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Technical and Financial Assessment Criteria
This Appendix contains a general list of technical and financial factors likely to be required for appraisal studies.  It is intended to ensure that studies for the IEA Greenhouse Gas R&D programme are conducted using a consistent set of technical and financial conventions.   

Vragen hierbij:
· Opsplitsing naar capture & transport en storage. 

· Welke capture technologie? Post- / pre-combustion?

CRITERIA FOR APPRAISAL STUDIES

	PRIVATE 
Technical/Financial Factor (notes)
	Assessment Convention

	1.           Development Status
(It is well documented that the cost of technology decreases and its performance improves as experience is gained.)
	For commercially available technology current ‘state-of-the-art’ cost and performance figures will be assumed.  

Where technology has only reached the demonstration stage or earlier stages of development, 1st (commercial) generation costs and performance will be assumed and compared with ‘state-of-the-art’ current figures. The cost vs. installed capacity relationship assumed should be presented in the results. 

	2.
Plant Size
(Significant economics of scale can apply up to the size at which increases can only be obtained by using plant modules and/or the cost of working capital due to extended construction periods outweighs benefits of scale.)
	The net power output after deducting ancillary power requirements will be 750 MW. There will be cases (e.g. gas turbines which have fixed sizes) where it is not possible or advisable to match the required net power output. In such cases the power output will be agreed with IEA GHG.

	3.
Location
(The standard site for IEAGHG studies is on the NE coast of The Netherlands; this appears to give costs which are in the middle of the range for OECD member countries.)


	A green field site with no special civil works implications will be assumed. Unless otherwise specified, the plant will be assumed to be on the NE coast of The Netherlands.   Adequate plant and facilities to make the plant self sufficient in site services will be included in the investment costs.

Alternative and/or multiple sites will be specified for some studies.

	4.          Currency

(Converting US$ costs to a local currency equivalent involves more than using the current exchange rate; members of the IEA GHG programme will need to take their own views on appropriate rates.)
	The results of the studies will be expressed in US $ applicable to a specific year.  Data obtained in other currencies will be converted at rates to be agreed.



	5.
Design and Construction Period
(Project finances can be sensitive to the time required to erect the plant.)


	Coal fired power generation plant: 3 years.
Natural gas fired combined cycle plant:  2 years. 
CO2 capture plant and ‘chemical plants’ in general:  2 years. 
Underground CO2  storage:  2 years

Ocean storage: 4 years (assuming a long pipeline to the disposal point)
Modular renewable technologies such as wind turbines:   1 year
Typical `S' curves of expenditure during construction will be used, viz:


Coal-fired
Natural gas fired


Year
Power Plant %
Power Plant %

`Chemical' Plant %
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35

	6.
Plant Life
(Design life to be used as a basis for economic appraisal.  A financial assessment convention; actual life is frequently extended.)
	Twenty-five years.  Where for technical reasons this is regarded as excessive, provision will be made for the cost of any major maintenance/refurbishment or a shorter life will be assumed.

	7.
Load Factor
(Achieved output as a percentage of rated/nameplate capacity.  Appropriate to the ranking of technical options; in practice, because of system limitations, many power plants achieve considerably less output.)


	For coal, other solids, and liquid processing plants; 1st. year: 60% of rated capacity; subsequent years: 85% of rated capacity. For natural gas fuelled plants ( and other plants solely processing gases) 90% of rated capacity for all operating years.  Renewable technologies on a case-by-case basis. 

Allowance should be made for sufficient installed duplicate/spare capacity to meet required load factor taking into account maintenance requirements and reliability. No allowance for decline as plant ages.

	 8.
Cost of Debt
(Note that money is required during design, construction and commissioning i.e. before any returns on sales are achieved.)
	For simplicity, all capital requirements will be treated as debt at the same discount rate used to derive capital charges.  No allowance for grants, cheap loans etc. (More complex financial modelling might be considered for certain studies.)

Specific capital cost figures should be presented without including an allowance for funds used during construction (i.e. independent of discount rate).

	9.
Capital charges; inflation

(In the event of the reduction in carbon emissions being achieved at a significantly later date than the expenditure, the investment costs should be projected forwards.)

	Discounted cash flow calculations will be expressed at a discount rate of 10% and, to illustrate sensitivity, at 5%; the resulting capital charge rate will be quoted.  All annual expenditures will be assumed to be incurred at the end of the year.

Inflation assumptions will not be made.  No allowance will be made for escalation of fuel, labour, or other costs relative to each other.

	10.
Contingencies
(A contingency is added to the capital cost to allow for unforeseen set-backs, cost under-estimates, programme overruns etc.)
	A contingency will be added to the capital cost to give a 50% probability of a cost over-run or under-run.  In the absence of a more detailed assessment, the  default value for the contingency should be 10% of  the installed plant cost (overnight construction).  

All plant should be assumed to be built on a turnkey basis, ie; the cost of risk should be built into the contractor's fees.  

	11.
Fees and other owners costs
(The contractor’s fees for design and build will form part of the basic plant cost estimate; additional fees and costs covered here include:- process/patent fees, fees for agents or consultants, legal and planning costs, land purchase, surveys and general site preparation etc. Start-up costs are not included here as they are calculated separately)
	A total of 7% of the installed plant cost (overnight construction, excluding contingency) will be included to cover these owners costs. 

A separate statement of the cost should be made where any proprietary technology or other technology license fee exceeds 2% of the plant cost.



	12.
Commissioning and Working Capital
(Commissioning is defined as the period between the construction period [item 3] and the start of the 1st year of operation [item 4].  Working capital includes raw materials in store, catalysts, chemicals etc.)


	A 3 month commissioning period will be allowed for all plant.  Sufficient storage for 30 days operation at rated capacity will be allowed for raw materials, products, and consumables (except for natural gas and other gaseous fuels in which case provision should be made for an alternative supply of fuel).  No allowance will be made for receipts from sales in this period.

	13.
Decommissioning
(Costs associated with final shut down of the plant, long term provisions and 'making good' the Site).
	This will be included to facilitate comparison with technologies where decommissioning can be a significant proportion of project cost.

	14.
Taxation and Insurance
(The treatment of these items will differ markedly from country to country.  Therefore, a simple treatment is used which can be readily adapted to suit the circumstances of individual members.)
	Allow 1% per year of the installed plant cost (overnight construction, excluding contingency and fees) to cover specific services e.g. local rates.  Taxation on profits will not be included in the assessments.

Allow 1% per year of the installed plant cost (overnight construction excluding contingency and fees) to cover insurance.

	15.
Maintenance
(To include labour, materials and contract maintenance costs)


	Routine and breakdown maintenance will be allowed for at: 4% per year of installed plant cost (overnight construction excluding contingency and fees) for solids handling plant and at 2% per year for plants handling gases and liquids and services plant. 


	16.
Labour
(Agreed conventions are required for the treatment of operating, supervising, maintenance and other labour elements; including administrative, other general overheads and items such as social security payments.)


	The cost of maintenance labour is assumed to be covered by item 15.  

Operating labour only will be identified and assumed to work in a 5 shift pattern. If not estimated in detail, an allowance of 20% of the operating labour direct costs will be included to cover supervision.  A further 30% of direct labour costs will be included to cover administration and general overheads.  (ie; total cost = (direct operating labour cost x 1.2 ) x 1.3)

	17.
Fuels and Raw Materials
(Where a range of fossil fuels could be used, coal and natural gas will normally be specified as they span the range of H:C ratios for fossil fuels.)  
	‘Typical' bituminous coal and natural gas are used as a standards. Their specifications are given on the last page of this document.

Where appropriate the analysis of alternative fossil fuels fuel will be supplied.

The cost of coal delivered to site is to be assumed to be US$1.5/GJ (LHV basis).

The cost of natural gas delivered by pipeline to site is to be assumed to be US$3/GJ (LHV basis).

 The studies will show the cost of power generated for a range of fuel prices (0-3 US $/GJ for coal and 0-6 US $/GJ for gas).

	18.      Water.
	The use of sea water cooling will be assumed for the site in the Netherlands and other coastal sites. Direct cooling will be used for the steam turbine condenser and large compressor intercoolers and an indirect cooling system will be used for other process coolers.  Unless otherwise stated, any inland sites will be assumed to use closed circuit cooling water systems.
Sea-water cooling conditions are:  Average inlet temperature 12C;  maximum temperature rise 7C;  salinity 22grams/litre.

	19.
Effluent/Emissions and Solids Disposal
(a)
Sulphur, ash, oils and tars, NOx, SOx etc (other than CO2)

(b)
CO2 processing.


	The plant will be assumed to have effluent abatement and treatment facilities sufficient to meet achievable reductions, eg


Particulate matter
<
25 mg/Nm3

NOx


<
200 mg/Nm3

SO2


<
200 mg/Nm3
Where disposal of waste is required the cost of appropriate plant and methods will be included in the assessments.  The cost of ash disposal, value of by-products e.g. sulphur, etc., will be treated on a case-by-case basis.

Unless otherwise specified, minimum CO2 capture level is to be 80%; and the preferred level 85%.

Unless otherwise specified, CO2 is to be compressed to 110 bar before injection into the transfer pipeline. 

Note will be taken of possible emissions arising from CO2 processing, eg, amine scrubbing.

	20.
Site Conditions



	Ambient air temperature:  9C

Ambient air relative humidity:  60%

Ambient air pressure:  1.013 bar

	21.
Heat Content
	Lower Heating Value will be used  in all efficiency calculations


FUEL SPECIFICATIONS

1.  Natural gas specification

	Component
	volume %

	Methane
	83.9

	Ethane
	9.2

	Propane
	3.3

	Butane +
	1.4

	CO2
	1.8

	Nitrogen
	0.4

	Sulphur (as H2S)
	4 mg/Nm3

	Gross CV
	53.76 MJ/kg

	Net CV
	48.51 MJ/kg


The gas specification is based on a pipeline quality gas from the southern part of the Norwegian off-shore reserves.

2.  Coal specification
	Proximate analysis:
	weight %

	coal (dry, ash-free)
	78.3

	ash
	12.2

	moisture
	9.5

	
	

	Ultimate analysis:
	

	Carbon
	82.5

	Hydrogen
	5.6

	Oxygen
	9.0

	Nitrogen
	1.8

	Sulphur
	1.1

	Chlorine
	0.03

	
	

	Ash analysis:
	

	SiO2
	50.0

	Al2O3
	30.0

	TiO2
	2.0

	Fe2O3
	9.7

	CaO
	3.9

	MgO
	0.4

	Na2O
	0.1

	K2O
	0.1

	P2O5
	1.7

	SO3
	1.7

	
	

	Gross CV
	27.06 MJ/kg

	Net CV
	25.87 MJ/kg

	Hardgrove Index
	45

	Ash fusion point  (reducing atmosphere) 
	1350 C

	
	


The coal specification is based on an open-cut coal from Eastern Australia.
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