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1 Scope
1.1 What is being considered

New Colliers Ltd. (New Colliers) has been engaged by Newfoundland and Labrador Hydro (NL Hydro) to
provide support in the feasibility assessment and preliminary cost estimation for the development of
battery storage projects on the island of Newfoundland.

This document describes the basis for a preliminary cost estimate for a 100MW/200MWh lithium ion

battery storage solution located on the Avalon Peninsula.

With the decommissioning of the Holyrood generating facility planned for 2021, the Avalon Peninsula
will be without its largest generating station. New Colliers understand that the Avalon Peninsula will be
connected to the rest of the island via two 230kV AC transmission lines and one HVDC line. The 613MW
Bay D’Espoir hydro generating station will be the closest large-scale generating station to the Avalon
Peninsula with an estimated 250km of 230kV line between the Bay D’Espoir generating station and the

Solider’s Pond station.

The DC link from Labrador to the island will frequently be delivering a high proportion of the total power
to the island and a disturbance and/or temporary outage on this, or another major line may have the
potential to disrupt portions of the island system, especially loads on the Avalon Peninsula. New Colliers
has considered these factors in the development of this report and estimate. New Colliers understands
from NL Hydro that the system is likely to have an abundance of energy over the long term and this
feasibility level assessment is intended to explore how a battery storage system might support any

short-term power shortfall in contingency situations.

Evaluation of a battery storage system is sensible in that pricing for battery systems is rapidly declining
and legacy performance issues are being addressed and remedied. A battery system can be deployed at
most accessible sites and can be situated at optimal grid interconnection points, without the same
considerations of required topography for uses like hydro and wind facilities. Also, quite importantly,
battery storage solutions provide a faster response to grid contingency events than their combustion
turbine counterparts. There may be other suitable solutions for energy storage technologies, but an
estimate of development costs for those options is not undertaken here. Other alternatives are

presented in Section 3.3.2 for reference.

Based on New Colliers’ preliminary examination of average and seasonal peak loads (available from an
August 2014 Nalcor information share related to Muskrat Falls), New Colliers believes that a review and
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estimate of large-scale battery capacity is appropriate for preliminary evaluation of a battery storage
solution. Based on the size of the largest existing battery storage installations, New Colliers has chosen
a 100MW/200MWh battery storage project for estimate and evaluation. If higher capacities are
required, NL Hydro can study multiple deployments of the 100MW/200MWh solution at select areas of
the island. Also, shorter duration reserves may be studied (e.g. one-hour reserve instead of two-hour)
to improve economics.

1.2 Notable Omissions

The estimates attached as Appendix A include detailed breakdowns for the CapEx costs (also generally
referred to as “construction costs” by NL Hydro). The estimate generally encompasses development,
procurement, construction and commissioning costs.

No legal fees or costs associated with financing have been allowed for. No contingency has been
included in these estimates.
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2 Basis of Estimate

This is a preliminary, Class 5 cost estimate. The intent of this estimate is to assess the feasibility and
high-level cost of battery storage projects in Newfoundland based on 2018 conditions.

The preliminary cost estimate is primarily based on budgetary pricing from HICO and considers inputs
from the document “US Battery Storage Market Trends — U.S. Energy Information Administration (EIA)”
from May 2018 as well as insights gained from broader industry research.

Project Sizing

Based on 2014 information made available by Nalcor as part of the public consultation process for the
Muskrat Falls project, the average winter load on the Avalon Peninsula is 557MW. Thus, it is expected
that significant capacity may be required on the Avalon Peninsula during major contingency situations,
such as the loss of the Labrador Island Link. New Colliers is not aware of any system studies that have
defined the MW or MWh contingency needs of NL Hydro at this time, so we have used best judgment to
define a suitable study case.

New Colliers chose a 100MW/200MWh project size as this is as large as the current largest installed
global project. Tesla has installed a 100MW/129MWh battery storage project at the Hornsdale wind
project near Adelaide, Australia. However, some larger projects are in the planning and permitting
stages, particularly in California. Pacific Gas & Electric Co., for example, is seeking approval for 300MW
and 182.5MW projects, among others, in California.

This 100MW/200MWh project can also be deployed at multiple locations or in conjunction with other
storage technologies to give higher levels of reserve capacity and energy should more detailed studies
prove those scenarios to be required or most feasible. New Colliers expects that dividing this
100MW/200MWh project into blocks to be concurrently deployed on the Avalon Peninsula would have
similar costs per MW and per MWh. However, the cost of deploying smaller, one-off installations should
be revisited if that deployment philosophy is pursued.

A more detailed discussion of deployment options is discussed in Section 3.
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Development

The following development costs have been allowed for in the project estimate:

- Development of a needs identification study

- Alimited geotechnical investigation to sufficiently characterize the geotechnical conditions at
site to allow for most competitive bidding by contractors and suppliers. The costs for a more
detailed geotechnical investigation, to be undertaken by the Contractor, have been allowed for
in the construction phase

- Alimited site survey of key features, as required

- Anallowance for land acquisition costs to the extent required for site investigative purposes

- Interconnection System Impact Study (SIS), Facility Study and applicable interconnection fee
required to mobilize utility crews for required system upgrades

- An environmental impact assessment

- The internal costs associated with undertaking competitive bid processes for battery system
supply, construction contracting and competitive Power Purchase Agreement (PPA) pricing

- Internal engineering and management costs

- Owner’s construction site representation

- Land rental costs during construction

- Development permits

Battery System Supply and Delivery

Battery system containers will be supplied and delivered to the project laydown area. Foundations are
assumed to have been constructed in advance, to minimize laydown area requirements. Costs for
delivery are included.

Project Construction

Each project estimate includes the following scope:

e Each 2MW battery container is estimated to be approximately 14m x 2.5m. Each 4MW battery
power conditioning container is estimated to be approximately 14m x 2.5m.

e Installation of fenced battery array pad;

e |Installation of reinforced concrete pads for container mounting

e Alow voltage collection system is expected to be run underground with penetrations through
pads to allow terminations at containers and AC equipment
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e Battery storage system is assumed to be interconnected to the 66kV or 69kV bus of an existing
NL Hydro substation. Costs to expand the existing substation have been allowed for.

e Testing of collection system and substation interconnection

e  Primarily summer and fall construction are envisioned

e Pre-commissioning and commissioning of battery storage systems

e Competitively sourced labour

e Infrastructure for any future expansion is not included

e The estimate is based on August 2018 dollars (CADS)

e No allowance for excess material to be hauled off-site has been included

e No rock hammering or blasting has been allowed for. It is assumed an excavator will be able to
rip any rock during excavation, if required

e No utility or water crossings have been allowed for

e Taxes and duties are not included

e Costs of copper, steel, aluminum, concrete and labour may fluctuate and affect the accuracy of
this estimate

e [tis assumed that the developer will enter into a single design-build contract for all the balance-
of-plant (BOP) facilities (i.e. the balance of all infrastructure outside of the battery system
components)

e High level estimates of Owner development costs are included

e Contingency is not included and should be applied at the discretion of NL Hydro

Relevant Notes on Estimates

The battery storage industry is relatively young and is still seeing dramatically reduced battery prices
year over year, with major cost reductions still projected in the coming years. There are several battery
chemistries and technologies to choose from, but lithium ion technologies are the most widely
deployed. According to the EIA study cited previously, “over 80% of U.S. large-scale battery storage
power capacity is currently provided by batteries based on lithium-ion chemistries. “

As such, New Colliers has chosen to base the estimate on a lithium ion technology as supplied by HICO.
Other chemistries may provide competitive benefits and those benefits can be explored during a
subsequent investigation phase. For the purposes of this feasibility estimate, it is believed that a lithium
ion solution provides a sound basis to evaluate preliminary project economics and performance.
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3 Technical

3.1 Location

NL Hydro has not nominated any specific sites for consideration. However, interconnection at
an existing major substation is a sensible basis on which to proceed. The Holyrood Generating
Station, Western Avalon or Oxen Pond substations all appear to have 66kV/69kV buses to
which a new battery storage project may be feasibly interconnected. This assumption should
be verified in a subsequent phase of study. Alternatively, interconnection to the 25kV or 35kV
bus of an existing or new wind project may provide for the most economical interconnection.

It may be that the solution that meets the capacity requirements of NL Hydro involves either a
larger battery system than the 100MW/200MWh estimated here or multiple 100MW/200MWh
installations at different substations across the Avalon Peninsula. The estimate presented here
can be scaled according to the capacity required for preliminary feasibility purposes. However,
both the single larger installation and, to a lesser degree, multiple 100MW/200MWh
installations, would benefit from economies of scale.

3.2 Size of Units

HICO has provided a sample layout derived from a 10MW/20MWh project that provides some
of the basis of the estimate herein. It is estimated that a 100MW/200MWh project can be
supplied through 45-foot containerized modules with individual capacities of 2MW/4MWh.
The Battery Management System (BMS), Power Management System (PMS) and Power
Conditioning System (PCS) are expected to be supplied in separate 45-foot containers that have
the capacity to support two 2MW/4MWh battery container modules. A sample layout for the
conceptual 10MW/20MWh portion is provided as Appendix B to this report.
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3.3 Characteristics

3.3.1 Efficiency

The HICO product literature states that the round-trip efficiency of their ESS offering is more
than 85%. 85% is in-line with industry expectations for lithium ion roundtrip efficiencies
although efficiencies up to 90% are reported with some technologies. Degradation of efficiency
has not been specifically modeled by New Colliers. However, an annual “augmentation” cost
has been allowed for to replace those units whose performance degrades below acceptable
thresholds.

3.3.2 Performance Benefits and Comparisons

As discussed, battery storage can provide capacity in contingency situations. Battery storage
can also provide many other services and benefits to the grid. Subject to a more in-depth
system implementation study, those potential benefits could include:

- Resource adequacy during non-contingency peak times
- Frequency regulation

- Voltage support

- Black start support

- Congestion relief

- Deferral of transmission and/or distribution upgrades

- Firming of variable generations such as wind and solar

While battery storage can provide emergency capacity reserve and other ancillary services,
providing frequency regulation and voltage support in non-contingency situations, for example,
may reduce the reserve capacity of the battery system should a contingency situation arise. For
this reason, the fine balance of providing ancillary services and reserve capacity must be
carefully planned and controlled. With that said, the lifetime of lithium ion batteries may also
be reduced if the batteries are kept at 100% charge for extended periods of time. A detailed
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study should be undertaken to characterize this control balance in a subsequent phase of
feasibility analysis.

While lithium ion technologies are the most broadly deployed battery type in North America,
there are other potentially viable options on the market, both battery-based and using other
technologies. While lead-acid batteries are commonly deployed for smaller scale applications,
New Colliers believes flow batteries are the most likely alternative to lithium ion at the grid
scale.

Lithium ion battery systems are desirable because of their high efficiency ratings and fast
response times. They also have a relatively high energy density (i.e. take up less space) than
some other battery chemistries.

Flow batteries are also a focus as an emerging technology. They are constructed with battery
chemicals in a storage tank. While they have a lower energy density than lithium ion batteries
(i.e. they take up more space), in projects where space is not a restriction, the tank size can be
adjusted to provide additional energy capability, as required. In this respect, they may have
some economies-of-scale advantages that can be leveraged to provide a lower cost per MWh in
larger installations. The battery fluids for flow batteries can be corrosive or toxic. But on a
positive note, fluids in the tank can be replaced to reinvigorate the battery over the project life.

Flow batteries have potential for lower capital costs in some use cases but they also have lower
efficiencies as compared to lithium ion. Lithium ion batteries are also expected to provide
faster response for power applications but have, historically, been capable of fewer charge-
discharge cycles resulting in a shorter useful life. This requires the allowance for additional
capital cost or additional sustaining capital expenditures to maintain the performance over a
20-year project life for the lithium ion option.

The technologies around these battery chemistries continue to rapidly evolve and actual
competitive offerings of competing battery chemistries should be analyzed to assess the
relative performance capability closer to the time of any planned deployment.
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4 Cost and Schedule

4.1 Capital Cost

Detailed project cost estimates can be found in Appendix A. The following cost summaries are
reflective of a 3-year development and construction schedule.

! Cost Centre

Cost Centre Year 1 Year 2 : Year 3 Year 4 Subtotals
Owner/Development I

Activities $239,750 $645,250E $585,000 S0 $1,470,000
Battery Supply $33,720,000! $134,880,000 $168,600,000
BOP Construction and )

Commissioning E $5,880,280 SO $5,880,280

Annual Subtotals $239,750| $34,365,250 | S141,345,280 S0 i

Project Cost $175,950,280
Project Cost per MW $1,759,503

Table 1 - Cost Summary for 100MW/200MWh Battery Storage Project

4.2 Construction Schedule

Independent of battery technology chosen, there is likely a two-year window required to complete key
development activities. Developers will engage with stakeholders and conduct an environmental
assessment based on a preliminary battery system layout. Developers and the interconnecting utility
will conduct a system impact study in year 1 and facility study in year 2 to assess the impact, cost and
system modifications associated with interconnecting the new battery storage generating facility.

Preliminary geotechnical work and preliminary project designs will be completed to sufficiently inform a
design-build bid package that will serve as the basis for a competitive and thorough contract
procurement process. Also, in year two, battery system down-payments will be made to initiate the
battery system supply process.
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In year 3, construction activities will commence. All project construction activities can likely be
completed in one year with the Commercial Operation Date (COD) in December of year 3.

4.3 O&M costs

It is expected that the project Owner will self-perform battery system maintenance work. Basic
maintenance will most typically include site access maintenance and snow clearing, collection system
maintenance, project operational optimization and troubleshooting. It is expected that the developer
will manage any third-party maintenance service contracts.

Operators will need to replace any battery units whose efficiency degrades beyond acceptable levels.
This cost item is captured as augmentation cost in Table 2. Only a nominal augmentation cost of 0.5% of
capital cost is allowed for in this estimate. New Colliers believes this is reasonable as we do not expect
this plant to be used like a peaking power plant where it is frequently cycled with a significant depth of
discharge. Further, it is expected that much of the system frequency regulation will be handled by NL
Hydro’s existing converter stations and hydro generation facilities in regular operating conditions.

Based on the expected low cycling duty on the batteries, these costs could be even lower. These costs
are difficult to estimate at this preliminary stage of study, especially without a system study defining the
need and use cases. A detailed system study must be completed to give confidence to these numbers.

In addition to pure operations and/or maintenance costs, owners will also have ongoing land lease and
insurance costs to operate the project.
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New Colliers estimates the following annual operational costs in 2018 dollars:

Operations Cost Item Cost

Staff $150,000
Maintenance & equipment use $250,000
Land lease $20,000
Insurance $75,000
Battery system augmentation $843,000
Total $1,338,000

Table 2 - Battery Storage System Estimated Annual Operations Costs

With limited industry history from which to draw, operational costs for battery storage likely present the
highest degree of uncertainty in the cost estimate.
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4.4 Environmental

Battery storage technologies provide the means to increase the proportion of renewable energy on the
grid. In addition, they are expected to have a relatively low impact on their surroundings during the
construction and operational phases of the project.

A battery field the size of the one proposed here (approximately 1 hectare) is a significant industrial
installation. However, required civil work is expected to be minimal, the installation has very low
relative height and the project can be located adjacent to an existing substation. Thus, a battery project
such as the one proposed is expected to enjoy good levels of public acceptance and have relatively few
environmental impacts and risks. Environmental assessment processes are likely to address the
following key considerations:

- Containment and recycling of heavy metals and electrolyte materials
- Disturbance of wetlands or other key habitats during construction and operation

Potential environmental impacts of a lithium ion battery storage solution are expected to be very
manageable.






