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Table 5012 Cost-Effectiveness Evaluations -Microfine Lime InOection 51% (continued) 

Indirect Installation Costs (IIC) 35% of PEC: 
Engineering (10% of PEC)
 
Construction/Field Exp. (10% of PEC)
 
Contractor Fees (10% of PEC)
 
License
 
Start-up (1 % of PEC)
 
Performance Test (1 % of PEC)
 
Contingencies (3% of PEC)
 

Site Preparation and Building (SPB) 10% of IIC:
 
Total Indirect Costs (IC) = (IIC) + (SPB)
 
Total Capital Investment (TCI) = (DC) + (IC)
 

$2,033,262 
$580,932 
$580,932 
$580,932 

$0 
$58,093 
$58,093 

$174,280 
$203,326 

$2,236,588 
$12,983,830 

Annualized Costs 

Direct Annual Costs 
Utilities: 

Raw Materials/Chemicals: 

Operating Labor: 

Maintenance: 

Fuel
 
Power ($0.11 /kWh)
 
Water($1.00/1000 gallon)
 

Lime ($132/ton)
 

Operator Labor (0.5 hr/shift @ $31.50/hr)
 
Supervising Labor (15% of Operator)
 

Maintenance Labor (0.5 hr/shift @ $31.50/hr)
 
Maint. Supervision (15% of Maintenance)
 
Maintenance Materials (100% of Labor)
 

Replacement Parts (5% of PEC): 
Waste Treatment and Disposal: 

Sludge disposal ($80/ton) 
Compliance Costs: 

Performance Tests 
Recordkeeping and Reporting 

Total Direct Annual Costs (DAC) 

$0 
$179,711 

$58,867 

$364,119 

$17,246 
$2,587 

$17,246 
$2,587 

$17,246 
$290,466 

$252,094 
$60,000 
$40,000 
$20,000 

$1,262,170 
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Cost-Effectiveness Evaluations -Microfine Lime In·ection 51 % continued) 

Overhead (60% of all labor & maint matls)
 
Insurance (1 % of TCI)
 
Administrative Charges (2% of TCI)
 
Capital Recovery
 

Capital Recovery Factor (CRF) 
Equipment life (years) 
Interest Rate (%) 

Total Indirect Annual Costs (lAC) 

Total Annualized Costs (DAC + lAC) 

Potential Emissions Tons per year 502 

Potential Emission Reduction 
Percent Control 

502 Tons per Year Controlled 

Cost Effectiveness $ er Ton 502 Reduced 

$34,148 
$129,838 
$259,677 

$1,489,245 
0.1147 

15 
7.7 

$2,165,002 

$3,427,172 

795 

51 

405 

$8,453 
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5.5 Wet Scrubbing Control Technology 

The wet lime scrubbing (WLS) process involves mixing the flue gas with a sprayed aqueous 
suspension of Ca(OHh or CaC03 (limestone) after the ESP. As with the DLS, the existing 
ESP would continue to be operated to collect and segregate the CKD to reduce the amount of 
CKD wasted and to rerum as much of the CKD as possible, given the alkali content, to the 
kiln feed to reduce CO2 emissions per ton cement product. The S02 reacts with the 
scrubbing reagent to form CaS03 or CaS04, which is retained in the aqueous suspension as 
sludge. The sludge is dewatered and either disposed of in a landfill or, in some cases, reused 
in the process. Due to handling problems and strict product quality considerations, it has 
been assumed that the sludge would not be reused in the finish mills. No costs for facility 
modifications to utilize the sludge on-site have been included in this evaluation. Wastewater 
from the WLS would likely have to be treated prior to discharge. Costs for equipment for this 
treatment have not been included in the cost effectiveness calculations but would be expected 
to be in excess of an additional $300,000. The WLS process has a control efficiency between 
80% and 95%. 

Holcim contacted the wet scrubber vendor and discussed the impact of the reduction in S02 
inlet concentration seen since the last kiln modification in February 2008. At an inlet 
concentration of 100 ppm, which reflects the concentrations that have been experienced since 
the last kiln modifications in February 2008, the vendor would not warranty an exit emission 
rate below 10-12 ppm. As a result, calculation for the wet scrubber system was completed at 
90% efficiency instead of 95% efficiency (100 ppm S02 currently experienced when reduced 
to 10 ppm is 90%). A 95% efficiency with an inlet concentration of 100 ppm results in an 
outlet concentration of 5 ppm, which is below what the vendor will warranty. 

Note that in the early years of operation the wet scrubbers at Holcim's Midlothian kilns had 
efficiencies between 65% and 78%. Therefore, an efficiency of 90% may not be achievable 
on a continuous basis. 

An adequate supply of water for the WLS system and the disposal or treatment of WLS 
sludge and wastewater may present technical problems. Additional drawbacks include high 
energy requirements. Despite the identified drawbacks, WLS at 80-90% removal efficiency 
is considered a BACT control option. Further analysis is conducted, therefore, considering 
environmental, energy, and economic impacts. 

5.5.1 Environmental Analysis 

Adverse environmental impacts associated with the WLS system include sludge and 
wastewater generation, treatment, and disposal. The WLS system is estimated to produce 
more than 2,129 tons of sludge annually. The sludge will require treatment prior to 
disposal or utilization in the process.' While the sludge might be recycled into the 
process, treatment costs associated with its reuse are expected to be equivalent to those 
for disposal. The corresponding cost for reuse/treatment/disposal is estimated to be in 
excess of$170,299. 
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Wastewater from the WLS would likely have to be treated prior to discharge. This cost is 
not quantified, but it could be significant. Use of a wet scrubber generates new waste 
streams and incurs significant costs for the management of these wastes. There is 
concern that metals may be transferred from the exhaust to the new wastewater streams 
creating a need for treatment before discharge. Additional off-site environmental impacts 
will result from the production of and transportation of the lime reagent to the 
Hagerstown facility. 

5.5.2 Energy Analysis 

The use of a WLS system will significantly increase electricity consumption. It is 
estimated that 1,248 kW/h will be used by the facility for operation of the WLS system. 
At current utility rates, this usage corresponds to an estimated annual electricity cost of 
over $1,202,573. This cost may fluctuate with seasonal utility rates. In addition, 
deregulation of the utility industry in some areas has resulted in substantial increases in 
the usage costs for electricity. The direct cost for the facility does not take into account 
the additional power generation needed to meet the demand at the power supplier. Also 
not included in the cost are any increased costs associated with increased energy use by 
the existing ID fan or from a replacement ID fan if it is determined that the existing fan is 
not adequate. 

5.5.3 Economic Analysis 

The determination of the economic impact for implementation of a WLS involved an 
assessment of the capital and annual operations and maintenance costs for a unit designed 
for 90% removal. The sum of the annualized costs is used to determine the cost­
effectiveness of the control device. The calculation of the component costs and the cost­
effectiveness is described below and summarized in Table 5.13. 

A purchased equipment capital cost was obtained from a vendor capable of providing the 
WLS system to Holcim-Hagerstown. The cost for a wet scrubber system for the dry kiln 
was $10,692,000. The scrubber cost, added to estimates for additional out of scope 
items, instrumentation, sales tax and freight, and other direct installation (not included 
with the scrubber), constitutes the DC, which is $19,780,200. 

The IC includes engineering, construction and field expenses, contractor fees, start up 
fees, and contingencies amounting to $4,429,920. These values were calculated based on 
guidance found in EPA's New Source Review Workshop Manual- Draft, 199018 and the 
EPA Air Pollution Control Cost Manual, 2002 (recent installation cost are running 200% 
or more of the purchase cost the EPA manual is out of date for this). 19 

The Total Capital Cost is the sum of the DC and IC. A total capital investment of 
$24,210,120 is projected. This is capitalized over a period of 15 years with a capital 

18 Reference 10.
 
19 Reference 11.
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recovery factor of 7.7%, which results In an annualized capital cost estimate of 
approximately $2,776,859. 

The DAC includes operating and maintenance labor and supervISIOn, utilities, and 
scrubber sludge treatment and disposal. The DAC is driven by maintenance materials, 
electricity needs and sludge treatment and disposal. The lAC includes overhead, taxes 
and insurance costs. The annual operating cost is the sum of the DAC and lAC, and is 
estimated to be $12,924,933. 

The average cost-effectiveness (total annualized costs of control divided by annual 
emission reductions) was determined using the above information. ACE is calculated as 
described below. 

The total annualized cost (direct and indirect) for the wet scrubber system is $12,924,933. 
The scrubber system was designed to remove 90% of the S02 emissions with an uptime 
of 95% based upon Holcim-Hagerstown's operating experience at their Midlothian, TX 
facility. The projected actual S02 emission rate as calculated in Section 3.2 is 795 tons 
per year. This value is multiplied by the control efficiency of 90% to get the projected 
tons S02 removed equal to 716 tons. 

The average cost-effectiveness, therefore, for a wet scrubber is calculated to be $18,064 
per ton of S02 removed. These costs do not account for the possibility that the new kiln 
ID fan, which was installed in 2007, may not be adequate for the addition of a wet 
scrubber. 
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Table 5.13 Cost-Effectiveness Evaluations - Wet Scrubbin 90% 

Purchased Equipment Costs (PEC): $10,692,000 
Control Device $6,000,000 
Auxiliary Equipment $3,000,000 
Instrumentation (10%) $900,000 
Sales Tax (3%) $297,000 
Freight (5%) $495,000 

Direct Installation Costs (DIC) 85% of PEC: $9,088,200 
Foundation and Supports (12% of PEC) $1,283,040 
Handling and Erection (40% of PEC) $4,276,800 
Electrical (1% of PEC) $106,920 
Piping (30% of PEC) $3,207,600 
Insulation for Ductwork (1 % of PEC) $106,920 
Painting (1 % of PEC) $106,920 

Total Direct Cost (DC) = (PEC) + (DIC) $19,780,200 

Indirect Costs 
Indirect Installation Costs (IIC) 35% of PEC: $4,027,200 

Engineering (10% of PEC) $1,069,200 
Construction/Field Exp. (10% of PEC) $1,069,200 
Contractor Fees (10% of PEC) $1,069,200 
License $285,000 
Start-up (1 % of PEC) $106,920 
Performance Test (1 % of PEC) $106,920 
Contingencies (3% of PEC) $320,760 

Site Preparation and Building (SPB) 10% of IIC: $402,720 
Total Indirect Costs (lC) = (IIC) + (SPB) $4,429,920 
Total Capital Investment TCI = DC + IC $24,210,120 

Annualized Costs 
Direct Annual Costs 
Utilities: 

Cost to reheat stack gas $5,974,957 
Power ($0.11/kWh) $1,202,573 
Water($1.00/1000 gallon) $83,045 

Raw Materials/Chemicals: 
Hydrated Lime ($156/ton) $129,097 

Operating Labor: 
Operator Labor ($80Klman) $240,000 
Supervising Labor (15% of Operator) $36,000 

Maintenance: 
Maintenance Labor ($80Klman) $240,000 
Maint. Supervision (15% of Maintenance) $36,000 
Maintenance Materials (100% of Labor) $240,000 
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$8,946,570DAC 

Table 5.13 Cost-Effectiveness Evaluations - Wet Scrubbing 90% (continued) 
Replacement Parts (5% of PEC): 
Waste Treatment and Disposal: 

Sludge disposal ($80/ton) 
Compliance Costs: 

Performance Tests 
Recordkeeping and Reporting 

Total Direct Annual Costs 

Overhead (60% of all labor & maint matls)
 
Insurance (1% of TCI)
 
Administrative Charges (2% of TCI)
 
Capital Recovery
 

Capital Recovery Factor (CRF) 
Equipment Life (years) 
Interest Rate (%) 

Total Indirect Annual Costs (lAC) 

Total Annualized Costs (DAC + lAC) 

Potential Emissions Tons per year S02 
Potential Emission Reduction 

Percent Control 

S02 Tons per Year Controlled 

Cost-Effectiveness $ er Ton S02 Reduced 

$534,600 

$170,299 
$60,000 
$40,000 
$20,000 

$475,200 
$242,101 
$484,202 

$2,776,859 
0.1147 

15 
7.7 

$3,978,362 

$12,924,933 

795 

90 

716 

$18,064 
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5.6 Ranking of Control Technologies 

Based upon achievable removal of S02 emissions, wet scrubbing is the most effective add-on 
control option; however, IDS can achieve equivalent control. 

Table 514 RankinIgofC tiTec. on ro hno ogles 
Control Rank 

1 
2 
3 
4 

Technology Control Efficiency 
Inherent Dry Scrubbing 82%-96% 

Wet Scrubbing 
Microfine Lime Injection 

80-90% 
40% - 51% 

Dry Scrubbing Up to 40% 

5.7 Selection of BACT 

Before reaching final conclusions about the effectiveness of the potential BACT control 
options, it is important to remember that this PSD pennit and BACT review is the result of a 
pennitted physical change to the kiln system to implement SIP required NOx controls. The 
physical changes under that construction pennit began in 2003 and continued through early 
2008. None of these physical changes were for the purpose of increased clinker production, 
nor did they result in increased clinker production. They were all undertaken solely for the 
purpose of compliance with the NOx SIP requirements and to resolve the unanticipated 
increase in S02 emissions above PSD significance levels. Holcim has spent approximately 
$2.1 million for the NOx control system and additional $3.6 million for the capital and 
engineering services associated with the attempts to reduce the resulting S02 emissions 
increase. In other words, $5.7 million has already been spent by the facility for S02 controls 
created by the implementation of NOx controls. The facility has already reduced emissions 
from a high of 1,448 TPY S02 in 2005. 

5.7.1 Wet Scrubber 

Of the add-on control technologies, the wet lime scrubber (WLS) has the highest 
potential control efficiency (80-90%). The cost-effectiveness calculations were based 
upon the maximum control efficiency of 90%. Holcim's experience with WLS leads 
them to believe that this level of control may not be routinely achievable. Therefore, the 
cost-effectiveness calculations represent the lowest possible cost per ton S02 removed. 
In addition, the cost per ton of clinker for a wet lime scrubber is an increase of $26.36/ton 
at 2008 actual production rates and $22. 12/ton at the maximum historical production rate. 
Considering the $18,064/ton S02 removed and the increased cost per ton clinker, the wet 
scrubber has been eliminated as economically feasible. This added cost burden would 
make the Holcim-Hagerstown plant non-competitive in today's market. In addition, 
significant negative environmental impacts are associated with the increased energy and 
water requirements and the treatment and disposal off-site of wastewater and sludge. 
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5.7.2 Microfine Lime Injection 

The next ranked add-on control technology is microfine lime injection (MFL). This 
technology does not currently exist on any long dry or wet cement kiln and therefore, a 
pilot study is required to detennine the viability of this technology for the Hagerstown kiln. The 
plant must continue to operate the ESP for segregation of alkali in the CKD. There is no 
known system where you have an ESP followed by a conditioning tower followed by a 
baghouse. In addition, it is unclear whether the current ID fan will be adequate for the 
pressure drop created by the conditioning tower and baghouse. If it is not, a new ID fan 
will add over $1 million to the capital cost of the system. At this point, it is unknown 
whether this system would work. Therefore, the proposed control system must be 
considered as a pilot system. Therefore, it is questionable whether it meets the criteria for 
BACT. Due to the significantly lower stack gas temperatures at the point of lime 
injection when compared to modem preheater/precalciner kilns, the potential control 
efficiency from the use of MFL on a long dry kiln is significantly lower than that 
potentially achieved on those kiln types. At an estimated control efficiency of between 
40% and 51 % based on the actual data and vendor estimate, respectively, the cost­
effectiveness ranges between $10,735 and $8,453 per ton SOz removed. MFL requires an 
additional capital investment of over $12.9 million above the $3.6 million already spent 
on SOz controls. In addition, MFL has significant negative environmental impacts related 
to the manufacture and transport of the microfine lime and the transport and landfilling of 
the sludges generated by the process, as well as the negative impacts from the increased 
power and water usage. The EPA's RBLC Database does not list MFL as an installed 
SOz control technology. Therefore, MFL has been eliminated from consideration as 
BACT based on both cost-effectiveness and negative associated environmental impacts. 

5.7.3 Dry Lime Scrubbing 

The final add-on control evaluated for BACT is dry lime scrubbing (DLS). This 
technology also does not currently exist on a long dry kiln and is in use on only one long 
wet kiln in Belgium. The plant must continue to operate the ESP for segregation of 
alkali in the CKD. There is no known system where you have an ESP followed by a 
conditioning tower followed by a baghouse. In addition, it is unclear whether the current 
ID fan will be adequate for the pressure drop created by the conditioning tower and 
baghouse. If it is not, a new ID fan will add over $1 million to the capital cost of the 
system. At this point, it is unknown whether this system would work. Therefore, the 
proposed control system must be considered as a pilot system. It is questionable whether 
it meets the criteria for BACT. Due to the significantly lower stack gas temperatures at 
the point of lime injection when compared to modem preheater/precalciner kilns, the 
potential control efficiency from the use of DLS on a long dry kiln is significantly lower 
than that potentially achieved on those kiln types. Due to the significant difference in 
kiln gas characteristics between the long dry kiln and preheater/precalciner, a pilot study is 
required to detennine the viability of this technology for the Hagerstown kiln. A maximum 
control efficiency of 40% is estimated based on the gas temperature. At this efficiency 
and a capital cost in excess of $9.8 million, the cost-efficiency is anticipated to be a 
minimum of $11 ,401 per ton SOz removed. This is in excess of the $3.6 million already 
spent on SOz control. Negative environmental impacts are associated with the 
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manufacture and transport of the hydrated lime reagent and the transport and landfilling 
of the sludges generated by the DLS. The EPA's RBLC Database does not list DLS as an 
installed S02 control technology. Therefore, DLS has also been eliminated from 
consideration as BACT. 

a . ummary 0 f BACT C A I . I n~ormatIOnT bl e 515 S	 ost nalysls 
Control 

Rank 
Technology 

Control 
Efficiency 

Cost Per Ton 
S02Removed 

Cost Per Ton 
Clinker 

1 
Inherent Dry 

Scrubbing 
82% - 96% - ­ - $5.70* 

2 

3 

Wet Scrubbing 80% - 90% $18,064 $26.36 
Microfine Lime 

Injection 
40% - 51% $10,735 - $8,453 $6.96 - $6.99 

4 Dry Scrubbing Up to 40% $11,401 $7.39 
* Based on the $3.6 million already spent on S02 controls. 

5.7.4 Conclusion 

All potential add-on S02 control technologies have been eliminated based upon cost­
effectiveness and negative environmental impacts. Of the potential add-on S02 control 
technologies analyzed here, only wet scrubbing is listed in the EPA's RBLC Database as 
an installed technology on recently permitted cement manufacturing facilities. Of the 
potential add-on control technologies considered, wet scrubbing is the least cost effective 
both in terms of cost per ton of S02 removed and in additional production cost in terms of 
cost per ton of clinker. For comparison, the state of Missouri Department of Natural 
Resources considers control technologies with a cost greater than $5,000 per ton of 
pollutant removed to not be cost effective.2o As can be seen in Table 5.15, the most cost 
effective add-on control technology would cost over $11,000 per ton of S02 removed to 
implement. This is more than double the threshold of what is considered cost-effective 
S02 removal. 

Therefore, the inherent dry scrubbing of the kiln itself combined with the improvements 
that have already been installed, such as the new kiln ID fan and mixing air system 
represent BACT for Holcim's Hagerstown kiln. 
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