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Technology And Economics Review 
Gas turbine vendors and waste heat boiler vendors were contacted to obtain information on 
demonstrated performance and, where applicable, to obtain budget quotes for the cost of NOx 
emission control equipment.   In addition, the USEPA BACT/LAER Data Base and the California 
BACT Data Bases were checked to confirm NOx levels that had been achieved on previous 
projects.  The USEPA data base review concentrated on installations in colder parts of the U.S. 
as being more representative of Alberta operating conditions. 
 
A capital cost, operating cost, and cost-effectiveness review ($/tonne NOx removed) was 
conducted.  The technologies considered were: diffusion burners, dry low NOx burners (DLN), 
and SCR. 
 
The emphasis on the technology review was gas turbines in the 20 to 85 MW range, although 
information was collected on units smaller than 20 MW and larger than 85 MW. 

Vendor Supplied Information 

The following vendors were contacted to obtain information on gas turbine systems in operation 
or being marketed in Alberta. 
 

� GE 

� Siemens 

� Solar 

� Mitsubishi � only markets turbines > 300 MW in Can ada, so information on Mitsubishi 
turbines was not included in this study. 

� Rolls-Royce � was contacted but did not provide in formation for the report. 

 
The following table summarizes information supplied by the gas turbine vendors.  In addition to 
the information shown in the table, the vendors provided information on the incremental cost of 
DLN burners versus diffusion burners, fuel firing rates, exhaust gas flow rates, and exhaust gas 
temperatures.  This additional information was used during the evaluation of operating costs 
and cost effectiveness. 
 
The NOx information in the Table B.1 is based on the use of �dry low NOx� (DLN) burners.  GE 
provided information on their DLN1+ burner that is available on GE 7EA turbines, although not 
yet proven for operation in a cold climate. Siemens has a similar burner that has been available 
on their 113 MW SGT6-2000E turbine, but again has only been available in warm climates.  
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Because they are not proven in cold climates, these burners were not considered in this 
evaluation.   
 

Table B.1 - Vendor Supplied Gas Turbine Information 

 

GAS TURBINE 
VENDOR 

MODEL POWER 
OUTPUT, 

MW 

EXHAUST 
NOx 

CONC, 
ppmvd 

ALLOWABLE 
TEMP 

RANGE, OC 

ALLOWABLE 
LOAD, 

%Full Load 

GE LM2500 22 25 -30 to +40 75 to 100 

 LM6000 44 15 > -7 75 to 100 

 Frame 6B 42 20 -43 to +39 70 to 100 

 Frame 
7EA 

85 20 DLN -43 to +39 70 to 100 

 Frame 
7FA 

183 9 -30 to +40 52 to 100 

Siemens SGT400 13 15 -20 to +40  

 SGT600 25 25  80 to 100 

 SGT700 31 15  70 to 100 

 SGT800 47 15 -15 to +40 50 to 100 

 SGT6-
2000E 

113 25   

 SGT6-
5000F 

206 9  60 to 100 

Solar Titan 130 14 25 > -18 50 to 100 

   42 -30 to -18 50 to 100 

   120 < -30 50 to 100 

 Titan 250 22 25   
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The following vendors were contacted to obtain information on Heat Recovery Steam 
Generators (HRSG).  The vendors provided budget quotes for the incremental cost of adding 
SCR to HRSGs, including budget quotes for ammonia injection grids and ammonia vaporization 
systems.  Budget quotes were provided for both 20 MW and 70 MW gas turbine systems, and 
for both supplemental fired and unfired systems.  Both vendors have supplied HRSG and SCR 
systems for gas turbine installations in Alberta. 

� Express Tech 

� Deltak 

The following vendors were contacted to obtain information on duct burner NOx generation 
options. 

� Coen 

� Hamworthy-Peabody 

 

BACT/LAER Data Bases 

The USEPA BACT/LAER Data Base and the California BACT Data Bases were checked to 
confirm NOx levels that had been achieved on previous projects.  The USEPA data base review 
concentrated on installations in colder parts of the U.S. as being more representative of Alberta 
operating conditions. 
 
The following table lists select installations that were included in the data bases.  The USEPA 
RACT/BACT/LAER clearinghouse data was divided into gas turbine installations smaller than 25 
MW and installations larger than 25 MW. 
 
� For the most part the units smaller than 25 MW listed in the table were permitted for NOx 

levels in the 15 ppmvd to 25 ppmvd range.  This NOx range corresponds to the vendor 
supplied information for gas turbines in this size range. 

� The units smaller than 25 MW were selected because they were installed in colder climates.  
The units were also installed in areas that were attainment for NOx, so they were installed 
under BACT requirements not LAER requirements.  SCR was not required for any of the 
installations listed. 

� Three of the units larger than 25 MW that did not require SCR installations are included in 
the table.  These installations all included gas turbines the vendors guaranteed for 9 ppmv 
NOx. 

 



 
 
 
 

 
 
 - 18 - 
 

This document, and the opinions, analysis, evaluations, or recommendations contained herein are for the sole use and benefit of the contracting parties.  
There are no intended third party beneficiaries, and Jacobs Consultancy shall have no liability whatsoever to third parties for any defect, deficiency, error, 
omission in any statement contained in or in any way related to this document or the services provided. 

� Two of the units listed were described as having supplemental fired HRSGs plus SCR for 
NOx control.  Supplemental firing can increase the NOx concentration by 30% to 60%, so if 
the gas turbine exhaust contained 20 ppmvd NOx, downstream of the duct burners the NOx 
would be in the 25 ppm to 30 ppm range.  The units listed in the following table were 
permitted for 2.5 ppm to 3 ppm indicating an approximately 90% NOx reduction across the 
SCR. 

 
The California BACT data base was reviewed because BACT in California requires the 
installation of the best demonstrated technology with no consideration for cost.  This data base 
was reviewed to determine the lowest NOx demonstrated by gas turbine systems.  All the units 
listed used SCR for NOx reduction.  The units listed demonstrated that NOx levels as low as 2 
ppmvd can be achieved using SCR. 
 
In most cases the regulatory data bases provided information on whether the installations were 
simple cycle or combined cycle, so this information is included in the Table B.2.  Neither the 
EPA nor California data bases included as a category so there is no information as to whether 
the installations were cogen systems or power plants. 
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Table B.2 - Gas Turbine Installations Accepted As BACT 

DATA SOURCE STATE INSTALLATION MW 

NOx, 
ppmv 

@ 
15% 
O2 

COMMENTS 

USEPA 
RACT/BACT/LAER 
Clearinghouse < 
25 MW 

Alaska Phillips North Cook 5 31 Solar Tarus, simple cycle 

  Alaska Tesoro Kenai 8.3 130  Combined cycle 

  Alaska BP Badami 12 42 Solar Mars, 

  Michigan ANR Pipeline 10 22 Solar Mars 

  Minnesota CENEX 12 25  Combined cycle 

  Nevada Kern River Goodsprings 12 25   

  Wyoming Kern River Trans 10 25  Simple cycle 

  Wyoming Williams Field 10 25 Solar Mars, combined cycle 

  Wyoming Williams Field 12 15 Solar Mars or Solar Titan, combined cycle 

            

USEPA 
RACT/BACT/LAER 
Clearinghouse > 
25 MW 

Michigan Detroit Edison 82 9 GE 7EA, simple cycle 

  Minnesota Great River Energy 109 9  Simple cycle 

  Wisconsin WE Energies 100 9  Combined cycle 

  Wisconsin WE Energies 180 3 GE 7FA with supplemental firing and SCR, combined cycle 

  Wyoming Black Hills Corp 40 2.5 Supplemental firing w SCR, combined cycle 

            

California AQMD 
BACT 
Determinations 
Gas Turbines 

California Vernon City Power 43 2 535 MM btu/hr GT firing  & 73 MM supplemental with SCR, 
combined cycle 

  California Indigo Energy 45 5 SCR, simple cycle 

  California El Colton LLC 48.7 3.5 GE LM 6000 with SCR, simple cycle 

  California Magnolia Power 181 2 GE 7FA with SCR 1700 MM btu/hr GT firing & 583 MM 
supplemental, combined cycle 

          In California, BACT is best demonstrated technology 
without cost effectiveness consideration 
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Cost Effectiveness Evaluation 

Vendor budget costs were obtained for the incremental cost of DLN burners versus diffusion 
burners and for the incremental cost of adding SCR to a HRSG.  Vendor budget costs were 
obtained for both 20 MW and 70 MW gas turbine installations, and for supplemental fired and 
unfired systems.  Total installed capital cost estimates were prepared for these four systems 
and extrapolated to estimate the costs for 42 MW and 85 MW systems.  Operating costs and 
NOx reduction levels were estimated for all four sizes both with and without SCR. 

For the cases with supplemental firing using duct burners, the economics and NOx emissions 
were based on two levels of supplemental firing: 

� Firing the gas turbine exhaust to a temperature of 840oC, and 

� Firing the gas turbine exhaust to a temperature of 1070oC. 

 
Cost Effectiveness Capital Cost and Annual Operating Cost Forms 
 
The USEPA provides standard spreadsheets for calculating �cost effectiveness�.  Jacobs uses 
these standard spreadsheets to conduct cost effectiveness reviews for projects all over the 
world, including World Bank projects in developing nations.  While the forms are standard, the 
information provided in the forms is specific to each individual project. 
 
Capital Cost Form: 

� Vendors provided written budget quotes for the incremental cost of including an SCR 
system in a HRSG.  

o The system cost included: the SCR catalyst, the SCR reactor housing, the ammonia 
injection grid, and the ammonia vaporization system. 

o Jacobs added the cost of the ammonia storage system and the ammonia pumps. 

o The budget quotes included the cost of providing HRSGs designed for a lower than 
normal pressure drop.  Using this approach, the installation of an SCR would not 
increase the back pressure on the gas turbine, so we did not include a penalty for the 
loss in power output.  The impact of SCR pressure drop was included in the capital 
cost instead of the operating cost. 

� The standard spreadsheet is set up to estimate the cost of an installation on the U.S. Gulf 
Coast.  A 1.5 location factor was used to correct for the cost of a project in Alberta versus 
the cost on the Gulf Coast.  This multiplier was obtained from the Jacobs Cost Estimating 
Department, which reviews this value and updates it periodically. 
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� On past projects, Jacobs has learned that USEPA cost factors tend to underestimate the 
true capital cost.  As part of an unrelated engineering project, Jacobs had recently estimated 
the cost of an SCR system for a cogen unit in Alberta and estimated a cost 29% higher than 
would be predicted using the USEPA factors.  Therefore, an additional 1.29 adjustment 
factor was added to make the EPA method estimate more representative of actual costs. 

� Estimates were prepared for the 70 MW systems, with and without duct burners following 
Jacobs estimating protocols.  Equipment was sized, PFDs were prepared, and equipment 
and piping lists were prepared.  The cost estimate for the 70 MW systems using Jacobs 
estimating protocols were within a few percent of the estimate using the above approach, 
verifying the accuracy of the above procedure for 70 MW installations.   

 
Operating Cost Form: 

� The USEPA�s standard form was used to estimate the cost of operating labor, maintenance 
labor, and maintenance materials.  SCR systems require very little operator and 
maintenance attention except to unload NH3 once/week, or once every five to 15 years 
when the catalyst requires replacement.  These costs are negligible in the overall cost 
effectiveness evaluation.  

� NOx emission rates were calculated for each of the cases.  These NOx emission rates were 
combined with estimates of NH3 slip to calculate NH3 consumption rates.  A cost of 
$1000/tonne of pure ammonia ($5300/tonne of 19% aqueous solution) was used to 
calculate the NH3 consumption cost.  The $1000/tonne estimate came from recent reports 
on NH3 costs in the Alberta area.  The NH3 consumption was calculated assuming 1.02 
moles of NH3 is required to reduce one mole of NOx, plus the NH3 associated with 5 ppmvd 
NH3 slip.  Most of the NOx will be present as NO, which requires 1.0 moles of NH3/mole 
NOx, but some of the NOx is present as NO2.  NO2 takes more than one mole/mole, so the 
overall average is around 1.02 moles NH3/mole NOx removed. 

� The 19% aqueous NH3 consumption rate was used to calculate the energy required to 
vaporize the aqueous NH3.  The NH3 is vaporized into an air stream that is below the 
temperature of the gas turbine exhaust gas and has a cooling effect on the exhaust gas.  
The cooling effect was calculated.  The energy consumption used in the form is the sum of 
the energy needed to evaporate the NH3 and the heat recovery lost because of cooling of 
the exhaust gas. 

� The NH3 consumption rate was used to estimate the electricity requirements for the blower 
that supplies air to the NH3 vaporizer.  Past Jacobs� data on blower power was extrapolated 
to the NH3 consumption for each case. 

� As mentioned above under capital cost estimating, no penalty was included for the impact of 
SCR pressure drop on the gas turbine power output.  This penalty was applied to the capital 
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cost instead of the operating cost.  An alternate would have been to lower the capital cost 
and assume a loss in gas turbine output.  Express Tech provided information that every unit 
they installed over 10 MW put extra area into HRSG to compensate for the pressure drop � 
none of the SCR installations resulted in an increase in back pressure on the gas turbine.   

As a cross-check, both GE and Siemens provided information on the impact of pressure 
drop on turbine performance.  Assuming 4� H20 (10 mbar) pressure drop across the SCR, 
the vendors provided the following impact on gas turbine performance.  This is a 
conservatively high pressure drop, past Jacobs installations have ranged from 2� to 4� 
pressure drop. 

Loss in power output   0.42% 

Increase in heat rate   0.42% 

Increase in exhaust temperature 1.1oC (increases heat recovery) 

Overall impact on energy  0.45% 

The impact on operating costs was calculated for the above conditions.  The cost ranged 
from $90,000/year to $370,000/year depending on the unit size (8% to 15% of total annual 
cost).  This high cost that would be associated with an increase in pressure drop confirms 
that it is more economical to put capital into pressure drop reduction, than to accept an 
increase in gas turbine back pressure. 

� There are no contaminants in natural gas that poison SCR catalyst, but dust that passes 
through the gas turbine air filter can migrate into the pores, deactivating the catalyst.  The 
catalyst life is expected to be 10 to 15 years, but Jacobs has only been able to obtain 5-year 
guarantees from vendors because long guarantees require the vendor to carry a liability on 
their accounting books.  So the calculation of operating costs assumed the catalyst requires 
replacement every 5 years. 

� The dominant operating cost is the �capital recovery cost�.  SCR systems are capital 
intensive, versus operating cost intensive.  The Ontario guideline for BACTEA evaluations 
requires using the �long-term bond rate� to calcula te the capital recovery cost.  After some 
discussion about the appropriate long-term bond rate to use, CASA directed Jacobs to use 
8%, along with a 15-year system life, to calculate the capital recovery factor.   
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Summary of BATEA Economic Analysis Form 
 
The standard USEPA form was used to calculate the cost effectiveness of the different cases 
and different NOx control options. 
 

� A Diffusion Burner was considered as base case for each evaluation.  Most new installations 
utilize dry low NOx burners (DLN) but diffusion burners are required when burning high 
hydrogen fuels such as refinery fuel gas or syn gas because the flame flashes back into a 
DLN burner when hydrogen is burned.  The potential also existed that combining a diffusion 
burner with an SCR may be more cost effective than providing a DLN burner. 

� The NOx emissions from a diffusion burner were calculated based on the gas turbine vendor 
supplied exhaust gas rates and an assumed 175 ppmvd NOx in the gas turbine exhaust.  
The actual concentration varies from one gas turbine to another, and is a little lower during 
the winter than during the summer, but 175 ppmvd is a representative number.   

� For the cases with supplemental firing, the assumed NOx generation rate was 38 g/GJ. 

� The NOx emission rate calculated for the DLN burners was based on vendor supplied 
information.  The exhaust gas NOx concentration is dependant on the gas turbine.  The 
following gas turbines were used as the basis for the calculations: 

o GE LM2500 or Solar Titan for the 20 MW systems.  The NOx emissions from these 
turbines were corrected for the higher NOx experienced during cold weather. 

o GE 6B and GE 7EA for the larger turbines.  GE guarantees the NOx emissions for 
these units down to -43oC, so no penalty was applied for cold temperature operation. 

o There are other turbines with lower summer NOx levels than the units assumed 
above, but that are more susceptible to cold temperatures.  It was assumed that 
averaged over the year the NOx from these turbines would be similar to the NOx 
from the turbines listed above. 

� The NOx emission rate assumed the units are operated at full load.  This is a standard 
permitting approach to insure that unit throughput is not limited by the permit.  The NOx 
emission rate also assumes the units are operated within their �allowable load� that forms a 
basis for the vendor guarantee.  Cogen systems can experience significant swings in steam 
demand.  Cogen systems that utilize supplemental firing in duct burners take these swings 
by controlling the supplemental firing rate, and combined cycle units take the swings by 
varying the steam extraction rate.  But simple cycle systems with no duct firing have to 
throttle the gas turbine firing rate, which can increase the ppmv NOx and increase the g 
NOx/GJ. 
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� For the SCR cases, a 90% NOx reduction across the SCR was assumed.   
 

o API 536 (Post Combustion NOx Control for Fired Equipment) states that �NOx 
reductions exceeding 90% are possible with an NH3 slip of more than 5 ppmvd�. 

o In 2003 Jacobs installed SCRs on two GE 7EA gas turbines.  Those SCRs were 
sized for a 95% NOx reduction, and met their guarantee. 

o 43% more catalyst volume is required for a 90% NOx reduction than for an 80% NOx 
reduction but the cost of the catalyst is only a small part of the total capital cost, so 
the impact on capital cost is not large.  There is no impact on operating or 
maintenance costs except for the higher cost each time the catalyst is replaced.  The 
larger catalyst volume increases the generation of SO3, but this is a negligible impact 
firing natural gas. 

o The estimated NOx emissions assumed a 90% NOx removal over the life of the 
catalyst, and a 5 ppmvd NH3 slip over the life of the catalyst.  The catalyst has more 
activity when it is new, so is capable of > 90% NOx reduction.  However, the 
standard approach is to throttle the NH3 addition to hold the 90% NOx reduction.  
Using the standard control approach, the 90% NOx reduction is averaged over the 
life the catalyst, but the average NH3 slip is less than 5 ppmvd.  As the catalyst ages 
the NH3 slip increases and the catalyst is replaced when the slip reaches the 
guarantee level.  

� For the SCR cases, the Total Annualized cost was obtained from the Annual Operating Cost 
Form.  Budget quotes were obtained from the vendors for the difference between DLN 
burners and diffusion burners.  The capital recovery factor was used to convert those 
equipment costs to Total Annualized Costs.  It was assumed the only cost impact was the 
cost of purchasing the gas turbine, and that there was no difference in installation costs. 

� The cost effectiveness for the following cases were compared with the base case of a 
diffusion burner: DLN burner, diffusion burner + SCR, DLN burner + SCR. 

� The incremental cost effectiveness for the SCR cases were compared with the DLN burner 
case. 
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Cost Effectiveness Results 
 
Cost effectiveness is defined as the cost/tonne of emissions reductions.  Cost effectiveness is 
calculated both compared to a base case and the incremental cost versus other cases.  Cost 
effectiveness is calculated as the annualized cost/tonne of NOx reduction. 

The results of the evaluation are shown in Tables B.3, B.4, and B.5 below.   

Table B.3 lists the NOx emission levels for each of the turbine sizes and each of the NOx 
control options.  The NOx concentration in the turbine exhaust is listed in ppmv, as quoted by 
the turbine vendors. 

Table B.4 lists the estimated equivalent NOx emissions in units of grams NOx per gigajoule of 
total energy output.  The total energy output is the sum of the power output and the energy 
content of the steam sent to cogeneration.  NB: These are estimates only as the relationship 
between ppm NOx concentration and g/GJ is not the same for all turbines. 

Table B.5 lists the calculated cost effectiveness of the various NOx control options, for each of 
the various cases.  Cost effectiveness is calculated as the cost/tonne of NOx emissions 
reduction.   The cost effectiveness of purchasing a gas turbine equipped with DLN burners 
instead of diffusion burners is shown.  Also shown is the incremental cost, versus the DLN 
burner case, of a diffusion burner with SCR and a DLN burner with SCR.  
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Table B.3 � Estimated NOx Emissions for Alternate Cases 

CASE ESTMATED NOx EMISSIONS 

 Diffusion 
Burners 

DLN Burners Diffusion + 
SCR 

DLN + SCR 

 ppmvd t/yr** ppmvd t/yr ppmvd t/yr ppmvd t/yr 

20 MW without Duct 
Burners 

175 497 27* 79 18 50 3 8 

42 MW without Duct 
Burners 

175 1154 20 134 18 115 2 13 

42 MW with Duct Burners 
fired to 840oC 

186 1224 31 204 19 122 3 20 

42 MW with Duct Burners 
fired to 1070oC 

195 1284 40 264 20 128 4 26 

70 MW without Duct 
Burners 

175 1920 20 226 18 192 2 23 

70 MW with Duct Burners 
fired to 840oC 

186 2042 31 348 19 204 3 35 

70 MW with Duct Burners 
fired to 1070oC 

195 2143 40 449 20 214 4 45 

85 MW without Duct 
Burners 

175 2340 20 276 18 234 2 23 

85 MW with Duct Burners 
fired to 840oC 

186 2488 31 424 19 249 3 42 

85 MW with Duct Burners 
fired to 1070oC 

195 2610 40 546 20 261 4 55 

� 20 ppmvd above -30oC and assumed 120 ppmvd below -30oC 

� **t = tonne 
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Table B.4 � Estimated NOx Emissions for Alternate Cases With Unit Conversions 

CASE ESTMATED NOx EMISSIONS 

 Diffusion 
Burners 

DLN Burners Diffusion + 
SCR 

DLN + SCR 

 ppmvd g/GJ 
Energy 
Output 

ppmvd g/GJ 
Energy 
Output 

ppmvd g/GJ 
Energy 
Output 

ppmvd g/GJ 
Energy 
Output 

20 MW without Duct 
Burners 

175 390 27 60 18 39 3 6.0 

42 MW without Duct 
Burners 

175 390 20 46 18 39 2 4.6 

42 MW with Duct 
Burners fired to 840oC 

186 260 31 45 19 26 3 4.5 

42 MW with Duct 
Burners fired to 
1070oC 

195 210 40 44 20 21 4 4.4 

70 MW without Duct 
Burners 

175 390 20 46 18 39 2 4.6 

70 MW with Duct 
Burners fired to 840oC 

186 260 31 45 19 26 3 4.5 

70 MW with Duct 
Burners fired to 
1070oC 

195 210 40 44 20 21 4 4.4 

85 MW without Duct 
Burners 

175 390 20 46 18 39 2 4.6 

85 MW with Duct 
Burners fired to 840oC 

186 260 31 45 19 26 3 4.5 

85 MW with Duct 
Burners fired to 
1070oC 

195 210 40 44 20 21 4 4.4 
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Table B.5 � Incremental Cost Effectiveness 

CASE INCREMENTAL COST EFFECTIVENESS,  

$/ Tonne NOx Reduction 

 Base Case 
Diffusion 
Burners 

DLN 
Burners 
versus 

Diffusion 

Incremental Cost 
Effectiveness vs. DLN Burner 

   Diffusion + 
SCR 

DLN + SCR 

20 MW without Duct Burners - 140 25,000 15,000 

42 MW without Duct Burners - 80 74,000 12,000 

42 MW with Duct Burners 
fired to 840oC 

- 80 18,000 8,600 

42 MW with Duct Burners 
fired to 1070oC 

- 80 11,000 6,600 

70 MW without Duct Burners - 69 56,000 10,000 

70 MW with Duct Burners 
fired to 840oC 

- 69 14,000 6,800 

70 MW with Duct Burners 
fired to 1070oC 

- 69 8,800 5,400 

85 MW without Duct Burners - 57 51,000 8,900 

85 MW with Duct Burners 
fired to 840oC 

- 57 13,000 6,300 

85 MW with Duct Burners 
fired to 1070oC 

- 57 8,200 5,000 
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Figure B.1 shows the relationship between incremental cost effectiveness of applying SCR to 
DLN burner equipped turbines over the range of turbine sizes covered in this study.  There are 
three curves on the plot: the blue line represents the case where there is no supplemental duct 
firing, the green line shows the case where there is supplemental firing to 840°C, and the red 
line shows the case where there is supplemental duct firing to 1070°C. 

The curves show that SCR becomes more cost effective as the size of the turbines increases.  
This is because the NOx emissions increase linearly with size, but the cost increase is less than 
linear.  An SCR is more cost effective where supplemental firing is being used because 
supplemental firing significantly increases NOx emissions but has only a small impact on the 
cost of an SCR system.  NB: the curve should not be extrapolated above 85 MW � per data 
from both GE and Siemens, gas turbines larger than 85 MW have lower NOx concentrations 
than their 85 MW equivalents so adding an SCR to these larger units is less cost effective. 

 
Figure B.1 �  Incremental Cost Effectiveness of SCR over DLN Technology 
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Collateral Impacts 

There is no collateral impact on the environment from using a DLN burner versus using a 
diffusion burner. 
 
The collateral impacts of using an SCR for NOx control include: safety risk due to ammonia 
handling, the possibility of corrosion due to ammonia salts on heat recovery equipment, water 
consumption during the production of aqueous NH3 solution, the disposal of SCR catalyst, and 
collateral emissions. 
 
Safety concerns and the impact of ammonia salts on heat recovery are discussed in the SCR 
Risk Analysis section.  The following table summarizes the water consumption and collateral 
emissions associated with the SCR.  As can be seen by the table, water consumption and 
collateral emissions rates are small with exception of NH3 slip.  

� The water consumption was calculated based on the NH3 consumption rate.  The water 
rates listed in the table are the demineralized water required to dilute the ammonia to 19%.  
The water consumption is small on an annual basis, so more important is the number of 
truck loads to deliver the aqueous NH3.  The number of 23 m3 trucks varies from one truck/6 
weeks for the 20 MW case without duct burners to one truck/week for the 85 MW case with 
supplemental firing to 1070oC. 

� The catalyst life is expected to be 10 to 15 years.  This means that every 10 to 15 years the 
existing catalyst must be replaced and disposed of.  The main active ingredient in the 
catalyst is vanadium. In the U.S. vanadium is not hazardous waste �toxicity characteristics 
list� so the spent catalyst is not considered a hazardous waste.  The catalyst is typically 
disposed of by landfilling in an industrial landfill.  The vanadium content of the catalyst could 
be recovered but this is not economical and is typically not done.  The quantity of catalyst 
required for a GE 7EA gas turbine SCR is around 200 tonnes.  If the life of the catalyst is 10 
years, on the average approximately 20 tonnes would be sent to a landfill each year. 

� The calculated NH3 emissions slip to the air.  Ammonia is an alkaline compound that is 
naturally occurring in nature, but can react with SO3 in the air to form PM2.5.  In parts of the 
U.S. that are attainment for ozone but non-attainment for PM, the regulators put more 
emphasis on NH3 emissions than on NOx emissions.  In the table the NH3 slip is shown two 
ways: 

o As tonnes/year of NH3 emissions 

o As tonnes/year of PM2.5 assuming all the NH3 reacts with SO3 in the air to form a 
particulate.  This is a conservatively high number because some of the NH3 will be 
scrubbed from the air by rainfall, and thus not all the NH3 will end up as a particulate. 

� The three columns to the right contain an estimate of the emissions that would be measured 
in the discharge stack.  On past Jacobs� projects, these numbers have been used for 
permitting purposes. 
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o PM2.5 forms when NH3 reacts with SO3.  With 5 ppmv NH3 slip the SO3 
concentration in the stack is limiting so the PM2.5 calculation assumes all the SO3 
reacts to form ammonium bi-sulfate (ABS).  The calculation is based on the 
assumption that 5% of the SO2 is naturally converted to SO3 during combustion and 
that an additional 3% of the SO2 converts to SO3across the SCR catalyst � the SCR 
catalyst is an oxidizing catalyst that converts part of the SO2 to SO3. 

o Part of the SO2 in the flue gas oxidizes to SO3 during combustion.  If there is no SCR 
this SO3 emits to the atmosphere as H2SO4.  The ammonia added to the SCR 
system reacts with the SO3 preventing the formation of H2SO4 thus reducing H2SO4 
emissions. 

o The heat required to vaporize the NH3 and the steam generation lost because of the 
cooling effect of the injected NH3/air is small.  The CO2 was calculated based on the 
extra boiler firing required to make up the steam requirement, assuming a boiler 
efficiency of 80%.  The extra CO2 emitted is a small number.  This number is based 
on the assumption that capital is spent to avoid increasing the back pressure on the 
gas turbine, which is the economical approach for a new installation.  An alternate 
calculation was made assuming a 4� H2O increase in gas turbine back pressure � for 
the largest system in the table the increase in CO2 emissions would be 2000 
tonne/year. 
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� Table B.6 � Collateral Impact of SCR 

CASE WATER IN 
19% NH3, 
m3/Year 

COLLATERAL EMISSIONS 

  NH3 Slip(1) Emissions Measured in Stack, 
tonne/yr 

  NH3, 
tonne/yr 

Equiv 
ABS, 

tonne/yr 

PM2.5(2) H2SO4
(2) CO2

 

20 MW without Duct 
Burners 

160 6.1 41 0.058 (0.031) 50 

42 MW without Duct 
Burners 

290 12 81 0.13 (0.073) 90 

42 MW with Duct Burners 
fired to 840oC 

400 12 81 0.14 (0.073) 120 

42 MW with Duct Burners 
fired to 1070oC 

510 12 81 0.14 (0.073) 150 

70 MW without Duct 
Burners 

470 22 149 0.23 (0.12) 140 

70 MW with Duct Burners 
fired to 840oC 

690 22 149 0.23 (0.12) 210 

70 MW with Duct Burners 
fired to 1070oC 

830 22 149 0.23 (0.12) 250 

85 MW without Duct 
Burners 

580 25 169 0.28 (0.15) 170 

85 MW with Duct Burners 
fired to 840oC 

430 25 169 0.28 (0.15) 250 

85 MW with Duct Burners 
fired to 1070oC 

1050 25 169 0.28 (0.15) 320 

Notes: 

(1) Assumed 5 ppmv NH3 slip over the life of the catalyst.  Annual average slips are lower � the NH 3 slip is low 
when the catalyst is fresh and increases to 5 ppmv at the end of the catalyst life. 

(2) Emissions based on natural gas containing 4 ppmv total sulfur.  For a refinery process gas containing 100 
ppmv total sulfur, emissions would be approximately 25 times higher than shown in the table.   The 
calculated PM2.5 assumes the NH3 added to the SCR precipitates all the SO3 as ammonium bi-sulfate 
(ABS).  The NH3 converts H2SO4 to ABS thus reducing the H2SO4 that would form from combustion if there 
is no SCR. 
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SCR RISK ANALYSIS 

There are two risk areas associated with the use of SCR for NOx reduction: 

1. Ammonia handling safety concerns 

2. Maintenance concerns because of the generation of ammonium sulfate salts that can 
precipitate, fouling heat transfer systems. 

 

Ammonia Safety 

Ammonia is an irritant that can damage the eyes, nose, and throat and, with severe exposure, 
can also be fatal.  However, there are a large number of SCR systems in operation that safely 
handle NH3.  Plus, NH3 is safely handled in agriculture where it is used as a fertilizer. 
 
Critical NH3 safety limits are:  
� Upper explosive limit 28% 

� Lower explosive limit 15% 

� NIOSH recommended exposure limit 

o Eight hour exposure limit (TWA)       25 ppm 

o Immediately Dangerous to Life and Health (IDLH) 300 ppm 

 

Commercial Forms of Ammonia 

There are three forms of commercially available NH3 

� Anhydrous (100%) liquid NH3: this is the cheapest form of NH3 but because it is a 
pressurized liquid it is the most hazardous.  In the U.S. anhydrous NH3 is regulated by both 
the USOSHA and the USEPA. 

� 29% aqueous ammonia: ammonia dissolved in demineralized water.  This form of NH3 is 
less hazardous to handle than anhydrous.  In the U.S. this form of NH3 is exempt from 
USOSHA requirements but is still regulated by the USEPA.  The USEPA requires incident 
modeling and the reporting of any potential release scenarios that could result in high 
concentrations of NH3 outside the facility boundary. 

� 19% aqueous ammonia: which is the least hazardous of the three forms, but is the most 
expensive because of the cost of transporting water.  19% aqueous is exempt from both 
USOSHA and USEPA requirements.  This is the most common form of NH3 used in SCR 
facilities designed by Jacobs.  Per contacts with HRSG vendors, this is the most common 
form of NH3 used in SCR systems in Alberta. 




