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Appendix B

EXHIBIT 5.1: Refinery builds a new cogeneration unit to replace steam
generation from an offsite steam boiler, continued

CO, emissions resulting from the combustion of this coal are calculated based on the average
carbon content and heating value of the coal previously used in the industrial facility
=9.289x10™"" tonnes CO,/J (LHV)

9.289x10 " tonnes CO,

CO, : 1.65x10" J coal x
J(LHV)coal

=153,268 tonnes CO,

CH; and N,O emission are determined based on measured emissions data, if available, or
industry-accepted emission factors for coal-fired boilers (APl Compendium Table 4-4b). In
applying emission factors, the coal heating value is needed to convert energy units to a mass
basis = 2.745x10" J/tonne.

CH, EF = 3.0x10" tonnes/tonne
CH, Baseline Emissions for Steam =

tonne coal « 3.0x10° tonnes CH,
2.745x10" J tonne coal

CH, =1.65x10" J coal x

=1.8 tonnes CH,

N,O EF = 2.0x10 tonnes/tonne
N,O Baseline Emissions for Steam =

tonne coal y 2.0x10° tonnes N,O
2.745x10" ] tonne coal

N,0=1.65x10" J coal x

=1.2 tonnes N,O

The total CO; equivalent emissions for the Baseline Steam
= 153,268 tonnes CO, + +(21x1.8 tonnes CHy4) + (310x1.2 tonnes N,O)
= 153,678 tonnes CO, Eq./yr

The final aspect of this example is the reduction in emissions associated with exporting the
electricity not used by the refinery to the grid, which displaces electricity that would have
been generated by other means. This is equivalent to (5482.8-138.6-900)x10"* T of electricity
=4444.2 x10"7 J

As shown above, the CO, emission factor for the grid is represented by the Combined Margin
emission factor. So, the CO, grid emissions displaced by the exported electricity are:

1.7506 x10 * tonnes CO,
10°J

CO, :4444.2x10" J x =778,002 tonnes CO,
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EXHIBIT 5.1: Refinery builds a new cogeneration unit to replace steam

generation from an offsite steam boiler, continued

The CH4 grid emissions displaced by the exported electricity =
L 261% 10" tonnes CH,

CH, :4444.2x10" ] ]

=11.6 tonnes CH,,

The N,O grid emissions displaced by the exported electricity =
1.688x10'* tonnes N,O
J
The total CO; equivalent emissions displaced by the exported electricity

= 778,002 tonnes CO, + +(21x11.6 tonnes CHy) + (310x75 tonnes N,O)
= 801,496 tonnes CO; Eq./yr

N,O:4444.2x10" J x

=75 tonnes N,O

Emission Reduction Calculation:

Overall emission reductions are determined by the difference between the GHG reduction

project emissions and the baseline emissions, as shown in Table 5.

Table S. Summary of Annual Emissions for EXHIBIT 5.1: Refinery builds a new
cogeneration unit to replace steam generation from an offsite steam boiler.

Tonnes CO,
Eq.
Baseline Electricity Equivalent Emissions 162,315
Scenario Electricity Grid Displacement 801,496
Steam Equivalent Emissions 153,678
Total Baseline Emissions 1,117,489
GHG Total Direct Emissions 840,773
Reduction
Project
Annual Net GHG Reductions 276,716
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Cogeneration Project Case Study #2:

Cogeneration with Increased On-Site Energy Consumption

This case study examines a facility that has installed a cogeneration unit to improve an
existing facility's overall efficiency. For this example, previously imported energy is replaced
with on-site generation. Excess electricity is exported to grid. Post-project energy use is
higher than the baseline scenario due to organic growth. However, for this example, the
increased steam capacity occurring post-project is within the physical capabilities of the
baseline boiler.

Project Definition

Prior to installation of the GHG reduction project, a refinery located in Thailand purchases
7.12x10'* J (198,000 MW-hr) of electricity from the national grid and generates 2.86x10" J
(LHV) (2,710,000 million Btu) of steam on-site. The on-site steam is produced by a diesel-
fired boiler using 190,785 m’ (1.2x10° barrels) of fuel (3.82x10" J/m* HHV, 3.62x10"° J/m’
LHV).

To improve the existing facility's overall energy efficiency, the refinery installs a
cogeneration facility consisting of three natural gas fired combustion turbines and three heat
recovery steam generators with supplemental duct firing capability and steam turbines.

After installation of the cogeneration facility, electricity is no longer purchased from the grid.
The cogeneration facility consumes 8.58x10" J (8,131,500 million Btu) of natural gas,
producing 3.81x10" J (3,614,000 million Btu) steam and 3.96x10" J (1,100,600 megawatt-
hr) of electricity (gross) on an annual basis. After installation of the cogeneration plant, the
refinery uses all of the generated steam and 9.9x10"* J (275,000 MW-hr) of electricity. The
facility parasitic load is 138.6x10"* J (38,500 MW-hr), with the net electricity sold to the grid
(2.83x10" J). The cogeneration operation is illustrated in Figure 4.

Saturated Steam

3.81 x10'5 J equivalent

Heat
Recovery

Water Steam
Generators

Hot Exhaust
Gases

Fuel _ Electricity
_» Combgstlon Generators
Natural Gas Turbines 3.96 x101% J Gross:

[ ]
8.58x1015 J 1.129 x10'% J used onsite

2.83 x10"5 J exported

Figure 4. Case Study #2 Cogeneration Operations
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The project proponent would like to report the GHG reductions associated with these project
activities to meet internal emission reduction targets.

Baseline Scenario Selection

Plausible candidates for the baseline scenario are identified in Table 6.

Table 6. Baseline Candidates

Potential Baseline Candidates for Electricity
Generation

Potential Baseline Candidates for Steam
Generation

Candidate 1: Continuation of current activities —
electricity purchased/imported from the grid.
Candidate 2: The refinery adds a small dedicated
generator.

Candidate 3: Electricity purchased from a dedicated
generator.

Candidate 4: The project activity, where a
cogeneration unit is installed to generate electricity and
steam.

Candidate A: Continuation of current activities —
steam is generated onsite using a diesel-fired boiler.
Candidate B: The refinery replaces the diesel boiler
with a more efficient unit

Candidate C: The refinery purchases steam
Candidate D: The project activity, where a
cogeneration unit is installed to generate electricity and
steam.

Table 7 applies some common tests or screening procedures to assist in evaluating the

baseline candidates.

Table 7. Baseline Scenario Assessment

Baseline Scenario Policy/
Alternatives Investment Ranking | Technology | Regulatory Benchmarking
Candidate 1: No additional costs No additional Common
Continuation of current technology practice

g activities requirements

'§ Candidate 2: Refinery | High Existing

) adds an electric technologies Consistent

g generator with current,

O Candidate 3: No direct costs for the applicable \ o

z - ) . . Commercial in

= Electricity purchased refinery. Requires laws or some

= from a dedicated commitment from an regulations .

- . S ) applications

2 electric generator electricity provider

=2 Candidate 4: The High
project activity —
Cogeneration unit
Candidate A: No additional costs No additional Common
Continuation of current technology practice in region
activities requirements

E Candidate B: Moderate costs Existing Commercial

= Replacement of the technologies Consistent applications

E diesel boiler with current,

é Candidate C: Refinery | No direct costs for the Existing applicable Commercial in

= purchases steam refinery. Requires an technologies laws or some

g outside supplier for regulations applications

& steam
Candidate D: The High Commercial in
project activity - some
Cogeneration unit applications
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Based on comparing the baseline candidates presented above:

e Candidates 2 and B require additional capital expenditures by the refinery. For energy
efficiency improvements, the refinery may upgrade or replace the diesel boilers.
However, for this example, it is assumed that this is not viable.

e Candidates 3 and C would require third party suppliers to install the electricity or steam
generation facility and distribution to the refinery. Under certain circumstances, this
option could occur. However, for this example, it is assumed that this is not viable.

e Candidates 4 and D (the project activity) require significant investment for the refinery.

As a result of this analysis, Candidates 1 and A, which represent the continuation of current
activities are the most probable baseline scenarios.

Project Assessment Boundary

After defining the project and determining the baseline scenario, the next step is to determine
the assessment boundary. The assessment boundary encompasses GHG emission sources,
sinks, and reservoirs, controlled by the project proponent, related to the GHG reduction
project, affected by the GHG reduction projects, and relevant to the baseline scenario.
Figures 1 and 3 illustrate the energy streams within the assessment boundary for both the
project activity and the baseline scenario, respectively. Table 8 examines potential emission
sources within the assessment boundary and compares the baseline scenario to the project
activity.

Table 8. Assessment Boundary Determination

Relation to the
Project
Potential Emission Sources Proponent Considerations
Baseline | ¥ CO,, CH, and N,O combustion emissions Controlled
Scenario from the diesel boiler used to produce the
steam
v" CO,, CH, and N,O emissions associated Related
with electricity generation capacity on the
grid
v" Vented and fugitive CH, emissions, as Controlled v" These emissions are
well as CO,, CH4 and N,O combustion assumed to be offset by the
emissions, associated with processing the life-cycle emissions of the
diesel natural gas used by the
cogeneration unit
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Table 8. Assessment Boundary Determination, continued

Potential Emission Sources

Relation to the
Project
Proponent

Considerations

Project
Activity

CO,, and to a lesser extent, CH, and N,O
emissions from combustion turbines and
duct burners associated with the
cogeneration unit

CH, emissions from vented or fugitive
sources within the refinery associated
with natural gas fuel used to generate
electricity and steam

CO,, CH,4 and N,O emissions displaced
by the GHG reduction project through the
exported electricity

Vented and fugitive CH4 emissions, as
well as CO,, CH, and N,O combustion
emissions, associated with extraction,
processing, and transport of natural gas to
the cogeneration facility.

Cogeneration construction phase
emissions

Changes in product output for
neighboring energy users and associated
emissions caused by increased supply or
demand of steam and electricity.

v" Controlled

v" Controlled

v Affected

v Affected

v" Controlled
or Related

v Affected

These emissions are
assumed to be negligible
due to the minimal number
of sources

These emissions are
assumed to be offsct by the
emissions associated with
the production of diesel in
the baseline

Construction phase
emissions are likely de
minimis.

It is rarely possible to
quantify the market impact
of a single cogeneration
project on the demand for
associated energy supply
through market affects such
as the impact of additional
supply on product output or
price.

Quantifying Emission Reductions

The following Exhibit demonstrates the emission estimation methods for the baseline scenario
and project activity. Emission reductions are quantified as the difference between the
baseline and project emissions.

EXHIBIT 5.2:

Known information (based on hypothetical data)
e The cogeneration facility consumes 8.587x10" J (8,131,500 million BTU) of natural gas, producing
3.96x10" J (1,100,600 megawatt-hr) of electricity (gross) with a parasitic load of 138.6x10"* J (38,500
MW-hr) on an annual basis
e The facility uses 9.9x10" J (275,000 MW-hr) of electricity and the remainder, 2.83x10" J (786,100 MW-
hr) is sold to the grid
e 3.81x10" J (3.614,000 MMBtu) of steam is generated by the cogeneration unit and used by the refinery
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EXHIBIT 5.2 Cogeneration With Increased On-Site Energy Consumption,
Continued

e The gas composition results in 72.27 wt% carbon and heating value of 37.72x10° J/m’ (1012.36 Btu

(HHV)/scf), and the molecular weight of the gas is 16.84 kg/kgmol (16.84 1b/lbmol)
o  The project proponent decides to use national grid emission factors to calculate emission rates associated
with imported and exported electricity.

Project Emissions

For the cogeneration unit, the project emissions are determined based on the metered gas
usage and measured composition. From Exhibit 5.1, the CO, EF associated with the natural
gas = 4.99x10"" tonnes CO,/J (0.0527 tonnes CO,/MMBtu).

Project CO, Emissions =

4.99x10 " tonnes CO,
J natural gas

CO, : 8.58x10" Jx =428,142 tonnes CO,

CH,4 and N,O emissions are determined based on industry accepted emission factors for
natural gas combustion in turbines (API Compendium Table 4-5).
CH, EF = 0.0037 tonnes/10"* J(HHV)
Project CH, emissions =

8.58x 10" J gas x 0'0037}20[11165 CH,
10" J gas
N,O EF (SCR controlled) = 0.013 tonnes/10'? J(HHV)
Project N,O emissions =
0.013 tonnes N,O

10" J gas

=31.7 tonnesCH,

8.58x 10" J gas x

=111.5 tonnes N,O

The total CO; equivalent emissions for the Project are:
428,142 tonnes CO, +(21x31.7 tonnes CHy) + (310x111.5 tonnes N,O)
= 463,373 tonnes CO, Eq./yr

Baseline Emissions
Baseline emissions consist of those emissions that would have occurred to separately
generate the electricity and steam used by the refinery.

Steam Baseline Emissions

The baseline emission rate for steam generated from a diesel boiler is based on the fuel
properties and efficiency of the equipment. For this example, the diesel fuel properties result
in the following CO; emission factor.

CO, Baseline Emission Rate for Steam = 7.402x10™!! tonnes CO,/J (LHV)
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EXHIBIT 5.2 Cogeneration With Increased On-Site Energy Consumption,
Continued

CO, emissions associated with generating the baseline scenario steam are calculated for the
diesel-fired boiler using the 80% thermal efficiency of the boiler:

CO, Baseline Emissions for Steam:

Jin (LHV) « 7.402x10 " tonnes CO,

0.80J out J(LHV)
=352,520 tonnes CO,

CO, : 3.81x10" J steam out x

CH, and N,O emissions are determined based on industry accepted emission factors for
diesel (distillate) industrial boilers (API Compendium Table 4-4a). Emission factors for CHy
and N,O are per unit volume of diesel combusted. The heating value of the diesel is needed
to estimate the volume of diesel required to generate the project-level quantity of steam.

CH, EF = 6.2x10° tonnes/m’
CH,4 Baseline Emissions for Steam =

Jin (LHV) « m’ diesel
0.8Jout 3.62x10" J(LHV)

« 6.2x10° tonnes CH,
m’ diesel

CH, : 3.81x10" J steam out x

=0.816 tonnes CH,,

N,O EF =3.1x107 tonnes/m’
N,O Baseline Emissions for Steam =

Jin (LHV) y m’ diesel
0.8Jout 3.62x10" J(LHV)
BERL 10” tonnes N,O
m’ diesel
The total CO; equivalent emissions for the Steam Baseline are:

352,520 tonnes CO, +(21x0.816 tonnes CHy) + (310x4.08 tonnes N,O)
= 353,802 tonnes CO; Eq./yr

N,O: 3.81x10" J steam out x

=4.08 tonnes N,O
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EXHIBIT 5.2 Cogeneration With Increased On-Site Energy Consumption,
Continued

Electricity Baseline Emissions
Baseline electricity emission rates are required for the electricity that was imported prior to
the GHG reduction project. The CO, emission factor for the Thailand national grid s,

CO, EF =1.39x10"" tonnes CO,/J
The CO, Baseline Emissions for Onsite Electricity Consumption =

1.39x10 " tonnes CO,

CO, :(9.9+1.386)x10" I x ;

=156,875 tonnes CO,

Thailand national grid CH4 EF = 2.48x107" tonnes/J
CH,4 Baseline Emissions for Onsite Electricity Consumption =

2.48x10 " tonnes CH,
J

CH, :(9.9+1.386)x10" J x =2.80 tonnes CH,,

N,O EF = 1.436x10™' tonnes/J
N,O Baseline Emissions for Onsite Electricity Consumption =

1.436x10 ' tonnes CH,,

N,0:(9.9+1.386)x10" J ;

=16.21tonnes N,O

The CO2 equivalent emissions for Electricity Baseline are:
156,875 tonnes CO, +(21x2.80 tonnes CH4) + (310x16.21 tonnes N,O)
=161,959 tonnes CO; Eq./yr

The final aspect of this example is the reduction in emissions associated with exporting the
electricity not used by the refinery to the grid, which displaces electricity that would have
been generated by other means. This is equivalent to 2.83x10" J of electricity

As shown above, the CO, emission factor for the Thailand national grid is

CO, EF = 1.39x107'° tonnes CO,/J
So, the CO, grid emissions displaced by the exported electricity are:

1.39x10 " tonnes CO,

CO, :2.83x10" J x ;

=393,370 tonnes CO,

The CH4 grid emissions displaced by the exported electricity =
2.48x10 " tonnes CH,

CH, :2.83x10" Jx ;

=7.02 tonnesCH,,
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EXHIBIT 5.2 Cogeneration With Increased On-Site Energy Consumption,
Continued
The N»O grid emissions displaced by the exported electricity =
« 1.436 x10 " tonnes N,0
J

N,0:2.83x10"J =40.6 tonnes N,O

The total CO; equivalent emissions displaced by the exported electricity
= 393,370 tonnes CO, +(21x7.02 tonnes CH,4) + (310x40.6 tonnes N,0)

= 406,103 tonnes CO; Eq./yr

Table 9 summarizes the results of the cogeneration case study where the GHG reduction
project on-site energy consumption increases over the baseline scenario.

Table 9. Summary of Annual Emissions for EXHIBIT 5.2: Cogeneration with Increased
On-Site Energy Consumption

Tonnes CO, Eq.
Baseline Electricity Equivalent Emissions 161,959
Scenario Electricity Grid Displacement 406,103
Steam Equivalent Emissions 353,802
Total Baseline Emissions 921,864
GHG Total Direct Emissions 463,373
Reduction
Project
Annual Net GHG Reductions 458,491
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Cogeneration Project Case Study #3:

Cogeneration with Increased On-Site Energy Consumption -
Exceeding Baseline Scenario Capacity

This example is a continuation of Case Study #2. Here, the steam boiler has reached its
maximum capacity at the baseline scenario conditions. As a result, an additional baseline
emission rate is needed to compare to the additional steam capacity at the GHG reduction
project conditions.

Project Definition

Prior to installation of the cogeneration facility, a refinery in Thailand purchases 7.416x10'* J
(206,000 megawatt-hr) of electricity from the grid and generates 2.86x10" J (2,710,000
million Btu) of steam on-site. The on-site steam is produced by a diesel-fired boiler using
190,785 m® (1.2x10° barrels) of fuel (3.82x10" J/m’ HHV, 3.62x10" I/m’* LHV). The diesel
boiler is operating at its maximum capacity.

To meet expanding energy needs and to improve the existing facility's overall energy
efficiency, the refinery installs a cogeneration facility consisting of three natural gas fired
combustion turbines and three heat recovery steam generators with supplemental duct firing
capability and steam turbines.

After installation of the cogeneration facility, electricity is no longer purchased from the grid.
The cogeneration facility consumes 8.58x10" J (HHV) (8,131,500 million Btu) of natural
gas, producing 3.81x10" J (3,614,000 million Btu) steam and 3.96x10" J (1,100,600
megawatt-hr) of electricity (gross) on an annual basis. After installation of the cogeneration
plant, the refinery uses all of the generated steam and 9.9x10" J (275,000 MW-hr) of
electricity. The facility parasitic load is 1.386x10"* J (38,500 MW-hr), with the net electricity
sold to the grid (2.83x10" 7).

Baseline Scenario Selection

Plausible candidates for the baseline scenario are identified in Table 10. Note that a third
baseline component is included for the incremental steam requirement at the project activity
level.

The baseline scenario assessment for the steam and electricity generation are the same as were
presented in Table 7. Table 11 applies the screening procedures to assist in evaluating the
incremental steam component of this case study.
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Table 10. Baseline Candidates

Potential Baseline
Candidates for Electricity
Generation

Potential Baseline Candidates
for Steam Generation to
Maximum Capacity

Potential Baseline Candidates
for Incremental Steam
Generation

Candidate 1: Continuation of
current activities — electricity
purchased/imported from the
grid.

Candidate 2: The refinery
adds a small dedicated
generator.

Candidate 3: Electricity
purchased from a dedicated
generator.

Candidate 4: The project
activity, where a cogeneration
unit is installed to generate
electricity and steam.

Candidate A: Continuation of current
activities — steam is generated onsite
using a diesel-fired boiler.

Candidate B: The refinery replaces
the diesel boiler with a more efficient
unit

Candidate C: The refinery purchases
steam

Candidate D: The project activity,
where a cogeneration unit is installed
to generate electricity and steam.

Candidate I: The refinery adds a
small package boiler to produce the
eXtra steam

Candidate II: The refinery imports
the extra steam

Candidate III: The refinery replaces
the diesel boiler with new equipment
that can produce the extra steam
Candidate IV: The project activity,
where a cogeneration unit is installed
to generate electricity and steam.

Table 11. Baseline Scenario Assessment

Baseline Scenario Policy/
Alternatives Investment Ranking | Technology | Regulatory Benchmarking
Candidate I: Small Moderate costs Commercial
= package boiler applications
g Candidate II: Imports | No direct costs for the Commercial in
% S | the extra steam refinery. Requires an Consistent some
- '§ outside supplier for Existing with current, | applications
% = steam technologies applicable
£ S | Candidate III: Replace | Moderate to high costs laws or Commercial
@ O | the diesel boiler regulations applications
‘:’ Candidate IV: The High Commercial in
= project activity - some
Cogeneration unit applications

Based on comparing the baseline candidates presented above:

Candidates I and III require additional capital expenditures by the refinery.

Candidate I1I may be justified if there is significant additional demand for steam.

Candidate II requires a third party supplier to generate the additional steam at the required
flow rate and conditions. Under certain circumstances, this option could occur. However,
for this example, it is assumed that this is not viable.

Candidate IV (the project activity) requires significant investment for the refinery.

For this example, Candidate 1, meeting the incremental steam demand through the addition of
a small package boiler, is determined to be the most probable scenario.
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Project Assessment Boundary

Table 12 examines potential baseline scenario emission sources for the incremental steam
demand. Emission sources listed in Table 8 would also apply to the baseline scenario and
project activity.

Table 12. Assessment Boundary Determination

Relation to the
Project
Potential Emission Sources Proponent Considerations
Baseline | ¥ €O, CH, and N,O combustion emissions Controlled
Scenario from the small package boiler that would
have been used to generate the
incremental steam
v" Vented and fugitive CH, emissions, as Controlled or v" These emissions are
well as CO,, CH, and N,0O combustion Related assumed to be offset by the
emissions, associated with producing the life-cycle emissions of the
fuel needed for the small boiler natural gas used by the
cogeneration unit

Quantifying Emission Reductions

The following Exhibit builds on Case Study #2 by demonstrating the emission estimation
methods for the baseline scenario and project activity associated with the incremental steam
demand.

EXHIBIT 5.3: Cogeneration With Increased On-Site Energy Consumption —
Exceeding Baseline Scenario Capacity

Known information (based on hypothetical data)

e The baseline scenario for the added steam capacity is based on a natural gas-fired package boiler.

e The natural gas composition results in 72.27 wt.% carbon, 33.95x10° J/m* LHV (911 BTU/scf) and the
molecular weight of the gas is 16.84 kg/kgmol. The calculated natural gas CO, emission factor was shown
in Exhibit 5.1.

e Diesel fuel properties result in the following CO, emission factor: 7.402x10™"" tonnes CO,/J (LHV)

Project Emissions
The project emissions are the same as shown for Exhibit 5.2.

The total CO; equivalent emissions for the Project are:

428,142 tonnes CO, +(21x31.7 tonnes CH4) + (310x111.5 tonnes N,O)
= 463,373 tonnes CO, Eq./yr
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EXHIBIT 5.3 Cogeneration With Increased On-Site Energy Consumption —
Exceeding Baseline Scenario Capacity, Continued

Baseline Emissions

Steam Baseline Emissions

Two baseline emission estimates are needed for the steam in this example. The first
corresponds to the steam generation at the baseline scenario capacity limits. The second
corresponds to the additional steam generated at the GHG reduction project conditions.

CO, emissions associated with generating the baseline scenario steam are calculated for the
diesel-fired boiler using the 80% thermal efficiency of the boiler and the diesel fuel emission
factor:

CO, Baseline Emissions for Steam:

Jin (LHV) < 7.402x10"" tonnes CO,
0.80J out J(LHV)
=264,622 tonnes CO,

CO, : 2.86x10" J steam out x

CH4 and N,O baseline emissions associated with the steam are calculated similar to Exhibit
5.2.

CH,4 EF = 6.2x10° tonnes/m’
CHj4 Baseline Emissions for Steam =

Jin (LHV) y m’ diesel
0.8Jout 3.62x10" J(LHV)

< 6.2 x10° tonnes CH,,
m’ diesel

CH, : 2.86x10" J steam out x

=0.612 tonnes CH,,

N,O EF =3.1x10” tonnes/m’
N,O Baseline Emissions for Steam =

Jin (LHV) y m’ diesel
0.8Jout 3.62x10" J(LHV)
« 3.1x107 tonnes N,O
m” diesel

N,O: 2.86x10" J steam out x

=3.06 tonnes N,O

The total CO; equivalent emissions for the Steam Baseline are:
264,622 tonnes CO, +(21x0.612 tonnes CHy) + (310x3.06 tonnes N,O)
= 265,583 tonnes CO, Eq./yr
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EXHIBIT 5.3 Cogeneration With Increased On-Site Energy Consumption —
Exceeding Baseline Scenario Capacity, Continued

The baseline scenario for the added steam capacity is based on a natural gas-fired package
boiler. Baseline emissions are determined from the natural gas fuel properties and the
efficiency of the boiler. Here the calculated natural gas CO, emission factor is based on the
lower heating value of the fuel.

m’ gas y kgmole gas < 16.84 kg gas « 0.7227 kg C y 44 kg CO,/Ibmole CO,
33.95x10° J(LHV) 23.685m’  kgmolegas kg gas 12 kg C/lbmole C
X fonne _ 5.55x10" tonnes CO, /J (LHV)

1000 kg

The thermal efficiency of the natural gas-fired boiler is 85%. CO, emissions associated with
generating the additional steam for a natural gas-fired boiler are:

Btuin (LHV) « 5.55x10""" tonnes CO,
0.85 Btu out J(LHV)
=62,029 tonnes CO,

CO, : (3.81-2.86)x 10" J steam out x

CH, and N,O emissions are determined based on industry accepted emission factors for
natural gas combustion in a steam boiler (API Compendium Table 4-4a).

CH, EF = 1.1x107 tonnes/10'* T (LHV)
CH, Baseline Emissions for Additional Steam =

Btuin (LHV) y 1.1x10° tonnes CH,,
0.85Btuout 10" J natural gas (LHV)
=1.23 tonnes CH,

CH, : (3.81-2.86)x 10" J steam out x

N,O EF (controlled) = 2.8x10™ tonnes/10'* T (LHV)
N,O Baseline Emissions for Additional Steam =

Btuin (LHV) y 2.8x10* tonnes N,O
0.85Btuout 10" J natural gas (LHV)
=0.31tonnes N,O

N,O: (3.81-2.86)x 10" J steam out x

The total CO; equivalent emissions for the Additional Steam are:
62,029 tonnes CO;, +(21x1.23 tonnes CH4) + (310x0.31 tonnes N,0)
= 62,151 tonnes CO; Eq./yr
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Appendix B

EXHIBIT 5.3 Cogeneration With Increased On-Site Energy Consumption —
Exceeding Baseline Scenario Capacity, Continued

Electricity Baseline Emissions

As for Exhibit 5.2, baseline electricity emissions are calculated for the electricity that was
imported prior to the GHG reduction project. The emissions associated with the electricity
baseline are the same as shown in Exhibit 5.2.

The CO2 equivalent emissions for Electricity Baseline are:
156,875 tonnes CO, +(21x2.80 tonnes CHy4) + (310x16.21 tonnes N,0)
=161,959 tonnes CO; Eq./yr

Displaced Electricity
Likewise, the emissions associated with exporting the electricity not used by the refinery to
the grid are the same as shown in Exhibit 5.2.

The total CO; equivalent emissions displaced by the exported electricity
=393,370 tonnes CO, +(21x7.02 tonnes CHy4) + (310x40.6 tonnes N,0)
= 406,103 tonnes CO; Eq./yr

Table 13 summarizes the results of the cogeneration case study where the on-site energy
consumption increased for the GHG reduction project and exceeded the baseline scenario
steam boiler capacity.

Table 13. Summary of Annual Emissions for EXHIBIT S.3: Cogeneration with
Increased On-Site Energy Consumption — Exceeding Baseline Scenario Capacity

Tonnes CO;, Eq.
Baseline Refinery steam for baseline scenario 265,583
Scenario capacity
Refinery steam for incremental capacity 62,151
Electricity Equivalent Emissions 161,959
Electricity Grid Displacement 406,103
Total Baseline Emissions 895,796
GHG Total Direct Emissions 463,373
Reduction
Project
Annual Net GHG Reductions 432,423
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Appendix B-2
Baseline Methodologies for Grid-
Displacement GHG Reduction Projects
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energy. H
American Petroleum Institute

I PI ECA International Petroleum Industry Environmental Conservation Association




