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Clean Air Branch

Hawaii Department of Health
2827 Waimano Home Road
Hale Ola Building, Room 130
Pearl City, Hawaii 96782

Subject: AES Hawaii Covered Source Permit (CSP) No. 0087-02-C
Greenhouse Gas Emission Reduction Plan Re-Submittal

Dear Ms. Rossio,

AES Hawaii, LLC is re-submitting the attached Greenhouse Gas Emission Reduction Plan (ERP)
required by (HAR) §11-60.1-204. The initial submittal was made on December 1, 2016 and a revision was
provided in February 28, 2018 to reflect a partnership arrangement in accordance with the ACT 234
implementing regulations. The plan was re-submitied on October 30, 2018 addressing comments via
email from Mike Madsen of the Clean Air Branch on October 12, 2018. The following updates were made
to the current ERP submittal:

1. On February 13, 2019, AES Hawaii, Inc. completed its statutory conversion from a
Delaware corporation to a Delaware limited liability company and is now known was AES
Hawaii, LLC. The ERP reflects the updated name reference.

2. OnJuly 26, 2019, Hawaii Electric Company (HECO) resubmitted their ERP with
proposed 2019 GHG cap adjustment to the Hawaii Department of Health (DOH). Tables
A-1 and A-2 are updated in Appendix C of AES Hawaii's ERP {o reflect this change.

This ERP submission supersedes all previous ERP submissions. If you have any questions,
please call Priya Kumar at 682-3409 or e-mail at priva.kumar@aes.com.

Sincerely,

Yl ysravn

Steven Barnoski
Plant Manager
AES Hawaii, LLC

enclosure
Certification Statement:

Based on information and belief formed after reasonable inquiry, the statements and information in the
document are true, accurate, and complete,

/4% Date: 7‘30",?

Steven Barnoski, Plant Manager
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EXECUTIVE SUMMARY

This Greenhouse Gas (GHG) Emissions Reduction Plan (ERP) has been prepared in accordance with
Hawaii Administrative Rules (HAR) §11-60.1 Subchapter 11 (Subchapter 11), which implement Act 234,
2007 Hawaii Session Laws, Relating to GHG Emissions, enacted in Sections 342B-71-73, Hawaii

Revised Statutes (HRS).

In general, Subchapter 11 requires statewide reduction of GHG emissions to 1990 levels by 2020, and
establishes a minimum reduction of 16% for affected facilities from the baseline year of 2010 unless it is
determined that 16% reduction is unattainable. The following steps are to be included in an affected

facility’s GHG ERP:

> Establish facility-wide baseline GHG emissions (HAR §11-60.1-204(d)(1))

» Determine if 2020 facility-wide GHG emissions cap based on 16% reduction from
baseline levels is attainable (HAR §11-60.1-204(d)(2))

# Identify all available control measures (HAR §11-60.1-204(d)(3))

» Eliminate technically infeasible options (HAR §11-60.1-204(d)(4))
Control effectiveness and cost evaluation (HAR §11-60.1-204(d)(5))
» Proposed control strategy (HAR §11-60.1-204(d)(6))

Y

AES HAWAII, LLC (AES Hawaii), located at 91-086 Kaomi Loop, Campbell Industrial Park, Kapolei,
Oahu is a coal-fired cogeneration plant that utilizes “clean coal” technology to generate steam and
electricity. The facility is designed to sell sufficient quantities of process steam to be a “Qualifying
Facility” (QF) under the Public Utility Regulatory Policies Act of 1978 (PURPA). AES Hawaii is the
single largest electric power generator on Oahu and provides 20% of the island’s electrical energy
demand. AES sells electricity to Hawaii Electric Company (HECO) under a 30-year Power Purchase
Agreement (PPA) that expires in October 2022. The following stationary sources directly emit GHG

emissions from the facility and have been included in the GHG control evaluation.

» Boilers Aand B
#» Limestone Dryers

On December 1, 2016, AES Hawaii submitted to the Hawaii Department of Health (DOH) an ERP
prepared by Sargent & Lundy, L.L.C. (S&L) for the AES Hawaii facility, included as Appendix A. The
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calculations in the 2016 ERP submittal have been updated in this submittal to the same calculation
methodology used by AES Hawaii for the 2010 baseline calculation. This submittal version supersedes all

previous submittals of the ERP.

In completing the ERP, S&L concluded that the required GHG emissions cap for AES Hawaii was
unattainable as none of the available and technically feasible GHG control options for AES Hawaii were
considered to be cost effective. Hawaii Administrative Rules, §11-60.1-204(d)(6), allow affected sources
to propose combining their facility-wide GHG emissions caps to leverage emission reductions among
partnering facilities. In this ERP, AES Hawaii proposes to partner with HECO for the purpose of rule
compliance as well as providing additional operational flexibility. HECO has stated its intent to partner

with certain other independent power producers and is willing to include AES Hawaii in such partnering.

ALS Hawaii determined that calendar year 2010 was appropriate to establish the facility-wide baseline
GHG emissions. The proposed 2010 baseline emissions for AES Hawaii are based on 40 CFR Part 98
calculation methodology and detailed calculations are provided in Appendix B. Delails regarding the

Total Parinership Baseline Emissions are included in Appendix C.

Table ES-1: Total Partnership Baseline Emissions, Including AES Hawaii

Total COze
Company
Short tons/yr
AES Hawaii 1,681,605
HECO Totai 5,401,629
Other Partnering Companies 1,277,788
Total Partnership 8,361,022

In the 2016 ERP, S&L evaluated GHG emissions reductions options available to AES Hawaii for: (1)
achieving 16% GHG emissions reduction from the baseline, or (2) proposing an alternative emissions cap
resulting in the maximum achievable GHG emissions reductions. In addition, S&L followed EPA’s

“top-down™ approach for determining best available control technology (BACT) and EPA guidelines for
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conducting a GHG BACT analysis.

The AES Hawaii GHG emissions control assessment identified three GHG control option categories that

were considered technically feasible: (1) heat rate improvements, (2) fuel oil co-firing, and (3) biomass

co-firing. Table ES-2 identifies technically feasible GHG control options considered in the 2016 ERP in

descending order of control effectiveness.

Table ES-2: Technically Feasible GHG Control Options by Effectiveness

GHG Control Expected GHG Emission Expected Emission
Effectiveness Rate Reduction
Ibs
o,
GHG Control Option o removal tons COqe/yr COe/kWh-g tons COze/yr
. , e 550, |
Pelletized Biomass Co-firing @ 25% 16.0% 1,412,549 1708 269,056
Heat Input
Local Eucalyptus Biomass Co-firing -
150,000 TPY 12.6% 1,469,480 1.777 212,125
Fuel Oil Co-firing @ 30% Heat Input 6.3% 1,575,411 1.905 106,194
Heat Ral.e Improvement Combination 319 1,629,055 1.970 52,550
(All Options)
Fuel Oil Co-firing @ 10% Heat Input 2.1% 1,646,361 1.991 35,245
Turbine Upgrade 1.25% 1,660,585 2.008 21,020
Heat Rate Improvement Combination "
(Lowest Cost Options) 1.00% 1,664,789 2013 16,816
Air Heater Temperature Reduction 0.75% 1,668,993 2.018 12,612
Sootblower Improvements 0.70% 1,669,834 2.019 11,771
DCS Upgrade 0.50% 1,673,197 2.023 8,408
VFD Motors 0.30% 1,676,560 2.028 5,045
Baseline Emissions - 1,681,605 2.034 =

The technically feasible GHG control options were evaluated for economic, environmental and energy

impacts. The results of the economic, environmental, and energy impact analysis are provided in Table

ES-3.
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Table ES-3. Summary of Economic, Environmental, and Energy Impact Analysis for GHG
Emissions Control Options

Average
Annual Cost Environmental
Effectiveness Impacts Energy Impacts
$/ton COze
GHG Control Option removed
VFD Motors $288 N/A N/A
DCS Upgrade $222 N/A N/A
Sootblower
!
Improvements $51 L Blrz
Air Heater :
Temperature Reduction $1,792 e B
Heat Rate
Improvement
Combination (Low $122 LUt N/A
Cost)
Turbine Upgrade $397 N/A N/A
. . . Increased hazardous air
Fuel Qil Co-ﬁnng @ pollutant (HAP) emissions, N/A
10% Heat Input $510 change fly ash composition,
delivery-related emissions
Heat Rate
Improvement
Combination (All §579 N/A NEA
Options)
: : Increased HAP  emissions,

§3$ gll (E?I;ﬁring @ $508 change fly ash composition, N/A

o Heal Inpu delivery-related emissions
Local EUC&IYPtUS Increased HAP emissions,
Biomass Co-firing — $175 change fly ash composition, | Increased unit heat rate
150,000 TPY delivery-related emissions
Pelletized Biomass Increased HAP emissions,
Co-firing @ 25% Heat $126 change fly ash composition, | Increased unit heat rate
Input delivery-related emissions

The economic evaluations performed for the technically feasible control options indicate that, based on
expected emissions reductions and estimated control costs, the average annual cost effectiveness of the
GHG control systems range from $51 per ton (sootblowing improvements) to $1,792 per ton {air heater
temperature reduction) GHG removed. For the purposes of the evaluation, it was concluded that GHG

control options having cost effectiveness values greater than $23 per ton GHG removed were not cost
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effective. Therefore, based on a cost effectiveness threshold of $23 per ton GHG removed, none of the
available and technically feasible GHG control options for AES Hawaii are considered to be cost-

effective. The detailed evaluation is included in the 2016 ERP

AES Hawaii is proposing as its control strategy, 1o partner with HECO and the other partnering facilities
identified by HECO, combining the emissions caps to leverage the emissions reductions among the
partnering facilities, HECO has contracted to purchase power from AES Hawaii and other Independent
Power Producers in order to meet its obligation to meet the electric power demands of its customers at all
times. Also, in the event that there is an energy shortfall from unplanned outages or other issues, AES
Hawaii may be required to generate additional electricity. Therefore, the adjusted cap for AES Hawaii
includes the possibility that AES Hawaii may be required to generate more electricity than had been
generated in 2010. The AES Hawaii adjusted facility-wide GHG emissions cap and Total Partnership
Cap is identified in Table ES4. The table also includes AES Hawaii’s compliance demonstration
methodology. The Total Partnership Cap represents a 16% reduction in GHG emissions as compared to

the Total Partnership Baseline. The GHG Reduction Partnership details are included in Appendix C.

AES Hawaii plans to meet its adjusted facility-wide GHG emissions cap by continuing to implement a
comprehensive inspection and preventative maintenance program that addresses boiler operation,

maintenance and efficiency.

Table ES-4. Proposed 2020 GHG Emissions Caps

Total AES Hawaii AES Hawaii Compliance
Pollutant | Fartnership A.d'juste(! Demonstration Methodology
Cap Facility-Wide
Emissions Cap
CO:; CEMS
(Boilers A and B)
7,208,661 1,691,605 - i
COae short tons/yr . ’ ; GHG emissions calculations
S using annual fuel and limestone
consumption rates, and
representative emissions factors
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1. FACILITY DESCRIPTION

AES Hawaii, located at 91-086 Kaomi Loop, Campbell Industrial Park, Kapolei, Oahu, commenced
commercial operation in 1992. The facility is a coal-fired cogeneration plant that utilizes “clean coal”
technology to generate steam and electricity. The facility is designed to sell sufficient quantities of steam
to be a “Qualifying Facility” (QF) under the Public Utility Regulatory Policies Act of 1978 (PURPA).
AES Hawaii is the single largest electric power generator on Oahu and provides 20% of the island’s
electrical energy demand. AES sells to Hawaii Electric Company (HECO) under a 30-year Power
Purchase Agreement (PPA) that expires in October 2022. Approximately 97% of the plant’s total
capacity is committed to HECO under the PPA. The facility operates under Covered Source Permit
(CSP) No. 0087-02-C, and has one (1) electric generating unit {EGU) that is comprised of two boilers,
Boilers A and B.

Boilers A and B are each Ahlstrom Pyropower Corp., circulating fluidized bed (CFB) steam boilers with
a total maximum design heat input of 2,150 MMBtu/hr. Power output from the facility is currently
limited to a maximum 180 MW-net (nominal) in accordance with facility’s current PPA. In addition to
generating electricity, a small percentage of total steam produced is sold to a nearby industrial facility.
Each boiler is equipped with a limestone injection system for sulfur dioxide (SO.) control, selective non-
catalytic reduction (SNCR) for nitrogen oxide (NOx) control, and fabric filter baghouse for control of
particulate matter (PM) emissions. Boilers A and B are currently permitted to fire coal as the primary
fuel, and limited amounts of wood fuel, tire derived fuel (TDF), spent activated carbon, and specification

oil. Fuel oil is the startup fuel for Boilers A and B.

Emission sources installed at the facility include:

* Boilers A and B {coal as primary fuel with limited amounts alternative fuels)
¢ Coal Processing Equipment

» Limestone Processing Equipment

¢ One (1) five-cell (5-cell) cooling tower

s  Ash handling equipment

e  One (1) 60,000 gallon No. 2 fuel oil storage tank

The following stationary sources directly emit GHG emissions from the facility and are included in the
GHG control evaluation.

e Boilers Aand B
e Limestone Dryers
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2. FACILITY-WIDE TOTAL BASELINE GHG EMISSIONS

The first step in developing the GHG ERP is 10 establish facility-wide baseline GHG emissions based on
calendar year 2010 emissions. If calendar year 2010 is deemed unrepresentative of normal operation, an
altemative annual baseline emission rate meeting requirements of HAR §11-60.1-204(d)(1XA) may be

proposed.

In the December 2016 ERP, S&L evaluated AES Hawaii’s facility-wide operations for the peried 2005 1o
2015 to determine if calendar year 2010 was representative of normal AES Hawaii operations. Based on
review of annual fuel consumption rates, actual fuels consumed, boiler heat inputs, boiler heat rates,
power generation, and capacity factors, it was determined that calendar year 2010 was representative of
normal facility-wide operation. Therefore, facility total baseline annual GHG emissions for AES Hawaii

have been based on calendar year 2010 emissions.

In accordance with HAR §11-60.1-115, baseline annual COse emission rates shall be determined based on
(1) stack test reports, continuous emissions monitoring data, or any other certified record, or (2) emission
factors used in complying with 40 CFR Part 98, Mandatory GHG Reporting. Prior to calendar year 2011,
CO: continuous emissions monitoring systems (CEMS) were not installed on the AES Hawaii Boilers A
and B; therefore, baseline annual emissions from Boilers A and B have been based on caiculations per 40
CFR Part 98 that use 2010 annual fuel data and consumption rates. In the 2016 ERP, the CO2 emissions
from the Boilers A and B were calculated using the 40 CFR Part 98, Table C-1'. Per §98.33 (b)(3), the
accepted calculation methodology for AES Hawaii’s boilers is Equation C-3 in section §98.33 (a)(3).
Equation C-3 uses the annual average carbon content of the solid fuel, and therefore for this ERP
submittal, AES Hawaii recalculated the boiler CO2 emissions for the 2010 baseline using Equation C-3.
This resulted in a slightly higher baseline emissions value. Calendar year 2010 baseline emissions are

calculated as follows:

Facility-Wide Baseline Emissions (tpy CO=e) = Facility-Total Baseline GHG Emissions (tpy
CO:e) - Facility Baseline Biogenic CO>
Emissions (tpy CO»)

140 CFR Part 98, Table C-1 Default CO2 Emission Factors and High Heat Values for Various Types of Fuel
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Table 2-1 provides a summary of the AES Hawaii 2010 facility-wide baseline annual emissions. The
detailed emissions are included in Appendix B. In addition, Tabie 2-2 provides a summary of the Total

Partnership Baseline Emissions.

Table 2-1: AES Hawaii 2010 Facility-wide Baseline Emissions (short tons per year)

€O, N20 CHs Total COze!!!
Non-
Biogenic, | Biogenic, | tons/yr, tons/yr, tons/yr, tons/yr, Short
tons/yr tons/yr as N,O as COzeft! as CH, as COe'! tons/yr

el ot 1,668,138 0 28 8,627 191 4,015 | 1,680,781
{total)

Limestone Dryers 822 0 0 2 0 1 824
Facility-Wide Total 1,668,960 0 28 8,629 191 4,016 1,681,605

Note 1. CO:e emissions caleulated based on 2010 GWP values from Table A-1 to Subpan A of Part 98 (i¢., CO: = 1. N-O = 310,CH, = 21)

Table 2-2: Total Partnership Baseline Emissions

Total COze
Company
Short tons/yr
AES Hawaii 1,681,605
HECO Total 5,401,629
Other Partnering Companies 1,277,788
Total Partnership 8,361,022
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3. 2020 FACILITY-WIDE GHG EMISSIONS CAP

This section provides a summary of the 2016 evaluation completed by S&L of GHG emission reduction
options available to AES Hawaii that determined a 16% reduction in GHG emissions from the 2010
baseline was not attainable, and a description of the current proposed control strategy for GHG emissions,

which employs a partnership arrangement with HECO.

3.1 2016 PROPOSED CONTROL STRATEGY

In the 2016 ERP, S&L followed EPA’s “top-down” approach for determining best available control
technology (BACT)? and EPA guidelines for conducting a GHG BACT? analysis, which is consistent
with the requirements of Subchapter 11. The “top-down™ approach utilized in the evaluation included the

following steps:

Step 1: Identify Potentially Feasible GHG Control Options

Step 2: Evaluate the Technical Feasibility of Potential GHG Control Options
Step 3: Rank the Technically Feasible GHG Control Options by Effectiveness
Step 4: Evaluate the Technically Feasible GHG Control Options for:

e Eccnomic Impacts
* Environmental Impacts
¢ Energy Impacts

Step 5: Proposed Control Strategy for GHG Emissions

The 2016 S&L evaluation of GHG control options for AES Hawaii identified certain heat rate
improvements and co-firing options that are technically feasible in terms of GHG emissions reductions.
An economic evaluation performed for each heat rate improvement option indicated that, based on
expected emissions reductions and estimated control costs, the average annual cost effectiveness of the
GHG control sysiems ranged from $51 per ton (sootblowing improvements) to $1,792 per ton (air heater
temperature reduction) GHG removed. Fuel oil and biomass co-firing were possibly technically feasible
GHG reduction options as well, however, the average cost effectiveness of these options ranged from

$126 per ton to $510 per ton.

? EPA Office of Air Quality Planning and Standards, New Source Review Workshop Manual - Prevention of Significant
Deterioration and Nonattainment Area Perminting, Draft, October 1990,

3 EPA Office of Air Quality Planning and Standards, PSD and Title ¥ Permitting Guidance for Greenhouse Gases, EPA-457/B-
11-001, March 2011,
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3.1.1 Cost Effectiveness Threshold

EPA and DOH have not defined a cost threshold at which GHG control options for existing power plants
are considered “cost effective.” However, based on the Hyperion Energy BACT determination completed
in 2009 and the market price of CO: allowances in existing regional trading programs, it was concluded
that GHG control options with cost effectiveness values less than $11.50 per ton GHG removed could be

considered cost effective.

In addition to reviewing current market prices, cost estimates prepared by EPA for the Clean Power Plan
(CPP) were also reviewed by S&L. For Building Block 1, EPA concluded that the assumed CO:
reductions associated with energy efficiency improvements at existing coal-fired facilities are reasonable

at a cost of $23 per ton.*

Based on the range of costs identified for AES Hawaii GHG control options, and an assumed cost
effectiveness threshold of $23 per ton GHG removed, all of the technically feasible GHG emissions
improvements identified for AES Hawaii were considered cost prohibitive. AES Hawaii concluded that

the required 16% emissions reduction cap was not attainable.

3.2 CURRENT PROPOSED CONTROL STRATEGY.

AES Hawaii is proposing as its control strategy, to partner with HECO and the other partnering facilities
identified by HECO, combining the emissions caps to leverage the emissions reductions among the
partnering facilities. HECO has contracted to purchase power from AES Hawaii and other Independent
Power Producers in order to meel its obligation to meet the electric power demands of its customers at all
times, Also, in the event that there is an energy shortfall from unplanned outages or other issues, AES
Hawaii may be required to generate additional electricity. Therefore, the adjusted cap for AES Hawaii
includes the possibility that AES Hawaii may be required to generate more electricity than had been
generated in 2010. The AES Hawaii adjusted facility-wide GHG emissions cap and Total Partnership
Cap is identified in Table 3-1. The table also includes AES Hawaii’s compliance demonstration
methodology. The Total Partnership Cap represents a 16% reduction in GHG emissions as compared to

the Total Partnership Baseline.

+ 80 FR 64749, col. 1.
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AES Hawaii will achieve the proposed control strategy by continuing to implement the facility’s existing
comprehensive inspection and preventive maintenance program designed to address boiler operation,

maintenance, and efficiency.

1t is anticipated that each of the participating facilities included within the Total Partnership Cap shall be
considered in compliance with the GHG Rule regardless of whether such facility’s emissions have
exceeded such facility’s specific cap as long as the combined emissions of all facilities included within
the Total Partnership Cap do not exceed the limit on total emissions established by the Total Partnership

Cap.

Table 3-1: Proposed 2020 GHG Emissions Caps

Total AES Hawaii
Partnership Facility-Wide Compliance Demonstration
Pollutant Cap Emissions Cap Methodology
CQ; CEMS (Boilers A and B)
COse 7,208,661 1,691,605 GHG ;—:mislsions calculations using
short tons/yr short tons/yr a‘nnua fue consuml?tlon rates and
limestone consumption rates, and
representative emissions factors
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4. GHG REDUCTION PARTNERSHIP

This section explains Hawaiian Electric Companies’ partnership approach to preparing their GHG ERPs.

The power generation facilities operating on each of Hawai‘i’s islands are highly interdependent. If one
or more of them cannot produce their scheduled power output, the other facilities on the island have to
generate more power to make up for the shortfall. An unscheduled outage that takes a major generating
unit offline for a period of time can significantly shif GHG emissions from one facility to another.
Assigning firm GHG emissions caps to individual facilities does not provide sufficient flexibility to

accommodate those types of system events that are a natural part of system operation.

For these reasons, the Hawaiian Electric Companies and three independent power producers have elected
to make use of the partnering provisions in Act 234 Regulations® to create a Partnership involving all
eleven of the Hawaiian Electric Companies Affected Sources, the Hamakua Energy owned facility, the
AES Hawaii facility, and the Kalaeloa Partners LP (KPLP) facility (collectively the Partnership
Facilities). The Partnership has an overall GHG emissions cap that it commits to attain. Individual
facilities have site-specific GHG reduction goals that are used to apportion penalties that may be assessed
in the event the overall cap is exceeded. The DOH will include the site-specific goals as GHG caps,
along with implementing conditions, in each site’s Covered Source Permit (CSP). Owing to the operating
flexibility that partnering in this manner affords, the Partnership Facilities can commit to an aggregate
16% reduction of GHG emissions from their respective baselines for their facilities. The site-specific and

overall reduction targets for the Partnership Facilities are listed in Appendix C

5 HAR 11-60.1-204(d)(6)(A)



AES GHG EmMISSION REDUCTION PLaN

United States Appendices

AES HAWAII, LLC

APPENDIX A. EMISSION REDUCTION PLAN BY SARGENT AND
LUNDY, DECEMBER 1, 2016, REVISED ON OCTOBER 30, 2018



AES

United States

AES Hawall, INC.

GREENHOUSE GAS EMISSION REDUCTION PLAN

OcTOBER 30, 2018
PROJECT NO. 13467-001

PREPARED BY

Sargent & Lundy ‘'

§5 East Monrce Street - Chicago, IL 60603-5780 USA « 312-263-2000
WWW. ntlundy.com



GHG EmISSI0N REDUCTION PLAN

&« A E S Contents

United States
AES Hawa, INc, i
CONTENTS

Section Page
EXECUTIVE SUMMARY ES-1
] o G T 0 0 UL L e e e P T T T TP P T T T P T T T T T T O T T T T T T T T T T P O T T T T L T T (I wl
2.  FACILITY DESCRIPTION 5 e 5 T T T T T T T UL T AL 2
3. GHG EMISSION REDUCTION PLAN REQUIREMENTS ..... . 3
4, FACILITY-WIDE TOTAL BASELINE GHG EMISSIONS. .... 7
5. 2020 FACILITY-WIDE GHG EMISSIONS CAP ccvnriicsnsnsssssisssssssssssssssssssessossesssssssossnsossstsssasssssssossass sossasss 9
5.1 GHG CONTROL ASSESSMENT .oivveiveeerrursreianessnerererssssssssressaneessssssssssessans sressnessassases sesssnassbessnsssns tressassssnessssenese 10
5.1.1 Step 1: Identify Available GHG Control Options ...ttt ssen 11
5.1.2  Step 2: Technical Feasibility of Potential GHG Control Options ... 12
5.1.3 Step 3: Rank the Technically Feasible GHG Control Options by Effectiveness ......oceovnvnvinininsnsiionsens 35
5.1.4 Step 4: Evaluate the Technically Feasible GHG Control Technologies ..o 36
5.1.5 Step 5: Proposed Control Strategy for GHG EMISSIONS.....c.cociviiiviiiniieiseicisestesessesissssssssssssasssssssssaens 42
5.2 PROPOSED 2020 FACILITY-WIDE GHG EMISSIONS CAP. ...ttt sierssessssnssnsessssesssssssssssesssessesasessnes 44

AES Hawan GHG ERP_Final 120116 Resubmit_103018

Sargent & Lurdy " '*



C@AES

United States

AES Hawal, INC.

GHG EMISSION REDUCTION PLAN
Contents

APPENDIXES

HAR §11-60.1 Subchapter 11: Greenhouse Gas Emissions
Calendar Year 2010 Annual Baseline Emissions Calculations
GHG Control Evaluation Procedure Flow Chart

Delailed Cost Estimates

OnNw>

AES Hawan_GHG ERP_Final_[201t6_Resubmit_103018

Soargant & Lundy ‘"



e

AES

United States

AES Hawan, INc.

GHG EMISS10N REDUCTION PLAN
Contents

TABLES AND FIGURES

Table/Figure

Table ES-1: AES Hawaii 2010 Facility-wide Baseling EMISSions. ... ceresrermsrmsmssmrmsseresssmssessssssssssisssss sessssmsssssasssss seasasssasas

Table E5-2: Technically Feasible GHG Control Option by Effectiveness. s
Table ES-3. Summary of Economic, Environmental, and Energy Impact Analysis for GHG Emissions Control Options..... ES-4

Table ES-4. Proposed 2020 Facility-Wide GHG EMiSSIONS Cap ... s s sssessnssssssenssssesises
Table 4-1: AES Hawaii 2010 Facility-wide Baseline Emissions ...............
Table 5-1: List of Potential GHG CONMMEOl OPUOMS .oovoviieriirsisssissmssssmsmssssrsrssessmsss s ssssassessas sessesmssees sessss esseressesssssssssrmssesemsssens
Table 5-2: Fuel CO: Emission Factor COMPAariSON ............cxmemmsssrssssmmssoms s seassssssesasassssessass

Table 5-3: HCl Emissions Test Results ..o

1111111

E5-2
.. ES-3

... EB-3

12
,,,,,, A7

Tahle Sz Fial O o= i Bl i s s it s e R L e s e e
Table 5-3: Heat Rate Improvement Oplions. ... s ssess
Table 5-7: Potential Heat Rate IMProVEMIENE ......couricecssiserrisinsssssssisrns sessms sesssssssssssssassssassssrsnsasasssasss
Table 5-8: Fan Aux Power Savings......miicnsrns

Table 5-9: List of Feasible GHG Control Options

rrrrrr

Table 5-10: Rank Technically Feasible GHG Control Option by Effectiveness oo
Table 5-11: GHG Control Cost SUMMATY ..o..coiiiannsesesessnssesessnssessnson
Table 5-12: GHG Emissions Control System Cost EffecliVENEsS ... ..o smssssemsissssssssmsiasams sesems s sssssssssssssrssns sasesnsosas
Table 5-13. Summary of Economic, Environmental, and Energy Impact Analysis for GHG Emissions Control Options..........

.. 19
2]
23
7

.. 30
P 1
,,,,,,,,, 36

Table 5-14. 2020 Facility-Wide GHG Emissions Cap

Figure 5-1: General Process Flow for MEA-Based CO: Capture and Transportation ....................
Figure 5-2: Historical Alternative Fuel Firing at AES Hawaii (Boiler A & B).....oooovmiiiiisissmisniossssrmsrims esrsrssesserssssressssssons

A B R R P TR R R R RPN R R R R

38
39
41

16

AES Hawaii_GHG ERP_Final_120116_Resubmit_103018

r

i
Sargent & Lundy '

|
F.



AES GHG EMISSION REDUCTION PLAN

United States Contents
AES Hawau, INC. iv
ABBREVIATIONS AND ACRONYMS
Abbreviation/Acronym Explanation
AH air heater
BACT best available control technology
CAA Clean Air Act
CAB Clean Air Branch
CEMS continuous cmissions monitoring system
CFB circulating fluidized bed
CFR Code of Federal Regulations
CHP combined heat and power
CO: carbon dioxide
CPp Clean Power Plan
CSp Covered Source Permit
DOE LS. Depanment of Energy
DOH Hawaii Department of Health
Dsl dry sorbent injection
EGU clectric gencrating unit
EPA U.S. Environmental Protection Agency
EOR enhanced oil recovery
ERP Emission Reduction Plan
ESP electrostatic precipitator
FD foreed draft
FGD flue gas desulfunization
GHG greenhouse gas
HAP hazardous air pollutant
HAR Hawaii Administrative Rule
HECO Hawaitan Electric Company
HP high pressure
HRI heat rate improvement
HRS Hawaii Revised Statutes
ID induced draft
IP intermediate pressure
IPCC Intemational Panel on Climate Change
ISB integrated sootblower
LAER lowest achievable emission rate
Lr low pressure
MATS Mercury and Air Toxics Standards
MEA monocthanol amine

AES Howan_GHG ERP_Final_120116_Resubmit_103018

Sorgent & Lundy ' *



AES

GHG EmiSSION REDUCTION PLAN

Unlited States Contents
AES Hawal, INC. v
ABBREVIATIONS AND ACRONYMS
MW megawatt
NSR New Source Review
NN neural network
NREL National Renewable Energy Laboratory
o&M operating and maintenance
PA primary air
PPA Power Purchase Agreement
PSD Prevention of Significant Deterioration
PURPA Public Utility Regulatory Policies Act
QF Qualifying Facility
RACT reasonably available control technology
RBLC RACT BACT LAER Cleaninghouse
RDF refuse derived fuel
SCR selective catalytic reduction
SNCR selective non-catalytic reduction
TDF tire derived fuel
T/R transformer/rectifier
VFD variable-frequency drive

AES Hawai_GHG ERP_final_120116_Resubmit_103018

Sargent & Lundy '



GHG EMISSION REDUCTION PLAN

A ES Executive Summary

United States

AES Hawal, INC. ES-1

EXECUTIVE SUMMARY

Sargent & Lundy, L.L.C. (S&L) was retained by AES Hawaii, Inc. (AES Hawaii) (o prepare a greenhouse gas
(GHG) Emission Reduction Plan (ERP) for the AES Hawaii facility located at 91-086 Kaomi Loop, Campbell
Industrial Park, Kapolei, Oahu. This GHG ERP has been prepared in accordance with Hawaii Administrative Rules
(HAR) §11-60.1 Subchapter 11 {Subchapier 11}, which implement Act 234, 2007 Hawaii Session Laws, Relating to

Greenhouse Gas Emissions, enacted in Sections 342B-71-73, Hawaii Revised Statutes (HRS).

In general, Subchapter 11 requires statewide reduction of GHG emissions to 1990 levels by 2020, and establishes a
minimum reduction of 16% for affected facilities from the baseline year of 2010 unless it is determined that 16%

reduction is unattainable. The following steps are to be included in an affected facility’s GHG ERP:

7> Establish facility-wide baseline GHG emissions (HAR §11-60.1-204(d)(1))

» Determine if 2020 facility-wide GHG emissions cap based on 16% reduction from baseline levels
is attainable (HAR §11-60.1-204(d)(2))

Identify all available control measures (HAR §11-60.1-204(d)(3))
Eliminate technically infeasible options (HAR §11-60.1-204(d)(4))
Control effectiveness and cost evaluation (HAR §11-60.1-204{(d}(5))
Proposed control strategy (HAR §11-60,1-204(d)(6))

vV V V VY

AES Hawaii is a coal-fired cogeneration plant that utilizes “clean coal” technology to generate steam and
electricity. The facility is designed to sell sufficient quantities of process steam to be a “Qualifying Facility” (QF)
under the Public Utility Regulatory Policies Act of 1978 (PURPA). AES Hawaii is the single largest electric power
generator on Oahu and provides 20% of the island’s electrical energy demand. AES sells electricity to Hawaii
Electric Company (HECO) under a 30-year Power Purchase Agreement (PPA) that expires in October 2022. The
following stationary sources directly emit GHG emissions from the facility and have been included in the GHG

contro] evaluation.

» Boilers Aand B
» Limestone Dryers

The first step in developing the GHG ERP for AES Hawaii was to establish facility-wide baseline GHG emissions

based on calendar year 2010 emissions. If calendar year 2010 is deemed unrepresentative of normal operation, an
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altemnative annual baseline emission rate may be proposed. S&L evaluated AES Hawaii's facility-wide operations
for the period 2005 to present, and determined that calendar year 2010 is representative of normal facility-wide
operation. Therefore, facility-wide baseline GHG emissions were based on calendar year 2010 emissions. Baseline
annual emissions, which are based on representative emission factors obtained from 40 CFR Part 98 and 2010

annual material consumption rates, are identified in Table ES-1.

Table ES-1: AES Hawaii 2010 Facility-wide Baseline Emissions

CO. N;O CHa Tatal COze

Non-
Biogenic, | Biogenic, | tons/yr, tons/yr, tons/yr, tons/yr,
tons/yr tons/yr as N0 as COze'! as CH, as COzelt tons/yr

Boilers A and B

1,668,138 0 28 8,627 191 4,015 1,680,781
{total)
Limestone Dryers 822 0 0 2 1] 1 824
Facility-Wide Total | 1,668,960 0 28 8,629 191 4,016 1,681,605

Note 1. COue emissions caleutated based on 2010 GWP values fiom Table A-1 1o Subpant A of Part 9% (1., CO: = |, N:O = 310, CH, = 21),

The next step in developing the ERP was to evaluate GHG emissions reductions options available to AES Hawaii
for: (1) achieving 16% GHG emissions reduction from the baseline, or (2) proposing an alternative emissions cap
resulting in the maximum achievable GHG emissions reductions. The control reduction evaluation generally
follows EPA’s “top-down™ approach for determining best available control technology (BACT) and EPA
guidelines for conducting a GHG BACT analysis, which are consistent with the requirements of Subchapter 11.

The *“top-down” approach utilized in this evaluation includes the following steps:

Step 1: Identify Potentially Feasible GHG Control Options

Step 2: Evaluate the Technical Feasibility of Potential GHG Control Options
Step 3: Rank the Technically Feasible GHG Control Options by Effectiveness
Step 4: Evaluate the Technically Feasible GHG Control Options for:

¢ Economic Impacts
¢ Environmental Impacts
» Energy Impacts

Step 5: Proposed Control Strategy for GHG Emissions
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The AES Hawaii GHG emissions control assessment identified three GHG control option categories that are
considered technically feasible: (1) heat rate improvements, (2) fuel oil co-firing, and (3) biomass co-firing. Table

ES-2 identiftes technically feasible GHG control options in descending order of conirol effectiveness.

Table ES-2: Technically Feasible GHG Control Option by Effectiveness

GHG Control _— Expected Emission
Effectiveness Expected GHG Emission Rate Reduction
Ibs
0,

GHG Control Option %o removal tons COzefyr COe/kWh-g tons COze/yr
i;‘?‘;‘;:"ﬁ;‘;’::jf Co-firing 16.0% 1,412,549 1708 269,056
e 12.6% 1,469,480 1.777 212,125

i -firine (@ 30%
o %‘;S" firing @ 30% 6.3% 1,575,411 1.905 106,194
Heat Rate Improvement o 5
Combination (All Options) 3.136 e 1.970 CERE
AP o
g‘:’a't?r:l')ﬁ" firing @ 10% 2.1% 1,646,361 1.991 35,245
Turbine Upgrade 1.25% 1,660,585 2.008 21,020
Heat Rate Improvement
Combination (Lowest Cost 1.00% 1,664,789 2,013 16,816
Options)
Q;;I:;?g: Temperature 0.75% 1,668,993 2018 12,612
Sootblower Improvements 0.70% 1,669,834 2.019 11,771
DCS Upgrade 0.50% 1,673,197 2.023 8,408
VFD Motors 0.30% 1,676,560 2.028 5,045
Baseline Emissions - 1,681,605 2.034 -

The technically feasible GHG control options were evaluated for economic, environmental and energy impacls.

The results of the economic, environmental, and energy impact analysis are provided in Table ES-3.
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Table ES-3. Summary of Economic, Environmental, and Energy Impact Analysis for GHG
Emissions Control Options

Average Incremental
Annual Cost | Annual Cost Environmental
Effectiveness | Effectiveness!" Impacts Energy Impacts
$/ton COze $/ton CO;e
GHG Control Option removed removed
VFD Motors $288 - N/A N/A
DCS Upgrade $222 $123 N/A N/A
Sootblower .
/
Improvements §31 - N/A N/A
Air Heater ;
Temperature Reduction $1,792 $26,162 Bl A
Heat Rate
Improvement :
Combination (Low s122 $288 N/A N/A
Cost)
Turbine Upgrade $397 $1,498 N/A N/A
Fuel Oil Co-firing @ Increased hazardous air
uel Vil Lo-nnng pollutant (HAP) emissions,
10% Heat Input 5510 $677 change fly ash composition, N/A
delivery-related emissions

Heat Rate
Improvement .
Combination (All $579 5719 L N/A
Options)
Fuel Oil Co-firing @ Increased  HAP  emissions, :

0 change fly ash composition, N/A
30% Heat Input 5508 e delivery-related emissions
Local Eucalyptus Increased  HAP  emissions,
Biomass Co-firing — $175 $42 change fly ash composition, | Increased unit heat rate
150,000 TPY delivery-related emissions
Pelletized Biomass Co- Increased HAP emissions,
firing @ 25% Heat £126 $16 change fly ash composition, | Increased unit heat rate
Input delivery-related emissions

Note 1. Incremental cost cffectiveness represents the imcremental increase in annual costs (S/yr) divided by the incremental increase in annual GHG emissions
reductions {ipy} between a control option and the next most effective option,

The economic evaluations performed for the technically feasible control options indicate that, based on expected

emissions reductions and estimated control costs, the average annual cost effectiveness of the GHG control systems
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range from $51 per ton (sootblowing improvements) to $1,792 per ton (air heater temperature reduction) GHG

removed. For the purpose of this evaluation, it was concluded that GHG control options having cost effectiveness

values greater than $23 per ton GHG removed are not cost effective. Therefore, based on a cost effectiveness

threshold of $23 per ton GHG removed, none of the available and technically feasible GHG control options for

AES Hawaii are considered to be cost-effective.

AES Hawaii is proposing a 2020 facility-wide GHG emissions cap that is based on limiting GHG emissions to

2010 baseline levels. AES Hawaii plans to meet the 2020 facility-wide GHG emissions cap by continuing to

implement a comprehensive inspection and preventative maintenance program that addresses boiler operation,

maintenance and efficiency. The proposed 2020 facility-wide GHG emissions cap and compliance demonstration

method are identified in Table ES-4.

Table ES-4. Proposed 2020 Facility-Wide GHG Emissions Cap

AES Hawaii
Facility-Wide

Method for Controlled GHG

Compliance Demonstration

Pollutant Emissions Cap Emissions Methodology
Comprehensive inspection and S ARG )
LT rrfaintenance GHG emissions calculations using
COze 1,681,605 tons/yr | program designed to address

boiler operation, mainilenance,
and efficiency

annual fuel consumption rates and
limestone consumption rates, and
representative emissions factors
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1. INTRODUCTION

Sargent & Lundy, L.L.C. (S&L) was retained by AES Hawaii, Inc. (AES Hawaii) to prepare a greenhouse gas
(GHG) Emission Reduction Plan (ERP) for the AES Hawaii facility located at 91-086 Kaomi Loop, Campbell
Industrial Park, Kapolei, Oahu. This GHG ERP has been prepared in accordance with Hawaii Administrative Rules
(HAR) §11-60.1 Subchapter 11 {Subchapter 11), which implement Act 234, 2007 Hawaii Session Laws, Relating to
Greenhouse Gas Emissions, enacled in Sections 342B-71-73, Hawaii Revised Statutes {HRS). In general,
Subchapter 11 requires statewide reduction of GHG emissions to 1990 levels by 2020, and establishes a minimum
reduction of 16% for affected facilities from the baseline year of 2010 unless it is determined that 16% reduction is

unattainable.

This GHG ERP includes information required by Subchapter 11 to establish a 2020 facility-wide GHG emissions
cap for the AES Hawaii facility. The following sections are included in this GHG ERP:

Section 2 — Facility Description contains information describing the facility, equipment, and the site
location.

Section 3 — GHG Emission Reduction Plan Requirements identifies plan requirements set forth in
Subchapter 11.

Section 4 — Facility Total Baseline GHG Emissions establishes the baseline emissions based on the
most representative operating year for the period 2005 to present.

Section 5 — 2020 Facility-Wide GHG Emissions Cap includes a GHG control evaluation and
proposes the GHG emission reduction plan for the facility.

Appendix A contains HAR §11-60.1 Subchapter 11: Greenhouse Gas Emissions
Appendix B contains calendar year 2010 annual baseline emissions calculations

Appendix C contains a simplified flow chart identifying steps included in the GHG control option
evaluation

Appendix D contains the cost effectiveness summary and cost worksheels
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2. FACILITY DESCRIPTION

AES Hawaii, located at 91-086 Kaomi Loop, Campbell Industrial Park, Kapolei, Oahu, commenced commercial
operation in 1992. The facility is a coal-fired cogeneration plant that utilizes “clean coal” technology to generate
steam and electricity. The facility is designed to sell sufficient quantities of steam to be a “Qualifying Facility”
(QF) under the Public Utility Regulatory Policies Act of 1978 (PURPA). AES Hawaii is the single largest electric
power generator on Oahu and provides 20% of the island’s elecirical energy demand. AES sells to Hawaii Electric
Company (HECO) under a 30-year Power Purchase Agreement (PPA) that expires in October 2022.
Approximately 97% of the plant’s total capacity is committed to HECO under the PPA. The facility operates under
Covered Source Permit (CSP) No. 0087-02-C, and has a total of two (2) electric generating units (EGU), Boilers A
and B.

Boilers A and B are each Ahlsirom Pyropower Corp., circulating Muidized bed (CFB) sieam boilers with a tolal
maximum design heat input of 2,150 MMBtu/hr. Power output from the facility is currently limited to a maximum
18¢ MW-net {nominal) in accordance with facility’s current PPA. In additien to generating electricity, a small
percentage of total steam produced is sold to a nearby industrial facility. Each boiler is equipped with a limestone
injection system for sulfur dioxide (SO:) control, selective non-catalytic reduction (SNCR) for nitrogen oxide
(NOx) control, and fabric filter baghouse for control of particulate matter (PM) emissions. Boilers A and B are
currently permitted to fire coal as the primary fuel, and limited amounts of wood fuel, tire derived fuel (TDF), spent

activated carbon, and specification oil. Fuel oil is the startup fuel for Boilers A and B.

Emission sources installed at the facility include:

* Boilers A and B (coal as primary fuel with limited amounts alternative fuels)
¢ Coal Processing Equipment

e Limestone Processing Equipment

e One (1) five-cell (5-cell) cooling tower

*  Ash handling equipment

¢ One (1) 60,000 gallon No. 2 fuel oil storage tank

The following stationary sources directly emit GHG emissions from the facility and will be included in the GHG
control evaluation.

e Boilers Aand B
e Limestone Dryers
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3. GHG EMISSION REDUCTION PLAN REQUIREMENTS

On June 30, 2014, the Hawaii Department of Health (DOH) Clean Air Branch (CAB) amended HAR §11-60.1 to
include Subchapter 11: Greenhouse Gas Emissions. Subchapter 11 implements Act 234, 2007 Hawaii Session

Laws, which mandates a 2020 statewide GHG limit set equal to or below the 1990 statewide GHG emissions levels.

Subchapter 11 requirements generally apply to owners or operators of facilities with the potential to emit greater
than 100,000 tons per year CQOze. Affected facilities are required to develop a GHG ERP to establish facility-
specific annual 2020 GHG emissions caps. Further, Subchapter 11 requires that the DOH conduct an annual
evaluation of statewide GHG emissions in 2016 and thereafter to determine the progress of achieving the statewide
GHG emission limit of 15.06 million tons per year CQOze. If it is determined that the statewide GHG emission limit
is met and projections indicate ongoing maintenance of the limit, the GHG ERP requirements will no longer apply

to affected facilities.

The following procedure is included in Subchapter 11 for developing the GHG ERP (excerpts from Subchapter 11
given in italics). The full text of Subchapter 11 is included in Appendix A.

¢ Establish facility-wide baseline GHG cmissions (HAR §11-60.1-204(d)(1))

Calendar year 2010 annual emissions shall be used as the baseline emissions to
calculate the required facility-wide GHG emissions cap, unless another baseline year
or period is approved by the director. Baseline emissions shall be determined in
accordance with section 11-60.1-115, separated between biogenic and non-biogenic
emissions, and exclude all emissions of noncompliance with an applicable requirement
or permil limit. The owner or operator shall include the data and calculations used (o
determine the baseline emissions. If calendar year 2010 is deemed unrepresentative of
normal operations, then the owner or operator may propose an alternate baseline
amnual emission rate for the director's approval, as follows:

{4} The owner or operator shall clearly document why calendar year 2010 is not
representative of normal operations and why the proposed alternate year or
period is more suitable based on trends, existing equipment and controls,
scheduled maintenance, operational practices, and any other relevant
information. Acceptable methods for determining alternate facility-wide
baseline annual emissions include:

(i) the facility-wide GHG emissions (less biogenic CO:) based on the most
recent representative year during the five-year period ending 2010;

(i} average fuacility-wide GHG emissions(less biogenic CO;) over any
consecutive two-year period during the five-yvear period ending in 2010;
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(iii) average facility-wide GHG emissions (less biogenic CO3) for the five-year
period ending in 2010; or

(iv) comparable methods as approved by the director. The director will not
consider the use of periods greater than five years from 2010, except for
extreme cases such as where an affected source may not have been fully
operational for an extended period of time.

(B) For newly permitted covered sources without a 2010 operating history, the
owner or operator shall make the best estimate of normal operations based on
contract agreements, available operational records, required scheduled
maintenance, market forecast, or any other information for projecting the
affected source emissions. Potential emissions shall not be used, unless the
owner or operator can clearly demonstrate that the facility will be continually
operating at the maximum capacity for each and every year.

The owner or operator shall provide all supporting documentation for the proposed
alternate baseline emission rate. The director, based on available information, may
reject and modify the baseline emission rate in establishing the final facility-wide GHG
entissions cap.

e Determine if 2020 facility-wide GHG emissions cap based on 16% reduction from baseline

Ievels is attainable (HAR §11-60.1-204(d)(2))

Determine the facility-wide GHG emissions cap in accordance with subsection(c),
using calendar year 2010 or the proposed GHG baseline emission rate determined by
paragraph (1) above. If the required emissions cap requiring a sixteen percent (16%)
emission reduction firom baseline year emissions is deemed unattainable, the owner or
operator shall provide, as part of the reduction plan:
{A) The justification and supporting documentation of why the required emissions
cap cannot be met; and,
(B} A proposal, for the director’s approval, of an alternate emissions cap resulting
in the maximum achievable GHG reductions.
In determining whether or not the required GHG emissions cap is attainable, the owner
or operator of an affected source shail first conduct the GHG control assessment
described in paragraphs (3) to (5). Available EPA guidelines for GHG Best Available
Control Technology analysis, and GHG control measures by source type shall be used
as applicable for this assessment.

e Identify all available control measures (HAR §11-60.1-204(d)(3))

tdentify all available control measures with potential application for each source type,
and all on-the-book control measures the facility is committed or will be required to
implement affecting GHG emissions. At a minimum, the following shall be considered
as applicable:

(A4) Available technologies for direct GHG capture and control;

(B) Fuel switching or co-fired fuels;
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(C) Energy efficiency upgrades;

(D) Combustion or operational improvements;

(E) Restrictive operations;

(F) Planned upgrades, overhaul, or retirement of equipment,

(G) Ouwstanding regulatory mandates, emission standards, and binding
agreements; and

{H) Other GHG reduction initiatives that may affect the facility's GHG emissions.
Unless the owner or operator of the source has direct ownership or legal
control over a GHG reduction initiative, that initiative cannot be relied upon
as a proposed control strategy. Identification of GHG reduction initiatives,
whether or not the owner or operator has ownership or legal control, will
serve fo highlight their potential importance for reducing GHG emissions in
the state. The owner or operator of an affected souree will only benefit from a
GHG initiative, if the initiarive reduces or helps to reduce and maintain the
source's GHG emissions below its permitted facility-wide GHG emissions cap.

s [Eliminate technically infeasible options (HAR §11-60.1-204(d)(4))

For any new control measure identified for the facility, eliminate all technically
infeasible options based on physical, chemical, or engineering principles that would
preclude the successfil operation of the control with the applicable emission unit or
source. Document the basis of elimination, and generare the list of 1echnically feasible
control options for further evaluation. All committed and required on-the-book
measures shall remain on the list.

e Coantrol effectivencss and cost evaluation (HAR §11-60.1-204(d)(5))

List the technically feasible control options and identify the following for each control
measure as applicable. All cost data shall be provided in present dollars.
(4) Control effectiveness (percent pollutant removed);
(B) Expected emission rate ftons per year CO:ze, pounds COze/kilowatt-howr);
(C) Expected emission reduction (tons per year CO:e);
(D) Energy impacts (BTU, kilowatt-hour);
(E) Environmental impacts (other media and the emissions of other regulated air
pollutants);
(F) Any secondary emissions or impacts resulting from the production or
acquisition of the comtrol measure; and
(G) Economic impact {cost effectiveness: annualized control cost, dollar/megawatt-
hr, dollariton COse removed, and incremental cost effectiveness between the
control and status quo).
For committed or required on-the-books control measures and any other GHG control
initiatives, identify at a minimum, items (4) through (C) above. Considering the energy,
environmental, and economic impact, determine the GHG control or suite of controls
Jound to be feasible in achieving the maximum degree of GHG reductions for the
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JSacility. Determine whether the required GHG emissions cap, pursuant to subsection
(c) will be met. If an alternate cap must be proposed for approval, declare the
proposed percentage GHG reduction and the alternate GHG reduction cap. Provide
the justification and associated support information (e.g.. references, assumptions,
vendor guotes, sample calculations, etc.) to substantiate the comrol analysis and
alternate GHG eniissions cap.

e Proposed control strategy (HAR §11-60.1-204(d)(6))

Present the listing of control measures to be used for implementation in meeting the
required or proposed alternate 2020 facility-wide GHG emissions cap. Include
discussion of the control effectiveness, control implementation schedule, and the
overall expected GHG CO:e emission reductions (1py) for the entire facility. Owners or
operators shall also consider the following:

(A) Affected sources may propose to combine their facility-wide GHG emissions
caps to leverage emission reductions among partnering facilities in meeting the
combined GHG emissions caps. If approved by the director, each partnering
Jacility witl be responsible for complying with its own adjusted GHG facility-
wide emissions cap.

(B) Except for fee assessments and determining applicability 1o this section,
biogenic CO: emissions will not be included when determining compliance
with the facility-wide emissions cap until further guidance can be provided by
EPA, or the director, through rulemaking,

(C) The approved facility-wide GHG emissions cap and the associated monitoring,
recordkeeping, and reporting provisions will be made a part of the covered
source permit, enforceable by the director.
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4. FACILITY-WIDE TOTAL BASELINE GHG EMISSIONS

The first step in developing the GHG ERP is to establish facility-wide baseline GHG emissions based on calendar
year 2010 emissions. If calendar year 2010 is deemed unrepresentative of normal operation, an altemative annual

baseline emission rate meeting requirements of HAR §11-60.1-204(d){1)(A) may be proposed.

S&L evaluated AES Hawaii’s facility-wide operations for the period 2005 to present to determine if calendar year
2010 is representative of normal AES Hawaii operations. Based on review of annual fuel consumption rates, actual
fuels consumed, boiler heat inputs, boiler heat rates, power generation, and capacity factors, it was determined that
calendar year 2010 is representative of normal facility-wide operation. Therefore, facility total baseline annual

GHG emissions for AES Hawaii have been based on calendar year 2010 emissions.

In accordance with HAR §11-60.1-115, baseline annual CO:e emission rates shall be determined based on (1) stack
test reports, continuous emissions monitoring data, or any other certified record, or (2) emission factors used in
complying with 40 CFR Part 98, Mandatory GHG Reporting. Prior to calendar year 2011, CO: continuous
emissions monitoring systems (CEMS) were not installed on the AES Hawaii Boilers A and B; therefore, baseline
annual emissions from Boilers A and B have been based on representative emission factors obtained from 40 CFR
Part 98 and 2010 annual material consumption rates. Calendar year 2010 baseline emissions are calculated as

follows:

Facility-Wide Baseline Emissions (tpy CO:e) = Facility-Total Baseline GHG Emissions (tpy CO:¢) —
Facility Baseline Biogenic CO: Emissions (1py CO;)

Table 4-1 provides a summary of the AES Hawaii 2010 facility-wide baseline annual emissions; additional

information, including material consumption rates and emission factors details are included in Appendix B.
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Table 4-1: AES Hawaii 2010 Facility-wide Baseline Emissions
CO; N2O CHa Total COze'Y
Non-
Biogenic, | Biogenic, | tons/yr, tons/yr, tons/yr, tons/yr,
tons/yr | tons/yr as N:O | as CO.e? asCH, | asCOzett tons/yr

Boilers A and B 1,668,138 0 28 8,627 191 4,015 1,680,781
{total}
Limestone Dryers 822 0 0 2 0 1 824
Facility-Wide Total 1,668,960 0 28 8,629 191 4,016 1,681,605

Note 1. CO;e cmissions calculated based on 2010 GWP values from Table A-1 to Subpart A of Part 98 (i.c., CO: =1, N.O = 310, CH, = 21)
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5. 2020 FACILITY-WIDE GHG EMISSIONS CAP

This section provides an evaluation of GHG emission reduction options available to AES Hawaii to determine
whether a 16% reduction in GHG emissions from the 2010 baseline is attainable, and if not, to identify an

alternative emissions cap resulting in the maximum achievable GHG emissions reductions.

This analysis generally follows EPA’s “top-down” approach for determining best available control technology
(BACT)' and EPA guidelines for conducting a GHG BACT? analysis, which is consistent with the requirements of
Subchapter 11. The “top-down” approach utilized in this evaluation includes the following steps:

Step 1: Identify Potentially Feasible GHG Control Options

Step 2: Evaluate the Technical Feasibility of Potential GHG Control Options

Step 3: Rank the Technically Feasible GHG Control Options by Effectiveness

Step 4: Evaluate the Technically Feasible GHG Control Options for:

* Economic Impacts
¢ Environmental Impacts
e Energy Impacis

Step 5: Proposed Control Strategy for GHG Emissions

A more detailed description of each step in the control technology analysis is provided below. A simplified flow

chart identifying each step of the control technology evaluation is included in Appendix C.
Step 1 - Identify Potentially Feasible GHG Control Options

The first step in the GHG control analysis is to identify all available control options to reduce GHG emissions.
Available GHG control options are those strategies with a practical potential for application to the emission

unit,

VEPA Office of Air Quality Planning and Standards, New Source Review Workshop Manual = Prevention of Significant Deterioration and
Nonattainment Arca Permitting, Draft, October 1990.

* EPA Office of Air Quality Planning and Standards, PSD and Tidle I Perminting Guidance for Greenhouse Gases, EPA-457/B-11-001,
March 2011,
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Step 2 — Technical Feasibility of Potential GHG Control Options

The second step in the GHG control analysis is to review the technical feasibility of the control options
identified in Step 1 with respect to source-specific and unit-specific factors. Options that are not technically

feasible for the intended application are eliminated from further review.
Step 3 - Rank the Technically Feasible GHG Control Options by Effectiveness

All technically feasible options are ranked in order of overali control effectiveness. Control effectiveness is
generally expressed as GHG emitted after the implementation of the control option. The mos! effective GHG

control option is the strategy that achieves the lowest emissions level.
Step 4 - Evaluate Technically Feasible GHG Control Options

After identifying the technically feasible control options, each option, beginning with the most effective, is
evaluated for associated economic, energy and environmental impacts. In the event that the most effective
control alternative is shown to be inappropriate due to energy, environmental or economic impacts, the basis for
this finding is documented and the next most stringent alternative evaluated. This process continues until the
technology under consideration cannot be eliminaled by any source-specific environmental, energy or

economic impacts.
Step 5 - Select Control Strategy for GHG Emissions
Based on the results of Steps 1 through 4, Step 5 provides the proposed GHG control strategy for the facility.

51 GHG CONTROL ASSESSMENT

The top-down approach described above is applied for the control of GHG emissions from the AES Hawaii facility.
GHG emissions sources at AES Hawaii include Boilers A and B which are CFB boilers with a common steam
turbine generator that currently generates up to 180 MW-net (limited by the PPA), and limestone dryers thal are

driven by diesel engines,
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5.1.1 Step 1: ldentify Available GHG Control Options

Step I of the GHG control technology process includes identifying all “available” GHG control options that have a
potential for practical application to the source under consideration.” This does not affect the discretion of the
permitiing authority to exclude options that would fundamentally redefine the proposed source or modification.?
To be included in a control technology evaluation, available control technologies must have a “practical potential

for application to the emissions unit and the regulated pollutant under evaluation."’

Any requirement that would compel AES Hawaii to evaluate alternative generating technologies (e.g., boiler
designs, combustion turbines, gasification systems, etc.) would change the basic purpose and design of the facility,
and is outside the scope of this GHG control technology analysis. EPA reiterates this position in the GHG
Permitting Guidance Document, with respect to alternative fuels, by explaining that fuels which result in fewer
GHG emissions can be considered in the analysis; however, “EPA has recognized that the initial list of control
options for a BACT analysis does not need 1o include ‘clean fuel’ options that would fundamentally redefine the
source.” In assessing whether an option would fundamentally redefine a proposed source or modification, EPA
recommends that the “permitting authority should look first at the administrative record to see how the applicant
defined its goal, objectives, purpose or basic design for the facility in its application™ and then “take a ‘hard-look’ at
the applicant’s proposed design in order to discern which design elements are inherent for the applicant’s purpose
and which design elements may be changed to achieve pollutant emissions reductions without disrupting the

applicant’s basic business for the proposed facility.””

Table 5-1 identifies GHG control categories listed in HAR §11-60.1-204(d)(3) and available control measures that
have potential application to AES Hawaii. Control technologies with potential application to reduce facility-wide
GHG emissions from AES Hawaii were identified based on a comprehensive review of available information,
including, EPA’s RACT BACT LAER Clearinghouse (RBLC) Database; reports published by the U.S. Department

of Energy (DOE) national laboratories; information available regarding industrial CQ; separation processes;

JEPA, “PSD and Title V Permitiing Guidance for Greenhouse Gases,” EPA-457/B-11-001, March 201 1, page 30.
1id.
3 EPA, New Source Review Manual, p. B.5.

& EPA, PSD and Title V Permitting Guidance for Greenhouse Gases, p. 29.
Tid,a 27,
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published information from control technology vendors and engineering/environmental consulting firms; a review

of technical journals, reports, industry seminars and presentations.

Table 5-1: List of Potential GHG Control Options

GHG Control Category Potential GHG Control Options for AES
(HAR §11-60.1-204(d)(3)) Hawaii
Carbon Capture and Sequestration Carbon Capture
» Monoethanol amine (MEA)
absorption

Carbon Sequestration

® (eologic sequestration
e Seawaler Sequestration

Fuel switching or co-fired fuels Co-firing

e Natural gas

¢ Fuel oil

s+ Biomass

o Altemative fuels

Energy efficiency upgrades (demand- NA

side)

Combustion or operational - Heat rate improvements
improvements - Combined heat and power

Reduce limestone consumption
Replace oil-fired limestone dryers with
electric dryers.

Restrictive operations Reduce capacity factors for Boilers A and B
Planned upgrades, overhaul, or Planned upgrades, overhaul, or retirement of
retirement of equipment equipment

Outstanding regulatory mandates, NA

emissions standards, and binding

agreements

Other GHG reduction initiatives NA

5.1.2 Step 2: Technical Feasibility of Potential GHG Control Options

The second step in the GHG control analysis is to review the technical feasibility of the control options identified in
Step 1 with respect to source-specific and unit-specific factors. A demonstration of technical infeasibility must be

based on physical, chemical, and engineering principles, and must show that technical difficulties would preclude
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the successful use of the control option on the emission unit under consideration. The economics of an option are
not considered in the determination of technical feasibility/infeasibility. Options that are technically infeasible for

the intended application are eliminated from further review.

5.1.2.1 Carbon Capture and Sequestration

Chemical absorption systems are currently used to separate and capture CO; in industrial applications as well as
various coal-fired power plants in the U.S. on a slipstream scale. In general, these systems are designed to separate
CO: from other gases in the exhaust gas stream by a chemical absorption reaction that forms a loosely bonded
intermediate compound consisting of CO; and a solvent. Afier the absorber module, the intermediate compound is
transferred to a regenerator where it is heated (usvally with steam) causing it to break down into separate streams of
CO:; and solvent, The solvent stream is recycled back to the absorber; the solvent most often used to capture CO; is
monoethanol amine (MEA). The CO; is cooled, dehydrated, and compressed before it is ready for storage or

commercial use. A simplified process flow diagram of the MEA separation process is shown in Figure 5-1.

Figure 5-1: General Process Flow for MEA-Based CO: Capture and Transportation

i
T W |
—
Lesn/Canl \_,‘
Jotvere
—— . -
S, el et = Sobverg Strpper
wawr T e Coumn
1 Absorter -
- =
1 - Casurnny L
! brea "‘L]
Pt G0t Compct
——— Coit -
S

Lflﬁ
T
ﬁ.

i |

%

L

i

AES Hawai_GHG ERP_Final_120116_Resubmit_103018

Sargert & Lunchy '



GHG EmiSSION REDUCTION PLAN

AES 2020 Facility-wide GHG Emissions Cap
United States
AES Hawall, INC. 14

Some commercial applications for CO; capture have been installed to collect CO» as a useful product to be sold
commercially. The MEA chemical absorption process in conjunction with other separation technology can produce
a high quality CO: stream suitable for enhanced oil recovery (EOR) applications or for food grade purposes. If the
CO; cannet be sold, it must be stored underground permanently. Demonstration projects are currently underway

across North American and elsewhere around the world to demonstrate geological and seawater sequestration.

Several technical issues present themselves if MEA absorplion is going to be used for CO: capture on utility-scale
fossil fuel-fired boilers. First, for effective CO; absorption, SO2 concentrations in the flue gas should not exceed
approximately 10 ppm; when SO; is present in the flue gas, heat stable salts are created that deactivate the solvent.
Although AES Hawaii operates a CFB boiler with SO and acid gas control, SO» emissions will remain above the
10 ppm threshold. The unit would likely be required to install a wet-FGD system to reduce SO: emissions to the

required amount to prevent deactivation of the MEA solvent.

Second, a slipstream MEA absorption system retrofit at AES Hawaii would require significant space. As an
example, the footprint for a full-scale MEA system would be approximately equal to the footprint of the existing

boiler and turbine buildings.

Accommodating the auxiliary power and steam required to operate a slip stream CQO; capture system designed to
achieve 16% reduction would be expected to reduce power output by 10%. In order to meet the auxiliary power
requirement for a carbon capture system, the unit would have to either increase firing of the boiler to increase gross
power output, reduce the net power output for the facility, or install a new auxiliary electric generating unit (e.g.,
oil-fired combustion turbine). If the steam required for the process is extracted from the existing turbine’s
Intermediate Pressure/Low Pressure (IP/LP) crossover line, the LP section of the steam turbine might not continue
to operate properly at full or partial loads with limited steam supply. The AES Hawaii station is currently equipped
with steam extraction between the IP/LP crossover and designed to supply up to 40,000 Ib/hr of steam to a nearby
industrial facility. If carbon capture is explored at AES Hawaii on a slipstream scale, the steam that is currently
sold offsite could potentially be used instead for part of the carbon capture system requirement. However, the
facility is currently a “qualified facility” under PURPA, and if the facility is to maintain that status, an alternative
source of steam would be required for carbon capture uses. One option would be to install a new steam generating
system (e.g., oil-fired auxiliary boiler, oil-fired combustion turbine with steam generator) to supply the necessary
steam for the process. Inclusion of a new auxiliary power and steam source would add space demands to the

property requirements and would increase the facilities GHG emissions.
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Overall, MEA absorption technologies have been demonstrated as a technically feasible process operation for
industrial applications. In addition, DOE-funded slipstream scale applications have been installed demonstrated on
coal-fired power plants located in the U.S. The DOE is currently in the process of providing funding for additional

research into alternate carbon capture technologies and absorption solvents.

While the carbon capture process has been proven as a technically feasible CO: reduction strategy, the location of
the AES Hawaii station hinders the application of sequestration techniques. The Hawaiian Islands have no proven
CO; geological storage sites nor are there opportunities for EOR. Seawater sequestration is another option that
includes two polential options for injecting the CO; into the ocean: diffusing CO: columns 1,000 m below the

surface or creating dense phase CO: “lakes” 3,000 m deep.?

The two ocean storage options have been tested in the laboratory and in small-scale field tests, but the techniques
have not been demonstrated on a large scale. According to the IPCC, “Further research and development would be
needed to make technologies available, but no major technical barriers are apparent.” Additionally, there are legal
concerns that need to be addressed prior to implementing large scale CO: ocean sequestration. One concern is that
CO; will fall under the category of “waste™ as written in the London Convention, potentially prohibiting the
disposal of it in oceans.” Because CO; sequestration options are not currently available in Hawaii, carbon capture
and sequestration it is not considered a technologically feasible GHG control option for AES Hawaii and is not

considered further in this analysis.

5.1.2.2  Fuel Switching or Co-Fired Fuels
51.2.2.1 Alternative Fuels

CFB boilers tend to be very robust when it comes to the type of fuel that is possible to fire, due to the nature of the
combustion process and the long residence time the fuel has in the boiler. Boilers A and B currently fire a fuel
blend consisting mostly of coal, but also small amounts of spent activated carbon, used “specification” oil, and tire
derived fuel (TDF). The spent activated carbon fired at AES Hawaii is a high energy fuel source that comes from

carbon filter beds that were originally used in water treatment sources. Used “specification” oil {or spec oil) is
2l P p

$IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage. Prepared by Working Group 1) of the Intergovernmental Panel
on Climate Change [Metz, B., O, Davidson, H. C. de Coninck, M. Loos, and L. A. Meyer {eds.)]. Cambridge University Press, Cambridge.
United Kingdom and New York, NY, USA, 442 pp,

? Purdy, Ray. “The Legal Implications of Carbon Capturc and Sterage Under the Sea.” Sustainable Development Law & Policy. Fall 2006,
22.26.
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essentially used motor oil supplied by a local source on Oahu. Only Boiler B is currently designed to bumn this fuel,
up to 3.5%. TDF is currently obtained from a local supplier. Figure 5-2 shows the total alternative fuels fired in
Boilers A and B for the period 2005 10 2014 as a percent of total annual boiler heat input. Annual alternative fuel

use has ranged from approximately 0.5% to 3% over the last 10 years.

Figure 5-2: Historical Alternative Fuel Firing at AES Hawaii (Boiler A & B)
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The facility’s CSP currently allows for limited firing of alternative fuels (approximately 5% maximum). Although
increasing the amount of alternative fuels fired on an annual basis would require amending the CSP, increased
amount of alternative fuels fired could reduce the annual CO; emissions for the facility. With the exception of

spent activated carbon, the CO; content of alternative fuel is lower than that of coal (see Table 5-2).
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Table §-2: Fuel CO; Emission Factor Comparison

CO; Emission Factort¥
Fuei (Ib/MMBtu)
Spent Activated Carbon 250.6%
Bituminous Coal 205.6
TDF 189.5
Specification Oil 163.1
#2 Fuel Oil 163.1

Note 1. Emission factors from Table C-1 1o Subpari C of Pan 98,
Note 2. Emission factor for pet coke

Based on the above CO: emission factors, while it is technically possible for AES Hawaii to reduce GHG emissions
by reducing coal use and increasing firing of TDF and oil, the alternate fuels are supplied to AES Hawaii directly
from sources located on the island and are limited in availability. The units typically fire as much spec oil,
activated carbon, and TDF that is available, and it is unlikely that local supplies will increase. Therefore, due to
limited sources of alternative fuels, increased firing of alternative fuels is not considered to be a technically feasible

option for GHG control.

5.1.2.2.2 Natural Gas

GHG emissions associated with firing natural gas are approximately 40% lower than coal-fired GHG emissions, on
a Ib/MMBtu basis. This means that natural gas would have to supply up to 35% to 40% of total heat input to
achieve up to 16% GHG reduction from AES Hawaii. Because adequate supplies of natural gas are not currently
available on Oahu nor are plans to make liquefied natural gas (LNG) available prior to 2019, natural gas firing is

not a technically feasible GHG control option for AES Hawaii.

5.1.2.2.3 Biomass

GHG emissions from biogenic sources, such as wood, wood waste, forest residue, agricultural material, or other
biomass materials, are excluded from reported facility total annual GHG emissions. Biomass co-firing is a
potential GHG control option for AES Hawaii. Categories of raw biomass that may be available to AES Hawaii
include fast growing biomass and mature biomass. Examples of fast growing biomass sources include, but are not
limited to, switchgrass, straw, and wheat chaff. More mature or slow growing sources, such as forest residuals, are
the byproducts of harvesting timber for lumber and pulp/paper mills, This material includes tree tops, limbs, bark,

stumps, and leaves/needles from harvested trees. This material is typically left in the forest, but can be coliected for
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use as wood fuel. Coliection can be done by bundling or chipping. Whole logs can also be harvested and chipped
for fuel.

Biomass supply can also come in the form of pelletized wood. These pellets are preformed prior to shipment, which
results in easier fuel handling practices; however, this can ofien come at a premium cost. Additionally, the pellets

are much lower in moisture content than chipped biomass supplies.

With regard to boiler performance, as received biomass materials ofien have moisture contents in the 40-50%
range. The high moisture percentage would reduce the boiler efficiency thus requiring more fuel to be burned.
Biomass moisture content may be reduced by incorporating wood pellets. Another major concern for co-firing is
that residuals tend to have higher overall ash content and the ash tends to have higher concentrations of
troublesome minerals such as sodium (Na) and potassium (K). Ash content can also be increased by dirt that is
collected with the residual materials. Due to lower melting temperatures, these ash constituents cause fouling and
slagging issues on heat transfer surfaces in the boiler. In addition, hot ash carry-over may have adverse effects on
downstream equipment, such as damaging the reverse gas fabric filter baghouse. Before implanting this technology
on a coal-fired plant, an evaluation would have to be conducted to ensure that biomass firing will not adversely
affect the boiler components, and that carry-over of burning wood ash particles is minimized. Other constituents of

the biomass may result in increased flue gas emissicns.

Fuel handling is also a potential concern with biomass co-firing. 1t is ofien required to send the delivered product
through grinding equipment that reduces product size to assure better handling and metering into the boiler. For
pulverized coal boilers, suspension burning equipment is also required to ensure the wood material is injected
properly in the boiler to assure minimal carryover. With CFB boilers, fuel is fed into the boiler on the top of the

bed using screw feeders.

Eucalyptus and construction waste are the most commercially available biomass source on the Hawaiian Islands.
AES Hawaii performed two biomass test burns of eucalyptus biomass in 2011 and construction waste in 2015, co-
firing up to 16% wood on a total heat input basis. During these trials, the station experienced several problems,
such as fuel bridging in the coal bunkers before the feeders. However this fuel was delivered and fed to the boiler
through the normal coal delivery system which was not designed to handle long fibrous biomass. Even when the

biomass was further chipped (processed to a smaller size) there still were bridging issues.

While CFB boilers can typically incorporate woody biomass resources into the combustion bed, several

modifications and design boiler performance issues have to be evaluated at AES Hawaii, based on previous
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experience. To accommodate biomass fuel, the boiler island would require modifications that include adding a live
bottom storage bin located near each boiler, each with a screw conveyor to deliver the material into the boiler on
top of the bed. Additional metering systems would have to be incorporated as well. Major additions to the fuel
yard storage area and handling include walking floor delivery trucks or truck tippers, additional segregated storage

piles, reclaim systems, and additional material processing (chipping) to meet sizing criteria.

In order to achieve 16% COz reduction, the biomass firing rate would have to be approximately 25% by weight,
depending on the quality of the delivered biomass. Co-firing biomass at those levels will also affect other flue gas
emission rates. During recent eucalyptus test burns in 2011 and construction debris test burns in 2015, hydrochloric
acid (HCl) emissions increased. Table 5-3 compares HC] emissions measured during test burns to HCl emissions
during normal operations. Based on test results, increases in HC! emissions with biomass firing would have to be

mitigated to achieve compliance with the Mercury and Air Toxics Standards (MATS) rule.

Table 5-3: HCI Emissions Test Results

Boiler A HCl Emissions Boiler B HC! Emissions

Ib/hr 1b/MMBtu 1b/hr lb/MMBtu
MATS Emissions
Stack Testing!" 239 0.0018 2.87 0.002
(Nov 2015)
Mg TR 3.08 0.0027 3.685 0.0032
Test Bum

11.58 (Method 0.0087 (Method
2015 Construction 5/26A) 5/264A)
Debris Test Burn e L 6.85 (Method 26A 0.0055 (Method
only) 26A)

Note 1. The applicable MATS HCl limit for AES Hawaii is 0.0020 1b/MMBiu (se¢ Table 2 1o Subpart UUUUU of Part 63)

Recommended HCI mitigation technologies typically include dry sorbent injection (DSI) systems. To ensure the
MATS HCI limit is met, sorbent would be injected upstream of the baghouses. Since hydrated lime has a
preferential selection to react with HCI, rather than SO: and SO, the DSI system would be designed with this
sorbent in mind. A DSI system using hydrated lime would include storage silos, pneumatic conveying lines,

injection lances, blowers, driers, and chillers.

Co-firing up to 25% by weight biomass in coal units is considered technically feasible taking into account the

design aspects listed above. Consuming approximately 25% biomass by weight in Boilers A and B would require
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in the range of 150,000 to 200,000 tons per year of biomass. The National Renewable Energy Laboratory (NREL)
has prepared a “Biomass Resources™ exhibit which identifies the island of Oahu’s potential biomass reserve supply
at 150,000 to 250,000 tons per year. However, an in-depth biomass fuel supply study would be required to
determine the actual long-term availability for AES Hawaii. The study would review the sustainability of the
woody biomass supply on the island of Oahu, and it would review the ability to procure a long-term contract with
the suppliers. Depending on the availability of this supply for use at AES Hawaii, biomass firing may either have

to be limited based on island supply or biomass would have to be imported to Hawaii.

Co-firing 25% biomass would increase the net unit heat rate, since it decreases overall boiler efficiency by
approximately 2%. The increased boiler heal input requirement could be met by firing additional biomass.
Assuming the DOH continues to exclude biogenic CO: emissions from reported facility total annual GHG
emissions, biomass co-firing has the potential to reduce CO: emissions by up to 16% at AES Hawaii. This would
potentially require importing additional biomass to the island. Therefore, the analysis will include two evaluations:
firing up to 150,000 tons per year of local biomass supply (approximately 20% by weight) and firing 25% by
weight biomass in the form of wood pellets shipped from overseas. Importing biomass would potentially increase
lifecycle GHG emissions rather than using local supplies; however, these lifecycle emissions are not included in

this evaluation.

5.1.2.24  Fuel Oil

Fuel oil is another fuel source that produces less CO; per Btu than coal. The facility already uses fuel oil during
startup of the boilers, thus is already equipped with burners and storage tanks that are adequate for firing fuel up to
30% load during unit startup. For the purpose of this evaluation, it is assumed that the unit will be capable of firing
up to 30% of total heat input on a continuous basis without requiring major boiler modifications. However,
additional fuel oil storage capacity would be required, along with supply pumps and piping. If more than 30% fuel
oil co-firing were to be incorporated, additional modifications would be required. New burners would have to be
installed to increase injection rate. Additionally, operational practices would have to be modified to discontinue
reinjection of bed ash, due to contamination with unburned oil. To mitigate safety concerns, the bed ash would

have to be removed from the hoppers, cooled with water spray, and neutralized.

Another major concern for fuel oil co-firing is the potential for oil carry over. Unburned oil and its impact would
have 1o be evaluated for potential contamination of downstream equipment including the fabric filter bags. A

safety evaluation would also have to be conducted.
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Based on CO: emission factors included in Table 5-2 and the fuel oil heating value, to achieve 16% CO: reduction
it is estimated that the fuel blend would have to consist of over 76% fuel oil. This would significantly impact the
gas and steam temperatures in the boiler, due to the higher heat of combustion of fuel oil. To accommodate these
higher temperatures, the majority of the boiler water walls, including steam surface, would have to be upgraded
with different materials. Heal transfer surface area would also have to be modified to ensure steam temperatures
are within the design operating range for the steam turbine. The vast amount of modifications to the boiler would
be considered redefining the source, therefore, achieving 16% CO- reduction by co-firing fuel oil is not considered

technically feasible.

As an alternative, the boilers are currently designed to fire up to 30% fuel oil on a heat input basis during startup. If
30% of the heat input is provided consistently by fuel oil firing, annual CO: emissions would be reduced by 6%.
However, due to the heat of combustion of fuel oil compared to coal and the location of the igniters, the fluidized
bed temperatures may be too high, causing the bed clinker in the bottom of the boilers. To minimize the potential

of sintering the bed, the fuel oil burners would be relocated to a boiler elevation higher above the fluidized bed.

If modifications to the boiler are not possible, it is estimated that 10% fuel oil firing would be possible without
burner relocation. Additional evaluations would be required to determine the impact on the boiler while firing up to
10% fuel oil for extended periods. Barring the results of additional evaluations and design considerations described
above, co-firing fuel oil in quantities up to 10% by total heat input is considered technically feasible without burner

modifications and could reduce GHG emissions by approximately 2%.

Table 5-4: Fuel Qil Co-Firing Results

10% Fuel Oil  30% Fuel Oil  76% Fuel Oil
Fuel Units Baseline by Heat by Heat by Heat
Input Input Input*
Bituminous Coal 1000 tons/yr 744 669 519 176
Fuel Oil 1000 gals/yr 75 11,476 34,429 87,109
% CO2e Reduction NA 2.1 6.3 16.0

*Note: 76% fuel oil co-firing is considered redefining the source, and, therefore, is not considered to be
a technically feasible option.

This study does not take into account the lifecycle emissions due to the truck traffic required to deliver the required

increased amount of fuel oil to the station on an annual basis.
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5.1.2.3 Energy Eificiency Upgrades

It is S&L and AES’s interpretation that energy efficiency upgrades referenced in the rule are attributed to demand-
side upgrades. AES Hawaii is an independent power producer (IPP) that is currently operating under a PPA to
supply electricity to HECO. AES Hawaii does not own or operate the electricity transmission sysiem or have
control over end-user activities where demand side energy efficiency upgrades can be implemented. Therefore,

energy efficiency upgrades are not an available GHG control option for AES Hawaii.

5.1.2.4  Combustion or Operational Improvements
5.1.24.1  Heat Rate Improvements

The heal rate of a facility is an indicator of efficiency, measuring the amount of fuel energy input needed (Btu,
higher heating value basis) to produce 1 kWh of net electrical energy output, is used track the performance and
efficiency of thermal power plants.'® Reduction in fuel consumption to generate the same amount of power can
directly reduce CO; emissions of a coal-fired power plant. For every percent improvement in heat rate, it can be
concluded that 1% CO: is reduced. Therefore, potential heat rate improvements at the AES Hawaii facility have

been evaluated to identify their potential to reduce CO; emissions.

The EPA has identified several potential heat rate improvements (HRI) as part of the technical support document
for the Clean Power Plan that may result in system efficiency gains, summarized in Table 5-5.!' While there are
many HRI options for the industry as a whole, not all of listed options are applicable to each plant. Reasons that
HRI strategies may not be technically applicable include existing technology restrictions, current employment of

best maintenance practices, not having the technology installed (e.g. SCR), operational profile, and others.

S&L has provided added comments of applicability to the AES facility to the list of potential heat rate improvement

options.

" The average, annual operating heat rate of U.S. coal-fired power plants is approximately 10,400 BtwkWh. Because operating units report
heat rates that include performance at all levels, the numbers are usually significantly higher than the full load design heat rate.

I Technical Support Document (TSD) for Carbon Pollution Guidelines for Existing Power Plants: Emission Guidelines for Greenhouse Gas
Emissions from Existing Stationary Sources: Electric Utility Generating Units Docket 1D No. EPA-HQ-0OAR-2013-0602
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Table 5-5: Heat Rate Improvement Options

Boiler Island Description Applicability
(1) Material Handling Upgrade to variable frequency drives | Upgrades to pulverizers are not
(VFDs) on coal handling equipment, | applicable to CFB boilers.

improve pulverizers, and convert water-
sluicing to dry drag chain system for bottom
ash handling.

Additionally, CFB boilers do not
use wet bottom ash handling
systems.

(2) Economizer

Upgrade/increase  heat  transfer  in
economizer section to increase heat rate and
reduce outlet temperature.

Additional tubing added to boiler
would lead to increased fouling.

(3) Boiler Control System

Install adaptive control for optimized air to
coal ratio, and steam tempering to properly
balance plant response to load changes
identifying low heal rate operation regime.
Also known as Neural Network (NN).

Applicable

(4) Sootblowers

Strategically allocate sootblowing steam to
specified areas on heat transfer surfaces
requiring sool and ash deposit removal. Also
known as intelligent sootblower (ISB).

Applicable

(5) a. Air heater leakage | Improve seals between heater’s gas and air | Tubular air heaters have limited
mitigation side to reduce flue gas flow to induced draft | in-leakage.
{ID) fan and auxiliary equipment.
(5) b. Air heater acid dew | Lower sulfuric acid dew point of the flue | Applicable
point reduction gas to increasing the amount of heat
extracted through the air heater with
modified air heater.
Turbine Island
{6) Steam Turbine Install technologically advanced steam | Applicable

turbine components to increase turbine
efficiency.

{7) Feedwater heater

Add additional surface to improve heat
transfer efficiency.

Best Maintenance Practices’

(8) Condenser

Improve condenser tube cleaning by using
metal cleaners or plastic brushes and
maintaining regular offline cleaning
schedules.

Best Maintenance Practices’

(9) Boiler Feedwater Pump

Rebuild boiler feed pump in an overhaul or
upgrade.

Turbine driven feedwater pumps
are typically not implemented on
small units of 200 MWg.
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Flue gas system

(10) Forced draft (FD) and
induced draft (ID) fan
improvement

Convert from centrifugal to axial fans.

The unit 1is equipped with
centrifegal fans. Addition of VFDs
would be more cost effective,

(11) Variable-frequency drive
{(VFD) motors

Install variable frequency motor controllers
to enable fans to reduce power consumption
during startup and at reduced loads.

Applicable

Air pollution control
equipment

(11) Flue gas desulfurization
(FGD) system

Remove venturi throat in absorber, improve
flow distribution to lower pressure drop,
shutoff a slurry spray level/pump, and install
VFD on slurry feed pumps.

The unit is nol equipped with an
FGD system.

{12) Electrostatic Precipitator
(ESP)

Upgrade both energy management system
and transformer/rectifier (T/R) sets on
existing ESPs 1o reduce power consumption.

The unit is not equipped with an
ESP.

(13) Selective catalytic
reduction (SCR)

Reduce pressure drop across SCR system
and utilize secondary air instead of electric
heaters for ammonia dilution.

The unit is not equipped with an
SCR system.

Water treatment system

(14) Water Treatment System

Improve quality of water used in the steam
cycle to reduce tube scaling as well as lower
blowdown required to improve efficiency
and reduce heat rate.

Negligible improvement potential
on a unit of AES Hawaii’s size.

{15) Cooling Tower

Convert cross-flow configuration to a
counter-flow design and increase heat
transfer surface with advanced film fill
packing material to improve thermal
efficiency.

The cooling tower was recently
rebuilt to improve performance.

Notes:

[.  Best Maintenance Practices are measures that have already been implemented by the facility 10 ensure repairs and upgrades are made 10 heat rale intensive

cemponenis on a regular basis,

AES Hawaii has developed and implemented a comprehensive inspection and preventive maintenance program
designed to address boiler operation, maintenance, and efficiency. The program includes routine inspection of
major facility components including the boiler, tubular air heaters, and steam turbine. AES Hawaii’s preventive
maintenance program is designed to identify and, where practical, implement routine equipment replacements that
minimize overall auxiliary power requirements. Implementation of a cycle efficiency program ensures that the

units achieve a heat rate as near as practicable to design conditions.
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After review of AES Hawaii operating data, reading O&M manuals, and interviewing plant operators and
engineers, S&L identified the most viable HRI strategies that have potential to provide improvements of
approximately 0.5% and greater. All other HRI strategies were eliminated due to site-specific inapplicability and/or

insignificant reduction potential in CQz emission rates.
The options identified as potential sources for significant heat rate improvements at AES Hawaii are:

(1) Control system upgrades

(2) Sootblower improvements

(3) Air heater outlet temperature reduction
(4) Turbine upgrade

(5) VFDs

5.1.2.4.1.1 Control System Upgrades

Unit operation can oftentimes benefit from upgrading the boiler control systems. Real-time data analysis, control,
and better data logging can help operators hone in unit operating parameters. Neural network systems are one
potential upgrade to exisling controls that can provide optimized operation; however, these are found to be
implemented less and less. State-of-the-art distributed control systems (DCS) and additional instrumentation and
equipment to improve system operations have the ability to provide similar benefits as the neural network systems.
These upgraded systems allow control room operators to understand and react better to performance issues within
the boiler and turbine island. Parameters including boiler temperature, steam temperatures, fuel feed rates, and

condenser temperatures, can be tracked to understand and optimize performance as they relate to other parameters.

Since the unit was constructed in the early 1990s, the DCS has not been fully upgraded. Only portions of the
system have been upgraded as new equipment has been installed. An upgrade to the state-of-the-art DCS along
with additional controllable parameters is predicted to provide up to 0.5% improvement in heat rate, by allowing

control room operators to optimize boiler performance.

5.1.2.4.1.2 Soolblower Improvements

An advantage of CFB boilers is the ability to fire a wide variety of coals that allow flexibility when it comes to
selecting a fuel supply. Because fuel characlenistics can vary widely among different coal types, there is the

potential that the most cost-effective fuel will also have a high fouling polential. Fouling of the boiler tubes can
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reduce steam temperatures that negatively impact the unit heat rate.  Steam sootblowers can be utilized (o maintain

¢lean boiler tube surfaces.

Some of the fuels that are currently fired at AES Hawaii have fouled the back-pass surfaces even when the soot
blowers that are currently instalied operate continuously. Nevertheless, even with continuous sootblowing, fouling
in Boilers A and B is reducing boiler performance. Since AES cannot base coal purchases solely on fouling
polential, another option is to improve sootblower performance and maintenance and potentially install additional
sootblowers in the boiler. Sootblower improvements may improve the main steam temperature by 15°F and reheat
steam temperatures by 25°F on a consistent basis, resulting in a heat rate improvement of 0.7%, achievable on a

long term basis. Better heat transfer in the back pass will improve air heater exit gas temperatures as well.

5.1.2.4.1.3  Air Heater QOutlet Temperature

Air heaters are used to provide heat transfer between inlet boiler air and hot flue gas. Air heaters can come in
various forms, but regenerative air heaters with rotating heating elements are the most common. Boilers A and B
are equipped with tubular air heaters which are essentially large shell and tube heat exchangers. Using the hot flue
gas to preheat the air going into the boiler, the combustion process becomes more efficient. Operating air heater
flue gas outlet temperatures too low can lead to condensation of acid gases, which may lead 1o corrosion of
equipment and ductwork. With these design considerations in mind, air heater outlet temperatures are typically
around 250-350°F, depending on unit configuration, boiler type, and fuel burned. If the flue gas operating

temperatures could be lowered, then the combustion air is further preheated, increasing the overall efficiency.

To mitigate concerns for corrosion, air heater outlet temperatures are typically controlled at 20-30°F above the acid
dew point, which is a function of the fuel sulfur content and ultimately SO; concentrations in the flue gas. AES
Hawaii typically fires coals with mid-range sulfur concentrations (0.5-1.5 wi%), thus acid dew points are expected
to be relatively low due low SC; concentrations. The limestone in the CFB is very effective at reducing SO:
concentrations, but also provides some reduction of other acid gases, such as S0;, HCIl, and HF. Based on
operating firing mid-range sulfur content fuel and limestone injection in the CFB, it was anticipated that the units

would be able 10 operate with low air heater outlet temperatures.

PI data was analyzed from the 2015 time frame to determine the inlet and outlet temperatures of each boiler’s air
heater. Additionally, this data was compared to the SO concentration at the outlet of the boiler, since other acid

gas concenfrations are not measured on a continuous basis. To determine the theoretical outlet temperature that the
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unit could operate at without concerns for corrosion, the acid dew point was estimated. Table 5-6 compares actual

minimum air heater temperatures to theoretical minimum air heater temperatures.

Table 5-6: Theoretical AH Temperatures

Actual SO Actual Theoretical
' MinimumAH  Minimum AH
Outlet
Concentration Outlet Outlet
Temperature  Temperature'
ppm °F o
Boiler A - AH 378 Vs ™
Annual Average
Boiler B - AH 371 255 ”
Annual Average

Note E. Theoretical minimum AH temperature based on 40°F above the calculated acid dew point

Based on the analysis completed, it is expected that on an annual average basis, each boiler could reduce air heater
temperatures by between 30-40°F, However, to prevent backend tube corrosion, steam coils would be installed to
pre-heat the combustion air prior to the first tube bank. This will increase the average cold end temperature further,
which should mitigate corrosion concerns, especially during unit startup and low load operation. The steam coils
would consume approximately 20,000 Ib/hr of steam, increasing the net unit heat rate. This increase would be
offset by the improvement in seal between the air and gas side, due to the reduction in corrosion. Thus it is

expected that the steam coils alone would have a zero net effect on the heat rate.

Industry literature suggests that coal-fired units should maintain a minimem average back-end temperature —
average of the cool inlet air and warm outlet flue gas — above 155°F at the fuel sulfur range consistent with AES
Hawaii.'”? Reducing the average gas outlet temperature o 250°F, this will maintain a back-end temperature of

165°F, which provides a 10°F margin for changes in weather or upset conditions.

Based on acid dew point calculation assumptions and results, installing 20-40% additional air heater surface area,
thus reducing the flue gas outlet temperature, can provide a significant heat rate improvement. For every 40°F that
the air heater outlet temperature is reduced, the increase in combustion air temperature can provide a 1% efficiency

improvement. '* The results of the analysis are summarized in Table 5-7. It is predicted that the station could

1* Alstom Power Inc., Air Preheater Company, “Average Cold End Temperature (ACET) Guide” published 2/9/07.
1 Sargent & Lundy LLC, “Coal-fired Power Plant Heat Rate Reduction.” SL-009597, January 22, 2009.

AES Hawaii_GHG ERP_Final_120116_Resubmit_103018

Sargent & Lundy -



GHG EmMISSION REDUCTION PLAN

AES 2020 Facllity-wide GHG Emissions Cap
United States
AES Hawau, INC. 28

benefit from 0.75% CO: reduction, on average, if the air heater outlet temperatures were reduced to 250°F.
However, this may not accommodate unit operating with all fuels, but could likely be achieved on an annual

average basis.

Table 5-7: Potential Heat Rate Improvement

Actual SO Actual Theoretical Potentiol AH
Outiet . Minimum AH  Minimum AH Outlet HRI/ €O,
Concentration Outlet Outlet Temperature Reduction
Temperature  Temperature” Reduction
ppm °F °F o %
Boiler A - AH . 275 250 . iy
Annual Average
Boiler B - AH T 285 250 s 0
Annual Average

Note 1. Theoretical minimum AH temperature based on based on an average back-end temperature of 165°F.

The addition of 20-40% surface area is not expected to be a simple retrofit for the AES Hawaii unit, due to the tight
configuration; however, it is technically feasible. The retrofit would include work on the boiler support steel and
complete reconfiguration of the current tube bundles. It is suggested that if the air heater outlet temperature is
reduced by installing additional surface area, steam coils should be implemented. The air heater modifications are
expected to require a 6 month unit outage to complete. The lost generation is assessed as part of the capital cost,

along with the penalty that would be incurred based on the 85% annual capacity factor required by the PPA.

51.2.4.1.4 Steam Turbine Upgrades

Steam turbine upgrades have become common on turbines that were installed before the 1990s. Starting in the
‘90s, turbine manufacturers were able to employ more advanced design tools, such as CFD modeling to improve
turbine blade shape and packing design. Retrofitting existing turbines with the advanced design has provided
significant improvement to efficiency on large units. Depending on the state of an existing steam turbine and the
problems experienced, the entire turbine may have to be replaced, apart from the outer casing. Upgrading high
pressure (HP), intermediate pressure (IP), and low pressure (LP) sections can result in up to 2-3% increase in gross
power generation on larger steam turbine generators. Since much of the initial improvement is due to the

degradation of the existing turbine in comparison to its design, only 1-2% net increase in overall power generation
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would be expected.” Units that experience the most benefit from turbine upgrades are typically units that have

steam leakage, erosion, or deposition on blades.

On small steam turbines (typically considered to be <200 MWg) such as AES Hawaii, upgrades are not typically
performed due to the small overall increase in performance compared to the cost of modifications. For AES
Hawaii, this is especially true since there are very few reported problems on the steam turbine. AES Hawaii steam
turbine HP section is currently operating within 0.3% of its design point and the IP section is operating within 0.1%
of the design point. Due to the age and condition that the AES Hawaii turbine is in currently, it does not provide a
large source for improvement with a maintenance overhaul. However, it is still a potential option at AES Hawaii to
improve unit efficiency by 1-2%, by upgrading the packing and steam path design. Assuming a 2% improvement
in heat rate initially, this would correspond to an average improvement of approximately 1.25% for each 6-year
maintenance cycle, due to degradation. Since upgrades such as steam turbine overhauls do not maintain the initial
improvement over the entire life of the system between maintenance cycles, the 6-year average is estimated and

used to approximate the long-term heat rate improvement potential.

To upgrade to the steam turbine at AES Hawaii, it is expected that a two year lead time for delivery afier award
would be required. As part of this lead time, the unit would have to go into an outage where the steam turbine
supplier would disassemble and measure all components of the existing equipment. After this point, 18 months
would be required to complete the engineering and manufacturing of all the new blades and rotor. Another long

outage, approximately 8§ weeks, would be required to disassemble and install the new equipment.

Due to the terms and conditions of the existing PPA between HECO and AES, upgrading a turbine would be very
difficult to complete in the outage time allotied. Upgrades to the turbine would only provide the unit with added
efficiency, rather than an increase in generation due to the limitation of 180 MWn, as defined by the PPA. Overall,
it is expected that a turbine upgrade could provide AES Hawaii with approximately 1.25% efficiency improvement
on a long-term average basis, resulting in a 1.25% CO; reduction. Therefore, upgrading the steam turbine is a

technically feasible CO;: control option.

14 Sargent & Lundy LLC, “Coal-fired Power Plant Heat Rate Reduction.” SL-009597, January 22, 2009,
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5.1.24.1.5 Variable Frequency Drive Molors

Variable frequency drive (VFDs) motors are ofien used on load-following units, where the dispatch is based on
demand and can vary significantly throughout the day. VFDs implemented on large fans or pumps, such as ID or
booster fans, allow the motors to operate more efficiently at non-design profiles. Rather than fans or pumps
operating at a single speed for all flue gas volumetric flow rates, VFDs control motor power consumption at low
loads. These motor controls, if implemented on large equipment, like boiler feed pumps, FD and ID fans,

circulating water pumps, or slurry pumps, can reduce auxiliary power consumption at lower loads by 30-60%.'?

VFD motors typically do not provide significant heat rate reduction on base loaded units such as AES Hawaii.
However, S&L was able to collect fan curves and determined that based on the current flue gas volumetric flow
rate, the fans are larger than what is required for the unit’s current fuels fired and power output limited to 180
MWn. This is likely due to the wide range of fuels that the unit could fire, which could result in higher volumetric
flow rates. Additionally, the boiler is designed to generate more steam than it is currently producing, due to the
restrictions of the PPA. Considering the conservative sizing basis and the continual operation at loads just below
maximum, the unit is consistently operating below the optimal efficiency points of large motors. Analysis of the

fan curves revealed VFDs have the potential to reduce aux power consumption.

Table 5§-8: Fan Aux Power Savings

e Motor Size Auxiliary Power Savings
Number per Boiler (hp) (fow)
Secondary Air FD i 200 100
Fan
Induced Draft Fan 1 2500 200

Integrating VFDs on the secondary air FD and ID fans at AES Hawaii (one per boiler), would result in an aux
power savings of approximately 600 kW total. This is equivalent to an overall efficiency improvement of 0.3%
when operating at the base loaded profile. If the unit maintained its current profile, it is expected that 0.3% CO;
reduction would be achievable on a long-term basis. Therefore, VFDs on large fans at AES Hawaii are technically

feasible CO; control option.

15 id
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5.1.2.4.1.6  Combination of Heat Rate Improvement Strategies

Heat rate improvement strategies can sometimes be applied together at a facility to achieve higher total heat rate
improvement. Of the five applicable sirategies at AES Hawaii, most of them can be considered additive. However,
the combination of air heater temperature reduction adding pressure drop to the system will have an impact on the
achievable improvement due to the VFDs. Therefore, the heat rate improvement of the VFDs is reduced by the
same ratio as increased surface area (i.e. 30%), making the overall strategy not completely additive. Therefore, if
all five heat rate improvement projects — control system upgrades, sootblowing, air heater outlet temperature
reduclion, steam turbine upgrade, and VFDs - are implemented, there is the potential for a combined heat rate
improvement of approximately 3.1%. All five upgrades would have to be completed in the air heater outage
timeframe, which is considered possible, due to the 6 month duration of the air heater upgrade project if selected as
an option. Therefore, the heat rate improvement combination strategy is a technically feasible option to reduce CO:-

emissions by up to 3.1% on an average basis,

While there are many combinations incorporating a select few HRI options, and this plan does not explore each
individual one, an additional option that is explored is the combination of the two lowest annual cost options. This
would provide an opportunity to provide CO; reduction at a lower $/ton, than if high cost options (i.e. air heater
temperature reduction) were also included. The combination of VFDs and optimized sootblowing would have the

potential to reduce CO; emissions by approximately 1.0%.

5.1.2.4.2 Combined Heat and Power

Combined heat and power (CHP) is another method in which coal-fired power plants can improve overall
efficiency. This arrangement includes generating steam and extracting a portion to be used in another process.
Since extracting heat energy out of steam is more efficient than recovering power through a turbine, this improves
the overall heat rate of a power plant. Typical heat rate calculations that consider only total energy of fuel fired and
total MW generated do not apply to this configuration. Since steam is being extracted prior to passing through the
turbine, credit has to be applied in another way; otherwise it would appear that the heat rate of CHP facilities is far

higher than typical power plants. The following equations compare typical methodologies for calculating heat rates.

Btu
Btu Total Fuel Input (F .
Heat Rate oW = Net Power Output (kW) Equation (1)
Btu Btu
Btu Total Fuel Input (F)—Fuet Chargeable to Heat (F
— = Leds g 1 2
FCF Heat Rate (kWh) Net Power Qutput (kW) Equation (2)
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By subtracting the amount of fuel that was used to generate the heal provided in the steam supplied to another

process, there is a net savings in the numerator, reducing the net heat rate of the facility.

As previously discussed, CHP facilities have a higher efficiency than a typical coal-fired steam turbine alone, AES
Hawaii is a CHP facility and supplies 5% of the steam generated to a nearby industrial facility for part of their
process. Steam is extracted from the cross-over between the I[P and LP turbine sections at a rate of approximately
40,000 lb/hr. If AES Hawaii increased the amount of steam supplied as heat to other processes, the unit heat rate
would improve. One potential way to improve the unit heat rate would be to sell more steam to nearby facilities.
However, there does not appear to be a market for increased steam sales, therefore this is not an available option for
heat rate improvement. In addition, because producing additional steam for sale would require increased firing of
Boilers A and B to continue to satisfy the PPA, mass CO; emissions would increase even though overall heat rate is
improved when accounting for steam sales. Therefore, additional steam production for AES Hawaii is not a

technically feasible GHG control option.

5.1.24.3  Reduce Limestone Consumption

AES Hawaii injects limestone into the CFB boilers for removal of SO: and other acid gases. Once injected into the
boilers, the heat causes limestone to undergo calcination thus forming the products CaO and CO»; CaO ultimately

reacts with acid gases for formed, and CO: is emitted to the atmosphere. The calcination reaction is as follows:
CaCQ; — Cad + CO,

Reducing the limestone injection rate would lower the facility’s CO: emissions. However, the current limestone
injection rate at AES Hawaii is optimized to maintain continuous compliance with applicable regulatory and permit
requirements. If limestone consumption were reduced for the purpose of controlling GHG emissions, the SO; and
other acid gas emissions would increase, potential resulting in non-compliance with emissions standards for those
pollutants. Therefore, reducing limestone consumption for the purpose of lowering total CO; emissions is not a

feasible GHG control option.

5.1.2.4.4  Replace oil-fired limestone dryers with electric dryers.

Limestone pulverizers are used to crush the limestone prior to injection into Boilers A and B. The facility’s
limestone pulverizers include oil-fired dryers for reducing the limestone moisture content prior to injection, which

emit CO: as a result of fuel oil combustion. An option for reducing CO: emissions from the limestone pulverizer
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dryers is to replace oii-fired dryers with electric dryers. While replacing the oil-fired dryers with electric dryers
eliminates CO; emissions directly from the limestone pulverizers, facility-wide CO: emissions would in fact
increase because more coal would have to be fired in Boilers A and B to supply the increased auxiliary power
requirement. Therefore, replacing the oil-fired limestone dryers with electric dryers is not a feasible GHG control

option.

5.1.2.5 Restrictive Operations

AES Hawaii currently operates under a PPA with HECO that requires that AES Hawaii produce and deliver a
continuous supply of electricity. Conditions of the current PPA include achieving at least an 85% equivalent
availability factor and maintaining the capability to produce and deliver at least 180 MW. If electricity generation
were restricted, not only would AES Hawaii potentially be in default of PPA obligations or be subject to liquidated
damages, electricity supply to the island would be reduced thus resulting in polential black out conditions.

Restrictive operation is not a feasible option for AES Hawaii.

5.1.2.6  Planned Upgrades, Overhaul, or Retirements

As part of the potential GHG control strategies, a station is able to take credit for future planned upgrades,
overhauls, or retirement of existing equipment. At present there are no large scale upgrades or overhauls planned
which could result in GHG emission reductions due to improved performance. The five year outlook for capital
expenditures reflects regular maintenance activities only, mainly due to the fact that, overall, the unit is performing
well. AES Hawaii has the extra incentive to properly maintain units because if a major overhaul were required,
AES would be in jeopardy of not meeting the availability requirement included in the current PPA with HECO. In
addition, routine maintenance and upgrades are made consistently over time to ensure the units maintain their
current heat rate. Therefore, due to the lack of planned large upgrades or overhauls, AES Hawaii cannot rely on

planned upgrades or overhaul for GHG reductions,

AES Hawaii is currently selling electricity to HECO under a 30-year PPA that expires in 2022. Although AES
Hawaii and HECO are currently negotiating an extension of the PPA, HECO has indicated that there is a possibility
that the PPA may not renewed. If the PPA with HECO is not renewed, AES Hawaii will likely be forced to retire
in 2022. However, considering PPA renewal negotiations are ongoing, AES Hawaii is not committing to 2022

retirement date. Therefore, GHG reductions cannot be relied upon due to planned retirement.
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$5.1.2.7  Outstanding Regulatory Mandates, Emissions Standards, and Binding Agreements

There are no outstanding regulatory mandates, emissions standards, or binding agreements that will lead to GHG
reductions from AES Hawaii.

5.1.2.8 Other GHG Reduction Initiatives

Other than compliance with Act 234 provisions, there are no GHG reduction initiatives currently in place that will
lead 1o GHG reductions from AES Hawaii

5.1.2.9  Technical Feasibility Summary

Table 5-9 summarizes the results of the feasibility evaluation of available control options for AES Hawaii.
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Table 5-9: List of Feasible GHG Control Options
GHG Control Category Feasible Control Options for AES Hawaii
(HAR §11-60.1-204(d)(3))
Carbon Capture and Sequestration None
Fuel switching or co-fired fuels Co-Firing
* Fuel Oil
* Biomass
Energy efficiency upgrades None

Combustion or operational improvements | Heat Rate Improvements:

¢ Control System Updates

¢ Sootblower Improvements

AH Outlet Temperature Improvements
s Steam Turbine Upgrades

s VFD Motors

Restrictive operations None

Planned upgrades, overhaul, or retirement | None

of equipment

Outstanding regulatory mandates, None
emissions standards, and binding

agreements

Other GHG reduction initiatives None

5.1.3 Step 3: Rank the Technically Feasible GHG Control Options by Effectiveness

The technically feasible GHG options are listed in Table 5-10 in descending order of control effectiveness. In
addition to identifying control effectiveness for each technically feasible control option, Table 5-10 also provides
control option-specific emissions rates in terms of tons COse per year, Ibs COze per kWh-gross, and tons per year

COse reduction.
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Table 5-10: Rank Technically Feasible GHG Control Option by Effectiveness

GHG Control . Expected Emission
Effectiveness Expected GHG Emission Rate Reduction
Ibs
L))

GHG Control Option %o removal tons CO;efyr CO2/kWh-g tons COhe/yr
g';‘;‘,!/fegegﬁ'::jf SCatil) 16.0% 1,412,549 1.708 269,056
é‘;fg'ﬁi‘;f"gg‘gog’ggﬁss 12.6% 1,469,480 1.777 212,125

il Co-firing @ 30%
pel ?I::n? firing @ 30% 6.3% 1,575,411 1.905 106,194
Heat Rate Improvement o 9
Combination (All Options) 3.1% e B0 SEEEY
e o
E‘;‘;‘t %‘L& firing @ 10% 2.1% 1,646,361 1.991 35,245
Turbine Upgrade 1.25% 1,660,585 2.008 21,020
Heat Rate Improvement
Combination (Lowest Cost 1.00% 1,664,789 2.013 16,816
Options)
e 0.75% 1,668,993 2.018 12,612
Sootblower Improvements 0.70% 1,669,834 2.019 11,77}
DCS Upgrade 0.50% 1,673,197 2023 8,408
VFD Motors 0.30% 1,676,560 2.028 5,045
Baseline Emissions -- 1,681,605 2.034 -

5.1.4 Step 4: Evaluate the Technically Feasible GHG Control Technologies

An evaluation of the economic, environmental and energy impacts of each technically feasible and commercially

available GHG emissions control option is provided below.
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5.1.4.1 Economic Evaluation

Economic impacts associated with the potentially feasible GHG control systems were evaluated in accordance with
guidelines found in EPA’s New Source Review (NSR) Workshop Manual (Draft, 1990). For the economic impact
analysis, projected annual emissions (tpy) were used to evaluate average cost effectiveness (i.e., dollar per ton
removed). Annual emissions {tpy) were calculated assuming; (1) baseline emissions are equal to the actual,
calculated levels from 2010; (2) post- GHG control option emissions are equal to the baseline control option

emissions times the assumed percent reduction associated with each control option.

Cost estimates were compiled from a number of data sources. In general, the cost estimating methodology
followed guidance provided in the EPA Air Pollution Cost Control Manual. Major equipment costs were developed
based on published information available from equipment vendors and equipment costs recently developed for
similar projects. Capital costs include the equipment, material, labor, and all other direct costs needed to install the
control technologies. Capital costs were annualized using a capilal recovery factor based on an annual interest rate
of 8% and equipment life of 6 years. An equipment life of 6 years was used because the current PPA with HECO
will expire in 2022, and even though PPA renewal negotiations are ongoing, the possibility exists that the PPA will

not be renewed and AES Hawaii will be forced 1o retire.

Fixed O&M costs include operating labor, maintenance labor, maintenance material, and administrative labor,
Variable O&M costs include the cost of consumables, including reagent (if applicable), byproduct management,
and power requirements. The annual O&M costs include both of these fixed and variable O&M components.

O&M costs account for actual 2010 unit capacity faclors.

Table 5-11 presents the capital costs and annual operating costs associated with building and operating each control
system. Table 5-12 shows the average annual and incremental cost effectiveness for each control system.

Additional cost details are provided in Appendix D.
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Table 5-11: GHG Control Cost Summary

Annual
Capital
Total Capital Recovery Annual Operating | Total Annual
Investment Cost Cost Cost
GHG Control Option $ Siyr $fyr $/yr
VFD Motors $6,095,000 $1,318,000 $134,000 $1,452,000
DCS Upgrades $8,100,000 $1,752,000 $115,300 $1,867,300
Sootblower Improvements $2,604,000 $563,000 $42,300 $£605,300
ST 2T $96,521,000 | $20,879,000 $1,723,600 $22,602,600
Reduction
Heat Rate Improvement
Combination (Low Cost) $8,700,000 $1,882,000 $175,300 $2,057,300
Turbine Upgrade $38,598,000 $8,349,000 $4,400 $8,353,400
Fuel Oil Co-firing @ 10% | ¢} 53000 |  $228,000 $17,761,500 $17,989,500
Heat Input
Heat Rate Improvement
Combination (All Options) $132,121,000 $28,580,000 $1,852,100 $30,432,100
LTSS bk el e $2,397,600 $519,000 $53,461,800 $53,980,800
Heat Input
Local Eucalyptus Biomass
Co-firing — 150,000 TPY $30,780,000 $6,658,000 $30,464,500 $37,122,500
Pelletized Biomass Co-
firing @ 25% Heat Input $21,060,000 $4,556,000 $29,309,300 $33,865,300
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Table 5-12: GHG Emissions Control System Cost Effectiveness

Expected Average Incremental
Emission Annual Cost Annual Cost
Total Annual Cost Reduction Effectiveness | Effectiveness
$iyr tons COzefyr | $/ton COse $/ton COye
GHG Control Option removed removed
VFD Motors $1,452,000 5,045 $288 -
DCS Upgrades $1,867,300 8,408 $222 $123
Sootblower Improvements $605,300 11,771 $51 -
Air Heater Temperature
Reduction $22,602,600 12,612 $1,792 $26,162
Heat Rate Improvement
Combination (Low Cost) $2,057,300 16,816 $122 $288
Turbine Upgrade $8,353,400 21,020 $397 $1,498
Fuel Oil Co-firing @ 10%
Heat Input $17,989,500 35,245 $510 $677
Heat Rate Improvement
Combination (All Options) $30,432,100 52,550 $579 $719
Fuel Oil Co-firing (@ 30%
Heat Input $53,980,800 106,194 5508 $439
Local Eucalyptus Biomass
Co-firing — 150,000 TPY $37,122,500 212,125 $175 $42
Pelletized Biomass Co-
firing @ 25% $33,865,300 269,056 5126 $16

Note 1. Incremental cost effectivencss represents the incremental increase in annunl costs ($/yr) divided by the incremental increase in annual GHG
emissions reductions (tpy) between a control option and the next most effective option,

Table 3-12 indicales that the average annual cost effectiveness of the technically feasible GHG control options for
AES Hawaii range from $51 per ton (sootblowing) to $1,792 per ton (air heater temperature reduction) COze
removed. Equipment costs, energy costs, lost production costs, and annual operating costs (e.g., fuel costs) all have

a significant impact on the cost of the GHG control systems.
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5.1.42 Environmental Impacts

Firing biomass or larger quantities of fuel oil may increase the emissions of hazardous air pollutants (HAP),
including acid gases, organics, and HAP metals. For example, the results of recent biomass fuel test burns indicate
that HCI emissions will increase if biomass firing is implemented and additional acid gas controls are not installed.
Firing biomass or larger quantities of fuel oil would change the fly ash composition and may limit disposal options.
In addition, biomass or fuel oil delivery by truck will increase fugitive dust emissions, and delivery by truck or

barge will result in emissions of all pollutants, including GHG.

There are no significant collateral environmental issues associated heat rate improvements that would exclude the
options from consideration for GHG control.
5.1.4.3 Energy Impacts

Firing biomass will increase the heat rate of the boiler, potentially increasing the amount of fuel required to meet
the power generation demand. Otherwise, there are no significant collateral energy impacts associated with the
technically feasible co-firing options and heat rate improvements that would exclude the options from consideration

for GHG control,

5.1.44 Summary of Economic, Environmental, and Energy Impact Analysis

The results of the Step 4 economic, environmental, and energy impact analysis are provided in Table 5-13.
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Table 5-13. Summary of Economic, Environmental, and Energy Impact Analysis for GHG
Emissions Control Options

Input

delivery-related emissions

Average Incremental
Annusl Cost | Annual Cost Environmental
Effectiveness | Effectiveness'” Impacts Energy Impacts
$/ton COze $/ton COze
GHG Control Option removed removed
VFD Motors $288 - N/A N/A
DCS Upgrade $222 $123 N/A N/A
Sootblower ;
Improvements $51 - A A
Air Heater
Temperature Reduction §1,792 $26,162 L b2
Heat Rate
Improvement .
Combination (Low $122 5288 A L
Cost)
Turbine Upgrade $397 $1,498 N/A N/A
Fuel Oil Co-firing Increased HAP emissions,
change fly ash composition, N/A

@10% Heat Input s510 5677 delivery-related emissions
Heat Rate
Improvement ;
Combination (All $579 §719 A N/A
Options)
Fuel Oil CO-ﬁl‘ng @ Increased HAP CmiSS.i(?llS.

508 4 change fly ash composition, N/A
30% Heat Input . R delivery-related emissions
Local Eucalyptus Increased HAP  emissions,
Biomass Co-firing — $175 $42 change fly ash composition, | Increased unit heat rate
150,000 TPY delivery-related emissions
Pelletized Biomass Increased HAP emissions,
Co-firing (@ 25% Heat $126 $16 change fly ash composition, | Increased unit heat rate

Note |. Incremental cost effectiveness represeats the incremental increase in annual costs ($iyr) divided by the incremental increase in annual GHG emissions
reductions {tpy) between a control option and the next most efTective option.
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5.1.5 Step 5: Proposed Control Strategy for GHG Emissions

The evaluation of GHG control options for AES Hawaii has shown that certain heat rate improvements and co-
firing options are technically feasible in terms of GHG emissions reductions, An economic evaluation performed
for each heat rate improvement option indicates that, based on expected emissions reductions and estimated control
costs, the average annual cost effectiveness of the GHG control systems range from $51 per ton (sootblowing
improvements) to $1,792 per ton (air heater temperature reduction) GHG removed. Fuel oil and biomass co-firing
may also be technically feasible GHG reduction options, however, the average cost effectiveness of these options
range from $126 per ton to $510 per ton. The environmental impacts of co-firing biomass or fuel oil include:
potential increases in HAP emissions that would have to be mitigated, changes in fly ash composition that may
impact ash disposal options, and emissions related to fuel delivery trucks. Energy impacts associated with biomass
co-firing are related to reduced boiler efficiency, due to reduced heating value and higher fuel moisture content

compared to coal,

5.1.51 Cost Effectiveness Threshoid

EPA and DOH have not defined a cost threshold at which GHG control options for existing power plants are
considered “cost effective.” Cost effectiveness thresholds are typically based on previous determinations for
similar sources, and are set at the discretion of regulating agencies on a project-specific basis. Prior to 2011, GHG
emissions were not regulated under EPA’s NSR permitting program. Most GHG BACT evaluations performed to
date for power generating facilities have been prepared for new gas fired simple cycle or combined cycle
combustion turbines, and those evaluations generally conclude that CCS is not technically feasible, or if feasible,
cost prohibitive. In an attempt to identify a reasonable GHG cost effectiveness threshold at which GHG control
options are cost effective, S&L performed a review of publically available documents, including GHG BACT

determinations and EPA background documents,

A GHG BACT analysis was performed in 2009 for the Hyperion Energy Center located in South Dakota. That
project proposed to install a petroleum coke-fired integrated gasification combined cycle facility. The Hyperion
BACT analysis concluded that CCS was a technically feasible control option, especially considering the facility’s
proximity to a nearby oil field that could utilize captured CO; for enhanced oil recovery. The analysis identified
CCS system cost effectiveness values ranging from $33 per ton to $91 per ton, but concluded that CCS was not a
cost effective CO: control option based on the market value of CO; allowances (at the time ranging from $1.80 per

ton to $12 per ton). Recent market prices of CO; allowances range from approximately $5.65 per ton (Regional
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Greenhouse Gas Initiative) to $11.50 per ton (California carbon market). Based on the Hyperion Energy BACT
determination and the market price of CO; allowances in existing regional trading programs, it was concluded that
GHG control options with cost effectiveness values less than $11.50 per ton GHG removed could be considered

cost effective.

In addition to reviewing current market prices, cost estimates prepared by EPA for the recently published the Clean
Power Plan (CPP) were also reviewed. The CPP regulates CO; emissions from existing coal and natural gas-fired
power plants in the continental United States. EPA established state-specific CO; emissions goals based on an
evaluation of the following building blocks: Building Block 1 — efficiency improvements at affected coal-fired
units; Building Block 2 - shifting power generation from coal-fired units to gas-fired units; Building Block 3 —
shifting generation to renewable sources. For Building Block 1, EPA concluded that the assumed CO> reductions
associated with energy efficiency improvements at existing coal-fired facilities are reasonable at a cost of $23 per
ton.!® Notwithstanding ongoing court challenges to the CPP, for the purpose of this evaluation it was concluded
that GHG control options with cost effectiveness values below $23 per ton GHG removed could be considered cost
effective, while control options with effectiveness values greater than $23 per ton GHG removed are not cost
effective. Because the CPP Building Block 1 cost is greater than recent market prices of carbon, a cost
effectiveness value of $23 per ton GHG removed is considered a conservatively high threshold for evaluating

control technology cost effectiveness.

5.1.5.2  Proposed Control Strategy.

Based on the range of costs identified for AES Hawaii GHG control options, and an assumed cost effectiveness
threshold of $23 per ton GHG removed, all of the technically feasible GHG emissions improvements identified for
AES Hawaii are considered cost prohibitive. AES Hawaii is proposing a 2020 GHG emissions control strategy that
is based on limiting facility-wide GHG emissions to 2010 baseline levels. AES Hawaii will achieve the proposed
control strategy by continuing to implement the facility’s existing comprehensive inspection and preventive

maintenance program designed to address boiler operation, maintenance, and efficiency.

1580 FR 64749, col. 1.
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5.2 PROPOSED 2020 FACILITY-WIDE GHG EMISSIONS CAP

A GHG emissions control assessment performed for the AES Hawaii facility identified three control option
categories that are considered technically feasible: (1) heat rate improvements; (2) fuel oil co-firing; and (3)
biomass co-firing. An economic evaluation performed for each option indicates that, based on expected GHG
emissions reductions and estimated annual costs, the average cost effectiveness ranges from approximately $51 per
ton (sootblowing improvements) to $1,792 per ton (air heater temperature reduction) GHG removed. For the
purpose of this evaluation, it has been assumed that GHG control options having cost effectiveness values greater
than $23 per ton GHG removed are not cost effective; therefore none of the available and technically feasible GHG

control options for AES Hawaii are considered to be cost effective.

AES Hawaii is proposing a 2020 facility-wide GHG emissions cap that is based on limiting GHG emissions o
2010 baseline levels. AES Hawaii plans to meet the 2020 facility-wide GHG emissions cap by continuing to
implement a comprehensive inspection and preventative maintenance program that addresses boiler operation,
maintenance and efficiency. The proposed 2020 facility-wide GHG emissions cap and compliance demonstration

method are identified in Table 5-14.

Table 6-14. 2020 Facility-Wide GHG Emissions Cap

AES Hawaii
Facility-Wide Method for Controlled GHG Compliance Demonstration
Pollutant Emissions Cap Emissions Methodology

Comprehensive inspection and CO; CEMS (Bolers A and B)

preventive maintenance

COqe 1,681,605 tons/yr | program designed to address
boiler operation, maintenance,
and efficiency

GHG emissions calculations using
annual fuel consumption rates and
limestone consumption rates, and
representative emissions factors
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§11-60.1-193

(1) waive the person’s right to a contested case

hearing pursuant to chapter 91, HRS;

(2) waive any challenge tc the citation;

(3) pay the penalty assessed;

(4) correct the violation; and

(5) enter into the settlement agreement.

(c}) The settlement agreement is not effective
until it is signed by both the person to whom the
citation was issued and by the director. Approval by
the director shall be at the director’s sole
discretion.

{(d) The director may withdraw the citation if
the person to whom it is issued declines to accept the
director’s offer to settle or fails to satisfactorily
meet any of the conditions set forth in §11-60.1-
193(b), in which case the director may bring a formal
administrative action under HRS, §342B-42 and pursue
any remedies available under this chapter, HRS,
chapter 342B, or any other law. [Eff and comp
8/15/01; comp 11/14/03; comp 1/13/12; comp
6/30/14 ] (Buth: HRS §342B-42)

§11-60.1-194 Form of citation. A field citation
issued pursuant to this section shall be in the form
prescribed by the department. [Eff and comp 8/15/01;
comp 11/14/03; comp 1/13/12; comp 6/30/14 ]
{Buth: HRS §342B-42)

SUBCHAPTER 11
GREENHOUSE GAS EMISSIONS

§11-60.1-201 Purpose. The purpose of this
subchapter is to further implement the goals of Act
234, 2007 Hawaii Session Laws. A statewide greenhouse
gas emission (GHG) limit, to be achieved by 2020, is
set to equal or below the 1990 statewide greenhouse
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§11-60.1-202

gas emission levels. Greenhouse gas emissions from
airplanes shall not be included. [Eff and comp
6/30/14 1 (Auth: HRS §§342B-3, 342B-12,
342B-71, 342B-72, 342B-73; 42 U.S.C. §§7407, 7416)
(Imp: HRS §§ 342B-3, 342B-12, 342B-71, 342B-72, 342B~-
73; 42 U.5.C. §§7407, 7416)

§11-60.1-202 Definitions. As used in this
subchapter:

“Carbon sink or carbon dioxide sink” means a
carbon reservoir that removes a greenhouse gas or a
precursor of a greenhouse gas or aerosol from the
atmosphere, and is the opposite of a carbon source.
The main sinks are the cceans and growing vegetation
that absorb COs.

“Facility-wide GHG emissions cap” means a permit
emissions limitation, applicable to a covered source,
limiting the entire source’s annual non-biogenic
greenhouse gas, and bicgenic nitrous oxide and methane
emissions. A facility-wide GHG emissions cap may also
be defined in multiple covered source permits to
identify partnering facilities with an approved
combined GHG emissions cap as described in
subparagraph 11-60.1-204(d) (6) (A).

“"Municipal waste combustion operations’” means a
permitted covered source that combusts solid, liquid,
or gasified household, commercial/retail, and/or
institutional waste.

“On-the-Book” means control measures or
operational practices affecting GHG emissions that the
owner or operator of a facility plans, or is
undertaking to implement because of regulatory or
legal ocbligations; or as demonstrated through
financial and resource commitments. Examples include
regquired controls or practices mandated by a state or
federal law; or budgeted and contracted/funded
projects or resources.

“Permitted covered source” means a stationary
source or facility issued or required to hold a
covered source permit pursuant to this chapter, and
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has begun construction or operation by the effective
date of this subchapter. [Eff and comp

6/30/14 ] {Auth: HRS §§ 342B-3, 342B-12,
342B-71, 342B-72, 342B-73; 42 U.5.C. §§7407, 741le)
(Imp: HRS §§ 342B-3, 342B-12, 342B-71, 342B-72, 342B-
73; 42 U.S.C. §§7407, 7416)

§11-60.1-203 Greenhouse gas emission limit.
The statewide GHG emission limit to be achieved by
2020, 1is equal to or below 13.66 million metric tons
(or 15.06 million tons) per year of COze, based on
Hawaii’s 1990 GHG emission estimates prepared under
Act 234, 2007 Hawaii Session Laws. The GHG limit
excludes aviation and international bunker fuel
emissions, and includes carben sinks., The director
may update the numerical GHG emission limit should
improved methodologies and data become available for
estimating emissions. The limit serves as an
indicator to measure progress of the state’s GHG
reduction measures and to determine the achievement
and maintenance of the state’s GHG limit by 2020,
[Eff and comp 6/30/14 ] {Buth: HRS §§ 342B-3,
342B-12, 342B-71, 342B-72, 342B-73; 42 U.S.C. §§7407,
7416) (Imp: HRS §§ 342B-3, 342B-12, 342B-71, 342B-
72, 342B-73; 42 U.S.C. §§7407, 7416)

§11-60.1-204 Greenhouse gas emission reduction
plan. {a) This section applies to an owner or
operator of a permitted covered socurce, except for
municipal waste combustion operations, with the
potential to emit GHG emissions {(biogenic plus non-
biogenic) equal to or above 100,000 tons per year CO:e.
Each owner or operator of an affected source shall
submit a GHG emission reduction plan for the
director’'s approval within twelve (12) months of the
effective date of this section. An owner or operator
may submit a written request for an extensicn 30 days
pricr to the deadline.

(b) The GHG emission reduction plan will be used
to evaluate and establish an annual facility-wide GHG
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emissions cap for the affected source in support of
achieving and maintaining the statewide GHG limit.
The approved facility-wide GHG emissions cap and the
associated provisions will be made a part of the
covered source permit, and may be revised through the
permit process to respond to new rules, updated
technology, GHG reduction initiatives, and any other
circumstances deemed necessary by the director to
facilitate the state’s GHG limit.

{(c) Unless substantiated by the owner or
operator of an affected source and approved by the
director to be unattainable pursuant to the GHG
control assessment described in subsection 11-60.1-
204 (d), each GHG emission reduction plan shall
establish a minimum facility-wide GHG emissions cap in
tons per year COz;e, to be achieved by 2020 and
maintained thereafter. The minimum facility-wide GHG
emissions cap shall be sixteen percent (16%) below the
facility’s total baseline GHG emission levels less
biogenic CQO:; emissions, as follows:

Facility- Facility Facility
wide cap = (1-0.16) X | Total - Baseline
(tpy COze) Baseline Biogenic
Emissions CO; Emissions
(tpy COze)
Where:

Facility Total Baseline Emissions (tpy CO;e) =
Baseline[Biogenic CO; + Non-Biogenic GHG
Emissions]

Calendar year 2010 shall be used as the baseline year,
unless the owner or operator can provide records for
the director’s approval demonstrating another year or
an average of other years to be more representative of
normal operations. Newly permitted sources without an
operating history, shall estimate normal operations
for the director’s approval in establishing the
facility-wide GHG emissions cap.
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(d)

The GHG emission reduction plan required of

affected sources shall at a minimum include:

(1)

The facility-wide baseline annual emission
rate (tpy COze). Calendar year 2010 annual
emissions shall be used as the baseline
emissions to calculate the required
facility-wide GHG emissions cap, unless
another baseline year or period is approved
by the director. Baseline emissions shall be
determined in accordance with section 11-
60.1-115, separated between biogenic and
non-bicogenic emissions, and exclude all
emissions of noncompliance with an
applicable requirement or permit limit. The
owner or operator shall include the data and
calculations used to determine the baseline
emissions. If calendar year 2010 is deemed
unrepresentative of normal operations, then
the owner or operator may propose an
alternate baseline annual emission rate for
the director’s approval, as follows:

(&) The owner or operator shall clearly
document why calendar year 2010 is not
representative of normal operations and
why the proposed alternate year or
period is more suitable based on
trends, existing equipment and
controls, scheduled maintenance,
operational practices, and any other
relevant information. Acceptable
methods for determining alternate
facility-wide baseline annual emissions
include:

{i) the facility-wide GHG emissions
(less bicgenic CO;) based on the
most recent representative year
during the five-year period
ending 2010;

(ii} average facility-wide GHG
emissions(less biogenic CO;) over
any consecutive two-year period
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during the five-year period
ending in 2010;

(iii) average facility-wide GHG
emissions (less biogenic CO:) for
the five-year period ending in
2010; or

(iv) comparable methods as approved by
the director. The director will
not consider the use of periods
greater than five years from
2010, except for extreme cases
such as where an affected source
may not have been fully
operational for an extended
period of time.

(B} For newly permitted covered sources
without a 2010 operating history, the
owner or operator shall make the best
estimate of normal operations based on
contract agreements, available
operational records, regquired scheduled
maintenance, market forecast, or any
other information for projecting the
affected source emissions. Potential
emissions shall not be used, unless the
owner or operator can clearly
demonstrate that the facility will be
continually operating at the maximum
capacity for each and every year.

The owner or operator shall provide all

supporting documentation for the proposed

alternate baseline emission rate. The
director, based on available information,
may reject and modify the baseline emission
rate in establishing the final facility-wide

GHG emissions cap.

The 2020 facility-wide GHG emissions cap.

Determine the facility-wide GHG emissions

cap in accordance with subsection(c), using

calendar year 2010 or the proposed GHG
baseline emission rate determined by
paragraph (1) above. If the required
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(3)

emissions cap requiring a sixteen percent

(16%) emission reduction from baseline year

emissions is deemed unattainable, the owner

or operator shall provide, as part of the
reduction plan:

(A) The justification and supporting
documentation of why the reguired
emissions cap cannot be met; and

(B} A proposal, for the director’s
approval, of an alternate emissions cap
resulting in the maximum achievable GHG
reductions.

In determining whether or not the required

GHG emissions cap is attainable, the owner

or operator of an affected source shall

first conduct the GHG control assessment

described in paragraphs (3) to (5).

Available EPA guidelines for GHG Best

Available Control Technology analysis, and

GHG controcl measures by source type shall be

used as applicable for this assessment.

Available Control Measures. Identify all

available control measures with potential

application for each source type, and all
on-the-book contreol measures the facility is
committed or will be required to implement
affecting GHG emissions. At a minimum, the
following shall be considered as applicable:

(A) Available technologies for direct GHG
capture and centrol;

(B) Fuel switching or co-fired fuels;

(C) Energy efficiency upgrades;

(D) Combustion or operational improvements;

(E) Restrictive operations;

(F) Planned upgrades, overhaul, or
retirement of egquipment;

(G) Outstanding regulatory mandates,
emission standards, and binding
agreements; and

{H) Other GHG reduction initiatives that
may affect the facility’s GHG
emissions. Unless the owner or

60.1-232



§11-60.1-204

operator of the source has direct
ownership or legal control over a GHG
reduction initiative, that initiative
cannot be relied upon as a proposed
control strategy. Identification of
GHG reduction initiatives, whether or
not the owner or operator has ownership
or legal contrel, will serve to
highlight their potential importance
for reducing GHG emissions in the
state. The owner or operator of an
affected source will only benefit from
a GHG initiative, if the initiative
reduces or helps to reduce and maintain
the source’s GHG emissions below its
permitted facility-wide GHG emissions
cap.
{4) The Technically Feasible Measures. For any
new control measure identified for the
facility, eliminate all technically
infeasible options based on physical,
chemical, or engineering principles that
would preclude the successful operation of
the control with the applicable emission
unit or source. Document the basis of
elimination, and generate the list of
technically feasible control options for
further evaluation. All committed and
required on-the-book measures shall remain
on the list.
{5) Control Effectiveness and Cost Evaluation.
List the technically feasible control
options and identify the following for each
control measure as applicable. All cost
data shall be provided in present dollars.
{(A) Control effectiveness (percent
pollutant removed);

{B) Expected emission rate (tons per year
COze, pounds COze/kilowatt-hour);

(C) Expected emission reduction (tons per
year COze);

(D) Energy impacts (BTU, kilowatt-hour):;
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(E} Environmental impacts (other media and
the emissions of other regulated air
pollutants);

(F) Any secondary emissions or impacts
resulting from the production or
acquisition of the control measure; and

{G) Economic impact (cost effectiveness:
annualized control cost,
dollar/megawatt-hr, dollar/ton COse
removed, and incremental cost
effectiveness between the control and
status quo).

For committed or required on-the-books

contrel measures and any other GHG control

initiatives, identify at a minimum, items

(A) through (C) above. Considering the

energy, environmental, and economic impact,

determine the GHG control or suite of
controls found to be feasible in achieving
the maximum degree of GHG reductions for the
facility. Determine whether the required

GHG emissions cap, pursuant to subsection

(c) will be met. If an alternate cap must

be proposed for approval, declare the

proposed percentage GHG reduction and the
alternate GHG reduction cap. Provide the
justification and associated support
information (e.g., references, assumptions,
vendor quotes, sample calculations, etc.} to
substantiate the control analysis and
alternate GHG emissions cap.

The proposed Control Strategy. Present the

listing of control measures to be used for

implementation in meeting the required or
proposed alternate 2020 facility-wide GHG
emissions cap. Include discussion of the
control effectiveness, control
implementation schedule, and the overall
expected GHG COze emission reductions (tpy)
for the entire facility. Owners or
operators shall also consider the following:
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(B} Affected sources may propose to combine
their facility-wide GHG emissions caps
to leverage emission reductions among
partnering facilities in meeting the
combined GHG emissions caps. If
approved by the director, each
partnering facility will be responsible
for complying with its own adjusted GHG
facility-wide emissions cap.

{B) Except for fee assessments and
determining applicability te¢ this
section, biogenic €O, emissions will not
be included when determining compliance
with the facility-wide emissions cap
until further guidance can be provided
by EPA, or the director, through
rulemaking.

(C} The approved facility-wide GHG
emissicons cap and the associated
monitoring, recordkeeping, and
reporting provisions will be made a
part of the covered source permit,
enforceable by the director.

(e} Failure to submit an adequate GHG emission
reduction plan, or failure to submit relevant facts or
correct information upon becoming aware of such
failure, constitutes a violation of this chapter. The
owner or operator of an affected source has the same
duty to certify the GHG emission reduction plan in
accordance with section 11-60.1-4, and supplement or
correct the GHG emission reduction plan, similar to
the provisions in section 11-60.1-84 for covered
source permit applications. During the processing of
a GHG emission reduction plan, if the director
determines that a re-submittal of the plan is
required, or submittal of additional information is
necessary to evaluate or take final action on the
plan, the director may make the request in writing and
set a reasonable deadline for the response.

(£) TIf the owner or operator of an affected
source fails to submit an adequate GHG emission
reduction plan, or if a facility-wide GHG emissions
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cap cannot be mutually agreed upon, the director
reserves the right to establish, and incorporate into
the applicable covered source permit, a facility-wide
GHG emissions cap as required or the lowest cap deemed
achievable by the affected source based on the intent
of this subchapter.

(g) Once a facility-wide GHG emissions cap is
established and placed into the covered source permit,
the GHG emission reduction plan shall become a part of
the covered source permit application process for
renewals and any required modifications pursuant to
subchapter 5. With each subsequent GHG emission
reduction plan submittal, the owner or operator of the
affected source shall report:

(1) The GHG emission reduction status;

(2) Factors contributing to the emission

changes;

{3) Any control measure updates; and

{4) Any new developments or changes that would
affect the basis of the facility-wide GHG
emissions cap.

(h) The facility-wide GHG emissions cap may be
re-evaluated and revised by the director if any of the
following events or circumstances exists:

(1) Consideration for new rules, updated
technology, implementation of GHG reduction
initiatives, significant changes with
renewable energy cost and supply, and any
other measures deemed necessary by the
director to facilitate the state’s GHG
limit;

(2} The basis for establishing the facility-wide
GHG emissions cap is found to be incorrect;

(3) The methodeology for calculating GHG
emissions is updated or modified;

(4) Renewable energy producers cease operations
or fail to meet contractual obligations with
the affected source, and there are no other
reascnable alternatives; or

{3) Reasonably unforeseen events beyond the
control of the owner or operator of an
affected source, resulting in long-term or
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temporary emission changes, whereby the
maintenance of the GHG emissions cap would
be detrimental to the health and welfare of
the public.
Any revision to a facility-wide GHG emissions cap is
considered a significant modification subject to the
application and review requirements of section 11-
60.1-104. The owner or operator of an affected source
seeking a GHG emissions cap change has the burden of
proof to substantiate any requested change for the
director’s approval. Upon approving any GHG emissions
cap revision, the director may impose additional
emission limits or requirements on the affected
source, or limit the time-frame allowed for the
revised GHG emissions cap.

(i) Municipal solid waste landfills required by
40 CFR Part 60, Subpart Cc or 40 CFR Part 60, Subpart
WWW to use gas collection and control systems are
conditionally exempt from the GHG emission reduction
requirements of Subsection 11-60.1-204(c).

{j} Should the permitted facility-wide GHG
emissions cap not be met by January 1, 2020 and
annually maintained thereafter, the owner or ¢gperator
of the covered source shall be subject to enforcement
action for each year after 2012 that the facility-wide
cap is not met. Compliance with the facility-wide cap
shall be determined at the end of each calendar year,
or January 1 of the following year, starting with the
end of 2019 or January 1, 2020. Each CO;e ton over the
cap shall constitute a separate coffense and violation.

{k} The director shall conduct an evaluation in
2016, and annually thereafter, to determine the
progress of achieving and if applicable, ongoing
maintenance of the statewide GHG emissions limit
specified in HRS, Chapter 342B-71 and section 11-60.1-
203. The evaluation of the statewide GHG emission
limit shall be conducted in a manner consistent with
the procedures used to prepare the 1990 emission
estimates under Act 234, 2007 Hawaii Session Laws.

The director shall produce and make public annual
progress reports listing GHG emissions levels for each
affected facility and the statewide progress relative
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to the statewide GHG emission limit. If the director
determines that statewide GHG emission limit is met
prior to 2020 and GHG emission projections indicate
ongoing maintenance of the limit, the requirements of
this section shall no longer be applicable to the
affected facilities. Prior to finalizing any
determination that the statewide GHG emission limit
has been met, the director shall provide for public
notice and an opportunity for public comment in
accordance with the requirements specified in section
11-60.1-205. Upon achieving the statewide GHG
emission limit, the director may revise or adopt
additional rules to ensure the ongoing maintenance of
the statewide GHG emission limit.

[Eff and comp 6/30/14 ] (Auth: HRS §§
342B-3, 342B-12, 342B-71, 342B-72, 342B-73; 42 U.Ss.C.
§§7407, 7416) (Imp: HRS §§ 342B-3, 342B-12, 342B-71,
342B-72, 342B-73; 42 U.S.C. §§7407, 7416)

§11-60.1-205 Public participation. (a} The
director shall provide for public notice, including
the method by which a public hearing can be requested,
and an opportunity for public comment on all draft GHG
emission reduction plans from §11-60.1-204. Any
person requesting a public hearing shall do so during
the public comment period. Any request from a person
for a public hearing shall indicate the interest of
the person filing the request and the reasons why a
public hearing is warranted.

{b) Procedures for public notice, public comment
periods, and public hearings shall be as follows:

(1) The director shall make available for public
inspection in at least one location in the
county affected by the proposed action, or
in which the source is or would be located:
(&) Information on the subject matter;

(B) Information submitted by the proposing
party, except for that determined to be
confidential pursuant to section 11-
60.1-14;
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(4)

(5)

§11-60.1-205

{C) The department's analysis and proposed
action; and

{D) Other information and documents
determined to be appropriate by the
department;

Notification of a public hearing shall be

given at least thirty days in advance of the

hearing date;

A public comment pericd shall be no less

than thirty days following the date of the

public notice, during which time interested
persons may submit to the department written
comments on:

(A} The subject matter;

(B) The greenhouse gas emission reduction
plan;

(C) The department's analysis;

(D) The proposed actions; and

(E} Other considerations as determined to
be appropriate by the department;

Notification of a public comment period or a

public hearing shall be made:

(&) By publication in a newspaper which is
printed and issued at least twice
weekly in the county affected by the
proposed action, or in which the source
is or would be located;

(B} To persons on a mailing list developed
by the director, including those who
request in writing to be on the list;
and

(C) If necessary by other means to assure
adequate notice to the affected public;

Notice of public comment and public hearing

shall identify:

{A) The affected facility;

(B} The name and address of the proposing
party:;

{C} The name and address of the agency of
the department reviewing the plan;

(D) The activity or activities involved in
the plan, including, but not limited
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(6}

(E)

(F)

(G)

(H)

(I)

to, whether the proposing party

proposes:
{i) an alternate baseline year;
{ii) an alternate facility-wide GHG

emissions cap;

(iii) a control strategy involving
partnering with one or more
facilities.

The emissions change involved in the

plan;

The name, address, and telephone number

of a person from whom interested

persons may obtain additional
information, including copies of the
draft plan, all relevant supporting
materials, and all other materials
available to the department that are
relevant to the decision, except for
information that is determined to be
confidential, including information
determined to be confidential pursuant
to section 11-60.1-14;

A brief description of the comment

procedures;

The time and place of any hearing that

may be held, including a statement of

procedures to request a hearing if one
has not already been scheduled; and

The availability of the information

listed in paragraph (1), and the

location and times the information will
be available for inspection; and

The director shall maintain a record of the
commenters and the issues raised during the
public participation process and shall
provide this infermation to the
Administrator upon request." [Eff and comp
6/30/14 ] Auth: HRS §§ 342B-3,
342B-12, 342B-71, 342B-72, 342B-73; 42
U.S.C. §§7407, 7416) (Imp: HRS §§ 342B-3,
342B-12, 342B-71, 342B-72, 342B-73; 42
U.s.C. §§7407, 7416)
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§11-60.1-206 Public petitions. (a) The
applicant and any person who participated in the
public comment or hearing process and objects to the
grant or denial of a draft GHG emission reduction
plan, may petition the department for a contested case
hearing by submitting a written request to the
director.

{b) The petition shall be based sclely upon
objections to the draft GHG emission reduction plan,
that were raised with reasonable specificity during
the public participation process, unless the
petitioner demonstrates that it was impracticable to
raise such objections; for example, the grounds for
such objections arose after the public participation
process.

(c) Any petitioner shall file a petition for a
contested case hearing within ninety days of the date
of the department’s approval or disapproval of the
proposed draft GHG emission reduction plan.

(d} Notwithstanding the provisions of subsection
{b}, if based solely on cbjections which were
impracticable to raise during the public participation
process, a petition for a contested case hearing may
be filed up to ninety days after the objections could
be reascnably raised.

(e) Except as provided in subsection (f), any
draft GHG emission reduction plan that has been issued
shall not be invalidated by a petition for a contested
case hearing., If a draft GHG emission reduction plan
is issued by the director, the owner or operator of
the source shall not be in violation of the
requirement to have submitted a timely and complete
application.

{f) The effective date of draft GHG emission
reduction plan shall be as specified for permits in 40
CFR Part 124.15 as it existed on November 19, 2013.

{g) Any person may petition for a contested case
hearing for the director’s failure to take final
action on an application for draft GHG emission
reduction plan, within the time required for permits
by this chapter. Such petition shall be submitted in
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writing and may be filed any time before the director
issues a proposed draft GHG emission reduction.

(h) Any person aggrieved by a final
administrative decision and order, including the
denial of any contested case hearing, may petition for
judicial review pursuant to section 91-14, HRS. A
petition for judicial review shall be filed no later
than thirty days after service of the certified copy
of the final administrative decision and order." [Eff
and comp 6/30/14 ] Auth: HRS §§ 342B-3,
342B-12, 342B-71, 342B-72, 342B-73; 42 U.S.C. §8§7407,
7416) (Imp: HRS §§ 342B-3, 342B-12, 342B-71, 342B-
72, 342B-73; 42 U.S8.C. §§7407, 7416)
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Amendments to and compilation of chapter 60.1,
title 11, Hawaii Administrative Rules, on the Summary
Page dated June 19, 2014 were adopted on June 19, 2014
following public hearings held on November 20, 28, 29
and 30, 2012, after public notice was given in the
Honolulu Star Advertiser, The Garden Island, The Maui
News, West Hawaii Today, and Hawailii Tribune Herald, on
QOctober 19, 2012.

The rules shall take effect ten days after filing
with the Office of the Lieutenant Governor.

{(signed)
LINDA ROSEN, M.D., M.P.H.
Director of Health

{signed)
NEIL ABERCROMBIE
Governor
State of Hawaii

Dated: 6/20/14

Filed

APPROVED AS TO FORM:

{(signed)
WILLIAM F. COOPER
Deputy Attorney General
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GHG Control Control Evaluation Procedure Flow Chart

Step 1. Identify Avallable GHG Control Options

!

Step 2. Technical Feasibility of GHG Control Options

k.

Is Contro! Optlon

Control Option is

Technically Feasible?

Yes

Step 3. Rank the Technically Feasible GHG Control
Options by Effectiveness

!

Step 4. Evaluate the Technically Feasible GHG Control
Technologies

e

W

Eliminated from Further
Consideration

3

Is Most Effective (or Next
Maost Effective) Control
Option Inappropriate Due

Yes

-

Control Optlon is
Eliminated from Further
Consideration, Continue to

to Energy, Environmental,
or Economic Impacts?

No

h

Step 5. Select Control Strategy for Control of GHG
Emissions

h

Next Most Effective
Control Option
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AES lizwali Boilers A and B
COL CONTROL SUMMARY

GHG Cost Evaluation

€02 Control
Unit Noter
200 MWh-ptots
1,653,792 MWheprott  |Based on 200
2,150 MMBiwhe AES Hawan Combined Sowce Permi

Table . Contre) Effectiveneas

Based on mavimum pross peneratron compared (o the 2010 annual peneration

4%
15537251 | MAIBwA Based o 20H1{) operalion

Expecied
Expected Ermussions
Control Technology Control Efliciemsy Ewmissions Emission Rale Reduction
1%} {tonA eae} {lb CO.eLWh-g) lenAear)
Pelletized Biomass Cosfiring « 23% 16 t#% 1412349 1708 269,036
Lotal Eucaly ptus Biomass Co-finng -
150,000 TPY 12 0% 1AGY %0 1777 212,128
Fuel Ol Co-firing -30% Heal lnput L0 Y 1,515.411 1908 166,194
Heat Rate Impres ement Combination 1All 3o 1 62033 ) vt $2.550
Opteons}
Fuel O1f Coefiriag «10% Heal Input 21% 1645301 1491 35,243
Turbine Upgrads 1.25% [KEE ) 2008 20
|lieat Rate Impron ement Combination : -
(Lowest Cost Options) (K114 1.6 189 2013 16K
Air lleater Temperajure Reduction .75% 1,608 993 201K 12612
[Sootblavwer Inspros eonents o Tire 1,669 %34 2019 1.771
DCS Upgrade 0 50% 1673 197 2023 LR}
v FD Meators 0.30% 1676500 2028 S8
Baseline Emissions L1 1.68).408 2034 "
‘Table 3. Cos1 Effectiveness - 6-Year Remaintng Useful Life of Equipement
Tons ol €O2 Total Capual Anmal Capital Toial Anoual Tolal Annual Average Cost Incremeniz) Cosi
Conuol Tecknology Emiisions Removed Requirement Recoven Cost | Operoung Costs Costs Effectis eness Effectis eniess
1ud] (111 15} iSAer) i$hean) [} {S:tan} 15/ton)
Baseline Enussions LAkl 608 - - - - =
VFD Motors 1676 S04 S48 | S UuS KK $1.318000 S 134 KK $1,452.000 $1n
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Air Healer Temperature Reduction 1.66R 993 12612 396 521 000 £20 R 7Y 00 $1,723 6td1 $22.6412 600 51,192 £26,162
Heat Rate Improvement Combination " .
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Twhbine Upgrade 1,6441 385 2026 1 S35 550 000 $5 345,000 54,401 $H.353 400 $i97 LI
Fuel Onl Co-firing +10% Heat fnpui 1.6 361 35248 | Siesyom 228 00 $17.76) 500 $17.9%9 500 ssio $677
;'p‘l‘l"“::" frpros et Combirialiem (Al 1,629 053 sassi | s132120000 | s2smuoon | simsaioe 30,432,100 5579 18
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1540003 TPY
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AES Hawali U'niis 1A & 18
GHEG COST EVALUATION - VFDs

Case

Annurl Average Heat Inpuat (mmBiuiyr)
Baseline CO2 Emissions (tpy)

Poat JIRI CO2 Emissions {ipy)

Capacity Facter used of Cost Estimates (%)

GHG Cost Evaluation
Heat Rate Improvemants

INPUT
2 x 100 MW-gross
CFB Boilers
15,437,251
1,681,605
1,676,560
4%

CAPITAL COSTS AES Hawaii Unir | Basis
Direct Capital Costs
Direct Costs $3,762 O00JVFDs on ID and FID tans {one each basler) based on a cost of $5700p
Instrumeniation S0fincluded n equipment cost
Sales Taxes sinﬂu&d i cquipment ¢ost
Fr:iEt S0fincluded tn cquipment cost
Total Purchased Equipment Cost (PEC} $3.762,000]

Dirert Installation Costs

511290008 A ssumed 1o be 10% of PEC

Iz:ciallation
Total Direct Capiral Cases (DC)

Indirect Capital Costs
Engineenng
Construction and Field Expenses
Contractor Fees
Lost Production

TPA Penalty
Stan-Up
Perfarmance Tesnny

S‘JOImﬂbmof, hased cquip costs and i cosit

ncluded in equipment cos1
i bded th equipsiet coRt
cbuded i Equipenent cost
Tig-in of Rew cquipment compleicd during pormal 2 wech maimenance oumage

- - -]

SO ic=its of new cquipmct completed dunng normal 2 weck mainicnance owtage nill nol sccruc penatice.
included in cquipment cosl
SO0fincluded an cquipiner cost

Toiaf Indirect Capital Coss (IC)

Contingency
Hawali Cosi Adder

Tutal Capital Investment (TCH)
Copital Recovery Facter si{l=if" / (F #1)"- |

&Year Annuslized Capital Costs
(Capital Recover Factor x Total Capital [nvestment)

$752; 102 of exuiprnent cosis
$451, Apsumed 40% lugher labor cost (han maintand

$6,095, um of direct capual costs, idinec) capital Costs. shd COMINPENCY
02163 [ year lifc of cquipnsent {3 cars) -« B% imterest

1,315,000 fbascd on 6 ca1 remarang useful hfe of cquipmens

OPERATING COSTS

JEasis

Operating & Maintenance Cosis
Variable O&M Costs

Fuel Cost Differential
Dispesal Cast Differetitial

JCoal cout and fuc! oit cotti based on 2008 s crage 89 delncred $78 h4ton coal and £2.0%/gal fuel oil
pec used pil cont $4 25 based on AES reporting
F cott $30/0n based on AES reposung
=5175,594Spert acinated catbon based on profil of $25%0n
+$8,000[Bscd on 35Thon

Auliary Power Cost Differenual b

Total Variabie OLAl Costs -$183,594

Fized O&M Costs

Additional Operators per shift 0 OfBascd on SAL O&M cxtimatr for heat mie improsement projects.
Opcrating Labor SOR shifiaiday . 363 dywivear 19 Srhour isalary + benefi)
Superviser Labor SON15% of operaving Labor. EPA Comirol Com Mansal. page 2+31
Maintenance Materials $97 B00[Based on 2% of the capital cost.
Maintenance Labor 507, B00[Based on 2% of the capital eost.

Total Fixed O&M Cont £195 600

Indireci Operating Cost

Propenty Taxes $61,00001% of TCL EPA Cost Manual Section 1. Chapter 2, page 2-34.
Insurance $61,0000t% of TCL EPA Cost Manual Ssction ), Chapter 7, page 2-34,
Admimstration SO0 additional cost,

Total indirect Operating Cost $122.000

Totsl Annus! Operating Cest $134,000
6~-YEAR TOTAL ANNUAL COST (2015)

Annuslized Capital Cost 51,318,000
Annusl Operating Cost 5134.000)

Total Annual Cost 51,452,000

|
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AES Hawali Unis 1A & 1B
GHG COST EVALUATION - DCS UPGRADE

Crse

Anoual Average Heat Inpat (mmBtulyr)
Baseline CO2 Emissions (tpy)

Post HHRT CO2 Emissians {tpy)

Capacity Factor used of Costl Estimates (%)

GHG Cost Evaluation
Heat Rate Improvements

INPUT
2 ¢ 100 MW-gross
CFB Bollers
15,837,251
1,681,605
1.673,197
%

CAFITAL COSTS AES Hawsii Uinit 1 Basis
Birect Capital Cests
Direct Costs $5,000,000 §Bascd on 5y sieon upgrade cost of 33,000,000, icluding Boilers A & B
Insirumentation included th equipment cost
Sales Taxes ocluded ip cquipment cost
Freight nchuded in equi <onl

Tosal Purchascd Equipment Cost (PEC)

Direct Installation Costs
Insiatiation

Toral Direct Capital Costs {DC)

Indirect Capital Costs

34,500 um of costs and il Lok

Tunat Capiral Investment (TCH)
Capital Recovery Faclor =i{l+ i /() +i)*« |

&Year Annualized Capital Costy
(Capitsl Recover Factor x Total Capital Investment)

Engineering nchuded in cquipmicnl cost
Construcnion and Field Expenses ncluded 1hequipment cost
Contractor Fees e fuded 10 equipmen cost
Lost Production iesits of bow cquipticnt compleicd diing normal 2 weeh maimenance cuage
PPA Penalty $ in of acw equipment compleied dunng normal 2 weck municnance owape will net accric pepaliics.
Stan-Up S0@nciuded in cquipien cast
Performance Tesing 0¥Includcd in cquipment coil
Total Indirect Capital Costs (1C)
Contingency $1.000.0000:0% of cquipment costs
Hawnil Cast Adder $600, Assumed 40% highet tabor cos than tnainland

58,100,000 fsum of direct capial costs. sndirect capilal costs, abd comingensy
02163 [ vear life of equipment (3 cars) o K% inercn

1,752,000 fomed on 6 car remaimng useful kie of equipment

OPERATING COSTS

fouis

Operating & Maintenance Costs
Variable D&M Cozts

Fuel Cost Differential
Disposal Cost Differential
Auxtliary Power Cost Diferential

jCoal cont and el ol coxts based on 2013 scrage as delncred: 578 13200 coal and 32 09/gal fuc oil
pec used oil cost $0 2% based on AES reporting

F comt 330/10n based on AES reporing
«$202 656§5pent activated cathan based on profi of $15%0n

-8$14,00088a5cd on $5740n

Total Variable O&M Cosis

Fized Q&M Costs

Additional Operalors per shifl
Operating Labor

Supervisor Labor
Mamntenance Matenals

~$306,656

oaed on S&L D&M estimate for heat Rt improvement projecs.
shifla/day. 368 day 22y car 4t 49 S/hour isalany + benefisn)

13% of operating bor  EPA Conerol Cost Marial, page 2.11
$130,000fased on 2% of the capital cost,

Maimitenance Labor $130,000§8ased on 2% of the caphtal cost
Total Fixed O&M Cast $260,000
Indirect Operating Cost
Property Taxes §81, 1% of TCL EPA Caat Manual Secticn 1, Chaper 2, page 2:34.
Insurance $81,000]1% of TCL EPA Cost Manis! Ssctlan | Chapter 2, page 2.34.
Ad ation $0fNo additional eost,

Toral Indirect Operaring Cosi $162,000|
Total Annual Operating Cost 3115300
VEAR TOTAL ANKUAL COST (2005)
Annualized Capital Coat 51,752,000
Annual Operating Cost S115300)
Total Annusl Cost $1.867.300]
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AES Hawail Units 1A & 1B
GIIG COST EVALUATION - SOOTBLOWING

Case

Annual Average Hest Input (mmBia/yr!
Bascline CO2 Emissions {ipy)

Post HR] CO2 Emissions {ipy}

Capacity Factor used of Cost Estimales {%)

GHG Cost Evaluatlon
Heat Rate Improvements

INPUT
2 5 1080 MW-grozs

15,337,251
1,881,605
1,669,834

H%

CAPITAL COSTS

Dieeet Capitad Costs
Direct Costs

Instrumcntation
Sales Taxes

Freight

AES Hawaii Unii 1 Basis

Based on 553, 5000 per swtkhswer fon matcnials and 535,000 fur BOF 4 pev suotbiovers pet butler
$1.916 000575 1) pet mustblower to replacefiepair 3 uf the exasting sotbhowers

Sftacluded m cquipment cosl

Sifincluded m eyuipmend cusl

Siftaciudad 1 cypuptived oo

Tusal Parchased Equipment Cost {PEC}H

Direct Installation Costs

$1.916,004

S2 18 (HN A ssumied to b 50% of new anstallatnn costs

Yatal Capital Investment (TCI)

Capral Recovery Factor = i(l+ ] /{1 +1)°- 1

&Yenr Annunlized Capidal Costs

{Capital Recover Factor x Total Capital Investment)

Yorat Direcy Capital Cass (D) $2,154 00085 um of purchased equip costs end 1l conly
Indirect Capital Costs
Engincenng Silincludal i cqupmen cist
Construction and Ficld Expenscs Si¥inclmled in equipsnend cost
Contractor Fecs Scflincluded 1 equipmend cost
Lost Production S} Tven ol pew equipment completed dunmg ponmal 2 weel mamtenance oulage
Tie-m of new cqupmend completed durmg normal 2 week mamtenance vulage will sl scerue
PPA Penalny FiRcnaliics
Stan-Up $3ncluded in equipment cist
Performance T:ﬂil_lE Sl ncluded 1 Supenend cost
Total Indirecs Capital Costs (1C) snl
Contingency 5385 D00 of expupment cons
Hawaii Coit Adder $57 20 ssumal 40% higher babesr cuss than mainlend

sz_uu_mmm af dirext capits] custs. indirect capital costs, and cimtmpensy
023163 i year e of cquipencnt (vearsi @ K% serest

363,000 rascd uo fmpear remaming useful kfe of syuipment

[OPERATING COSTS

| 7y

Operating & Mainteasoce Costs
Variable G&M Costs

. oa] comt and Tuel il v hased vn 2015 averspe as delivesed 57 1300 cual el $2 (/gal fued
ul

fopec wsed ol cost $0 25 hased on AES repormng
TDY com $504n bass) on AES teporung

Maintenance Matcrials

Maintenance Labor

Fuel Cost Dnfferential 3409718 1 stivated carton baredd on profin of 525700
Ditposal Cost Differential 520,000 ascd on $57000
Auxiliary Power Cost Diferential
Total § ariable O&M Costs -£429.71R
Fixed O&M Costs
Additional Dperaicrs per shift 0 Ofascd on S&1. O& M estmate fur hes! tate pnprovement pojects
Operating Labor shafls/day 145 doysiyear 2 49 Sthow {salare + benefnis)
Supervisor Labor 15% uf oporating Isbor EPA Costiol Cont Menual, pege 2:31

1sed on §7,500/year par soctblowsr for malntenance 1plit between materislt and babor. 26
thicwers per boiler,
ased on §7.500/year per sociblower lor mainienance split between materials and babor, 28

Toral Fived O&M Con

Indirect Operating Cost
Property Taxes
Insurance

1% of TCL. EPA Cost Manual Sectton 1. Chapter 2, page 2-34.
1% of TCL. EPA Coot Manual Seetion ) Chapter 2, pags 2-34.

Ad _ SO0fNo sddidonal cost
Total indirect Operatimg Cost Ssm
Total Annual Operating Cost 2]
6-YEAR TOTAL ANNUAL COST (2015)
Annualized Capita) Cost 5563,
Annusl Opernting Cosl 43
Total Anousi Cost 5605
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GHG Cost Evaluation
Heat Rate Improvements

AES Hawaii Units 1A & IB
GNG COST EVALUATION - AIR HEATER TEMPERATURE REDUCTION

INPUT
21 100 MW-prots
Case CFE Bollers
Annual Average Heat Input immBiu/yr} 15,837,251
Baseline CO2 Emdssions {1py) 1,681,605
Post HRI CO2 Emissions (ipy) 1,664,993
Capacity Factor used of Cosi Estimates (%) 4%
CAPITAL COSTS AES Hawali Unit 3 Basis
Direct Capitad Cestn
Durect Costs 3% additonal surface srca sddition  Fascd on $4 000 000 {pex Tunlerk cost fur replacement of entire
£11,350,000fur heater
Instrumentation Siflincludad 1n equzpment codtl
Sales Taxcs Sidlinclinded in eyusprcnl cnl
Freight SiRincluded n equipment cou
Trual Purchased Equipmenr Cusi ¢FEC) S11L.350.000
Direct Installation Cone
|nstallation 59004 WA srumed 1 be $4 5 mutlun per sy heater of PEC
Total Direct Capital Costs (B/C) $20,350,0008 5 um of putchascd equiprent cosis snd mstallstion ooy
Indirect Capital Costs
Engincering $(¥lincluded i equipment cost
Coangitustion and Fisld Expenscs Stiinchaded m equip ot
Contractor Eees $ifBncloded m exquipment cunt
L alowlated logt profit ever 27 weeks based v 1 week wutsge For atr hester upgrade work, T ol which
Lost Production $22.176, 0008 part of planacd oulage
i rhaltics scorued consderang 5474 masmum capact faciol bascd o & K5% guacamice asscaacd ot
PPA Penalty S0 125 OO 137500 pe 1710 bower than pearsnier
Stan-Up Siflinchudal 1n equiprent cost
Pesformancs T“lln! Sillinc luded i equipinenl cost
Total indirect Capisal Coses {IC) $70.301
Ceontingency s‘.'.z'm,::]zu-,s of equipment costs
Hawaii Cost Adder $3, 6001 A ssmed 406 hgher Libor cost than mamland
Total Capital investmens (TCI) $96,521,0008wum of durect copuial custs. induct caprial csts, st conlmpen
Capital Recovery Factor s igl+if 4{1 + "= i 2143 [ yem e of eqpupsent (vears) & 8% micrest
&-Year Annualized Capiinl Cosla
{Capital Recover Factor x Total Capital Investment) 200,879 000 Qiased on iy ear remasning wseful bife of equipment
OPERATING COSTS EBais
Operating & Maintenance Costs
Varishle O&M Coats
U osl coomt arud fuc] o1l costs bascd on 2005 svevape o delivered. $T0 130n poal and 52 05l fuc]
al
Fpec used o] cust 560 25 hasod on ALS tepunting
F cost $50ton hased v ALS eocpurting
Fuel Cost Differenuial «$439,000Fspent sctivaiad carbon hased on profit of $25ton
Disposal Cost Differential =£22 000 arcd vn $570n
Auxiliary Power Cost Differential $22 0000 aacd on 3% increass tn pressure drop over air hesics
Total Variable O&M Costs -$439,000]
Fized D&M Costs
Addittonal Operators per shift 0 Of3ascd oo SAL O&M cstamate for heal rate mprovement progects
Operating Labor SOB2 shiftaiday, 365 deyshycn @ 4% Sfwong (salary + heneditsh
Supervisor Labor 1 5% of eperating Tabor  EPA Uanteel € ost Manual page 2.1
Maintenance Matenals $116,100§Based on 1.5% of Direct Capital Cost for additanal surface ares only.
Mamtenanee Labor ed on 1.5% of Direct Capitat Cost for additona) surfsce area only,
Total Fixed &\ Cosr
Indirect Operating Cost
Propeny Taxes $965 20015 of TCL EPA Cost Manus) Secuan 1, Chapter 2, page 2-34.
lesurance $965,20001% of TCI. EPA Cost Manual Section 1, Chapuer 2, page 2.34.
Adnunistration o additional cost
Total Indirect Operating Cost

Total Annusl Opersting Cost

6-YEAR TOTAL ANNUAL COST (2015)
Annualized Capital Cost
Aanual Operating Cost
Total Annual Cosl
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GHG Cost Evaluation
Heat Rate Improvements

AES Hawaii linits 1A & 1B
GUHG COST EVALUATION - lIEAT RATE IMPROVEMENT COMBINATION (1L.LOW COST OFTION)

INPLT
23 180 MW-gron
Case CFB Boilers
Annual Average Heat Input (mmBiufyr) 15,837,251
Baseline CO2 Emissions {tpy) 1,681,608
Past HRI CO2 Emissions {1py) 1,664,789
Capncity Factor used of Cost Estimnies (%} 4%
CAPITAL COSTS AES Hawaii Unit 1 Basis
Direcs Capital Conts

Direct Costs

VFEN un [ end FIY fans ane cach Buleri based v s cust of $370bp

Senstbloviong upgeades hascd on 359 500 per swiblower for malerials snd 333 000 Gor BOT 4 hew

$5,678,000muiblowes pot bosler - $75.000 pey sootblon o1 10 seplace/repar § of the exisng suotblowers
Inftrumentation Sifincluded 0 cywpmont oot
Sales Taxcs $0finchuded m cqpuprnent coxt
Frosght $ifincluded v equipment cral
Toral Purchated Equipment Cost {PECH 5,673,000

Dizect Tnstallation Cosis
Ingtaltation $1.597.0008A xnmed 10 1= 3% of soutblowet PEC and 3P of VFTH upgrades FFL

Toued Direcs Capital Costs (D) £7.025 0008 5um of purchascd equipment costs end insallnton st

Indirect Capital Costs

Enginccring $0nchudcd in equipment Gt
Connruction and Ficld Expcniscs whuded in equipment cis
Coniractor Fees Inctuded mn equipment cos
Lost Production SOFTic-et uf new cquipinent cumplcted dunng normal 2 wecd memtcnamce usdape
Tie- o 0f betv equipsneii cotnpleted dunng normal 2 weck maniensice autsge will nol seoue
PPA Penalty Stenatiies
SuanUp SifIncladed m equipment v
Performance Tesung S 0fincluded m cquipment cost
Total Indirect Capital Covty (1C) sof
Cosntingency $1,156,00(021% of cqupment comi
Hawaii Cost Adder 5539 0 A smumed K% Lugher labor cot than mantand
Tatal Capital Investment (TCH $3,700.0008 o of durect capatal costa, mdaect captal coxta, snd ousiispe
Capital Recovery Factor =143/ (1 +i)*- ) 0.2163 [ year bfe of equipmmost ¢y carn) 7 1% miaest
6-Vear Annualized Capital Costs
{Cnpital Recover Factor x Total Capital Investment) 1,k%2,000 Jhescd on 6evesr remaning uscful e of equpment
OPERATING COSTS [
Operating & Maintenance Costs
Variable 0&M Costs
[Cual cort and Tued oil coats Based on 2015 average 33 dehivared $7R 11um cosl end 32 09/ fucl
ul
[Spec used vil com $0 25 based on AES reporting
TDF cust $5i110n barnl on AES reparing
Fuel Cost Diiferenial ~$585,3 1 2 srent sctrvated cmton lauend vt piodit of $25%0m
Disposal Cost Differential -$29,000 B ascdd on $4700n
Auxihary Power Cost Differential §i
Total Variable O& M Costs -3$514,312
Fized D&M Custy
Addstional Operators per shifi 0.0fBasd un S&L (WM eximate fur beat ate impruvement prurccts
Operaling Labor 2 shufts/day. 38 diy sy ear & 49 Shour ixalary + henefits)
Supenvisor Labor $0815% of sparstng lobur  EPA Cuntrd Cont Menual, page 2-31
Maintenance Materials $307,B00[Based on 2% of capital cort.
Mainienance Labor $307.800)Razed on 2% of capital cost.
Total Fixed O&M Cosi $615,600)

ladirect Operating Cost

Property Taxes $87,0001% of TCL, EPA Cost Manual Section 1. Chapter 2, page 2-34.
{nsurance “7'0(;]1:* of TCL EPA Codt Manusl Sectton 1. Chapter 2, page 2.34.
Admenigiration o addicional cost
Total indirect Operating Cost $174,000
Tolal Anaual Operating Cost $175. 000
&VEAR TOTAL ANNUAL COST (2015)
Annunlized Capital Cost $1.882,000
Annual Oprerating Cost $175.300
Toial Annusl Cosd $2.057.300}
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AES Hawaii Units 1A & 1B
GHG COST EVALUATION - TURBINE UPGRADE

Case

Annual Average Heat Input immBin/yr)
Baseline CO2 Emiasions (tpy)

Post HIRI CO2 Emissions (tpy)

Capacity Factor used of Cost Estimmtes (%)

GHG Cost Evaluation
Heat Rate Improvements

INPUT
2z 1080 MW-gross
CFB Bollers
15,837,251
1,681,685
1,660,535
%

CAPITAL COSTS AES Hawaii Unit | Basis
Dirert Capital Costs
Direct Costs Turbune Upgrade Equipenchit = $10,000.000 bacd on HIPAF & LI sections a1 $3 mllun apioce
311,000, 00051 000 00 sdhtional owhets som
Ingtrumentation SN nchadedd s cyipme con
Salcs Taxey Seling hibed m cquupment vont
Froight Sifllncluded m equipment cost

Towd Purchared Equipment Cast {PEC}

Direet lnstallation Comns

$11.000.0M

Indirees Capital Costa

Installation ﬂmﬂmh!ud um veruba nliematan
Tetal Dirccs Caplial Cosms {IC) S15,000,000]Sum of prachancd cquipmment corts snd sveteation comy

Engincering Siffinchuded i equrpment cost
Construction and Ficld Expenacs Stllincluded th eqipiicnt cost
Contractor Fecs $iflinc uded in cxquipment R
falcubaicd host prodi inver 6 weeks based on R weck saage for nitbae upgtade wavk 2 of which sre
Lost Production 56, (4% N Bnant of plarmed oulage
J'ctisdnes accrucd consdcring 5% capacaty Facior (ur the ycar (B4 capacaty Iselor reductunt Penal
PPA Penalty S 3,750 0 ghased oty s K545 pusianice, ssscascd st $137 SO0 per 1/E% kower than guarsniee
Sunlp Siflinclwded i equipment cort
Performance Tesung Fiflinchudet wn ¢quipment vorl

Foral Indirect Capliof Costy (1C}

Cantingency
Hawaii Cost Adder

Totat Capital trvestment (TCH

Capital Recovery Factor =il = 11/ (1 #if= 1

6-Year Annunlized Capital Costs

{Capital Recover Factor x Tolal Cspital Invesiment)

519,798

$2 200000027 of eapupmsent cons
£1.600 008 A sarmad 405 hagher labos cost than mamtand

$38,593, 000 of ducct capslal costs, ndueet coprtal costs, gned somlsneny
02163 I year Ife of cyuspnchl ficars) @ W anterest

B 3490 Jussed un 6~y ca1 rermainmg wseful e of equipment

Indirect Operming Cont

OPERATING COSTS | T
Operating & Maintenance Costs
Variable O&M Costs
vl codt amd fucl oal vonts bared un 2015 oy ange ssdelnaed 575 | 3um cusl and $2 0%/gal fucl
i
[ipec used ol oot 30 26 hased on AES repottny
TOF com $500n based on AES teponnyg
Fue! Cost Differential =$731 64 085pent scivmel carbon bascd on prafin of $25A0n
Disposal Cost Differenia) -336, lased an $5TAon
Auxtliary Power Cost Diferential 8
Total Variable O& A Costs -5767,640
Fired O&M Costs
Additional Opersiors per shift O O fascd on S&L O&M exttmale fur heat Fale impyoveinent projects
Operating Labor Fahufla/dey | V45 daystcar it 4% Shour (setary + benefits)
Supervisor Labor 15% of upersting laboe EFA Cuntrol Cost Manual, page 2441
Maintensance Matcrials Na | rateris) s required
Mai Labor o additional maintenance labor required.
Total Fixed O& M Cost

Total Annual Operating Cost

Property Taxes $3B6,00001% of TCL EPA Cost Manual Secuion 1, Chaptar 2, page 2-34.
Insurance $3B6,000)1% of TCL EPA Cost Manual Section 1, Chapter 2, page 2-34.
Adrmnmtration o additional cose.

Toual fedirect Operating Cozt

&VEAR TOTAL ANNUAL COST (2015)
Annunlized Capital Cost

Abnual Operating Cost

Total Anoual Cost
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GHG Cost Evaluation
Fuel Oll Co-Firing

AES Hawaii Units 1A & 1B
GG COST EVALUATION « FUEL OIL CO-FIRING - 10% HEAT INPUT

INPUT
2 x 100 MW-gross
Case CFB Boilers
Annual Average Heat lapul (mmBtulyr) 15,837,281
Baseline CO2 Emissions {tpy) 1,681,605
Post Fuel Oil Co-Firing CO2 Emissions {ipy} 1,646,361
Capacity Factor used of Cost Estimates (%) 294%
CAPITAL COSTS AES Hawali Unit | Basis
Direct Casts $650,0000tnciudes 1 x $00.000 gal fucl oil storage tank, imerconnesung piping. and transfer pumps
Instrumentanion $0¥included in equipment con
Sales Tascs S0fincluded in equipmes con
Freight S8 ncluded in equipment cott

Toial Purchased Equipmens Cast (FEC)

Installation

630,000

$195,0008Assumed 1o be JU% of PEC

Tetal Direct Capitat Costs (DC}

$A45,000850m of puithased equipment corts and insialissan oo

Indirect Capital Costy
Enginecting SOfincluded in equipmint cost
Construction and Field Expenses $0EIncluded i equipmen tost
Contractor Fees $0¥Inluded tn cqupmend cost
Lost Production $0F Tic~in of now equipmem completed duning normal 2 weth MRUNERINCE OUIEE
PPA Penalty SOYTic-in of new cquipment compleied during nonmal 2 wech maimcnance owtsge will nod scome penalies
Sun-Up S$Ofinclinded in cquipment con
Performance Testing SOfincluded in cquipment cor
Total Indirecs Capieat Coser {1C) $0fincluded in cquipticnt ot
Conlingency $130,000020% of cquipment costs
Hawadi Cost Adder 578, 0000 Asrumed 0% hughes Labor con 1han maniand.
Tueaf Capital Investment (FCH $1,083,000fom of dircel captial costs, indireel capital costs, ard cantmgency
Copstal Recovery Factor e if 1+ il /{1 =i)"- | 0.2161 6 3 car life of equipmem {3 ears) 4¢ K% interest.
6Year Annualized Capital Coats
{Capital Recover Factor x Total Capital Invesiment) sul.oourua o 64 £ar remarmng weful Wi of cqupmen
OFERATING COSTS fouls
Operating & Maintenance Costs
Variable 0&M Costs
[Coal cost and fuel o1l costs based on 20135 v ctage 25 delnveeed. 375 | Vion coal aead 32 09/gal Fcl oil
pec uted oil cost $1r 19 based on AES reporting.
F cosl §50/ton based on AES mrporting
Fuel Cost Dafferential $17,976,500 fpera acirvaied carbon based oa prafin of $28han,
Disposal Cost Differennal -S288,000§Based on $5710n
Total Variabie O&M Casts $17,688.500
Fixed O&M Costs
Additional Operatofs per shift 0 on S&L D&M esumate for oil finog
Operating Labor shalsday 368 daysvear & $3% S0/hout
Supervisor Labor 15" of opetating bot  EPA Control Com Mamual. page 2-31
Maintenance Matenals $26,000B3sed on 4% of TEC,
Mantenance Labor $26.000Based on 4'% of TEL,
Toial Fived O&M Cant $£52.000
Indireet Operating Cost
Property Taxes $10.50001% of TCI. EPA Cost Manual Section 1, Chapter 2. page 2-34.
Insurance 510,500/ % of TCI. EFA Cost Manua) Sectlon 1. Chapter 2, page 2-34.
Admunistration $SOfNo addtitional cost,
Toral Indivect Operating Cost $21,000
Tots! Annual Operating Cost $17.761.500]
&-YEAR TOTAL ANNUAL COST (2015)
Annualized Capital Cost $223,000
Annual Operatiog Cost $17.761,500
Total Annual Cost S1 7.9895!.1
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AES Hawaii Units 1A & 1B

GHG Cost Evaluation
Heat Rate Improvements

GHG COST EVALUATION - HEAT RATE IMPROYEMENT COMBINATION {ALL QPTIONS)

Cawr

Annual Average Heat lapul tmmBiufyr}
Bascline CO2 Extivsions {1py)

Post HRI CO2 Emissions {1py)

Capacity Factar used af Cont Estimaies {%)

INPUT

2 x 100 MW-groas

CFE Boiders
1551250
1,681,685
1,629,055

%

Indireet Capts) Costs

CATPITAL COSTS AES Hawaii Umit | Basis
L
Direct Capital Conts
Dreet Cons
YFDa on Fi¥ end F1b fans 1anc cach buoler b based on a conl of 3575 hp
Fuatbone Upgiade Equipment = 318 (k000 bacd an [P 117 & LT sechons ot 34 maltion apiece
[S 1,000, 86 gidbisearna] ot s sl
it heatet sppiade inclmden 3ty sdiditional nurface arce sddibon  Hased on $-4 00REGU0 cont e
feplacement of entue mr heater
[ioolblowng upgasdes hesed o 534,508 et mubloses fur msienals and S13.000 Sor BOP 4 new
oAt owst s pes bnlen 5T 0RR) per smothlowet b replase 1epast § of the yhistmg seblourrs
55020 000WNS oy stem upgrade cost of 351000 120, including Puodders A & B

Instramenaation S nctudedd 1n s gun privend sl

Salrs Tunas SO e ludead 1 o g el dont

Frright $ifincluded un ¢ quipment cotl

Tatal Purchased Equipment Co s $£13,028 00i)
Birect Installation Craty

JAusumed wn b 100« sF AN upgeaden PEC, 54 000 ) hrbine upgrades, 0% of VFD and DCS

Instaltavon 51514 7,000 op prades. $1* e of sootblomer upprades

Tetal Direct Capisat Corny (D0 S4RI78 500K um of puchassd cquap and 12 [z

Hawaii Cosl Adder
Tatal Caplcal invexment (TCH)
Capital Reconen Factor = ith+if' 74 + "= |

6=Year Annunatized Capitsl Costs
{Capital Recover Factor x Totat Capital Investiment)

Engincening S tuded 12 equment soil
Construction srd Ficld Exponses $OMncSuded 10 cquepsment eont
Contracios Fees $i@nctuded s wpupment coat
Cstculaind bost peufil oser 22 wieke bintd oh 24 wrch sutepe for hatnnesnad mir bestes upgrade worh. 2
Lot Production $32.170. M wisch srx part uf planned sutsge
J conudeting HPy pecity Fackn based on sn RE%s guscantes sascased st
PPA Penalny SHE )25 (MKASLIT S0 por ) 1P e lowey than gurmies
Stan-lip $talen luded mn squiproent cost
Petformancy Testing $(inc luded in ¢ coal
Tetal Indirres Capisal Casss (10} 570,301 900
Centingency Foie 6008 (AP s o cqupment costa

F£.179, 000 amamed 407« baghet bshar cast than maintand

513,120,0008uen of darect caprisl coms, indirect sapiial toss, and crptingency

LI

25 530 000 J

vyear Life of cquupment (3 eare) @ 34 iiesent

ng usefl b of eqwy

[DPERATING COSTS

Operating & Maintenance Costs
Varisble O0&M Costs

Fuct Cont Mifferenual
Disporsl Cant Differcntial
Auviliare Power Cont Differentia

ol cout arwd Fur] oal conts baned on SULS svciape as delivered 576 1% ton coul amd £3 U9 pol fu] anl
ppec usial on] Gt 5023 bared on ALS reporting
TDF coel 350 4on based 06 ALS 1eporting

«51,E24, (9% pent acisvated cavhon based nn profit af 335 ton
=$91, 1K MELared on 337

Tital Parlable O&M Coris

Fized O&M Cosla
Additional Operatory per shift
Operating Labor
Supervisor Labo
Muintenance Maternial:

Maintenance Labos

E1R Y

522 DIHMELaed o WFs incrcase m pressure drop oves i heates
T |

O (Hpard on S&L (M erumals Eus beal 1810 Iprot cment peopects
SURTstufie dav 365 deyayeat 2 49 5 how featary « henclis)
SOY15% ol operpung libor EFA Upatrol Cort Marwel, pape 2-11

pgtader.

[Based on 1.5% of Air Heater upgrade DCC plut 2% of capival cont of VDR, DCS, and sootblowtng
sss;,m*.

353 J00gpprades

Based on 155 of Air Heates upgesde DOC plus 2% of capital cost of VFDs, PGS, and sosblowing

Total Fised 94N Con

Indirect Operating Cost

Propery Taxcs $1.321.20001% o1 T, EPA Cost Manual Section 1, Chapter 2, page 2-34.
Insurance $1.321.20081% of TC1, EPA Cott Matmal Sectson 1, Chapict 2, page 2-34.
Administratior SOPu addional cost,
Twta! indirvet Operating Cost $£2.642.90
Tolal Annusl Operating Coit 31.852.1000
6-VEAR TOTAL ANKUAL COST {2015)
Anoualized Capilal Cost $18 580,
Annus) Operating Cost S1852.)
| Tatsl Annnal Cast $30,432,1
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GHG Cost Evaluation
Fuel Qll Co-Firing

AES Nawaii UVnis 1A & 1B
GIIG COST EVALUATION - FUEL OIL CO-FIRING - 30% HEAT INPUT

INPUT
2 x 100 MW-gross
Case CFB Bailers
Annoval Average Heat [nput {mm Btu/yr} 15,837,251
Baseline COZ Eminions (ipy) 1,681,605
Post Fuel Dil Co-Fiting CO2 Emisslons (ipy) 1575411
Capncity Factor used of Cust Estimates {%) 94%
CAPITAL COSTS AES Hawsii Unit 1 _Basia
nchudes 2 x $00.000 gal fuel oil slorage ank, inerconnecting pping, and trantfct putpt with iow butne:
Dyirect Costs $1,480,000]
Inttrumentation ncluded in cqupment cort
Sales Taxes nciuded in couiptcnd cost
Freipht ncluded in equipment cost
Towl Purchased Eguipmemt Cost (PEC) $1,450
Lnstallation $444. ssumed Io be 30% of PEC
Youal Direct Capitat Cost (DC} 51,924,000 of purchased expuipment costs and indlallstion ctia
Indirect Capital Costs
Engineenng nciuded in equipment cost
Construction and Field Expeniei ncloded in cquipmen cost
Comractor Fees ncluded in equipment cont
Lost Produchion icein of new equipment completed during normal 2 wech Ninlctnes outage
PPA Penalry ie=in of Rew equipmen: compleicd duting normal 2 wech mainienance outage will o sccrue penaliics
Sun-Up ncluded in cqspencnt cost
Performance TeslmE ncluded in equipment cort
Total Indirect Capital Coses (IC) nciuded in equiptmens cost
Contingency $296 %% of equipment costs
Hawall Cost Adder 17 tsumed 40% highct labar cost than mamitand
Total Capital Investment (TCH) $2.397,600fum of direct capital cotts, inducet capital costa, and contmgeney
Capital Recovery Factors ifl+ if /(1 +i)" -1 02163 [ y eas life of equipment (3cary} @ 8% interest
&Year Annualized Capital Costs
(Capital Recover Factor x Total Capital Invesiment) smmnrma o = 37 eonaitisg weful life of equiptnent
[OPERATING COSTS Bouis
Operating & Maintenance Costa
Variable O&M Costs
[Coal cost and ) oil costs based on 2013 anempe a3 delnered 570 1 3A0m coal and 52 59/¢ak fuel oil
pec used oil cost 3029 based on AES repanting
F cost $50/kan based on AES sopotting
Fuel Cost Differential $54,164,388 activaled carbon based on profi of $23%on.
Disposal Cost Differental -$855 000 B ascd on $3710n
Total Variable O&M Codee $53,295 388
Fixed O&M Costs
Additronal Operators per shift 0 OfBased on SAL OXM crimaic for ol firing.
Operating Labor shifl/day 305 dayalyear 40 397 $0hour
Supervisor Labor 13% of operating Labor  EPA Contmt Cost Manual. page 2-31
Maimenance Materials $59.200 on 4% of TEC,
Muimenange Labor $55,200§Based on 4% of TEC.
Toral Fixed O&M Cost $118,400,
Indirect Operating Coat
Property Taxes $24, (1% of TCl. EPA Cost Manual Section 1, Chapter 2, page 2-34.
Insurance $24,0001% of TCL EPA Cost Manual Sectinn 1, Chepler 2, page 2-34.
Adnunistration S08No additional cost
Total Indirect Operating Cast $48,000)
Tolal Annual Operating Cost $53,461. 800/
6~YEAR TOTAL ANNUAL COST (2015)
Annualized Capital Cost
Annual Operating Cest
Total Annual Cost
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AES Hawali Unine 1A & 1B

GHG Cost Evaluation
Blomass Co-Firing

GHG COST EVALUATION - LOCAL EUCALYITUS BJOMASS CO-FIRING - 150,000 TPY

INPUT
2 3 190 MW-grois
Case CFB Bollens
Annuat Average lleat Inpuol [mmBivfyr)} 15,537,281
Baseline CO2 Embisiont {1py} 1,681,608
Post Biomass Co-Firing CO2 Emissions {1pyl 1,469 480
Capacity Factor used of Cost Estimates (%) 4%
CAPITAL COSTS AES Hawali Unia t_Basis
Direct Capiral Coms
Dhreet Costs
e eshimaled based un wehouse estimates for amifal propects Eoclodes cod for shredding s
kzensting. equepment, com ey o, Inc b boppers, sorow feeders, and sorsge Total cot also i bades
$19.000,000 J51 sy wem dot hyadrated Jame moecton o 11C] emanmmm vonteul
Instrumentation S08ncladed 1n cqupment cast
Sales Taxes SO neluded 4n equapmeti cort
fmgh! S0 ncliaded in equipmend cod
Tutal Prs uied Eqrupmnt Cast tPECY § 1 G0, 004
Direct Installating Couls
Inatallation 54,700, 0008 Axewmned 10 be 10% of TEL
Tetal Dirccr Capital Conts (D) 524,700 1uHlS um of purchased equip cous and mstall coate
lndireer Capital Cara
Engincenng SO Daded sy equapmment cust
Construction snd Ficld Expenscs SOW il oy euesymeni cont
Contracter Fees rchuded i equprent cot
Lost Production SORTiin of Pew rquipment compleied dunng bortmal 2 week msmienane outage
Fowe10 of new pyuipenont compleied dmng meamal 2 sweck mamtene outagc will s sccior
FPA Penalty S0Mnerultecs
Suntllp S0 e luded 10 Fquipm et cost
Performance Teiting S0 ncluded 1 squipmcnl cost
Tetal indirect Capital Coves 1IC7 SOl ncluded an cquipmen cast
Conilingesey 53, 300, 10087 ol cquapment costs
Mawail Cust Adder $2.280, 0008 Asrmcd 4% hopher Libor cot un mnsled

Toual Capital Investment (TCH)
Copitad Recovery Fastar = i 1+ if {1 +if* - 1

&Year Annunlized Capirel Cosis
{Capital Recover Factor x Total Capital Invesiment)

$30,750, 0008 of duect capiial cocta, direct <opital conts, shad comingoiny

w2in

54 558 00

b yeat Jofe of squipmient oy ears) o K% mbctest

hiascd on fet car emsanang useful life of equpment

|CPERATING COSTS

Enlh

Operating & Maintenance Costs
Variatle O&M Costs

Hydrated Lime Reageni Cost

210,858 300 livir eyectun 1sic based om 75% 11C]T reduction b schueve MATS complittne o $255%m

Acoouits fos 1cteased hoat Late wath buamnass cislinng
pioal cout wid fued oif conts based on 2015 sverage as delrvered 378 ) Y coal and 32 09%gal fusl 1)
[9pec used ol cost 30 23 ased an AES reporting

JIDF cost 350700 kased on AES repetimg

Mot activaled carboh bitsed an frrofit of $24800n0

6+ YEAR TOTAL ANNUAL COST (2015)
Annualized Capital Cost
Annusl Operating Cost

Total Annual Cest

Fuel Cost DifTerential 524,123 399 Piomas base] an local eucaly prus $2HST delivcind
Disposal Cost Differennal $3,275.000 Jrascd o 85700
Taial Variable O&M Costs $27,609,457
Fired G&M Coats
Addmonal Operaiors per shift 3 Stuscd o SAL ORM estimate for sdditaons) D310 5! and fued handimg [3) eperators
Operating Labor 31517700 sofain. 563 davervear-a 19 Sahonn
Supervisor Labor $227 70001 3% of opeiaung labot  11°A Uonlie] Cort Manual, pege 2-1)
Mamtenance Matenals $237.000]0ased on 1.0% of DCC.
Maintenance Labor $247.000825¢d on 1.0% of DCC.
Total Fixed O&M Casr $2,239,400
Indirect Operating Cost
Property Taxex $307,800F1% of TCL EPA Cost Manus| Section 1. Chapter 7, page 234,
Insurance $307 BOOJ1% of TCL EPA Cost Manual Section 1. Chapter 2, page 2:34.
Adttmstration SO additionat cost.
Total Indirect Operaring Cost 3615600
Totsl Annual Operating Cost $30.464.500
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GHG Cost Evaluation

Blomass Co-Flring
AES Hawali Units 1A & IB
GHG COST EVALUATION - PELLETIZED BIOAMASS CO-FIRING - 25%
INPUT
22 160 MW-groas
Case CFD Ballets
Annuat Average Heat lnput (mmBiofiyr) 15,837,251
Baseline CO2 Emissions (tpy) 1,68],605
Posy Biomass Co-Firtng CO2 Emission (1py) 1,412,549
Capacity Faclor used of Cost Estimaies (%) Y%
CAPITAL COSTS AES Hawali Unit § Basis
Direst Capital Conts
Dhrect Costs 't eattmated baned on sehotie vitimstes Ion somilan perpects  Includes cout for pellet comeying,
jegc s, screw com oy on, and domed storage ares Tocal comt slas includes DSI » stem for by draied
SIJ.OO0.000TM: tmeetion fur HCT emisswon controb
Ingirymeniation S haded £ quipmani cost
Sales Tancn SR uded 111 ejuapnera cost
Fraght SUlknchuled m equipment comt
Tossd! Purchased Equipment Cou (PECT L{ERTLER ]
Direct Installating Casls
llnatallation $3.900 i Assumed Lo be 3185 of PTC
Toral Direct Capital Covs (D0} S16,900,0000 um «f purchased cque gosts prad mckall
Iudireet Capital Costs
Enginecring Sifnchuded o cqupment cust
Canstruction snd Fietd Expenses ScRnchuded i equEpmend cnn.
Contractor Foes Sifincluled i equpment cost
Lost Production SOHL ieen of now cqupment somplezed durmg mormal 2 weel manichunee oifage
[ievn of mew euepment completed during normal T weel mamicgance outape wilk mt scome
PPA Peaahly Slkwnahics
Start-Up SNl ncluded e quipmend coxt
Performance Testing JUllnciuded 10 e papment cust
Toewal Indirecs Capltal Cost (10} S0@nchinded 1h equpment cost
Conlingeney $2.600 DIOR2% of squipmcnt costs
Hwwali Cuel Adder $1, 5660 0008 A xsumned 3% hagher Labie casa than mamland
Total Capisal tnvesment (YOI} 521,068 000w of ducct capata) custs, wdiyect wapital soctr, s cURkHgencs
Capies! Recavery Fastar = i1+ 1F /() +3)" 1 0 2163 I yemr I of quipment yvaii @ W inbisnt
t-Year Annualized Capiial Conis
(Capital Recover Facter 3 Total Capital Invesiment) $4,556 D000 ascd ru3 d-ycor remamzng usehill e of eqenpment
OFERATING COSTS | [
Opernating & Maintenance Costs
Variable 0&M Cotis
Hydraed Lime Reagent Cost $2t0 usL.'m Tl mpection raie based an TV HET reductan bu schurss MATS complane (2523500

Fuel Cost Differential

$23 581,257

Accountd fun beat 1ale mereose due Lo co-frmg twomass

ol curt el e E sl Gt biied i 2015 iy crage md delnered $78 1 3M0n ool end $2 gl fucl vl
[Spec wacd wd cost 30 215 hased v AES pepuriing

TLF cout $50tm based on AES reporing

Ppend actrvaled carban Tastd on peofit of $25%n

fianmnass based on pelictired delivery coul of §15 4WMT

Disposal Cost Diffreemual $4.010.000Qased v 357000
Tewal Variable O&M Costs $27302,116
Fized O&M Costa
Additonal Operators per shafy 1 5%ared on &I (MM estimate Tor sddisonal ST (0 S ane fuc) horuliing {11 opersion
Operating Labor 3650, 300 shutta/day 145 deyaycar 22 $49 Stbumr
Supervisor Labor $97.600[15% of operating labor  TT'A Control Cost Manaal, page 211
Mauntenance Materials $169,000FBased on 1.0% of DCC.
Maintenance Labor $169 000Pased a0 £.0% of DCC.
Total Fixed O&M Cost $1,086,000
Indirect Operating Cast
Property Taxes $210,60001% of TCL EPA Cost Manual Section 1, Chapter 2, page 2-34
Insurance $210,60001% of TCL EPA Cost Manxal Section 1, Chapter 2, page -1
Admnistsation

Total Indirect Operating Cost

Total Atmual Operating Cost

&=VEAR TOTAL ANNUAL COST (2015)
Annualized Capital Cost
Annuat Opersting Cost

Total Anvual Cost
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AES GHG EMisSION REDUCTION PLAN

United States Appendices
AES HAWAII, LLC

APPENDIX B. 2010 ANNUAL BASELINE EMISSIONS
CALCULATIONS FOR AES HawAll
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o GHG EMISSION REDUCTION PLAN
AES

United States Appendices
AES HAWAIL, LLC

APPENDIX C. GHG REDUCTION PARTNERSHIP
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