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Executive Summary

The Mackenzie Gas Project presents opportunities to supply natural gas to communities along the
proposed pipeline corridor. Many communities along the proposed corridor currently rely on diesel fuel to
supply power generation systems for electricity. The diesel is supplied from southern Canada and
significant transportation costs are incurred.

The community of Tulita, NT is provided with electrical power from a single generating facility on the
outskirts of the community. The generating facility is a diesel generating power facility complete with three
diesel generating sets.

The Government of the Northwest Territories (GNWT) initiated this study to further evaluate the technical,
economical, and environmental feasibility for the potential of converting the existing power generation
systems in the community of Tulita from diesel fuel to natural gas. This conversion can be accomplished
through a number of different approaches. We completed a preliminary evaluation of the following four
energy generation scenarios:

i Converting the existing diesel engines to natural gas engines;

i Replacing the existing diesel engines with new natural gas turbine and reciprocating engines;

i Replacing the diesel power plant with a combined cycle power plant including new natural gas
turbine generators and reciprocating engine generators; and

i Providing new natural gas engines and generators.

Of the four scenarios, providing new natural gas engines and generators was the most viable approach
and can be achieved by the following two options:

Replacement of Three Generator Sets - This option would entail replacing the existing three diesel driven
generator sets with three new gas driven reciprocating engine generator sets. The new generator sets
would be provided as three equally sized 500 kW gas driven engines complete with synchronous
generators. The estimated capital cost for this option is $3,930,000.

Adopting this option would lead to significant savings over the life of the project. If the status quo was
maintained, the net present value would be ($16.8 million) compared to ($7.3 million) under this option.
This represents a total present worth saving of $9.5 million.

In addition, there would be significant savings in green house gas (GHG) emissions. If the status quo was
maintained, the GHG emissions over the life of the project would be 49,000 tonnes CO, equivalent. Under
this option the GHG emissions would be 38,200 tonnes CO, equivalent. This represents a reduction of
10,800 tonnes.
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Provision of New Single Generator Set in a New Facility - This option would entail a new single gas
driven reciprocating engine generator set in an enclosure located adjacent to the community’s school. The
new generator set would be a 750 kW unit. The existing diesel based generation systems would be
retained and maintained in their current state. The diesel based system would be used as back-up to the
new gas driven generator set. The waste heat from the new generator could be recovered to provide heat
to the school making this a combined heat and power (CHP) facility. The estimated capital cost for this
option is $3,750,000.

This option would also lead to significant savings. The net present value of this option is ($6.5 million). The
total present worth saving would therefore be $10.3 million. Under this option, the total GHG emissions
would be 39,800 tonnes CO, equivalent. The total GHG reduction would therefore be 9,200 tonnes.

In addition to estimating the capital costs, a financial analysis was completed for each option which included
the ‘Business As Usual’ (BAU) scenario. The financial analysis also considered the operation and
maintenance costs including fuel, routine and overhaul costs over a 20 year project period starting in 2018.
The financial analysis indicated that the Provision of a New Single Generator Set near the school was
the most financially attractive option with a NPV of $6,517,402 and an average generation cost of
$0.19/kWh. A sensitivity analysis was undertaken by varying the capital and fuel costs to evaluate the
impact on overall project financial outcomes. The sensitivity analysis indicated that changes in costs had
no impact on the relative financial attractiveness of the options.

Further to the financial analysis, a triple bottom line analysis (TBL) was completed for the two options and
BAU. Based on the TBL analysis, Provision of New Single Generator Set near the School is the most
attractive option. This new single generator set facility is more financially economical than replacing the
existing diesel three generator sets with natural gas generators set. Furthermore, this new facility has more
environmental and social benefits than the BAU and the replacement of the generator sets.

i
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Introduction

1.1 BACKGROUND

The community of Tulita, NT is situated along the banks of the Mackenzie River. Tulita, located at the
junction of the Great Bear River and Mackenzie River, is approximately 75 km southeast of Norman Wells.
This community is remote with a population of approximately 565 persons. The economy of the community
is based on hunting, fishing, trapping, oil exploration, and tourism. This community is accessible by plane
or barge and an ice highway in winter.

Many communities in the North, such as Tulita, rely on independent power generation, such as diesel
generating systems for electricity, and heating oil for space heating. Diesel generation systems are widely
used to provide electricity in communities without connection to the power grid and as standby power
supplies. For remote communities, these systems present challenges in their operation, including diesel
fuel supply, fuel transportation costs, spill risks, and air emissions from diesel fuel combustion. Conversion
to natural gas-based generation systems could present opportunities for significant cost savings, increased
energy efficiency, and reduced greenhouse gas (GHG) emissions for these remote communities.

The Northwest Territories has an abundance of natural gas reserves. The Mackenzie Gas Project will
include supply and delivery of natural gas from three fields in the Mackenzie Delta via a new 1,196 km
pipeline system along the Mackenzie Valley to north western Alberta. The Mackenzie Gas Project provides
opportunities for many communities along the pipeline corridor to access natural gas. A previous study
commissioned by the Government of Northwest Territories (GNWT) in 2008 showed that conversion from
diesel power generation to natural gas power generation was feasible for the community of Tulita.

1.2 ASSIGNMENT OBJECTIVE AND APPROACH

The objective of this assignment is to complete a feasibility analysis of converting the existing power
generation systems in the community of Tulita from diesel fuel to natural gas. This feasibility study
assesses the technical and economic feasibility as well as the non-economic benefits of four power
generation scenarios which include the following:

i Converting the existing diesel engines to natural gas engines;

i Replacing the existing diesel engines with new natural gas turbine and reciprocating engines;

i Replacing the diesel power plant with a combined cycle power plant including new natural gas
turbine generators and reciprocating engine generators; and

i Providing new natural gas engines and generators.

The project objectives were addressed through a series of technical memoranda and are as follows:

. Technical Memorandum No. 1A — Site Visits and Data Record

i Technical Memorandum No. 2A — Diesel to Natural Gas Conversion Options

i Technical Memorandum No. 3A — Cost Estimates and Business Case Analysis
Associated
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i Technical Memorandum No. 4A — Triple Bottom Line Analysis

1.3 REPORT STRUCTURE

This report begins with a summary of the key findings of each technical memorandum. Following the
summaries, the conclusions and next steps are provided.

1-2
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Site Visit and Data Record

2.1 SITE VISIT

A site visit was carried out on November 17, 2010 with representatives from GNWT. The site visit
consisted of a tour of the generating facility, the community and major load centres in the community. The
major load centres in the community are the arena, swimming pool, school and water treatment plant.

2.2 ELECTRICAL FACILITIES DESCRIPTION

The community of Tulita is provided with electrical power from a single generating facility on the outskirts of
the community. The facility is at the south end of the community and immediately adjacent to the
Mackenzie River. Power is distributed via two 4160 volt circuits along overhead power lines that run along
existing roadway routes.

The generating facility is a diesel generating power facility complete with three diesel generating sets and
all necessary ancillary equipment. Each generator set is provided with an engine monitoring panel, cooling
circuit piping, heat exchanger and exhaust system. A summary of the various components of the generator
sets are presented in Table 2-1.

Table 2-1
Generator Sets

Engine

Manufacturer Caterpillar Detroit Diesel Caterpillar

Type 8 cylinder reciprocating 6 cylinder reciprocating 8 cylinder reciprocating
Configuration “V" configuration “in-line” configuration “V" configuration
Start Method Compressed air start Compressed air start Compressed air start
Exhaust Driven Single Single Double
Turbocharger

Jacket Cooling Yes Yes Yes

Qil Cooling Yes No Yes
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Generator

Manufacturer

Reliance Electric

Marathon Electric

Reliance Electric

Type

300 kW synchronous

400 kW synchronous

480 kW synchronous

Nominal speed

1200 rpm

1800 rpm

1200 rpm

* G2 was offline for maintenance during site visit.

A more detailed summary of the equipment including name plates and photos can be found in Schedule 1
— Technical Memorandum 1A.

2.3 ELECTRICAL CONSUMPTION

In 2008, a detailed analysis of fuel use and community electrical demand was undertaken. The information
was collated by Northern Territories Power Corporation and presented in the 2008 ENCOR report titled
“Mackenzie Valley Gas Conversion Feasibility Study”. Since the preparation of the 2008 report there have
been few changes in the community. The data is therefore considered to be still appropriate for the basis of
this study. The data shows the peak electrical load in 2010 to be 615 kW rising to 694 kW in 2037.

2-2
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Diesel to Natural Gas Conversion Options

3.1

ELECTRICITY LOAD FORECAST

The annual electricity demand is expected to rise from 2.46 GWh in 2010 to 2.93 GWh in 2037.

3.2

ENGINE CONVERSION SCENARIOS

There are a number of approaches to converting the community from diesel power generation to natural
gas power generation. We completed a preliminary evaluation of the four energy generation scenarios.
Our preliminary evaluations of the following three scenarios indicated that they were not suitable and were
therefore not evaluated in further detail:

Converting the existing diesel engines to natural gas engines - Natural gas engines are
designed to run at the far higher temperatures associated with a spark ignition based engine.
Diesel engines are not. If a diesel engine is run with a spark based fuel, the engine will see
accelerated wear. For an engine which is intended to be used continuously in a power generation
role, the on-going maintenance costs will be significant.

Providing new natural gas driven turbines and generators - Turbine engines can be more
efficient than conventional reciprocating engines. This efficiency comes from a combination of
optimized selection for steady state operation and the application of heat recovery techniques. In
the case of Tulita, the power generation will not be steady state as the loads will vary diurnally and
seasonally. This would not be an optimum arrangement for a turbine application. In addition, the
load requirement for Tulita is less than most commercially available gas turbine generator sets as
they are typically manufactured for capacities of 1 MW or higher. As well, the load requirements at
Tulita are less than the loads at Fort Simpson. An assessment was previously completed for Fort
Simpson indicating that using a turbine resulted in the lowest return of investment. This would
suggest that the economic viability of a turbine option in Tulita would be even more unfavourable.
Furthermore, micro turbines are relatively new and unproven and would require specialist attention
which is not ideal for remote locations.

Providing a combined cycle power plant — Combined cycle power plants are electrical
generation systems where more than one power cycle is used to create electricity. A typical
combined cycle power plant would have a gas turbine generator as the primary power source, with
waste heat from the gas turbine being used to raise steam to drive a steam turbine generator.
Although combined cycle power plants can achieve high levels of efficiency, the systems are
complicated and best suited to large scale power generation. Combined power plants typically start
in the 50 MW range which far exceeds the anticipated load requirements for Tulita.

Detailed discussion of the various engine conversion approaches can be found in Schedule 2 — Technical
Memorandum 2A.
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3.3 VIABLE ENGINE CONVERSION OPTIONS

From our preliminary evaluation, the most viable approach to engine conversion is by providing new natural
gas reciprocating engines and generator sets. This can be achieved by replacing the existing diesel
engines and generator set with natural gas engines and generator sets or by constructing a new power
generation facility complete with a single natural gas generator set. The “Business As Usual” (BAU) is
presented as Option 1 for baseline comparison purposes.

Option 1: Business As Usual

Under the BAU option, the existing diesel based generation systems would be retained and maintained in
their current state. There is no need to upgrade the units as the existing generator capacities are suitable
for meeting the power requirements for the community through to 2035.

Option 2: Replacement of Three Generator Sets

Under this option, the existing three diesel driven generator sets would be replaced with new gas driven
reciprocating engine generator sets. The existing building and other ancillary systems would be retained.
Some systems would need to be modified and others replaced, but the intent would be to use as much of
the existing installation as possible.

The new generator sets would be provided as three equally sized gas driven engines complete with
synchronous generators. The units would typically be provided at a nominal size of 500 kW. For the
purposes of this study, a Caterpillar G3512 gas engine generator set has been selected. This unit includes
a V-12 spark ignition engine and a self-excited brushless generator. The generators will generate at

4160 volt and the units will run at a nominal operating speed of 1200 rpm. The proposed engine is provided
with twin turbochargers and after-cooling systems.

There would be no additional cold climate requirements for the installation of the generator sets. However,
the external works will require appropriate attention in regard to the installation of gas piping and other
services. It may be necessary for gas lines and other services to be provided in a utility corridor (utilidor).

Option 3: Provision of New Single Generator Set in New Facility

Under this option a new single gas driven reciprocating engine generator set would be provided. This set
would be provided in an enclosure and would be located adjacent to the community’s school. The existing
diesel based generation system would be retained and maintained in their current state. The diesel based
system would be used as back-up to the new gas driven generator set.

The new generator set would be provided as a gas driven engine complete with synchronous generator.
The unit would be provided at a nominal size of 750 kW. This size unit would be suitable for meeting
community energy loads through to the year 2037. For the purposes of this study, a Caterpillar G3516 gas
engine generator set has been selected. This unit includes a V-16 spark ignition engine and a self-excited
brushless generator. The generators will generate at 4160 volt and the units will run at a nominal operating
speed of 1200 rpm. The proposed engine is provided with twin turbochargers and after-cooling systems.

3-2
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The new gas driven generator set complete with enclosure and ancillary systems would be assembled as a
packaged set. The packaged set would be factory tested and then transported to site for installation on an
elevated footing to prevent perma-frost thawing below the facility. The new unit would be connected to the
existing transmission wires with piping between the facility and the school using an utilidor and then field
tested. On successful completion of the field testing, the unit would be considered commissioned.

Under Option 3 the waste heat from the new generator would be recovered to provide heat to the school
making this a combined heat and power (CHP) facility. In order to allow the waste heat to be effectively
used, it will be necessary to include a number of additional systems including: pumping equipment, heat
exchangers, piping systems and control equipment. Some modifications to the school heating systems
would also be required. These madifications would be implemented in such a way that the existing school
heating systems would be retained. By taking this approach the school will still be able to be heated even
when the new generator set is out of service.

Detailed discussion on the viable engine conversion options can be found in Schedule 2 — Technical
Memorandum 2A.
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Cost Estimate and Business Case Analysis

4.1 COST ESTIMATE

Class C capital costs and operations and maintenance (O&M) costs were estimated for the following
options:

i Option 2: Replacement of Three Generator Sets
i Option 3: Provision of New Single Generator Set in New Facility

As per the requirements of a Class C cost estimate, the cost estimates are based on pricing of similar
project components from other comparable projects except for the engine driven generator sets where
specific quotes were obtained for the major components. The capital cost estimate includes a 20%
contingency.

The O&M costs were estimated based on the project period of 2018 to 2037 and included the following
components:

i Annual Fuel Cost
. Annual Routine O&M Costs
i Overhaul Costs (over 20 year project period)

Detailed cost estimates for both options can be found in Schedule 3 — Technical Memorandum 3A.

4.2 FINANCIAL ANALYSIS
A financial analysis was completed for each of the three options. The financial model was based on a

20 year project period starting in 2018. The analysis included all capital expenditures as well as all O&M
costs.

The financial assumptions used in the analysis included:

i Cumulative cost includes amortized investment and overhaul costs plus recovered costs.
i Discount interest rate of 5%.

i Annual O&M escalation rate of 2%.

. Annual overhaul escalation rate of 2%.

. Annual O&M cost of $50/kW in 2011 dollars

. Overhaul cost of $150,000 in 2011 dollars.

i Greenhouse Gas Emissions valued at $30/tCO..

i No residual equipment value.

Associated | GLOBAL PERSPECTIVE

Engineering 4-1

AN

orthwest
Territories Industry, Tourism and Investment



Government of the Northwest Territories

A4

The financial analysis showed Option 3 to be the most financially attractive approach with an average
generation cost of $0.19/kWh. This was followed by Option 2 at $0.21/kWh and Option 1 at $0.50/kWh.

Adopting Option 3 would lead to significant savings over the life of the project. Compared to maintaining
the status quo of using diesel generator sets, this option would lead to a total present worth saving of
$10.3M.

A sensitivity analysis was undertaken by varying the capital and fuel costs to evaluate the impact on overall
project financial outcomes. For each of the options investigated, the capital cost was increased by 25%,
50% and 100%. Similarly, the cost of fuel was increased by an additional 100%, 200% and 300% over the
project period.

Cost estimates and business case analysis have been conducted for the three options identified. The
capital cost estimate for Option 2 is $3,930,000, and the capital cost estimate for Option 3 is $3,750,000.
The business case analysis identifies Option 3 to be the most attractive option with an NPV of ($6,517,402),
and an average price of generation of $0.19 kW.

The sensitivity analysis shows that Option 1 will be significantly impacted by changes in fuel cost. The
sensitivity analysis indicates that changes in costs will be unlikely to change the order of preference of the
options. And Option 3 remains as the most financially attractive option.

A more detailed financial breakdown for all three options can be found in Schedule 3 — Technical
Memorandum 3A.

4-2
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Triple Bottom Line Analysis

The TBL analysis provided a comparison of economic, social, and environmental factors associated with
implementing each of the three described options.

The analysis did not consider TBL factors related to the implementation of the Mackenzie gas pipeline

which would supply natural gas to the proposed engine generators.

Summarized in Table 5-1 are the TBL analysis results.

Table 5-1
Triple Bottom Line Assessment Results

Economic Factors

Project construction cost

$ 3,930,000

$ 3,750,000

Net Present Value

GHG Emissions (tonnes)

$ (16,826,270)*

$ (7,270,098)*

Environmental Factors

$ (6,517,402)*

Fuel security

Medium

CO, 2450 1910 1990
CH, 0.10 0.03 0.04
N,O 0.02 0.003 0.004
Non-GHG Emissions (tonnes)
NOX 27 72 70
SOx 21 0.009 0.009
CO 12 8 5
0.11 0.12

Soual Factors

Medium

H|gh

Additional Employment Opportunities

| Spill or leakage Medium |

* Note: Brackets around a figure indicate a negative number. Option 1 (maintaining the status quo) has the lowest NPV

and is therefore the least attractive option.

Economically, Options 2 and 3 present a strong alternative to the existing diesel generators when

comparing net present value of the three options.

In terms of environmental factors, the natural gas options

also provide considerable reductions in GHG and most non-GHG emissions (mono-nitrogen oxides are an
exception). GHG and non-GHG emissions levels for Options 2 and 3 are similar. When considering social
factors, Option 3 has the additional benefits of potentially higher fuel security and the possibility for
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additional employment opportunities within the community. Risk factors, most significantly the risk of a

leakage or spill, are considered to be lower for Options 2 and 3 which rely principally on fuel transport by
natural gas pipeline.

Detailed discussion of the TBL analysis can be found in Schedule 4 — Technical Memorandum 4A.

5-2
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Conclusion

The two most viable options to engine conversion for the community of Tulita are as follows:

Replacement of Three Generator Sets (Option 2) - This option will entail replacing the existing three
diesel driven generator sets with three new gas driven reciprocating engine generator sets. The new
generator sets will be provided as three equally sized 500 kW gas driven engines complete with
synchronous generators. The estimated capital cost for this option is $3,930,000.

Adopting this option would lead to significant savings over the life of the project. Compared to maintaining
the status quo of using diesel generator sets, this option would lead to a total present worth saving of
$9.5M.

In addition, there would be significant savings in green house gas (GHG) emissions. Over the project life,
the GHG reduction would be 10,800 tonnes CO, equivalent.

Provision of New Single Generator Set in New Facility (Option 3) - This option will entail a new single
reciprocating engine gas driven generator set in an enclosure located adjacent to the community’s school.
The existing diesel based generation systems will be retained and maintained in their current state. The
diesel based systems will be used as back-up to the new gas driven generator set. The waste heat from
the new generator could be recovered to provide heat to the school making this a combined heat and power
(CHP) facility. The estimated capital cost for this option is $3,750,000.

This option would also lead to significant savings. The total present worth saving would be $10.3M. The
total GHG reduction would be 9,200 tonnes CO, equivalent.

Based on the triple bottom line analysis (Option 3) - Provision of New Single Generator Set in a New
Facility is the most attractive option. Option 3 is more economical than Option 2 and has more
environmental and social benefits than the ‘Business As Usual’ (Option 1) and Option 2.
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Next Steps

Based on the findings of this feasibility study, the following items are recommended for GNWT to perform
during the next phase of this project:

Continue to monitor fuel pricing as the increases or decreases to fuel pricing can make the project
more or less financially attractive.

Continue to monitor energy use in the community which will provide better baseline data for energy
consumption projections.

Investigate governance strategies (e.g. Neighbourhood Energy Utility (NEU)) associated with
distributing the electricity and heating from natural gas to the community.

Develop and implement a stakeholder engage plan which should also include public consultation.
The likely success of proceeding with this project will be highly dependent on public support and a
well thought-out communications plan will help navigate GNWT through the challenging yet
necessary process.

Proceed with preliminary design of the preferred option. This will allow for more detailed capital
cost estimating as well as presentation material, such as site plans and concept designs, at public
engagement events. As part of the preliminary design, a more detailed assessment of the
environmental and social consequences as well as risk associated with this project should be
completed.

In addition, as part of the pre-design, the GNWT may wish to consider:

Associated GLOE
Engineering

The cost of pipeline and gas reception facilities. These additional costs may impact the economic
viability of the conversion from diesel to natural gas.

A hybrid option where two of the existing diesel sets are replaced and the third diesel set is
retained. This option would likely be cheaper to implement and could allow the diesel set to act as
standby when gas is not available.

A detailed assessment of the O&M costs of the relative options. This assessment would be based
on experience of running the existing plant and other similar installations.

If Option 3 is adopted, what will be the diesel fuel requirements to provide standby to the gas
engine? This should be assessed during preliminary design.

If Option 3 is adopted, what will be the efficiency of the engine considering that the unit will be run
at low load factors for much of the time?
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Many communities in the north rely on diesel generating systems for electricity and heating oil for
space heating. Diesel generation systems are widely used to provide electricity in communities
without connection to the power grid and as standby power supplies. For remote communities,
these systems present challenges in their operation, including diesel fuel supply, fuel transportation
costs, spill risks and air emissions from diesel fuel combustion. Conversion of these diesel
generation systems to natural gas presents opportunities for increasing the reliability of the fuel
source reducing operational costs and reducing overall air emissions.

The Government of the Northwest Territories (GNWT) is considering the merits of proceeding with
the Mackenzie Gas Project. The Mackenzie Gas Project will include supply and delivery of natural
gas from three fields in the Mackenzie Delta to north-western Alberta. The pipeline will be

1,196 km long and will be routed along the Mackenzie River Valley. The Mackenzie Gas Project
provides opportunities for many communities along the pipeline corridor to access natural gas. A
previous study commissioned by the GNWT in 2008, showed that communities could be converted
from diesel heating and power generation, to natural gas heating and power generation.

Associated Engineering has been engaged by the GNWT to assess the feasibility of converting
diesel electrical generating facilities to natural gas electrical generation. The assessments will

include data collection, data analysis, development of options and option evaluation. The data
collection and analysis phase included site visits to the facilities.

For the assessment two community facilities are to be investigated. These facilities are for the
communities of Tulita and Fort Good Hope. This technical memorandum presents Associated
Engineering’s findings for the site visit and data review for the Tulita facility.
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Site Visit

Tulita is located at the junction of the Great Bear River and Mackenzie River and is approximately
75 km southeast of Norman Wells. This community is a remote community with a population of
approximately 565 persons. The Economy of the community is based on hunting, fishing, trapping,
oil exploration and tourism. Tulita is accessible by barge in summer and via an ice highway in
winter. Air access is also available, weather permitting, all year round.

The site visit was carried out on November 17, 2010. The site visit consisted of a tour of the
generating facility, a tour of the community and a tour of major load centres in the community. The
major load centres in the community are the arena, the swimming pool, the school and the water
treatment plant.

The site tour was attended by:

. Ravi Kumar, GNWT

. Frank Pope, GNWT

. Sean Bolongaro, Associated Engineering
. Muna Khris, Associated Engineering

During the visit the inspection team also met and discussed the project with community
representatives including the Mayor and tribal Chief.

Electrical Facilities Description
3.1 Electrical System Overview

The community of Tulita is provided with electrical power from a single generating facility on the
outskirts of the community. The facility is at the south end of the community and immediately
adjacent to the Mackenzie River.

The facility is provided as an insulated metal clad building with sloped roof and four separate
rooms. The main room is a full building height room containing the generation equipment and other
equipment. There are two ground floor rooms. One contains the electrical switchgear and the
engine control panels. The other ground floor room is a combined control room and office. The
final room is on the second storey and is over the electrical room and control room. This room is
used as a storeroom. The room is accessed by a staircase on the north side of the building.
Photographs 1, 2 and 3 in Appendix A show external views of the facility.

Power is distributed throughout the community on overhead power lines. The power lines are
provided along roadway routes. Power is distributed at a voltage of 4160 volts. There are two
4160 volt circuits.
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3.2 Generation Equipment Description

The generating facility is provided as a diesel generating power facility complete with three diesel
generating sets and all necessary ancillary equipment. Each generator set is provided with an
engine monitoring panel, cooling circuit piping, heat exchanger and exhaust system.

Much of the equipment in the facility is provided as common equipment. The common equipment

includes:

. Electrically driven compressor
. Engine driven compressor

. Diesel fuel day tank

. Engine oil tank

. Used engine oil tank

. Glycol tank

. Used glycol tank

. Glycol cooling loop piping and circulation system
. External cooling coils and fans
. Lifting equipment

. Building heating system

Generator set G1 is provided with a Caterpillar engine and Reliance Electric generator. The engine
is an eight cylinder reciprocating unit arranged in a ‘V’ configuration. The engine is provided with
compressed air start and also features a single exhaust driven turbocharger. The unit is provided
with jacket cooling and oil cooling. The generator is a 300 kW synchronous unit running at a
nominal speed of 1200 rpm. The unit generates at 4160 volt. Name plate data for all three
generator sets are summarized in Table 3-1.

Generator set G2 is provided with a Detroit Diesel engine and Marathon Electric generator. The
engine is a six cylinder reciprocating unit arranged in an ‘in-line’ configuration. The engine is
provided with compressed air start and also features a single exhaust driven turbocharger. The
unit is provided with jacket cooling and no oil cooling. The generator is a 400 kW synchronous unit
running at a nominal speed of 1800 rpm. The unit generates at 4160 volt. During the site visit,
Generator Set G2 was offline for maintenance.

Generator set G3 is provided with a Caterpillar engine and Reliance Electric generator. The engine
is an eight cylinder reciprocating unit arranged in a ‘V’ configuration. The engine is provided with
compressed air start and also features double exhaust driven turbochargers. The unit is provided
with jacket cooling and oil cooling. The generator is a 480 kW synchronous unit running at a
nominal speed of 1200 rpm. The unit generates at 4160 volt.
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Table 3-1
Name Plate Data for Three Engines

Engine Manufacturer |Caterpillar Detroit Diesel Engines Caterpillar
Model & Serial Number |81717460 Model: Detroit 560, 6063 |Model: A 258680000
MK 35 Serial Number: 11286
Serial: 6R7 19371
Generator Data 300 kW, 275 kVA, 60 Hz, [400 kW, 500 kVA, 60 Hz, 480 kW, 600 kVA, 60 Hz,
1200 rpm, 1800 rpm, 1200 rpm,
2400/4160 V, 52 A, 4160V, 69.4 amps, 4160V/2400 V, 83 A,
P.F0.8 P.F.0.8 P.F.0.8
Generator Kato Engineering Magnamos Synchronous | Kato Engineering
Manufacturer Reliance Electric generator, Marathon Reliance Electric
electric
Model & Serial Number - Model: 573FSM4352 -
Serial: WA-533837-1202
FSM
Frame: 573

4 Electrical Consumption

In 2008, a detailed analysis of fuel use and community electrical demand was undertaken. The
information was collated by Northern Territories Power Corporation and presented in the 2008
ENCOR report titled “Mackenzie Valley Gas Conversion Feasibility Study”.

Since the preparation of the 2008 report there have been few changes in the community, and
therefore, electrical consumption predictions have not changed. The 2008 data is therefore
considered to be still appropriate for the basis of this study. The data presented in the 2008 report
is repeated in Table 4-1. The data shows the peak electrical load in 2010 to be 615 kW rising to
694 kW in 2035.

4
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Table 4-1
Annual Electric Demand Forecast

06/07 2,458,374 524
07/08 2,375,529 571
08/09 2,448,362 588
09/10 2,586,482 612
10/11 2,599,074 615
11/12 2,612,077 619
12/13 2,625,056 622
13/14 2,638,181 625
14/15 2,651,372 628
15/16 2,664,629 631
16/17 2,677,952 634
17/18 2,691,342 637
18/19 2,704,798 640
19/20 2,718,322 644
20/21 2,731,914 647
21/22 2,745,574 650
22/23 2,759,302 653
23/24 2,773,098 657
24/25 2,786,964 660
25/26 2,800,898 663
26/27 2,814,903 667
27/28 2,828,977 670
28/29 2,843,122 673
29/30 2,857,338 677
30/31 2,871,625 680
31/32 2,885,983 683
32/33 2,900,413 687
33/34 2,914,915 690
34/35 2,929,489 694
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Prepared by: Reviewed by:

Muna Khris, B.Sc., LEED® AP Sean Bolongaro, P.Eng.
Project Engineer Practice Leader, Environmental
MK/SBI/jf
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Photograph 1
External View of the Facility

Photograph 2
External View of the Facility
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Photograph 3
External View of the Facility

Photograph 4
Generators Cooling System Control

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM1a Tulita\Appendix A
Photographs\Appendix A Photographs.doc




Associated GLOBAL PERSPECTIVE.
Engineering | LOCAL FOCUS.

Photograph 5
The Three Diesel Generating Sets

Photograph 8
Generator Set G1

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM1a Tulita\Appendix A
Photographs\Appendix A Photographs.doc




Associated GLOBAL PERSPECTIVE.
Engineering | LOCAL FOCUS.

Photograph 9
Generator Set G2

Photograph 10
Generator Set G3
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Photograph 11
Compressor Engine Start

Photograph 12
Cooling Circuit Heat
Exchanger
(1 of 3)
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Photograph 13
Engine Cooling Glycol
Circulating Pumps

Photograph 14
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Photograph 15
Medium Voltage Switchgear

Photograph 16
Oil and Glycol Tanks
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Photograph 17
External Diesel Fuel Tank

Photograph 18
External Cooling System Equipment
— Mezzanine

Photograph 19
External Cooling System Equipment —
Mezzanine
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Diesel to Natural Gas Conversion Options: Tulita

Issued: March 29, 2011
Previous Issue: March 3, 2011
1 Introduction

In relation to the proposed Mackenzie Gas Project, the Government of the Northwest Territories
(GNWT) is evaluating the potential for conversion of communities from diesel power generation to
natural gas power generation. Two communities under consideration are Tulita and Fort Good
Hope.

Associated Engineering has been engaged by the GNWT to assess the feasibility of undertaking
the conversions. A previous technical memorandum has been completed which provides
information on the existing Tulita facilities. The previous memorandum is described as Technical
Memorandum 1A — Site Visit and Data Review.

This technical memorandum outlines the options considered for the power generation conversions
in Tulita.

2 Electricity Load Forecast

As described in Technical Memorandum 1A, the peak electrical load in 2008 was 615 kW. This is
expected to rise to 694 kW in 2037. For the same period, annual electricity demand is expected to
rise from 2.46 GWh to 2.93 GWh.
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Figure 2-1 shows the graphical relationship between electricity demand and time.

Figure 2-1
Electricity Demand
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3 Engine Conversion Scenarios

There are a number of scenario approaches for converting the communities from diesel power
generation to natural gas power generation. These scenarios include:

Converting the existing diesel engines to natural gas engines.
Providing new natural gas driven engines and generators.
Providing new natural gas driven turbines and generators.
Providing a combined cycle power plant.

e\ e

3.1 Scenario 1

Converting the existing engines from diesel to natural gas is technically feasible. Under such an
arrangement, a number of engine systems would need to be modified. Most significantly, the
engine heads will need to be replaced. The pistons would also need to be replaced. The principle
advantage of taking such an approach is to save on capital expense. There are, however, some
significant disadvantages. Natural gas engines are designed to run at the far higher temperatures
associated with a spark ignition based engine. Diesel engines are not. If a diesel engine is run
with a spark based fuel, the engine will see accelerated wear. For an engine which is intended to
be used continuously in a power generation role, the maintenance costs will be significant. For this

2
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reason, the option of converting the existing engines to natural gas has not been considered in
detail.

3.2 Scenario 2

Providing new natural gas driven engines and generators is an acceptable approach. This
technology is described in detail in Section 5 and 6.

Installing a new generator set in a new facility also includes the provision of heat recovery. When
heat recovery is included in a power system, the system is often referred to as combined heat and
power (CHP) plant. CHP plants achieve higher operating efficiencies than conventional generating
plants.

3.3 Scenario 3

The existing engines are reciprocating engines. An alternative to reciprocating engines is turbine
engines. Turbine engines, depending on arrangement, can be more efficient than conventional
reciprocating engines. This efficiency comes from a combination of optimized selection for steady
state operation and the application of heat recovery techniques. In the case of Tulita, the power
generation will not be steady state. Power loads will vary diurnally and seasonally. This is not an
optimum arrangement for a turbine application. In addition, the loads at Tulita are relatively low.
Most commercially available gas turbine generator sets are manufactured for capacities of 1 MW or
higher. A 1 MW unit would be oversized for the loads at Tulita.

In the spring of 2010, the GNWT commissioned a study to look at engine conversions for the
community of Fort Simpson (Feasibility Study of Conversion of Diesel Power Plant to Natural Gas
in Fort Simpson, Canadian Gas Services International, August 2010). Fort Simpson has electrical
loads in the range of 1.2 MW. At this level, the loads are approximately twice that of Tulita. In the
Fort Simpson study, an option of using a turbine was studied in detail. It was found that of the
options investigated, the turbine option resulted in the lowest return on investment considering that
Tulita has approximately half the electrical load, and a Tulita turbine option would be based on the
same size turbine generators as studied for Fort Simpson. The economic viability of a turbine
option in Tulita can be expected to be unfavourable. For this reason, the turbine option has not
been considered in detail.

Smaller turbines, called micro turbines, are available; but these units are relatively new and
unproven. Considering that a micro turbine will likely need specialist attention combined with the
remoteness of Tulita, micro turbines are likely not a good option. Based on this, the micro turbine
option has not been considered in detail, in this study. As the technologies develop, the GNWT
may wish to investigate further.
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3.4 Scenario 4

Combined cycle power plants are electrical generation systems where more than one power cycle
is used to create electricity. A typical combined cycle power plant would have a gas turbine
generator as the primary power source, with waste heat from the gas turbine being used to raise
steam to drive a steam turbine generator. The steam turbine generator becomes the secondary
power source. Combined cycle power plants can achieve high levels of efficiency, but the systems
are complicated and tend to be suited to large scale power generation. Combined power plants
typically start in the 50 MW range. This is far larger than the anticipated load requirements for
Tulita. The combined cycle power generation option for Tulita has therefore not been considered in
detail.

Option 1 — Business As Usual

Under the Business As Usual option the existing diesel based generation systems would be
retained and maintained in their current state. There is no need to upgrade the units as the existing
generator capacities are suitable for meeting the power requirements for the community through to
2037.

Option 2 — Replacement of Three Generator Sets
5.1 Option Description

Under this option, the existing three diesel driven generator sets would be replaced with new gas
driven reciprocating engine generator sets. The existing building and other ancillary systems would
be retained. Some systems would need to be modified and others replaced, but the intent would
be to use as much of the existing installation as possible.

5.2 Engine and Generator Equipment

The new generator sets would be provided as three equally sized gas driven reciprocating engines
complete with synchronous generators. The units would typically be provided at a nominal size of
500 kW. This sizing is well suited to anticipated community energy loads, but is also quite closely
matched to the existing diesel generator sets. The principle advantage of maintaining similar
generator size is that many of the ancillary systems can be retained with little or no modification.

For the purposes of this technical memorandum, a Caterpillar G3512 gas engine generator set has
been selected. This unit includes a V-12 spark ignition engine and a self-excited brushless
generator. The generators will generate at 4160 volt and the units will run at a nominal operating
speed of 1200 rpm. The proposed engine is provided with twin turbochargers and after-cooling
systems. The proposed new systems will be technically very similar to the existing equipment.
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The selected generator set is slightly larger than the existing generator sets. The width of the new
engines is very similar to the existing, but the new units are longer. With relocation of some minor
engine systems, the new units could be installed in the existing generator locations.

For more information on the selected unit please refer to Appendix A.
5.3 Fuel Systems

Replacing the diesel generator sets with natural gas driven sets will require the engine fuelling
systems to be replaced. The modifications which will be required will include:

. The removal of the diesel day tank and ancillaries.

. The removal of the diesel fuel train to each existing engine.

. The decommissioning of the existing bulk fuel storage tank.

. The decommissioning and removal of the fuel transfer systems.
. The provision of external gas piping.

. The provision of gas pressure reduction station and metering.

. The provision of an internal gas header.

. The provision of an individual gas train to each new engine.

5.4 Ancillary Systems

Other ancillary systems would also need to be modified to allow gas driven generator sets to be
used instead of the existing diesel driven generator sets. These modifications would include:

. Providing a battery bank and battery charging system to replace the existing air start
system.

. Renewing exhaust systems as required.

. Making minor modifications to the cooling systems.

. Wiring and cabling upgrades as required.

. Switchgear modifications.

. Controls modifications.

5.5 Implementation Strategy

The new gas driven engine generator sets will need to be installed in a phased manner so that
power to the community is not interrupted. The typical sequence of installation would be as follows:

. Install external gas piping, internal header, pressure reduction station and metering
equipment.

. De-commissioned one of the existing diesel driven generators and remove.

. Install new gas unit and modify engine ancillaries as necessary.
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. Commission new gas unit and undertake in-service observation testing.

. When satisfied that the first replaced unit is running satisfactorily the replacement process
can be repeated for the other two units.

. Remove redundant equipment and complete installation.

5.6 Cold Climate Considerations

The new gas driven engine generator sets will be provided in the existing building. The existing
building has an appropriately designed arctic foundation and an appropriate building heating
system. There are therefore no additional cold climate requirements for the proposed installation.

The external works however, will require appropriate attention in regard to the installation of gas
piping and other services. It may be necessary for gas lines and other services to be provided in a
utility corridor (utilidor).

Option 3 — Provision of New Single Generator Set in New Facility
6.1 Option Description

Under this option a new single gas driven reciprocating engine generator set would be provided.
This set would be provided in a purpose built enclosure and would be located adjacent to the
community’s school. The existing diesel based generation systems would be retained and
maintained in their current state. The diesel based systems would be used as back-up to the new
gas driven generator set.

6.2 Engine and Generator Equipment

The new generator set would be provided as a gas driven reciprocating engine complete with
synchronous generator. The unit would be provided at a nominal size of 750 KW. This size unit
would be suitable for meeting community energy loads through to the year 2037.

For the purposes of this technical memorandum a Caterpillar G3516 gas engine generator set has
been selected. This unit includes a V-16 spark ignition engine and a self-excited brushless
generator. The generators will generate at 4160 volt and the units will run at a nominal operating
speed of 1200 rpm. The proposed engine is provided with twin turbochargers and after-cooling
systems. The new engine arrangement would be similar to the existing engine arrangement.

For more information on the selected unit please refer to Appendix A.
6.3 Fuel Systems

A new natural gas supply would be provided to the new generator set. It is proposed that the new
installation would be installed close to the community’s school, as the new community gas
infrastructure will extend to the school. It will be easy to tie-in the new generator installation.
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Providing the new facility at the school location offers a distinctive advantage. The waste heat from
the new generator installation would be used to provide heat to the school and the school
gymnasium. This approach would make the facility a CHP installation.

6.4 Ancillary Systems

As described above, the new generator set would be provided in an enclosure. This would be a
purpose built enclosure suited for the installation of a large reciprocating engine and generator.
The enclosure would include all necessary systems for a complete and functional power generating
facility.

These systems would include:

. The engine and generator set.

. Batteries, charger and starting systems.
. Exhaust installation.

. Engine cooling system.

. Switchgear and controls.

The enclosure would also be provided with appropriate systems to limit external noise.

The new installation would be provided with appropriate mechanisms to allow the transfer of waste
engine heat to the school. To allow the waste heat to be usefully used it will be necessary to
include a number of additional systems. These additional systems would include pumping
equipment, heat exchangers, piping systems and control equipment. Some maodifications to the
school heating systems would be required. These modifications would be implemented in such a
way that the existing school heating systems would be retained. By taking this approach the school
will still be able to be heated even when the new generator set is out of service.

6.5 Implementation Strategy

The new gas driven generator set complete with enclosure and ancillary systems would be
assembled as a packaged set. The packaged set would be factory tested and then transported to
site for installation. Transportation would typically be by truck and barge. The new unit would be
connected to the existing transmission wires and then field tested. On successful completion of the
field testing the unit would be considered commissioned.

A principle advantage of taking the packaged set approach is that the generator set and ancillary
systems would be constructed together at a manufacturer’s facility. This is attractive because:

. Assembly costs will be minimized.
. The equipment testing is completed prior to delivery (leading to savings in schedule and
capital cost).
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The package plant approach is not relevant to Option 2. Under Option 2, it will be necessary to
integrate the new generator into the existing ancillary system. This integration will be need to be
done in the field.

6.6 Cold Climate Considerations

The new gas driven engine generator set enclosure will be installed on an elevated footing. Such
an approach is used extensively in the community for the construction of new homes. This
approach prevents the perma-frost thawing below the facility. The piping between the facility and
the school will be provided in an utilidor.

Prepared by: Reviewed by:

Sean Bolongaro, P.Eng. Charlie Smeenk, P.Eng.
Practice Leader, Energy Senior Mechanical Engineer
SB/CSIjf
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Finning (Canada)

#120 15100 River Road
Richmond, BC V6V 1L5
CANADA

(604) 231-3900 tel
(604) 231-3910 fax

As per your request:

From: Ben Mah [mailto:bmah@finning.ca]
Sent: November 23, 2010 3:39 PM

To: Sean Bolongaro

Subject: FW: Generator Sets

Sean

Ballpark figure is $380K G3512 570kW genset
Ballpark figure is $450K G3516 750kW genset
Regards

Ben Mah

From: Sean Bolongaro [mailto:bolongaros@ae.ca]
Sent: Sunday, November 21, 2010 8:21 AM

To: Dave Mclnneny

Cc: Muna Khris

Subject: Generator Sets

Dave,
Further to our discussion the other day could you assist me with a budget quote for some generator sets.

Can you provide quotes for a set at 500kW electrical output and a set at 750kW electrical output.
Sets to be complete with baseplate, engine, generator, couplings and guards.

Units to run at 1200 rpm.

Engines will be fuelled by natural gas.

Generators to be synchronised machines and will generate at 4160v.

Sets will be installed in a building (no enclosure will be required).

Cooling systems to be provided by others (engines to come with an exchanger and not a radiator).
Exhaust to be included.

Engines to be battery start. Batteries and chargers by others.

Engine monitoring panel to be included.

Other control panels and switchgear to be by others.

As well as pricing information could you also provide dimensional information and performance
information (fuel consumption).

If you should have any questions please call myself or Muna Khris on the same number below.
Thanks,

S.
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Sean Bolongaro,
P.Eng.

Practice Leader -
Energy

Associated Engineering
300 — 4940 Canada Way,
Burnaby, B.C., Canada
V5G

4M5

Tel: 604 293 1411
Email: bolongaros@ae.ca

Web: www.ae.ca

Finning (Canada)

#120 15100 River Road
Richmond, BC V6V 1L5
CANADA

(604) 231-3900 tel
(604) 231-3910 fax
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This email (and any attachments) is intended for the named recipient(s) only, and may contain information that is
privileged and/or confidential. Any distribution, use, or copying of this email or the information it contains by persons
other than the intended recipient(s) is unauthorized. If you received this email in error, please advise the sender
immediately by return email and delete this email.
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CATERPILLAR

Shown with
Optional Equipment

FEATURES

s CATERPILLAR® FACTORY PACKAGE
Factory designed, assembled, and tested.
Supported by Caterpillar parts and labor
warranty through your local Caterpillar
dealer.

DIESEL STRENGTH BUILT IN

Blocks, crankshafts, liners, and connecting
rods are common with higher loaded Cat®
diesel engines. Robust design provides
prolonged life at lower gas engine loads.

s ELECTRONIC IGNITION SYSTEM WITH
DETONATION SENSITIVE TIMING
The Caterpillar Electronic Ignition System
(EIS) provides optimized spark timing for all
operating conditions. Timing is automatically
controlled to maintain continuous detonation
protection.

Gas Engine G3516

Generator 1200 rom
Set 460-820 kw

Continuous Power

CATERPILLAR® ENGINE SPECIFICATIONS
V-16, 4-Stroke-Cycle Spark-lgnited

Bore—in(mm)......................... 6.7 (170)
Stroke—in(mm)....................... 7.5 (190)
Displacement—cuin (L).............. 4210 (67.4)
Aspiration ............ Turbocharged-Aftercooled
Compressionratio...................... 11:1, 9:1

s LOW EXHAUST EMISSIONS
2.0 gram/bhp-hr NOy. Lower emissions are
achievable for selected applications; consult
your Caterpillar dealer.

m FUEL FLEXIBILITY
Capability to burn a wide range of gaseous
fuels, including landfill gas, digester gas, coal
seam gas, and propane.

s GALLERY COOLED PISTONS
Oil passageways provide cooler piston
temperatures which prevent carbon build-up
and increase detonation margin.

s COOLING WATER TEMPERATURE
Choice of cooling water temperature between
99° C and 127° C to match heat recovery
requirements.

CATERPILLAR® SR4 GENERATOR

Type........... Static regulator, brushless excited
Construction........ Single bearing, close coupled
Threephase ..............utt. Wye connected
Insulation ......... ... . i Class F
Enclosure ...t Drip proof
Alignment.................. Caterpillar pilot shaft
Overspeed capability ...................... 130%
Waveform................ Less than 5% deviation
Voltage regulator ........... 3-phase sensing with

Volts-per-Hertz

Voltage regulation................ Less than = 1%
Voltage gain........ Adjustable to compensate for
engine speed droop and line loss
TIF o Less than 50
THE . Less than 3%
“§ ENGINE }
FAGILITIES

==)




CATERPILLAR

STANDARD EQUIPMENT

G3516 GAS ENGINE GENERATOR SET

OPTIONAL EQUIPMENT

Air cleaners with
service indicator
Breather, crankcase
Cooler, lubricating oil
Filters, lubricating oil, RH
Flywheel housing,
SAE No. 00
Governor (Woodward),
magneto engine: 2301
EIS engine: 2301A
Ignition system,
Altronic Ill or
Caterpillar EIS
Instrument panel,
RH or LH
exhaust temp.
intake manifold
pressure
intake manifold
temp.
oil pressure
oil pressure
differential
service meter
water temp.

Lifting eyes
Manifold, exhaust,

watercooled
Paint,

Caterpillar yellow
Protection devices
Pumps

gear driven

aftercooler water

lubricating oil

jacket water
Rails, mounting, 10 inch
Regulator,

gas pressure
SAE standard rotation
Thermostats

and housing
Torsional vibration

damper

Cooling systems,
high temperature

Custom generator
voltages

Exhaust fittings

Generator mounted
control panel

Load share governor

Low BTU arrangements

Low pressure gas fuel
system (2 psi)

Muffler

Power takeoffs

Prelube pump

Starting systems

Tachometer



G3516 GAS ENGINE GENERATOR SET CATERPILLAR

TECHNICAL DATA

G3516 Gas Engine Generator Set-1200 rpm 90 LE 130 LE 90 TA 130 TA NA

Electrical Output @ 0.8 PF without Fan kW 820 770 770 750 460
Voltage 480/4160 | 480/4160 | 480/4160 | 480/4160 480
Compression Ratio 11:1 11:1 9:1 9:1 9:1
Minimum Gas Pressure Required psi 1 1 25 25 2
Shipping Weight Ib 26 020 26 020 25820 25820 | 21030
Gen Set Length in 192.3 192.3 192.3 192.3 183.4
Gen Set Width in 67.1 67.1 67.1 67.1 63.4
NO, g/bhp-hr 2.0 2.0 18.0 20.1 10.6
CO g/bhp-hr 1.3 1.5 1.0 1.0 38.56
HC (total) g/bhp-hr 4.2 3.9 1.0 1.1 3.3
HC (non-methane) g/bhp-hr 0.6 0.6 0.1 0.2 0.5
Fuel Consumption (100% load) Btu/hp-hr 7082 7011 7570 7506 8064
Fuel Consumption (75% load) Btu/hp-hr 7160 7174 7859 7895 8467
Air Inlet Flow Rate scfm 2300 2203 1579 1544 958
Exhaust Gas Flow Rate @ Stack F cfm 5827 5551 4446 4344 3087
Heat Rejection to Jacket Water (total) Btu/min 37 590 35 429 51921 50215 | 35259
Heat Rejection to Exhaust (to 350° F) Btu/min 19734 19 392 17 231 16 549 | 14 502
Heat Rejection to Aftercooler Btu/min 8132 6199 4777 3753 -

Heat Rejection to Atmosphere from Engine Btu/min 10 407 8644 8530 8132 4891
Exhaust Gas Stack Temperature Deg. F 769 781 872 864 1063

LE refers to low emission engine configuration.

TA refers to standard engine configuration.

90 refers to aftercooler water inlet temperature in °F.
130 refers to aftercooler water inlet temperature in °F.
All data is based on standard conditions.

These ratings do not allow for overload capability.



CATERPILLAR

(G3516 GAS ENGINE GENERATOR SET

TOP VIEW
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See general dimension drawing 114-1975 for additional
Electronic Ignition System (EIS) engine detail and NA
information.

&

CONDITIONS AND DEFINITIONS

[

424.2 (16.70)

2740.3 (107.89)

@ Conduit Entrance
Removal Distance

For magneto ignition system engines see general
dimension drawing 7C-5067.

Note: General configuration not to be used for
installation.

Ratings are based on SAE J1349 standard
conditions of 29.61 in Hg (100 kPa) and 77° F
(25° C). These ratings also apply at ISO3046/1,
DIN6271, and BS5514 standard conditions of
29.61 in Hg (100 kPa) and 81° F (27° C); and
API 7B-11C standard conditions of 29.38 in Hg
(99 kPa) and 85° F (29° C) also apply.

Ratings are based on dry natural gas having a low
heat value of 905 btu/ft® (35.22 MJ/m?). Variations
in altitude, temperature and gas composition
from standard conditions may require a reduction
in engine horsepower.

Materials and specifications are subject to change without notice.

LEHX6196
Supersedes LEHX0643

© 1996 Caterpillar Inc.

Turbocharged-aftercooled ratings apply to

5000 ft (1525 m) and 77° F (25° C). Naturally
aspirated engines apply to 500 ft (150 m) and

85° F (29° C). For applications which exceed these
limits consult your Caterpillar dealer.

Continuous - Output available without varying
load for an unlimited time. Continuous power in
accordance with 1ISO8528, ISO3046/1, AS2789,
DIN6271, and BS5514.

Additional ratings may be available for specific
customer requirements. Consult your Caterpillar
representative for details.

The International System of Units (Sl) is used in this publication.

Printed in U.S.A.
All rights reserved.



Gas Engine G3512

CATERPILLAR S O
Set 365-600 kW

Continuous Power

CATERPILLAR® ENGINE SPECIFICATIONS
V-12, 4-Stroke-Cycle Spark-Ignited

—— Bore—in(mm) ........ooiiiiiiiin 6.7 (170)
Stroke—in(mm)............ ... ...t 7.5 (190)
. Displacement—L (cuin).............. 3158 (51.8)
Aspiration ............ Turbocharged-Aftercooled
= Compressionratio...................... 11:1, 9:1
P Shown with
- Optional Equipment
FEATURES
s CATERPILLAR® FACTORY PACKAGE s LOW EXHAUST EMISSIONS
Factory designed, assembled, and tested. 2.0 gram/bhp-hr NOx. Lower emissions are
Supported by Caterpillar parts and labor achievable for selected applications; consult
warranty through your local Caterpillar your Caterpillar dealer.
dealer. » FUEL FLEXIBILITY
s DIESEL STRENGTH BUILT IN Capability to burn a wide range of gaseous
Blocks, crankshafts, liners, and connecting fuels, including landfill gas, digester gas, coal
rods are common with higher loaded Cat® seam gas, and propane.

diesel engines. Robust design provides

prolonged life at lower gas engine loads. - L dE S HO eI A [Tl

Oil passageways provide cooler piston

= ELECTRONIC IGNITION SYSTEM WITH temperatures which prevent carbon build-up
DETONATION SENSITIVE TIMING and increase detonation margin.
The Caterpillar Electronic Ignition System
(EIS) provides optimized spark timing for all
operating conditions. Timing is automatically
controlled to maintain continuous detonation
protection.

s COOLING WATER TEMPERATURE
Choice of cooling water temperature between
99° C and 127° C to match heat recovery
requirements.

CATERPILLAR® SR4 GENERATOR

Type........... Static regulator, brushless excited Voltage regulation................ Less than + 1%
Construction. ....... Single bearing, close coupled Voltage gain........ Adjustable to compensate for
Threephase ..........ccevivnnn. Wye connected engine speed droop and line loss
Insulation ......... ..o Class F TIF o Less than 50
Enclosure ..o, Drip proof THF . Less than 3%
Alignment.................. Caterpillar pilot shaft
Overspeed capability ...................... 130%
Waveform................ Less than 5% deviation
Voltage regulator ........... 3-phase sensing with 2 P
Volts-per-Hertz
“§ ENGINE }
FACILITIES ¢
L) SO
A 1IED)




CATERPILLAR

STANDARD EQUIPMENT

G3512 GAS ENGINE GENERATOR SET

OPTIONAL EQUIPMENT

Air cleaners with
service indicator
Breather, crankcase
Cooler, lubricating oil
Filters, lubricating oil, RH
Flywheel housing,
SAE No. 00
Governor (Woodward),
magneto engine: 2301
EIS engine: 2301A
Ignition system
Altronic Ill or
Caterpillar EIS
Instrument panel,
RH or LH
exhaust temp.
intake manifold
pressure
intake manifold
temp.
oil pressure
oil pressure
differential
service meter
water temp.

Lifting eyes
Manifold, exhaust,

watercooled
Paint,

Caterpillar yellow
Protection devices
Pumps

gear driven

aftercooler water

lubricating oil

jacket water
Rails, mounting, 10 inch
Regulator,

gas pressure
SAE standard rotation
Thermostats

and housing
Torsional vibration

damper

Cooling systems,
high temperature

Custom generator
voltages

Exhaust fittings

Generator mounted
control panel

Load share governor

Low BTU arrangements

Low pressure gas fuel
system (2 psi)

Muffler

Power takeoffs

Prelube pump

Starting systems

Tachometer



G3512 GAS ENGINE GENERATOR SET CATERPILLAR

TECHNICAL DATA

G3512 Gas Engine Generator Set-1200 rpm 90 LE 90 TA NA
Electrical Output @ 0.8 PF without Fan kW 600 570 365
Voltage 480 480 480
Compression Ratio 11:1 9:1 9:1
Minimum Gas Pressure Required psi 30 30 2
Shipping Weight Ib 20190 20190 17 930
Gen Set Length in 168.0 168.0 162.1
Gen Set Height in 73.4 73.4 75.2
NOx g/bhp-hr 2.0 22.1 12.2
Cco g/bhp-hr 1.7 0.9 14.1
HC (total) g/bhp-hr 5.5 1.8 3.6
HC (non-methane) g/bhp-hr 0.8 0.3 0.5
Fuel Consumption (100% load) Btu/hp-hr 7089 7464 7859
Fuel Consumption (75% load) Btu/hp-hr 7209 7789 8913
Air Inlet Flow Rate scfm 1757 1185 739
Exhaust Gas Flow Rate @ Stack F cfm 4210 3277 2440
Heat Rejection to Jacket Water (total) Btu/min 28 150 38614 25 420
Heat Rejection to Exhaust (to 350° F) Btu/min 12 796 12 511 11772
Heat Rejection to Aftercooler Btu/min 6256 2673 -
Heat Rejection to Atmosphere from Engine Btu/min 9327 6824 5118
Exhaust Gas Stack Temperature Deg. F 709 855 1100

LE refers to low emission engine configuration.

TA refers to standard engine configuration.

90 refers to aftercooler water inlet temperature in °F.
130 refers to aftercooler water inlet temperature in °F.
All data is based on standard conditions.

These ratings do not allow for overload capability.



CATERPILLAR

G3512 GAS ENGINE GENERATOR SET

TOP VIEW
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See general dimension drawing 119-9594 for additional
Electronic Ignition System (EIS) engine detail and NA
information.

CONDITIONS AND DEFINITIONS

o}
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424.2 (16.70)

2200.3 (86.63)

Conduit Entrance

BE

Removal Distance

For magneto ignition system engines see general
dimension drawing 7C-4609.

Note: General configuration not to be used for
installation.

Ratings are based on SAE J1349 standard
conditions of 29.61 in Hg (100 kPa) and 77° F
(25° C). These ratings also apply at ISO3046/1,
DIN6271, and BS5514 standard conditions of
29.61 in Hg (100 kPa) and 81° F (27° C); and
API 7B-11C standard conditions of 29.38 in Hg
(99 kPa) and 85° F (29° C) also apply.

Ratings are based on dry natural gas having a low
heat value of 905 btu/ft® (35.22 MJ/m?). Variations
in altitude, temperature and gas composition
from standard conditions may require a reduction
in engine horsepower.

Materials and specifications are subject to change without notice.

LEHX6783
Supersedes LEHX0472

© 1996 Caterpillar Inc.

Turbocharged-aftercooled ratings apply to

5000 ft (1525 m) and 77° F (25° C). Naturally
aspirated engines apply to 500 ft (150 m) and

85° F (29° C). For applications which exceed these
limits consult your Caterpillar dealer.

Continuous - Output available without varying
load for an unlimited time. Continuous power in
accordance with 1ISO8528, ISO3046/1, AS2789,
DIN6271, and BS5514.

Additional ratings may be available for specific
customer requirements. Consult your Caterpillar
representative for details.

The International System of Units (Sl) is used in this publication.

Printed in U.S.A.
All rights reserved.
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CLIENT Government of Northwest Territories

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT

Date: 11-Jan-11
SITE WORKS

DIRECT COSTS

Site Works

Gas supply line to building
Miscellaneous external works

DESCRIPTION: Tulita Conceptual Design Cost Estimate

Option 2
Units  Quantity Unit Extension Labour Total
Price
$75,000
Is 1 $50,000 $50,000 inc. $50,000
Is 1 $25,000 $25,000 inc. $25,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xls



CLIENT Government of Northwest Territories
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT
Date: 11-Jan-11

CONCRETE WORKS AND SUPERSTRUCTURES
DIRECT COSTS
Concrete Works and Superstructures
Floor repairs and equipment bases

Lifting equipment
Miscellaneous building repairs

DESCRIPTION:
Units  Quantity
Is 1
Is 1
Is 1

Tulita Conceptual Design Cost Estimate

Option 2

Unit
Price

$20,000
$20,000
$20,000

Extension

$20,000
$20,000
$20,000

Labour

Total

$60,000
$20,000
$20,000
$20,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xIs



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 2
Date: 11-Jan-11

PRE-PURCHASED EQUIPMENT

DIRECT COSTS

Units  Quantity Unit Extension Labour Total
Price
Pre-Purchased Equipment $1,260,000
Generator sets Is 3 $380,000 $1,140,000 inc. $1,140,000
Spares Is 1 $60,000 $60,000 inc. $60,000
Commissioning services Is 1 $40,000 $40,000 inc. $40,000
Training services Is 1 $20,000 $20,000 inc. $20,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xIs



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 2
Date: 11-Jan-11

PROCESS MECHANICAL

DIRECT COSTS Units  Quantity Unit Extension Labour Total
Price

Plant Mechanical $190,000
Engine installation Is 1 $60,000 $60,000 inc. $60,000
Gas pressure reduction valve train Is 1 $50,000 $50,000 inc. $50,000
Gas header Is 1 $20,000 $20,000 inc. $20,000
Modifications to cooling systems Is 1 $20,000 $20,000 inc. $20,000
Exhaust systems modifications Is 1 $20,000 $20,000 inc. $20,000
Battery bank and charger system Is 1 $20,000 $20,000 inc. $20,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xls



CLIENT Government of Northwest Territories

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT

Date: 11-Jan-11
BUILDING MECHANICAL
DIRECT COSTS

Building Mechanical

Miscellaneous repairs and modifications

DESCRIPTION: Tulita Conceptual Design Cost Estimate

Option 2
Units  Quantity Unit Extension Labour
Price
Is 1 $50,000 $50,000 inc.

Total

$50,000
$50,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xIs



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 2

Date: 11-Jan-11

ELECTRICAL

DIRECT COSTS Units  Quantity Unit Extension Labour Total

Price

Electrical $420,000
Switchgear upgrades and modifications Is 1 $200,000 - inc. $200,000
Cabling Is 1 $50,000 - inc. $50,000
Miscellaneous electrical modifications Is 1 $50,000 - inc. $50,000

Instrumentation and Controls
Engine control panels Is 1 $30,000 - inc. $30,000
Control panel modifications Is 1 $30,000 - inc. $30,000
Miscellaneous control wiring Is 1 $30,000 - inc. $30,000
Miscellaneous instruments Is 1 $30,000 - inc. $30,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix B\est_tul_opt2_20110222_sb.xls
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CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3
Date: 22-Feb-11

SUMMARY SHEET

DIRECT COSTS TOTAL Civ/Struct Mech/Proc Elect/Cont
Site Development $ 180,000 $ 180,000 $ - $ -
Site Works $ 125,000 $ 125,000 $ - $ -
Concrete Works and Superstructures $ 25,000 $ 25,000 $ - $ -
Pre-Purchased Equipment (Generator sets) $ 1,210,000 $ - $ 1,210,000 $ -
Plant Mechanical $ 175,000 $ - $ 175,000 $ -
Building Mechanical $ 50,000 $ - $ 50,000 $ -
Electrical, Instrumentation and Controls $ 400,000 $ - $ - $ 400,000
Overheads, Bonding and Insurance (see note 1) $ 71625 $ 24,750 $ 16,875 $ 30,000
Head office O/H @ 5% $ 47,750 $ 16,500 $ 11,250 $ 20,000
Performance Bond @ 0.5% $ 4775 $ 1,650 $ 1,125 $ 2,000
Labour and Material Bond @ 0.5% $ 4,775 $ 1,650 $ 1,125 $ 2,000
Insurance @ 1.5% $ 14325 $ 4950 $ 3375 $ 6,000
Contractor Profit @ 10% (see note 1) $ 102,663 $ 35475 $ 24,188 $ 43,000
TOTAL DIRECT COSTS $ 2,339,000 $ 390,225 $ 1,476,063 $ 473,000
INDIRECT COSTS
Preliminary Engineering (3%) $ 70,170
Detail Engineering (5%) $ 116,950
Construction Engineering (4%) $ 93,560
Construction Management (3%) $ 70,170
Owner Overhead (3%) $ 70,170
Temporary Facilities $ -
Construction Insurance $ -
Spares $ -
TOTAL INDIRECT COSTS $ 421,000
TOTAL DIRECT AND INDIRECT COSTS 2,760,000
GST (5%) 138,000
Escalation (2% per annum, see note 2) 303,600
Contingency (20%) 552,000
TOTAL PROJECT COST $ 3,750,000

Notes: 1.) Does not include value of pre-purchased equipment.
2.) Direct and indirect costs are in December 2011 dollars. Escalation is to the expected mid-point of construction assumed to be July 2016.

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix C\est_tul_opt3_20110222_sb.xls



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3
Date: 22-Feb-11

SITE DEVELOPMENT

DIRECT COSTS Units  Quantity Unit Extension Labour Total
Price
Site Development $180,000
Mobilisation and de-mobilisation Is 1 $150,000  $150,000 inc. $150,000
Permits Is 1 $30,000 $30,000 inc. $30,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix C\est_tul_opt3_20110222_sb.xls



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3

Date: 22-Feb-11

SITE WORKS

DIRECT COSTS Units  Quantity Unit Extension Labour Total

Price

Site Works $125,000
Gas supply line to facility Is 1 $50,000 $50,000 inc. $50,000
Miscellaneous external works Is 1 $25,000 $25,000 inc. $25,000
Heat distribution piping to school Is 1 $50,000 $50,000 inc. $50,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix C\est_tul_opt3_20110222_sb.xls



CLIENT Government of Northwest Territories

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT

Date: 22-Feb-11
CONCRETE WORKS AND SUPERSTRUCTURES
DIRECT COSTS

Concrete Works and Superstructures
Foundation

DESCRIPTION: Tulita Conceptual Design Cost Estimate

Option 3
Units  Quantity Unit Extension Labour
Price
Is 1 $25,000 $25,000 inc.

Total

$25,000
$25,000

P:\20102694\00_Engine_Conversion\Engineering\03.00_Conceptual_Feasibility_Design\TM3a Tulita\Appendix C\est_tul_opt3_20110222_sb.xls



CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate
PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3
Date: 22-Feb-11

PRE-PURCHASED EQUIPMENT

DIRECT COSTS Units  Quantity Unit Extension Labour Total
Price
Pre-Purchased Equipment $1,210,000
Generator set in container Is 1 $1,160,000 $1,160,000 inc. $1,160,000
Spares Is 1 $10,000 $10,000 inc. $10,000
Commissioning services Is 1 $20,000 $20,000 inc. $20,000
Training services Is 1 $20,000 $20,000 inc. $20,000
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CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3

Date: 22-Feb-11

PROCESS MECHANICAL

DIRECT COSTS Units  Quantity Unit Extension Labour Total

Price

Plant Mechanical $175,000
Engine installation Is 1 $50,000 $50,000 inc. $50,000
DE distribution systems Is 1 $75,000 $75,000 inc. $75,000
Miscellaneous plant mechanical Is 1 $50,000 $50,000 inc. $50,000
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CLIENT Government of Northwest Territories

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT

Date: 22-Feb-11
BUILDING MECHANICAL
DIRECT COSTS

Building Mechanical

Miscellaneous school building mechanical

DESCRIPTION: Tulita Conceptual Design Cost Estimate

Option 3
Units  Quantity Unit Extension Labour
Price
Is 1 $50,000 $50,000 inc.

Total

$50,000
$50,000
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CLIENT Government of Northwest Territories DESCRIPTION: Tulita Conceptual Design Cost Estimate

PROJECT: Assessment for Natural Gas Power Conversions in Fort Good Hope and Tulita, NT Option 3

Date: 22-Feb-11

ELECTRICAL

DIRECT COSTS Units  Quantity Unit Extension Labour Total

Price

Electrical $400,000
Switchgear and transformer Is 1 $250,000 - inc. $250,000
Cabling Is 1 $50,000 - inc. $50,000
Miscellaneous electrical modifications Is 1 $50,000 - inc. $50,000

Instrumentation and Controls
School mechanical controls integration Is 1 $50,000 - inc. $50,000
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Associated
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Government of the Northwest Territories
Tulita - Option 1

03/03/2011

FINANCIAL ANALYSIS

PROJECT DATA

Installed generating capacity 1200 kW
PROJECT COSTS
O&M Cost 50 $/kW 60,000 $
O&M Annual Escalation 2%
Overhaul Costs ($2011) 150,000 $
Overhaul Annual Cost Escalation 2%
PROJECT FINANCIAL
Project construction cost - $
Discount Rate 5%
Project equity - $
Project debt - 8
Annual interest rate n/a %
Loan period 20 Years
Annual loan payment 03

CASH FLOW ANALYSIS

Year Investment Fuel Cost Routine O&M Cost Overhaul Cost Additional Benefits Cumulative Cost Unit Cost of Energy
$ $ $ $ $ $ $/kWh
2016 (1,006,466) (66,245) (1,103,092) (0.41)
2017 (1,036,001) (67,570) (1,133,952) (0.42)
2018 (1,064,047) (68,921) (1,163,349) (0.43)
2019 (1,093,943) (70,300) (1,194,623) (0.44)
2020 (1,120,333) (71,706) (1,222,419) (0.45)
2021 (1,148,006) (73,140) (182,849) (1,251,527) (0.46)
2022 (1,176,207) (74,602) (1,281,191) (0.47)
2023 (1,204,632) (76,095) (1,311,107) (0.48)
2024 (1,234,927) (77,616) (1,342,924) (0.48)
2025 (1,265,326) (79,169) (1,374,876) (0.49)
2026 (1,296,128) (80,752) (201,880) (1,407,262) (0.50)
2027 (1,327,898) (82,367) (1,440,646) (0.51)
2028 (1,360,505) (84,014) (1,474,901) (0.52)
2029 (1,393,209) (85,695) (1,509,285) (0.53)
2030 (1,426,932) (87,409) (1,544,722) (0.54)
2031 (1,462,857) (89,157) (222,892) (1,582,395) (0.55)
2032 (1,497,944) (90,940) (1,619,265) (0.56)
2033 (1,535,152) (92,759) (1,658,292) (0.57)
2034 (1,573,250) (94,614) (1,698,245) (0.58)
2035 (1,611,184) (96,506) (1,738,071) (0.59)
PROJECT SUMMARY

Capital Recovery Rate
Average Unit cost of Energy
Net Present Value

0%
(0.50) $/kWh
(16,826,270)  $

Notes
1) O&M and Overhaul costs are assumed values

2) Cumulative Costs include investment and overhaul costs ammortized over project life and recovered costs at rate indicated
3) Fuel Costs based on GLJ Petroleum Consultants Ltd. price forecast effective January 1 2011

4) Greenhouse Gas Emissions Valued at 30 $/tCO ,
5) No residual equipment value assumed

03/03/2011

Rev. 2
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Government of the Northwest Territories
Tulita - Option 2

03/03/2011

FINANCIAL ANALYSIS

PROJECT DATA

Installed generating capacity 1500 kW
PROJECT COSTS
O&M Cost 50 $/kW 75,000 $
O&M Annual Escalation 2%
Overhaul Costs ($2011) 150,000 $
Overhaul Annual Cost Escalation 2%
PROJECT FINANCIAL
Project construction cost 3,930,000 $
Discount Rate 5%
Project equity 3,930,000 $
Project debt $
Annual interest rate n/a %
Loan period 20 Years
Annual loan payment 03

CASH FLOW ANALYSIS

Year Investment Fuel Cost Routine O&M Cost Overhaul Cost Additional Benefits Cumulative Cost Unit Cost of Energy
$ $ $ $ $ $ $/kWh
2016 (3,930,000) (225,914) (82,806) 16,745 (518,856) (0.19)
2017 (234,720) (84,462) 17,244 (528,820) (0.20)
2018 (240,537) (86,151) 17,686 (535,883) (0.20)
2019 (247,088) (87,874) 18,155 (543,688) (0.20)
2020 (253,243) (89,632) 18,612 (551,144) (0.20)
2021 (259,373) (91,425) (182,849) 19,105 (558,574) (0.20)
2022 (265,647) (93,253) 19,600 (566,181) (0.21)
2023 (271,926) (95,118) 20,111 (573,814) (0.21)
2024 (278,495) (97,020) 20,688 (581,708) (0.21)
2025 (285,218) (98,961) 21,232 (589,827) (0.21)
2026 (292,046) (100,940) (201,880) 21,780 (598,088) (0.21)
2027 (299,034) (102,959) 22,359 (606,515) (0.22)
2028 (306,189) (105,018) 22,957 (615,131) (0.22)
2029 (313,566) (107,118) 23,505 (624,060) (0.22)
2030 (321,110) (109,261) 24,086 (633,166) (0.22)
2031 (328,893) (111,446) (222,892) 24,772 (642,449) (0.22)
2032 (336,737) (113,675) 25,378 (651,915) (0.23)
2033 (344,774) (115,948) 26,095 (661,509) (0.23)
2034 (353,114) (118,267) 26,799 (671,463) (0.23)
2035 (361,525) (120,633) 27,473 (681,566) (0.23)
PROJECT SUMMARY
Capital Recovery Rate 0%
Average Unit cost of Energy (0.21) $/kWh

Net Present Value

(7,270,098) $

Notes
1) O&M and Overhaul costs are assumed values

2) Cumulative Costs include investment and overhaul costs ammortized over project life and recovered costs at rate indicated
3) Fuel Costs based on GLJ Petroleum Consultants Ltd. price forecast effective January 1 2011

4) Greenhouse Gas Emissions Valued at 30 $/tCO ,
5) No residual equipment value assumed

03/03/2011

Rev. 2
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Government of the Northwest Territories
Tulita - Option 3

03/03/2011

FINANCIAL ANALYSIS

PROJECT DATA

Installed generating capacity 750 kW
PROJECT COSTS
O&M Cost 50 $/kW 37,500 $
O&M Annual Escalation 2%
Overhaul Costs ($2011) 150,000 $
Overhaul Annual Cost Escalation 2%
PROJECT FINANCIAL
Project construction cost 3,750,000 $
Discount Rate 5%
Project equity 3,750,000 $
Project debt - 8
Annual interest rate n/a %
Loan period 20 Years
Annual loan payment 03

CASH FLOW ANALYSIS

Year Investment Fuel Cost Routine O&M Cost Overhaul Cost Additional Benefits Cumulative Cost Unit Cost of Energy
$ $ $ $ $ $ $/kWh
2016 (3,750,000) (234,074) (41,403) 28,323 (465,035) (0.17)
2017 (243,235) (42,231) 29,245 (474,102) (0.18)
2018 (249,428) (43,076) 29,885 (480,500) (0.18)
2019 (256,095) (43,937) 30,668 (487,245) (0.18)
2020 (262,711) (44,816) 31,323 (494,085) (0.18)
2021 (269,197) (45,712) (182,849) 32,026 (500,764) (0.18)
2022 (275,607) (46,627) 32,795 (507,319) (0.18)
2023 (282,417) (47,559) 33,482 (514,375) (0.19)
2024 (289,323) (48,510) 34,293 (521,421) (0.19)
2025 (296,200) (49,480) 35,126 (528,435) (0.19)
2026 (303,581) (50,470) (201,880) 35,863 (536,070) (0.19)
2027 (311,022) (51,479) 36,665 (543,718) (0.19)
2028 (318,588) (52,509) 37,504 (551,473) (0.19)
2029 (326,420) (53,559) 38,288 (559,573) (0.20)
2030 (334,277) (54,630) 39,150 (567,639) (0.20)
2031 (342,555) (55,723) (222,892) 40,076 (576,084) (0.20)
2032 (350,695) (56,837) 40,982 (584,432) (0.20)
2033 (359,293) (57,974) 41,937 (593,212) (0.20)
2034 (368,184) (59,134) 42,889 (602,310) (0.21)
2035 (377,135) (60,316) 43,821 (611,511) (0.21)
PROJECT SUMMARY
Capital Recovery Rate 0%
Average Unit cost of Energy (0.19) $/kWh

Net Present Value

(6,517,402) $

Notes
1) O&M and Overhaul costs are assumed values

2) Cumulative Costs include investment and overhaul costs ammortized over project life and recovered costs at rate indicated
3) Fuel Costs based on GLJ Petroleum Consultants Ltd. price forecast effective January 1 2011

4) Greenhouse Gas Emissions Valued at 30 $/tCO ,
5) No residual equipment value assumed

03/03/2011

Rev. 2
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1 Introduction

In relation to the proposed Mackenzie Gas Project, the Government of the Northwest Territories
(GNWT) is evaluating the potential of conversion of communities from diesel power generation to
natural gas power generation. Two communities under consideration are Tulita and Fort Good
Hope.

Associated Engineering has been engaged by the GNWT to assess the economic and technical
feasibility of undertaking the conversions at both communities. This technical memorandum
provides a triple bottom line (TBL) assessment of the conversion options for the community of
Tulita.

Previous memos that have been completed in regard to Tulita include:

. Technical Memorandum 1A — Site Visits and Data Review
. Technical Memorandum 2A — Diesel to Natural Gas Conversion Options
. Technical Memorandum 3A — Cost Estimates and Business Case Analysis

2 TBL Evaluation

The TBL evaluation framework considers environmental and social attributes of options in addition
to economic attributes traditionally used in comparative engineering evaluations. The TBL model
reflects what is often described as the “sustainability triangle”, which recognizes that the balance
between environmental efficiency, social acceptance and economic feasibility of a solution must
consider and accommodate stakeholder values. In other words, a truly “sustainable” solution seeks
to maximize environmental benefits in a socially acceptable manner while at the same time being
affordable.

This TBL analysis provides a comparison of economic, social, and environmental factors
associated with implementing each of the three diesel-to-natural gas engine conversion options for
Tulita (see Technical Memorandum 2A for a description of the three options). The analysis does
not consider TBL factors related to the implementation of the Mackenzie gas pipeline which would
supply natural gas to the proposed engine generators.

Associated
Engineering




Government of the Northwest Territories
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Analysis

In this section, we outline each of the environmental, economic, social, and risk factors considered
in the TBL analysis of diesel-to-natural gas engine conversion options for Tulita. This section
summarizes the analysis and provides a comparison of the Options 1, 2, and 3 based on the TBL
criteria described below.

3.1 Economic Factors

Technical Memorandum 3A provides an in-depth business case analysis of Options 1, 2, and 3.
While Options 2 and 3 have high project construction costs compared to Option 1 (business as
usual case), the two diesel-to-natural gas engine conversion strategies have substantial long-term
cost saving benefits (better net present value).

3.2 Environmental Factors

The principal environmental impacts associated with the three engine options are expected to be
the air pollutant emissions from either the diesel or natural gas fuel combustion. For this analysis,
we have divided the air emissions into two categories: greenhouse gas (GHG) emissions, and non-
GHG emissions. For Option 3, emissions reductions associated with offsetting diesel use for
heating at the community school are found to be minor compared to the level of emissions for
electricity generation.

3.2.1 GHG Emissions

Air pollutants classified as GHG emissions include carbon dioxide (CO,), methane (CHy,),
and nitrous oxide (N,O). These are the three primary emissions from natural gas or diesel
combustion that are known to have global warming potential (GWP).

Carbon Dioxide (CO2)

Carbon dioxide and water are the principal products of combustion. The amount of CO,
emissions from a combustion process is mainly determined by the amount of carbon
present in the fuel. CO, emission levels are less dependent on the specific type of engine
used because combustion technologies generally aim to convert as much of the carbon in
the fuel as possible to carbon dioxide (1).

Natural gas combustion in Options 2 and 3 will reduce the amount of CO, emissions for
electricity generation in Tulita compared to Option 1. Figure 3-1 compares annual CO,
emissions for each option for 2018 through 2037. The data is also presented in Table 3-1.
A typical value for carbon offsets for 2011 is $30 per tonne CO,. Using this value,

Table 3-2 shows the estimated potential revenue associated with CO, emissions
reductions for Options 2 and 3 in 2018.
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Figure 3-1
Carbon Dioxide Emissions Reduction: Comparison to Base Case
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Table 3-1
Carbon Dioxide Emission Reduction

2018 2350 1840 1910
2019 2360 1850 1910
2020 2370 1850 1920
2021 2380 1860 1930
2022 2390 1870 1940
2023 2400 1880 1950
2024 2410 1880 1950
2025 2420 1890 1960
2026 2430 1900 1970
2027 2440 1910 1980
2028 2450 1910 1990
2029 2460 1920 2000
2030 2470 1930 2010
2031 2480 1930 2010
2032 2490 1940 2020
2033 2510 1950 2030
2034 2520 1960 2040
2035 2530 1970 2050
2036 2540 1970 2060
2037 2550 1980 2070

-4
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Table 3-2
Estimated CO, Offset Value of Options 2 & 3 for 2018

Option 2 $15,180

Option 3 $13,170

Methane (CH4)

While methane is present in much lower concentrations than carbon dioxide in the exhaust
gases from diesel or natural gas combustion, methane has over 70 times the GWP of
carbon dioxide (20-year time frame). The presence of methane in the atmosphere has also
been linked to ozone depletion (2). Unlike carbon dioxide, methane and nitrous oxide
emissions from stationary combustion do depend significantly on the combustion process
and technology (1).

Nitrous Oxide (N20)

Nitrous oxide emissions are about one-tenth those of methane for natural gas combustion,
and one-fifth those of methane for diesel combustion (comparing kg of gas emitted per GJ
of fuel). The GWP of nitrous oxide is estimated by be about 300 times that of carbon
dioxide, and four times that of methane (20-year time frame) (3).

Table 3-3 summarizes the atmospheric lifetimes and GWPs of carbon dioxide, methane,
and nitrous oxide. The GWP of a gas is typically calculated in reference to CO, (CO, is
assigned GWP of 1).

Table 3-3
Summary of GHG Global Warming Impacts (3)

CO, 200+ years (4) 1 1 1

CH. 12 years 72 25 7.6

N,O 114 years 289 298 153
3.2.2 Non-GHG Emissions
Non-GHG emissions from fossil fuel combustion are not associated with global warming,
but can have negative impacts on human health if present in sufficiently high
concentrations. The principal non-GHG emissions for natural gas and diesel combustion
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include: mono-nitrogen oxides (designated NO,, but primarily NO and NO, for stationary
combustion), sulphur oxides (SOy), and carbon monoxide (CO).

NOx

Mono-nitrogen oxides are harmful gases that form at high temperatures during the
combustion of fossil fuels. They are associated with ozone and smog formation, both of
which contribute to lung tissue damage in humans. In the upper atmosphere, nitrogen
oxides contribute to the break-down of the earth’s protective ozone layer (5).

SOx

The formation of sulphur oxides in diesel or natural gas combustion is a function of the
sulphur content of the fuel source. The presence of sulphur in natural gas is mainly due to
the addition of odorants to the gas. In calculating the SOx emissions for Option 1 in

Table 3-3, we assumed a sulphur concentration of 1.5% for diesel fuel (6).

CO
Carbon monoxide is a toxic gas that results from the partial oxidation of the fuel in the
combustion reaction.

Total Particulate Matter (TPM)

TPM from diesel and natural gas combustion includes particles of soot, metals, and
inorganic salts that are present in the engine exhaust gases. Environmental risks
associated with particulate emissions include potential human health impacts and
blackening of leaf or building surfaces if emissions are of sufficiently high concentration.
Some research suggests that particulate matter may also contribute to global warming (7).

3.3 Social Factors

The social component of a TBL analysis may include factors such as: potential for increased or
decreased employment opportunities, aesthetic impacts on the local community, positive or
negative impacts on the quality of life of the public, etc. Compared to environmental and economic
factors, it is likely that social factors will have a smaller impact on the TBL analysis of power
generation options for Tulita. Two potentially significant social factors that have been identified for
this project are:

1) Fuel Security

Since Tulita relies completely on the engine generator sets for its electricity supply, any potential
interruption in the supply of fuel to the community could be very serious. Table 3-3 compares the
three engine options in the relative terms “high”, “medium”, or “low” fuel security. Option 3 is
considered to have higher fuel security than Options 1 and 2 because Option 3 enables the
community to use either diesel or natural gas for power generation.
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2) Additional Employment Opportunities

Option 3 involves the construction of a new power generation facility near the community school.
With Option 3, there is the potential for additional employment opportunities for the community of
Tulita to operate and maintain this new facility.

3.4 Risk Factors

An important risk factor to be considered when assessing the three engine options is the potential
for a spill or leak in the transport of fuel to the community. As with the social factor of fuel security,
Table 3-4 compares the three options in relative terms of “high”, “medium”, or “low” risk. In
general, pipelines offer a higher degree of safety and lower risks compared to transport by barge or
truck. For this reason, Option 1 is considered to have a “medium” risk of fuel spill or leakage
compared to the “low” risk for Options 2 and 3. A more detailed assessment of spill or leakage
risks, including an analysis of potential environmental and social consequences, is beyond the

scope of this study.

3.5 Summary

Table 3-4 summarizes the TBL comparison of Options 1, 2, and 3 for power generation by diesel or

natural gas in Tulita.

Table 3-4

Triple Bottom Line Assessment Results

Economic Factors

Project construction cost

$0

$ 3,930,000

$ 3,750,000

GHG Emissions (tonnes)

Net Present Value $ 16,826,270)* $ 7,270,098)* $ 6,517,402)*
Environmental Factors

Fuel security

Medium

Medium

CO, 2450 1910 1990
CH, 0.10 0.03 0.04
N,O 0.02 0.003 0.004
Non-GHG Emissions (tonnes)

NOXx 27 72 70
SOx 21 0.009 0.009
CO 12 8 5
TPM 1 0.11 0.12

Social Factors

High

Additional Employment Opportunities

No

Yes

No
| Spill or leakage Medium Low Low |

* Note: Figures in brackets indicate negative values.
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