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1 Introduction 

This document is an extract of the document prepared for the meeting of the EGTEI sub group for the update of cost estimations of reduction techniques for LCP
, of 31 January 2012. It has been completed with techniques missing in the previous document. 

It was expressed by the participants to the meeting that the documents were not easy to use and answer questions. 

Consequently, the secretariat has elaborated this questionnaire which summarizes the questions presented previously. According to the cases, validation of some hypothesis is also expected.  

Please could you answer the questions or validate the data of the secretariat if you think they are correct. 

For your information the EGTEI secretariat is considering the following techniques for LCPs larger than 50 MWth. 

	DeSOx
	Wet FGD : limestone forced oxidation

	 
	Wet FGD : limestone natural oxidation

	 
	FGD by furnace sorbent injection 

	 
	FGD by dry duct sorbent injection 

	 
	FGD by using spray dry scrubber

	 
	Low sulphur fuels

	 
	 
	 
	 
	 
	 
	 
	 

	DeNOx
	Low NOx burner first generation (600 - 800 mg/Nm3)

	Boiler
	Low NOx burner second generation (400 - 600 mg/Nm3)

	 
	Low NOx burner third generation (300 - 400 mg/Nm3)

	 
	Flue gas recirculation

	 
	Selective Non-Catalytic Reduction

	 
	Selective Catalytic Reduction

	 
	 
	 
	 
	 
	 
	 
	 

	Dust
	Electrostatic Precipitators ESP

	 
	Fabric Filters (FF)

	 

	DeNOx
	DLN

	Turbine
	Water injection

	 
	Steam injection 


Fuels considered are : 
· Hard coal, brown coal,
· Heavy fuels, medium distillates, 

· Natural gas, 

· Biomass wood cofired with coal.
2 Desulphurisation techniques
2.1 Desulphurisation by LSFO (Limestone forced oxidation)

2.1.1 Reagent consumption

What is average limestone purity? 95 to 97 %, 100 %? Please specify.

What is the average limestone consumption according to the efficiency required?

	Efficiency of SO2 removal η
	t CaCO3/t SO2 abated
	Ratio Ca/S 

	85.0%
	
	

	90.0%
	
	

	95.0%
	
	

	98,0%
	
	


What are prices of limestone in 2011? Please specify for which country.
The secretariat has the following data. 

	Efficiency of SO2 removal η
	t CaCO3/t SO2 abated
	Ratio Ca/S 

	85.0%
	1.41
	0.90

	90.0%
	1.48
	0.95

	95.0%
	1.59
	1.02


Or 
	Efficiency of SO2 removal η
	t CaCO3/t SO2
	Ratio Ca/S

	85.0%
	1.48
	0.95

	90.0%
	1.56
	1.00

	95.0%
	1.67
	1.07


2.1.2 Industrial water consumption

What are common CaCO3 concentrations used? 15 to 20 % solids? More? Please specify.

What are volumes of water to be added to compensate losses and purges in case of LSFO?

What are prices of industrial water in 2011? Please specify for which country.

2.1.3 By-product production

What are prices of gypsum sold in 2011? Please specify if there are conditions associated, the country for which the costs are provided.

What are prices of waste disposal in 2011? Please specify if there are conditions, the country for which the costs are provided.

2.1.4 Electricity consumption

What is the electricity consumption expressed in % of the gross electricity power production or in kWh/MWth full load according to the sulphur content of fuel and efficiency of the LSFO? Please provide information with as much details as possible. If you have other types of information, please do not hesitate to provide it.
What are prices of electricity? Please specify for which country.

The secretariat has the following information:

According to reference [4] for a coal with 1.3 % S and a desulphurisation efficiency of 98 % for an unit of 500 MWe, auxiliary power for fans to overcome system pressure drop, caused by the flue gas flow through the absorber and other auxiliary equipment such as mist eliminator, is 5.46 MW for a total pressure drop of 0.2 m water column, in a LSFO. This gives 1.1 % of the net electricity production of the unit.

Reference [5] provides 1.1% of the net generation for a coal with a sulphur content of about 1 % and 1.5 % for a coal with a sulphur content of 2.25 % for a LSFO. The FGD efficiency is not provided. For a FSNO, it is 1 % instead of 1.5%.

Reference [10] provides auxiliary power of 10 to 12 MW for a unit of 600 MWe and a deSOx efficiency of 90 % for a LSFO.

2.1.5 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.

Furthermore, the question has been raised, to what such workload is depending on the plant size?
What is the demand for operators, in man-year for different size plants? 
	Demand in man-year
	LSFO

	Small Combustion Plant (< 100 MWth)
	

	Medium Sized Combustion Plant (100-500 MWth)
	

	Large Combustion Plant (> 500 MWth)
	


What are prices of human resources in €/man-year? Please specify for which country. 
The following data are available:

12 operators (40 hours / week) are needed for an FGD control in an existing plant according to reference [4] but 8 on a new plant. Reference [10] provides 10 operators for a 600 MWe. According to the reference 8 the need is constant whatever the size is. However this need has to be checked for power plant between 50 to 100 MWth or a little bit more. 
2.1.6 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly? Have you other information? If you provide other percentages, please could you specify what you include?
2.2 Desulphurisation by LSNO (Limestone natural oxidation)

2.2.1 Reagent consumption

What is average limestone purity? 95 to 97 %, 100 %? Please specify.

What is the average limestone consumption according to the efficiency required?

	Efficiency of SO2 removal η
	t CaCO3/t SO2 abated
	Ratio Ca/S 

	85.0%
	
	

	90.0%
	
	

	95.0%
	
	

	98,0%
	
	


What are prices of limestone in 2011?

2.2.2 Industrial water consumption

What are common CaCO3 concentrations used? 15 to 20 % solids? More? Please specify.

What are volumes of water to be added to compensate losses and purges in case of LSFO?

What are prices of industrial water in 2011? Please specify for which country.
2.2.3 By-product production

What are prices of gypsum sold in 2011? Please specify if there are conditions, the country for which the costs are provided.

What are prices of waste disposal in 2011? Please specify if there are conditions, the country for which the costs are provided.

2.2.4 Electricity consumption

What is the electricity consumption expressed in % of the gross electricity power production or in kWh/MWth full load according to the sulphur content of fuel and efficiency of the LSFO? Please provide information with as much details as possible. If you have other types of information, please do not hesitate to provide it.

What are prices of electricity? Please specify for which country.
2.2.5 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.

Furthermore, the question has been raised, to what such workload is depending on the plant size?
What is the demand for operators, in man-year for different size plants? 
	Demand in man-year
	LSNO

	Small Combustion Plant (< 100 MWth)
	

	Medium Sized Combustion Plant (100-500 MWth)
	

	Large Combustion Plant (> 500 MWth)
	


What are prices of human resources in €/man-year? Please specify for which country. 

2.2.6 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly? Have you other information? If you provide other percentages, please could you specify what you include?
2.3 Desulphurisation by spray dry scrubber
2.3.1 Reagent consumption

What is the most used reagent? Lime, limestone, another alkaline reagent? Please specify for what reagent you provide information.

What is the average reagent consumption according to the efficiency required?

	Efficiency of SO2 removal η
	t reagent/t SO2 abated

	85.0%
	

	90.0%
	

	95.0%
	

	98,0%
	


What are prices of the reagent in 2011? Please specify for which country.
2.3.2 Industrial water consumption

What are common reagent concentrations used? 15 to 20 % solids? More? Please specify.

What are volumes of water to be added to compensate losses and purges?

What are prices of industrial water in 2011? Please specify for which country.
2.3.3 By-product production

What is the use of byproduct? Can they be recovered or are they considered as a waste?

What are prices of recovered products sold in 2011? Please specify if there are conditions.
What are prices of waste disposal in 2011? Please specify if there are conditions.
2.3.4 Electricity consumption

What is the electricity consumption expressed in % of the gross electricity power production or in kWh/MWth full load according to the sulphur content of fuel and efficiency of technique? Please provide information with as much details as possible. If you have other types of information, please do not hesitate to provide it.

What are prices of electricity? Please specify for which country.
2.3.5 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.

Furthermore, the question has been raised, to what such workload is depending on the plant size?
What is the demand for operators, in man-year for different size plants? 
	Demand in man-year
	Spray dry scrubber

	Small Combustion Plant (< 100 MWth)
	

	Medium Sized Combustion Plant (100-500 MWth)
	

	Large Combustion Plant (> 500 MWth)
	


What are prices of human resources in €/man-year? Please specify for which country. 

2.3.6 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly? Have you other information? If you provide other percentages, please could you specify what you include?
2.4 Desulphurisation by furnace sorbent injection or duct sorbent injection
2.4.1 Reagent consumption

What is the most used sorbent? Lime, limestone, another alkaline reagent? 
Please specify for what sorbent you provide information.

What is the average sorbent consumption according to the efficiency required?

	Efficiency of SO2 removal η
	t sorbent/t SO2 abated

	85.0%
	

	90.0%
	

	95.0%
	

	98,0%
	


What are prices of the sorbent in 2011? Please specify for which country.
2.4.2 By-product production

What is the use of byproducts? Can they be recovered or are they considered as a waste?

What are prices of recovered products sold in 2011? Please specify if there are conditions associated, the country for which the costs are provided.

What are prices of waste disposal in 2011? Please specify if there are conditions associated, the country for which the costs are provided.

2.4.3 Electricity consumption

What is the electricity consumption expressed in % of the gross electricity power production or in kWh/MWth full load according to the sulphur content of fuel and efficiency of the technique? Please provide information with as much details as possible. If you have other types of information, please do not hesitate to provide it.

What are prices of electricity? Please specify for which country.

2.4.4 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.

Furthermore, the question has been raised, to what such workload is depending on the plant size?
What is the demand for operators, in man-year for different size plants? 
	Demand in man-year
	Dry absorption

	Small Combustion Plant (< 100 MWth)
	

	Medium Sized Combustion Plant (100-500 MWth)
	

	Large Combustion Plant (> 500 MWth)
	


What are prices of human resources in €/man-year? Please specify for which country. 

2.4.5 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly? Have you other information? If you provide other percentages, please could you specify what you include?
3 DeNOX techniques

3.1 Low NOx Burners
3.1.1 Combustion of fossil fuels in boilers
Which emission levels can be achieved with low NOx burners? We would like to distinguish between up to three “generations”, as achievable boiler outlet concentrations have changed since the 1990ies.
New coal plants are expected to be mainly tangentially-fired dry bottom boilers. Biomass co-firing is not taken into account at this level. Fuel Oil is assumed to be heavy fuel oil or medium distillate fuel oil.
	Boiler Outlet Emission Level

(mg NOx/Nm³ at 6% O2)
	Hard Coal
	Lignite
	Fuel Oil
	Natural Gas

	“New generation” LNBs (roughly after 2005)
	
	
	
	

	“Middle generation” LNBs (roughly between 1995-2005)
	
	
	
	

	“Old generation” LNBs (roughly < 1995)
	
	
	
	


The secretariat has been working with the following data, assembled from literature​ reviews:
	Boiler Outlet Emission Level

(mg NOx/Nm³ at 6% O2)
	Hard Coal
	Lignite
	Fuel Oil
	Natural Gas

	“New generation” LNBs (roughly after 2005)
	300-400
	~150
	No appropriate data could be found
	No appropriate data could be found

	“Middle generation” LNBs (roughly between 1995-2005)
	400-550
	~200
	
	

	“Old generation” LNBs (roughly < 1995)
	500-700
	~300
	
	


3.1.2 Combustion of fossil fuels in gas turbines
Which emission levels can be achieved at gas turbines? Herein, liquid fuels are assumed to be diesel or other very low sulphur fuel.
	Turbine Outlet Emission Level

(mg NOx/Nm³ at 15% O2)
	Liquid Fuels
	Natural Gas

	Gas Turbine w/o further NOx treatment
	
	

	GT with water injection
	
	

	GT with steam injection
	
	

	DLN GT
	
	


Up to now, the secretariat has not worked on the field of gas turbines. Therefore, no detailed data has been collected.

3.2 Selective Catalytic Reduction

3.2.1 Unit and catalyst layout
The following assumptions have been made throughout the last years to reflect the most commonly used type of SCR installation. If this is not reflecting the most commonly used type, please indicate.

· High dust installation at the boiler outlet / gas turbine outlet

· For solid fuels, 3+1 layers are used. Due to lack of differing data, this will be assumed for all other cases as well.

· Ammonia is the reference reducing agent, injected as aqueous ammonia (mostly at ~20-30% wt.)
The secretariat has not been able to collect much data and knowledge on specific catalyst volume needs. The only figure obtained was 0.32 m³/MWth boiler capacity for a hard coal fired unit. Very old data was 0.5 m³/MWth for solid and 0.11 m³/MWth for liquid and gaseous fuels.
3.2.2 Average design operating data
The aim of our work is to characterise an average SCR operation. Therefore following parameters are used:

	Average SCR Efficiency
	[%]
	Average Efficiency during a full regeneration cycle of the total (3+1) unit.

	Average NH3/NOx Ratio
	[moles NH3in / mole NOxin]
	NH3 Injection per NOx inlet

	Average Catalyst Lifetime between Regeneration
	[operating hours]
	With assumed “typical” catalyst management strategies. No biomass co-firing.

	Average Number of Regeneration Cycles
	[number]
	

	Average Unit Power Consumption
	[MWh/Mio. Nm³ treated]
	Pressure Drop, Mixing and Injection with reference to 1 Mio. Nm³ flue gas.


It is assumed that the NH3 slip is in line with the corresponding European legislations.

With reference to literature and interviews [6]-[8], [10], [12]-[14], the secretariat has collected the following figures, characterizing a “typical” hard coal fired power plant. Due to lack of data, a similar behaviour for all other fuels is assumed.
	Average SCR Efficiency
	85-90%
	Average Efficiency during a full regeneration cycle of the total (3+1) unit.

	Average NH3/NOx Ratio
	0.85
	NH3 Injection per NOx inlet

	Average Catalyst Lifetime between Regeneration
	15.000 h
	With assumed “typical” catalyst management strategies. No biomass co-firing.

	Average Number of Regeneration Cycles
	5?
	

	Average Unit Power Consumption
	0.3% of gross electrical output
	Pressure Drop, Mixing and Injection with reference to 1 Mio. Nm³ flue gas.


3.2.3 Installation complexity
What are typical reasons for increasing installation complexity (especially for retrofitting) and increasing costs above average levels? Up to now, the following reasons have been collected with strong influence on total installation costs of an SCR:
· Economizer splitting / moving needed

· Space requirements for retrofits

· Installation near the seaside (more corrosion-resistive construction steel needed)

3.3 Selective Non-Catalytic Reduction

3.3.1 Average design operating data

The aim of our work is to characterise an average SNCR operation. Therefore following parameters are used:

	Average SNCR Efficiency
	[%]
	

	Average NH3/NOx Ratio
	[moles NH3in / mole NOxin]
	Alternatively urea/NOx Ratio

	Average Unit Power Consumption
	[MWh/Mio. Nm³ treated]
	Mixing and Injection with reference to 1 Mio. Nm³ flue gas.


It is assumed that the NH3 slip is in line with the corresponding European legislations.

With reference to literature, the secretariat has collected the following figures, characterizing a “typical” hard coal fired power plant. Due to lack of data, a similar behaviour for all other fuels is assumed.

	Average SNCR Efficiency
	25-40%
	

	Average NH3/NOx Ratio
	No appropriate data could be found
	Alternatively urea/NOx Ratio

	Average Unit Power Consumption
	
	Mixing and Injection with reference to 1 Mio. Nm³ flue gas.


3.4 Common Parameters

3.4.1 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.
Furthermore, the question has been raised, to what such workload is depending on the plant size, i. e. if the operation of a SCR for a 100 MWe plant is less operator-intensive than the operation of a SCR for a 900 MWe plant.
	
	SCR
	SNCR

	Small Combustion Plant (< 100 MWth)
	
	

	Medium Sized Combustion Plant (100-500 MWth)
	
	

	Large Combustion Plant (> 500 MWth)
	
	


3.4.2 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly?
4 Reduction of PM
4.1 Efficiency and achievable ELVs
Are data in this table indicating ELVs achievable with the use of fabric filters (FF) or electrostatic precipitators (ESP) for solid fossil fuels correct? 

	ELV
	10 mg/Nm3
	20 mg/Nm3
	30 mg/Nm3
	50 mg/Nm3

	FF 
	y
	y
	y
	y

	2 fields ESP 
	n
	n
	With FGD?
	With FGD?

	3 fields ESP
	n
	With FGD?
	y
	y

	4 fields ESP 
	?
	y
	y
	y

	6 fields ESP
	y
	y
	y
	y


4.2 Electricity consumption  

In order to determine the electricity demand, indicators are necessary. Could you provide information?
These indicators could be the pressure drop and the power needed for electrodes and bag cleaning.

· What is the pressure drop for ESP and FF according to different efficiency?
· Power needed for electrodes and pulse jet cleaning according to the size of combustion units and PM concentrations to be obtained?
or

· What is the electricity consumption per MWth for different efficiency or ELVs to be obtained (10, 20, 30 or 50 mg/Nm3)? For coal and heavy fuel oil?
The secretariat has the following information: 
	Solid fuels
	FF
	ESP

	
	Pressure drop mbar
	Power for pulse jet cleaning
	Pressure drop mbar
	Power for electrodes

	5 mg/Nm3
	10 to 12
	1360 kW for a 800 MWe burning coal
	3 to 4
	1060 kW for a 800 MWe burning coal

	10 mg/Nm3
	?
	?
	?
	?

	20 mg/Nm3
	?
	?
	?
	?


Deduster 4 in this table can be an ESP or a FF, it is an average value.

	
	Achieved concentration [mg/Nm3]
	Electricity consumption

[GWh/PJ]

	For solid fuel

	Deduster 1
	300
	0.11

	Deduster 2
	100
	0.15

	Deduster 3
	45
	0.18

	Deduster 4
	20
	0.2

	For liquid fuel

	Deduster 1
	5
	0.1


4.3 Bag lifetime
What is the bag lifetime? 20 000 to 30 000 hours? Please specify the nature of bags for which lifetime is provided.
4.4 Solid wastes

What is done with dust recovered (waste disposal, recovery)? Please specify according to the case (ESP directly after a boiler or after a dry or semi dry FGD)?
Prices of waste disposal or dust sold? Please specify for which country.
4.5 Common Parameters

4.5.1 Labour Intensity
In order to determine the labour demand of operating the plant, indicators are necessary, which state the average man-year workload of operating such flue gas treatment units.

Furthermore, the question has been raised, to what such workload is depending on the plant size?.

	
	FF
	ESP

	Small Combustion Plant (< 100 MWth)
	
	

	Medium Sized Combustion Plant (100-500 MWth)
	
	

	Large Combustion Plant (> 500 MWth)
	
	


4.5.2 Fixed operating costs

The fixed operating costs include costs of maintenance and repair, insurance, administrative overhead, etc. Taxes are not included in order to be coherent with GAINS. 

Currently, 4% of total investment is assumed to be an appropriate estimate for these costs. Does this estimate meet real figures roughly? What is your estimation? Please specify what you include in fixed operating costs.
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