Gas Safety Components 

ANSI Z-21  Components 
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Total General Specifications 
Unless otherwise stipulated, the applicable version of these documents, including relevant 
appendices and supplements, is the latest revision published in the applicable yearly collection. 

Reference Title 

Not applicable  
 

3. Environmental conditions 
CCVT shall be designed for installation in area in accordance with the environmental conditions 
Project Particular specification. 

For information purpose, the drawings shown in the appendix are typical for equipment to be 
installed with following environmental conditions: 

• 5 to 40°C 

• Wind maximum velocity: 144 km/h sustained, 160 km/h gusts. 

4. Electrical characteristics 

4.1 Output parameters (at service conditions) 

CCVT Model Max Output Power (W) 

10AG 800 

12AG 1200 

20AG 2000 

30AG 3000 

40AG 4000 
 

Output voltage shall be preferably 48 VDC and optionally 24 VDC or 125 VDC. 

All auxiliaries shall be fed by the same voltage as defined above. Auxiliaries requiring different 
voltage will be converted internally. 

4.2 Functional requirements 
Several CCVT shall be able to operate in parallel and share equally the total load. In case of 
one CCVT failure, the remaining unit(s) shall automatically supply the full station load. Load-
shedding operation might have to be considered by Company. CCVT rectifier system shall 
prevent reverse flow of power to the alternator during any parallel operation.  

In the event of a complete failure or shutdown, CCVT shall be restarted in local & manual mode, 
auxiliaries shall be fed by platform battery back-up system.  

Typical single line diagram is shown in Appendix 8. 
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4.3 Voltage Quality and Current Rating 
Electrical power provided at the CCVT output terminals shall comply with the following 
requirements.   

4.3.1 At steady state, maximum operating tolerances shall be ± 3.5% of voltage setting. 

4.3.2 Adjustable voltage limits shall be provided. Accuracy of the limits shall be ± 5% from the 
voltage limit set points. 

4.3.3 Maximum DC ripple voltage shall be 200 mV peak-to-peak. 

4.3.4 Electrical output of CCVT shall be connected to a two (2) wire DC unearthed system. 

4.4 Safety requirements 
Earthing and bonding to the platform of all CCVT metallic parts shall be ensured. 

CCVT shall be provided with surge arrestors to protect electronic components against lightning 
spikes.  

5. CCVT description 

5.1 General 

5.1.1 The CCVT shall comprise the following equipment 
a. Vapour generator 

b. Turbo alternator 

c. Condenser  

d. Lubrication system 

e. Combustion system 

f. Flue 

g. Frame and shelter 

h. Electrical control panel 

i. Gas detection system 

j. Fresh air supply system 

k. Fire detection and protection systems. 

5.1.2 CCVT operation 
CCVT shall operate on the principle of the Rankine Cycle, with the working fluid operating in a 
closed cycle between the vapour generator, turbo alternator and condenser:  

• Organic fluid is vaporised in the vapour generator by heat provided by the gas burner and 
vapours expand in the turbine to drive an alternator. 

• Exhaust vapours from turbine flow into an air cooled condenser, where they are 
condensed and returned to the vapour generator. 
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• The alternator, which has a common shaft with the turbine, produces an electric voltage 
proportional to the speed of the turbine, with the power output proportional to amount of 
heat provided by the burner. 

• The control system rectifies, filters and conditions the output power to the required level, 
and provides system status and control data. 

• CCVT rated output is based on fuel supply with the following characteristics: 

 Dry natural gas with at least 80% of methane and max. 4 ppm of H2S at a pressure of 1 - 
1.5 bar. 

With other gas compositions, Manufacturer shall specify actual output power as well as 
other impacts. 

• The CCVT shall be suitable for a complete unattended operation after manual start-up. 

• CCVT shall be suitable for recharging platform batteries and simultaneously supplying 
power to the loads up to generators capability provided. Manufacturer and Company to 
agree upon system calculation. 

• CCVT shall be designed to operate with minimal maintenance. 

• CCVT shall not sustain any damage due to open circuits or short circuit conditions across 
the CCVT control or power terminals. 

• Air purging to guarantee dilution of accumulated hydrocarbon to below L.F.L (Lower 
Flammability Limit) in CCVT enclosure shall be carried out each time before re-starting. 

5.2 Vapour generator 
Vapour generator shall be located inside the CCVT enclosure and shall be constructed from 
stainless steel 316 L. Vapour generator will be thermally insulated to reduce heat losses.  

5.3 Turbo alternator 
5.3.1 Complete turbo alternator assembly shall be mounted in a stainless steel enclosure. 

Cable connections to the stator shall be made through the insulating bushings in the 
enclosure. Bushings shall maintain a hermetic seal. 

5.3.2 Alternator winding insulation shall be class H as per IEC 60034-1 standard. 

5.3.3 Organic fluid shall be used to provide lubrication to the turbo-alternator bearings 
(hydrostatic/hydrodynamic type). 

5.4 Condenser 
5.4.1 Condenser shall be air cooled by natural convection and if necessary, by means of a fan 

driven by Ex”d” induction motor equipped with thermistors. 

5.4.2 Condenser tubes and cooling fins shall be constructed from the following materials: 

• Tubes: Stainless Steel, Grade 316 L 

• Fins: Aluminium 

5.4.3 Condenser shall be provided with a vacuum test valve. 
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5.5 Lubrication system 
Lubrication system shall consist of tubes and reservoirs that shall transfer the fluid from the 
condenser outlet to lubricate the bearings of the turbo alternator. 

5.6 Combustion system 
Combustion system shall consist of: 

5.6.1 A Venturi type atmospheric burner complete with pilot burner and an automatic re-
ignition system. Manual ignition shall be ensured by a piezo-electric system. 

5.6.2 A gas control panel (including valves, filters, etc.) shall control the gas flow to the main 
and pilot burners. 

5.6.3 CCVT shelter shall be suitably designed to ensure burner operation under windy site 
conditions. 

5.6.4 Burner shall be installed under the vapour generator. Burner shall be seen as a naked 
flame.  

5.6.5 CCVT gas supply line shall be equipped with the following: 

• 1 safety gas flow control solenoid valve to isolate the CCVT in case of emergency 
shutdown (by remote signal from ESD platform)  

• 1 PCV to set inlet pressure to CCVT operating pressure. Manufacturer shall advise 
for impact of other pressure than mentioned in § 5.1.2. 

5.7 Flue 
5.7.1 In accordance with current certificate (refer to part 6), the flue shall be of an adequate 

size to carry combustion products without imposing excessive back pressure on the 
combustion chamber. 

5.7.2 Flue shall have the following features: 

a. Damper (draft regulator and automatic isolation in case of fire detection). 

b. Rain cowl suitable for satisfactory operation under windy and rainy site conditions. 

c. Discharge above the condenser. 

d. Thermal insulation on exposed lengths of flue to allow control of chimney draft under 
variable wind speeds and directions and of chimney temperature. 

e. A condensation drain opening at the bottom of the external elbow. 

5.7.3 Flue shall enter through the shelter interior. 

5.7.4 All metallic components of the flue assembly, including sheathing, shall be constructed 
from stainless steel 316, to prevent corrosion. 

5.7.5 Exhaust outlet shall be placed at least 2 m outside from the border of hazardous area 
Zone 2 and 9 m from the border of any hazardous area Zone 1 or 0. Manufacturer shall 
advise impact of design different than as shown in Appendix 2.  
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5.7.6 Engineering for layout and installation of exhaust pipe shall be submitted to 
Manufacturer for approval. 

5.8 Frame and Shelter 
5.8.1 CCVT unit shall be mounted within a metal frame assembly with the vapour generator 

mounted within the CCVT shelter. Condenser with fluid reservoir and the turbo-generator 
shall be placed over the shelter on top.  

5.8.2 All working fluid piping and reservoirs shall be made of 316L stainless steel. 

5.8.3 CCVT shelter shall have all entries sealed (except for air supply) to prevent burner flame 
from extinguishing due to gusts of wind, and to ensure that CO2 concentration can be 
maintained for twenty minutes after CO2 discharge for fire extinguishing. 

5.8.4 CCVT air supply system shall be able to provide one hundred complete air changes in 
shelter per hour. Design shall ensure adequate mixing and dilution and avoidance of 
stagnant areas. System shall remain in operation following shutdown to ensure 
adequate cooling and dilution of gas leaks. The air intake must be at least two meters 
away from the border of any hazardous area limit. 

5.8.5 The complete assembly shall be capable of withstanding the environmental conditions. 
In addition, the shelter shall be equipped with dampers on air ducting at appropriate 
locations in order to seal the enclosure before filling it with CO2 for fire extinguishing.  

5.8.6 CCVT frame shall be hot dipped galvanised and painted according to Manufacturer 
painting specification 24.3.7.097. Vendor supplied components shall be supplied as 
painted by the Vendor. The Shelter painting shall be conductive painting (electrostatic 
free). 

5.8.7 Index of protection of the electrical boxes outside the CCVT shelter shall be at least IP55 
as per IEC 60529 and IK08 as per IEC 62262. 

5.8.8 Shelter door shall be provided with a lock and key. Sign shall be provided in appropriate 
language (English and local language, if different) prohibiting access without permit. 

5.9 Electrical Control Panel 
Construction of each CCVT control panel shall comply with the following: 

5.9.1 Control panel shall be wall mounted in the shelter. 

5.9.2 Equipment shall be arranged to permit easy removal of all components without 
interference to the panel structure, other parts or cabling. 

5.9.3 All the components shall be housed in the control panel including a control section and a 
power section. The power section contains transformers, heat sinks and protection 
devices, and the control section contains all electronic circuits for measurement and 
control of the operation of the CCVT system. 

5.9.4 Degree of protection for the electronics enclosures shall be IP43 minimum and IK08. 

5.9.5 Suitably fixed earth bar (made of tinned copper) or terminal shall be provided within the 
control panel. 

5.9.6 Tropicalised treatment is required for all electrical equipment. 
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5.9.7 CCVT control system shall be based on a Digital Turbine Control Unit (DTCU). The 
DTCU will monitor and control the operation of the CCVT in all conditions. The DTCU 
will automatically perform control sequences of start-up, normal shutdown and shutdown 
in failure conditions. 

5.9.8 Any Emergency Shut-Down (ESD) system shall be completely hard wired and fail safe.  

5.9.9 DTCU contains the Human Machine Interface (HMI) operating push buttons and digital 
display on which operating parameters can be read. 

5.9.10 DTCU shall have a communication serial link for communication and data transmission. 

5.9.11 DTCU shall monitor and store various CCVT operating parameters and conditions. As a 
minimum the following parameters/conditions shall be accessible (by manual selection) 
in the CCVT control panel and via the numerical communication link 

• CCVT DC output voltage 

• CCVT DC output current 

• CCVT DC control voltage 

• Alternator frequency 

• Condenser temperature 

• Vapour generator temperature 

• CCVT failure condition and type of failure. 

DTCU and control shall provide the following remote discrete signals via SPDT (Single 
Pole Double Throw) volt free contacts:  

• CCVT ON 

• CCVT general failure  

• Remote/Emergency stop (SPDT by others) 

• Flame out 

5.9.12 CCVT system shall include a gas supply shut-off valve controlled by the DTCU. It will be 
triggered by any abnormal operating conditions to shut off the gas supply. Manual re-
start of the CCVT shall be required. 

5.10 Battery Voltage Regulation 
Each CCVT control panel shall enable a variable voltage, with limitations. 

This will be to control the voltage under particular load conditions, especially during re-charge of 
battery bank. 

CCVT voltage regulation shall allow the two following modes of operation: 

5.10.1 “Charge” mode 
“Charge” mode shall be initiated upon restoration of CCVT power after an outage. 

CCVT rating shall be suitable for re-charging platform battery from “discharged”. 
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