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5. ENFORCEMENT OF ENVIRONMENTAL LAWS 

EPA enforcement can be avoided by always complying with environmental laws and seeking constantly 
to keep  the environment clean. GPA  is  involved  in the community and the environment of Guam  in a 
way that preserves and protects the people and environment so that no EPA enforcement is necessary. 
It is important to GPA to keep the lines of communication open and active. 
 
Region 9 of US EPA is the regional office in San Francisco which covers activities of the agency through 
the Pacific Islands Program office. Region 9 has been supportive and appreciative of the GPA efforts to 
import  low sulfur diesel fuel to Guam. The Office also  is taking a keen  interest  in SO2 non‐attainment 
situation, which it would like to resolve. 

 
Region 9  is a significant supporter of Green House Gas emission  reductions, pollution prevention and 
sustainability initiatives. Expect support for any GPA initiatives in these areas. 
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6. RECOMMENDATIONS 

GPA’s  Environmental  Strategic  Planning  Team  recommends  the  following  initiatives  to  be  able  to 
provide  safe,  reliable, and  responsive energy  services  in an environmentally  sensitive and  responsible 
manner:  

 
 
Initiative 1:     Compliance with current and upcoming Environmental Regulations should be  included  in 
planning for GPA’s generation, transmission and distribution resources, as well as energy services.  This 
initiative has commenced with the inclusion of Environmental Compliance in GPA’s Integrated Resource 
Plan.   

 
Initiative 2:   Key Environmental Compliance Requirements shall be communicated regularly to internal 
partners (other GPA Divisions), and externally through meetings or discussions with stakeholders.   This 
initiative  has  commenced  through  two  internal  Environmental  Strategic  Plan  Presentations  and 
conference  calls  with  GPA’s  Environmental  Consultant,  and  with  a  Stakeholder  Meeting  with 
representatives from the US Navy, Guam EPA and the Governor’s Office in September 2011.  

 
Initiative  3:     GPA  should  establish  a  process  that  ensures  each major  activity  (CIP  or Major O&M) 
undergoes review for compliance with environmental requirements stated in this Strategic Plan (such as 
PSD Applicability Determination).  

 
Initiative 4:   In complying with the various regulatory requirements, GPA shall consider the installation 
of control devices, the use of a different fuel type, and others such as to request exemption from USEPA.  
GPA’s consultant recommended the filing or requesting a consent decree to exempt GPA from various 
regulations.  In  a meeting with Guam  EPA,  they  recommended  the  filing of  a  325 Waiver  for  various 
sections of the Clean Air Act.  

 
Initiative 5:   GPA shall continue working on actions decreasing hazardous air emissions from the utility 
and  the Guam  community.    Some  of  the  actions  recently  completed were  the  transition  from  0.5% 
Sulfur Diesel to Ultra Low (15 ppm or less) Sulfur Diesel for GPA’s diesel‐fired units, and the acquisition 
of 20 MW Renewable Energy Contract.     GPA’s leadership and facilitation of the effort to transition to 
ultra‐low  sulfur  diesel  decreased  sulfur  dioxide  emissions  in  the Guam  Transportation,  Construction, 
Power  Generation  and  other  economic  sectors.    Furthermore,  GPA  has  undertaken  a  Demand‐Side 
Management Program with Large Customers and is working on programs for residential customers.  GPA 
should provide additional  resources  (such as  staffing and  funding)  to  support  these efforts under  the 
Strategic  Planning  and Operations  Research Division.    These  programs  have  created  a  virtual  power 
plant of energy savings and hazardous air emission reductions.  
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MEMORANDUM: Cabras/Tanguisson MATS (MACT for Steam Electric Power 
Plants) Compliance Requirements 

DATE: September 7, 2012 

FROM: Gale F. Hoffnagle, CCM, QEP 

TO:  John Cruz, Jennifer Sablan, Sylvia Ipanag, Roger Pabunan, and Paz Tison  

The MATS requires compliance with the emission limits in Table 1. GPA can 
choose whether to meet the total metals, individual metals or filterable 
particulate limit. The ICR stack sampling of Cabras Unit 1 yields the following 
calculated situation: 

TABLE 1 

MERCURY AND NON‐MERCURY 
METALLIC HAP  Convert to

Emission 
limit  Emissions/  % Control 

   lb/MMBTU  lb/Tbtu  lb/Tbtu         Limit  Required 
Hg  8.33E‐08  8.33E‐02  4.00E‐02 2.08  52.0% 
Antimony  5.53E‐05  5.53E+01  2.20E+00 25.14  96.0% 
Arsenic  4.55E‐06  4.55E+00  4.30E+00 1.06  5.5% 
Beryllium  6.89E‐08  6.89E‐02  6.00E‐01 0.11    
Cadmium  8.87E‐07  8.87E‐01  3.00E‐01 2.96  66.2% 
Chromium  3.84E‐06  3.84E+00  3.10E+01 0.12    
Cobalt  2.15E‐05  2.15E+01  1.10E+02 0.20    
Lead  3.71E‐06  3.71E+00  4.90E+00 0.76    
Manganese  6.46E‐06  6.46E+00  2.00E+01 0.32    
Nickel  7.55E‐04  7.55E+02  4.70E+02 1.61  37.7% 
Selenium  3.45E‐06  3.45E+00  9.80E+00 0.35    
              
OR        lb/MMBTU       
Filterable Particulate  7.65E‐02     3.00E‐02 2.55  60.8% 
OR                
Total HAP Metals  8.55E‐04     6.00E‐04 1.42  29.8% 

 



A. Options for Control of Metals Emissions 

Option 1: Retest Cabras Unit 1 

The ICR tests for filterable particulates were performed at too low a 
temperature when compared to the final MATS testing requirements. The final 
testing requirements call for a temperature at the filter paper that would 
preclude the deposition of sulfates (from the SO2 content of the exhaust). It is 
therefore expected that when re‐tested, the filterable particulate would meet the 
MATS emission limit of 0.03 lbs/MMBTU. It is suggested that such a test be 
performed immediately to determine if no controls would be required to meet 
the MATS emission limits.  

Option 2: Tanguisson 

  Tanguisson can avoid the MATS requirements completely (including the 
testing requirements) by limiting its capacity to less than 25 MW per unit. This 
would have to be memorialized in the Air Quality permit in order to be 
enforceable under the Clean Air Act. 

Option 3: Reduced Metal in Oil 

  If metals were reduced in the purchased oil, it may be possible to meet the 
standard. Better refined residual fuel or distillate fuel could be used, even on an 
interim basis. This oil will, of course cost more.  

Option 4:  Control Equipment for MATS Compliance Only 

  We had previously calculated the expected cost of compliance with the 
MATS Standard using Electrostatic Precipitators (ESP). ESPs are preferable to 
baghouse filters because of the nature of oil smoke. The capital cost was $17.4 
million per unit at Cabras and $7 million per unit at Tanguisson (35% Guam factor 
included). Annual operating costs were estimated at $442,200 per unit at Cabras 
and $177,500 per unit at Tanguisson. 

Option 5: Control Equipment for Sulfur Dioxide and MATS Control 



  The proposed scrubbers for each of the four units to meet the SO2 NAAQS 
would easily also meet the MATS requirements. The deadline for completion of 
the scrubbers would, however, need to be moved up to May 2015 from June 
2017. There are nearly automatic one year extensions from the May 2015 
compliance date and a second year of extension is possible based on electric 
reliability arguments. With both extensions the compliance dates would be similar 
(May vs. June of 2017).  Wet scrubber systems were estimated at $79 million per 
unit at Cabras at dry scrubber systems were estimated at $129 million per unit. 

Option 6: LNG 

  Natural gas is not subject to the MATS. 

 

B. Control of Chlorinated Hydrocarbon Emissions 

 

Control of Chlorine and Fluorine Emissions 

  Control of these emissions is attained by the use of fuel which is less than 
1% water. Current water contents are well below 1%. Additionally the fuels were 
tested for chlorine and fluorine content and the results yield calculated emissions 
significantly below the emissions limits in the MATS. 

C. Testing Requirements 

  There are two options: 1) Continuous Emissions Monitor (CEM) for 
Particulate Matter or 2) quarterly stack testing for metals. TRC currently 
recommends against the CEM because of the unreliability of the available 
monitors. Quarterly stack test costs are estimated at $200,000 per year for all 
four units. Testing is due in 2015. 

D. Other Requirements 

There are startup and shutdown requirements as well as tune‐up requirements to 
be considered. 



3. There may be some cost reduction if several units can be served by a 
single larger ESP. The savings may be on the order of 10% but would be 
offset by the costs of ducting to bring the emissions to a common ESP. 

4. The annual operating and maintenance costs for oil fired ESPs are not 
addressed in the EEI data. The maintenance costs for a fabric filter 
($3.7/kW) were considered to give an idea of the costs and $3/kW was 
added fro O&M of the DSI. A significant portion of the O & M costs will 
be for electricity needed to run the DSI ESP thus reducing the output of 
the units (this is called parasitic cost). 

5. For Cabas Unit 1 the cost per unit of pollution, a common way to 
evaluate the cost effectiveness of a regulation is $803,000 per ton of 
metals emissions reduced. This calculation assumes 20 year depreciation 
and 6% cost of capital. The total metals emissions are 1.65 tons/year. 

6. The GPA units do not qualify as a major source of HAP emissions 
(greater than 25 tons per year of all HAP emissions and /or greater than 
10 tons per year for any single HAP). This proposed rule applies 
regardless of major source size. 

The timing of the ability to comply with the MACT in 3 years, or even with an 
extension to 4 or 5 years, is problematic. EPA expects that US utilities will be able 
to meet these short deadlines because of the planning that has occurred for the 
CAIR rule over the last few years does not apply to GPA because it will have to 
start from scratch. The ability of engineers, suppliers and manufacturers to meet 
GPA requirements will also be strained because of continental demands and the 
distance to Guam. 

SUMMARY 

Compliance with the MACT by GPA will be extremely costly and the costs may be 
much higher than the $57 Million capital cost projected in TABLE 2. Only a very 
small emissions reduction (1.65 tons/year of metals) will be accomplished by this 
extraordinary expense of $803,000 dollar per ton of pollutant removed. 
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MEMORANUM: MACT Requirements for Diesel Engines 

DATE: May 22, 2012 

FROM: Gale F. Hoffnagle, CCM, QEP 

TO:  John Cruz, Sylvia Ipanag, Paz Tison, and Jennifer Sablan 

The MACT standard for Reciprocating Internal Combustion Engines (RICE) was 
promulgated on August 20, 2010 (40 CFR Part 63 Subpart ZZZZ). It requires that all 
diesel engines which are greater than 500 Horse Power (HP) either emit less than 
23 ppm of Carbon Monoxide (CO is a surrogate for the unburned hydrocarbons  
(Hazardous Air Pollutants) that are emitted because of incomplete combustion. If 
the engine emits more than 23 ppm, then reducing emissions to 23 ppm or 70% 
control of the CO that is emitted is required.  

Each and every diesel engine in the GPA fleet is greater than 500 HP. The rule 
applies whether the location is a major source of HAPs or an area (minor) source 
of HAPS. My current calculations using the ICR data indicate that each GPA 
location is a minor (area) source of HAPS.  

The initial notification date was February 11, 2011 at which time GPA should have 
notified EPA that their diesel engines were subject to the rule. 

The compliance date is May 3, 2013. GPA must conduct performance tests to 
demonstrate compliance within 180 days after the compliance date, which is 
December 16, 2013. There is the possibility of a one year extension (40 CFR Part 
63.6i4) for compliance for the installation of controls. 

 

 

 



Control Considerations 

1. Ultra‐Low Sulfur Fuel Diesels 

The diesels which are fired on ultra‐low sulfur diesel fuel would be expected by 
the rule to add an oxidation catalyst to the exhaust stream which oxidizes the CO 
to CO2 (along with the HAP hydrocarbons). These are relatively standard 
installations and the capital costs are reasonably well known (about $27 per HP). 
The capitol costs are estimated at: 

Tenjo 1 through 6:     6095 HP each    $170,000 each if separate 

Dededo 1 through 4:   3600 HP each    $100,000 each if separate 

Manenggon 1 and 2:    7400 HP each    $203,000 each if separate 

Talofofo 1 and 2:     6095 HP each    $170,000 each if separate 

            Total    $2,166,000 

Multiple diesels could be serviced by a common control device, but there are 
operational considerations.  

This is the capital cost and does include shipment to the site, installation, start‐up 
and testing. Annual operating costs are about $5 per HP, or ~$140,000 for all 
these diesels. 

GPA has indicated that the Dededo diesels may be retired. If so, these diesels 
should be removed from the air permit by May 3, 2013. This would reduce the 
estimated costs shown above by $400,000. An added benefit is that total 
emissions from Dededo would be reduced thereby facilitating the re‐permitting of 
the Combustion Turbines. 

2. Residual Fuel Oil Diesels 

The diesels which are fired on RFO are a different matter because of the high 
sulfur content of the fuel. The catalyst will oxidize the SO2 to SO3 thereby creating 
sulfuric acid (combined with water in the exhaust or atmosphere). This oxidation 



could be up to 40% of the SO2. One catalyst manufacturer has told us that 600 
ppm SO2 is the limit of his catalyst. Oxidation catalyst by itself is not a feasible 
alternative. The only approach is to reduce the sulfur content of the exhaust to 
600 ppm and then apply the catalyst.  

It will be necessary to change fuels in order to meet this MACT at the RFO diesels. 
The costs are as follows: 

1. Ultra‐Low Sulfur Diesel – This conversion for the 4 RFO diesels would 
require additional fuel costs of $54/barrel, estimated at $73 million per 
year (a 33% increase). Then the estimated cost of the purchase and 
installation of the oxidation catalyst control devices would be 
$6,500,000. The estimated annual operating costs for the control device 
would be $1,170,000. Other capital costs may be needed to burn this 
fuel. 
 

2. Low Sulfur RFO plus SO2 Control – This option requires purchase of 
lower sulfur RFO (from current 2% and 1.19%) to about 0.3% or  0.5%. 
This change is estimated at $43/barrel or $58 million annually. The SO2 
content of the exhaust would have to be further reduced using a dry 
scrubber and a bag house to meet the inlet requirements of the 
oxidation catalyst. These capital costs an operating costs are shown in 
the following table: 
 

Plant  Unit  MW  Capital Cost  Annual Operating Cost 
Cabras  3  39.3  $97,088,000  $2,095,000 

   4  39.3  $97,088,000  $2,095,000 
MEC  8  44.2  $109,094,000  $2,352,000 
   9  44.2  $109,094,000  $2,352,000 
TOTAL:  $412,364,000  $8,894,000 
 
This alternative would also require storage of a fourth fuel with those 
added expenses.  
 



3. Liquefied Natural Gas – The MACT for diesels does not apply to gas fired 
diesels.  

 

Because the EPA preferred method of control is oxidation catalyst, it may be 
possible to claim the control is infeasible and be exempted from the rule because 
the cost of control is excessive for this location and fuel. It is important to note 
that Guam is exempted in the rule from being required to change fuels to meet 
the MACT standard. Continental diesels of this size will have to change to low 
sulfur fuels. 

Extension Should Be Requested 

For both the Ultra‐Low Sulfur Diesels and the RFO Diesels, GPA should request an 
extension of the compliance date from May 2013 to May 2014. This would be 
based on the inability to come into compliance (build the control devices) by May 
2013.  

Request Exemption for RFO Engines 

GPA should request an exemption from the MACT for the RFO engines based 
upon the following factors: 

1. Compliance requires change in fuel for which Guam is already exempted. 
2. GPA agrees to come into compliance for the ULSD engines, which are, in 

general, closer to the population.  
3. Current emissions of CO from the 4 RFO units are on the order of 65 ppm 

which represents substantial combustion efficiency and means that 
compliance to 23 ppm represents a minimal reduction in emissions for a 
huge investment. The costs would be capital costs of $412 million and $9 
million annually. This is at least $370,000/ton of CO removed which is 
beyond reasonable (most decisions on controls are made at the $5,000‐
$10,000/ton range). 

4. EPA does not provide any guidance for compliance for the RFO engines. 
5. Guam cannot afford the cost increases needed to meet the MACT. 



6. GPA could propose switching to LNG at some later date if the above 
arguments are insufficient. 
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ENVIRONMENTAL  •  ENERGY  •  REAL ESTATE  •  INFRASTRUCTURE 

Memorandum 
 

To: Gale Hoffnagle 
TRC 

From: Mark M. Hultman, P.E. 
TRC 

Subject: MACT Compliance for Slow Speed Diesels on Guam 
Date: April 12, 2012 
CC: Barry Stewart 
Project No.: 182207 
 
Executive Summary 
 
In a previous memorandum dated December 5, 2011, (attached) wet and dry SO2 control devices were costed 
for application to the Cabras Power plant Units 1 & 2 boilers on the Island of Guam in 2011 dollars.  In that 
memo, the costs included the 35% cost escalation factor for Guam.  As a follow-on to that analysis, compliance 
with the Maximum Achievable Control Technology (MACT) standard for Reciprocating Internal Combustion 
Engines (RICE) at area sources of Hazardous Air Pollutant (HAP) emissions has been completed for the slow-
speed diesels Units 3 & 4 and the results are included herein.  
 
     Engine 3 or 4  Control Eff     
 
Lime Spray Dryer System  $97,087,000  85% 
Fabric Filter Portion of the Above  $27,732,000 
Oxidation Catalyst   $  1,934,000  >70% for CO 
 
In a table that accompanies this report there is a detailed breakdown of the components of the costs to attain 
compliance with the MACT emission rate standard for RICE contained in 40 CFR Part 63, Subpart ZZZZ.  In 
view of the large numbers of products of incomplete combustion emitted from these sources, EPA developed 
the MACT regulation to use a surrogate pollutant, carbon monoxide (CO) in place of each HAP.  For the large 
RICE (Engines No. 3 and 4) at Cabras, the MACT standard is either compliance with an emission standard of 
23 parts per million by volume dry (ppmvd) corrected to 15% O2 in the exhaust or a 70% reduction in the inlet 
CO concentration (inlet to the oxidation catalyst). 
 
Discussion 
 
Large slow-speed diesels at Cabras are subject to the MACT standard for existing area sources with a maximum 
power output of greater than 500 brake horsepower (BHP).  Each unit No. 3 and 4 is a 55,060 BHP Hanjung-
MAN, B&W diesel engine burning residual fuel oil with a sulfur content of 2.2%.  The engines are subject to 
the MACT standard for existing RICE and must reduce emissions of CO to 23 ppmvd @ 15% O2, or by more 
than 70%.  Stack test data performed in August 2011 show emissions from Unit #3 of 73.5 ppm and Unit #4 of 
71.2 ppm.   
 



Memorandum 
Page 2 of 3 

In most cases a bed of catalytic material can be installed in the exhaust gas ducting of a compression 
reciprocating diesel engine to meet the MACT standard.  The oxidation catalyst units typically start out with a 
control efficiency for CO of 90% or greater and then degrades over time to the minimum of 70% at which time 
the catalyst is changed.  The CO control efficiency is a good surrogate parameter that will be indicative of the 
simultaneous destruction of the numerous HAP organics that exist in diesel exhaust.  With continuous 
operation, the catalyst will last 2 to 3 years before it degrades and must be replaced.  The MACT standard 
requires that inlet temperature to the catalyst bed and the bed pressure drop be recorded during operation of the 
unit.   
 
A significant issue for the large diesels at Cabras is the fuel sulfur content.  CO oxidation catalysts will degrade 
rapidly if the diesel engine fuel contains more than 500 ppm sulfur (0.05 weight percent).  For this reason, 
compliance with the MACT standard must involve limitation of the sulfur in the fuel to the equivalent of this 
maximum limit or sulfur dioxide controls to reduce the equivalent exhaust sulfur to an acceptable level.   
 
A conversion to ultra-low sulfur diesel fuel could be an option, however the cost of this option is likely out of 
the question.  Nevertheless, a lower sulfur level No 6 fuel oil in the engine is necessary to prevent premature 
catalyst failure.  The lowest available guaranteed sulfur content in No. 6 residual fuel oil is 0.3 weight percent, 
or 3000 ppmw. 
 
In the interest of learning the maximum limit of sulfur content in diesel fuel, I searched for information on 
oxidation catalysts.  I contacted a technical representative at BASF who provided the attached guidelines for 
sulfur in fuel in various parts of the world.  They have one possible installation in Hawaii of an oxidation 
catalyst on a slow speed diesel with No. 6 fuel oil with a 0.3% sulfur content.  BASF will not guarantee catalyst 
performance with this sulfur level and the application has not yet become operational.  Large slow-speed diesels 
are common electrical generation units in non-continental areas of the world including Hawaii.    
 
One way to approach MACT for the slow speed diesels is in conjunction with attaining compliance with the 
SO2  NAAQS.  A conversion to 0.3% S No. 6 oil with dry gas scrubbing and add-on particulate filtration to 
attain 85% SO2  reduction could solve both the NAAQS attainment and the MACT oxidation catalyst issue 
together.  The 85% reduction, presumed to be attainable with a lime spray dryer and baghouse will result in SO2   
emissions equivalent to a 500 ppmw sulfur in fuel equivalence which will be compatible with a CO oxidation 
catalyst for MACT compliance. 
 
Available costing information for diesel oxidation catalysts is that the capital cost of a unit is a linear function of 
engine horsepower1.  For costing of the Oxidation Catalyst module, the horsepower is the actual engine 
horsepower and not the adjusted engine horsepower used to size the dry scrubbing control equipment (see the 
December 5, 2011 memorandum for the cost rationale of the SO2  control equipment costing).  The oxidation 
catalyst is a static honeycomb-filled plug-flow reactor that contains the catalyst.  The cost of a retrofit device is 
well represented by the following equation: 
 
Oxidation Catalyst Cost = $27.4 x HP -$939 
 

                                                        
1 ECR Incorporated, Nelson, Bradley, “Control Costs for Existing Stationary CI RICE”, January 29, 2010.  
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One concern here is that even with the spray dryer absorber to reduce the SO2  concentration into the oxidation 
catalyst, and the addition of a baghouse to control particulate matter, the catalyst inlet temperature must be 
maintained in the proper range.  This could  require reheating of the exhaust if the minimum catalyst operating 
temperature is not maintained.  This penalty is not included in this analysis. 
 
 
 
 
 
 



CABRAS ENGINE 3 OR 4
LIME SPRAY DRYING COSTING DEVELOPMENT

INCLUDING AN OXIDATION CATALYST

Variable Designation Units Value Equation/Input(1)

Unit Capacity (Gross) A (MW)  46.9 Input
Retrofit Factor B 1 Difficulty of Retrofit
Gross heat rate C Btu/kWhr 9,545 Input
SO2 Emiss Rate D lbs/MMBtu 0.314 Uncontrolled (0.3%S)

Type of Oil E Input
Fuel Factor F 1.05 Input
Heat Rate Factor G 0.95 C / 10000
Heat input H MM Btu/hr 447.7 A X C x 1000
Lime Rate K (tons/hr) 0.10 See equation in report
Waste Rate L (tons/hr) 0.22 See equation in report
Fly Ash Waste Rate P (tons/hr) 1.28 See equation in report
Aux Power M (%) 1.30 See equation in report

Make Up Water N 103 gph 2.60 See equation in report
Operating Labor Rate T ($/hr) 81

Basic Absorber BMR ($) $11,728,374 See equation in report
FF Capital Cost FF Cost $438/kW $27,731,970 See equation in report

Oxidation Catalyst3 $27.40/bhp‐$939 ($) $1,933,794
Reagent Preparation BMF ($) $5,004,445 See equation in report
ID Fan, Other Costs BMB ($) $16,975,649 See equation in report
Capital Cost BM Sum ($) $63,374,231 Base LSD Module
Engineering A1 10% $6,337,423
Construction Labor A2 10% $6,337,423
Contractor Fees A3 10% $6,337,423

CECC $82,386,501 Capital, Eng, and Const
Owners Cost B1 5% $4,119,325 Various home office fees
AFUDC 10% of (CECC+B1) $8,650,583
Total Project Cost 2009$ $95,156,408

2011$ $97,087,627
2,029 $/kW

Fixed Operator Cost FOMO $227,448 2,080 hrs‐ one operator
Maintenance Material FOMM $855,552 1% of BM Capital Cost
Admin Labor Cost FOMA $17,090
Auxiliary Power VOMA 1.06
Lime Cost VOMR $12.29 Lime cost in $/hr
Waste Disposal Cost VOMW $101.25 Waste Cost in $/hr
Annual Lime Requirements: tons 839
Waste Disposal Requirements: tons 1,936
Notes:
1) Cost analysis equations from "IPM Model‐Revisions to Cost And Performance for APC
Technologies‐SDA FDG Cost Development Methodology‐FINAL", August 2010
Project 12301‐007, Perrin Quarles Associates, Inc., prepared by Sargent & Lundy, LLC
2) All costs include 35% cost escalation for Guam
3) Based on the actual engine horsepower

No. 6

CAPITAL EQUIPMENT COSTS

OPERATING AND MAINTENANCE COSTS
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Memorandum 
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From: Mark M. Hultman, P.E. 
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Subject: SO2, Dry and Wet Scrubbing for Guam 
Date: December 5, 2011 
CC: Barry Stewart 
Project No.: 182207 
 
Executive Summary 
 
Wet and dry SO2 control devices have been costed for application to the Cabras Power plant on the Island of 
Guam in 2011 dollars.  Both of the boilers and both of the engines use high sulfur residual oil as fuel.  The 
results of the cost determinations are as follows in 2011 dollars: 
 
     Boiler 1 or 2  Engine 3 or 4  Control Eff 
 
Limestone Forced Oxidation  $79,150,000  $58,489,000  95+% 

Wet FGD        
 
Lime Spray Dryer with   $129,370,000  $96,969,000  50-80% 
Fabric Filter Portion of the Above  $39,025,000  $27,732,000 
 
In tables that accompany this report there is a detailed breakdown of the components of the costs in Tables 2 
through 5.  Chemical reagent requirements and waste production are listed at the bottom of each sheet.  These 
are study level costs which are likely accurate within 30% of true cost values. 
 
Discussion 
 
There are a total of eight electric utility steam generating unit (EUSGUs) electric power plants on the island of 
Guam that burn high sulfur No. 6 residual oil (2% S)).  In view of the likely need to control the sulfur dioxide 
(SO2) emissions from these plants to comply with the new NAAQS, I have looked into lower sulfur fuel 
switching, dry scrubbing techniques, and wet flue gas desulfurization (FGD) systems to reduce SO2 in order to 
attain compliance with the new standard.  Dry injection techniques include the injection of dry sorbent like 
trona( sodium bicarbonate) or lime into the ducting with subsequent collection of the solids in a particulate 
control device, i.e., an ESP or a  baghouse, and spray dryer absorbers also with subsequent particulate 
collection.       
 
Historically, existing EUSGUs which utilize residual oil have not been required to control SO2 and previous 
NAAQS for this pollutant were relatively easy to meet by utilizing tall stacks, in some cases combining a tall 
stack with a fuel sulfur content limit.   This is no longer the case and with the new 1-hr SO2 standard, many 
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existing sources such as the GPA EUSGUs will need to control SO2 by  >90% when burning 2% S fuel and 
>50% when burning lower S (1.19%S) residual oil.  Both wet and dry FGD systems have been optimized over 
the past two decades but application has been limited to coal fired boilers only. 
 
While wet and dry FGD systems have only been applied to coal fired units, there is no reason that the same 
technology cannot apply to residual oil fired units as well.  The theoretical amount of air required for 
combustion of a subbituminous coal or No. 6 residual oil are 756 and 758 pounds per million Btus respectively 
(Perry’s, 5th ed., Table 9-19).  Furthermore, to attain proper combustion, the same percentage of excess air, i.e. 
roughly 15 to 20% is utilized with either fuel (Perry’s Figure 9-5).  This indicates that nearly identical exhaust 
gas flow rates per MM (million) Btu of heat input will result from the combustion of either fuel.   The major 
difference between the two is that coal contains approximately 20 times the particulate emissions of No. 6 
residual oil due to ash in the coal.           
 
Prior to 2010 the most comprehensive source of cost information for air pollution control equipment was the 
EPA Control Cost Manual from 2002.  The manual provides information that can be utilized to develop cost 
estimates for VOC controls (thermal oxidizers), NOx controls, selective non-catalytic reduction (SNCR) and 
selective catalytic reduction (SCR) controls, and particulate controls (electrotstatic precipitators (ESPs) and 
fabric filters (FFs)).  Very little information on SO2 controls was included.  
 
In 2003 EPA published information on the capital and operating costs of SO2 removal air pollution controls, but 
it was very broad and the information could only be used to develop broad ranges of costs (see EPA-452/F-03-
034).  For example, for a wet FGD scrubber system the information gives a capital cost of between $250 to 
$1,500 per KW for all boilers less than 400 MW in power output.  While this was the only information available 
until recently, even the author, the US EPA, did not encourage use of these data for control costing analysis. 
 
In light of the new interstate analyses being performed to assess issues like regional visibility under BART and 
interstate transport of NOx under CAIR, major cost studies were performed under the supervision of EPA for the 
control of SO2 and NOx.  The engineering firm Sargent & Lundy (S&L) published several papers that provided 
cost estimation tools for estimation of wet and dry scrubbing techniques for SO2 and for SNCR and SCR NOx 
controls.  All data were developed in 2009 dollars and the cost techniques developed are from actual proprietary 
cost information.  I believe these are the best data currently available. 
 
SO2 Control Efficiency to Comply with the NAAQS 
 
Table 1 presents the results of modeling analyses for the north and south portions of Guam.  The Cabras power 
plant is located in the southern part of the island and the two 66 MW boilers and two 40 MW diesels burn high 
sulfur residual No. 6 fuel oil (2% sulfur).  Depending on wind direction, all units may switch to a lower sulfur 
(1.19% sulfur) residual fuel.  Based upon the results of the modeling, and using the standard assumption that the 
ambient impacts are directly proportional to the fuel sulfur content, Table 1 shows the percentage reduction in 
fuel sulfur, or the percentage of SO2 control that is required to attain compliance with the NAAQS.  For 2% 
sulfur No. 6 oil greater than a 90% control of SO2 in the north or south while a control efficiency of 50% or 
more is required if the 1.19% S fuel is burned.  The type and design of control equipment at Cabras and/or 
Tanguisson strongly depends on the fuel sulfur content. 
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Limestone forced oxidation wet scrubbing (LSFO) can achieve in excess of 95% SO2 control while dry 
techniques can attain 50 to 80% SO2 control.     
 
S&L Costing Approach 
 
The estimation of the cost of wet FGD equipment by S&L was developed under finding from EPA.  The 
empirical cost of the hardware was based on vendor data and actual installations.  The details of the total cost for 
one Cabras 66 MW boiler and one 40 MW engine are presented in Tables  1 and 2.  The costs for the absorber 
unit, the reagent preparation equipment, waste handling equipment, and other equipment are broken out 
separately.  Installation costs for engineering, construction management, and owners costs are all determined as 
percentages of the total capital equipment cost as is standard in such costing analyses.  All costs have been 
escalated by 35% to account for the remote location of the installations.  Costs are expected to be study level 
costs, i.e., accurate to plus or minus 30%.   
 
Larger utility boilers often require multiple absorber units per boiler, however, these units are small and one 
scrubber vessel per unit will suffice.  It still would be advisable to have one spare absorber vessel associated 
with the two boilers and a spare for the two engines to allow continued operation with one scrubber vessel off 
line for scale removal.   
 
Table 2 shows the results of application of the S&L cost analysis technique to Cabras 1 or 2 steam boilers. 
Sufficient detail is provided to show the breakdown of the hardware, construction, engineering, and other 
installation costs.  Operation and maintenance costs are also included.  Wet FGD is a labor intensive operation 
with 12 operators required for plants less than 500 MW. 
 
Costing of Wet FGD Equipment for Cabras Power Station –Boilers 1 and 2 
 
Wet scrubbing equipment for SO2 control includes an absorber, reagent preparation equipment, injection 
pumps, recirculation tanks, waste removal equipment, and ducting, valving, and other support equipment.  The 
concept is simple and the approach is to establish intimate contact with the SO2 laden gas and the absorber 
liquid.  Some scrubbers include packing material to provide a large surface area for gas/liquid contact and others 
use a venturi scrubber design that accelerates the gas through a nozzle for atomization and gas liquid contact.  
The technology is well developed. 
 
The S&L costing study was based on coal fired boilers, but the costs will be only slightly different for No. 6 
residual fuel oil fired units.  Because S&L developed their empirical cost equations for the scrubber vessels 
portion of the systems for coal-fired units as proportional to the exhaust gas flow rates and used the megawatt 
output of the boiler as a surrogate for exhaust gas flow, using the MW output of a residual oil fired unit will be 
no different.  Because the exhaust gas flow rate is essentially the same whether a MW is generated by 
bituminous/subbituminous coal or residual No. 6 fuel oil, the basic absorber costs will be the same. 
 
Reagent costs and the resulting sludge from the absorber depend directly on the sulfur content of the fuel 
burned.  The majority of new systems employ the LSFO FGD process.  LSFO, or limestone forced oxidation, 
forces air into the absorption solution and converts the absorbed sulfite to sulfate (gypsum) which can be a 
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saleable product with 99% conversion to the sulfate.  Typically the absorber vessel will accumulate gypsum 
scale, but this can be controlled by the air injection process.     
 
 
     
Costing of Wet FGD Equipment for Cabras Power Station –Engine Units 3 and 4 
 
In addition to two steam electric boilers, there are two 55,000 brake horsepower (bhp) reciprocating internal 
combustion (compression ignition) engines (RICE) that also burn high sulfur No. 6 fuel oil.  Each unit generates 
40 MW at full load.  The exhaust from each unit can be scrubbed for SO2 control using the same basic 
absorption technology normally applied to boilers. 
 
RICE operate with higher exhaust gas flows than equivalent heat input boilers.  This is shown by the stack tests 
performed on the boilers and the engine sources which have 6% O2 (boilers) and 14% O2 (engines) in their 
exhaust gases.  In view of the fact that the S&L empirical costing technique was based on boilers, a ratio of the 
exhaust gas flows was used to estimate the equivalent coal-fired boiler power output appropriate for application 
of Cabras Unit 3 or 4.  Using a ratio of exhaust gas flows derived from stack tests on one boiler and one engine, 
it was determined that a scrubber sized for a 46.9 MW coal fired boiler could be used to scrub emissions  from 
one 40 MW engine source.  The amount of limestone consumed and the amount of gypsum formed is 
determined by the actual sulfur content of the fuel and the actual fuel firing rate of the engines. 
 
Table 3 shows the results of application of the costing analysis technique to the emissions from the two RICE 
sources.  You will note that the MW output of the plant at the top of the sheet is based on a 46.9 MW boiler to 
account for the greater exhaust gas flow rate for engines as compared to boilers.   
 
Costing of Dry FGD Equipment for Cabras Power Station –Boilers 1 and 2 
 
Dry scrubbing for the control of SO2 injects a lime slurry into the exhaust gas with the solids reacting with the 
SO2 to form salts which are then collected in either an electrostatic precipitator (ESP) or a fabric filter (FF).  The 
slurry is injected in what is called a spray tower and the amount injected is such that the gas stream is not 
saturated but is significantly humidified.  50 to 80% SO2 control is typically attained.  Some recirculating dry 
scrubbing systems reinject the collected solids from the hopper of the FF, and removal efficiencies of 95% or 
more can be attained.  The dry scrubber (lime spray drying) cost analysis is presented in Table 4. 
 
Of special note, the dry scrubbing techniques include the cost of a pulse-jet fabric filter at a cost of $438/kW in 
2008 dollars.  For dry scrubbing, although more expensive, the filter cake on the fabric bags greatly enhances 
SO2 removal efficiency.   
   
Costing of Dry FGD Equipment for Cabras Power Station –Engine Units 3 and 4 
 
The lime spray dryer costing approach by S&L is the same as for wet FGD systems and therefore the same 
assumption for the engine sources based on the higher exhaust gas flow rate was used.   



Table 1 
SO2 Control Requirements  Based on Modeling

2% S 1.19% S

Period
Concentration 

(µg/m3) Period
Concentration 

(µg/m3)
NAAQS 
(µg/m3)

1-HR 12463.4 1-HR 5946.50 196 97.0% 56.5%
3-HR 14666.76 3-HR 9219.16 1300 76.1% 35.6%

24-HR 3321.91 24-HR 554.50 365 86.8% 46.3%
Annual 344.21 Annual 208.35 80 41.1% 0.6%

2% S 1.19% S

Period
Concentration 

(µg/m3) Period
Concentration 

(µg/m3)
NAAQS 
(µg/m3)

1-HR 4577.35 1-HR 2505.35 196 90.5% 50.0%
3-HR 3658.49 3-HR 703.32 1300 56.0% 15.5%

24-HR 630.93 24-HR -300.60 365 60.8% 20.3%
Annual 134.79 Annual 35.26 80 19.6% none

SO2 Control to Meet NAAQS No. 6 Oil

SO2 Control to Meet NAAQS with 2% S No. 6 Oil

Run12 Impacts: Permitted 
Emissions, AERMINUTE 

Included, Downwash 
Included

Difference Between Run 12 
and Run 14

Northern SO2 Impacts (Tanguisson Area)

Southern SO2 Impacts (Cabras Area)



TABLE 2 WET FGD SYSTEM FOR ONE 66 MW NO. 6 OIL FIRED BOILER
AT CABRAS POWER PLANT

Variable Designation Units Value Equation/Input(1)

Unit Capacity (Gross) A (MW)  66 Input
Retrofit Factor B 1 Difficulty of Retrofit
Gross heat rate C Btu/kWhr 9,545 Input
SO2 Emiss Rate D lbs/MMBtu 2.224 Uncontrolled

Type of Fuel E Input
Fuel Factor F None 1 Input
Heat Rate Factor G 0.95 C / 10000
Heat input H MM Btu/hr 630.0 A X C x 1000
Limestone Rate K (tons/hr) 1.23 See equation in report
Waste Rate L (tons/hr) 2.22 See equation in report
Aux Power M (%) 1.49 See equation in report

Make Up Water N 103 gph 4.94 See equation in report
Limestone Cost P ($/ton) 20.25
Waste Disposal Cost S ($/ton) 67.5
Aux Power Cost R ($/kWhr) 0.081

Makeup Water Cost S $/103 gal 1.35
Operating Labor Rate T ($/hr) 81

Basic Absorber BMR ($) $14,530,400 Absorber Island
Reagent Preparation BMF ($) $6,455,859 Reagent Preparation
Waste Handling Cost BMW ($) $3,803,970
ID Fan, Other Costs BMB ($) $26,875,650 Balance of Costs
Capital Cost BM Sum ($) $51,665,879 Base Wet FGD Module
Engineering, and Const A1 10% $5,166,588
Construction Labor A2 10% $5,166,588
Contractor Fees A3 10% $5,166,588

CECC $67,165,642 Capital, Eng, and Const
Owners Cost B1 5% $3,358,282 Various home office fees
AFUDC B2 10% of (CECC+B1) $7,052,392
Total Project Cost TPC 2009$ $77,576,317

2011$ $79,150,744

Fixed Operator Cost FOMO $2,021,760 2,080 hrs‐ 12 operators
Maintenance Material FOMM $774,988 1% of BM Capital Cost
Admin Labor Cost FOMA $69,953
Auxiliary Power VOMP $79.41 $/hr
Water Cost VOMWW $6.67 $/hr
Limestone Cost VOMR $116.60 Limestone cost in $/hr
Waste Disposal Cost VOMW $150.03 Waste Cost in $/hr

Annual Limestone Requirements: tons 10,751
Waste Disposal Requirements: tons 19,471
Notes:
1) Cost analysis equations from "IPM Model‐Revisions to Cost And Performance for APC
Technologies‐Wet FGD Cost Development Methodology‐FINAL", August 2010
Project 12301‐007, Perrin Quarles Associates, Inc., prepared by Sargent & Lundy, LLC
2) All costs increase by 35% for Guam

High S No. 6 Oil

CAPITAL EQUIPMENT COSTS

OPERATING AND MAINTENANCE COSTS



TABLE 3 WET FGD SYSTEM FOR ONE 39 MW NO. 6 OIL FIRED RICE
AT CABRAS POWER PLANT

Variable Designation Units Value Equation/Input(1)

Unit Capacity (Gross) A (MW)  46.9 Input(2)
Retrofit Factor B 1 Difficulty of Retrofit
Gross heat rate C Btu/kWhr 8,385 Input
SO2 Emiss Rate D lbs/MMBtu 2.224 Uncontrolled

Type of Fuel E Input
Fuel Factor F None 1 Input
Heat Rate Factor G 0.84 C / 10000
Heat input H MM Btu/hr 345.0 A X C x 1000
Limestone Rate K (tons/hr) 0.77 See equation in report
Waste Rate L (tons/hr) 1.39 See equation in report
Aux Power M (%) 1.30 See equation in report

Make Up Water N 103 gph 3.08 See equation in report
Limestone Cost P ($/ton) 20.25
Waste Disposal Cost S ($/ton) 67.5
Aux Power Cost R ($/kWhr) 0.081

Makeup Water Cost S $/103 gal 1.35
Operating Labor Rate T ($/hr) 81

Basic Absorber BMR ($) $10,526,407 Absorber Island
Reagent Preparation BMF ($) $4,862,263 Reagent Preparation
Waste Handling Cost BMW ($) $2,809,833
ID Fan, Other Costs BMB ($) $19,980,950 Balance of Costs
Capital Cost BM Sum ($) $38,179,453 Base Wet FGD Module
Engineering, and Const A1 10% $3,817,945
Construction Labor A2 10% $3,817,945
Contractor Fees A3 10% $3,817,945

CECC $49,633,289 Capital, Eng, and Const
Owners Cost B1 5% $2,481,664 Various home office fees
AFUDC B2 10% of (CECC+B1) $5,211,495
Total Project Cost TPC 2009$ $57,326,449

2011$ $58,489,901

Fixed Operator Cost FOMO $2,021,760 2,080 hrs‐ 12 operators
Maintenance Material FOMM $572,692 1% of BM Capital Cost
Admin Labor Cost FOMA $67,525
Auxiliary Power VOMP $49.57 $/hr
Water Cost VOMWW $4.16 $/hr
Limestone Cost VOMR $98.26 Limestone cost in $/hr
Waste Disposal Cost VOMW $126.44 Waste Cost in $/hr

Annual Limestone Requirements: tons 6,711
Waste Disposal Requirements: tons 12,155
Notes:
1) Cost analysis equations from "IPM Model‐Revisions to Cost And Performance for APC
Technologies‐Wet FGD Cost Development Methodology‐FINAL", August 2010
Project 12301‐007, Perrin Quarles Associates, Inc., prepared by Sargent & Lundy, LLC
2) All costs increase by 35% for Guam Power output based on an equivalent boiler

High S No. 6 Oil

CAPITAL EQUIPMENT COSTS

OPERATING AND MAINTENANCE COSTS



TABLE 4 CABRAS BOILER 1 OR 2
LIME SPRAY DRYING COSTING DEVELOPMENT

Variable Designation Units Value Equation/Input(1)

Unit Capacity (Gross) A (MW)  66 Input
Retrofit Factor B 1 Difficulty of Retrofit
Gross heat rate C Btu/kWhr 9,545 Input
SO2 Emiss Rate D lbs/MMBtu 1.34 Uncontrolled (1.19%S)

Type of Oil E Input
Fuel Factor F 1.05 Input
Heat Rate Factor G 0.95 C / 10000
Heat input H MM Btu/hr 630.0 A X C x 1000
Lime Rate K (tons/hr) 0.60 See equation in report
Waste Rate L (tons/hr) 1.36 See equation in report
Fly Ash Waste Rate P (tons/hr) 1.80 See equation in report
Aux Power M (%) 1.31 See equation in report

Make Up Water N 103 gph 3.70 See equation in report
Lime Cost P ($/ton) 128.25
Waste Disposal Cost S ($/ton) 67.5
Aux Power Cost R ($/kWhr) 0.081

Makeup Water Cost S $/103 gal 1.35
Operating Labor Rate T ($/hr) 81

Basic Absorber BMR ($) $15,197,538 See equation in report
FF Capital Cost FF Cost $438/kW $39,025,800 See equation in report
Reagent Preparation BMF ($) $8,543,280 See equation in report
ID Fan, Other Costs BMB ($) $21,680,041 See equation in report
Capital Cost BM Sum ($) $84,446,659 Base LSD Module
Engineering A1 10% $8,444,666
Construction Labor A2 10% $8,444,666
Contractor Fees A3 10% $8,444,666

CECC $109,780,657 Capital, Eng, and Const
Owners Cost B1 5% $5,489,033 Various home office fees
AFUDC 10% of (CECC+B1) $11,526,969
Total Project Cost 2009$ $126,796,658

2011$ $129,370,022
1,921 $/kW

Fixed Operator Cost FOMO $168,480 2,080 hrs‐ one operator
Maintenance Material FOMM $844,467 1% of BM Capital Cost
Admin Labor Cost FOMA $15,188 See equation in report
Auxiliary Power VOMA 1.06 See equation in report
Lime Cost VOMR $77.51 Lime cost in $/hr
Waste Disposal Cost VOMW $213.42 Waste Cost in $/hr
Annual Lime Requirements: tons 5,294
Waste Disposal Requirements: tons 11,930
Notes:
1) Cost analysis equations from "IPM Model‐Revisions to Cost And Performance for APC
Technologies‐SDA FDG Cost Development Methodology‐FINAL", August 2010
Project 12301‐007, Perrin Quarles Associates, Inc., prepared by Sargent & Lundy, LLC
2) All costs include 35% cost escalation for Guam

No. 6

CAPITAL EQUIPMENT COSTS

OPERATING AND MAINTENANCE COSTS



TABLE 5 CABRAS ENGINE 3 OR 4
LIME SPRAY DRYING COSTING DEVELOPMENT

Variable Designation Units Value Equation/Input(1)

Unit Capacity (Gross) A (MW)  46.9 Input
Retrofit Factor B 1 Difficulty of Retrofit
Gross heat rate C Btu/kWhr 9,545 Input
SO2 Emiss Rate D lbs/MMBtu 1.34 Uncontrolled (1.19%S)

Type of Oil E Input
Fuel Factor F 1.05 Input
Heat Rate Factor G 0.95 C / 10000
Heat input H MM Btu/hr 447.7 A X C x 1000
Lime Rate K (tons/hr) 0.43 See equation in report
Waste Rate L (tons/hr) 0.97 See equation in report
Fly Ash Waste Rate P (tons/hr) 1.28 See equation in report
Aux Power M (%) 1.31 See equation in report

Make Up Water N 103 gph 2.63 See equation in report
Lime Cost P ($/ton) 128.25
Waste Disposal Cost S ($/ton) 67.5
Aux Power Cost R ($/kWhr) 0.081

Makeup Water Cost S $/103 gal 1.35
Operating Labor Rate T ($/hr) 81

Basic Absorber BMR ($) $11,899,797 See equation in report
FF Capital Cost FF Cost $438/kW $27,731,970 See equation in report
Reagent Preparation BMF ($) $6,689,458 See equation in report
ID Fan, Other Costs BMB ($) $16,975,649 See equation in report
Capital Cost BM Sum ($) $63,296,874 Base LSD Module
Engineering A1 10% $6,329,687
Construction Labor A2 10% $6,329,687
Contractor Fees A3 10% $6,329,687

CECC $82,285,936 Capital, Eng, and Const
Owners Cost B1 5% $4,114,297 Various home office fees
AFUDC 10% of (CECC+B1) $8,640,023
Total Project Cost 2009$ $95,040,256

2011$ $96,969,118
2,026 $/kW

Fixed Operator Cost FOMO $227,448 2,080 hrs‐ one operator
Maintenance Material FOMM $854,508 1% of BM Capital Cost
Admin Labor Cost FOMA $17,078
Auxiliary Power VOMA 1.063200191
Lime Cost VOMR $55.08 Lime cost in $/hr
Waste Disposal Cost VOMW $151.66 Waste Cost in $/hr
Annual Lime Requirements: tons 3,762
Waste Disposal Requirements: tons 8,478
Notes:
1) Cost analysis equations from "IPM Model‐Revisions to Cost And Performance for APC
Technologies‐SDA FDG Cost Development Methodology‐FINAL", August 2010
Project 12301‐007, Perrin Quarles Associates, Inc., prepared by Sargent & Lundy, LLC
2) All costs include 35% cost escalation for Guam

No. 6

CAPITAL EQUIPMENT COSTS

OPERATING AND MAINTENANCE COSTS
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LEGAL NOTICE 

This analysis ("Deliverable") was prepared by Sargent & Lundy, L.L.C. ("S&L"), expressly for the sole use 

of Perrin Quarles Associates, Inc. ("Client") in accordance with the agreement between S&L and Client. 

This Deliverable was prepared using the degree of skill and care ordinarily exercised by engineers 

practicing under similar circumstances. Client acknowledges: (1) S&L prepared this Deliverable subject to 

the particular scope limitations, budgetary and time constraints, and business objectives of the Client; (2) 

information and data provided by others may not have been independently verified by S&L; and (3) the 

information and data contained in this Deliverable are time sensitive and changes in the data, applicable 

codes, standards, and acceptable engineering practices may invalidate the findings of this Deliverable. Any 

use or reliance upon this Deliverable by third parties shall be at their sole risk.  

 

This work was funded and reviewed by the U.S. Environmental Protection Agency under the supervision of 

William A. Stevens, Senior Advisor – Power Technologies.  Additional input and review was provided by 

Dr. Jim Staudt, President of Andover Technology Partners.  
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Establishment of Cost Basis 
Cost data for the SDA FGD systems was more limited than that for the wet FGD systems.  A 
similar trend with generating capacity is generally seen between the wet and SDA system.  The 
same generating capacity relationship was used for the wet and SDA cost estimation.   
 
A least squares curve fit of proprietary in-house cost data was defined as a "typical" SDA FGD 
retrofit for removal of 95% of the inlet sulfur.  It should be noted that the lowest available SO2 
emission guarantees, from the original equipment manufactures of SDA FGD systems, are 0.06 
lb/MMBtu.  The typical SDA FGD retrofit was based on: 
 

• Retrofit Difficulty = 1 (Average retrofit difficulty); 
• Gross Heat Rate = 9800 Btu/kWh; 
• SO2 Rate = 2.0 lb/MMBtu; 
• Type of Coal = PRB; and 
• Project Execution = Multiple lump sum contracts; and 
• Recommended SO2 emission floor = 0.08 lb/MMBtu. 

 
Units below 50 MW will typically not install an SDA FGD system.  Sulfur reductions for the 
small units would be accomplished by; treating smaller units at a single site with one SDA FGD 
system, switching to a lower sulfur coal, repowering with natural gas, dry sorbent injection, 
and/or a reduction in operating hours.  Capital costs of approximately $800/kW may be used for 
units below 50 MW under the premise that these will be combined. 
 
Based on the typical SDA FGD performance, the technology should not be applied to fuels with 
more than 3 lb SO2/MMBtu and the cost estimator should be limited to fuels with less than 3 lb 
SO2/MMBtu. 
 
An alternate dry technology, circulating dry scrubber (CDS), can meet removals of 98% or 
greater over a large range of inlet sulfur concentrations.  It should be noted that the lowest SO2 
emission guarantees for a CDS FGD system are 0.04 lb/MMBtu.   
 
Methodology 
Inputs 
Several input variables are required in order to predict future retrofit costs.  The gross unit size in 
MW (equivalent acfm) and sulfur content of the fuel are the major variables for the capital 
estimation.   A retrofit factor that equates to difficulty in construction of the system must be 
defined.  The costs herein could increase significantly for congested sites.  The unit gross heat 
rate will factor into the amount of flue gas generated and ultimately the size of the absorber, 
reagent preparation, waste handling, and balance of plant costs.  The SO2 rate will have the 
greatest influence on the reagent handling and waste handling facilities.  The type of fuel 
(Bituminous, PRB, or Lignite) will influence the flue gas quantities as a result of the different 
typical heating values. 
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Outputs 
Total Project Costs (TPC) 

First the base installed costs are calculated for each required module (BM_).  The base installed 
costs include: 
 

• All equipment; 
• Installation; 
• Buildings; 
• Foundations; 
• Electrical; and 
• Average retrofit difficulty. 

The modules are: 
 

BMR =  Base absorber island cost 

BMF = Base reagent preparation and waste recycle/handling cost 

BMB = Base balance of plan costs including:  ID or booster fans, piping, ductwork, electrical, etc. 

BM = BMR + BMF + BMB 
 
The total base installed cost (BM) is then increased by: 
 

• Engineering and construction management costs at 10% of the BM cost; 
 
• Labor adjustment for 6 x 10 hour shift premium, per diem, etc., at 10% of the BM 

cost; and 
 
• Contractor profit and fees at 10% of the BM cost. 

 
A capital, engineering, and construction cost subtotal (CECC) is established as the sum of the 
BM and the additional engineering and construction fees. 
 
Additional costs and financing expenditures for the project are computed based on the CECC.  
Financing and additional project costs include: 
 

• Owner's home office costs (owner's engineering, management, and procurement) at 
5% of the CECC; and 

 
• Allowance for Funds Used During Construction (AFUDC) at 10% of the CECC and 

owner's costs.  The AFUDC is based on a three-year engineering and construction 
cycle. 
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The total project cost is based on a multiple lump sum contract approach.  Should a turnkey 
engineering procurement construction (EPC) contract be executed, the total project cost could be 
10 to 15% higher than what is currently estimated. 
 
Escalation is not included in the estimate.  The total project cost (TPC) is the sum of the CECC 
and the additional costs and financing expenditures.  Table 1 contains an example capital cost 
estimation.
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Table 1.  Example Capital Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars) 
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Fixed O&M (FOM) 
The fixed operating and maintenance (O&M) cost is a function of the additional 
operations staff (FOMO), maintenance labor and materials (FOMM), and administrative 
labor (FOMA) associated with the SDA FGD installation.  The FOM is the sum of the 
FOMO, FOMM, and FOMA. 
 
The following factors and assumptions underlie calculations of the FOM: 
 

• All of the FOM costs were tabulated on a per kilowatt-year (kW yr) basis. 
 

• In general, 8 additional operators are required for a SDA FGD system.  The 
FOMO was based on the number of additional operations staff required. 

 
• The fixed maintenance materials and labor is a direct function of the process 

capital cost (BM). 
 

• The administrative labor is a function of the FOMO and FOMM. 
 
Variable O&M (VOM) 
Variable O&M is a function of: 
 

• Reagent use and unit costs; 
• Waste production and unit disposal costs; 
• Additional power required and unit power cost; and 
• Makeup water required and unit water cost. 

 
The following factors and assumptions underlie calculations of the VOM: 
 

• All of the VOM costs were tabulated on a per megawatt-hour (MWh) basis. 
 

• The reagent usage is a function of gross unit size, SO2 feed rate, and removal 
efficiency.  The estimated reagent usage was based on a sulfur removal 
efficiency of 95% with a flue gas temperature into the SDA FGD of 300°F 
and an adiabatic approach to saturation of 30°F.  The calcium-to-sulfur 
stoichiometric ratio varies based on inlet sulfur.  The variation in 
stoichiometric ratio was accounted for in the estimation.   The economic 
estimation is only valid up to 3 lb SO2/MMBtu inlet.  The basis for the lime 
purity was 90% CaO with the balance being inert material. 
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• The waste generation rate is a function of inlet sulfur and calcium to sulfur 
stoichiometry.  Both variables are accounted for in the waste generation 
estimation.  The waste disposal rate is based on 10% moisture in the by-
product. 

 
• The additional power required includes increased fan power to account for the 

added SDA FGD pressure drop.  This requirement is a function of gross unit 
size (actual gas flow rate) and sulfur rate. 

 
• The makeup water rate is a function of gross unit size (actual gas flow rate) 

and sulfur feed rate. 
 
Input options are provided for the user to adjust the variable O&M costs per unit.  
Average default values are included in the base estimate.  The variable O&M costs per 
unit options are: 
 

• Limestone cost in $/ton; 
• Waste disposal costs in $/ton; 
• Auxiliary power cost in $/kWh; 
• Makeup water costs in $/1000 gallon; and 
• Operating labor rate (including all benefits) in $/hr. 

 
The variables that contribute to the overall VOM are: 
 

VOMR = Variable O&M costs for lime reagent 

VOMW = Variable O&M costs for waste disposal 

VOMP = Variable O&M costs for additional auxiliary power 

VOMM = Variable O&M costs for makeup water 
 
The total VOM is the sum of VOMR, VOMW, VOMP, and VOMM.  Table 2 contains an 
example O&M cost estimate, while Table 3 is a complete capital and O&M cost estimate 
worksheet.
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Table 2.  Example O&M Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars) 
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Table 3.  Example Complete Cost Estimate for the SDA FGD System (Costs are all based on 2009 dollars) 
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APPENDIX C 

Listing of Continuing Obligations 
 

1. AIR Act 
a. Annual Emission Testing 
b. Continuous Emission Monitoring and Relative Accuracy Test Audits 
c. Annual Emission Inventory and Fees 
d. New Source Performance Standards reporting 
e. Intermittent Control Strategy, Cabras‐Piti Area, Fuel Switching and Reporting Requirements 
f. Title V permit reporting requirements 

2. Water Act 
a. Section 316(b) Phase I and Phase II requirements 
b. Effluent Discharge Monitoring 
c. Discharge Monitoring Reports 
d. Toxicity Testing 
e. Best Management Practice Plan 
f. Annual Chemical Usage Report 
g. Spill Prevention Control and Countermeasures Plan 
h. Oil Pollution Prevention Response Plan 

 
3. Resource Conservation and Recovery Act 
a. Solid/Hazardous Waste Management Plan 
b. Used Oil Recycling Plan 

 
4. Toxic Substance Control Act 

a. PCB Management Program 
b. Asbestos Operation and Management Plan 

 
5. Environmental Planning and Community Right to Know 

a. Annual Toxic Release Inventory Report 
b. Oil Spill Emergency Response and Facility Response Plan 

 

 

 

 

 

 



Regulation Requirement DETAILS

Emission Testing is performed once a year on most of our power plants (The exception being 
units that are offline pending repairs.  Cabras Units 1 &2 are exempt from testing because they 
were built before the pertinent regulations were established.)  Testing is being performed by 3rd 
party contractors.
In the Fy2011 testing, limits have been complied with except Cabras Unit 4. It exceeded the PM 
limit of 93 lb/hr producing 104.6 lb/hr
GPA has not yet been cited for non‐compliance. 
Estimated annual cost $259,600.00 for activities related to annual emission testing. 

GPA is required to operate and maintain a Continuous Emissions Monitoring System the Tenjo 
Generating Station and Cabras Units #3 and #4.
The CEMS measures stack gas nitrogen oxide (NOx) concentrations and stack gas volumetric flow 
rates in accordance to 40 CFR Part 60.  The CEMS operates and records data 24/7.  A contractor 
visits the site 5 days a week to ensure that the system is working properly.  The limit for NOx is 
660ppm @ 15% o2 and 120 lbs/hr.
GPA has not yet been cited for non‐compliance. 

Estimated annual cost of $219,450.00 for activities related to CEMS and Relative Accuracy Test 
Audits. 

The Intermittent Control Strategy is designed to allow the Cabras and MEC Power Plants to burn 
to burn economical fuels without violating USEPA clean air standards.  
When we are at Adverse Wind Conditions (blowing on‐shore or are calm (<1m/s)), we must burn 
Low Sulfur Fuel Oil (max. sulfur of 1.19% by wt.).  When winds are blowing off‐shore , we can 
burn High Sulfur Fuel Oil (max. sulfur of 2.00% by wt.).
After each quarter, we are reporting details of Adverse Winds, Low Sulfur Firing Events, 
Excursions (times when requirements are not met), and Sulfur Measurements.
Consent Decree was given to GPA in 1997.
A comprehensive Air Permit which compiles all Clean Air Act requirements for a facility in one 
document.
Reporting requirements are:  Annual total tons per year emitted of each regulated air pollutant, 
including hazardous air pollutants; report in writing within thirty (30) days the modification, 
relocation, discontinuance of operation of dismantlement of any emission unit; results of all 
monitoring and recordkeeping required by the permit at least once every six (6) months; monthly 
summary reports indicating the quantity of fuel combusted in the subject year by the units;  For 
CT's, the date and time of all instances when the water‐to‐fuel ratio falls below the minimum 
levels; for CT's and Cabras 3 and 4, all excess emissions for every calendar quarter; in the event 
of excess emission or malfunction, the permittee shall notify GEPA within twenty‐four (24) hours 
by phone and submit written notice to GEPA within 2 weeks.

GPA has not yet been cited for non‐compliance. 

The National Ambient Air Quality Standards are standards established by USEPA to protect 
human health and public welfare. We are complying with the NAAQS except for SO2 .

Piti/Cabras Areas  still in nonattainment status. GPA is also required to comply with the new 1 hr 
SO2 & NO2 standards.

GHG Reporting is the reporting of the amount of greenhouse gases that are emitted by our 
power plants through the burning of fuel oil.  This is a yearly report that applies to GPA facilities 
which emit more than 25 metric tons of CO2e.  This Rule is under 40 CFR 98.
GPA has been submitting an online report since the program started RY2010.  Only the Cabras 
Power Plant is subject to this rule.
GPA is required to report the annual amount CO2e for our facilities that are sublect to the rule.  
CO2e means "CO2 Equivalent" which is the sum of carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O), with each being multiplied by a Global Warming Potential Factor.

NAAQS

Green House Gas Reporting

Air Act Annual Emission Testing

CEMS and Relative Accuracy Test 
Audits

Intermittent Control Strategy, 
Fuel Switching and Reporting 
Requirements

Title V Permit Reporting 

LIST OF CONTINUING OBLIGATIONS



Regulation Requirement DETAILS

LIST OF CONTINUING OBLIGATIONS

Sec. 316(b) Phase I and Phase II 
Requirements

 A demonstration study to assess whether the location, design, construction, and capacity of 
cooling water intake structure (CWIS) reflect the best available for minimizing adverse 
environmental impact. The first part is the phase 1 (screening analysis) and the 2nd part is based 
on the findings of the phase 1.

NPDES NPDES stands for national pollutant discharge elimination system. The clean water act prohibits 
anybody from discharging pollutants through a point source into a water of the united states 
unless they have an NPDES permit. GPA is required to comply with the following condition. 1. 
Efficient Limitations and Monitoring Requirements. 2. Toxicity Testing. 3. General Conditons. 4. 
316(b) studies 5. Best Management Practicies Plan (BMPs).

Effluent Discharge Monitoring GPA is required to monitor the following parameters: Flow,  temperature (receiving water, 
influent, effluent), fluoride, pH, suspended solids, toxicity, and oil and grease.  Monitoring 
frequency ranges from continuous (daily), weekly, monthly, and quarterly.

Discharge Monitoring Reports Discharge monitoring reports consist of effluent characteristics, discharge limitations and 
monitoring frequenc y. Temes and EWP fill out these reports with assistance from TEMES 
subcontractor Environmental Monitors.  The reports are forwarded to planning and regulatory 
for review, then sent to USEPA.  Reports are compiled every quarter.

Toxicity Testing Toxicity Testing is conducted by contractor quarterly.  If toxicity is detected, then the contractor 
will perform accelerated testing.  This means six additional tests, one approximately every 14 
days, over a 12‐week period.

BMP Plan The purpose of the plan is to ensure that pollutants are not making their way into storm water 
runoff from cabras power plant site. Planning and regulatory is conducting weekly inspections at 
Cabras Power Plant.

Annual Chemical Usage Report Inventory of chemicals are prepared by plant personel and checked by planning and regulatory. 
Report must be made annually and submitted to GEPA and USEPA. 

SPCC Plan The purpose of the plan is to prevent, control and provide countermeasures to prohibit oil spills 
from contaminating the environment. All GPA facilites have SPCC plan including  water and 
waste water facilities. 

Oil Pollution Prevention 
Response Plan Facility Response 
Plan

Facitlity response plan is a plan for responding to a worse case distance. The plan also includes 
responding to small and medium discharges as approprite. 

Solid/Hazardoues Waste 
Management Plan

GPA is conditionally exempt small quantity generator. GPA is exempt from requirements.

Used Oil Recycling Plan Used oil recycling is a GPA program for disposing of used oil on island by burning it in the boiler 
of cabras power plant. If cabras accepts used oil from other sources testing is required.

PCB Management Program The purpose of the program is removing and disposal of PCB waste. All transformers that were 
manufactured before 1979 are tested for PCBS.

Asbestos Operation and 
Management Plan

The program is focus on the preventation of visible emissions of asbestos fibers during 
demoliton and denovation operations. 

Annual Toxic Relase Inventory 
Report

The purpose of the report is to increase the public's knowledge of, and access to information on 
both the presence and release and other waste management activites of chemicals. Planning and 
Regulatory is responsible for the reporting.

TIER II The purpose of the report is to provide information on hazardous chemicals on site to the SERC, 
LEPC, and local fire department. SERC (State Emergency Response Commission) is Guam EPA.  
LEPC (Local Emergency Planning Committee) is Guam Homeland Security/Office of Civil Defense.

Emergency 
Planning and 
Community Right 
to Know Act

Water Act

Resource 
Conservation and 
Recovery Act

Toxic Substance 
Control Act



	 

 

	

APPENDIX D 

Current Environmental Compliance Fees 




































































