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COMBINE HEAT AND POWER (CHP) LEVEL 1 FEASIBILITY ANALYSIS 

 

1.0  INTRODUCTION 

 

1.1  Client Name & Address 

Roger Bracewell 

GA Pet Food Partners Group Limited 

Plock’s Farm 

Bretherton 

Leyland 

PR26 9AX 

 

1.2 Brief & Scope of Assessment 

GA Pet Food Partners are considering the installation of a natural gas fired combined heat and power 

plant (CHP), utilising heat from the gas engine in the production of steam and low temperature hot 

water for use within the manufacturing facility at Plock’s Farm (the Facility). 

 

This assessment will provide a forecast of the potential energy savings and carbon reductions that 

could be obtained from installing CHP at the Facility and also a projection of the Facility’s 

performance within the CCA scheme based on the energy and production data received for the 

period 1st January 2017 to 31st December 2017.  

 

It has been assumed that this data represents a period of typical performance for the Facility. 

 

1.3 The Facility 

1.3.1 Heating Demands 

The heating demands for the Facility are currently served by three natural gas fired steam boilers and 

four natural gas fired hot air dryers.  

 

Steam is utilised for the production of low temperature hot water via a series of calorifiers and also 

used directly in the extrusion process lines.  Hot air is utilised for drying the product. 

 

Currently the Facility has no direct method of being able to utilise any low temperature hot water 

that could be recovered from the CHP, as all hot water is currently being generated via steam heated 

calorifiers, however, consideration is being given to the installation of a new site wide hot water 

heating main complete with thermal store, that would distribute low temperature hot water for the 

following purposes: 

 

• preheating of boiler feedwater 

• preheating of the air to the dryers 

• heating of plant room calorifiers currently heated by steam 
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1.3.2 Electricity Demands 

Electricity demands are served by a 4.7MVA, 11kV grid connection though a single ENW incomer and 

distributed across the site through an 11kV ring main. 

 

1.4  Objective  

The purpose of this report is to demonstrate the feasibility to improve the actual situation by the 

installation of a new CHP system to reduce the Facility’s expenditure on energy and to reduce carbon 

emissions.  
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2.0 EXECUTIVE SUMMARY 

 

Based on the half hourly metered data for gas and electricity supplied, three CHP options were 

modelled with electrical outputs ranging from 2MWe to 3.3MWe.  

 

The analysis has shown that the CHP with an electrical output of 2.7MWe, utilising the gas engine’s 

waste heat for the production of steam and low pressure hot water, would offer the most 

economical solution, with the potential to displace almost 90% the Facility’s grid supplied electricity 

and over 50% of the Facility’s natural gas consumption (subject to installation of a new site wide hot 

water heating system), resulting in substantial year on year cost savings in energy and a significant 

reduction in carbon emissions.   

 

In summary the potential economic benefits that the 2.7MWe CHP could offer are as follows: 

• Gas and electricity costs savings of approximately £1Million per year. 

• Carbon emissions reduced by 1800 tonnes per year  

• A payback period of less than 2 years on the CHP plant capital investment cost (excluding new 

boiler plant, civil and building works, site integration costs and grid connection costs). 

• A “Good Quality CHP” score (QI) of >105 and would therefore qualify for relief from the Climate 

Change Levy as well as being eligible for the Enhanced Capital Allowances Scheme (businesses 

can write off the whole of the capital cost of their investment in qualifying energy saving plant 

and machinery against their taxable profits of the period during which they make the 

investment). 

• A Specific Energy Consumption (SEC) of less than 680kWh/tonne (based on an annual 

production estimate of 116,000 tonnes) on target with the performance requirements set out 

in the Climate Change Agreement.  

 

Our assumptions, modelling data and financial analysis in reaching the above summary are described 

in more detail below. 
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3.0  FEASIBILITY ANALYSIS 

3.1 Assumptions, Technology Selection, Plant Operation Modelling and Financial Analysis  

The following provides an analysis of Facility’s current energy demands, tariffs and CO2 emissions, 

our proposed CHP plant capacity and a summary of the outcome of financial modelling showing the 

anticipated savings, CO2 reductions and payback period. 

 

3.1.1 Utility Tariffs 

Energy costs have been estimated using the quoted contract data obtained from recent invoices 

submitted as part of this exercise and include Climate Change Levy with the current relief applied at a 

rate of 90% for electricity and 65% for gas. 

 

Average electricity price excluding CCL  £0.09/kWh (Exc VAT) 

Electricity CCL  £0.00568/kWh 

Electricity CCL Relief Rate 90% 

Average gas price excluding CCL  £0.02/kWh (Exc VAT) 

Gas CCL  £0.00198/kWh 

Gas CCL Relief Rate 65% 

 

3.1.2 Annual Energy Consumption 

The Facility’s electrical and thermal loads were established from the half hourly electricity and gas 

kWh data recorded from 1st January 2017 to 31st December 2017.  The annual gas and electricity 

consumption during this period were as follows, with costs based on the gas and electricity rates in 

3.1.1 above. 

 

Energy Annual Consumption (2017)  Annual Cost (2017) 

Electricity  22,594,271 kWh  £2,046,318  

Gas  42,447,376 kWh  £878,364  

Total Energy Cost £2,924,681 

 

3.1.3 Carbon Emissions 

The amount of CO2 produced by the Facility has been calculated using the current 2017 conversion 

factors for company reporting published by DEFRA/DECC, and are as follows:  

 

Fuel  Conversion Factor Annual CO2 Emissions 

Electricity  0.35156 kgCO2/kWh 7,943 tonnes per year 

Gas 0.18416 kgCO2/kWh 7,817 tonnes per year 

 

Note these conversion factors are different to those used in the Climate Change Agreement scheme, 

where primary energy is reported. 
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3.2 ANNUAL ENERGY CONSUMPTION PROFILE 

Using the 2017 half hourly kWh data for gas and electricity we are able to establish half hourly 

power, gas and heat demand profiles for the Facility, which are illustrated graphically below. 

 

The heat output profiles for the boilers and dryers have been calculated using the half hourly gas 

data and a gas conversion efficiency of 80%. The ratio of gas consumed by the boiler plant and dryers 

has been estimated at 55% to the boilers and 45% to the dryers. 

 

Figure 1a - Facility Half Hourly Power Demand 

 
 

Figure 1b –Daily Average Hourly Power Demand
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Figure 2 - Facility Half Hourly Gas Demand 

 

Figure 3a –Boiler Plant - Heat Output  

 

Figure 3b –Boiler Plant – Daily Average Hourly Heat Output 
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Figure 4a –Dryer Plant - Heat Output  

 
 

Figure 4b –Dryer Plant – Daily Average Hourly Heat Output 

 

As can be seen from the graphs both the power and heat demands are relatively consistent 

throughout the entire year with no evidence of any significant load fluctuations in either power or 

heat between the winter and summer seasons.  

 

The advantage of having such a flat annual load profile is that it will ensure the longest operating 

hours possible from the CHP and therefore fully utilising the capital invested. 

 

  



 
 

 Page 9 of 32  

 

3.3 HEAT PRODUCTION 

The Facility currently utilises a number of methods of heat production: 

 

• Natural gas fuelled boilers for steam raising, consuming approximately 55% of Facility’s total 

gas consumption. 

 

• Natural gas fuelled burners for hot air dryers, consuming approximately 45% of Facility’s total 

gas consumption. 

 

• Steam heated calorifiers for production of low temperature hot water (LTHW), estimated to 

utilise approximately half of the total steam production with 100% condensate return from the 

calorifiers.   

 

The remining steam production we are assuming is consumed directly in the manufacturing 

process with zero condensate return and therefore requiring 100% make up water. 

 

Summary of Facility Heating Demands 

Based on the assumption above, the following table shows the estimated annual heating demands 

for steam, hot air and low temperature hot water. 

 Annual Demand  Average Hourly Load 

Gas consumed by boiler plant 23,346,056kWh 2665 kW 

Gas consumed by dryers  19,101,220 kWh 2180 kW 

   

Heat output - boiler plant (steam) 18,676,845kWh 2132kW 

Heat output – dryers (hot air) 15,280,976kWh 1744 kW 

   

Heat output – to calorifiers (LTHW) 9,338,423 kWh 1066kW 

 

Currently the Facility has no direct method of being able to utilise any LTHW that could be recovered 

from the CHP, as all hot water is currently being generated via steam heated calorifiers, however, 

consideration is being given to the installation of a new site wide hot water heating main complete 

with thermal store, that would distribute LTHW for the following purposes: 

 

• preheating of boiler feedwater 

• heating of plant room calorifiers currently heated by steam 

• preheating of the air to the dryers 
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The LTHW heating loads that would be required by the above have been estimated as follows: 

 

Preheating of boiler make-up water 

• Annual steam production    : 18,676,845kWh 

• % of condensate return     : 50% 

• Annual boiler make-up water consumption  : 17520m3 (~2m3/h) 

• Boiler make up water temperature rise  : 10degC to 85degC 

• Average hourly LTHW heat required  : ~175kW 

 

Calorifier heat load 

• 50% of the annual steam production   : 9,338,423 kWh 

• Average hourly LTHW heat demand  : ~1000kW 

 

Preheating of air for the dryers 

• Average hourly LTHW heat demand  : 1000kW to 2135kW 
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3.4 HEAT UTILISATION 

 

To offer an appreciation of the additional benefits brought about by being able to utilise more of the 

low temperature hot water produced by the CHP and therefore allowing you to estimate the costs 

benefits of installing a new hot water heating system, we have presented the annual savings for the 

following scenarios: 

Scenario 1 

Current site configuration with a new 10,000kg/h combination steam boiler. Heat from the CHP 

would be utilised as follows: 

• Exhaust gases utilised directly in the combination boiler for steam raising 

• LTHW for preheating the boiler make-up water 

• No further use for LTHW, therefore any excess heat from the CHP would be dumped to 

atmosphere.  

 

Scenario 2 

As scenario 1 above plus the installation of a new hot water heating main to enable the direct 

utilisation of LTHW from the CHP to offset steam production used to generate hot water via the 

calorifiers. 

 

Scenario 3 

As scenario 2 above with the installation of hot water heat exchangers to all dryer air intakes for the 

purpose of preheating of the air to the dryers.  

With this arrangement, if the LTHW demands are sufficiently high, we would recommend re-

evaluating whether the heat from CHP exhaust gases would be better utilised producing hot water in 

lieu of steam, as the savings potential could be even higher, and it would also remove the 

requirement for a combination type boiler.  
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3.4  CHP SELECTION CRITERIA  

 

The utilisation of the recovered thermal energy from the CHP is what drives the best economics of a 

CHP project. However, this doesn’t mean that sizing the CHP to match the Facility’s minimum (base) 

load will always provide the best overall solution. Depending on the individual site circumstances it 

can be more cost-effective to operate the CHP with some of the thermal energy being dissipated 

rather than to switch the CHP unit off. It is for this reason that the CHP Quality Index (CHPQI) metric 

was designed in order to incentivise CHP design, to prevent excessive heat being rejected and 

discourage CHP units being operated as gas generators only. 

 

These incentives have two primary benefits: 

• Climate Change Levy (CCL) can be claimed back on the electricity generated by the CHP unit. 

• CCL can be claimed back on the fuel consumed by the CHP unit. 

 

Additionally, the scheme will become eligible for Enhanced Capital Allowances (ECAs). 

 

The minimum CHPQI figure required to achieve ‘Good Quality CHP’ and receive the full benefits is 

105 during the design stage and 100 during scheme operation. 

 

From the Facility’s power and heat load profiles shown above we would recommend that the CHP 

engine selection should be matched to follow the electrical load and not the heating load. In this case 

sizing the CHP to achieve the heating demand would result in an oversized generator in excess of the 

Facility’s peak electricity demands, which would be uneconomical due to the amount of modulation 

that would be required. 

 

Some guidance will recommend sizing the CHP to meet only the lowest demand that occurs, (the 

base-load), which will result in the longest running hours, the shortest payback period and 

consequently the highest internal rate of return. However, this is not necessarily the most 

economically advantageous approach to minimising the total cost of energy supply for the site and 

certainly would limit the amount of CO2 savings that could be achieved on a given site. 

 

Hence for this particular site, even though there could be times when the heat generated by the CHP 

is more than required by the site load, it would still be worthwhile operating the CHP such that it 

follows the site electrical load in order to benefit from offsetting much more of the expensive 

daytime electricity. As you will see from the results of the savings analysis in Section 4.0, the CHP 

operating without a significant LTHW load, is still capable of generating substantial savings, albeit it 

would be more sensitive to increases in gas price.  
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The most cost-effective solutions will therefore tend to involve some modulating capability and/or 

heat dumping and/or heat storage and it is for this reason we selected 3 CHP for analysis: 

 

• CHP with an electrical output of 2.0MW (to align with the base load demands of the site)  

• CHP with an electrical output of 2.7MW (to offset more day time electricity) 

• CHP with an electrical output of 3.3MW (to offset as much day time electricity as possible) 

 

The performance profile for each CHP was calculated on the basis of the CHP electrical output 

following the Facility’s power demand for each half hour of the day, over the entire 365 days of the 

year, without exporting power. Having determined the CHP’s electrical output profile we are then 

able to calculate the CHP’s thermal output and fuel consumption. This profiling offers the most 

sensitive analysis and enables us to project with reasonable accuracy the total energy savings 

potential for each size of CHP based on the given set of half hourly data. 

 

The economic savings analysis of the 3 selected CHP options, over the 3 different heat utilisation 

scenarios, are presented in Section 4.0. 
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4.0 ECONOMIC SAVINGS ANALYSIS 

 

The economic benefits for the three CHP units, over the three different heat utilisation scenarios, are 

presented below: 

 

Scenario 1 - Average hourly LTHW load – ~175kW 

CHP Model JMS612GS-NL JMS616GS-NL JMS620GS-NL 

CHP rated electrical output 2.0MWe 2.7MWe 3.3MWe 

Thermal output from engine 

exhaust gases for 10barg steam  
819kW 936kW 1176kW 

Thermal output from engine 

cooling circuit for LTHW  
1077kW 1496kW 1829kW 

    

CHP capital cost estimate 

(Exc VAT) 
£1,296,000  £1,584,000   £1,898,000  

CHP annual maintenance cost 

(Exc VAT) 

£22.00/operating 

hour 

£23.53/operating 

hour 

£28.00/operating 

hour 

CHP annual operating hours 8000hours 8000hours 8000hours 
    

CHP annual savings  £626,496  £785,241  £791,136  

Savings per CHP operating hour £78.32 £98.16 £100.77 

Payback Period 24.8 months  24.2 months  28.8 months  
    

CHPQA Index (QI) 111  108  108  
    

Grid Electricity Displaced 69.3% 86.7% 89.9% 

Gas consumption displaced 22.9% 25.4% 28.9% 

% reduction in site energy costs 21.4% 26.8% 27.1% 
    

Annual CO2 Reduction 34 tonnes  
Increase of 227 

tonnes 

Increase of 191 

tonnes  
    

Specific Energy Consumption 

based on an annual production of 

116,000 Tonnes 

785 kWh/tonne 775 kWh/tonne 770 kWh/tonne 
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Scenario 2  - Average hourly LTHW load – ~1000kW 

CHP Model JMS612GS-NL JMS616GS-NL JMS620GS-NL 

CHP rated electrical output 2.0MWe 2.7MWe 3.3MWe 

Thermal output from engine 

exhaust gases for 10barg steam  
819kW 936kW 1176kW 

Thermal output from engine 

cooling circuit for LTHW  
1077kW 1496kW 1829kW 

    

CHP capital cost estimate 

(Exc VAT) 
£1,296,000  £1,584,000  £1,898,000 

CHP annual maintenance cost 

(Exc VAT) 

£22.00/operating 

hour 

£23.53/operating 

hour 

£28.00/operating 

hour 

CHP annual operating hours 8000hours 8000hours 8000hours 
    

CHP annual savings  £786,336  £983,483  £970,256  

Savings per CHP operating hour £98.30 £122.94 £121.29 

Payback Period 19.8 months  19.3 months  23.5 months  
    

CHPQA Index (QI) 131  128  125  
    

Grid Electricity Displaced 69.3% 86.7% 89.9% 

Gas consumption displaced 41.1% 47.9% 49.2% 

% reduction in site energy costs 26.9% 33.6% 33.2% 
    

Annual CO2 Reduction 1456 tonnes  1536 tonnes  1403 tonnes 
    

Specific Energy Consumption 

based on an annual production of 

116,000 Tonnes 

718 kWh/tonne 693 kWh/tonne 695 kWh/tonne 
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Scenario 3  - Average hourly LTHW load – ~1500kW for maximum savings potential 

CHP Model JMS612GS-NL JMS616GS-NL JMS620GS-NL 

CHP rated electrical output 2.0MWe 2.7MWe 3.3MWe 

Thermal output from engine 

exhaust gases for 10barg steam  
819kW 936kW 1176kW 

Thermal output from engine 

cooling circuit for LTHW  
1077kW 1496kW 1829kW 

    

CHP capital cost estimate  

(Exc VAT) 
£1,296,000  £1,584,000  £1,898,000 

CHP annual maintenance cost 

(Exc VAT) 

£22.00/operating 

hour 

£23.53/operating 

hour 

£28.00/operating 

hour 

CHP annual operating hours 8000hours 8000hours 8000hours 
    

CHP annual savings potential £806,778  £1,022,668  £1,019,927  

Savings per CHP operating hour £100.85 £127.84 £127.50 

Payback Period 19.3 months  18.6 months  22.3 months  
    

CHPQA Index (QI) 133  132  130  
    

Grid electricity displaced 69.3% 86.7% 89.9% 

Gas consumption displaced 43.4% 52.4% 54.9% 

% reduction in site energy costs 27.6% 35.0% 34.9% 
    

Annual CO2 Reduction 1638 tonnes  1885 tonnes  1845 tonnes 
    

Specific Energy Consumption 

based on an annual production of 

116,000 Tonnes 

710 kWh/tonne 677 kWh/tonne 675 kWh/tonne 
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5.0 RECOMMENDED CHP SOLUTION 

The feasibility analysis has shown that the CHP with an electrical output of 2.7MWe will offer the 

most benefit in terms of overall energy savings and carbon emission reduction, whilst achieving a 

payback period of less than 2 years. 

 

The following provides a general outline of the Clarke Energy 2.7MW CHP solution together with a 

more detailed scope of works on which the capital costs for the feasibility analysis have been based. 

 

CHP Project Outline 

The works offered by Clarke Energy will comprise the design, manufacture, supply, installation, 

commissioning and setting to work of a combined heat and power plant comprising 1No. GE natural 

gas fuelled generator to operate in parallel with the Distribution Network Operator (DNO) and will be 

suitable for a minimum of 15 years’ service.  

The CHP plant will be designed for continuous full load duties, operating for a minimum of 8000hours 

per year. 

CHP Prime Mover 

Our recommended selection for prime mover would be: 

• 1No. GE Energy type Jenbacher JGS616GS-NL spark ignition, low emission, gas engine 

generator set capable of a nominal gross electrical output at the alternator terminals of 

2678kW at 11kV, 50Hz and an electrical efficiency of 44.3%. 

Heat Recovery 

The waste heat from the engine exhaust gases will be utilised in a combination steam boiler (to be 

procured separately by the Client) for generating steam at a pressure of 10barg. The usable heat that 

could be recovered from the exhaust gases, when reduced to a temperature of 164degC, would be 

936kW. The steam that could be generated from this amount of heat, assuming a feedwater 

temperature of 90degC, is approximately 1375kg/h at 10barg.  

The waste heat from the engine cooling water circuit would be recovered via a plate heat exchanger 

to provide a usable thermal output of 1496kW in the form of low temperature hot water at 90degC. 

This is on the basis of a return water temperature to the engine of 70degC. 

Engine Enclosure 

To reduce the noise of the gas engine, the generator set will be installed inside an acoustically 

treated enclosure complete with a forced draught ventilation system to provide the required cooling 

air and combustion air for the generator set. Suitably designed attenuators will be installed in the air 

intake and discharge ventilation ductwork to reduce noise breakout from the engine enclosure to 

meet the specified sound pressure levels at the building louvres.  
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The enclosure shall be designed in accordance with HSE requirements for prevention of build-up, 

detection of, and protection from explosive gas mixtures, and attention shall be paid to ensure 

adequate ventilation.  The enclosure will also be fitted with gas, smoke and fire detection, which 

together with the ventilation design, will ensure that DSEAR and ATEX requirements are satisfied. 

Engine Cooling Radiators 

A dedicated heat rejection system will be provided to cool the engine LT and HT cooling water 

circuits and shall be designed to ensure continuous full load operation of the CHP in ambient air 

temperatures up to 30degC and when heat recovery demands are low. The radiators will be a flatbed 

fin coil design using energy efficient fan motors and low noise fan configuration. The fans will be 

controlled by an inverter regulated by the engine control system to provide energy efficient cooling 

at different ambient air temperatures. 

To ensure adequate air flow underneath the cooling water radiators and to avoid air recirculation, we 
have allowed for the radiators to be raised to a height of 2m, which will prevent the engine from 
derating when operating during periods of high ambient temperatures. This is particularly necessary 
where the radiators are being located within close proximity of building walls.   

Adequate frost protection in the form of an ethylene glycol solution shall be provided in the engine 

cooling water circuits. 

The position of the HT radiator has still to be confirmed at this stage and we understand is likely to 

be positioned some distance away from the new energy centre due to noise restrictions. We have 

therefore included only a provisional sum, based on a distance of 50m from the CHP to the HT 

radiator, to cover the cost of the supply and installation of the HT water pipework and cabling.   

Engine Exhaust 

The exhaust from the engine will be attenuated using a combined reactive absorptive silencer and 

then ducted to atmosphere via a free-standing exhaust stack. 

Exhaust connections to the waste heat side of combination boiler have also been included on the 

basis the combination boiler is located adjacent to the engine. 

Gas Supply Pressure and Volume 

The new gas supply to the new CHP will be arranged by the Client and we have assumed the supply 

will be brought into the energy centre, terminating at a single connection flange within 2m of the 

CHP enclosure. The downstream connection from this point to the engine gas train will include a gas 

safety shut off valve, gas booster and flow meter. 

The gas supply we understand will be delivered at a pressure of 50mbar and we have therefore 

included a gas booster to increase the gas pressure to that required by the engine, circa 150mbar. 

We recommend the gas volume specified to your gas network provider to operate the CHP plant at 

its full load capacity is 720Nm3/h (circa 60,000,000kWh per year), which also allows a tolerance for 

fuel efficiency degradation over the lifecycle of the engine.  
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Lubricating Oil Storage 

Bulk clean and used oil storage tanks will be installed and piped to the engine day tank inside the 

enclosure to facilitate automatic top up and storage in readiness for oil changes during routine 

servicing. The bulk tanks will be double bunded and designed in accordance with Environmental 

Guidelines.  

Electrical Connection 

The power output from the CHP will be generated at 11000volts, 3phase 50Hz and connected into the 

existing site HV ring main through an 11kV generator circuit breaker and onto the HV ring main via a 

new RMU, such that the CHP can serve the entire site. All generator synchronise controls and G59 

protection will be included in the CHP control panel. 

Low voltage power supplies required to power all CHP auxiliary equipment will be taken from a 

separate 400V, 3phase supply which will need to be provided by the Client. This will require a rating 

of approximately 200A.  

The CHP earthing system design will be subject to confirmation upon a detailed assessment of the 

soil resistivity and confirmed fault levels. We have therefore included to undertake an earth system 

study to determine the appropriate earthing requirements for the generator but we have made no 

provision for any sub-surface earth works. 

CHPQA Metering 

CHPQA metering to claim for good quality CHP would be supplied as follows: - 
 

• CHP gas flow meter 

• CHP electrical output meter 

• CHP parasitic load meter 

• CHP heat output meter 
 

All meters will have the facility for remote signal outputs for monitoring and data logging purposes.   
 

A programmable PLC and data logger will also be provided to collect the data and has a capacity for 

up to 12 month’s storage of data.   

CHP Control 

The CHP plant will normally operate unmanned and will be capable of both manual (local) start or 
operation from a remote station through appropriate communications links to facilitate remote 
monitoring and control. 
 
The engine generator control will be a free standing control panel located outside the engine 

enclosure and will include all required control and monitoring equipment and protection systems for 

the CHP, including G59 grid protection compliant with the Engineering Recommendation G59/3. 
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Plant Noise Levels  

We have currently specified the individual items of plant when operating at full load shall not exceed 

the following noise levels: 

• Engine exhaust at the silencer outlet    65dB(A) at 1m 

• Generator acoustic enclosure at the external walls  70dB(A) at 1m 

• Generator enclosure ventilation at the inlet louvre 62dB(A) at 1m 

• Generator enclosure ventilation at the outlet louvre  62dB(A) at 1m 

• Engine cooling water radiator (HT circuit)  59dB(A) at 1m (1) 

• Engine cooling water radiator (LT circuit)  59dB(A) at 1m (1) 

 
(1) According to the enveloping surface method defined in EN 13487; Eurovent tolerance = +2 dB(A). 

Applies for AC fans, AC fans withsine control and EC fans. 

All sound pressure levels quoted are in free field conditions 

All sound pressure level limits quoted are at full load operating conditions 

 

Exhaust Emissions 

The gas engine shall be designed to achieve NOx (Nitrogen Oxide) emissions not exceeding 
250mg/Nm3 (in dry exhaust gas at 5% O2 Standard Test Conditions, 273K, 1013mbar) and shall 
comply with the emission limits stipulated in the Plant Medium Combustion Directive for 
reciprocating gas engines installed after December 2018.  
 
The engine shall achieve the specified NOx emission limit without requiring the use of a catalytic 
reduction system and shall maintain emissions control through the engine management system. 
 

Project Management 

The project would be allocated a dedicated Clarke Energy Project Manager. From design to 
commissioning and hand-over, the Project Manager works to ensure that all project installation and 
contractual matters are managed to specification and on time.  
 
A Clarke Energy Site Manager would also be allocated to oversee all on-site work to ensure 
compliance with the project drawings and specifications and will undertake the day-to-day 
management of site activities and subcontractors and would be on site from commencement of CHP 
works through to final commissioning of the CHP works.  
 

CHP Project Programme 

The delivery periods (Ex Works) for GE Energy generation set, commencing from order, is currently 40 

weeks and we estimate the project programme from order to completion will be 12 months. 
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Works Excluded  

The works specifically excluded by Clarke Energy and will be the responsibility of the Client are:  

• Discharging of Planning Conditions 

• Any permits/licences required by the Environment Agency for the operation of the 
Facility 

• Emissions dispersion modelling 

• Obtaining electrical connection agreement with DNO 

• Mains gas supply agreement   

• HV connection into site network 

• Supply and installation of a new gas main to energy centre building 

• Supply and installation of a new site wide hot water heating main 

• New energy centre building and all associated civil works 

The full extent of Clarke Energy’s scope of works is defined in more detail within the Scope of Works 

table that follows. 
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6.0 CHP SCOPE OF WORKS  

The following table identifies the extent of works included by Clarke Energy for the Capital Cost 

stated herein. 

 

Description CEL Scope 

 Supply Exclusions 

1.0 – Gas Engine Generator Set  

1.1 – Gas Engine Generator Set  

Spark ignition gas engine ✓ 

Self-excited self-regulated three-phase generator – 11kV, 50Hz ✓ 

Flexible coupling, bell housing, base frame ✓ 

Cooling system ✓ 

Automatic lube oil replenishing system  ✓ 

Fuel gas train (gas pressure 120-200mbar, LHV 9.5 kWh/Nm3) ✓ 

Pre-chamber gas compressor and receiver ✓ 

Starting batteries ✓ 

Electric jacket water preheating ✓ 

  

1.2 – Generator Control System and Generator Synchronisation  

Generator control panel (GCP) (Dia.ne XT4)  ✓ 

Modbus card ✓ 

Gas detection, alarm and shutdown system ✓ 

Smoke detection, alarm and shutdown system ✓ 

Synchronizing device, automatic ✓ 

Grid monitoring device (G59/3) ✓ 

Motor starters and controls for engine auxiliaries ✓ 

  

1.3 – Container Lube Oil System  

Fresh oil day tank ✓ 

Lube oil fill/drain pump and pipework ✓ 

  

1.4 – Factory Testing  

Engine testing on natural gas in Jenbach, Austria ✓ 

Airfares, accommodation, meals and transportation expenses 
associated with client witnessing test 

 ✓

  

1.5 – Transport  

Delivery to site ✓ 
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Description CEL Scope 

 Supply Exclusions 

2.0 – Mechanical Works  

  

2.1 – Equipment Offloading and Positioning   

Craneage to offload equipment from transport – 120 tonne mobile 
crane with standard mats 

✓  

Offload and position supplied equipment ✓ 

  

2.2 – Generator Acoustic Enclosure and Ventilation System  

Acoustic enclosure  ✓ 

Demountable acoustic end wall for engine access ✓ 

Cell ventilation fans (forced draught ventilation) ✓ 

Intake air filter panel ✓ 

Intake and discharge air attenuators  ✓ 

Motorised dampers on intake and discharge ✓ 

Temperature sensors and inverter for fan speed control ✓ 

Gas and smoke sensors inside engine and control rooms ✓ 

Lifting beams for engine maintenance ✓ 

Ducting from intake / discharge attenuators to weather louvers ✓ 

Building weather louvers for intake and discharge air ✓ 

  

2.3 – Engine LT Cooling Circuit  

Cooling water radiator, designed to provide full load operation of the 
engine in a maximum ambient temperature of 30°C 

✓ 

Water circulating pumps, 3-way control valves and expansion vessels ✓ 

Cooling water pipe work between the engine and radiator ✓ 

Insulation of pipe work below touch height with touch temperature 
greater than 60degC 

✓ 

  

2.4 – Engine HT Cooling Circuit  

Cooling water radiator, designed to provide full load operation of the 
engine in a maximum ambient temperature of 30°C 

✓ 

Interface heat recovery plate heat exchanger located adjacent to 
enclosure 

✓ 

Heat meter to measure gross heat recovery and heat dumped ✓ 

Water circulating pumps, 3-way control valves and expansion vessels ✓ 

Cooling water pipe work between the engine and heat recovery plate 
heat exchanger 

✓ 
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Description CEL Scope 

 Supply Exclusions 

Cooling water pipe work to remote mounted radiator based on a 
maximum distance of 50m between the CHP and radiator 

✓ 

Insulation of pipe work below touch height with touch temperature 
greater than 60degC 

✓ 

  

2.5 – LTHW Distribution Circuit  

LTHW pipe work, valves and circulating pump between CHP heat 
recovery plate and the site how water heating main 

 ✓

  

2.6 – Engine Fuel Gas System  

Energy centre gas supply main  ✓

Gas booster to raise gas pressure from 50mbar to 150mbar  ✓  

Gas isolation valve on inlet to CHP enclosure ✓ 

Flow meter with pressure/temperature compensator and signal output 
to engine control panel 

✓ 

Gas pipe work, valves, supports and fittings from gas supply main to 
engine 

✓ 

  

2.7 – Engine Lube Oil System  

5,000 litre clean oil bunded tank c/w level gauges and oil transfer pump ✓  

5,000 litre waste oil bunded tank ✓  

Clean oil day tank installed within engine enclosure ✓ 

Clean oil pipework for transfer of oil from clean oil tank to engines ✓ 

Waste oil pipework for transfer of oil from engines to waste oil tank ✓ 

  

2.8 – Engine Exhaust System   

Exhaust silencer mounted horizontally on enclosure roof  ✓ 

Exhaust ductwork between engine and silencer  ✓ 

Exhaust ductwork between silencer and combi boiler bypass inlet ✓ 

Exhaust ductwork between combi boiler bypass outlet and flue stack  ✓

Lagging and cladding of exhaust silencer ✓ 

Lagging and cladding of exhaust pipes below touch height ✓ 

Condensate drainage from system low points to collection pot at floor 
level 

✓ 

Free standing exhaust stack with separate flue liners for CHP and boiler  ✓

  

2.9 – Combination Boiler and Steam System   ✓
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Description CEL Scope 

 Supply Exclusions 

3.0 - Electrical Works  

  

3.1 – Switchgear and Cabling  

District Network Operator (DNO) grid connection works  ✓

1No. 11kV, 25kA, switchboard  

• 1 no. generating set incomer with surge arrestors  

• 1 no. cable riser panel 

✓ 

11kV ring main unit for interconnection into site network   ✓

  

11kV cabling between generator and 11kV switchboard ✓ 

11kV cabling between 11kV switchboard and 11kV ring main unit  ✓

11kV cable jointing to connect 11kV ring main unit  ✓

  

3.2 – Auxiliary / Services Power Distribution   

CHP distribution board for distribution of power to CHP auxiliaries  ✓  

Parasitic load meter on CHP distribution board ✓  

400V, 3 phase, 200A power supply to CHP distribution board  ✓ 

   

3.3 – Auxiliary Power and Control Wiring  

Power and control wiring - LV distribution board to GCP ✓ 

Power and control wiring – GCP to generator set auxiliaries ✓ 

Power and control wiring – GCP to cooling water radiators ✓ 

Power and control wiring – GCP to enclosure ventilation system ✓ 

Power and control wiring – GCP to gas flow meter ✓ 

Power and control wiring – GCP to heat meter ✓ 

Power and control wiring – GCP to gas isolation valve ✓ 

Power and control wiring – GCP to lube oil storage tank heater/pump ✓ 

  

Control wiring – GCP to CHP 11kV switchboard ✓ 

Control wiring – GCP to 11kV ring main unit  ✓

Control wiring – GCP to site BMS  ✓

Ladder racking and cable trays required for supplied cables ✓ 

  

3.4 – Earthing Works  

Provision of station earthmat   ✓ 

Earth bar inside engine enclosure and connection to local earthmat  ✓ 
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Description CEL Scope 

 Supply Exclusions 

Bonding of CHP plant to earth bars  ✓ 

Earthing of palisade fencing  ✓

Lightning protection  ✓ 

Earth system study  ✓ 

  

3.5 – Lighting / Small Power / CCTV  

Lighting and small power inside energy centre building  ✓

External lighting   ✓ 

Lighting and small power inside engine enclosure ✓ 

Emergency lighting inside engine enclosure and at emergency exits ✓ 

Intruder alarm and CCTV system  ✓

  

3.6 – Remote Monitoring and Control  

Auto dialler to provide remote call out to Engineer ✓ 

Site BMS system or BMS system upgrades  ✓

Local area network (LAN)  

2 telephone lines (one to be broadband enabled) for remote monitoring 
of the gas engine generator set  

 ✓

  

4.0 – Civil/ Building Works and Permanent Facilities  ✓

  

5.0 – Surveys, Applications, Permits and Reporting  

Discharge of planning conditions  ✓ 

Dispersion modelling  ✓ 

Environmental permit  ✓ 

Back ground noise study  ✓ 

Grid connection application and consent  ✓ 

Harmonic study (if required)  ✓ 

P28 study (if required)  ✓

Transient stability study  ✓

Ground investigation report  ✓

Flood risk assessments  ✓

Drainage survey  ✓

Radar scan to detect buried services  ✓

Soil resistivity study for earthing design  ✓
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Description CEL Scope 

 Supply Exclusions 

6.0 – Site Establishment during construction works  

Site office cabin and toilet ✓  

Open and covered storage at site as necessary ✓  

Waste disposal ✓  

Scaffolding during installation works ✓  

  

7.0 – Consumables  

Lubricating oil for first fill of engine sump and day tank ✓  

Insulation oil for transformers ✓  

Lubricating oil for first fill of clean oil bulk tank – 5000litres ✓  

Cooling water, antifreeze/inhibitor for engine cooling systems ✓  

Battery fluid for starting batteries ✓  

  

8.0 – Testing and Site Commissioning  

Pre-commissioning checks  ✓  

Start up and commissioning of plant ✓  

Generator performance test ✓  

   

9.0 – Project and Site Management  

Principle Contractor role  ✓ 

Principle Designer role  ✓ 

Clarke Energy Project Manager ✓  

Clarke Energy Site Supervisor for duration of installation works ✓  

Clarke Energy Mechanical and Electrical Design and CAD Engineers  ✓  

Clarke Energy Commissioning Engineer ✓  

11kV Switchgear Commissioning Engineer ✓  

Quality control in accordance with ISO 9001 ✓  

Environmental management in accordance with ISO 14001 ✓  

Operator familiarisation during commissioning ✓  

  

10.0 – Documentation  

Operation and maintenance manual ✓  

Spare parts manual ✓ 
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Description CEL Scope 

 Supply Exclusions 

Engineering design and drawings for the scope offered: 

• General arrangement drawings 

• Equipment foundation loading drawings 

• P&I Diagrams 

• Electrical Single line diagram 

• Earthing general schematic diagram 

• Ventilation, Fire & Gas Interconnection details 

• Electrical schematic diagrams   

✓  

As built drawings ✓  

Performance bond  ✓ 

 

Demarcation Points for Clarke Energy scope  

 

Engine HT Cooling Water/Heat Recovery System 

At flow and return connections on remote mounted radiator 

At flow and return cooling water connections at the CHP enclosure 

At flow and return connection on heat recovery plate heat exchanger for connection of LTHW  

Engine Gas System  

Gas connection flange on gas main within 2m of CHP enclosure  

Engine Exhaust System  

At the outlet flange on the combination boiler bypass  

Combi boiler assumed to be located adjacent to the CHP 

Engine Lubrication Oil 

Fill connection on clean oil storage tank. 

Drain connection on waste oil storage tank. 

Generated Power  

At the outgoing terminals on 11kV switchboard. 

Telemetry 

Terminal for connection of telephone line at CHP control panel 

Terminals at Profibus/Modbus DP for site BMS interface 
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7.0 CHP CAPITAL COST BREAKDOWN 

 

The capital cost breakdown for the 2.7MW CHP based on the scope of works confirmed below.  

 

Item Description Total 

Item 1* 
GE JMS616GS-NL gas engine generator set including delivery 
to site 

£740,931 

Item 2 Acoustic enclosure with ventilation systems £168,824 

Item 3 11kV switchgear and tripping battery £61,529 

Item 4 Cooling water radiators, exhaust silencers and lube oil tanks £90,635 

Item 5 Gas booster £17,647 

Item 6 Offloading and positioning of equipment at Site £9,412 

Item 7 Mechanical installation works £244,144 

Item 8 Electrical installation works £102,741 

Item 9 Commissioning, testing and first fills £19,360 

Item 10 
Prelimns including project management, site management, 
design and engineering, insurances, temporary site facilities, 
CDM, as built drawings and documentation 

£128,894 

Total Price £1,584,117 

*Item 1 has been calculated using the prevailing exchange rate of €1 = £0.87 and would be subject to 
adjustment in the event the exchange rate has changed at the time of order. 
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8.0 CHP MAINTENANCE PRICE 

 

The price quoted below (and used for feasibility study) is for a comprehensive maintenance 

agreement with a guaranteed availability of 8,000 operating hours per year and will include all parts 

and labour for scheduled and unscheduled maintenance, inclusive of lube oil analysis, lube oil 

deliveries and waste oil collection, remote monitoring and attending call outs. 

Engine Term 
Charge per Operating Hour 

including overhauls 

JMS616GS-NL 
15 years or 119,999 Operating Hours 

whichever comes first 
£23.53* 

 

* The Operating Hour charge shall be indexed on the maintenance contract commencement date 

with respect to the Base Date and annually thereafter on the anniversary of the commencement 

date to take into account labour, parts and oil cost (the “Base Costs”) movements. 

Base date for Indices = 10th April 2018 GBP 1.00 = EUR 1.132225 (average exchange rate for March 
2018). 



  
 
 

 

 Page 31 of 32  

 

8.0 PLANT GENERAL ARRANGEMENT 
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