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Appendix B

1. GHG MITIGATION CAPACITY AND ASSOCIATED COSTS AND REVENUES FOR
LANDFILL METHANE ELECTRICITY GENERATION PROJECTS.

Electricity Generation-Example Cost Estimates by Project Size (U.S. EPA 1999) converted to
2005 dollars (Sahr 2004).

Size Total Costs
wipP Capital oM
MT 000) M) («3‘500) ($000)
318 0.50 $1,131 $149
476 0.75 $1,598 $191
635 1.00 $2,049 $233
953 1.50 $2,923 $316
1127 2.00 $3,768 $400
1271 3.00 $5,403 $552
2918 5.00 $8,565 $891

The financial assumptions used to calculate the above estimates are shown below (U.S. EPA
1999).

Parameter Value

Discount Rate 8 percent real

Depreciation Period 10 years

Marginal Tax Rate 40%

Duration of Project Electricity: 20 years; Di-
rect Gas Use: 15 years

Collection Efficiency 75%

GHG Abatement Capacity:

Primary GHG Mitigation:
Assuming an engine generator heat rate of 10,000 BTU/kWh (U.S. EPA 1999), a landfill

containing 2,918,000 M'T WIP and power production of 5 MW will have an associated electricity
generating capacity of 43.8 x 10° kWh. This electricity generation corresponds to 4.38x10° ft’
methane per year, or 48,187 TCE.

43.8x10°kWh xl0,000BTU . 1fi'CHs 4.38x108ﬁ3
yr kWh LLOOOBTU yr

4.38x10° f¢° 19.2¢CH:  Tg  5.73MMTCE 10°MTCE _ 48,187TMTCE

3 X 0 X X
yr f 10%g~  TgCHs ~ MMTCE yr

However, when we consider the actual reduction in GHG emissions, during the combustion
process, methane is converted to CO, through the following stoichiometric equation:
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CH, + 20, > CO, +2H,0

Assuming a 95% methane destruction efficiency (5% of the methane fails to be burned in the
combustion process) and remembering that methane has a GWP of 21, the resulting CO,
equivalent emissions can be calculated as the methane emissions escaping combustion plus CO,
emissions resulting from the combustion process.

Large landfill:
8 3
4.38x10° ft . llbmolCI;h . 16/bCH 4 . ltonne (1-.95)21) |+
yr 379.3 ft lbmol  2205Ib

[4.38x108ﬁ3 1lbmolCH+ 16IbCH4+ 1tonne 44g/molCO-

x X X X (.95) |=30,689TCO-E
yr 379.3 ft Ibmol  2205lb 16g/molCH 4

Since 10 metric tons of CO, is equal to 2.727 metric tons of carbon, the emissions from
combustion will produce 30,689 tons of CO, per year = 8,369 MTCE per year. Therefore the
resulting capacity for carbon abatement (tons of carbon captured minus tons of carbon emitted
through combustion) is approximately 39,800 MTCE per year for a landfill containing
2,918,000 MT WIP. Over a 20 year timeframe, this would correspond to the abatement of
796,000 MTCE. For every metric ton of carbon captured, approximately 17% is re-released to
the atmosphere during the combustion process.

Secondary GHG Mitigation:

EPA CO, emission factors estimate that for every MMBtu produced through the combustion of
natural gas, 14.47 kg of carbon is emitted (U.S. EPA 2004c). Therefore, for every MMBtu
produced through landfill or other renewable source of methane, the emissions of 14.47 kg of
carbon are offset when sold back to the electric grid.

A landfill producing 43.8x10° kWh of electricity will therefore offset 6338 MTCE per year.
Over 20 years, the electricity generation will offset approximately 126,757 MTCE.

= 6338MTCE

43.8510° kWhX(IO,OOOBTUJ MMBTU 14.47kgC MTCE

X X X
kWh 10°BTU ~ MMBTU 1,000kg

Total GHG Mitigation:

The addition of primary GHG mitigation through methane combustion and secondary GHG
mitigation through fossil fuel offset leads to a total GHG mitigation potential of approximately
922,757 MTCE for a landfill containing 2,918,000 MT WIP.

Costs and Revenues as $/MTCE:
$/'TCE abated can be calculated using methane’s GWP of 21 and an engine generator heat rate
of 10,000 Btu/kWh (U.S. EPA 1999).
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Costs:

A large landfill of 2,918,000 MT WIP, power production of 5 MW and an associated electricity
generating capacity of 43.8 x 10° kWh will cost approximately $9,456,000 over a 20 year time
frame, corresponding to a carbon abatement cost of approximately $10.25/MTCE abated.

$9,456,000Cost  $10.25

Large landfill costs: _
922, 75TMTCE  MTCE

Revenues:
A landfill of 2,918,000 MT WIP, with an associated electricity generating capacity of 43.8 x 10°
kWh, the project will realize an annual revenue of $1.75 million at $0.04/kWh.

Over a 20 year time period and an 8% discount rate, the present value of the revenue stream for
a 5 MW landfill is approximately $17.2 million. The annual electricity generation of 43.8x10° is
equivalent to 876x10° kWh over a 20 year project time period. For all sizes of landfills, the
revenue generated from selling electricity to the grid is approximately $15/MTCE abated.

1

(1+0.08)*

PresentValue(SMW) =$1,752,000 ( J =$17,201,000

$17,20Q000vevenuex kWh xl,OOOBTUx 1f£'CHa x1012gx TgCH: xMMTCEx(1—0.17)MTCEabated_ $14.81
876c10°kWh  10000BTU 1f#*'CHs 192gCHs  Tg 5.73MMTCE 10°MTCE ~ MTCEcaptuad TCE
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Appendix B

3: LIVESTOCK MANURE MANAGEMENT (COVERED LAGOON)

Manure Characteristics (EPA 1999)
Weight Manure V5% Bo
(Ibs)  (Ibsiday)

Dairy
Milk cow 1400 112 7 3.4
Dry cow 1,300 107 1 33
Heifers oo 77 B 3.8
Calves 500 43 B 3.4
Swine
Sow 400 24 g 5.4
Nursery 30 3.2 8 1.5
Grower 70 44 g 1.5
Finisher 180 114 9 1.5

Methane Conversion Factors (EPA 1999)

Warm  Temperate  Cool
30C 20C wc

Liquid/Slurry 65 .35 10
Pits < 30 days retention 0.1 0.2 0.4
Pits = 30 days retention 0.2 0.4 0.8
Tanks 0.2 0.4 0.8
Pasture, Range 02 015 01
Drylots, Corrals .05 015 01
Daily Spread 01 005 0007
Average Annual MCF
Anaerobic Lagoons 40
Litter 10
Deep Pit Stacking .05

V8% is the percent volatile solids in the manure. Methane is only generated from the volatile
solids portion.

B, is the manure methane potential based on laboratory measurements and is in units of [ft’
methane/Ib VS].

A large farm is assumed to be a 500 or more cows or 1000 or more swine. For a 500 cow dairy
the total potential for methane generation would be approximately 14,896 ft’ per day.

112/bmanure y 0.07IbVS y 3.8ft°CH, B 14,896 ft*CH ,
day [bmanure IbVS day

500cows x
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However the actual amount of methane produced is a function of both climate and management
practice. The EPA estimates that the average annual methane generated using anaerobic lagoons
is 90% of the methane generation potential and therefore actual methane emissions from a 500
cow dairy is expected to be 13,406 ft* CH, per day, corresponding to a carbon generation of
538.33 MTCE per year from methane emissions.

13,406 /°CH, 365days 19.2¢CH, Tg ST3MMTCE 10°MTCE _53833MTCE

day yr S 10% g TgCH 4 MMTCE yr

Likewise, 2 1000 head swine farm could expect methane generation of approximately 5,355.7 ft’
methane per day, much less than that from dairy cows.

3 3
11.4/bmanure y 0.09/bVS y 58ft°CH, < 90% — 5,355.7ft°CH,
day [bmanure IbVS day

1000swine x

GHG Abatement Capacity:

Primary GHG Mitigation:
Referring to appendix 5.2.1, for every metric ton of carbon combusted, 17% is re-released to the

atmosphere due to the creation of CO, during the combustion process. Assuming a 20 year
operating timeframe, the total GHG emissions abated through the combustion of methane at a
500 cow dairy is approximately 8,936 MTCE per project.

538.33TCE
yr

x 20yrs x (1-0.17) = 8,936 MTCE

Secondary GHG Mitigation:

Again referring to appendix 5.2.1, secondary GHG reduction occurs because of electricity
generation that would have otherwise been produced through the combustion of natural gas,
thus offsetting the associated GHG emissions. Secondary GHG reductions for a 500 cow dairy
farm over a 20 year time frame are approximately 1,416MTCE

3

13,406 fi"CH , " 365days X207 10030BTU " M]Z[BTU . 14.47kng MTCE — 1.416MTCE
day yr fi'CH, 10°BTU MMBTU 1,000kg

Total GHG Mitigation:

Over a 20 year time frame, a 500 cow dairy farm can expect to abate approximately 10,352
MTCE.
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Appendix B

Livestock Manure Methane Recovery and Utilization Costs-Covered Anaerobic Digester

(EPA 1999).
Lagoon Costs Utilization Equipment Costs
Component Cost Component Cost
Excavation ($/yd) $1.75 Electricity gen wiheat rec ($/kW cap) $750
Attachment wall ($/yd) $200 Electricity gen O&M ($/kWh produced) $0.015
Pipe and influent box $1,700 Electricity gen building ($/unit) $10,000
Soil test $1,200 Switch gear ($/unit) $5,000
Foam trap $75 Boiler cost ($/unit) $10,000
Very high durability cover material ($/ft?) $0.85 Boiler shed ($/unit) $3,500
Cover install labor ($/ft2) $0.35 Chiller ($/ton cap) $1,050
Flare ($/unit) $1,500
Gas Handling Costs Labor and Services Costs
Component Cost Component Cost
Gas filter ($/unif) $700 Labor crew ($/hr) $150
Gas pump ($/unit) $900 Engineering ($/job) $25,000
Gas meter ($/unit) $800 Backhoe ($/hr) $60
Gas pressure regulator ($/unit) $500
J-trap ($/unit) $100 Pipe Costs
Manhole ($/unit) $300 Component Cost
Manometer ($/unit) $500 2in. Diameter PVC pipe ($/f) $1.00
3in. Diameter PVC pipe ($/1) $1.50
4 in. Diameter PVC pipe ($/ft) $2.00
6 in. Diameter PVC pipe ($/f1) $2.25
7 in. Diameter PVC pipe ($/f) $4.00
Typical Project Costs (including labor)
500 cow dairy (CA) 1000 sow swine farm (NC)
Lagoon Costs $42,579 Lagoon Costs $14,400
Gas Handling Costs $2,380 Gas Handling Costs $2,380
Piping Costs $3,306 Piping Costs $3,306
Utilization Equipment Costs $57,306 Utilization Equipment Costs $27,925
Engineering Costs $25,000 Engineering Costs $25,000
TOTAL $135,57 TOTAL $73,011

EPA estimates that the cost for a typical project involving a covered anaerobic lagoon at a 500
cow dairy in California will cost about $135,571 including labor (O&M) in 1996 dollars. In 2005
dollars, that would be approximately $158,852 (Sahr 2004).

Therefore the carbon abatement cost is approximately $15.35/MTCE abated for a 20 year

project.

$158852 _ $1535
10352TCE ~ TCE

Revenues:

The annual electricity generated from a 500 cow dairy is approximately 4.89x10° kWh.

13.406/i°CH,  365days 1000BTU

bated

kWh

_ 4.89x10° kWh

day yr
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At $0.04/kWh, the annual revenue is expected to be $19,572.80. At an 8% discount rate, the

total revenue is expected to be $192,168 over a 20 year project timeframe, corresponding to
$18.56/MTCE.

1

_( 1+0.08 20]
Pr esentValue(500cows) = $19,572.80 ( 508 ) =$192,168

$192,168revenue  $18.56
10,352TCEabated MTCE
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4: CALCULATION OF CO, EMISSION REDUCTIONS FROM EL ESTERO
WASTEWATER TREATMENT PLANT, SANTA BARBARA, CA.

The indirect carbon abatement is estimated to be about 634 TCE per year. Over a 20 year time
frame, this becomes an abatement of 12,676 MTCE.

500kW x =633.8MTCE

365days  24hr (I0,000BTUJ MMBTU  1447kgC ~MTCE

X X
yr day kWh 10°BTU  MMBTU 1,000kg
A grant from Southern California Edison of $2,250,000 is assumed to be the total cost.
Therefore the cost of carbon abatement over a 20 year time frame is expected to be
approximately $177/MTCE. However, El Estero Wastewater Treatment Plant was not
responsible for the costs.

Because the electricity is sold to the treatment plant at $0.02/kWh less than what they were
previously paying, the revenues are assumed to be $87,600 per year.

365days y 24hr y $0.02  $87,600
yr day  kWh yr

500kW x

At an 8% discount rate and assuming a 20 year project lifetime, $87,600 per year is
approximately equivalent to $860,070 over 20 years.

1
(1+0.08)*
0.08

Pr esentValue = $87,600 ( j =$860,070

This is approximately equivalent to revenue of $9/MTCE

$860,070revenuex kWh xl,OOOBTUx 1/£’CHa xlolzgx TgCH. . MMTCE _ $8.92
87.6x10°%kWh ~ 10,000BTU  1f'CHs+ 192gCH+ Tg  S5.73MMTCE 10°MTCE MTCE

B-26




Appendix B

5: ESTIMATION OF CO, EMISSIONS LIABILITY BURBANK WATER AND POWER
MUNICIPALITY, BURBANK, CA

5.1: Estimation of onsite CO, emissions:

Estimates for BWP onsite emissions were derived from process data provided by BWP via email
06 May 2004. Process data was for calendar years 1995 and 2000 through April 2004. Recorded
data included fuel use in thousand standard cubic feet (kcf), gross and net generated electricity in
megawatt hours (MWh), online hours, continuous emissions monitoring data for oxides of
nitrogen (NO,) and sulfur dioxide (SO,), and estimated carbon dioxide (CO,). Two natural gas
fueled steam boilers, Olive I & II and a natural gas fueled turbine, Llake One, were provided for.

The estimation methodology used was retrieved from the GHG Protocol Initiative
(www.ghgprotocol.org/standard/tools.htm) and consisted of calculation worksheets (Feb 2004,
Version 2.0) for Stationary Combustion Sources — worksheet 1, Direct. Selected data was a three-
year average of 2000, 2001, and 2003 (2002 was not considered as the two steam boilers were
inoperable for emission control upgrades and therefore deemed non-representative). The
methodology for direct emissions is summarized as follows:

kef |, 121.6 Ibs CO:

e annual fuel use(—)* kef
. metric tons yr <
A [ CO -
nnua 2 emissions ( o ) 2204.62 Ibs

metric ton

The following tables provide a summary of the annual CO, emissions and natural gas fuel use by
BWP. Additionally, an electronic copy of the GHG Protocol Initiative worksheets for stationary
combustion and uncertainty calculations is provided on the accompanying compact disc
(worksheets with red tabs were specifically used for this project’s estimate).

Calender Year Emissions (tons) (Estimated from fuel use

CO2 3-yr
(tons) CY 2000 | CY 2001 CY 2002 CY 2003 | 3-yr. total average
Olive 1 65795 62260 14547 29772 | 172,374 52,609
Olive 2 54328 37578 34547 12169 | 138,622 34,692
Lake 1 0 0 0 43868 | 43,868 14,623
tons
Total 120,123 99,838 49,094 85,809 101,923 Cc0o2
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Fiscal Year Emissio

CcO2 3-yr
(tons) CY 2000 | FY 2001 FY 2002 FY 2003 | 3-yr. total average
. incomplet
Olive 1 e data 86067 24813 17744 128,624 | 51,906
. incomplet
Olive 2 e data 35049 50039 20586 105,674 | 27,818
Lake 1 - - - 13065 13,065 13,065
tons
Total 121,116 74,852 51,395 86,256 CcO2
Calender Year Fuel Use (thousand cubic feet
3-yr
Fuel (kcf) | CY 2000 | CY 2001 CY 2002 CY 2003 | 3-yr. total average
] 1,028,00
Olive 1 | 1,094,638 6 238,482 478,505 | 2,839,631 867,050
Olive 2 906,920 620,586 565,952 221,605 | 2,315,063 583,037
Lake 1 - - - 703,016 703,016 234,339
1,648,59
Total 2,001,558 2 804,434 | 1,403,126 1,684,425 kcf
Fiscal Year Fuel Use (thousand cubic feet
3-yr
Fuel (kcf) | CY 2000 FY 2001 FY 2002 FY 2003 | 3-yr. total average
. incomplet
Olive 1 e data 1426982 411947 287053 2,125,982 857,018
. incomplet
Olive 2 e data 587202 821358 336512 1,745,072 461,857
Lake 1 - - - 209388 209,388 104,694
2,014,18
Total 4 1,233,305 | 832,953 1,423,569 kcf

5.2: Estimation of offsite CO, emissions:

BWP’s offsite emission liability was assumed to be exclusive to power acquired from the
Intermountain Power Project (IPP), which generates an approximate average of 14,000 gigawatt
hours (gWh) per year, 3.371% (471 gWh) of which is allocated to BWP. According to BWP
annual reports, other offsite power purchases are from sources with no GHG emissions (e.g.,
nuclear and hydro). Fuel use data was obtained from IPP’s Annual Reports for fiscal years
2001-2003 (July 2000 through June 2003). It should be noted that a direct correlation between
BWP’s calendar year fuel use that excludes 2002 is lacking due to the use of IPP’s fiscal year fuel
use data. However, it is assumed that a reasonably assumed correlation can be made due to the
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relative consistent annual fuel use by IPP (represented by a mean annual fuel use of 5322.6
thousand tons of coal with a standard deviation of 59.2).

The estimation methodology used was retrieved from the GHG Protocol Initiative
(www.ghgprotocol.org/standard/tools.htm) and consisted of calculation worksheets (Feb 2004,
Version 2.0) for Stationary Combustion Sources — worksheet 2, Indirect (Purchase). The
methodology for direct emissions is summarized as follows:

MWh. ,1942.4 Ibs CO:

) annual power generation( )
Annual CO2 emissions (memc tons) - yr MWh
" BOAG2Ibs
metric ton
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6: COSTS OF GHG MITIGATION STRATEGIES.

Table 8.2 in the main report is based on the cost table presented below. Literature values
of costs have been adjusted to reflect 2005 dollars (in parentheses).

Strategy General cost per MTCE Notes
Forest Sequestration

Forest plantation, forest management, $10 ($10) to $150 ($150) To sequester 250MMT annually.
and forest preservation (Richard & Stokes, 2004) U.S. and globally

Forest plantation, forest management, (A) $7.50 to $22.50 (A) To sequester 330MMT annually.
and forest preservation (B) $30-$90 (B) To sequester S00MMT annually.

(Pew, 2005) U.S. only. Econometric analysis
used.
Agricultural Sequestration
Conservation tillage, conversion to $10 to $125 Annual, U.S. only.

grassland, afforestation (Lewandrowski, 2004)

Conservation tillage, conversion to (A) $85 ($104) (A) To sequester ISMMT annually.
grassland, afforestation (B) $465 ($569) (B) To sequester 91 MMT annually.
(Parks & Hardie, 1995) U.S. only. This analysis did not

address permanence or leakage.

Conservation tillage, conversion to $10 ($10.15) To sequester 52 MMT annually)
grassland, afforestation (McCatl & Schneider, 2001) Annual, US. only.

CO, capture and Separation Technologies

1. Pre-Combustion Technology $140 ($142) to $150 ($152) Costs reflect installation of IGCC
(Anderson & Newell, 2003) technology

2. Post-Combustion Technology $230 ($234) - new facilities and  Assumed to be chemical absorbent
$190 ($193) - retrofitted technology

(Anderson & Newell, 2003)
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Geologic Sequestration

1. Oil and gas reservoir injection

a. Oil and gas reservoir injection
without enhanced recovery

b. Oil reservoir injection with
enhanced oil recovery (EOR)

c. Gas reservoir injection with
enhanced gas recovery

2. Coal bed injection (enhanced coal
bed methane recovery)

3. Saline aquifer injection

$5 ($5) to $70 ($71)
(Anderson & Newell, 2003)

-$30 (-$30) to -$15 ($-15)
(Anderson & Newell, 2003)

Assume a similar CPT range to
la.

-$95 ($906) to $70 ($71)
(Anderson & Newell, 2003)

$5 (§5) to $45 (§46)
(Anderson & Newell, 2003)

Cost includes capture and separation
technology

Cost includes capture and separation
technology

Cost includes capture and separation
technology

Cost includes capture and separation
technology

Cost includes capture and separation
technology

Methane Capture and Use

1. Landfill methane capture

a. Capture and combustion without
electricity sale to grid

b. Capture and combustion with
electricity sale to grid

2. Livestock manure management

a. Biogas capture and combustion
without electricity sale to grid

b. Biogas capture and combustion
with electricity sale to grid.

3. Wastewater treatment biogas capture
with electricity generation

$8 ($9) to $12 ($13)
(EPA, 1999)

-$30 (-$33) to $0
(EPA, 1999)

$10 ($11) to $20 ($22)

(EPA, 1999)

-$25 (-$27) (at $0.09/kWh) to
$0

(EPA, 1999)

~$160
(Fuel Cell Energy Co.)

Based on revenue from electricity
sales.

For a 500 head dairy farm.

For a 500 head dairy farm.

Based on El Estero Wastewater
Treatment Plant Case Study.

Biomass to Energy

Biofuel switching for power plant
(general)

Ethanol switching for gasoline

$25 ($29) to $55 ($64)
(McCatl & Schneider, 2000)

$250 ($290) to $330 ($384)
(McCartl & Schneider, 2000)

U.S. only. Based on replacement of
coal powered generation.

U.S. only. Based on corn crop
production of ethanol.
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Appendix B

Industrial Process Modifications

1. Fuel Switching Increases to fuel costs
estimated at 9-16%

Does not consider improved fuel
efficiency

2. Efficiency improvements -$137 (-158) to -$429 (-588) Net benefit assumed due to
(industrial) (Mills, et al., 1991) decreases in fuel costs and reduced
pollution rates

Renewable Energy

National RPS Program ~$95 ($113) Based on RPS target of 10%
(UCS, 2005)

National RPS Program up to $50 ($60) Based on DOE RPS target of 10%
(UCS, 2005)

(Demand Side) Efficiency Improvements

Electricity demand reduction programs = $20 ($24.5)
(general) (Chomitz, 2000)

U.S. only. Based on government-
subsidized programs, not GHG
related.
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