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Pump Test and Pre-Feasibility Study for Landfill Gas Recovery
And Utilization at the Pirana Landfill, Amedabad, India

SECTION 6.0
EVALUATION OF PROJECT COSTS

For purposes of evaluating the project economics, the Project Team estimated the capital costs
for development of an LFG recovery system and utilization project at the landfill. The Project
Team also estimated the expected costs for operation and maintenance of the LFG collection
system.

6.1 LANDFILL GAS COLLECTION AND FLARING SYSTEM COSTS

Budgetary Construction Cost Estimate

The Project Team estimates the budgetary cost (in 2008 U.S. dollars prior to inflation) for the
LFG collection and flaring system construction to be $2,201,500. These are costs associated with
the proposed gas collection system described previously, including: gas extraction wells, header
and lateral piping, condensate management, and installation of a blower and enclosed flaring
station.

Table 6-1 presents a summary of the cost items. A more detailed outline of these costs and their
associated quantities is presented in Appendix D.

TABLE 6-1: BUDGETARY COSTS FOR
LFG COLLECTION AND CONTROL SYSTEM

TOTAL
ESTIMATED COST

ITEM (U.S. 9)

Mobilization and project management $120,000

Vertical extraction wells and wellheads (52 wells, 20 m average depth) $301,000

Leachate pumping equipment (assumed required for 50% of the wells) $130,000

Maiq gas header collection p_iping (assume about 5,920 m of HDPE $630.500
ranging from 150-300 mm diameter and header valves (assume 4) ’

Lateral piping (assume about 4,600 m of 100 mm diameter) $179,000

Condensate management $60,000

Blower and flaring equipment (enclosed flare)® $300,000

Security fencing around landfill $150,000

Engineering/contingency, and up-front (pre-operational) costs®® $331,000

TOTAL ESTIMATED COST $2,201,500

Notes to Table 6-1:
1. Blower and flaring equipment includes: blower and flare, construction and site work, LFG
measurement and recording equipment, flare start-up costs, and emissions testing.
2. Pre-operational costs cover up-front costs required for obtaining revenues from emission reductions,
including: preparation of a Monitoring Plan and PDD, registration, validation, and legal fees.




Pump Test and Pre-Feasibility Study for Landfill Gas Recovery
And Utilization at the Pirana Landfill, Amedabad, India

Budgetary Estimate for Annual System Operation and Maintenance

The Project Team estimates the budgetary cost for annual operation and maintenance of the gas
collection system to be approximately 7 percent of the construction costs (excluding security
fence construction), or about $85,000 (U.S. dollars prior to inflation adjustments). These costs
include those associated with operation and maintenance of the existing collection system such
as labor, testing equipment and parts, routine maintenance and system repairs, and limited
replacement of existing wells and piping.

Other annual costs include those associated with the process of obtaining emission reductions,
including registration fees, and monitoring and verification of the emission reductions. These
costs are estimated to be $30,000 (U.S.) prior to inflation adjustments.

6.2 ELECTRICAL GENERATION PROJECT COSTS

The Project Team estimated the capital and annualized costs for implementing an LFG-fueled IC
engine power plant. These costs are presented below.

Budgetary Estimate of Power Plant Cost

The Project Team estimates that the capital cost for implementing an LFG-fueled 1.27 MW
(gross) IC engine power plant to be approximately $2,008,600 (U.S.). This cost is additional to
the LFG collection and flaring system. Table 6-2 presents a summary of the initial cost items. A
more detailed outline of the initial costs and their associated quantities is presented in Appendix
D.

Budgetary Estimate for Annual Operation and Maintenance

The Project Team estimates the budgetary cost for annual operation and maintenance of the
power plant to be approximately 2 cents per kilowatt-hour of electricity output, or about
$204,000 per year (based on a 1.27 MW plant capacity and prior to inflation adjustments). These
costs include those associated with operation and maintenance of the power plant such as labor,
testing equipment and parts, routine maintenance and repairs, and minor equipment replacement.
Based on the LFG modeling results, the Project Team estimates that the plant capacity will need
to be reduced to a 633 kW facility from 2017 through the end of the 15-year project period in
2022.

Other annual costs such as wellfield operation and maintenance and project monitoring and
emission reduction verification are included in the collection and flaring system annual operation
and maintenance costs (see above).
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TABLE 6-2: BUDGETARY COSTS FOR IC ENGINE POWER PLANT

TOTAL ESTIMATED
ITEM COST (%)
Mobilization and project management $120,000
Plant construction/sitework (incl. piping) $80,000
LFG measuring and recording equipment $35,000
LFG pre-treatment and engine-generator for 1266 kW
LFG-fueled power plant * $1,266,000
Plant substation (switchgear, main breaker, step-up $200.000
transformer)
Electrical Interconnection $100,000
Source Test $25,000
Engineering/Contingency (~10% of other costs) $182,600
TOTAL ESTIMATED COST $2,008,600

*Note to Table 6-2: Plant costs assume containerized engine generators with no other
building for this equipment

6.3 DIRECT USE PROJECT COSTS

EPA LMORP evaluated the projected capital and annualized costs for implementing a direct use
project to deliver LFG to industrial end-users. Several potential end-users were identified within
approximately one kilometer from the landfill; these facilities include a cement plant, and other
industries (steel, plastic, chemical, textile). The direct use project costs are presented below.

Budgetary Estimate of Direct Use Facility Cost and Ongoing Costs

Using LMOP’s LFGCost tool and adding mobilization costs and 25 percent for engineering costs
and a contingency cost to account for conditions in India, EPA LMOP estimates that the initial
cost for implementing a direct use project to deliver LFG to potential end-user facilities to be
approximately $450,000 (U.S.). This cost is additional to the LFG collection and flaring system
and does not include any costs that might be required for modifications to the existing equipment
at the end users’ facilities.”

Table 6-3 presents a summary of the initial cost items.

> The LFGcost v1.4 Model produces costs estimates with an uncertainty of +/- 30 to 50 percent.
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TABLE 6-3: BUDGETARY COSTS FOR DIRECT USE PROJECT

TOTAL
ESTIMATED COST
ITEM ®)
Mobilization $50,000
Skid-mounted Filter, Compressor, and Dehydration Unit $135,000
1 km (0.62-mile) Pipeline to Convey Gas to Project Sites $175,000
Engineering/Contingency (~25% of other costs) $90,000
TOTAL ESTIMATED COST $450,000

Annual operating and maintenance costs include pipeline and compressor station maintenance,
and electricity costs for running the compressor station. For the first year of operation (2009),
these costs are estimated using the LFGCost model to be approximately $34,000 and $36,000,
respectively, for a total of $70,000.
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SECTION 7.0
ECONOMIC EVALUATION

The economics of implementing Option 1, an LFGE electric generation project; Option 2, an
LFGE direct use project; and Option 3, an LFG recovery and methane destruction (flaring only)
project, were evaluated using the projected capital and annualized costs outlined in Section 6,
and anticipated revenues described below.

Option 1 would produce significant environmental benefits from the capture and combustion of
LFG and the displacement of fossil fuel normally consumed for the generation of electricity. For
purposes of evaluating Option 1, the Project Team assumed that the revenue streams include
those associated with the sale and/or offset of electricity as well as revenues associated with
GHG emissions reductions (i.e., the purchase of emissions reductions generated by the project).

Option 2 would produce significant environmental benefits from the capture and combustion of
LFG and the displacement of natural gas normally consumed in an industrial process. For
purposes of evaluating Option 2, the Project Team assumed that the revenue streams include
those associated with the sale LFG and/or offset of natural gas as well as revenues associated
with GHG emissions reductions (i.e., the purchase of emissions reductions generated by the
project).

Option 3 would produce significant environmental benefits from the capture and combustion of
LFG, and potential revenues from methane emissions reduction. Because emission reductions
are typically the only source of revenues from a flaring only project, prices received for the
emission reductions will largely determine economic feasibility. A flaring only project will
typically produce lower revenues than an LFGE project, but may be more economically feasible
due to much lower capital investment costs.

A summary of the economic evaluation and assumptions is presented below. More detailed
analysis of the economics is presented in Appendix E.

7.1 SUMMARY OF ASSUMPTIONS
The following general assumptions were used in evaluating the project economics:

« Two financing options were considered, one with no financing of capital expenditures
(i.e., 100% initial application of capital expenditures), and one with financing of 75
percent of initial capital expenditures (25% equity investment).®

e Two scenarios for the pricing of emission reductions were considered, with sales prices
of $8 and $10 per tonne of CO,-equivalent (CO,e) emission reductions. Two scenarios
for the period over which these prices are received were evaluated — Scenario 1 which

® These percentages were chosen to reflect the typical range in the level of financing. Actual levels of
financing will vary, and result in different estimates of financial feasibility, but the percentages chosen for
this study should cover the likely range of effects produced by varying levels of project financing.
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assumes revenues from 2009 through 2012, and Scenario 2 which assumes revenues from
2009 through 2018.

e The economic evaluation of both LFGE projects covered a 15-year period (2008 — 2022).
The economic evaluation of the flaring only project considered shorter time periods based
on the reasoning that the project would not be likely to continue when there was no
longer any source of revenue from emission reductions. The time periods considered for
the flaring only project were therefore 2008 through 2012 (5 years) under Scenario 1 and
2008 through 2018 (11 years) under Scenario 2.

e Aninterest rate of 14 percent is used for the NPV analysis.
e Aninterest rate of 10 percent is used for the loan financing.

« Initial investment for the LFG collection and flaring system and power plant (for
electricity generation) or LFG treatment facility and pipeline (for direct use) is assumed
to occur in 2008. Completion of the wellfield will occur in 2009. Loan payback period
is assumed to be 10 years for the LFGE project, four years for the flaring only project
under Scenario 1, and 10 years for the flaring only project under Scenario 2.

o For purposes of this analysis, payment of approximately 20 percent of the emission
reduction revenue to the landfill owner for use of LFG was considered (represented by a
rate of $0.67/MMBtu under the $8 per tonne emission reduction price scenario and
$0.84/MMBtu under the $10 per tonne emission reduction price scenario). This is based
on international experience that payment to the landfill owner for LFG typically ranges
between 10 and 30 percent of the emission reduction revenue. If the landfill owner were
to self develop the project (which is not typical) this value could be assumed to be zero.

« Future operation and maintenance and system expansion expenditures escalate at an
annual rate of 3 percent.

o Under the power plant scenario, the following assumptions apply:

- The power plant will consist of two 633 kW IC engines that will be operational
from 2009 through 2015 and one 633 kW IC engines that will be operational from
2016 through 2022.

- A7 percent reduction in electricity output by the plant was assumed to account
for parasitic load, and a plant capacity factor of 90 percent was assumed to
account for routine and non-routine plant downtime. Landfill gas collected during
plant downtime will be routed to the flare for combustion.
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7.2

All electricity generated by the project is assumed to be sold off-site at a rate of
$0.058 per kWhr. This price is estimated based on the most recent data on
wholesale tariff rates set by the Gujarat State Electricity Corporation Limited.’

Under the direct use scenario, the following assumptions apply:

One or more direct use projects will be implemented that will be operational from
2009 through the end of the project period (2022). A total of 1 km (0.6 miles) of
pipeline is assumed to be built to deliver the LFG to potential end-user facilities.

A facility capacity factor of 90% is used to account for facility downtime for
problems with project equipment, weather related interruptions of the local
utilities, and shut-downs at the energy consumer end of the system due to
maintenance/repair and/or daily or seasonal fluctuations in demand.

Revenues from emission reductions for landfill gas combusted off site will be
retained by the project developer.

Excess landfill gas not sold or delivered to an end-user will be combusted in the
on-site flaring equipment.

Landfill gas is sold to the end-user at a rate of $3.00 per MMBtu, which is 50
percent of the estimated current average market price for natural gas in
Amedabad.?

The gas collection system and flare will be operational from January 2009 through the
end of the project period (2012, 2018, or 2022). The flare will be used to combust excess
gas under either LFGE scenario. Under the flaring only scenario, no capital or operating
costs are incurred for any LFGE facilities, and no revenues from electricity of LFG sales
are received.

PROJECT EXPENDITURES

The following project expenditures were considered under the power plant scenario:

Initial capital investment for LFG collection system, flare, and power plant occurs in
2008 (see Section 6).

! Guijarat Electricity Regulatory Commission Ahmedabad "Tariff Order of GSECL Petition No.
896/2006" Ahmedabad, March 31, 2007.

8 «“Dabhol: Deora reiterates 60% gas price hike for Guarat.” Hindu Business Line. May 2007. This article
documents the projected increase in imported natural gas prices from $3.70 to $5.90 per mmBtu. A
small quantity of domestically produced natural gas is available to selected government-owned firms at
a significantly reduced price ($2.50/mmBtu). For this study it was assumed that the end-user facilities
would not have access to domestic sources at the lower price. It should be noted that SCS did not
directly contact either of the potential end-users to discuss their interest in a potential project, their
energy requirements, or their pricing requirements for this pre-feasibility study.
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« Capital investment ($100,000) for the completion of the LFG collection system occurs in
2009.

e Purchase of LFG from landfill owner.

e Annual cost for operation and maintenance of the LFG collection system, flare, and
power plant (see Section 6).

The following project expenditures were considered under the direct use scenario:

« Initial capital investment for LFG collection system, flare, and LFG
treatment/compressor skid and pipeline occurs in 2008 (see Section 6).

o Capital investment ($100,000) for the completion of the LFG collection system occurs in
2009.

e Purchase of LFG from landfill owner.

e Annual cost for operation and maintenance of the LFG collection system, flare, and LFG
treatment/compressor skid and pipeline (see Section 6).

The following project expenditures were considered under the flaring only scenario:

« Initial capital investment for LFG collection system and flare occurs in 2008 (see Section
6).

« Capital investment ($100,000) for the completion of the LFG collection system occurs in
2009.

e Purchase of LFG from landfill owner.

e Annual cost for operation and maintenance of the LFG collection system and flare (see
Section 6).

7.3 PROJECT REVENUES

For the economic evaluation, the following revenues were considered under the power plant
project:

e The power plant produces a total of 9,489 MWh/year from 2009 through 2016 and 4,744
MWh/year from 2017 through 2022, which is sold to the power grid at a rate of U.S.
$0.058/kWh.

e GHG emission reductions are sold at a rate of U.S. $8 or $10 per tonne CO2e. The sale of
emission reductions is considered for the years 2009 through 2012 under power plant
Scenario 1 and 2009 through 2018 under power plant Scenario 2.
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e LFG collected in excess of the power plant capacity, along with LFG collected during
plant downtime is assumed to be combusted in the flare.

For the economic evaluation, the following revenues were considered under the direct use
project:

e The direct use project produces a maximum of 119,750 mmBtu/year of LFG in 2009
through 2015, and declining amounts in each subsequent year. The LFG is sold to the
end-users at a rate of U.S. $3.00 per mmBtu. The potential industrial end-users, which
are located within 1 km of the landfill, have not yet been contacted for pricing
information.

e GHG emission reductions are sold at a rate of U.S. $8 or $10 per tonne CO2e. The sale of
emission reductions is considered for the years 2009 through 2012 under direct use
Scenario 1 and 2009 through 2018 under direct use Scenario 2.

e LFG collected in excess of the amount sold to end-users, including LFG collected during
facility downtime, is assumed to be combusted in the flare.

For the economic evaluation, the following revenues were considered under the flaring only
project:

e GHG emission reductions are sold at a rate of U.S. $8 or $10 per tonne CO2e. The sale of
emission reductions is considered for the years 2009 through 2012 under flaring only
Scenario 1 and 2009 through 2018 under flaring only Scenario 2.

e All collected LFG is assumed to be combusted in the flare.

For the options detailed above, the rate of U.S. $8 - $10 per tonne of COe was selected as a
conservative long term price for GHG reduction credits over the duration of the project through
2018. The World Bank’s “State and Trends of the Carbon Market: 2007” dated May 2007 stated
that the average price of GHG reduction credits (Certified Emissions Reductions) was U.S.
$10.90 per tonne CO,e in 2006. Limited volumes of similar GHG reduction credits have
recently sold for over U.S. $22 per tonne CO,e for current and near term vintages on secondary
markets. However, the Project Team assumed that this pricing may not be sustainable over the
life of the project, and thus chose to adopt a conservative approach for its analysis.

Appendix E presents a more detailed summary of the anticipated project revenue streams.

74  SUMMARY OF ECONOMIC EVALUATIONS

Option 1 — LFGE Electric Generation

Tables 7-1 and 7-2 present a summary of the results of the economic evaluation of the power
plant project under Scenario 1 (emission reduction revenues through 2012) and Scenario 2
(emission reduction revenues through 2018), and provide a general comparison of the effects of
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the various financing and emission reductions sales price scenarios using the estimated net
present value (NPV) and the internal rate of return (IRR) of the project. These values include
revenues from both GHG emissions reductions and from LFG project utilization revenue. The
results are presented on a pre-tax basis.

As shown in Tables 7-1 and 7-2, economics for the electricity generation LFGE project appear
unfavorable in three of the four scenarios where revenues from emission reductions extend only
through 2012, but relatively attractive under all scenarios evaluated with emission reduction
revenues through 2018. A higher emission reduction price ($10), longer revenue period (through
2018), and project financing produce the highest NPV and IRR values.

TABLE 7-1: SUMMARY OF ECONOMIC EVALUATION OF
PROPOSED POWER PLANT PROJECT - SCENARIO 1:
EMISSION REDUCTION REVENUES FROM 2009 THROUGH 2012

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 - 2022 8 100 - $607 8.2%
2008 - 2022 10 100 - $153 12.5%
2008 - 2022 8 25 - $199 -17.4%
2008 — 2022 10 25 $255 39.8%

TABLE 7-2: SUMMARY OF ECONOMIC EVALUATION OF
PROPOSED POWER PLANT PROJECT - SCENARIO 2:
EMISSION REDUCTION REVENUES FROM 2009 THROUGH 2018

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 - 2022 8 100 $153 15.2%
2008 - 2022 10 100 $814 20.3%
2008 — 2022 8 25 $561 33.9%
2008 — 2022 10 25 $1,223 55.0%
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Option 2 — Direct Use L FGE Project

Tables 7-3 and 7-4 present a summary of the results of the economic evaluation of the direct use
project under Scenario 1 (emission reduction revenues through 2012) and Scenario 2 (emission
reduction revenues through 2018), and provide a general comparison of the effects of the various
financing and emission reductions sales price scenarios using the estimated NPV and the IRR of
the project. These values include revenues from both GHG emissions reductions and from LFG
project utilization revenue. The results are presented on a pre-tax basis.

As shown in Tables 7-3 and 7-4, economics for the LFGE project appear attractive under all
emission reduction price and financing scenarios evaluated. Increases in emission reduction
price, the extension of emission reduction revenues through 2018, and project financing all have
a positive impact on NPV and IRR values.

TABLE 7-3: SUMMARY OF ECONOMIC EVALUATION OF
PROPOSED DIRECT USE PROJECT - SCENARIO 1:
EMISSION REDUCTION REVENUES FROM 2009 THROUGH 2012

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 - 2022 8 100 $426 20.4%
2008 - 2022 10 100 $876 27.9%
2008 - 2022 8 25 $677 74.7%
2008 — 2022 10 25 $1,127 108.2%

TABLE 7-4: SUMMARY OF ECONOMIC EVALUATION OF
PROPOSED DIRECT USE PROJECT - SCENARIO 2:
EMISSION REDUCTION REVENUES FROM 2009 THROUGH 2018

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 - 2022 8 100 $1,420 29.7%
2008 - 2022 10 100 $2,137 37.4%
2008 — 2022 8 25 $1,671 84.2%
2008 — 2022 10 25 $2,388 114.4%
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Option 3 — Flaring Only Project

Tables 7-5 and 7-6 present a summary of the results of the economic evaluation for the flaring
only project under Scenario 1 (emission reduction revenues through 2012) and Scenario 2
(emission reduction revenues through 2018). The tables present a general comparison of the
effects of various financing and emission reduction sales price scenarios, using the estimated
NPV and IRR of the project. These values include revenues from GHG emissions reductions.
The results are presented on a pre-tax basis.

TABLE 7-5. SUMMARY OF ECONOMIC EVALUATION
OF THE PROPOSED FLARING ONLY PROJECT - SCENARIO 1:
EMISSION REDUCTION REVENUES FROM 2009 THROUGH 2012

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 — 2012 8 100 - $549 -2.1%
2008 — 2012 10 100 - $128 10.4%
2008 — 2012 8 25 - $437 -
2008 — 2012 10 25 - $17 11.8%

*IRR was a negative value that could not be calculated.

TABLE 7-6. SUMMARY OF ECONOMIC EVALUATION
OF THE PROPOSED FLARING ONLY PROJECT - SCENARIO 2:
EMISSION REDUCTION REVENUES FROM 2008 THROUGH 2018

Emission
Reduction Equity Net Present
Price Investments Value Internal Rate
Project Period ($/tonne) (%) (x1,000 $) of Return (%)
2008 — 2018 8 100 - $97 12.2%
2008 - 2018 10 100 $507 22.9%
2008 - 2018 8 25 $112 32.0%
2008 - 2018 10 25 $716 77.2%
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As shown in Tables 7-5 and 7-6, economics for the flaring project appear unattractive under all
emission reduction price and financing scenarios where revenues from emission reductions last
only through 2012, and under the low emission reduction price ($8) with no financing scenario if
revenues from emission reductions last through 2018. The flaring only project is attractive only
under three of eight scenarios and requires revenues from emission reductions through 2018 and
either project financing or an emission reduction price of $10. Project financing appears to cause
moderate increases in NPV and very large increases in IRR.

Summary of Economic Evaluation Results

As shown in Tables 7-1 through 7-6, the direct use LFGE project is the most economically
attractive of the three proposed projects and yields strongly positive NPV and IRR values under
all scenarios analyzed. The electricity generation LFGE project also appears economically
attractive under five of eight scenarios evaluated, but has lower NPV and IRR values than the
direct use project. The flaring only project yields the lowest NPV and IRR estimates which are
positive only for the longer project period under the project financing or higher emission
reduction price scenarios.

The economic evaluation results appear to support the viability of an LFGE project at the Pirana
Landfill, given the estimated project costs and revenues. It should be emphasized that the
estimates of project revenues are highly dependent on the projected amounts LFG recovery and
the timing of project start-up. As noted in Section 4, large inconsistencies in available
information on the volume of waste in place at the landfill and the timing and location of historic
waste disposal suggest significant uncertainty in the waste disposal estimates, which creates
uncertainty in the resulting LFG recovery projections. Also, because LFG generation will
decline starting shortly after waste disposal at the landfill ceases, project economics are helped
significantly by assumptions of rapid project development and a system start-up in January 20009.
Any delays in achieving the project development schedule assumed in this study can have
serious negative impacts on project economics.
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SECTION 8
ENVIRONMENTAL BENEFITS

8.1 GREENHOUSE GAS EMISSIONS REDUCTIONS

Methane from solid waste disposal on land is one of the major sources of greenhouse gas (GHG)
emissions. Its capture and oxidation to carbon dioxide result in an environmental benefit. This
benefit may be measured and traded under a number of different emission reduction trading
schemes world wide.

In order to qualify for trading of emission reductions, normally a project must be able to prove
that there is no requirement under law, or mandated by waste disposal licenses or other
regulations, to control the emission of the particular greenhouse gas relating to the project. This
appears to be the case at Pirana Landfill.

While flaring is the normal method for thermal oxidation of LFG, any process which prevents
the emission of methane to the atmosphere would also qualify for tradable emission reductions.
The carbon dioxide created by the thermal oxidation of methane is considered to be "short cycle”
and the product of the normal carbon cycle; and therefore does not need to be accounted for
under the current methodologies.

The Project Team estimated the potential GHG emission reductions associated with a direct use
LFGE project at the landfill (in metric tons of methane/year and metric tonnes of CO,
equivalent/year using a methane/CO, equivalency factor of 21) for the evaluation period. Table
8-1 presents a summary of the GHG emission reduction projections for the period 2009 through
2022. A flaring only project would achieve the direct emission reductions shown in the table. A
LFGE project would achieve both the direct and indirect emission reductions.

The projections shown in Table 8-1 assume that all of the LFG recovered through the proposed
project is combusted, and do not account for methane destruction efficiencies. The estimates
include additional greenhouse gas emission reductions associated with the displacement of other
fuels sources through direct LFG use.

8.2 ENVIRONMENTAL BENEFITS FROM LANDFILL GAS UTILIZATION

Environmental benefits resulting from LFG utilization include indirect emission reductions from
the displacement of conventional fuels as well as direct emission reductions from the combustion
of LFG at the industrial facility or flare. The environmental benefits can be described in a variety
of ways which are listed below.

8-1
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TABLE 8-1: SUMMARY OF PROJECTED GHG EMISSION REDUCTIONS

Direct GHG Emission | Indirect GHG Emission | Total GHG Emission
Reductions Reductions Reductions

Year (Tonnes Co.e/Year) (Tonnes Co.e/Year) (Tonnes Co.e/Year)
2009 115,645 4,558 122,212
2010 113,317 4,558 119,885
2011 98,151 4,558 104,720
2012 85,678 4,558 92,248
2013 75,381 4,558 81,952
2014 66,841 4,558 73,413
2015 59,724 4,558 66,297
2016 53,759 4,558 60,333
2017 48,730 2,279 53,026
2018 44,463 2,279 48,760
2019 40,817 2,279 45,115
2020 37,678 2,279 41,977
2021 34,956 2,279 39,256
2022 32,576 2,279 36,877

TOTALS FOR

PERIOD 907,716 50,138 957,854

For a direct use project with an average net LFG flow to end users of 621 m*/hour over the 2009
through 2022 project period, annual environmental benefits include a reduction of 1,840 metric
tonnes of methane from LFG combustion, which is equivalent to 38,700 tonnes of CO, emissions
(direct benefit), and the displacement of 3,581 tonnes of CO, emissions from conventional
energy sources (indirect benefit). Direct benefits would also include flaring of addition amount
of methane not used at the LFGE facility. If all methane projected to be recovered by the project
were combusted, an average of 3,087 tonnes of methane per year (64,838 tonnes CO.e) will be
combusted during the 14 year project period. After adding the average indirect benefits during
the project period (3,581 tonnes per year of CO, reduction) average annual emission reductions
are equivalent to 68,419 tonnes of CO,. The combined total benefits are equivalent to the

following:

e Removing emissions equivalent to 12,003 cars.

e Planting 17,105 acres of forest.

o Offsetting the use of 307 railcars of coal.

e Preventing the use of 147,649 barrels of oil.

e Powering 935 homes per year.
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SECTION 9
CONCLUSIONS AND RECOMMENDATIONS

9.1 CONCLUSIONS AND RECOMMENDATIONS

The Pirana Landfill is a moderate-sized landfill that has operated as a historic dump site since
1980. City of Amedabad waste disposal estimates indicate significantly greater total waste in the
landfill than is apparent in scaled aerial photographs of the site. The Project Team estimates that
the two disposal areas with waste depths suitable for project development will contain
approximately 4.6 million tonnes of waste when the landfill closes in 2008. Potential revenues
from direct LFG sales and emission reductions that would result from an LFGE project would be
sufficient to offset the estimated capital, operating, and maintenance costs of a project under all
emission reduction and financing scenarios analyzed. Potential revenues from an electricity
generation LFGE project or from emission reductions that would result from a flaring only
project were found to be sufficient to offset the estimated project costs only under selected
emission reduction and financing scenarios analyzed.

Both the NPV and the IRR values were positive for all scenarios evaluated under the direct use
LFGE project option. The highest NPV value was achieved under the direct use LFGE project
when an emission reduction price of $10 per tonne is received through 2018 with project
financing. In general, project economics are favored by the high revenues early in the project
period. This observation emphasizes the importance of early project development. Any delays
in achieving the project development schedule assumed in this study can have serious negative
impacts on project economics.

The results of this study indicate that further evaluation of either an LFGE project beyond the
scope of this pre-feasibility study is warranted. Recommended next steps in the process of
moving towards project development would include the following:

e Conduct additional investigation into the inconsistent disposal data, including a survey of
existing waste volumes, to confirm that the waste disposal estimates used in this study
reflect actual site characteristics.

e Conduct a detailed evaluation of the potential for a direct use LFGE project, including a
survey of potential end-users, and/or meetings to discuss end-users’ interest in a potential
project, their energy requirements, and their pricing requirements.

e Continue looking for interested parties for the development of an LFG project.

e Prepare detailed LFG collection system design and cost estimates.

e Conduct a detailed evaluation of potential revenues from emission reductions.

e Conduct a detailed evaluation of the potential for a LFGE electric generation project

including wholesale electricity market pricing trends, electric sector regulations as they
apply to small renewable generators, interconnect requirements, and tax implications.
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e Potential project developers should discuss terms of participation, including revenue and
risk sharing options, with the Amedabad Municipal Corporation.

Note that the economic analysis essentially indicates the cash flow to the project developer
(assumed to be a third party). For this evaluation, the revenue to the City of Amedabad is
represented by the sale of LFG at $0.67 or $0.84 per mmBtu (for emission reduction prices of $8
or $10, respectively). Adjustments to this rate have a significant impact on the cash flow to the
developer. At this pre-feasibility phase, negotiable parameters such as this cannot be further
refined.

The results of this study are based on limited contingency factors included in the cost estimates
for capital and O&M. Further refinement of some of the assumptions used in the economic
evaluation possibly may change the results of this pre-feasibility analysis.
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APPENDIX A

PUMP TEST WELL CONSTRUCTION DIAGRAM
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APPENDIX B

PUMP TEST MONITORING DATA
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APPENDIX C

LFG RECOVERY PROJECTIONS
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APPENDIX D

CONSTRUCTION COST ESTIMATES
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APPENDIX E

ECONOMIC EVALUATION



	1: Figure 5-1.  Proposed LFG Collection System


