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Siemens Industry Inc., for its Pace Global business (“Pace Global”), in coordination with Caribbean Utilities
Company (“CUC”), has prepared this 2017 Integrated Resource Plan (“IRP”) covering the 29-year planning
period from 2017 to 2045'. The purpose of this document is to provide a roadmap for future resource
decisions for CUC, covering issues around transitioning the generation portfolio from a largely fossil based
to a renewable dominated portfolio, need for natural gas, and value of storage, and baseload renewable
generation technologies. This analysis is designed to be strategic in nature and while a number of planning
and operational issues are covered in detail, additional issues may need to be addressed to support an
investment decision. These issues are highlighted in the signpost chapter (Appendix 1V) of this report.

RESOURCE PLAN STRATEGY AND SUGGESTED NEAR AND LONG TERM
ACTIONS

The IRP assessment covers a range of key decisions for CUC over the next several years with the expected
acceptance of the IRP by the Office of Regulation (OfReg) by December 2017. Therefore, there are several
elements that make up the suggested portfolio(s) strategy. Certain items require near-term action, others
establish a guidepost for measuring future decisions, and some still require further study. Since planning
is a dynamic process, it is likely that some elements of this current plan will evolve, as market conditions
change, as new regulations are introduced or enter into force, and as technology improves. We note that
the presented strategy is a significant departure from the status quo. This is due to a combination of
economic and policy reasons. Renewable costs have come down significantly and renewables and natural
gas are significantly cheaper resource strategies than continued reliance on purely diesel-fired internal
reciprocating engines (ICE). Furthermore, the supply mix needs to alter to comply with the green-house
gas goals under the National Energy Policy directives.

The following actions comprise the key recommendations and observations of this IRP and are illustrated
in Exhibit 1. The short term strategy can be expected to be executed over a 7 year period with many of
the actions being the same irrespective of the strategy or portfolio choice. The longer term strategy will
evolve based on how market conditions change in the near term.

¢ Develop a Renewables Procurement Strategy: Build or issue RFPs for approximately 100 MW
of intermittent renewables over the next 7 years. Even without the carbon emission reduction goals
and need for capacity, the analysis demonstrates that renewables are more economic relative to
thermal resources and can generate large savings that can offset capital and operating costs of
solar PV and wind generation resources.

e Investin Energy Storage: Develop battery energy storage detailed requirements to identify size,
location, and technology of storage systems. Procure approximately 20 MW of long duration
storage over the next 7 years to enable renewable integration. Continue to monitor storage
applications as costs decline for batteries or other technologies.

e Plan and Develop Natural Gas Infrastructure: Engage into discussions to bring natural gas to
the island under a combination of short term and long term contracts. The average annual quantity
of natural gas consumed over the planning horizon is approximately 3,000,000 MMBtu while the
largest volume is approximately 5,200,000 MMBtu at the start of the planning horizon. The natural
gas consumption over time decreases as more renewables are integrated into the system. A shift
to a renewables dominated future via a natural gas bridge is the more economical solution and
avoids building excessive amounts of renewables and storage resources to comply with carbon
reduction emission goals. Natural gas also provides optionality value to CUC and helps hedge
against the volatility in diesel prices.

e Position to Convert Existing Diesel Fired Recips to Dual-Fuel: Work with manufacturer and

1 Note that all cost numbers in the IRP report are in 2015 real USD.
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position to convert existing diesel fired ICE to dual fuel having additional capability to burn natural
gas. The development of an engine conversion project should be done in conjunction with
obtaining an LNG source, import and delivery infrastructure, “LNG Supply”. Once an LNG Supply
is confirmed, the engine conversion project can be executed in a manner to be completed at or
around the time that the LNG project is completed.

Assess OTEC Viability: Continue to assess OTEC and determine whether it is a viable and
economic option. While Ocean Thermal Energy Conversion (OTEC) may not be the cheapest
resource, it has other benefits such as requiring less land mass, helping with renewable curtailment,
and contributing to resource diversity. Baseload renewables can reduce the need for large
amounts of intermittent renewable resources and help meet the island carbon emission reduction
goals if intermittent renewables face permitting challenges or if natural gas cannot be brought to
the island.

Invest in Flexible Thermal Capacity: Given the path the utility is on, larger amounts of
renewables will be sited. In order to effectively integrate renewables, purchases of reciprocating
engines in the future should ensure that the units can operate at a lower set point. As shown in
Exhibit 1, the procurement of flexible reciprocating engines will be an ongoing process over the
next decade as resource needs evolve due to retirement of existing thermal resources and
decisions on procurement of battery energy storage systems are made.

Support the Development of MSW and Landfill Gas Facilities: Grand Cayman is running out
of space for landfills. The government is expected to fund the development of a municipal solid
waste plant and a landfill plant. CUC should negotiate PPAs to enable approximately 5 MW of
municipal solid waste and 1 MW of landfill gas electricity generation facilities.

Facilitate Energy Efficiency Projects: The IRP recommends residential energy efficiency
programs such as air conditioning and lighting. CUC should perform additional analysis of energy
efficiency and demand response programs and gain experience in conducting some programs.
CUC may want to collect and assess market characterization data to have more complete
information upon which to estimate costs and savings. Energy Efficiency programs will result in a
loss of revenue for CUC, CUC should develop funding mechanisms with its regulator to facilitate
investments in Energy Efficiency.

Grid Impact Analysis: The East to West transmission transfer capability was determined to be
largely adequate to support renewable generation in the East side of the island. The transfer
capability is reached in a limited number of runs and CUC might be able to deploy operating
procedures to mitigate the risk of over-loading during these hours instead of upgrading transmission
lines, such as deploying reactive power compensation devices at strategic locations on the grid.
However, additional grid impact analysis focused on intra-zonal transfer capability and system
stability will be required as project locations are finalized.

Integration of Distributed Solar Resources: Monitor the build-out of customer-sited solar, which
could total 10 MW by 2020 and 70 MW by 2040. Perform hosting capacity analysis in the next 5
years to ensure that adequate distribution capacity is available to support integration of distributed
solar and develop funding mechanisms to improve the hosting capacity of the distribution network.
Prepare for system impacts through more flexible generation, including new resources at North
Sound and storage resources.
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Exhibit 1: Recommendations and Action Items

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Recommended Actions Key Responsibility
SHORT TERM STRATEGY _LONG TERM STRATEG
IRP Acceptance by Ofreg OfReg
Develop Renewable Procurement Strategy CUC & Ofreg
Plan and Develop Island Natural Gas Infrastructure CUC & Ofreg
Pursue Conversion of Diesel Gen Fleet fo Dual Fuel cuc
|Assess OTEC Viability CUC & Ofreg
Support Development of MSW and Landfill Gas All
Develop Battery Storage Detailed Requirements cuc
Develop New Thermal Generation Procurement Strategy cuc
Facilitate energy efficiency implementation cuc
Perform Distribution System Hosting Capacity Analysis cuc
{Analyze Detailed Transmission System Impact cuc
Perform sub-hourly analysis for implementation of renewable cuc
land storage systems
Key Decision Points or IRP Timing cuc

.COZ Compliance Targets . Future IRP Studies .Pntent\a\ Studies

Source: Pace Global

SUMMARY OF KEY METRICS FOR THE TWO SUGGESTED PORTFOLIO PLANS

In evaluating the merits of the suggested portfolio plans, this IRP assessed the performance of various
portfolio options across a series of CUC’s key objectives and metrics. The remainder of this report details
the development of such objectives and the analysis performed to record all metrics, while the following
summarizes the performance of the suggested Portfolios 5 and 6. Overall the IRP analyzed six portfolios
(see Exhibit 2 below) and each portfolio was scored and ranked against the objectives defined below.

e Cost: The suggested portfolio/plan has one of the lowest expected cost across all alternatives. The
costs are defined to be generation portfolio costs inclusive of fuel expenses, O&M expenses,
maintenance capital, generation conversion costs, and amortized new build costs. The costs are
intended to be a proxy for the utility revenue requirement and should not be viewed as projections
of utility retail rates ;

e Risk: The suggested portfolio/plan offers a hedge against high fuel prices and offers reasonable
retail rate stability. The risk metric is calculated as the difference between the costs associated
with the high economy case and the Base case on a NPV basis;

o Reliability: The suggested portfolios meet reliability standards. For this analysis, reliability was
considered as a constraint with the process ensuring that all portfolios meet the 1 day in 10 year
reliability standard.

e Environmental Stewardship: The suggested portfolios meet the 2030 carbon emission reduction
goals and remain within compliance over all subsequent years.

e Curtailment: The suggested portfolios minimize risk of curtailment of utility scale solar and wind
generation. Curtailment was measured as a difference between the actual production and the
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expected production divided by the expected production.

e Generation Diversity: The suggested portfolio plans assure diversity of resources to reduce risk
associated with fuel unavailability or uncertainty and variability associated with intermittent
renewable resource. The diversity was measured in two different ways — concentration risk of a
single technology in terms of MWh and the total number of technologies in each portfolio. The
smaller the concentration and/or greater the number of technologies, the more diverse the portfolio.

e Land Usage: The suggested portfolios while not being the most optimal in terms of land usage
does not present a concern given the expected availability of land based on needs. Land usage
by technology was identified on an acreage/MW basis and the portfolio MW were then used to
project an acreage for each portfolio.

Exhibit 2 presents the details within each category along with a qualitative ranking of overall portfolio
performance (green: positive; yellow: neutral; red: negative). The rankings have been developed using
the raw scores for each category and then using proportional rankings to derive scaled scores between 1
and 10 with 1 being the best and 10 the worst. To arrive at the color rankings, a scaled score of 0-2 receives
a green; 2-4: a green-yellow; 4-6: yellow; 6-8: yellow-red; and 8-10: red. To develop the summary ranking,
cost was weighted at 60% of the overall score and each non-cost metric was assigned equal weight? from
the remaining 40%. In other words, a simple average was used for the non-price weightings which was
added to the cost weighting to develop the summary average rankings. The weighting methodology was
discussed at the final stakeholder meetings but no clear mandate on weighting came out. In exercising its
functions under the Electricity Sector Regulation Law (2018 Revision) namely, its duty to protect the
economic interests of consumers by keeping electricity rates as low as reasonably possible and while
keeping with industry best practices, OfReg has indicated a preference for cost to drive the rankings to a
large extent and CUC supports this preference.

It should be noted that the weighting methodology for scored attributes for long term portfolios is different
from the weighting methodology that would be applied on a project by project basis. The IRP is intended to
develop a strategic direction for the Cayman Islands electricity sector to move in, with indicative proportions
of energy sources to be developed. It therefore considers country level holistic issues such as land use and
energy diversity. However, from an individual project standpoint, the applied weightings can be different
from the IRP weightings. For example, when a new generation plant using a particular technology (solar,
wind, OTEC, gas etc.) is called for, issues such as land use and energy diversity may have already been
considered at the IRP level and through planning processes. For this reason and also with the aim of
keeping electricity costs as low as possible in the face of generally higher costs in small island systems,
individual projects would be expected to have higher weighting given to pricing attributes compared to non-
price attributes than the IRP scoring.

The chosen weighting methodology recognizes electricity cost of production as the most significant factor
that outweighs all other factors. This is similar to the weighting that would likely be used during a renewable
generation Request for Proposals (RfP) process. At the RfP stage, cost including risk (which is calculated
as a contingent cost) is typically weighted in the 60% to 80% range and other metrics such as quality of the
anticipated outcome and timeliness are introduced into the remaining scoring.

This scoring methodology has a weakness in that options that are not compliant with government
greenhouse gas policy could achieve the best score. Those options that are not compliant should therefore
be set aside in the analysis, however they are useful for comparison purposes. For example the cost
difference between Portfolio 3 and Portfolio 5 (which is the cost of modifying Portfolio 3 to achieve
greenhouse gas compliance) is highlighted through this methodology. This scoring methodology results in
the greenhouse gas compliant natural gas option with storage (Portfolio 5) as the preferred portfolio

2 Note that diversity metric included two sub-metrics (generation based share and number of technology options) while the
“supplemental” metric included both land use and renewable curtailment with equal weights assigned to the two-categories in each
case.
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followed by the OTEC portfolio (Portfolio 6).

As shown in Exhibit 2, a number of portfolio options were analyzed. The suggested portfolios — Portfolio 5
and 6 — both assume the availability of natural gas in the 2020/2021 time frame and both portfolios consider
storage and utility scale intermittent renewables (wind and solar) and follow the mandate to meet carbon
emission reduction goals. The only difference is that Portfolio 6 assumes that OTEC is available as a
source of baseload renewable energy and in comparison to Portfolio 5 needs smaller intermittent renewable
generation capacity and storage to meet the environmental goals.

As mentioned previously, Portfolios 5 and 6 are ranked the best and on average provide the best balance
when measured against all objectives. Both portfolios meet the reliability and environmental goals while
being one of the lowest cost options. Portfolio 6 does well on diversity, land use, and renewable curtailment
as well while Portfolio 5 does better than Portfolio 6 on cost but not as well on other measures. Note that
the portfolio costs include the additional capacity costs associated with bringing Portfolios 4 and 5 within
reliability thresholds.

Portfolios 1 and 4 with diesel are ranked the lowest with low scores on several metrics. Portfolio 4 is

designed to meet the carbon emission reduction goals but incurs high capital investments to comply.
Portfolio 1 with diesel and no storage consistently ranks amongst the lowest across all metrics.

Exhibit 2: Portfolio Composition and Scorecard (all costs in 2015 $)

Cost ( NPV of
total costs) Land Use (Total | Average
($MM) with
LOLE
adjustment
Weight 60% 10% 10% 10% 10% 100%
_ 1,540 336.7 64%
P3: NG-S &0 ® ® ;. @ 250 @ 610 ® 10 @
1,553 3429 68%
P5:NG-S-GHG ') ® - ® . @ 361 O 532 Q15 @
P6: NG-S-GHG- 1,612 341.2 67%
OTEC 2.90 © w2 @ o3 @ ow @ os @ 155 O
1,564 3375 57%
P2NGNS o7 ® .05 © ;. ® 694 @ 403 Q 208 ©
, 1,729 457.2 65%
P4:D-S-GHG ;&5 ® e ® o7 @ 83 @ 3 ® 662 O
PO D 1,788 4906 40%

10.0 ® wo @ 100 ® 3 @ so @ s @

P1: Diesel- No Storage; P2: Natural Gas-No Storage; P3: Natural Gas-Storage; P4: Diesel-Storage-GHG; P5: Natural Gas-Storage-
GHG; P6: NG-Storage-OTEC-GHG

Source: Pace Global
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SUGGESTED PORTFOLIO SUMMARY

Exhibit 3: Summary of Preferred Resource Plan (MW) for Portfolio 5 and 6

Nameplate MW
n
o
o

o

Portfolio 5 MW Capability

200
150
100
5 |

N 017 2018]2019 2020 2021 2022 2023 2024 2025 2025 2027]2028/2029 2030 2031 2032] 2033 2034 2035] 2036|2037/ 20382039 2040/ 20412042 2043 2044 2045
BLT Battery | _ 20 |20 20 60 60 | 60 60 | 60 60 60 60 | 60 60 60 60 60 | 60 60 |
oWTE =1 -1 55_5_5_5 5_5 5_5_5555_5 5_5 5_5 5_5_555_5_5 5_
wUtiityWind | - | - | - - - | - 3|11 25 28|28 |30 30 30 30 30| 30 30 36|36 | 36 | 36|36 36 36 41 41 | 41 | 44
DUtiIit__ySolr | 5 | 5 | 5 | 5 30 | 55 | 8_0 _100 100_103 100_100_120 140 140_140_140 140_140 140_14Q 140_140_140_140 140_140_140 140_
® Landfill Gas '.'11“1.1‘11‘1.11111.111‘1.1‘1.111‘11.1‘1
WICENGSMmall| - | - | - | - | - [ - | - | -4 |2 |22|220 22| 22|22 22|22 |22|22|22 2222|2222 22 |22|22|22|22]|
mICE NGLarge_ | e - = l=-1-1- -l - 18 | 18 | 36 36 36 36 | 36 | 36| 36 | 6 | 54 54 | 54 115 151 151 | 151 | 151 151_
mExisting Unit | 161 161|161 161 161|145 139|139 129 110 o7 | 90 83 83 83 71 | 64 | 55 | 48 44 | 40 40 | 40 40 20 - - | - -
DG Solar 6 7|9 13 15|18 22|26 31 35 38 41 44 46 48 50 | 52 | 53 | 55 56 | 58 59 |61 62 64 65 67 | 69 70

Portfolio 6 MW Capability

500

450

400

350 = =
E 300
Q
=
s 250 I I
a
£ 200 = O
4

150

100

50

20182019 2020 2021/ zozz 2023 2024 2025 2026(2027 2028 2029/2030|2031 2032 2033 2034 2035|2036 2037 2038 2039 2040 2041 20422043 2044|2045

BLT Battery 2020 20 20|20|20 20 20|20 20| 20 2 20 | 20 20 20 20
BOTEC | [ e_s 6_6_12 12 [12 12 [12 [12[12 [ 12 [ 12 | 12 12_12_12 12_12 12 12_12 12 [ 12 | 12
OWTE - - |s]6|s[s5|5[s5][56|5][5]65|[5|[5[8]6|5[5|[6][5[5]5[5[5][5[5][56]5
muUtiityWind | - | - | - - - | - . 14|17 |17 17 |25 |25 |25 25 25|25 39|39 39 39 (39 39 39 39|39 |39 44
autiitySolar | 5 | 5 |5 5 25|50 75 95|95 |95 |95 95 |95 |95 |95 95 95|95 95|95 | 95 95 |95 95 95|95 |95 |95 | 95
mlandfilGas | - | - [ - [1 [ 11111411t [1[1 4[]t [a]4[1[1][1[1[1[1]1]1]1
mICENGSMall| - | - | - - - |- - - - |16 |16 16 16|16 |16 16 16|16 16|16 16 16 |16 16 16 | 16 | 16 | 20 | 20
lICENGLargeV - - - |- - il - 18 18 |36 |36 |36 36 54 | 54 | 72 | 72 90 90 | 90 90 90 | 126|126 126 126
mExisting Unit | 161 161 | 161 161 161|145 139 139129 110 67 90 83 |83 |83 71 64 |55 48 44 40 40 (40 40 20| - | - | - | -
ODGSolar | 6 | 7 | 9 13 15|18 22 26 |31 |35 |38 41 44 |46 |48 50 52 |53 55 | 56 58 59 |61 62 64 | 65| 67 69 70

Source: Pace Global

The portfolio composition corresponding to each portfolio is summarized in Exhibit 3.
period, the portfolio mix is expected to be largely thermal units fueled by diesel. By 2020, MSW and landfill
gas facilities are projected to be in-service. By 2020/2021, new utility scale solar installations are also
In both portfolios, it is
assumed that existing diesel fired thermal units (RICE or Reciprocating Internal Combustion Engines, also

expected to be in place with solar installations growing over the forecast horizon.
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called “recips”) will be converted to have dual fuel capability with the ability to burn natural gas. It would
be desirable for any flexibility enhancements to be made during the unit outages for conversions if practical
and economic to do so. Further, as the existing units retire over time, they may be replaced with new natural
gas fired flexible ICE. Distributed generation (solar) resource penetration is expected to progressively
increase over time. Diesel fired generation resources are projected to be phased-out in exchange for
natural gas fired thermal capacity, intermittent renewable capacity, grid scale storage, as well as customer-
sited, distributed solar PV. In addition, the suggested Portfolio 6 shows the first OTEC unit coming in
service in 2021 with smaller need for utility scale thermal resources.

Exhibit 4 summarizes the projected energy requirements for CUC. The energy requirement is a function
of the system demand, inclusive of losses, and plant auxiliary load. As shown, in 2017 the energy mix is
largely diesel fired thermal with small amounts of distributed solar and the new 5 MW utility scale solar plant
assumed to be operational in June 2017. By 2020, the energy mix changes significantly with entry of new
solar and wind resources. By 2030, the energy mix shifts more towards renewables with nearly 60% of the
energy requirements coming from renewable resources including utility scale and distributed scale
installations. For both suggested portfolios, the new thermal resources are natural gas while existing
thermal resources are converted to dual-fuel facilities. In Portfolio 6, the OTEC resource forms part of the
renewable resource mix with utility scale solar forming a smaller percentage of the energy mix given the
availability of the baseload renewable resource.

Exhibit 4: Projected Portfolio Energy Resources over Time (MWh) Portfolio 5 and 6

Portfolio 5 Generation (MWh)
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Portfolio 6 Generation (MWh)
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Note that for Portfolio 5, the generation mix excludes the 61 MW of additional capacity needed to meet LOLE thresholds.
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RENEWABLE ENERGY GENERATION

In each of the portfolios there is a significant amount of renewable capacity added. These options include
distributed generation, utility scale wind and solar, ocean thermal, landfill gas and waste to energy. Exhibit
5 shows the annual percent of generation from renewable sources based on total generation over the study
time horizon. The majority of renewable technologies are added to each portfolio between 2020 and 2030.
According to the National Energy Policy, the target is 70% of total electricity generation coming from
renewable resources by 2037. Portfolio 4 meets this standard by 2028 and Portfolio 5 and 6 reach
approximately 60% by 2037. Portfolio 5 falls short of the target as less renewable energy is required to
meet the carbon emission reduction goals given the availability of natural gas. Note that the renewable
energy targets came out after the portfolios were set, and this target was not the goal of this IRP, however
as discussed above, the IRP has suggested portfolios that came close to this target as optimal. Future
iterations of the IRP should consider studying the costs and practicalities of achieving this target.

Exhibit 5: Renewable Energy Generation

Percent of Generation from Renewable Energy
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Source: Pace Global analysis
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PIVOT OR FALL BACK STRATEGIES AND OPTIONS

There are potentially a number of uncertainties associated with the suggested portfolio plan. These
uncertainties relate to the difficulty permitting renewable resources (particularly wind but also large amounts
of solar), difficulty bringing on the Ocean Thermal Energy Conversion facility, challenges with battery energy
storage maturation and safety concerns, and issues related to bringing natural gas infrastructure to the
island.

Exhibit 6: Signpost Strategies

Signpost Strategy
OTEC Does not Materialize Pursue Portfolio 5
Not all Renewables, particularly wind, get Permitted Pursue Portfolio 6 with more solar and baseload
renewables

OTEC Does not Materialize and both wind and solar | Revisit IRP
have difficulty with permits
Batteries not able to achieve maturation and scale in a | Pursue Portfolio 6 with more recips and baseload

safe, economic and reliable manner renewables

Natural Gas Infrastructure Development Runs Into a | Pursue Portfolio 4, develop more baseload renewables

snag to avoid building large amounts of intermittent
renewables

To address the uncertainties, pivot strategies have to be considered such that the utility has an ability to
rapidly switch to another portfolio strategy if market or economic conditions change. Exhibit 6 shows the
key signpost and the possible pivot strategy to deal with the uncertainty. As an example, if OTEC does
not materialize, the utility would fall back on Portfolio 5 which is the other suggested portfolio. If batteries
don’t hold their promise or if intermittent renewables have difficulty with permitting, baseload renewable
options such as OTEC would have to be pursued. If natural gas infrastructure to bring natural gas to the
island and the power plant complex does not materialize, Portfolio 4 with larger amounts of renewables and
storage would have to be developed. There is also potential for significant volatility and risks associated
with the international LNG market based on factors such as oversupply, market price risk exposure to
suppliers, potential for underdevelopment of supply to meet demand growth into the long term, and
shipments following the highest price environment. This analysis attempts to address some of the pricing
risks through the scenario analysis but more detailed international LNG market and price impact analysis
has not been conducted.

Finally, in the eventuality that both OTEC and intermittent renewables (utility scale wind and solar) cannot
happen, then the utility may have to revisit the IRP and pursue other baseload generation technology
options or revisit strategy with respect to demand side management and distributed solar. It's also possible
that the National Energy Policy directive on carbon emission reduction goals may have to be re-evaluated.

Further, the IRP analysis indicates that many of the recommended actions over the next several years are
independent of the portfolio choice. No matter what the portfolio path is pursued, certain actions have to
be under-taken. For example, in all cases, the renewable procurement strategy would have to be devised,
battery energy storage specifications would have to be developed, and new procurement of thermal
generation assets will need to focus on more flexible reciprocating engines. Furthermore, analytical studies
centered on battery integration and grid impact analysis would have to be conducted.

14
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CUC has commissioned this IRP in order to develop a single, integrated process under which to evaluate
a wide range of future resource decisions. This IRP represents CUC’s first comprehensive assessment of
major future drivers of the electric utility’s operations and it is designed to address a number of key
economic and policy questions affecting the electric power sector in the Grand Cayman.

KEY PLANNING ISSUES UNDER CONSIDERATION

CUC in conjunction with the OfReg and the National Energy Policy group has identified several key planning
issues that require consideration in the IRP. The overall assessment has been designed to address the
relevant issues through resource evaluation and screening, portfolio modeling, and special studies. The
main planning elements are summarized here, with supporting detail found throughout the remainder of
this report.

Transition from Pure Fossil Fuel Based Generation Portfolio to a More
Diversified Portfolio

One of the key elements of the IRP analysis is demonstrating the economics of the renewable energy
resources relative to fossil fuel (diesel) based resources. The IRP least cost optimization methodology
demonstrates the portfolio costs and risks with and without the carbon emission reduction targets, thus
showing what the portfolio size, timing, and mix is likely to be on an economic basis under a carbon regime.
The analysis projects a roughly half and half mix of fossil and renewables with a certain proportion of storage
for renewable integration and ancillary services.

Need for Natural Gas on the Island

One of the key questions addressed in the analysis is the need and value of natural gas on the island. This
IRP has analyzed portfolios that demonstrate the costs and risks of natural gas with and without the carbon
emission reduction targets and whether natural gas should be considered in the fuel mix to meet the carbon
emission reduction targets and facilitate the island’s transition to a more diversified energy mix.

Cost Effective and Reliable Renewable Integration

Utility scale intermittent renewable resources are supported by their current price points and the expectation
of continued expected reduction in renewable costs over time. However, in the Grand Cayman, baseload
renewable technologies such as Ocean Thermal Energy Conversion (OTEC) may also be viable options
given the presence of deep ocean water close to the shore. The IRP addresses the trade-off between
having baseload vs. intermittent renewable resources in the generation portfolio.

Renewables and Need for Storage

The amount of renewables needed to meet the carbon emission reduction goals can be different depending
on availability of natural gas on the island. With only diesel, the need for renewables is higher and
consequently the amount of utility scale electricity storage resources needed to integrate renewables can
also be higher. This IRP has analyzed a range of storage sizes to assess CUC’s portfolio performance in
the future.

Carbon Emission Reduction Goals and Compliance

The National Energy Policy containing recommendations on carbon emission reduction goals was recently
approved by the Cayman Islands Legislative Assembly. The reduction targets call for a downward trajectory
in carbon emissions starting 2020 with a 60% reduction relative to 2014 actual emissions by 2030. In
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addition, CUC has introduced a voluntary reduction target of 25% by 2025. The IRP recognizes the carbon
reduction goals in select portfolios and analyzes the cost impact of meeting the carbon goals.

Local Distributed Energy Resources and Storage

New technologies are currently changing the electric utility business and offering new opportunities for
resource additions to CUC'’s portfolio. Distributed energy resources are likely to become more widespread,
primarily as a result of customers installing distributed solar behind the meter. The IRP analysis, therefore,
performs an assessment of the potential penetration of solar PV at the distribution level within CUC’s
service territory under various potential scenarios over time.

Energy Efficiency Reductions

CUC currently has no energy efficiency targets but the IRP’s load forecast explicitly assesses their potential
impact on future load growth expectations in the service territory. Select energy efficiency programs have
been evaluated. The IRP also relied on an independent assessment of energy efficiency reductions over
time. While it was not evaluated, new rate designs, especially time of use (“TOU”) and demand rate
structures, may be feasible given the deployment of smart meters throughout CUC’s system.

Grid Reinforcements

Most of the renewable energy development on Grand Cayman is expected to be on the East side of the
island while demand centers are largely in the West. The IRP assesses the need for upgrades of East to
West transmission lines. Further, the IRP assesses the reactive power requirement that need to be met
by non-thermal resources, which can be material in certain situations.

IRP PROCESS AND PLANNING CRITERIA

In order to facilitate effective resource assessment and decision-making in the context of such a diverse
set of issues, Pace Global has deployed a five-step process in the development of the IRP. As seen in
Exhibit 7, this five-step process first identifies objectives and metrics and then evaluates all feasible
resource options for analysis across a range of risks, in order to produce sufficient information to select a
preferred portfolio and make prudent business decisions.

As a critical first step in this process, Pace Global and CUC have established several key objectives that
are important to the electric utility as it considers its future strategy. For each objective, Pace Global and
CUC have also identified a specific metric that can be recorded. Exhibit 7 lists the objectives and metrics
used to drive the IRP assessment.

The second step is screening resource options. Based on stakeholder feedback, a broad universe of
technology options were evaluated as part of the screening process and the technologies considered
economic and viable were used for the portfolio analysis.

The third step was conceptualizing and structuring portfolios. The portfolios were conceptualized based on
key policy and economic directives with the portfolio size, timing, and composition developed based on
least cost optimization approach.

The fourth step was developing scenarios or “states of the world” for the risk analysis. Aside from the
reference case, a high economy, low economy, and high technology worlds were considered.

In the fifth step, each portfolio was tested against the scenarios developed and a range of cost estimates
were developed to measure cost stability.
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In the final step, the preferred portfolios were identified based on the cost analysis and other objectives
identified as part of the IRP analysis.

Exhibit 7: IRP Process Overview

Critical First . . . . . .
Step Identify Objectives, Metrics and Risk Perspectives
- —
Evaluate Resource Ontionx Screen Resource Options

(Screening analysis) S —

Define Base and boundary . - .
Warld View Scenarios Select Portfolios for Risk Analysis

Develop mix of Portfolios from

Screening analysis and judgment Develop Scenarilos for Risk
Analysis
.
Integration of the financial impact \\ Analyze Risks for y
throughintegratedfinancial \\ N : //
maodeling and risk analysis. ™ Each Portfolio yd
\ u = f
ot "Besgy Partfolio

BestPortfolio(s) selected onthe pasi_ﬁnf , Portfolios / Recommendations

commercial F?IEI“T)-. balance of EI.DJECTI\.'BS. \ ,/ Consistent with

and perspective of acceptable risk \\ /r Objectives

N S

=

Source: Pace Global

Exhibit 8: Summary of Objectives and Metrics

Objective Metric

Minimize Cost Levelized NPV (Total dollars and $/MWh) of generation portfolio costs

- ) Difference between base cost and highest cost scenario
Cost stability/manage risks to ratepayers

Maintain reliability (used as a constraint rather than Frequency and total MWh of loss of load events (Does the portfolio meet
a metric) a one day in ten year NERC requirement for reliability?)

Environmental Stewardship % carbon reduction by 2030 period relative to the 2014 period

Unavailable Energy (Actual Renewable Energy-total available

Minimize Renewable Curtailment .
renewable energy)/total available renewable energy

%concentration on a single technology in terms of MWh AND number

Achieve Diversity of technologies

Minimize Land Use Acres/MW of land utilized for each technology option

Sources: Pace Global and CUC
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The remainder of this document outlines the steps that were taken to identify and develop resource options
and portfolios for evaluation against the objectives and metrics. In addition to supporting chapters on the
various analysis details and assumptions, the report is organized as follows:

CUC Situation Assessment — a review of CUC’s current system and reserve margin outlook;
Fuel Assessment — a review of the various fuel options considered for the island

Screening Analysis — a step-by-step overview of the screening assessments performed around
each of CUC’s key issues;

Portfolio Definition — a discussion of portfolio conceptualization and portfolio sizing, timing, and
composition

Scenario Analysis — a discussion on the development of the key scenarios developed for the IRP
analysis

Portfolio Analysis Results — a thorough evaluation of the key results for each of the integrated
portfolios against all key metrics to allow for evaluation and measurement of tradeoffs.

Appendices providing detail on the load forecast, distributed solar penetration, loss of load analysis,
signpost analysis, and proforma sheets for the preferred portfolios.
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LOAD GROWTH OVERVIEW

Pace Global developed a reference case load forecast for CUC, taking into consideration the historical
relationship between demand growth, weather and economic variables, which are the key drivers of loads,
as well as adjustments for other drivers including customer additions, DSM penetration, and electric vehicle
usage. The forecast process included the following major steps:

Perform an historical econometric analysis of key weather and economic drivers;
Develop the base load forecast driven by normal weather, projections for economic variables, and
known customer additions;

o Make adjustments for energy efficiency, demand side management (“DSM”), and plug-in electric
vehicle penetration.?

The load forecast expects growth in the near-term as a result of some customer additions and economic
growth. However, over the long term, energy efficiency penetration is expected to offset substantial portion
of load gains from economic growth and new customer additions. From 2016 to 2045, the compound
annual growth rate for peak and average demand is projected to be 0.76% and 0.86%. The load forecast
summary is presented in Exhibit 9, while the details of the forecast methodology and all associated analyses
are summarized in Appendix Ill: Load Forecast Details. In addition to the reference case forecast, Pace
Global also developed different load growth trajectories for use in scenario analysis. These are summarized
in the chapter on MarketLink Scenario Details.

Exhibit 9: Reference Case Load Forecast Summary (MW)
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Source: Pace Global

3 The plug-in hybrid electric vehicle demand was estimated to be low and not explicitly accounted for in the analysis.

19



OPGE

A Siemens Business

EXISTING SUPPLY RESOURCES

Exhibit 10 summarizes the current capacity mix for CUC.# Currently, CUC maintains approximately 161
MW of capacity at one plant location at the North Sound location. The generation mix consists mostly of
baseload reciprocating engines and some reciprocating engines that provide peaking capacity. All capacity
is currently diesel as is typical of most island nations. The utility has a contract with the 5 MW Bodden
Town solar facility with the plant expected to come online in June 2017. Over the years, CUC has
maintained enough capacity to meet a reserve margin in the range of 35-55%. The minimum threshold is
35% and is typical of most islanded systems in the world. Exhibit provides additional detail for each plant
or contract in the current portfolio.

Exhibit 10: Current Capacity Mix (MW) and % of Capacity

6, 3%

5, 3%

® Diesel (All Existing Units) Utility Solar  m Distributed Solar

Sources: CUC and Pace Global

4 Note that capacity represents the available MW for each resource type. Since energy generation is based on resource availability
and variable cost of operations, the mix of actual energy production varies considerably from capacity.
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Exhibit 11: CUC Plant and Contract Details

Existing Unit Capacity MW Technology Heat Rate @ Commercial Proposed
Type 80% Btu/kWh Operation Date Retirement
HHV Date

Unit 1 9 ICE-Baseload 8,718 5/1/1997 4/30/2022
Unit 2 9 ICE-Baseload 8,757 5/1/1997 4/30/2022
Unit 3 4.4 ICE-Baseload 9,122 5/1/1998 2/28/2027
Unit 4 4.4 ICE-Baseload 9,267 5/1/1998 2/28/2027

Unit 19 4 ICE-Baseload 9,441 5/1/1986 7/1/2026

Unit 20 4 ICE-Baseload 9,306 5/1/1988 2/1/2022
Unit 25 35 ICE-Peaking 13,872 5/1/1996 4/30/2026
Unit 26 8.4 ICE-Peaking 13,872 7/1/2006 6/30/2036
Unit 28 2.7 ST 8,621 6/16/2016 6/30/2041
Unit 30 18.5 ICE-Baseload 8,370 6/16/2016 6/30/2041
Unit 31 18.5 ICE-Baseload 8,370 6/16/2016 6/30/2041
Unit 32 16 ICE-Baseload 8,370 9/7/2009 5/31/2034
Unit 33 16 ICE-Baseload 8,370 6/7/2007 5/31/2032
Unit 34 12.25 ICE-Baseload 8,546 8/3/2003 7/31/2028
Unit 35 12.25 ICE-Baseload 8,546 8/1/2000 7/31/2025
Unit 36 12.25 ICE-Baseload 8,546 8/1/2000 7/31/2025

Unit 41 1.45 ICE-Peaking 11,668 2/1/2007 2/1/2027

Unit 42 1.45 ICE-Peaking 11,668 2/1/2007 2/1/2027
Unit 43 15 ICE-Peaking 10,576 1/12/2012 1/12/2032
Unit 44 15 ICE-Peaking 10,576 1/12/2012 1/12/2032

Source: CUC and Pace Global

TRANSMISSION TOPOLOGY

Exhibit 12 displays CUC’s current transmission system overview, highlighting the various transmission
paths available to transmit energy to serve load requirements. CUC’s transmission system is operated at
a 69 kV voltage level with seven, 69/13.8 kV distribution sub-stations. For modeling purposes, the
transmission system was split into two zones — East and West. The transmission transfer capability
between the two zones is approximately 70 MVA. The West zone® has nearly 90% of the demand while
the East zone has the remaining but all the new renewable generation resources. The West zone contains
the North Sound sub-station where the thermal generation plant interconnects. For the purposes of this
study, all future thermal generation resources are assumed to be interconnected to the North Sound sub-
station. All new generation facilities and storage are assumed to be interconnected to the 69 kV system.

5 The West zone consists of North Sound, South Sound, Hydesville, Prospect, and Seven Mile beach sub-stations while the East
zone includes the Bodden Town, Rum Point, and Frank Sound substation load.
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Exhibit 12: Transmission System Overview
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PLANNING AND OPERATING RESERVE CONSIDERATIONS

The following planning and operating reserve criteria is followed by CUC:

e A static reserve margin range of 35-55% with a minimum reserve margin maintenance criteria of
35%. For the least cost optimization analysis, a reserve margin target of 45% has been chosen.

¢ Maintenance of spinning contingency reserves in equivalent to loss of the single largest unit on the
system. This is 21 MW and corresponds to the loss of the new reciprocating combined cycle plant
(Units 28 and 31 or 32)

e While CUC does not currently have large frequency regulation needs given the nature of the
generation portfolio, with the expected influx of renewable resources, CUC will need to maintain
regulation needs. This IRP analysis considers additional regulation reserve requirements based
on the available renewable generation on the system.

SUPPLY AND DEMAND BALANCE

Given current supply and peak load expectations, CUC currently maintains a sufficient capacity margin to
support reliability and reserve requirements. CUC has a generation retirement schedule for existing
thermal resources. Over time, new thermal and storage resources are assumed to be added to maintain
at-least the minimum reserve margin target to keep up with demand growth, retirements, and the need to
meet energy and ancillary service requirements.

The 5 MW Bodden Town solar plant is now online and the government is expected to fund the development
of a 5 MW municipal solid waste plant and a 1 MW landfill gas plant with both plants projected to begin
operations in 2020. In addition to these plants, it is recommended that CUC build or contract for utility scale
solar and wind generation resources. It is also recommended that CUC invest in battery energy storage
and consider entering into a PPA for output from an OTEC plant, if the facility is found to be viable.

The supply outlook and reserve margins for Portfolios 5 and 6 are shown in Exhibit 13. The reserve margin
is projected to be in the 40-60% range (higher in Portfolio 5 due to storage considerations) throughout the
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forecast horizon with the current reserve margin being in the 50-55% range. The installed capacity is
significantly in excess of the peak demand but capacity contribution to peak from renewable resources is
limited to a small percentage relative to the installed capacity.®

6 Wind and Solar contribution to peak has been assumed to be 15% and zero percent respectively.
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Exhibit 13: Long Term Supply Outlook for Portfolios 5 and 6
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As part of the IRP assessment, Pace Global determined the most likely economic fuels to support power
generation, evaluated the feasibility of delivering each to island, and forecasted the delivered cost of various
current and potential fuels over the study horizon. The fuels ultimately forecasted included ultra- low sulfur
diesel (ULSD), natural gas, and propane. Delivery of natural gas as liquefied natural gas (LNG) and
compressed natural gas (CNG) were both considered, but CNG was not considered viable for this operating
requirement.

To forecast the delivered cost of each fuel, supply chain concepts were developed, the costs of each
segment in the chain estimated, and the segments totaled. In general, this required estimates for the
commodity, shipping costs, local fuel handling, and local taxes. For reference, each fuel was expected to
be available and to be shipped from the Houston Ship channel. More specifically, the components
considered for each fuel are detailed below.

¢ Natural Gas: Projection of Henry Hub natural gas prices, basis differentials, liquefaction costs,
shipping costs, regasification costs, costs associated with natural gas delivery infrastructure on
the island to deliver gas from the off-take point to the North Sound power plant complex, and
estimated local taxes’.

o ULSD: Projection of West Texas Intermediate (WTI) crude oil prices that drive ULSD commodity
pricing, shipping costs associated with delivery of diesel fuel to the island, and associated taxes

e Propane: Projection of West Texas Intermediate (WTI) crude oil prices as propane commodity
price have historically been closely correlated with propane prices, basis differentials, shipping
costs, and costs associated with propane delivery infrastructure on the island to deliver propane
from the off-take point to the North Sound power plant complex

The results of this analysis are incorporated into the MarketLink Transformation scenario discussed in the
MarketLink Scenario Details section of this report.

Note that even though pricing options were developed for propane, propane was not considered as part of
the portfolio options for cost, price volatility, and power generation technology availability reasons.

DIESEL PRICING

CUC currently utilizes Ultra Low Sulfur Diesel fuel for all thermal generators. As briefly discussed above,
ULSD pricing is highly dependent upon crude pricing, specifically WTI pricing. As evidenced in Exhibit 14
below, prior to late 2014, this resulted in U.S. Gulf Coast ULSD pricing approach of about $3.00/ gallon.
However, starting in late 2014, global crude pricing began a precipitous decline sparked in part by the
market realization that U.S. shale derived oil would be sustainably available at low cost for decades, and
that U.S. suppliers rather than the Organization of the Petroleum Exporting Countries (OPEC) was no
longer the marginal supplier of crude worldwide. At its recent low, U.S. Gulf Coast ULSD fell to about 1/3
of its previous high before settling in late 2016.

7 Note that the generator conversion costs were not included in the delivered natural gas price projections. Conversion costs were
considered the same as new build costs and included as an amortized annual cost.

25



@ PACE

=" GLOBALI"®

A Siemens Business

Exhibit 14: Delivered ULSD Prices, USD/MMBtu
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The delivered® ULSD pricing increases from $15.1/MMBtu in 2017 to roughly $17.7/MMBtu by the 2020
time frame, in line with the projected increase in WTI prices®. The price correlations between ULSD and
WTI are developed based on 5 years of historical price data. Beyond, 2020, ULSD prices are projected
to continue to increase albeit at a smaller pace. As mentioned above, to forecast delivered ULSD prices,
Pace Global added delivery costs and local taxes to the commodity forecast. These additional costs were
derived from CUC’s recent purchasing records inclusive of adders pertaining to margin, cetane discount,
freight, Cayman Island duty, and wharfage fee. The Cayman government has significantly reduced the
duty on ULSD and that decline has been accounted for in the delivered prices for ULSD.

PROPANE PRICING

As mentioned above, commodity propane prices were forecast based on the WTI price forecast. Historically
propane prices correlate fairly well with WTI validating this industry typical approach. Since propane prices
tend to follow WTI prices, a crash in propane price is evident in late 2014, at the same time ULSD pricing
collapsed. Exhibit 15 below shows the delivered propane prices over the forecast horizon with the increase
in pricing over the next several years correlated to the increase in WTI prices. Further, given the strong
correlation between the two commaodities, propane pricing is nearly twice as volatile as ULSD, which would
introduce greater budget risk than ULSD if consumed. Also note that while propane prices are less than
ULSD on a dollar per gallon basis, the heat content, that is the amount of energy available in a given volume
of fuel, is about 66% that of ULSD.

8 Delivered prices to the North Sound Power Plant Complex
9 WTI prices are projected to increase from approximately $48/barrel in 2017 to $60/barrel by 2020.
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Exhibit 15: Delivered Propane Prices, USD/MMBtu
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While propane is available on Grand Cayman in small quantities, the current infrastructure was not
considered to be appropriately sized for the potential demands of CUC’s plants, so new shipping, storage,
and delivery infrastructure would be required to provide sufficient propane. Consequently, an estimate of
new infrastructure costs and likely taxes was developed and added to the commaodity forecast to arrive at

a delivered price.

NATURAL GAS PRICING

Henry Hub and Basis Adder

As with other fuel, the delivered cost of natural gas started with an estimate of the commodity cost at the
Houston Ship channel. This forecast required both a forecast of Henry Hub natural gas prices, which is the
central point for gas pricing in the U.S., and an estimate of the additional gas transportation charges,
required to transport the gas from the Henry Hub to the Houston Ship Channel. When combined, the Henry
Hub price and local basis differential allows for an estimate of local natural gas pricing. In the industry, this
is known as the basis differential. Both of these components were forecast from Pace Global’'s Gas Pipeline
Competition Model (GPCM) model!°, a commonly used industry market price clearing tool for evaluating
future natural gas supply, demand, and pricing while accounting for future pipeline construction, which can
change basis differentials. The Houston Ship channel was selected as the likely location for LNG
departures because significant LNG liquefaction capacity has been and is expected to be built in that area,
and for its proximity to Cayman. The Henry Hub price and Houston Ship Channel basis are displayed in
Exhibit 16 below.

As shown, Henry Hub prices are projected to increase from $3.10/MMBtu to $3.80/MMBtu in 2020. Henry
Hub prices are expected to rise as new demand (mostly LNG exports and pipeline exports to Mexico but
also from the industrial and power generation sectors) increases to take advantage of relatively low prices
and to mop up surplus natural gas supply. Natural gas prices are expected to continue to increase to
$4/MMBtu but stay below $5/MMBtu over the long run as both shale and conventional natural gas reserves
become broadly economically feasible to produce at $5.00/MMBtu at the Henry Hub.

10 The Henry Hub price projections assume the forward pricing for the first 18 months, followed by a blend of forwards and fundamental
view for the next 18 months. Pure fundamental forecast is assumed for period post that.
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Exhibit 16: Natural Gas Prices, Henry Hub + Houston Ship Channel Basis; USD/MMBtu
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Liquefaction and Shipping

Unlike the other fuels considered, there is no natural gas infrastructure on Cayman, so the required means
of shipping, storage, and delivery were conceptualized and estimated as adders to the base commodity
forecasts. As mentioned above, there are two means of natural gas transport without pipelines — either the
gas is liquefied into LNG or compressed into CNG. Given the quantity of fuel required, shipping distance,
and relative energy density of CNG, it was determined that LNG would be the most cost effective and least
risky natural gas delivery mechanism.

In order to efficiently transport large amounts of natural gas over long distances without pipeline, the ability
to liqguefy the gas and ship it was first made commercial in the late 1950s. Consequently the means to
liquefy and ship the gas is well-understood with extensive international rules and regulations governing
these activities. Given the substantial capital costs involved, there are economies of scale available which
historically drove focus towards ever larger projects and equipment, including transport vessels. However,
interest in the ability to transport and utilize small LNG volumes economically started in the early 2000’s
and by 2006 design efforts for the Coral Methane, one of the first small LNG carriers began, and that vessel
was launched in 2009. Since that time the industry has developed relatively small scale economic
liquefaction, shipping, storage, and regasification equipment to meet the market.

To arrive at appropriate LNG production and delivery costs adders, Pace Global developed estimates for
each of these elements in the LNG supply chain applying a combination of public and private sources?!?.
Further, while LNG duties and taxes do not currently exist, it can reasonably be expected to be imposed,
SO an amount equivalent on an energy basis to that currently applied to ULSD was added. These cost
adders are depicted in Exhibit 17 below.

11 Some of the sources utilized were BELCO IRP, USAID reports and publications, client work for entities focused on liquefaction
facilities, and Energy Information Administration ( EIA)
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Island LNG Storage, Regasification, and Pipeline Infrastructure Costs

To deliver LNG to the CUC power generation units will require LNG storage, regasification, and pipeline
infrastructure. Traditionally LNG storage and regasification would be installed onshore; however, new
smaller scale technologies now permit the use of a Floating Storage and/ or Regasification Unit (FSRU).
Given the potential natural gas volumes, an onshore storage and regasification facility with compression
connected to a short pipeline to deliver gas to the CUC power plants was assumed. These costs were
added to the commaodity, liquefaction, and shipping costs to develop the delivered cost of LNG fuel to the
power plant location. The storage was assumed to be at the same location where the current diesel storage
tanks are located. The gas pipeline length was assumed to be approximately 2 miles from the storage and
regasification location to the existing North Sound power plant complex!2. The on-site storage and
regasification facility should be designed to handle a maximum of 5.2 Milion MMBtu a year of gas
conversion with the storage facility designed to hold at-least 10 days of LNG for emergency purposes. Also
note that the on-site storage was recommended based on site availability. If there permitting challenges
with on-site storage or space becomes an issue, FSRU may need to be considered?s.

These cost adders are depicted in Exhibit 17 below. As shown below, the cost adders are projected to be
approximately $8/MMBtu with the largest cost adder coming from liquefaction costs, followed by shipping,
and finally storage/regasification. In addition, a government duty of approximately $2.17/MMBtu was
assumed bringing the delivery cost of natural gas to the island to $10/MMBtu.

Exhibit 17: Delivered LNG Cost Adders, 2015 USD/MMBtu
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Source: Pace Global

FUEL PRICE COMPARISONS

Exhibit 18 shows a comparison of the delivered fuel prices for all plants. Natural gas prices have the lowest
cost, followed by propane, and finally diesel. Note that since a given volume of each fuel contains different
energy content, they are not directly comparable on a volumes basis. To better illustrate the difference
between fuel prices, each has been presented on the same energy basis!4.

12 Trycking options were considered as well but were deemed to be not viable. All of the current power generating units are located
at the North Sound complex and all future replacements are also assumed to be take place at the same location.

13 Note that BELCO considered on-site storage while Jamaica has both FSRU and on-site storage.

14 Al fuels are shown to be on a higher heating value basis.

29



OPAGE

A Siemens Business

Exhibit 18: Delivered Fuel Cost Comparisons, USD/MMBtu
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Given the large number of questions facing CUC and the large diversity of options for future resource
decisions, Pace Global developed a structured screening process prior to the integrated portfolio analysis.
Exhibit displays a conceptual overview of the screening process, which is designed to identify key issues
associated with the IRP and identify the best or most likely resource options within each issue category to
facilitate the development of integrated portfolio themes. The upper part of the Exhibit reflects the screening
process on key IRP issues, with the lower part representing the fuller portfolio analysis that is performed
only for the integrated portfolios that result from screening.

Exhibit 19: Overview of Screening Process

Key IRP Issues
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Source: Pace Global

The IRP screening process identified several key issues:

e What thermal technology options should CUC consider to meet resource adequacy and flexibility
needs given the shift away from fossil fuel? ;

¢ What mix of long-term renewable portfolio additions should CUC secure to meet carbon emission
reduction goals? ;

e What strategy should CUC pursue with respect to a procurement decision to obtain baseload
renewable power from the planned OTEC facility? ;

e What are the impacts and benefits of utilizing various types of energy storage technologies at the
utility scale level? ;

e What strategy should CUC pursue for demand side resources? ;
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FULL RANGE OF TECHNOLOGY OPTIONS EVALUATED

As part of the IRP analysis, Pace Global evaluated a wide range of technology options, both established
technologies as well as new untested technologies. There was also significant interest on the part of CUC’s
public stakeholders to include a wide range. Below shows the full range of technology options evaluated
broken out by resource type:

1) Utility-Scale Thermal Generation Technologies
a. Natural Gas and Diesel Fired Reciprocating Engines ( 4-9 MW and 18 MW size)
b. Natural Gas and Diesel Fired Combustion Turbines in peaking application (10 MW)
c. Natural Gas and Diesel Fired Combined Cycle Gas Turbine in intermediate or baseload
operation (14 MW)
2) Utility-Scale Renewable or Zero EmissionTechnologies
a. Conventional on-shore wind (5 to 20 MW)
b. Conventional solar PV (5 MW and 20 MW)
c. Ocean Based: Ocean Thermal Energy Conversion (OTEC), Tidal, Tidal Stream, and Wave
d. Waste-to-Energy (5 MW) and landfill gas (1 MW)
e. Small Modular Nuclear Reactor
3) Distributed Generation and Load Reduction
a. Electric Supply: Small Solar Residential (5-20 kW), Small Solar Commercial (200-700
kw), Small Wind Residential (2.5 -10 kW), Small Wind Commercial (11-100 kW)
b. Electric Supply: Combined Cooling Heating and Power
c. Load Reduction: District Cooling (Sea-water) and Geothermal HVAC
4) Storage Technologies
a. Utility Short Duration Storage (30 min Li-lon battery energy storage, Flywheel)
b. Utility Long Duration Storage (4 hour Li-lon, 4 hour Vanadium Redox Flow, Na-S,
Compressed Air Energy Storage, Sea Compressed Air Energy Storage
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TECHNOLOGIES FATAL FLAWED

Not every technology was commercially feasible or viable and Pace Global performed a technical evaluation
to demonstrate that some of the technologies were not feasible. Exhibit 20 shows the technologies that
were fatal flawed. The technologies that passed the technical evaluation under-went an economic analysis
and were considered as part of the portfolio design. The remaining technologies were considered not
feasible or practical from the point of view of commercial application, resource potential, or extraordinary
costs.

Exhibit 20: Technologies Fatal Flawed

Technologies Rationale Description
*  Technology in pilot phase; costs and performance
Sea CAES N unknown as yet; mooring below traffic, but close to

surface could be a challenge
» High initial costs requires pipe be brought onshore
near load (Seven Mile Beach hotel center) and

District Cooling (Seawater) $ consumers to share infrastructure to keep costs
viable
+  Limited applications of appropriate size
Combined Cooling Heat and Power | ~ * Requires distributed fuel for baseload application;
siting distributed baseload engine plant concerns
Fuel Cell $, ~ * Requires natural gas for fuel; extremely high cost
* Under development, not commercially available
Small Modular Nuclear Reactor $. N until at least 2023; initial costs expected to

significantly exceed other baseload options; poor
turndown for variable load operations

*  Caribbean tidal ranges generally too low; detailed

Tidal ~ resource mapping not available/ insufficient
resolution; typically need at least seven meter swing

+ Still in demonstration stage - key challenges of
reliability, survivability and installability; detailed
resource  mapping unavailable/  insufficient
resolution

*  Over 100 pilot projects worldwide, but few close to
commercialization; wave energy power densities
generally in the Caribbean low; detailed resource
mapping unavailable/ insufficient resolution

Tidal Stream N, $, ~

Wave N, $, ~

N: New/Limited Commercial Experience $: Exceptional Cost (Other Low Cost Options) ~: Limited Resource Potential

Source: Pace Global

Sea CAES: The Sea Compressed Air Energy Storage (Sea-CAES) was considered in the Grand Cayman
as the technology is being looked at by the Canadian firm, Hydro-stor. Hydrostor’s Adiabatic Compressed
Air Energy Storage solution operates by using electricity to run an air compressor which converts the
electrical energy into compressed air. Heat from compression is captured during this step and stored to be
used during generation, thus increasing the system efficiency. The system also has the flexibility to
incorporate additional heat to further increase roundtrip efficiency. The compressed air stream is
pressurized to the same pressure found at depth where the accumulators are located. The air displaces
the water in the accumulators and is held until electricity is needed by the consumer. To satisfy the need
for electricity the Hydrostor system reverses the air flow allowing the weight of the water to force the air
back to surface under pressure. At surface the stored heat is added back into the air stream and the heated
air travels to an expander which drives a generator efficiently converting the energy in the air back into
electricity for the consumer. The Hydrostor solution is true bulk energy storage that addresses the issues
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of renewable intermittency, grid load balancing, reserve capacity and peak shaving. Hydrostor's Advanced-
Compressed Air Energy Storage (CAES) technology can leverage both in-ground (e.g., salt dome, mines)
and underwater storage solutions. Hydro-stor has an operating project in Canada but this technology was
not considered in the IRP as its still in pilot phase and costs are unknown.

District Cooling (Seawater): Deep water cooling involves using water from a deep lake or cold ocean
current with heat exchangers to provide chilled water for cooling buildings. Infrastructure costs for deep
water cooling systems are significant, but may be appropriate for district cooling systems for large
campuses near a suitable thermal sink. Once installed, a deep water cooling system will operate
inexpensively and with extremely low climate impact for many years. For the IRP work, this technology
option was not considered due to exorbitant costs and lack of suitable host.

Combined Cooling Heating and Power (CCHP): CCHP (Tri-gen) offers terrific fuel economy but requires
fuel such as natural gas. It also requires the right host with the commercial/industrial entity (or neighbor)
having the ability use the thermal capacity. The plant either needs containerized LNG or lateral depending
on location. The primary application is cooling with electricity being used completely by the host or the
CCHP facility over-sized to sell electricity back to the grid.  Furthermore, the likely hosts for such facilities
are expected to be in high density areas with logistical challenges of bringing a natural gas lateral onto the
facility. Furthermore, there are noise and aesthetics related issues as well. For these reasons, this
technology was not considered as part of the portfolio design even though an economic analysis was
performed.

Fuel Cells: A single fuel cell consists of an electrolyte sandwiched between two electrodes. Bipolar plates
on either side of the cell help distribute gases and serve as current collectors. Depending on the application,
a fuel cell stack may contain a few to hundreds of individual fuel cells layered together. This "scalability”
makes fuel cells ideal for a wide variety of applications, such as stationary power stations, portable devices,
and transportation. Fuel costs require natural gas for fuel and are currently extremely high cost. For the
IRP analysis, fuel cells were not considered for cost reasons and also because of the current lack of natural
gas infrastructure. While natural gas infrastructure is recommended for power generation purposes, fuel
cells would require a more extensive natural gas infrastructure at the distribution level and lack of scale
would make both the cost of fuel cells and gas infrastructure very high.

Small Modular Nuclear Reactor: Small Modular Reactors (SMRs) are nuclear power plants that are
smaller in size (300 MWe or less) than current generation base load plants (1,000 MWe or higher). These
smaller, compact designs are factory-fabricated reactors that can be transported by truck or rail to a nuclear
power site. SMRs will play an important role in addressing the energy security, economic and climate goals
of the U.S. if they can be commercially deployed within the next decade. For this IRP, this technology was
not considered due to limited commercial experience with the technology, very high costs, and inflexible
operations.

Tidal: Tidal power is a form of hydropower derived from tidal flows and currents. Tidal power may be
tapped by two main means.

o Tidal barrage technologies: these employ potential energy by entrainment of tidal floods to capture
water for the movement of low-head turbines.

e Tidal stream technologies: these employ kinetic energy by harnessing currents to move turbines in
a manner similar to wind turbines.

Tidal barrage technology is one of the most mature technologies available for harnessing tidal energy. It is
best suited for regions where the local geography results in a large tidal range in a suitable channel. The
development of tidal barrage systems has been hampered by the large infrastructural cost of such projects,
their long construction times as well as opposition to their environmental impacts. Tidal stream technology
is immature, with most prototypes having been deployed only within the last ten (10) years but is being
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facilitated by the increasing availability of test berths and hubs.

However, Caribbean tidal ranges are generally too narrow. Resource mapping resolution is too low and
tidal swings are less than seven meters which makes it unsuitable for applications.

Wave: Wave power is distinct from the diurnal flux of tidal power and the steady gyre of ocean currents.
Wave-power generation is not currently a widely employed commercial technology, although there have
been attempts to use it over the last decade.

Wave power devices are generally categorized by the method used to capture the energy of the waves, by
location and by the power take-off system. Method types are point absorber or buoy; surfacing following or
attenuator, oriented parallel to the direction of wave propagation; terminator, oriented perpendicular to the
direction of wave propagation; oscillating water column and overtopping. Locations are shoreline, near
shore and offshore. Types of power take-off include hydraulic ram, elastomeric hose pump, pump-to-shore,
hydroelectric turbine, air turbine and linear electrical generator. Some of these designs incorporate
parabolic reflectors as a means of increasing the wave energy at the point of capture. These capture
systems use the rise and fall motion of waves to capture energy. Once the wave energy is captured at a
wave source, power must be carried to the point of use or to a connection to the electrical grid by
transmission power cables.

The best wave conditions are in medium-high latitudes and in deep waters (greater than 40 feet deep). As
yet, no devices have been installed further than 6 km from shore or in waters deeper than 50 meter. In
general, wave energy power densities in the Caribbean are low relative to other locations.

TECHNOLOGIES CONSIDERED FOR ECONOMIC ANALYSIS

After the fatal flaw analysis, the remaining twenty technology options were carried over to the levelized cost
analysis phase and are discussed in the sections below.

THERMAL TECHNOLOGY SCREENING

Pace Global considered a number of thermal technology options focused on application (baseload vs.
intermittent vs. peaking) and type (reciprocating vs. turbine) type. The bulk of CUC’s current generation
fleet is reciprocating engines and the company has significant operating experience with the technology.

For baseload purposes, both reciprocating engines and CCGT options were considered. For reciprocating
engines, two size options were chosen - one in the 4-9 MW range and the other in the 18 MW range. Both
sizes are currently being used by CUC. For combined cycles, a 14 MW CCGT option was selected. Each
size had a natural gas and diesel option. Reciprocating engines burning propane are not very common
and were not considered. Both reciprocating engines and CCGT also offer the flexibility with low minimum
operating levels that help enable the integration of renewable resources.

For peaking purposes, simple cycle gas turbines were considered with sizes in the 10 MW range with
natural gas, diesel, and propane option.

Exhibit summarizes the cost and operating profiles of the various thermal generation options considered.
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Exhibit 21: Thermal Technology Cost and Operating Characteristics

FOM Min
Thermal Capital HR Online Asset Life VOM ($/KW- Ramp Operating
Technology | MW | Cost ($/kW) | (Btu/KWh) Date (Years) ($/MWh) yr.) Rate Levels

2017: 1,427
2020: 1,419
2025: 1,405 2.5

Diesel ICE 2030: 1,391 MW/min
Large 18 | 2040: 1,363 | 8,350 > 2023 30 2.71 44.52 ;1 hr. 30%

2017: 1,921
2020: 1,910
2025: 1,891 2.5

Diesel ICE 2030: 1,872 MW/min
Small 4 | 2040:1,835 | 8,120 > 2023 30 2.71 44.52 ;1 hr. 30%

2017: 2,522
2020: 2,514
2025: 2,502
2030: 2,489
Diesel CC 14 | 2040: 2,474 | 9,623 N/A 30 6.0 20 4 hr. 40%

2017: 2,284
2020: 2,278
2025: 2,266
Diesel 2030: 2,255
SCCT 10 | 2040: 2,244 | 11,528 N/A 30 4.0 20 1 hr. 50%

2017: 1,262
2020: 1,252
2025: 1,242 2.5

Natural Gas 2030: 1,229 MW/min
RICE Large 18 | 2040:1,205 | 7,910 > 2023 30 2.71 44,52 ;1 hr. 30%

2017: 1,474
2020: 1,465
2025: 1,450 2.5

Natural Gas 2030: 1,438 MW/min
RICE Small 4 | 2040: 1,408 | 7,800 > 2023 30 2.71 44.52 ;1 hr. 30%

2017: 2,515
2020: 2,508
2025: 2,495
Natural Gas 2030: 2,483
CcC 14 | 2040: 2,468 | 9,592 N/A 30 6.0 20 4 hr. 40%

2017: 2,199
2020: 2,193
2025: 2,182
Natural Gas 2030: 2,171
SCCT 10 | 2040: 2,160 | 11,753 N/A 30 4.0 20 1 hr. 50%

Source: Pace Global, in consultation with CUC.

RENEWABLE SCREENING

Pace Global evaluated a number of renewable screening options. Amongst the intermittent renewable
technologies, utility scale wind and solar PV technologies were considered. Pace Global also considered
baseload renewable technologies such as OTEC, landfill gas, and Municipal Solid Waste. OTEC
technology, while still nascent, has significant potential in Grand Cayman and was considered for the
economic analysis given that CUC has a power purchase agreement negotiated from the vendor. Both
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landfill and municipal solid waste technologies were considered given shortage of landfill facilities on the
island and strong government support for the technologies. Exhibit 22 summarizes the operating
characteristics of intermittent and baseload technologies considered. A brief description of the renewable
technologies is provided below:

Wind: Wind power is the conversion of wind energy into a useful form of energy, such as using wind
turbines to make electrical power, windmills for mechanical power, wind pumps for water pumping or
drainage, or sails to propel ships. A wind farm consists of several individual wind turbines which are
connected to the electric power transmission network.

On-shore wind is a mature renewable technology, which appears to have converged on a horizontal axis
(generally three-blade) machine. The basic equipment varies little between sites and scales, with steel
tubular towers being the predominant support for wind turbine generators (WTG) above 1 MW.

Offshore-wind is at an early stage of deployment, with only a decade since the first commercial installation
in Denmark. Offshore wind farms can harness more frequent and powerful winds than are available to land-
based installations and have less visual impact on the landscape, but construction costs are considerably
higher and they must be installed in relatively shallow water. Due to the depth of the ocean close to the
shore, off-shore wind turbines were not considered for Grand Cayman.

On the Grand Cayman, a couple of wind sites — Mastic and Quarry — have been identified by CUC. These
sites are located on the East side of the island. For the IRP analysis, both Mastic and Quarry sites were
considered but overall wind development was limited to 45 MW due to permitting challenges. Furthermore,
a turbine size of 2.75 MW has been considered at a hub height of 80 m.

Solar PV: Solar photovoltaic (PV) panels are used to convert sunlight to electricity directly. Photovoltaic
conversion is the direct conversion of sunlight into electricity with no intervening heat engine. When light
photons of sufficient energy strike a solar cell, electrons move within the silicon crystal structure, resulting
in a voltage between electrodes. Solar photovoltaic panels are solid-state. At present, panels based on
crystalline and polycrystalline silicon solar cells are the most common. Thin-film solar panels, especially
cadmium telluride (CdTe) and copper indium gallium diselenide (CIGS) based cells, are gaining market
share because of their lower costs and increased efficiencies. For example, the efficiencies of multi-junction
cells and concentrating PV have been reported to be as high as 40% and most panels available in the
market have efficiencies of the order of 15%.

Solar cells are arranged together on a solar module, which is installed on the roofs of houses or in large
ground mounted installations. Solar modules generate Direct Current (DC) electricity, which needs to be
converted into Alternating Current (AC) before it can be fed into the electricity grid and used in homes and
businesses. The device used to convert DC to AC is called an inverter and thus, the two key components
of PV generation, are the modules and the inverter.

In Grand Cayman, solar PV potential is large. However, due to space constraints on the West side of the
island, the IRP assumes that most utility-scale solar PV installations will occur on the East side of the island
with interconnections to the 69 kV transmission system. Solar PV installations can suffer from panel
degradation over time. It has been assumed that the degradation curve will follow a profile similar to the
Entropy contract with new plant capacity factors in the 25% range and declining to 21% over the 20 year
life of the system.

Waste to Energy: Waste-to-Energy (WtE) technologies range from the mature application of direct
incineration to emerging technologies which process the waste to another form for combustion to avoid
direct combustion.

The dominant WtE technology is incineration, chiefly because of its relatively low capital cost and operating
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risks. Some separation or pre-processing of the waste may be required for the various processes. The
main incineration technologies utilized worldwide are moving grate, fluidized bed and rotary kiln combustion
chambers. Exhaust gas boilers, steam turbines, turbo alternators and flue gas cleaning systems complete
the electricity generation process. These incineration systems form the majority of the world’s WtE facilities.
Alternative thermal WtE technologies are, at this stage, more expensive and carry greater operating risks.

In the Grand Cayman, landfilling space is becoming an issue with the national Government planning a WTE
plant of 5 MW to be operational in 5 years. While the pricing is not clear yet, CUC is required to buy at
avoided costs of 10 cents Cl + value of capacity (if any). The facility is expected to be an incinerating
facility.

Landfill Gas: Landfill gas is generated through the degradation of municipal solid waste (MSW) by
microorganisms. The quality of the gas is highly dependent on the composition of the waste, presence of
oxygen, temperature, physical geometry and time elapsed since waste disposal. In anaerobic conditions,
as is typical of landfills, methane and CO2 are produced in equal amounts. Methane (CH4) is the important
component of landfill gas as it has a calorific value of 33.95 MJ/Nm3 which gives rise to energy generation
benefits. The amount of methane that is produced varies significantly based on the composition of the
waste. Most of the methane produced in MSW landfills is derived from food waste, composite paper and
corrugated cardboard. The rate of landfill gas production varies with the age of the landfill.

Landfill gas is gathered from landfills through extraction wells placed, depending on the size of the landfill.
Landfill gas must be treated to remove impurities, condensate, and particulates. The treatment system
depends on the end use. Minimal treatment is needed for the direct use of gas in boiler, furnaces, or kilns.
Using the gas in electricity generation typically requires more in-depth treatment. If the landfill gas extraction
rate is large enough, a gas turbine or internal combustion engine could be used to produce electricity to
sell commercially or use on site.

OTEC: OTEC uses the temperature difference between cooler deep and warmer shallow, or surface
ocean waters, to run a heat engine and produce useful work, usually in the form of electricity. However, if
the temperature differential is small, this impacts the economic feasibility of ocean thermal energy for
electricity generation. OTEC plants pipes in hot and cold seawater and run them through heat exchangers
and water condensers, in the process spinning turbines that generate electricity. It can only be done
efficiently where the thermal gradient within the upper 1,000 meters of the ocean is more than 20° Celsius.
Given the absence of large scale OTEC plants anywhere else in the world, proof of commercial viability is
needed. Assessments of commercial viability need to be under-taken aside from efforts to reduce costs.

The most commonly used heat cycle for OTEC is the Rankine cycle using a low-pressure turbine. Systems
may be either closed-cycle or open-cycle. Closed-cycle engines use working fluids that are typically thought
of as refrigerants such as ammonia or R-134a. Open-cycle engines use vapor from the seawater itself as
the working fluid. OTEC can also supply quantities of cold water as a by-product. This can be used for air
conditioning and refrigeration and the fertile deep ocean water can feed biological technologies. Another
by-product is fresh water, distilled from the sea. Demonstration plants were first constructed in the 1880s
and continue to be built, but no large-scale commercial plants are in operation.

OTEC is being explicitly considered in the IRP analysis as a viable baseload renewable resource. Even
though the technology is relatively new, CUC has a PPA in hand which makes the technology option a
viable option in a portfolio analysis. The OTEC contract has an energy and capacity component with the
capacity component beginning after the first few years of successful commercial operation. The bulk of
the environmental impact assessment analysis is complete and the recommendations of the Integrated
Resource plan will be a critical path forward to the permitting process.

Specific portfolios are being set up to demonstrate the trade-off between OTEC and intermittent renewable
resources considering both cost and non-cost objectives. As a baseload resource, the OTEC is modeled
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not to provide any spinning reserves.

Exhibit 22: Comparison of Renewable Generation Options (Costs in 2015 USD)

Renewable
Technology

MW

Capital Cost
($/kW)

HR
(Btu/KWh)

Online
Date

Asset
Life
(Years)

VOM ($/MWh)

FOM ($/KW)

Wind

2.75

2017: 2,889
2020: 2,452
2025: 2,106
2030: 1,901
2040: 1,829

N/A

> 2020

20

N/A

35

Solar PV
Large

20

2017: 2,599
2020: 2,129
2025: 1,698
2030: 1,505
2040: 1,290

N/A

> 2020

20

N/A

20

Solar PV
Small

2017: 2,709
2020: 2,229
2025: 1,771
2030: 1,569
2040: 1,345

N/A

> 2020

20

N/A

20

Waste to
Energy
(WTE)

2017: 14,853
2020: 14,764
2025: 14,617
2030: 14,471
2040: 14,184

14,360

2020

30

404

Landfill Gas

2017: 2,675
2020: 2,659
2025: 2,633
2030: 2,606
2040: 2,555

10,002

2020

30

180

OTEC

6.25

N/A - PPA
Modeled

N/A

First Unit
2021,
Second
Unit 2025

30

N/A - PPA
Modeled

N/A - PPA
Modeled

Source: Pace Global analysis

DISTRIBUTED GENERATION SCREENING

In addition to grid scale resources, distributed generation resources were considered for the analysis. CUC
currently has a “CORE” program. Given the program, both residential and commercial distributed solar
Also, distributed wind options were considered as well.
analysis considered thermal distributed generation such as combined cooling heat and power applications.
The table below summarizes the various DG options considered in Exhibit 23.

options were considered.
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Exhibit 23: Distributed Generation Options (Costs in 2015 USD)

Distributed Asset
Generation Capital Cost HR Life VOM
Technology kw ($/kW) (Btu/KWh) Online Date (Years) ($/MWh) | FOM ($/kW-yr.)
Distributed 2017: 2,993
Solar 2020: 2,770
Residential 2025: 2,397
(5-20 kw) 2030: 2,193
5-20 2040: 1,934 N/A 2017-2045 20 N/A 21
Distributed
Solar 2017: 2,394
Commercial 2020: 2,216
(200-700 2025: 1,918
kW) 2030: 1,754
200-700 2040: 1,547 N/A 2017-2045 20 N/A 19
Distributed 2017:11,146
s o s
(25-10 kW) 2030: 7,335
2.5-10 2040: 7,057 N/A N/A 20 N/A 48
L 2017: 9,288
Distributed 2020: 7,883
2025: 6,770
(11-100 kw) 2030: 6,112
11-100 2040: 5,881 N/A N/A 20 N/A 48

Source: Pace Global analysis

A 20 kW size was considered for commercial solar applications while an 8 kW size was considered for
residential. This was based on average size of installation for current CORE customers. Note that the
CORE program will be in place until the distributed solar penetration achieves the 6 MW target. Past that,
the program may be extended till a 10 MW target is achieved!®>. There are currently very few distributed
wind installations in the Cayman and given cost and aesthetics related issues, distributed wind has limited
potential on the island.

With respect to distributed thermal, combined cooling heat and power applications were considered. Two
sizes were considered. As shown, CCHP was more economic than distributed wind but not as economic
as distributed solar. Furthermore, siting CCHP facilities can be challenging and in addition natural gas
infrastructure is needed. For those reasons, while an economic analysis was performed, the CCHP option
was not considered for the final portfolio design.

STORAGE OPTIONS SCREENING

The IRP analysis considers battery energy storage as a key enabling resource for renewable integration.
Other forms of storage were also considered (such as CAES and thermal storage) but determined not viable
as discussed previously.

Furthermore, the analysis considers grid scale or “in front of the meter” battery energy storage. Behind-

15 The CORE program recently hit the 6 MW limit. The program size has been increased to 8 MW. For modeling purposes, it is
assumed that the program will hit 10 MW.
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the-meter or distributed applications of storage have not been considered in the IRP analysis. Distributed
storage can play an important role in providing benefits related to demand charge reduction as well as
providing benefits related to ancillary services. Analysis of such benefits can potentially be considered by
CUC in a subsequent study as outlined in the signpost chapter.

Grid-scale Storage has a number of applications as shown in the discussion below.

e Energy Shifting and Arbitrage: Energy storage resources in other jurisdictions have enabled
utilities to time shift energy purchases between peak and off-peak hours to reduce the cost of
meeting the load as it fluctuates over time. With projected increasing renewable resources on the
Grand Cayman system, load and price volatility can increase as the net load becomes more
variable.

e Ancillary Services: Energy storage systems can also provide regulation (both up and down),
frequency response, and contingency reserves to the system. Using energy storage devices to
provide ancillary services reduces the burden placed on thermal generators to provide ancillary
services, allowing them to operate at more efficient set points. It is widely accepted that higher
renewable penetrations can drive increased variability over very short time-scales, which may
increase the need for reserve products, specifically regulation reserves. In addition to the
increased need for ancillary services, renewables introduce the additional challenge of meeting
ancillary services requirements with fewer conventional generators online during hours with high
renewable output. Both of these factors contribute to potential cost increases associated with
relying on thermal resources to integrate higher levels of renewables on the system. Providing a
portion of these ancillary services with energy storage resources has the potential to reduce costs.
In addition to the above services, renewable integration analysis has identified an increased need
for load following services under high renewable penetration levels. These reserves may be in
anticipation of forecast errors and sub-hourly fluctuations in net load on time-scales down to 5
minutes. Similar to regulation services, providing load following with thermal generation requires
plants to operate at less efficient set points, with increasing power costs. Energy storage resources
may contribute to reducing these renewable integration costs by reducing the reliance on thermal
plants to accommodate.

o Regulation Services: Regulation is the use of online generation, storage, or load that is
equipped with AGC and that can change output quickly (MW/min) to track the moment-to-
moment fluctuations in customer loads and to correct for fluctuations in generation.
Regulation helps to maintain interconnection frequency, manage differences between
actual and scheduled power flows between control areas, and match generation to load
within the control area. The BESS is fast-acting with high ramp rates, and it responds to
AGC signals to provide regulation up or regulation down services. While there are quite
a few battery technologies, Lithium lon batteries are beginning to see wide adoption for
this application. For regulation services, the energy need is not as great, but the batteries
have high duty cycles. Batteries may need to respond multiple times each hour, for the
full year, resulting in very high asset utilization. For the IRP analysis, the battery storage
is set up to carry regulation reserves, as appropriate.

o Spinning Reserve Services: A BESS can be used to provide spinning reserves, which
are required in order to cover the energy needs in the event of a failure of an operating
resource. A 30-minute storage is usually enough, as batteries can be immediately
deployed to respond to system contingencies and can remain operational for 10 minutes
until a fast-start reserve generating unit can be deployed. A BESS in a spinning reserve
application is subjected to fewer duty cycles (potentially 20 to 50 a year). For the IRP
analysis, battery energy storage is considered an eligible resource to carry spinning
reserve.
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Avoided Renewable Curtailment: At higher renewable penetrations, Pace Global has identified
the potential for events in which the system cannot fully accommodate high renewable output due
to a combination of low load conditions, flexibility constraints on thermal generators, and the need
to maintain a minimum level of conventional generation on the system to provide the ancillary
services described above. The battery energy storage system can enable integration of larger
amounts of renewable energy by reducing instances of curtailment and help meet the island’s
carbon emission reduction goals.

e System Peaking Value: Long Duration energy storage systems can provide value to a system
by dispatching during peak load conditions, reducing the amount of conventional generation
capacity required to meet resource adequacy obligations. Since the ability of a storage resource
to provide capacity during a potential shortage will depend on its state of charge prior to the event,
ELCC method is sometimes used to approximate capacity contribution of renewable resources?®.
For this analysis, the duration based methodology has been used as a basis for the storage peak
credit.

Storage Applications and Storage Duration Considered in the IRP

For the CUC IRP, both long (4 hour storage duration) and short duration (30 minute) batteries Li lon battery
energy technology was considered. Vanadium Redox flow batteries were also considered as part of long-
duration storage alternative but not included in the modeling due to cost and efficiency reasons. A 30
minute short duration battery was considered. Sensitivity analysis was conducted to determine the value
of short duration storage. However, the short duration batteries were found not to create additional value
as savings in fuel and reserve value did not cover battery costs. Hence as a final portfolio design, only long
duration batteries were considered.

The long duration storage was also assumed to have a 100% capacity contribution. This was an
approximation hinged upon the duration based methodology with the assumption that the battery system
that CUC controls can provide peaking capability at the maximum discharge level that the battery system
can sustain over a 4-hour period. For example, a 20 MW, 4 hour duration battery has a capacity
contribution of 100% or 20 MW while a 2 hour battery can have a capacity contribution of 50% or 10 MW.
This approach assumes that the operator is precisely aware of the time periods in which the battery system
will be required to provide reliable capacity and is always able to charge the system in advance of the need.
While it is likely that the operator will be able to anticipate the high load conditions that drive the system
capacity needs to a large extent, events driven by forced outages or low wind levels are less predictable
and may result in a lower capacity contribution than is determined by this methodology.

Cost Assumptions for BESS

The annual battery costs consist of three elements: the amortized capital costs, the ongoing FOM, and the
replacement FOM. Below is more detail on the individual components of the battery costs:

e Capital Cost: Pace Global assumes a $2300/kW capital cost based on review of public sources
and discussions with vendors, primarily through our affiliates at Siemens Energy, Inc. The current
price point for such batteries varies, but on average the cost is about $2,300/kW for a 4 hour Li lon
BESS with costs declining to $1700/kW by 2020. The cost estimate includes standard “balance of
plant” items, including inverters, transformers, and control systems as well as EPC (Engineering,

16 In lieu of a standard methodology, some jurisdictions have applied a minimum duration constraint for counting storage towards
capacity adequacy. In California, resources must be capable of running for 4 hours over three consecutive days to qualify for resource
adequacy payments. As a result, SCE used a 4-hour duration as a proxy for this capability in a recent Local Capacity Requirements
(LCR) RFO.
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Procurement, and Construction) costs to integrate the facility with CUC’s infrastructure.

Ongoing fixed operations and maintenance (“FOM”) Costs: The ongoing FOM is associated with
periodic maintenance on all parts of the system including fire suppression, cooling, fans, inverter
maintenance, fuses, fans, cooling, capacitors, transformer, sensors (pressure, temperature),
switchgear (both medium voltage and high voltage), and protective relays. In addition, there is
periodic tightening of all connections at different parts of the system and grounding verification.
The ongoing FOM for the BESS is assumed to be $10/kW-yr. based on discussions with battery
vendors and review of publicly available information.

Cell Replacement Cost: Replacement FOM can be a significant cost adder to the total FOM costs
of the BESS. The Replacement FOM relates to the replacement of degraded battery cells over
the life of the BESS. Pace Global has assumed that all cells have to be replaced in the 8t year of
the 15 year operating life of the BESS with a replacement cost of $60/kW-year (amortized) over
the remaining life of the system. The replacement cost is a function of the cell costs as a % of
overall battery costs (approximately 43%) and the prevailing cost of the battery energy storage
system.

Exhibit 24 summarizes the annual costs of the BESS inclusive of FOM cost and degradation assumptions
for each of four capacity sizes that have been evaluated.

Exhibit 24: Annual Cost of BESS across Various Capacity Sizes

Capital Cost Battery
Storage Technology MW ($/kW) Cost ($kWh) Efficiency System Life FOM ($/kW-yr.)
Battery Energy
Storage Short- 2017: 686
Duration 2020: 514
(1 MW, 30 min) Li 2025: 378 _
lon 2030: 316 First 7 years: 10
1 | 2040: 961 NA 82% | 15 year life 7-15 years: 70
Bsit‘ery Efergy 2017: 2,298 2017: 580
‘E)’z‘?;iogng 2020: 1,723 2020: 430
. 2025: 1,264 2025: 316
(1 MW 4 hours) Li lon 2030: 1,058 2030: 264 First 7 years: 10
1 | 2040: 961 2040: 240 90% | 15 year life 7-15 years: 70
Battery Energy
Storage Long 2017: 4,730 2017: 1182
Duration 2020: 3,480 2020: 870
(1 MW, 4 hours) 2025: 2,269 2025: 567
Redox Flow 2030: 1,763 2030: 440 First 7 years: 20
1 | 2040: 1,479 2040: 370 75-80% | 15 year life 7-15 years: 35

Note that the capital costs represent all-in, annual expected costs. Cell replacement costs are included in the FOM costs.

Source: Pace Global

LEVELIZED COST OF ENERGY ANALYSIS

The levelized cost of energy analysis assesses the relative economics of each technology based on capital
and operating considerations. The capital portion includes amortized capital over the life of the technology,
fixed O&M expenses, fuel expenses, and variable O&M expenses.
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The levelized cost analysis was considered as a leading indicator of technology competitiveness but the
size, mix, and timing of the portfolio design is dependent on a number of other considerations including
reserve margin constraints, carbon constraints, energy needs, and ancillary service needs. All technologies
that were part of the levelized cost analysis were considered as potential options for the portfolio design.
These technology options were included in the model with the model’s long term capacity expansion
algorithm selecting the least cost portfolio of generation options optimizing the energy, capacity, ancillary
services, and curtailment requirements. A description of the Long Term capacity expansion optimization is
provided in Appendix V.

The financing assumptions utilized in the study are summarized in Exhibit 25. The financing parameters
are converted into an annual capital amortization or capital charge rate that reflects amount of annual capital
recovery needed to earn a return on and of capital, including recovery of depreciation expenses.

Exhibit 25: Financing and Dispatch Assumptions?'’

Book Debt Depreciation | Equity Debt Capital Income | Tax Capital
life Life Costs Costs Structure | Taxes Credits | Charge Rate
(DIV) (%)

ICE 30 20 SL* 11.2 51 55% NA NA 7.7%
CcC 30 20 SL* 11.2 51 55% NA NA 7.7%
SCCT 30 20 SL* 11.2 51 55% NA NA 7.7%
Wind 20 10 SL* 11.2 51 55% NA NA 8.6%
Solar 20 10 SL* 11.2 51 55% NA NA 8.6%
Battery 15 10 SL* 11.2 51 55% NA NA 10.6%
Storage
OTEC 30 20 SL* 11.2 5.1 55% NA NA 7.7%
WTE 30 20 SL* 11.2 5.1 55% NA NA 7.7%
Landfill 30 20 SL* 11.2 5.1 55% NA NA 7.7%

*SL is straight line depreciation; D/V: Debt to Value;

Source: CUC and Pace Global.

The financing assumptions were combined with the technology assumptions to arrive at the levelized cost
estimates for each technology. Exhibit 26 summarizes the results of the analysis in the early, mid, and
late period. The range of costs reflects differences in capital costs and fuel costs as applicable. The lower
end of the range reflects the fuel cost assumptions in the low economy scenario and the higher end of the
range reflects the assumptions in the high economy scenario. The mid-point of the range reflects the base
or the reference case scenario. The underlying assumptions around dispatch for non-renewable
technologies vary between the early to mid to late period. As the levelized cost analysis preceded the
production cost analysis, the dispatch assumptions for thermal resources were based purely on operating
history and expected renewable penetration over time.

A few takeaways as depicted in Exhibit 26:
e Given the high fuel costs on the island and declining cost trajectory of renewables, renewable

technologies are economic relative to thermal even in the early period. With that being said, utility
wind and solar costs cannot be completely looked at it in isolation due to the need to balance

7 Note that all specific resource options shown were developed from available data and in order to establish planning-level operational
and cost estimates. The IRP does not limit or pre-determine CUC'’s choice of technology or vendor.
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intermittent generation resources

e In the mid to late period, the relative economics of renewable technologies becomes even more
compelling.

e Peaking thermal resources are one of the highest cost resources.

o Distributed solar economics improves over time with reductions in capital costs.

e Some of the storage technologies start to compete well with conventional thermal peaking
technologies in the middle to late period. However, in reality, levelized costs for storage cannot be
looked at it isolation as storage is not a generation resource.

e The OTEC technology economics was based on PPA pricing instead of a projection of a capital
cost.
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Exhibit 26: Levelized Cost Estimates for technologies Considered in the Analysis
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Late (2036-45)

PV Solar 20 MW

PV Solar 5 MW

HHH

Utility Wind 5-20 MW

SCCT 10 MW (NG) [ I 1

SCCT 10 MW (P) r ; 1

SCCT 10 MW (D) | | | | | I I

BESS (1 MW, 4 Hours) Li lon | | | | ———

BESS (1 MW, 4 Hours) Redox | | | | [ I : 1
Commercial Solar (50-200 kW) | | s s | | | |

Res. Solar (5-20 kW) | | ===

Distributed Wind 11-100kW | | | [ I |

Distributed Wind 2 5-10kW | | | | L T 1 |
Landfill Gas | e s | | | [ I I

WTE_Utiity (Wasts) 5 5 |

OTEC | | | | -

ICE 18 MW (NG) =

ICE 4-9 MW (NG) =

ICE 18 MW (D) | : 0

ICE 4-9 MW (D) | | | e |

CC 14 MW (NG) [

CCHPICE (Sell Back) (NG) ——

CC 14 MW (P) ]

CC 14 MW (D) —ar—

CCHP ICE (Self Production) (NG) e

- 50 100 150 200 250 300 350 400 450
Levelized Cost ($/MWh)

Source: Pace Global analysis.
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CUC SYSTEM MODELING FRAMEWORK

Pace Global utilized the AURORAxmp Electric Market Model (“Aurora”), developed by EPIS, to perform all
analysis related to system dispatch and portfolio costs. Aurora was deployed as a zonal chronological
hourly dispatch model that simulates the behavior of power markets based on a production cost basis, with
the ability to track specific portfolio performance. Aurora solves for each simulated hour a set of prices,
revenues, dispatch costs, and emissions for specified regions and plants. With Aurora, Pace Global was
able to simulate the entire CUC portfolio. The general structure of the model, with key inputs and outputs,
is shown in Exhibit 27.

Based on information supplied by CUC, Pace Global developed a CUC system zonal model with
representative transmission transfer capability between the two zones. Pace Global, in conjunction with
CUC, also developed an hourly load forecast for CUC through 2045 (see Appendix lll: Load Forecast
Details for information on that process).

Exhibit 27: Overview of Aurora Modeling Process

[ Fuel BTM |
|| Prices Solar ;

I
Load H Capital ’

Historical Load
Data
Data

Weather Data

Scenarios

Costs

Existing Plant CUC Plant
Parameters S
Parameters Aurora XMP ) quer
Prices
Portfolio * Hourly Dispatch —
i * Long term Plant
Optlons Cap?’:lcity Generation
Expansion
« MW transfer zonal * Utility | Portfolio « NPV of
capability between X A .
utilty zones Interconnecti Representation cus Eg;ttfso"o
« Operating reserve
requirements ons * Range of

costs

Source: Pace Global

The CUC power network was modeled in a zonal market modeling framework. Two zones were modeled
— East and West — with transmission transfer limits between the two zones. All of the existing thermal
capacity is located at one place and is considered to be in the West zone. The new central wind and solar
plants were assumed to be in the West zone based on availability of land and site specific studies conducted
by CUC in the past. All new thermal capacity was assumed to be in the West at the current North Sound
location.
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INTEGRATED PORTFOLIO DEVELOPMENT PROCESS

As a first step, Pace Global developed portfolio concepts based on discussions with the CUC and ERA.
These portfolio concepts are summarized below and were designed to answer the following technical and

policy questions:

Should natural gas be considered an alternative fuel?
What is the value of storage?
What is the cost of compliance with green-house gas emission targets?

How much more renewables and storage is needed with diesel vs. natural gas?
What is the value of baseload renewables relative to intermittent renewable resources?

The portfolios concepts are summarized in Exhibit 28 below:

Exhibit 28: Portfolio Concepts

Portfolio Portfolio Description Thermal Renewable Storage
Short Generation Generation
Name
1 P1: D- Base: Maximize renewable energy Diesel Based Utility Contracted None
NS with no storage Thermal Wind, Solar, and
Generation WTE/LFG
2 P2: NG- Portfolio with no GHG Target Natural gas Utility Contracted None
NS based thermal Wind, Solar, and
generation WTE/LFG
3 P3: NG-S Portfolio with no GHG Target Natural Gas Utility Contracted Yes
Based Thermal | Wind, Solar, and
Generation WTE/LFG
4 P4: D-S- | Portfolio with Full GHG Compliance Diesel Based Utility Contracted Yes
GHG and Storage Thermal Wind, Solar, and
Generation WTE/LFG
5 P5: NG- | Portfolio with Full GHG Compliance Natural Gas Utility Contracted Yes
S-GHG and Storage Based Thermal Wind, Solar, and
Generation WTE/LFG
6 P6: NG- | Portfolio with Full GHG Compliance Natural Gas Utility Contracted Yes
S-GHG- storage, and OTEC based Thermal Wind, Solar,
OTEC Generation OTEC, and
WTE/LFG

Source: Pace Global

The questions above all highly relevant to investment and policy decision making in the Grand Cayman.
The benefit of bringing natural gas to the island has to be demonstrated such that the island can transition
to a renewable based economy and meet the carbon emission reduction goals. Natural gas can also
provide optionality to the utility in terms of being able to switch from one fuel to the other based on prevailing
market prices. Further, natural gas can serve as a hedge against the volatility associated with diesel prices.
Typically, natural gas can be hedged for longer periods of time compared to diesel.
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The value of storage is important to bring out from a renewables integration standpoint particularly in light
of the fact that existing thermal resources can be limited in terms of the flexibility they can provide. Itis
also important to understand the costs associated with carbon compliance and also what the costs are of
meeting carbon emissions with diesel compared to natural gas given that diesel has 25% higher emission
rate than natural gas. Finally, CUC has a PPA on the table for baseload renewables and its important to
bring out the value of baseload renewables vs. intermittent renewables. To answer the questions, the
portfolios were set up as shown in Exhibit 28. Comparing various portfolio costs and builds over the IRP
forecast horizon as shown in Exhibit 29 below provides the analytical framework to develop responses to
the questions.

Exhibit 29: Portfolio Questions Answered

Relevant Question Portfolio Addressed
Should natural gas be considered an alternative Portfolios 1 vs 2
fuel?
What is the value of storage? Portfolios 3 vs 4
What is the cost of compliance with green-house Portfolios 2 vs 5

gas emission targets?

How much more renewables and storage is Portfolios 4 vs 5
needed with Diesel vs. Natural gas?

What is the value of baseload renewables Portfolios 5 vs 6
relative to intermittent renewable resources?

Source: Pace Global

The second step in the process was to estimate size, timing, and composition of the portfolio based on
least cost optimization techniques. Pace Global used Aurora’s long term capacity expansion framework?8
to develop portfolio designs based on carbon emission reduction goals, minimum reserve margin constraint,
maximum annual technology buildout, ancillary services constraint, and energy requirements. A more
detailed description of the constraints is shown below.

Carbon Emission Constraint:  The carbon constraint imposed on the model in effect was designed to
realize a reduction of 60% by 2030 (relative to 2014 levels)!® and stay at that level for the rest of the forecast
horizon. In developing this constraint, only the electricity sector carbon emissions were considered. The
carbon constraint effectively imposed a limit of approximately 170 Million tons of CO2zto be met by 2030.

Minimum Reserve Margin Constraint:  All portfolios imposed a minimum reserve margin target of 45%.

18 For a detailed description of Aurora’s long term capacity expansion logic, see Appendix IV

19 The National Energy policy directive calls for an economy wide reduction from 12.1 metric tons/capita to 4.8 metric tons/capita or
a reduction of 60% by 2030 relative to 2014 levels.
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Historically, CUC has maintained a reserve margin in the 35-55% range with the minimum being 33%. The
model builds capacity to maintain the minimum levels but can build more, if economic.

Maximum Annual Technology Buildout: Annual technology buildout limits were imposed on the model. No
more than 20 MW of utility scale solar was allowed to be built in a single year.

Ancillary Service Constraint: The model jointly optimized the energy and ancillary services needs of the
system. The ancillary services demand was included as an input to the model and represented the
contingency reserves and regulation needs of the system.  The contingency reserve needs were
maintained at 21 MW levels for all forecast years and these were honored on an hourly basis to account
for the single largest generation contingency. The regulation requirement was modeled as a percentage
of renewable capacity available on an hourly basis and thus the model saw a larger need during the day
time with larger amounts of solar generation available and less during the night time with only wind
generation available.

Energy Requirement: The energy requirements are a function of the system demand. The retail load
forecast was developed and in order to develop net energy for load numbers, system losses and generation
auxiliary load was added to the retail demand forecast.

The findings of the screening analysis ultimately supported the development of the six integrated portfolios
shown in Exhibit 28 for assessment across a range of external market conditions. Exhibit summarizes
each of these portfolio options, with descriptions of their components under each of the major screening
categories.
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Exhibit 30: Summary of Integrated Portfolio Options

Portfolio Description Thermal Generation Renewable Storage
Generation
1 Base: Maximize renewable Small ICE: 8 MW Wind: 44 MW None
energy with no storage Large ICE: 162 MW Solar PV: 110 MW
2 Portfolio with no GHG Target Small ICE: 8 MW Wind: 44 MW None
Large ICE: 162 MW Solar PV: 105 MW
3 Portfolio with no GHG Target Small ICE: 8 MW Wind: 44 MW 20 MW
Large ICE: 144 MW Solar PV: 135 MW
4 Portfolio with Full GHG Small ICE: 8 MW Wind: 28 MW 125 MW
Compliance and Storage Large ICE: 145 MW Solar PV: 195 MW
5 Portfolio with Full GHG Small ICE: 22 MW Wind: 44 MW 60 MW
Compliance and Storage Large ICE: 151 MW Solar PV: 135 MW
6 Portfolio with Full GHG Small ICE: 20 Wind: 44 MW 20 MW
Compliance storage, and Large ICE: 126 Solar PV: 90 MW
OTEC OTEC: 12.5 MW

Note: All portfolios have 70 MW of distributed solar, 5 MW of Municipal Solid Waste (MSW), and 1 MW of landfill gas.

Source: Pace Global analysis

As shown in Exhibit 31 portfolio compositions are a function of the constraints presented to each portfolio.
The first and second portfolios build similar amounts of thermal capacity on an economic basis with no
carbon goals imposed upon the portfolios. The third portfolio builds storage and less thermal capacity but
the storage is able to accommodate more renewables and comes close to meeting the carbon goals in
2030, albeit shows violations beyond 2030. The fourth portfolio that meets the carbon constraint but with
diesel fuel has to build significantly larger amounts of renewables and storage to meet the carbon emission
goals. The fifth portfolio is the same as the fourth portfolio but with natural gas available on the island. In
this portfolio, the renewables buildout is smaller and consequently less storage is needed to integrate the
renewables and meet the carbon emission reduction target. The sixth portfolio partly replaces intermittent
renewables with baseload renewables. As expected, in this portfolio, less storage is needed to integrate
renewables and meet the carbon emission reduction goals. All portfolios include the waste-to-energy facility
and the landfill gas facility.
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Exhibit 31: Portfolio Summary

P1: D-NS

P2: NG-NS

P3: NG-S

Fuel Assumption

Diesel

Natural Gas

Natural Gas

Thermal Builds

170 MW (1 2023-2041)

170 MW (1 2023-2042)

152 MW (2026 -2042)

Wind Builds

44 MW ( 2021-2024)

44 MW ( 2023 -2028)

44 MW (2021 -2029)

Utility Solar Builds

110 MW (2020-2035)

105 MW (2021-2042)

135 MW (2021-2035)

Distributed Solar

70 MW (2017-2045)

70 MW (2017-2045)

70 MW (2017-2045)

Battery Storage (Long
Duration: 100%)

No

No

Yes, 20 MW Long Duration in
2022

Costs (Real$)

Total: $3.75 B; Fuel:
$2.07 B; PV; $1.79 B

Total: $3.20 B; Fuel:
$1.65B; PV; $1.56 B

Total: $3.13 B; Fuel: $1.45 B;
PV; $1.54 B

Emission Reduction by
2030 (thousand tons)

40% Reduction (443-
268)

57% Reduction (443-
192)

64% Reduction (443-158)*

Average Curtailments

14.22%

10.79%

6.80%

Av. Reserve Margins

48%

49%

50%

Ancillary Services

Spin, RegUp, RegDown
carried by thermal

Spin, RegUp, RegDown
carried by thermal

Batteries and Existing/New
Thermal

Transmission Constraint

0,
(Limit: 70 MW) None None 0.42%
P4: D-S-GHG P5: NG-S-GHG P6: NG-S-GHG-OTEC
Fuel Assumption Diesel Natural Gas Natural Gas

Thermal Builds

153 MW (12032 - 2041)

173 MW (2025 - 2041)

146 MW (2026 - 2042)

Wind Builds

28 MW ( 2021 - 2040)

44 MW ( 2023 -2045)

44 MW ( 2025 -2045)

Utility Solar Builds

195 MW (2020 - 2045)

135 MW (2021 - 2030)

90 MW (2021 - 2024)

Distributed Solar

70 MW (2017-2045)

70 MW (2017-2045)

70 MW (2017-2045)

Battery Storage (Long
Duration: 100%)

125 MW with 25 MW
each in 2022, 2024,
2026, 2028, and 2030

20 MW 2022 and 40
MW in 2030

20 MW in 2022

Costs (Real$)

Total: $3.56 B; Fuel:
$1.42B; PV: $1.73 B

Total: $3.18 B; Fuel:
$1.41B; PV: $1.55B

Total: $3.3 B; Fuel: $1.39 B;
PV: $1.61 B

Emission Reduction by
2030 (thousand tons)

65% Reduction (443-
153)

68% Reduction (443-
140)

67% Reduction (443-146)

Average Curtailments

2.22%

2.99%

3.47%

Av. Reserve Margins

82%

55%

55%

Ancillary Services

Batteries and
Existing/New Thermal

Batteries and
Existing/New Thermal

Batteries and Existing/New
Thermal

Transmission Constraint
(Limit: 70 MW )

1.51%

0.29%

0.06%

Source: Pace Global analysis
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Exhibit 32: Supply and Demand Balance for Integrated Portfolio Options
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Source: Pace Global analysis.
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Considering various portfolio attributes explained further in Chapter 8, Pace Global suggests that Portfolios
5 and 6 be the preferred options. Exhibit 32 shows the supply demand balance over time for the preferred
portfolios while Exhibit 33 shows the energy mix over time. The portfolio buildout shows large amounts
of solar and wind generation coming online in the early to middle period and thermal capacity coming online
in the middle to late period to compensate for the retiring thermal resources and help support the ancillary
service needs of the system. Nearly sixty percent of the energy mix is renewable by the 2030 compliance
period inclusive of utility scale wind and solar, the municipal solid waste facility, the landfill gas facility,
distributed solar, and the Ocean Thermal Energy Conversion (OTEC) facility in Portfolio 6.

Exhibit 33: Energy Needs and Resources for Integrated Portfolio Options

Portfolio 5 Generation (MWh)
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Source: Pace Global analysis.
Note that for Portfolio 5, the generation mix excludes the 61 MW of additional capacity needed to meet LOLE thresholds.

KEY PORTFOLIO RESPONSES

Exhibit 34 summarizes the responses to the key questions that the portfolios were conceptualized to
answer. The responses quantify the benefits from a production cost standpoint. Other non-cost benefits
are identified in the “Portfolio Analysis Results” chapter.  As shown, the benefits from natural gas are
approximately $230 MM largely associated with fuel cost savings net of differences in capital cost and
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conversion costs associated with conversion to dual fuel capability. The value of storage is found to be
very high. Storage was a key enabler in meeting the island’s carbon emission reduction goals and achieved
that at a lower cost. This is because of fuel price savings from higher levels of renewable energy relative
to cost of storage. The analysis concluded that carbon goals cannot be met without storage given the
hourly solar generation shape relative to the load profile.

The analysis also concluded that much higher levels of renewables and storage (60 MW and 65 MW
respectively) are needed to comply with green house gas constraints if the island only had diesel vs. both
diesel and natural gas. This is because of differences in diesel vs. gas emission rates. The larger amounts
of capacity needed to meet the carbon goals comes with $176 MM higher costs. However, without the
LOLE capacity addition, the portfolio cost differential is $160 MM.

Finally, the analysis showed that carbon emission reduction goals can be achieved via baseload
renewables as well but at a $60 MM higher cost relative to intermittent renewables. The $60 MM cost
differential is relative to portfolio 5 with the Loss of Load Equivalent (LOLE) adjustment?. Without the LOLE
adjustments, the cost differential is approximately $80 MM.

However, as discussed in the portfolio analysis chapter, the value of baseload renewables can be captured
in other metrics.

Exhibit 34: Portfolio Questions Answered

Relevant Question Portfolio Addressed Response
Should natural gas be considered an alternative Portfolios 1 and 2 Yes, as portfolio costs are
fuel? lower by $230 MM
What is the value of storage? Portfolios 2 and 3 GHG target cannot be met

without storage; Storage also
helps lower portfolio costs by

$20 MM
What is the cost of compliance with green-house Portfolios 2 and 5 Storage helps integrate
gas emission targets? renewables and meet carbon

standards at a lower cost

How much more renewables and storage is Portfolios 4 and 5 60 MW of additional solar
needed with Diesel vs. Natural gas? and 65 MW of additional
storage at a cost of $176 MM

What is the value of baseload renewables Portfolios 5 and 6 Portfolio costs are higher by
relative to intermittent renewable resources? $60 MM [1] but OTEC has
other benefits

[1] Without the LOLE adjustment to P5, the cost differential is $80 MM.
[2] Without the LOLE adjustment to P4, the cost differential relative to P5 is $160 MM.
Source: Pace Global

20 please refer to Appendix for a complete description of the LOLE analysis.
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MARKETLINK SCENARIOS

In order to evaluate the portfolios against a range of potential future conditions, Pace Global developed four
distinct, but internally consistent scenarios within our MarketLink?! process. The scenarios are designed
around broad themes that stress the boundary conditions for many key drivers relevant to CUC’s portfolio
choices. The scenarios are defined as follows:

e Base Case: In the short-term (2016-2019), the Reference Case assumes a business-as-usual
perspective for all market drivers. This Base Scenario assumes that in the U.S. CPP will not be
scuttled but delayed. The scenario assumes moderate technological advance of wind and solar
over time. Rising costs for diesel and natural gas prices over time.

¢ High Economy/Low Regulatory Case (: A robust and growing U.S. (and Island) economy that keeps
upward pressure on all of the major market outcome categories, including load growth, and fuel
costs. This growth is in the absence of a major technological breakthrough. While this scenario
shares many of the attributes of the “High Technology” scenario, the pace of technological
innovation is not as dynamic and therefore not beneficial to keeping prices and costs in check.
High global demand growth will keep upward pressure on thermal capital costs relative to
renewable capital costs.

e Low Economy/High Regulatory Case: Sluggish U.S. (and Island) economic growth both
domestically and globally, including (in the short-term) in important growth markets like China,
Europe, and Brazil. A combination of low economy and high regulations puts downward pressure
on fuel prices, especially in the mid to long term, as renewables push out gas demand. Significant
government intervention and regulations put upward pressure on renewable capital costs and
lessen pressure on thermal capital costs over time.

e High Technology Case: A scenario based on the dominance of technological change in re-shaping
the traditional electric utility model. Costs for solar PV and batteries decline faster than in the
Reference Case, driving distributed solar penetration. Advancements in fracking technology keep
natural gas and diesel prices low. Overall there are higher levels of energy efficiency and DG,
which helps to mitigate the load growth that might otherwise be expected in a High Technology
scenario. Storage breakthroughs in the mid-term, result in greater levels of renewable development
without the need for back-up gas generation — reducing the effective cost of renewable generation.

There are four major portfolio cost drivers that vary across the MarketLink scenarios. These include
commodity prices (diesel and natural gas), demand (gross demand and energy efficiency, capital costs
(thermal & renewable) and, the amount of distributed solar PV penetration in the CUC service territory.
Exhibit 35 summarizes how each of these variables changes across the three market scenarios in
comparison to the Base Case, while the remainder of this section describes the underlying assumptions in
more detail.

21 MarketLink refers to Pace Global's corporate scenario development process, which identifies global and national “states-of-the-
world” for use in resource and strategic planning.
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Exhibit 35: MarketLink Summary of Key Variables vs.

Reference Case across Scenarios

Diesel NEHIE Distributed Thermalll Renevx_/all) 2 Gross Energy
Prices Qas Generation Rl Sl Demand Efficiency
Prices Costs Costs
Base Reference | Reference | Reference | Reference Reference | Reference | Reference
Moderate | Moderate Moderate Moderate
Low Econom in medium | in medium in medium in medium
: hy term to term to Low term to low term to Low High
High Regulation . . - o
low in low in in long high in long
long term | long term term term
Moderate
High Economy in medium
. High High Reference term to Moderate High Low
Low Regulation L
high in long
term
High Technology .
(Transformation) Low Low High Moderate Low Moderate | Reference

Note: Higher costs assume +1 standard deviation from reference costs, low means -1 standard deviation relative to reference
costs, moderate assumes the same as reference costs. Assumes short term: 2016-2019; Medium term: 2020-2025, and
Long Term: 2026-2036. In short term, all scenarios assume the perspective as base scenario.

Source: Pace Global

As shown in Exhibit 35, for the IRP analysis, three alternative scenarios were considered, in addition to the
Base case. The scenarios included the low economy case, the high economy case, and the high technology
(transformation) case. Inputs for the key variables were developed to ensure that they were internally
consistent with the scenario by first developing directional changes for each variable (load, gas prices,
diesel prices, thermal capital costs, and renewable capital costs) relative to the base case forecast in the
near, mid, and long term. Values were then selected for each scenario that reflect one standard deviation
from the mean in the direction indicated, and in few limited cases a %2 standard deviation or other larger
variation. In our experience, one standard deviation provides a reasonable boundary condition to assess
the uncertainty associated with key variables in a deterministic modeling approach.

DIESEL PRICES

Diesel prices are a key driver of power markets and portfolio costs for CUC. Exhibit 36 summarizes the
projected price trajectories for delivered diesel (ULSD) prices at Grand Cayman under the various
scenarios, while the following section summarizes the key drivers for each.

Under Pace Global’'s Reference Case outlook, the base commodity U.S. Gulf Coast diesel price is expected
to continue to recover from a recent market low of $6.00/MMBtu ($0.83/gallon) in January 2016 to prices
more in line with the historical average from 2010-2016 ($17.30/MMBtu). As mentioned in the Fuel Supply
Analysis section earlier in this report, diesel prices are closely correlated with WTI crude oil prices, which
serve as the basis for our base commodity diesel price forecast, with an additional $4.30/MMBtu in
transportation costs from the Houston Ship Channel.

In terms of diesel prices delivered to Grand Cayman in the near term (2017-2018), diesel prices are
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expected to remain relatively low, ranging from $15.00-17.00/MMBtu as U.S. production from new sources
of shale oil coupled with a global crude oil oversupply continue to outpace global demand for oil products.
In the mid- to long-term, crude oil prices are expected to rise over time from $17.50/MMBtu in 2019 to
$21.00/MMBtu in 2045 as oil markets revert back to a more long-term sustainable balance of $60-80/barrel.
OPEC, which represents approximately 43 percent of total global oil production, has moved to curtail some
of its production, which will put upward pressure on oil prices (and thus diesel prices). But long-run
economics for oil will continue to see a strong supply response from U.S. shale oil producers as prices rise
toward $80/barrel, helping to keep a theoretical ceiling on our Reference Case prices.

Energy markets and crude oil in particular can be very volatile and it is therefore useful to establish upper
price and lower price pathways relative to our Reference Case forecast. An upper price path for diesel
prices would be more likely if diesel demand is higher in the power sector than in the Reference Case, as
a result of high economic growth in OECD and non-OECD countries. Other economic conditions, such as
surging demand for oil together with supply constraints, could help to push the outlook for diesel prices to
one standard deviation or more above the Reference Case outlook, which is shown in the Exhibit 36 below.
Conversely, an oversupplied global market coupled with flagging global demand, for example from a rapid
decarbonization of economies or simply from advances in shale oil production technology and increases in
shale oil reserves, could push prices downward by one standard deviation or more from the Reference
Case outlook, also shown in the Exhibit 36 below.

Exhibit 36: Grand Cayman Delivered Diesel Prices
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NATURAL GAS PRICES

Natural gas prices are a key driver of power markets and portfolio costs for CUC. Exhibit 37 summarizes
the projected price trajectories for delivered natural gas prices at Grand Cayman in the Reference Case as
well as one standard deviation above and below the Reference Case, while the following section
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summarizes the key drivers for each.

Pace Global’s Reference Case outlook for natural gas prices is based on the fundamental outlook supply,
demand, and infrastructure in North America (and indirectly globally through LNG exports). At the
benchmark Henry Hub, natural gas prices have been driven downward since the onset of shale gas
production, reaching a recent historic low of $1.50/MMBtu in March 2016. However, such a low price is
unsustainable in the long-run for producers who need to make a reasonable return on investment, and
prices are expected to revert toward the historical average from 2010-2016 of $3.50/MMBtu.

In terms of natural gas prices delivered to Grand Cayman (in the form of LNG), the short-term outlook
(2017-2018) sees prices remaining at or very near $13.00/MMBtu, inclusive of approximately
$10.00/MMBtu in liguefaction, transportation, and island costs. The U.S. remains well supplied with natural
gas, despite a decline from a peak production level of 75 Bcf/d in 2016 to 71 Bcf/d in 2017 as producers
pull back on production in the face of sustained (2+ years) low prices. There is a substantial inventory of
Drilled-but-Uncompleted wells that can be brought online relatively inexpensively to help keep natural gas
prices in the U.S. in check in the short-term. In the medium-term, Henry Hub prices are expected to rise as
new demand (mostly LNG exports and pipeline exports to Mexico but also from the industrial and power
generation sectors) increases to take advantage of relatively low prices and to mop up surplus natural gas
supply. In the long-term, delivered natural gas prices are expected to be limited to approximately
$15.00/MMBtu as both shale and conventional natural gas reserves become broadly economically feasible
to produce at $5.00/MMBtu at the Henry Hub.

As with oil markets, natural gas markets can also be volatile. A view of upper and lower price path
trajectories based on standard deviations is useful for understanding exposure to price risk. Average natural
gas prices could in theory rise to one standard deviation above the Reference Case outlook if markets
experience supply constraints, surging demand, and infrastructure that is unable to efficiently deliver natural
gas from producing to consuming regions. Conversely, low natural gas prices to Grand Cayman could in
theory levelize at $10.00/MMBtu if markets remain chronically oversupplied, demand fails to materialize in
a significant way, and if oil prices also remain significantly lower than the Reference Case outlook for that
commodity.

60



PACE

GLOBAL

A Siemens Business

\

Exhibit 37: Grand Cayman Delivered Natural Gas Prices by Scenario
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DISTRIBUTED SOLAR PV PENETRATION

Distributed solar penetration is a significant driver of CUC’s portfolio cost profile over the long term.
Residential and commercial adoption of solar PV can impact the operations of CUC’s remaining fleet and
affect the costs borne by remaining customers. Exhibit 38 summarizes the projected solar PV penetration
levels in MW under the various scenarios, while the following section summarizes the key drivers for each.

Pace Global's Reference Case is based on an analysis of expected avoided costs, trajectories for capital
costs for solar, and the expected penetration rates that are associated with the resulting payback periods
for residential and commercial customers.

Appendix Il: Solar Penetration Analysis provides additional detail on the methodology, analysis, and results,
summarizing that the expectation in the Reference Case is for around 70 MW of solar PV by the 2040s.
Note that the theoretical limit of DG solar penetration is currently 65 MW due to reverse power issues??.

Under the High Technology scenario, a combination of technology drivers and customer preferences lead
to a higher penetration rate over time. Faster-than-expected declines in capital costs drive improved
economics. Further, new market players and information platforms spread the potential opportunities to
more customers. Overall, under this scenario, the payback period for most customers improves to five
years (vs. an average of seven years in the Reference Case), and the capacity of new distributed solar PV

22 As determined by the Renewable Infusion Study Report prepared by Leidos in October 2015. The solar penetration study assumes
a 1% year on year increase in the limit over the forecast horizon.
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installations increases towards 118 MW by 2045. However, given the DG penetration is limited to 89 MW
due to the system limit described above.

Under the Low Economy scenario, costs of electricity are lower than the Reference Case due to flat natural
gas and COzq prices. Furthermore, distributed PV solar costs stay above the Reference case in the long
term As a result, the expected payback period for new solar PV installations increases to ten years, driving
a much more gradual penetration rate. Overall, by 2045, the total capacity of solar PV installations in CUC
is only around 34 MW.

Exhibit 38: CUC Distributed Solar PV Penetration Levels by Scenario
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CAPITAL COSTS

Capital costs can be a key driver of power markets and portfolio costs for CUC. Exhibit 39 summarizes the
projected price trajectories for thermal and renewable capital costs for Grand Cayman under the various
scenarios, while the following section summarizes the key drivers for each.

Under Pace Global’'s Reference Case outlook, thermal capital costs show progressive declines over time
but the rate of decline is not as great as the decline in renewable capital costs. Siemens PTI maintains a
database of applicable studies, projects, and announcements that include over fifty public and confidential
client sources. All sources in the database are within three years of the present to maintain up-to-date
assumptions. The Siemens PTI team screens each source for equipment type, model, project scope and
location to develop qualified samples. These qualified samples are then modified using variables including
location adjustments, inflation adjustments and owner’s interest rate to develop comparable national
samples. Siemens PTI then uses statistical analysis from the comparable national samples and expert
opinion to determine likely cost ranges for each technology. The technology database provides the
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and interviews with developers.

Under the High Economy scenario, thermal capital costs follow the same pattern as in the Reference case
but become higher than base case in the long term. Renewable capital costs follow the Reference case in

both the medium to long term.

Under Low Economy scenario, thermal capital costs follow the same pattern as in the Reference case but
become lower than base case in the long term. Renewable capital costs are moderate in the medium term

but become higher than the reference case in the long term.

Exhibit 39: Capital Costs by Scenario for Renewable and Thermal technology
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Utility Wind Capital Costs
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CUC LOAD GROWTH

Projections for load growth rates, load factors (the ratio between average and peak load), and hourly load
profiles are all important drivers of CUC’s portfolio costs. These variables change in the different MarketLink
scenarios, with summary differences presented in Exhibit 40 and in the section below.

Pace Global’'s Reference Case load forecast was developed based on an econometric analysis of key
economic and weather drivers, along with incorporation of customer count trajectories, energy efficiency
and electric vehicle penetration over time. The details are explained in Appendix Ill: Load Forecast Details.
The gross demand forecast leads to a compound annual growth rate (CAGR ) of 1.76% for average demand
and 1.56% for peak demand growth rate. The Reference case assumes that over the next 21 years (2037),
there will be a 16% reduction in demand relative to the base gross demand due to economically viable
energy efficiency investments. This is based on the “Medium EE” case where-in 50% of economically
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viable energy efficient investments are made?3. With this adjustment, the net average demand growth rate
is 0.87% and net peak demand growth rate is 0.67%.

Under the High Economy scenario, the gross demand growth rate is expected to be higher due to higher
US economic growth rate and consequently higher growth rate in the Grand Cayman due to higher growth
in stayover tourism and financial sectors. Under this scenario, the average demand growth rate is 2.14%
and peak demand growth rate is 1.90%. The energy efficiency growth and penetration is assumed to be
lower relative to the Reference case as general feeling of well-being leads to very little investment on the
part of the utility and the customer to invest in energy efficiency.

Under the low economy scenario, the gross demand growth rate is lower than Reference case demand
reflecting lackluster economic growth due to a slowdown in world economy. The low economy case
assumes that over the next 21 years (2037), there will be a 33% reduction in demand relative to the base
gross demand due to economically viable energy efficiency investments. This is based on the Full EE case
where-in 100% of economically viable energy efficient investments are made. It is assumed that the low
economic growth environmental will compel utilities and customers to make longer term investments in
energy efficient technologies. This overall results in negative demand growth rate over the forecast horizon.
(-0.66% for average and -0.78% for peak).

The gross demand growth rate in the High Technology scenario is assumed to be the same as the reference
case. The energy efficiency assumptions are also the same as the reference case. Pace Global
recognizes that in this scenario, higher than expected penetration of Plug-in hybrid electric vehicles can
alter the load shape and change the average to peak demand ratio. However, specific adjustment has not
been made in the analysis. Furthermore, shifting from peak to off-peak consumption can occur if there is
effective deployment of time-of-use rates using CUC’s existing advanced metering infrastructure.

23 Based on the Castelia Strategic Advisors report to the National Energy Policy Review Committee, Nov 2016.
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Exhibit 40: CUC Load Growth Projections by Scenario
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REFERENCE CASE PORTFOLIO ANALYSIS - COST ASSESSMENT

Each of the integrated portfolios was analyzed through the hourly dispatch simulation methodology. This
analysis incorporated all existing resources and contracts (see Exhibit 11), expectations for CUC’s future
hourly loads (see Appendix Ill: Load Forecast Details), as well as expectations for distributed solar additions
installed by customers (See Appendix Il). The IRP analysis assesses the total costs of CUC’s generation
over time for each portfolio option, with the key findings summarized in Exhibit 41.

Overall, the cost analysis indicates that Portfolio 1 with diesel and no storage is highest cost due to
significant spending on maintenance capital and operations, high exposure to the market as units are
expected to fail, and high value of lost load (“VOLL”) costs as a result of expected outage events (see
APPENDIX I: Loss of Load Equivalent Analysis). The lowest cost portfolio option is Portfolio 5, driven
primarily by the ability to use a combination of natural gas and renewables to achieve emission targets.
Storage also plays a critical role in enabling integration of a larger amount of renewable resources and
helps meet the emission targets. For additional detail on annual costs, please refer to Appendix VI.

Exhibit 41: Annual Portfolio Cost Projections — Reference Case
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Source: Pace Global analysis.
Note that for Portfolio 4 and 5, the cost projections exclude the additional capacity needed to meet LOLE thresholds.

Each of the integrated portfolios was evaluated against each of the MarketLink scenarios as summarized
in Exhibit 42 2%in order to assess the impact of changes in key external drivers on overall portfolio costs.
Exhibit 43 summarizes the results of this analysis by plotting the levelized costs of each portfolio across the

24N comprehensive description of the Marketlink scenarios is provided in Chapter 7.
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30-year evaluation period for each of the four market scenarios. While Portfolio 5 is the lowest cost
portfolio, Portfolio 3 appears to have the lowest risk.

Exhibit 42: MarketLink Scenario Summary

Robust US and island economy driving
electricity demand growth

Upward pressure on fuel prices Sluggish US and island economy puts

downward pressure on load growth,
downward pressure on fuel prices in
the mid to long term due to poor
economic growth and high regulations

Low

Economy

Reference

High solar PV due to rapidly declining
costs of solar PV and batteries
Advancements in fracking keep fuel
prices low

Source: Pace Global

The portfolios with diesel — Portfolios 1 and 4 — have the highest risk given the price volatility associated
with diesel. In general portfolios with natural gas, storage, and renewables are the lowest cost and also
show the lowest risk. Portfolio 6 with OTEC also fares well in the risk spectrum given the certainty in pricing
associated with a PPA. In other words, part of the capital cost uncertainty goes away with the OTEC PPA.
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Exhibit 43: Summary of Levelized Portfolio Costs across MarketLink Scenarios
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ENVIRONMENTAL STEWARDSHIP ASSESSMENT

The portfolio analysis evaluated one key metric for environmental stewardship —CO2 emissions reduction
goal. Three portfolios were constructed to meet the carbon emission reduction goal while the other three
portfolios were designed to estimate the degree of renewable penetration growth due to economic drivers
with no carbon emission reduction goal. Portfolios with natural gas, intermittent renewables, and storage
were able to comply at the lowest cost, followed by portfolios with OTEC and natural gas. Portfolio with
diesel, renewables, and storage had the highest cost because diesel burns less cleanly than natural gas
and consequently requires much larger amounts or renewables and storage to meet carbon goals relative
to the portfolios with natural gas.

Exhibit 44: Portfolio CO2 Emissions
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DIVERSITY

The Diversity metric in Exhibit 45 contains two sub-metrics (2030 concentration and number of
technologies) to form this major metric used in the portfolio ranking. The 2030 concentration metric is the
largest technology percent of generation compared to the total generation. The lower the percent
concentration the more diverse the portfolio is. All the portfolios rely on thermal as the largest generating
technology in 2030 except for portfolio 4 which needs a large amount of solar to meet the emissions
constraints by 2030. For the number of technologies, Portfolio 6 does the best with dual fuel (gas and
diesel) counting as two technologies and then, wind, solar, waste to energy, landfill gas, battery and OTEC.

Exhibit 45: Diversity Metrics
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2030 Concentration
% reliance on largest Largest Balance Energy Metric
technology MWh Technology MWh (# of technologies)
5 (Thermal: Diesel Only,
Wind, Solar, Waste-to-
. 0 ' )
P1:D-NS 53% Thermal Energy (WTE), landfill gas
(LG)
6 (Dual Fuel: Thermal, Wind
. - 0, 1 )
P2: NG-NS 54% Thermal Solar, WTE, LG)
7 (Dual Fuel: Thermal, Wind
. - 0, 1 )
P3: NG-S 44% Thermal Solar, WTE, LG, Battery
6 (Thermal: Diesel Only,
P4: D-S-GHG 59% Solar Wind, Solar, WTE, LG,
Battery
7 (Dual Fuel: Thermal, Wind
. -S- 0, l ’
P5: NG-S-GHG 48% Thermal Solar, WTE, LG, Battery
8 (Dual Fuel: Thermal, Wind,
P6: NG-S-GHG-OTEC 41% Thermal Solar, WTE, LG, Battery,
OTEC)

Source: Pace Global

LAND USE

All portfolios require large amounts of land use due to the proposed wind and solar buildout. There are
many more studies and permitting issues to be addressed. Pace Global used generic assumptions based
on acreage per MW for each technology. Utility scale solar was 5.5 acres/MW; Wind: 30 acres/MW; OTEC:
2 acres/MW, and storage 1 acre/MW. Portfolio 6 does the best on land use because of the two OTEC units
modeled which decreased the overall solar usage needed in the portfolio.

Exhibit 46: Land Use

Land Use (Total Acres)
P1: D-NS 1,925
P2: NG-NS 1,898
P3: NG-S 2,083
P4: D-S-GHG 2,038
P5: NG-S-GHG 2,123
P6: NG-S-GHG-OTEC 1,875

Source: Pace Global

CURTAILMENT ASSESSMENT

As part of the integrated portfolio analysis, utility scale solar and wind plant curtailments were estimated.
The modeling framework would curtail generation if there was surplus energy outside of what can be
handled by the system. Distributed solar generation resources were prohibited from being curtailed as
currently there is no way for the utility to control output of the generation resources and no tariff mechanism
is in place to compensate customers to reduce or curtail output. The analysis supports the use of battery

71



)
O PAGE

A Siemens Business

energy storage to reduce instances of curtailment and facilitate attainment of carbon emission reduction
goals.

Exhibit 47: Portfolio Renewable Curtailment
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TRANSMISSION AND GRID ASSESSMENT

As part of the integrated portfolio analysis, a high level grid assessment was performed. The grid analysis
evaluated the need for reactive power compensation and thermal upgrades on the system. In most
portfolios, the East to West transfer limits are not violated in the Reference Case. However, in the high
demand scenario, the East-West transfers are expected to be higher and the transmission lines may have
to be upgraded.
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Exhibit 48: Transmission Flows
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Further, the analysis identified a need for reactive power compensation in the high demand scenario outside
of what conventional thermal generation can supply (See Exhibit 49). This reactive power can be supplied
via smart inverters connected to the storage and intermittent renewable resources, or through external
capacitor banks strategically located on the transmission and/or distribution system. The analysis
concluded that no additional compensation needs to be provided outside of what can be provided by
thermal generation resources and through smart inverter controls connected to renewable and storage
resources. As compensation is not required in the high demand case where reactive power needs are
greater, it was concluded that no compensation is required in the base case. Reactive power
compensation and optimization can be performed once the exact location of renewable resources is
determined. The analysis assumed a load power factor of 95%, thermal reactive power capability of 80%,
and renewable reactive power capability of 90%.

Exhibit 49: Reactive Compensation

Reactive Power Need (MVAR) Reactive Power Availability (MVAR)

2020 2040 2020 2040
Portfolio 1 304 44 56 59
Portfolio 4 304 46 56 49.75
Portfolio 6 30.4 56 62.4 82

Source: Pace Global

LOSS OF LOAD ANALYSIS - RELIABILITY ASSESSMENT

All of the metrics discussed above were considered as objectives.

However, loss of load analysis or

reliability analysis was considered as a constraint with all portfolios meeting the reliability criteria.
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Separate from the hourly portfolio simulation analysis, the loss of load analysis was designed to assess the
likelihood that CUC’s generation and transmission system will be unable to meet load for any period of time.
The objective of the analysis is to identify hours in which supply may be inadequate to meet demand. The
analysis is performed using a Monte-Carlo analysis approach looking at 500 different combinations of
supply and demand. For a more comprehensive description of the methodology, please review APPENDIX
I: Loss of Load Equivalent Analysis.

The analysis concluded that Portfolios with smaller share of thermal resources fail to meet the LOLE
standard of violations being no greater than 2.4 hours a year. Portfolio 4 with large amounts of storage
and fewer thermal resources (98 MW relative to 130-160 on average for other portfolios) fails to meet the
LOLE standard in two of the three test years. Portfolio 5 with the second largest amount of storage and
130 MW of thermal resources fails to meet the standard in one test year.

However, when the violations in Portfolios 4 and 5 are addressed through additional thermal resources, the
portfolios fall back in compliance. Approximately 60 MW of additional thermal capacity was required to
address the violations at a cost of $1393/kW Portfolio 4 and $1205/kW for Portfolio 5. The costs are in
present value terms with differences in costs attributed to the timing when additional capacity is required.
As capacity is needed in 2029 for Portfolio 4 vs. 2040 for Portfolio 5, costs are lower for Portfolio 5.

SUMMARY OF PORTFOLIO ANALYSIS FINDINGS

The overall findings from the integrated portfolio analysis can be summarized according to each key metric.
Exhibit 50 presents the details within each category along with a qualitative ranking of overall performance
(green: positive; yellow: neutral; red: negative). The rankings have been developed using the raw scores
for each category and then using proportional rankings to derive scaled scores between 1 and 10 with 1
being the best and 10 the worst. To arrive at the color rankings, a scaled score of 0-2 receives a green; O-
4: a green-yellow; 4-6: yellow; 6-8: yellow-red; and 8-10: red. To develop the summary ranking, cost was
weighted at 60% of the overall score and each non-cost metric was assigned equal weight®> from the
remaining 40%. In other words, a simple average was used for the non-price weightings which was added
to the cost weighting to develop the summary average rankings. The weighting methodology was discussed
at the final stakeholder meetings but no clear mandate on weighting came out. In exercising its functions
under the Electricity Sector Regulation Law (2018 Revision) namely, its duty to protect the economic
interests of consumers by keeping electricity rates as low as reasonably possible and while keeping with
industry best practices, OfReg has indicated a preference for cost to drive the rankings to a large extent
and CUC supports this preference.

It should be noted that the weighting methodology for scored attributes for long term portfolios is different
from the weighting methodology that would be applied on a project by project basis. The IRP is intended to
develop a strategic direction for the Cayman Islands electricity sector to move in, with indicative proportions
of energy sources to be developed. It therefore considers country level holistic issues such as land use and
energy diversity. However, from an individual project standpoint, the applied weightings can be very
different from the IRP weightings. For example, when new generation plant using a particular technology
(solar, wind, OTEC, gas etc.) is called for, issues such as land use and energy diversity may have already
been considered at the IRP level and through planning processes. For this reason and also with the aim
of keeping electricity costs as low as possible in the face of generally higher costs in small island systems,
individual projects would be expected to have higher weighting given to pricing attributes compared to non-
price attributes than the IRP scoring.

The chosen weighting methodology recognizes electricity cost of production as the most significant factor

25 Note that diversity metric included two sub-metrics (generation based share and number of technology options) while the
“supplemental” metric included both land use and renewable curtailment with equal weights assigned to the two-categories in each
case.
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that outweighs all other factors. This is similar to the weighting that would likely be used during a renewable
generation Request for Proposals (RfP) process. At the RfP stage, cost including risk (which is calculated
as a contingent cost) is typically weighted in the 60% to 80% range and other metrics such as quality of the
anticipated outcome and timeliness are introduced into the remaining scoring.

This scoring methodology has a weakness in that options that are not compliant with government
greenhouse gas policy could achieve the best score. Those options that are not compliant should therefore
be set aside in the analysis, however they are useful for comparison purposes. For example the cost
difference between Portfolio 3 and Portfolio 5 (which is the cost of modifying Portfolio 3 to achieve
greenhouse gas compliance) is highlighted through this methodology. This scoring methodology results in
the greenhouse gas compliant natural gas option with storage (Portfolio 5) as the preferred portfolio
followed by the OTEC portfolio (Portfolio 6).

Exhibit 50: Summary of Integrated Portfolio Results — All Metrics

Cost ( NPV of Supplemental: Summary
total costs)
($MM) with

LOLE

Weight 60% 10% 10% 10% 10% 100%

P3: NG-S v ® ' o @ 250 O 610 ® 10 @
PENGSGHG 132 @ M9 @ % @ 361 O 532 Q125 @
misoe 1t M @ X @ w @z @ ©
P2NGNs % g S g T ® 694 @ 403 Q 208 O
P4:D-SGHG 1129 @ P2 - % @ 3 @ 32 ® 662 QO
o U0 @ @ @ gw e @

Source: Pace Global

The key findings within each objective are summarized as follows. As mentioned previously, reliability was
considered a constraint and not an objective. As such, it was ensured that all portfolios had enough firm
capacity to meet the 1 day in 10 year LOLE reliability standard.

e Cost: Portfolio 3 with natural gas, renewables, and storage has the lowest net present cost
followed by Portfolio 5 while Portfolio 1 with diesel and thermal resources and no storage has
the highest cost. Overall Portfolios 3 and 5 do well on cost dimension followed by portfolio 2.
Portfolios 1 and 4 with diesel perform the worst. The cost is inclusive of additional thermal
capacity needed to bring Portfolios 4 and 5 into compliance.
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Risk: Portfolios 3 through 6 with natural gas perform well on rate stability given less variability
in natural gas pricing over time.

Environmental Stewardship: Portfolios 4 through 6 are designed to meet the carbon emission
reduction goals but Portfolio 3 comes close to meeting the carbon emission reduction goals
even on an economic basis. Portfolios 1 and 2 do not comply without storage.

Curtailment: Portfolio 4 has the lowest levels of curtailment on average, followed by Portfolio
5. Portfolio 1 with diesel and no storage has the highest levels of curtailment.

Diversity: Portfolio 6 scores the best from a diversity standpoint while Portfolios 1 and 2 that
build only thermal and renewables score the worst.

Land Use: Portfolio 6 with OTEC performs best from a land-use perspective while Portfolio 4
that builds large amounts of renewables to meet the carbon goals scores the worst.

Best Performing Portfolios

Portfolio 3 performs the best in terms of rate stability and is also the best portfolio in terms of
costs. However, this portfolio fails to sustain compliance with carbon reduction goals.
Portfolio 5 is therefore ranked the highest and provides a good balance across all objectives,
even though it is not the lowest cost portfolio. Portfolio 5 is the second lowest cost portfolio
and achieves the best compliance with environmental goals.

Portfolio 6 is ranked the highest in terms of diversity, land use, and renewable curtailment and
adequately meets environmental compliance. However, OTEC is hot commercially proven and
is a hurdle for this portfolio.

Portfolios 5 and 6 are ranked as the highest compliant portfolios and are the recommended
portfolios. Both portfolios meet carbon emission reduction goals, have manageable renewable
curtailment and meet the reliability criteria at one of the lowest cost points. The portfolios also
perform well in addressing rate uncertainty to customers. Further, given that both portfolios have
the option to utilize natural gas, it provides the optionality to CUC to hedge against commodity price
risks in the future. Portfolio 6 has the added advantage of having a baseload renewable resource
that reduces the need for intermittent renewables and storage (with lower land use requirements)
but the benefit comes at the higher cost point.

Worst Performing Portfolios

Portfolio 4 is one of the worst performing portfolios. While the portfolio meets the environmental
goals, it does so at a big cost given the continued reliance on diesel fuel. This portfolio also
shows significant reliability violations given the need to rely on less thermal and more storage
to meet the environmental goals. However, Portfolio 4 performs the best in terms of renewable
curtailment given the large amounts of storage.

Portfolio 1 is not a feasible option. It relies on large amounts of thermal capacity to integrate
renewables and results in large curtailments and non-compliance with carbon emission
reduction goals. Itis also the highest cost portfolios and one with highest risk.

Portfolio 2 does better than Portfolio 1 in terms of costs and risks but continues to rely on large
thermal capacity. It comes closer to meeting the carbon emission reduction goals but without
storage is unable to meet the goals. This portfolio is close to meeting the GHG reduction
target with a 57% reduction in CO2. As technology improves this portfolio may have merit.
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PIVOT OR FALL BACK STRATEGIES AND OPTIONS

There are potentially a number of uncertainties associated with the suggested portfolio plan. These
uncertainties relate to the difficulty permitting renewable resources (particularly wind but also large amounts
of solar), difficulty bringing on the Ocean Thermal Energy Conversion facility, challenges with battery energy
storage maturation and safety concerns, and issues related to bringing natural gas infrastructure to the
island.

Exhibit 51: Signpost Strategies

Signpost Strategy
OTEC Does not Materialize Pursue Portfolio 5
Not all Renewables, particularly wind, get Permitted Pursue Portfolio 6 with more solar and baseload
renewables

OTEC Does not Materialize and both wind and solar | Revisit IRP
have difficulty with permits
Batteries not able to achieve maturation and scale in a | Pursue Portfolio 6 with more recips and baseload
safe and reliable manner renewables

OTEC Does not Materialize Pursue Portfolio 5

To address the uncertainties, pivot strategies have to be considered such that the utility has an ability to
rapidly switch to another portfolio strategy if market or economic conditions change. Exhibit 51 shows the
key signpost and the possible pivot strategy to deal with the uncertainty. As an example, if OTEC does
not materialize, the utility would fall back on Portfolio 5 which is the other suggested portfolio. If batteries
don’t hold their promise or if intermittent renewables have difficulty with permitting, baseload renewable
options such as OTEC would have to be pursued. If natural gas infrastructure to bring natural gas to the
island and the power plant does not materialize, Portfolio 4 with larger amounts of renewables and storage
would have to be developed. Finally, in the eventuality that both OTEC and intermittent renewables cannot
happen, then the utility may have to revisit the IRP and pursue other baseload generation technology
options or revisit strategy with respect to demand side management and distributed solar. It's also possible
that the National Energy policy directive on carbon emission reduction goals may have to be re-evaluated.

Further, the IRP analysis indicates that many of the recommended actions over the next several years are
independent of the portfolio choice. No matter what the portfolio path is pursued, certain actions have to
be under-taken. For example, in all cases, the renewable procurement strategy would have to be devised,
battery energy storage specifications would have to be developed, and new procurement of thermal
generation assets will need to focus on more flexible reciprocating engines. Furthermore, analytical studies
centered on battery integration and grid impact analysis would have to be conducted.
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As part of the assessment designed to screen candidate options for the ultimate portfolio review, Pace
Global conducted an analysis of the reliability of each portfolio option. This analysis is referred to as a loss
of load (“LOL”) assessment and essentially tests the likelihood that CUC’s generation system will be unable
to meet load for any period of time. The analysis entails Monte Carlo-based simulations for outages in the
generation and transmission system, as well as uncertainty in hourly loads for CUC’s system. Monte Carlo
methods involve random sampling across a distribution of possible outcomes, and this analysis has
deployed such methods to evaluate future possible conditions for CUC’s load and availability of supply
resources in any given hour. The industry standard for loss of load events (‘LOLE”) is one day in ten years
(“1-in-10 Standard”).?6 Most jurisdictions define this as 24 hours in a ten year period. Pace Global has
used this standard in benchmarking its analysis.

METHODOLOGY OVERVIEW

Aurora has the functionality to randomly “remove” power plants or other elements of CUC’s system, such
as transmission lines, from the available supply of resources for limited periods of time to simulate forced
outage events. Pace Global coupled this random outage functionality with a set of load projections that
was stochastically varied, providing both higher and lower load outlooks over five hundred different paths.
Combining these two key elements of system uncertainty, Pace Global evaluated the frequency with which
the various portfolio options would be unable to meet CUC load.

Definition of Loss-of-Load Event

For the purposes of the IRP study, the following definitions are used:

e A LOL Event is defined as any hour or consecutive set of hours when the total available capacity
in the CUC system (inclusive of import capability) is insufficient to meet CUC’s load in that hour or
set of hours;

e LOL Hours are defined as the total number of hours over the simulation period during which the
total available capacity in the CUC system is insufficient to meet CUC’s load.

e Target Objective: For this study, the LOL threshold was set as < 2.4 hours per year.

For the analysis, Pace Global tracked the number of loss of load events, along with total loss of load hours
and total loss of load MWh, for each portfolio. Exhibit summarizes the key inputs and outputs for the
assessment.

2 The following sources provide an overview of the standard and its definition and applicability in the industry:

The Brattle Group and Astrape Consulting, “Resource Adequacy Requirements: Reliability and Economic Implications” prepared for
FERC, September 2013. http://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf

Hogan, William W., “Connecting Reliability Standards and Electricity Markets” presentation for Harvard Electricity Policy Group,
December 8, 2005. http://www.hks.harvard.edu/fs/whogan/Hogan_hepg_120805.pdf

PJM Generation Adequacy Analysis: Technical Methods, October 2003.
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Exhibit 52: LOLE Methodology Overview
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Test Years

The LOL study is a data intensive exercise, with the simulations involving 500 probability distributions of
load, unit outages and other variations in the intermittent generation profiles for renewables. In addition to
these, unit specific historical outage events were calibrated to unique probability distributions (such as a
log-normal, exponential, generalized extreme value distribution etc.). These probability distributions
represent specific down times for the units (also called “Mean-Time to Repair or MTTR). So, Pace Global
conducted the analysis for three representative test years over the IRP study period.

Three test years were chosen for the LOLE study, 2020, 2029, and 2040, considered to be representative
of critical points in time during the IRP study period. For periods prior to 2020, the CUC system is nearly
all diesel with significant reserve margins. By 2020, solar capacity starts to come on the system. By 2029,
significant amount of solar makes entry in nearly all portfolios before the optimal storage buildout has not
taken place.

Intermittent generation resources can impair the reliability of the system. By 2040, more significant changes
will have occurred in CUC’s system, including the retirement of nearly all existing capacity, and additional
evolution in energy efficiency and distributed generation. The 2040 year is also closer to the end of the IRP
study period. In consultation with CUC, Pace Global determined that these three years would be sufficient
to capture the likely reliability impacts of different portfolios, and thus allow a clear ranking of the portfolios
under consideration.
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SYSTEM SUPPLY ELEMENTS AND ASSOCIATED UNCERTAINTY

The analysis considered two forms of outages — planned outages and forced outages. Planned outages
were based on CUC’s outage schedule with most of the outages scheduled in the winter and Spring months.
The forced outage was a random variable with the randomness based on historical data on nhumber of
outage events and duration of outages. As event specific data was not available, Pace Global used an
exponential distribution to determine the width of the distribution. In an exponential distribution, only the
mean duration of outages is needed.

In addition to considering planned and forced outages for thermal units, randomness for solar and wind
resources was also considered. As multi-year historical operational data was not available, met-tower and
solar manufacturer data was used with the diurnal hourly variability for each month based on the variability
in the output for the hour, each day of the month. Finally, some of the portfolios had storage. The storage
availability was based on the storage output shape. Similar assumptions were used for OTEC, MSW, and
landfill gas facilities.

Pace Global introduced random variation into the occurrence of plant forced outages using explicit
probability distributions which were fitted to actual events. The random frequency and duration method
takes into consideration the Forced Outage Rate (“FOR”) of each unit as well as the mean time to repair
(“MTTR”) required to bring the unit back online. The FOR and MTTR values were developed for all fossil
fired units in consultation with CUC and are summarized in Exhibit 53.

Exhibit 53: Summary of FOR and MTTR for CUC System Elements

S. No Units Unit AV?MII\DA?'VF\Q Hours
1 Unit 1 11
2 Unit 2 5
3 Unit 3 12
4 Unit 4 12
5 Unit 19 16
6 Unit 20 75
7 Unit 25 50
8 Unit 26 30
9 Unit 28 15
10 Unit 30
11 Unit 31
12 Unit 32
13 Unit 33
14 Unit 34 24
15 Unit 35 12
16 Unit 36 10
17 Unit 41 60
18 Unit 42 55
19 Unit 42 45
20 Unit 44 25
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Sources: Pace Global and CUC.

The analysis was performed for four portfolios identified below:

e P1: 170 MW of new Diesel fired thermal generation plus 154 MW of utility scale wind and solar
resources. No storage resources were considered in this run.

e P4:98 MW of new Diesel fired thermal generation, 223 MW of utility scale wind and solar resources.
Finally, 125 MW of battery energy storage resources.

e P5: 112 MW of new Diesel fired thermal generation plus 179 MW of utility scale wind and solar
resources. Finally, 60 MW of battery energy storage resources.

e P6: 146 MW of new Diesel fired thermal generation plus 134 MW of utility scale wind and solar
resources, and 12.50 MW of OTEC resources. Finally, 20 MW of battery energy storage
resources.

SYSTEM LOAD UNCERTAINTY

Pace Global developed a distribution of potential load growth paths in order to perform the stochastic LOLE
assessment. The starting point for developing the stochastic load distributions is the base case Gross load
forecast (the forecast before adjusting for energy efficiency and demand response expectations). For this
study, the gross system load is stressed for extreme weather events and economic variables only. Pace
global used the last 10-year historical weather data to stress the system load.

Pace Global produced a distribution of monthly average and peak loads using the methodology described
below. The process to produce this distribution can be summarized by the flow chart in Exhibit 54. Statistical
relationships between energy and peak load versus weather and economic indicator events were
developed using the historical data. The regression coefficients for the relationships were obtained for
monthly energy and peak load separately.

To forecast future weather uncertainties, Pace Global considered the past 10-years of historical weather
and performed a random sampling of weather events throughout the study period. The economic indicator
variable was stressed using a Geometric Brownian Motion model, in which the historical drift and diffusion
terms were estimated using the actual data sets.

The final step was to simulate the load deviations using the coefficients and the forecasted weather and

economic uncertainties. The deviations were then applied to the base case reference load forecasts to
come up with a distribution of monthly energy and peak load forecasts.
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Exhibit 54: Risk-Integrated Power Demand Modeling Overview

(1) Gather
Histarical Load
Data {(3) Build USE REGRESSION COEFFS
Regressian
Models
(2) Gather Hist.
VWeather, Econ
Data
(4] Simulate Random (5] Simulate
\Weather & Economic —=  Load Variations
Indicator Events around reference
(6) Output Load
Distributions

Source: Pace Global

Historical Driver Analysis

Similar to the baseline load forecast analysis, weather and economic data have historically explained CUC’s
monthly average and peak load fairly well. This relationship forms the basis for Pace Global's load
uncertainty analysis. The historical weather data includes Heating Degree Days (“HDD”), Cooling Degree
Days (“CDD”) and Humidity. The basic premise of our stochastic model is that load can be expressed as
follows:

Load; = a + (B * HDD;) + (B2 * CDD;) + (B3 * HUM,) + (By * PIt) + &,

Where:

e HDD (Heating Degree Days): 65 - Average daily temperature in degrees Fahrenheit or zero. HDD

is never negative.

e CDD (Cooling Degree Days): Average daily temperature - 65 in degrees Fahrenheit or zero. CDD
iS never negative.
HUM (Humidity): Average daily percent humidity.
PI: Personal Income
& : A normally distributed error term with mean 0 and constant variance
a . A constant derived from the regression analysis
B.: Estimated coefficients derived from the regression analysis

Load Stochastics Propagation

To produce the load stochastics, Pace Global propagated three independent random paths: weather data,
personal income, and a residual.

Weather data includes heating and cooling degree days and humidity. To produce reasonable weather

data projections, Pace Global samples actual yearly paths from history. For this analysis, 10 years of
historical data were used to perform the historical driver analysis. For every Monte Carlo iteration, the
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sampling of historical weather data is performed with “Equal-Weighted” probability for all historical years.
This sampled historical weather for a year is considered as the forecast of weather for a specific year in the
forecast time period. To account for unexplained variation in the observed data (i.e. error term), a normally
distributed residual with mean zero and standard deviation equal to the root mean squared error of the
previously mentioned stepwise regression was added to the equation.

Exhibit 55 shows the monthly peak load stochastic distributions used for LOL study, over time for the CUC

system. Note that each line is not a discrete path or load forecast, but a representation of the probability
of being at or below that point across the entire distribution of potential outcomes.

Exhibit 55: Peak Load Stochastic Distribution
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Source: Pace Global

Hourly Load Forecasts

The LOL study was done on an hourly basis. The monthly average and peak load forecasts thus obtained
as discussed above were then converted to hourly load profiles (8760s). In order to do this, the “Unitized
Load Estimation Technique” was implemented. This technique would make sure that both the estimated
average and peak load values would be preserved while converting the monthly values into hourly profiles.
There are two steps in this technique.

1) Determine the unitized load factor:
The unitized load factor is determined for every hour in the month. It is computed using the
equation:

(Loady, — AvgLoad)
(PeakLoad — AvgLoad)

ULF, =

2) Estimate the hourly load for the corresponding average and peak:
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Using the load factor calculated above, the monthly average and peak loads are adjusted using the
equation below, to arrive at the final hourly load profiles.

CalcLoad;, = { (ULFh * (PeakLoad — Angoad)) + AvglLoad}

USE OF 500 ITERATIONS

Monte Carlo methods are performed by running simulations repetitively, by sampling the input parameters
every time the model is run. The accuracy of the results being estimated is proportional to the number of
times the model is run. This relationship is thought to be exponentially increasing, so that at some point the
repeated sampling of input parameters will yield a stable expected value of Loss of Load. In this context,
we define convergence as “the optimal number of times the model needs to be run, in order to produce
stability in the output parameter value being estimated, by fixing all input parameters.”

Under Monte Carlo Analysis, the CUC simulation model is run for a series of iterations, each one providing
a different number of LOL Events during the course of the 8760 hours that make up each year. Using the
theory of statistical convergence, the optimal number of runs required for the LOL study was estimated.
Pace Global performed test runs to determine the optimal number of runs (iterations) required for this study.
The output parameters stabilized around 500 iterations, every time the model was run. Therefore, for the
purposes of the study, we set to 500 as the number of iterations to meet the convergence criteria for the
Monte Carlo simulation.

LOLE FINDINGS

The table shown in Exhibit 56 below shows the results of the LOL study for the four portfolios, for the three
representative years. The table indicates two columns for each year:

e The first column represents the number of hours in a year across 500 simulations, when the supply
is unable to meet the load. The hours are representative of the maximum number of hours across
the 500 iterations when there is a shortfall.

e The second column represents the max capacity shortfall, in a year across 500 simulations

As shown, Portfolio 4 with diesel and large amounts of renewables and storage has the highest number of
LOLE hours. For this portfolio, violations are observed in both 2029 and 2040 with a maximum capacity
shortfall of 56 MW. Portfolio 5 also has LOLE violations but only in 2040 with fewer hours of shortfall but
the magnitude of the shortfall is slightly higher at 61 MW. Other portfolios tested also had a few violations
but were below the 2.4 hours threshold identified in the study.

Exhibit 56: Summary of Initial Loss of Load Study Findings

Portfolio Year 2020 Year 2029 Year 2040
Hours with Loss of MW Hours with Loss of MW Hours with Loss of MW
Load Short Load Short Load Short
Portfolio 1 0 0 1 (%) 2 9)
Portfolio 4 0 0 185 (55) 166 (56)
Portfolio 5 0 0 0 0 42 (61)
Portfolio 6 0 0 1 (3 1 0
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Source: Pace Global analysis

Exhibit 57: Summary of Final Loss of Load Study Findings

Portfolio Year 2020 Year 2029 Year 2040
Hours with Loss of MW Hours with Loss of MW Hours with Loss of MW
Load Short Load Short Load Short
Portfolio 1 0 0 1 (5) 2 9)
Portfolio 4 0 0 0 0 1 3)
Portfolio 5 0 0 0 0 0 0
Portfolio 6 0 0 1 3) 1 (0)

Source: Pace Global analysis

The portfolios with significant violations (Portfolio 4 and 5) were re-run with the additional MW capacity
included in the portfolio. Large Reciprocating engines (18 MW size) were added to the portfolio for test
years where a capacity shortfall was found. As shown in Exhibit 57, this helped restore the reliability to
within the minimum threshold.

LOLE Frequency Analysis

To better understand the LOLE under the Monte Carlo analysis performed, Pace Global performed a
frequency analysis on the number of loss of load events (hours) for every iteration. This analysis results in
a frequency distribution plot or a histogram, which is simply the number of loss of load events or hours,
summarized for all 500 iterations, looking at each portfolio separately.

As shown in Exhibit 58, portfolio 4 for years 2029 and 2040 has the most occurrences of LOL events.
Portfolio 5 for year 2040 has relatively less number of LOL events. This is due to the presence of more
renewables mix in the portfolio, where in the intermittency in their generation profiles lead to LOL events.
Presence of more fossil fuel units in the portfolio scores high in reliability metric, with no occurrences of
LOL events for such portfolios.
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Exhibit 58: Frequency distributions of LOL Events across Iterations for Select Portfolios, Years
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LOLE ANALYSIS CONCLUSIONS

The LOLE analysis concludes the following with regard to meeting CUC'’s reliability constraint:

e Portfolio 4 with fewer thermal capacity and significant intermittent generation and storage capacity
has higher levels of reliability issues.

e Portfolio 5 with slightly less renewable and storage capacity also shows some violations but only
in 2040. There is some reliability risk here.

¢ Reliability can be restored by adding additional thermal generation capacity. The study identified
the need for an additional 55 to 60 MW of firm capacity to bring back the reliability violations to
within the desired thresholds.
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As part of the CUC IRP assessment, Pace Global conducted a distributed solar penetration analysis. The
solar penetration levels impact the cost to serve CUC’s remaining load as well as the magnitude of the
required renewable build-out to meet carbon emission goals, as customer-sited solar reduces retail sales,
and total energy consumption, and can increase costs if the solar generation is heavily subsidised by other
customers.

METHODOLOGY OVERVIEW

Pace Global has developed solar penetration estimates based on established methodologies that have
been used in the past and adopted by the National Renewable Energy Laboratory (“NREL”). This includes
an estimation of the maximum market share and adoption rate as a function of the payback period. The
payback period in turn is a function of module capital costs, assumptions for compensation for sell back,
and financing assumptions.

The input assumptions were based on CUC-specific customer demand levels, Cayman-specific capital cost
estimates, and Glendale Water and Power retail rate projections. The analysis is conducted separately for
residential and commercial customers, with the solar PV module size being the key difference between the
two customer classes. For sake of simplicity, the analysis is broken down into three discrete ten year
periods?’ — early, mid, and late — with payback periods calculated for each period based on long term cash
flows. The analysis uses these discrete periods because of expectations that the cost of solar PV will fall
over time. Discrete periods are used in the IRP as a simplification from a continuous function that would
reflect the cost reductions. The MWh reductions in demand due to solar penetration can be viewed in terms
of energy reduction (MWh) and solar PV meter count over time. However, solar PV is modeled as a
generation resource in the production cost model.

INPUT ASSUMPTIONS

There are a number of input assumptions to the solar penetration analysis. The items listed below are the
key assumptions underlying the analysis:

1) Module Size: An 8 kW module was chosen for the residential customer, while a 50 kW module was
chosen for the commercial customer. The module size was based on observed average module
sizes across residential and commercial classes. The solar module capacity factor was assumed
to be in the 15-17% range, consistent with historically achieved capacity factors for operational
modules.

2) Technology Capital Costs: Solar PV costs for residential and commercial customer-sited
installations are currently in the $3,050/kW and $2450/kW range, respectively. The costs are
projected to decline to $2,350/kW for residential and $1,900/kW for commercial by the end of the
decade, with decline rates slowing thereafter, such that projected costs are $2,200/kW for
residential and $1750/kW for commercial by 2030. The costs per kW were lower for commercial
customers relative to residential customers due to scale economies inherent in larger project sizes.
Exhibit 59 shows the rooftop solar capital cost trajectory over time.

3) Rate Structure for Savings and Surplus: The assumed savings rate for any energy not consumed
due to solar generation is based on avoided cost of energy (largely fuel). The assumed
compensation rate for any surplus power sold back to the utility is based on lower of avoided cost
and solar levelized cost of energy. The avoided cost is assumed to be largely a function of the fuel

27 Early period is 2016-2025, mid period is 2026-2035, and late period is 2036-2045.
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prices. To avoid the circularity associated with the avoided cost being a function of the model run
and the model run needing a distributed solar penetration to come up with avoided costs, Pace
Global assumed avoided cost values for the solar penetration analysis. The avoided costs were
based on diesel fuel prices in the 2017-2019 periods, on natural gas in the 2020-2024 periods and
a hybrid of natural gas and renewables post 202428, |t was assumed that as renewables grow over
time, avoided fuel costs would decrease over time, thus reducing the compensation. Additionally,
from 2017-2019 the full core rate was modelled which is .346 $/KWh for residential and .259 $/KWh
for commercial. Exhibit 69 shows an average avoided cost rate trajectory and the distributed solar
capital costs in real dollars.

Exhibit 59: Retail Rate and Capital Cost Projections

A\g)(icsifd Res_idential Commercial
Year Rate Capital Cost Capital Cost

($/KWh) ($/KW) ($/KW)
2017 0.301 [1} 2,993 2,394
2018 0.301 2,913 2,330
2019 0.301 2,809 2,247
2020 0.146 2,770 2,216
2021 0.148 2,639 2,111
2022 0.149 2,569 2,055
2023 0.149 2,506 2,005
2024 0.15 2,449 1,959
2025 0.113 2,397 1,918
2026 0.114 2,350 1,880
2027 0.114 2,306 1,845
2028 0.114 2,265 1,812
2029 0.114 2,228 1,782
2030 0.076 2,193 1,754
2031 0.076 2,160 1,728
2032 0.076 2,129 1,703
2033 0.076 2,100 1,680
2034 0.076 2,072 1,658
2035 0.076 2,021 1,617
2036 0.076 2,021 1,617
2037 0.076 1,998 1,598
2038 0.077 1,976 1,580
2039 0.077 1,954 1,563
2040 0.077 1,934 1,547
2041 0.077 1,914 1,531
2042 0.078 1,895 1,516

28 Between 2025 and 2029, it was assumed that renewables would be on the margin 25% of the time and 2030 onwards, renewables
would on the margin 50% of the time.
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2043 0.078 1,877 1,502
2044 0.078 1,860 1,488
2045 0.078 1,843 1,475

[1} Simple average of residential and commercial rates shown just for illustration.
Source: Pace Global analysis and GWP rate information

4) Financing Assumptions: The solar module acquisition was assumed to be based on an ownership
model with 20% down-payment, with the remaining investment being debt financed. A debt rate of
5.5% was used for the financing. This was largely based on 200 basis point spread over the
prevailing prime rate which was 3.5%2°.

5) Subsidies and Tax Credits: The CORE program currently compensates solar customers at a rate
of 28 cents/kWh for 98 kW systems and 20 cents/kWh for 50 kW systems. However, the CORE
program currently has a cap of 6 MW30, It is assumed that the CORE program in its current form
will continue until a penetration level of 10 MW and then switch to an avoided cost structure past
that. No sovereign tax credits are available for distributed solar installations.

SOLAR PENETRATION CURVES

Pace Global conducted an analysis for Glendale with the objective of quantifying the total load reduction
from solar PV installations in California. In developing the solar penetration levels, Pace relied on NREL
documentation3! in addition to its own experience and observations with developing penetration curves.
There are three key components to this calculation: maximum market share, penetration or adoption rate,
and energy available from PV installations32. The combination of these three variables results in the
reduction in load from solar panel penetrations. Below is a more detailed outline of the assumptions that
were used to estimate each variable.

The maximum market share is a function of the payback period, which represents the duration for the solar
PV installation to break even (i.e., NPV of the cash flow = 0). The maximum market share is an
exponentially declining function in relation to the payback period defined as follows:

] ; — Pavback Sensitivity * Pavback Time
Maximum Market Fraction = g = @70 »ensimity = baypack fime

Pace Global assumed the payback sensitivity to be 0.3, an industry standard that was approximated by
experts who have conducted research in this area.33

The penetration rate represents the cumulative adoption of a new technology since its introduction to the
market. The curve is characterized by an “S” shape (S-curve), which shows a slower rate of growth in the
initial and the late stages of the technology, but a faster adoption rate in the mid-stage.

The “energy available from PV installations” is estimated by multiplying the kW module size assumed above
by the expected capacity factor.

The initial observation from the simulated S-curves is that the adoption rate increases as the payback period

29 Based on press release on Cayman solar loans

30 The cap was recently increased to 8 MW.

31 See NREL “The Solar Deployment System (SolarDS) Model: Documentation and Sample Results”.
32 Energy available from PV installations is a function of module size and capacity factor.

3 See page 19 of the NREL report.
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decreases. Because the payback period may shift due to changes in capital costs or retail rates over time,
Pace Global constructed a composite S-curve that represents the transition from one curve to another over
time as payback period changes. This transition logic produces a more realistic rate of adoption and has
implications for the maximum market share as time progresses. As noted above, the forecast horizon was
split into three ten-year periods (early, mid, and late), with an average capital cost and compensation rate
representation for each period. Payback periods were developed for each period and the composite S-
curve created over the forecast horizon by transitioning from one S-curve to another.

Exhibit 60 shows the S-curve employed in the analysis for various S-curves with a composite S-curve for
the commercial and residential class. Both the commercial and residential classes hit the 10 MW cap by
the 2018-2019 period given the high CORE rates. Over time, avoided costs decrease due to penetration
of renewables but the capital costs also decrease. For commercial class, the capital costs are lower due
to the scale effect. Therefore, in the mid to late period, the payback is closer to 7 years. For the residential
sector, the payback is significantly higher.

Exhibit 60: S-Curve Representation
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Source: Pace Global analysis and NREL

SOLAR PENETRATION PROJECTIONS

Exhibit 61 shows the solar penetration projections over time for residential and commercial customers. As
shown, by 2045 the solar energy production is estimated to be 13% of energy consumption for commercial
customers and approximately 7.4% for residential customers. As explained above, the reduction to load or
the energy available from PV installations is a function of module size, capacity factor, and penetration rate.
Total PV installations by the early 2030s are expected to be between 60 MW and 70 MW. This level of
installed distributed generation will require local generation or energy storage for integration into the GWP
system. In terms of meter count, this translates to 518 commercial meters and 2,498 residential meters
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by the early 2030s.

Exhibit 61: Solar PV Penetration Projections

Commercial R;dtjggg " -II_-S;I Relaai?ion IS\s/tg(I{/%c)J P\ég/lﬁf '
(MWh) (MWh) (%)
2016 3,407 299,244 1.1% 2,593 52
2017 3,863 299,244 1.3% 2,940 59
2018 4,652 304,571 1.5% 3,540 71
2019 6,008 308,032 2.0% 4,572 91
2020 8,309 311,076 2.7% 6,323 126
2021 10,075 314,133 3.2% 7,668 153
2022 12,069 317,252 3.8% 9,185 184
2023 14,408 320,434 4.5% 10,965 219
2024 17,060 323,679 5.3% 12,983 260
2025 19,949 326,991 6.1% 15,182 304
2026 22,969 330,368 7.0% 17,480 350
2027 25,998 333,814 7.8% 19,785 396
2028 28,914 337,330 8.6% 22,004 440
2029 31,621 340,916 9.3% 24,065 481
2030 34,057 344,574 9.9% 25,918 518
2031 36,194 348,306 10.4% 27,545 551
2032 38,037 352,114 10.8% 28,948 579
2033 39,610 355,998 11.1% 30,144 603
2034 40,947 359,960 11.4% 31,162 623
2035 42,086 364,002 11.6% 32,029 641
2036 43,067 368,126 11.7% 32,775 656
2037 44,071 372,332 11.8% 33,540 671
2038 45,101 376,624 12.0% 34,323 686
2039 46,156 381,002 12.1% 35,126 703
2040 47,237 385,468 12.3% 35,949 719
2041 48,346 390,024 12.4% 36,793 736
2042 49,482 394,672 12.5% 37,658 753
2043 50,647 399,414 12.7% 38,544 771
2044 51,840 404,251 12.8% 39,452 789
2045 53,064 408,698 13.0% 40,383 808
- Total Load
Residential Tgiléc(tl\ll?vr\]"']r; (Il\_/l(i/sg) Red(l; /E)tion IS\S/t?klifg P\é(')vllj?te r
2016 3,661 277,782 1.3% 2,786 348
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2017 4,091 277,782 1.5% 3,113 389
2018 4,844 292,120 1.7% 3,686 461
2019 6,151 300,030 2.1% 4,681 585
2020 8,392 306,988 2.7% 6,387 798
2021 10,159 313,975 3.2% 7,731 966
2022 12,182 321,102 3.8% 9,271 1,159
2023 14,587 328,374 4.4% 11,101 1,388
2024 17,350 335,792 5.2% 13,204 1,650
2025 20,407 343,359 5.9% 15,530 1,941
2026 23,657 351,079 6.7% 18,004 2,250
2027 24,278 358,954 6.8% 18,476 2,310
2028 24,918 366,988 6.8% 18,963 2,370
2029 25,577 375,184 6.8% 19,465 2,433
2030 26,256 383,545 6.8% 19,982 2,498
2031 26,955 392,075 6.9% 20,514 2,564
2032 27,676 400,776 6.9% 21,062 2,633
2033 28,418 409,653 6.9% 21,627 2,703
2034 29,183 418,708 7.0% 22,209 2,776
2035 29,971 427,946 7.0% 22,809 2,851
2036 30,782 437,371 7.0% 23,426 2,928
2037 31,618 446,985 7.1% 24,063 3,008
2038 32,480 456,793 7.1% 24,718 3,090
2039 33,367 466,798 7.1% 25,394 3,174
2040 34,282 477,005 7.2% 26,089 3,261
2041 35,223 487,418 7.2% 26,806 3,351
2042 36,194 498,040 7.3% 27,545 3,443
2043 37,193 508,877 7.3% 28,305 3,538
2044 38,223 519,932 7.4% 29,089 3,636
2045 39,284 530,851 7.4% 29,896 3,737

Source: Pace Global analysis

ASSESSMENT OF RATE DESIGN CHANGES

Objective

The objective this task is to offer recommendations that strategically address the needs for specific cost of
service and rate design studies that would be used to quantify the impact on retail electric prices of
alternative resource portfolios defined within the Integrated Resource Plan.

Rate Structure Review

The basis for this review included the following resources:
. The 2014 Cost of Service Study prepared by Utility Consulting Services for the Caribbean Utilities
Company, Ltd. (“CUC”), dated May 2, 2014. This study was commissioned by CUC “for the
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purpose of developing proposed revisions to the Base Rates to be implemented effective June 1,
2014 in connection with the annual rate level adjustment prescribed by the Rate Cap and
Adjustment Mechanism (the “RCAM”) in the T&D License.”3*

. Proposed CUC Demand Rates Study prepared by Utility Consulting Services for the Caribbean
Utilities Company, Ltd. (“CUC”), dated December 6, 2016. This latter study prepared by Utility
Consulting Services and commissioned by CUC addresses the potential mismatch between fixed
and variable cost recovery that can occur as retail consumers self-invest in such distributed energy
resources (DER) as rooftop solar systems.

. “Revised rates for the Large Commercial (“Rate L) rate class that would replace the existing energy
charge rate component with a combination of energy and demand charges, taking into
consideration that certain Rate L customers may own on-site generation to serve a portion of their
electricity requirements, or distributed energy resources” (“DER”); and

o Proposed Residential (“Rate R”) and Commercial (“‘Rate C”) demand-and-energy rates that would
apply to only those respective customers with DER.” (page 1)

The proffered rate structures employ a two-part demand charge to reflect both short and longer term
benefits and costs of DER operations on the CUC system. The report concludes “(T)hat customer would
continue to pay for the cost of facilities standing by in the event of an outage but would not pay for some
generation costs to the extent that the DER reduces the need for generation from CUC.” (page 3)

For large industrial customers under Rate L, the company also seeks to introduce a demand charge
regardless of whether this class of customer employs a DER system or not.  The report recognizes that
proposed rate designs “represents a significant shift from the historical practice for CUC and therefore, a
potential disruptive change for this class of customers.” (page 6) For Rate L customers who do not currently
own DER systems, the demand charge will be phased-in over a three year period.

DER Evaluation

Over the last decade, several state regulatory commissions in the United States have authorized the public
utilities that they regulate to offer net metering rates which provides retail customers who have installed
solar electric systems an economic incentive to further offset their electric charges with the ability to sell
back to the utility surplus electric production at a rate equal to the retail rate for their class of service.
Typically, this is accomplished via “reversed metering”, i.e., the reverse flow of electricity into the electric
distribution network.  While this regulatory policy has had the direct effect of stimulating the market
penetration of renewable distributed energy resources, particularly residential roof top solar electric
systems, as the number of installations grew, it became evident that this policy also affected the electric
utility’s cost of service by:

e Overpaying DER participants for buy-back rates by not considering:
o The fixed costs associated with embedded distribution and transmission investments
o Associated incremental T&D system protection investments required to upgrade the
network for bi-directional flow
o Changes in the utility’s generation supply portfolio
o Potential supply imbalance charges
e Causing both intra and inter class cross subsidization of DER excess costs to non-participating
customers.
o Artificially incentivizing DER investments when system costs exceed benefits.
[ ]
Recognizing that the solar DER technology is maturing, that solar DER unit costs have rapidly declined,
and that the magnitude of cross-subsidization is growing to measurable levels, utilities and regulators have

34 2014 Cost of Service Cover Letter prepared by Mr. Doug Handley of Utility Consulting Services.
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begun to adopt and consider alternative solutions that can reward DER customers for the savings they
produce without imposing an unfair cost to non-participants. Several examples include:

e The installation of a separate DER meter with accompanying cost based buyback rates

e The introduction of demand charges that more closely reflect the cost impact of solar DER on a

utility’s fixed, demand responsive charges.

e The use of real time meters to more accurately credit DER participants for avoided utility costs.

[ ]
Based upon a recent client study by Siemens which similarly addressed the rate impact of solar DER
penetration on the utilities cost of service we found several anecdotal observations that support CUC’s
efforts to develop rate design strategies that simultaneously reward DER customers for avoided utility costs
while mitigating cross subsidization by non-DER customers:

e A 10 percent penetration of residential solar DER was projected to cause an overall rate increase
of 2 percent for that class of customers assuming no change in rate structure.

e Forthe residential class of service, non-DER participants would also experience an additional rate
increase of up to 4.5 percent due to cross subsidization assuming intra class rate neutrality.

o While a recent cost of service study found that energy and demand allocation factors were equally
proportional -- about 45 percent for each, incremental solar DER costs were 90 percent energy and
10 percent demand related. As a result, without a specific demand component, nearly all the DER
costs would be passed through the energy charge while none of the demand related costs will be
captured.

For CUC, “Base Case” annual revenue requirements exclude fuel costs which amounted to $155 million in
Test Year ending 12/31/13 and represent approximately two thirds of total revenue requirements; i.e., $71
million (US$) electric sales and $155 million Fuel Factor. Excluding fuel costs from Base Case rates results
in most of the remaining costs fixed as a function of demand. In December 2016, CUC commissioned a
rate design study that developed a demand charge for both residential and commercial customers with
Distributed Energy Resource, namely solar electric systems. The proposed demand based rate, included
a two-tiered demand rate which offered customer savings resulting from reduced base generation capacity
costs, while more accurately charging DER customers for reserve generation and fixed T&D costs. The
proposed CUC Demand Rates was prepared by Utility Consulting Services for CUC and was based upon
the 2014 Cost of Service Study that they had also performed by CUC. While we did not have the benefit
of the cost of service model used to perform the 2014 COS Study or the demand rate analysis, the proposed
demand rates appear to be based upon historical costs and are consistent with the objective to link rates
to actual costs, i.e., cost causality.

However, as illustrated below, in 2016 DER penetration represented about 1% of residential and
commercial sales (Chart 12-1) and about 3 percent of displaced installed capacity (Chart 12-2). This
represents a small proportion of either sales or surplus generation capacity and would have minimal impact
on the reasonableness of the 2014 based cost of service analysis used to develop the proposed DER
demand rates. Even by 2020, the DER penetration based on customer sales is only 2 percent, respectively
and 8 percent based on displaced generation capacity. However, again, by 2030, commercial reduction
will reach 10 percent and residential over 6 percent, and surplus generation capacity by approximately 30
percent. Between lower revenue recovery and greater levels of surplus capacity charged in rate base,
would likely result in higher unit costs and the potential for rate base disallowances. In short, the proposed
demand rate concept will likely remain valid for the next few years but will require a re-thinking as the
penetration of DER increases within the next 5 years. We would further expect, that if CUC was able to
recover the cost of generation displaced by DER penetration, non-DER customers would bear a greater
proportion of fixed cost thereby subsidizing DER participants. This distortion would further bias costs such
that non-participants would be incentivized to purchase a DER and the projected DER penetrations would
be understated.
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Exhibit 62: Projected Load Reduction Caused by DER

Percent Load Reduction Due to Solar DER Penetratation
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Source: Pace Global analysis

Exhibit 63: Percent Installed Capacity Displaced by DER
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Source: Pace Global analysis

Findings and Conclusions

We found that the proposed changes in rate designs by the inclusion of a demand specific cost allocator
(the Proposed CUC Demand Rates prepared by Utility Consulting Services) responds to the potential for
over payment of net purchases by DER owners as well as the under recovery of demand related costs that
are incurred by DER participants but not recovered via an energy only rate structure. Furthermore,
consideration of short and longer term impacts that considers the customer’s long term system demand
benefits as well as the cost to provide backup services is a novel solution to the issues addressed above.
In essence, the approach taken by Utility Consulting Services might be categorized as a “top-down”
approach by retaining class based revenue neutrality and reallocating costs from energy-dominance to a
more conventional energy and demand cost allocation scheme. As discussed above, Siemens found in
its recent DER rate study that the costs and benefits associated with varying levels of customer owned
DER was more complex than simply production offsets and demand allocation. We found that DER
penetration also affected T&D investments, balancing charges, and production portfolio costs. As a
supplemental analysis, we suggest that CUC employ a “Bottoms-up” analysis of DER system costs and
benefits to quantify and validate the demand rate as proposed by CUC’s rate consultant.

Recommendations for Future COSA

Pace Global was also asked to identify what CUC might do in its next COSA to improve its assessment of
DER and other emerging technologies. Pace Global developed the following recommendations for the next
CUC COSA:
e The cost allocation factors for both intra-class costs and inter-class costs are static and based on
historical information. A future COSA should incorporate variable allocators based upon projected
levels of DER penetration.

e Detailed information of class specific energy usage patterns is limited; it is difficult to assess the
comparative customer demand on the CUC system versus the DER production cycle.
Furthermore, sophisticated real-time metering data facilitate better estimates of the impact of net
metering. For any future COSA, Pace Global recommends that CUC’s AMI network be used to
evaluate comparative usage patterns especially before and after a customer installs a DER
system.

e The 2014 COSA did not clearly reflect economic and social policy objectives in designing forward
looking retail rates. CUC should include an assessment of longer range goals and objectives as
to load growth, environmental protection and energy management as part of its COSA
assessment.
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METHODOLOGY OVERVIEW

Pace Global developed a deterministic reference case load forecast for CUC. The load forecasting process
takes into consideration the historical relationship between demand growth, weather and economic
variables, which are the key drivers of load growth, as well as adjustments for other drivers including
customer additions, energy efficiency, DSM penetration, and electric vehicle usage. The forecast was
performed according to the following process:

Step 1: Perform econometric analysis on core load drivers:

a) Build the relationship between demand and weather

b) Perform econometric assessment of the influence of economic variable(s) on demand growth

¢) Incorporate customer count changes across each of the classes: namely residential, commercial
and public lighting segments.

Step 2: Produce a load forecast based on the projections for each of the driver variables:

a) Used “Rank & Average” Technique to generate a normal weather projection
b) Used Strategic Planning report issued by the Government of Cayman islands
¢) Incorporate known customer count additions in the service territory.

Step 3: Incorporate “one-off’ developments such as:

a) Degree of Energy Efficiency Penetration levels
b) Expected increase in Plug-in Hybrid Electric Vehicles (PHeV)3*

These effects are not reflected in the historical data. Based on publicly available reports and available data,
the one-off development factors are quantified and used to adjust the forecasts from step 2.

DEMAND FORECASTING PROCESS

Pace Global's demand forecasting process starts with analyzing the historical relationships between the
actual load versus a combination of weather and calendar variables. There is no fixed methodology for
load forecasting. Often, the methodology is based on availability of utility data and reasonable assumptions
to fill in data gaps.

For this study, Exhibit 64 below shows the flowchart, depicting the load forecasting process.

35 Demand from PHEV was found to be low and not considered as part of the forecast.
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Exhibit 64: Demand Modeling Process

STEP-1

STEP-2

PR

Source: Pace Global

The following section provides a description of the demand forecasting process. The forecasting
methodology involves a 2-step process:

Step-1:

Daily energy and daily peak load weather response functions were developed at the overall system
level using six years of historical system wide load data from 2011-2016 provided by CUC. Exhibit
65 and Exhibit 66 show the model fit for the weather response functions. The generic form of the
model structure is as given below:

o Energy : Function1(Temp, Humidity, Weekdays, Weekends, Lag_temp)
o Peak :Function2(Temp, Humidity, Weekdays, Weekends, Lag_temp)

Develop normal weather forecast using 10-years of historical weather data. Exhibit 67 shows the
weather normal forecast generated for this study.

The system-level load was allocated to residential, commercial and lighting classes using pre-
determined ratios.

Pace Global obtained actual meter data from Oct-2015 till Sep-2016 for the residential and
customer classes. The dataset has 21721 Residential and 3728 Commercial meters’ hourly
consumption (kW) data, for one full year. The hourly profile shapes were extracted after performing
profile shape analytics on the data sets. Exhibits 69 — 72 show the hourly profile shapes for
residential and commercial meter readings, categorized by month. The profile shapes differ by
weekday and weekends.
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Monthly econometric models were developed for residential and commercial energy sales
separately. The generic form of the model structure is as given below:

o Residential : Function3(GDP, Temp, Humidity, Rainfall, Seasonal, Lag_temp)
o Commercial : Function4(GDP, Temp, Humidity, Rainfall, Seasonal, Lag_temp)

GDP was used as the economic indicator variable. For the initial years, Pace Global considered
the GDP forecast specified in the report “2016/17 Strategic Policy Statement”. Exhibit 72 shows
the GDP forecast used for this study.

Using the monthly models, a forecast of residential and commercial energy growth rates were
derived for the IRP study period. Exhibit 73 and Exhibit 74 show the forecasted monthly residential
and commercial energy forecasts.

As the last step, the hourly profile shapes from step 1 were applied to the monthly residential and
commercial energy forecasts to obtain the final hourly forecasts.

Lighting energy is assumed to go down over time, from the current 1% of total system energy level
to less than 0.6% beyond 2025. This is due to energy efficiency measures under-taken by the
utility in terms of deploying LED installations.

Exhibit 65: Daily Energy Model
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Exhibit 66: Daily Peak Model
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Exhibit 67: Normal Weather Forecast
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Exhibit 68: Residential Meter Reading — Hourly Profile Variations
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Exhibit 69: Commerical Meter Reading — Hourly Profile Variations
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Exhibit 70: Residential Meter Reading — Weekday vs. Weekend Hourly Profile Variations
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Exhibit 71: Commercial Meter Reading — Weekday vs. Weekend Hourly Profile Variations
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Exhibit 72: GDP Forecast
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Ministry of Finance and Economic Development

Exhibit 73: Residential Energy Forecast — Monthly (GWh)

Residential_GWH Sales

60.00

50.00 A A
)

40.00 H

30.00

Energy_GWh

20.00

10.00

Source: CUC, Pace Global

106



PACE

GLOBAL

A Siemens Business

(
\

Exhibit 74: Commercial Energy Forecast — Monthly (GWh)
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KNOWN CUSTOMER ADDITIONS

Pace Global obtained the data regarding new customer additions from CUC, which are either under
construction or expected to be online over the next 5 years. Majority of the new additions are Commercial.
Pace made the following assumptions for the load forecast:

e All projects (Residential and Commercial) which are “under construction” were assigned a
probability of 100%, for the projects to materialize and come online.

e For 2017, projects which are “not started” have been assigned a probability of 75%; which means
75% of the projects will come online and thus factored-in 75% of the corresponding MW load.

o For 2018, 50% of the projects which have the status “not started” are expected to come online.

e Forthese 2 years (2017 and 2018), the remaining growth will be determined by the GDP coefficient.
For example, for 2018, since we have factored in the known additions with a weight of 50%, the
remaining 50% energy growth will be determined by the GDP growth.

Exhibit 75 shows the new additions by year.

Exhibit 75: New Customer Additions — Energy (GWh) and Peak (MW)

Summary of Energy 7 n n
(GWh) Additions Residential Commercial
Additions_2016 0.6
Additions_2017 0.41 0.43
Additions 2018 0.67
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Sum_n_1ary of Peak (MW) Residential Commercial

Additions
Additions_2016 1.25
Additions_2017 0.85 0.89
Additions_2018 1.39

Source: CUC, Pace Global

WEATHER NORMALIZED LOAD FORECAST (OUTPUT)

The final step in the demand forecasting process is to apply the class-wise hourly profiles shapes to the
forecasted residential and commercial class energy forecasts. Lighting load is extremely small; Pace
applied the residential profile shape to convert the monthly lighting energy to an hourly load. Combining the
hourly load across the three customer classes resulted in an hourly system-wide load forecast from 2016-
2040.

The table in Exhibit 76 shows the Compounded Annual Growth Rates (CAGR) for the average and peak
load forecasts (which were determined from the system-wide hourly forecasts). For the initial years (2016-
2018), energy and peak growth is mainly driven by known new customer additions plus the growth
determined by GDP. For years 2019 and beyond, GDP is the main driver for energy and peak growth.

Exhibit 76: Compounded Annual Growth Rates (CAGR) — Gross Load Forecasts

Average Load (MW) Peak Load (MW)
2016-2018 1.90% 2.39%
2016-2025 1.77% 1.70%
2016-2045 1.76% 1.56%

Source: Pace Global

HOURLY LOAD FORECASTS

The full output from the demand forecasting process consists of an hourly load forecasts from 2016-2040.
Exhibit 77 shows a representative year’s (2017) hourly load forecast, consisting of 8760 hours. The forecast
thus obtained, is prior to adjustments for energy efficiency and other DSM measures.
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Hourly Load Forecasts

Exhibit 77: Year 2017 -

Hourly Demand Forecast - 2017
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Source: Pace Global

GROSS LOAD FORECAST

Based on the methodology above, Pace Global developed a gross demand forecast at the system wide
basis. Exhibit 78 shows the energy and peak demand forecast for the residential and commercial sector
and aggregated at the system level
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Exhibit 78: Gross Demand Forecast

Gross Demand
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ENERGY EFFICIENCY ANALYSIS

The energy efficiency analysis was performed through a combination of bottoms-up analysis analyzing
specific utility sponsored programs and relying on specific studies performed for the Cayman sponsored by

the National Energy Policy group.

a) Utility Sponsored Select Energy Efficiency Reductions — Pace Global performed an analysis
of utility sponsored programs analyzing a broad swath of energy efficiency programs. Of the
programs considered, four programs on the residential side were eventually considered. The four
residential energy efficiency programs considered were the residential lighting, residential air
conditioning, residential ceiling insulation, and residential solar water heating program. Note that
the residential lighting program is actually not a standalone program but part of an energy audit
program. Business A/C and lighting programs were not considered as CUC had a general sense

that many of the improvements have already been made.

In identifying the relevant programs, Pace Global analyzed programs FPL, TECO, and Duke
Energy Florida each has a DSM program with a long history, well developed economic metrics, in
a climate similar to the CUC territory. In addition, the consumption per capital is also similar to that
for the Florida utilities. For these reasons, FL utility programs were evaluated as potential

candidates for application in the Caymans.

For each of the four programs analyzed, Pace Global performed a total resource cost (TRC) test.
The Total Resource Cost (TRC) Test measures the net cost of an energy conservation program,
viewing the program as a utility resource option. Both utility and participant costs are included. The
TRC Test reflects the impacts of a program on both participating and non-participating customers.
Within the TRC cost analysis, revenue/bill costs and incentives intuitively cancel out. The test
provides a measure of the cost-effectiveness of a utility-sponsored energy efficiency program.
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The TRC is used in 35 US states with 10 states using it alone. It is the often the primary test in
several jurisdictions and carries the largest weight. Utilities typically accept programs with TRC
ratios > 1 but TRC < 1 may be acceptable for utilities targeting low income programs or pilot
programs.

As shown in Exhibit 79, the TRC tests showed high cost effectiveness for residential lighting and
residential air conditioning programs. The residential ceiling insulation program was marginal while
the solar water heater program failed to pass the test. The testincluded an assessment of program
costs, program benefits, including avoided fuel costs, avoided O&M costs, and avoided capacity
costs. The penetration level for each program was based on projected penetration levels for
Florida utilities with a slightly lower forecast as CUC does not currently of implementing and
administering such programs.

Exhibit 79: Total Resource Cost Analysis Results

Program Prog(r;l\r;\MC):osts Program Benefit (SMM) TRC Net Benefit ($ MM)
Residential
Lighting 0.4 4.4 11.15 3.59
Residential AC 13 34 2.54 1.57
Residential
Ceiling Insulation 05 0.57 111 (0.15)
Sojar water 0.51 0.61 0.81 (0.20)
eating

Source: CUC, Pace Global

b)

Independent Energy Efficiency Analysis — In addition to analyzing sample utility sponsored
programs, Pace Global relied on an independent consultant report to the National Energy Policy
for the energy efficiency penetration assumptions36. The report outlines a range of scenarios with
varying energy efficiency penetration levels over the 2015-2037 period. Pace Global extrapolated
the data beyond this time period for this analysis. The energy efficiency projection is shown in
Exhibit 80. Pace Global assumed that in the Reference case 50% of economically viable energy
efficiency investments are made. (the “Medium EE” case). The Medium EE inherently assumes a
16.5% reduction in energy demand from 2015 levels or a 0.73% a year reduction in demand over
a 22 year period. While other penetration rates are possible, utilizing the Medium EE case
appeared to be a reasonable assumption for the Reference case, based on energy efficiency
penetration assumptions for other island IRP studies. %7

Exhibit 80 shows the customer funded energy efficiency reductions assumed in the study.

36 Report titled “Note on Updated Model of the Cayman Islands’ energy sector, Report to the National Energy Policy Review
Committee, Nov 22, 2016.

37 pace Global also reviewed energy efficiency assumptions made in other island IRPs. For example, the BELCO IRP assumed a

10% reduction over the first ten years and 20 years (for a reduction of 0.5% and 1.0% a year) while the Barbados IRP assumed a
22% reduction over a 16 year period. (1.38% a year)
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Exhibit 80: Energy Efficiency Reductions (Average Energy)
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NET LOAD FORECAST

The Exhibit 81 below shows the net energy and peak demand forecast taking into account the energy
efficiency adjustments.

Exhibit 81: Net Load Forecast
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The intent of this chapter is to identify “sign posts” that will trigger either a new IRP or steps that need to be
taken to prepare CUC if certain events take place. For example, we know that at some point of renewable
development, a deeper assessment of renewable integration on the grid may be necessary. Pace Global
will identify metrics for when deeper analysis must occur.  As shown in Exhibits 1 and 6, short term and
long term action plans have been identified along with an indication of when additional studies might be
completed. Further, signpost strategies have been identified to identify alternative course of actions should
the primary set of strategies hit an impediment. The discussion below provides a more detailed perspective
on each action.

TECHNOLOGY CHOICES AND DECISIONS

o The IRP analysis assumes that the new reciprocating engines will be flexible and be able to operate
at a minimum operating level of 30%. Given high penetration levels of renewables, it is
recommended that future thermal generation procurements target such flexible capacity resources.
The current fleet has operating limitations where-in the minimum operating levels are approximately
65%. This limits the plant from providing adequate downward ramping to accommodate renewable
generation. Furthermore, a high operating set point may provide limited flexibility to the units to
provide spin and regulation services.

RENEWABLE INTEGRATION ISSUES

The island will require large amounts of intermittent renewables in order to meet the carbon emission
reduction goals. To address planning and operational challenges associated with the renewable
generation, CUC may need to perform additional assessments.

e The IRP analysis showed that utility scale wind and solar curtailments are likely to happen. While
curtailments can be managed to a large extent through energy storage, it is not possible to eliminate
all curtailments without incurring large costs. Hence, there is a trade-off between reducing
curtailments and incurring capital costs. Curtailment risk can be a reality especially in the long term
and needs to be managed appropriately. It is recommended that CUC put together a curtailment
methodology in place by the 2020 period.

e The IRP analysis is conducted at an hourly level. However, many of the operating reserves related
issues associated with intermittent renewable resources are sub-hourly in nature. It is
recommended that CUC consider a separate analysis analyzing sub-hourly operational issues prior
to investments in storage and new thermal generation capacity.

DISTRIBUTED GENERATION INTEGRATION ISSUES

The IRP assessment projects a distributed solar penetration level of approximately 45 MW by 2030 and 70
MW by 2045. The growth trajectory of distributed solar can be steep as has been experienced in many
parts of the world, including the United States. In order to safely integrate distributed solar,

e Perform hosting capacity analysis to determine which feeders can support more solar relative to
the others.
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DEMAND SIDE ISSUES

A robust analysis has been performed on the demand side. However, Pace Global suggests that
CUC should monitor developments in electric vehicle penetration and determine if the penetration
rates are likely to be higher than currently envisioned.

The ability of specific demand side programs to reduce peak demand should be looked at more
thoroughly. Additional applications for demand response could be frequency response services.
Such programs may defer or avoid the need for UVLS and UFLS schemes.

The IRP analysis looked at a handful of energy efficiency and demand response programs.
However, a more thorough analysis may need to done to determine the CUC may want to collect
and assess market characterization data to have more complete information upon which to
estimate costs and savings. This would lead to refined program models and very likely to some
new candidate programs (maybe in the commercial segment). Overall better data gathering will
result in better conclusions and this will lead to a more cost effective DSM portfolio for both the
utility and the rate payers.

STORAGE OPTIMIZATION

The selection of the energy storage size and timing of the build-out was based on an iterative
approach given the limitations of the current production cost modeling framework to optimize
storage with other generation resources. Prior to making a procurement decision, CUC may want
to conduct additional analysis to fine-tune the storage selection.  Furthermore, the analysis
assumes adoption of the Li lon battery technology given the current and expected cost profile.
However, other battery energy storage technologies such as flow batteries can also be considered
if competitive quotes can be received from the vendors.

FUEL OPTIONS AND RISKS

CUC should begin the process of developing a plan to bring natural gas to the island. Quotes from
vendors should be obtained and permitting steps undertaken. Given the projected diesel vs. natural
gas prices, having natural gas on the island by the 2020/2021 appears to make economic sense.
Having natural gas on the island and developing dual-fuel capability for thermal generators has
significant benefits in terms of hedge against diesel price volatility and the optionality to burn
multiple fuels from point of view on ongoing operations and for grid resiliency reasons. However,
the exact timing of the natural gas infrastructure and any decision to build the actual infrastructure
might be predicated on what the spot and forward prices look like in the future.

Historically, diesel prices have shown more volatility compared to natural gas prices and this trend
has been taken into account in the development of the commodity pricing bands for the scenario
analysis. There are potentially other risks associated with international LNG market. These are
being recognized in the IRP but quantification of the risks may be considered in another study.

GRID IMPACT ANALYSIS

Much of the IRP analysis is agnostic to the exact location of the renewable assets within the East
zone. Once more detailed siting and permitting analysis is conducted and an exact location
determined, CUC would need to perform more detailed system impact studies looking at load flow,
short circuit, and stability analysis to ensure that adequate grid capacity is available to support the
renewable buildout. At that time, the location of storage can also be optimized as storage may be
able to help provide with any fast frequency response, as needed.
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In AURORAXxmp, future resource units may be put in the database with pre-determined start dates. Or,
you can use the long-term optimization logic that uses market economics to determine the long-term
resources and the start or retirement dates. Long-term optimization studies are used to forecast capacity
expansion resources and retirements. The current iterative energy valuation logic is discussed in this
section.

AURORA performs an iterative future analysis where 1) resources that have negative going-forward value
(revenues less cost) are retired and 2) resources that add value are added to the system. This is done on
a gradual basis—where a set of resources with the most positive net present value are selected from the
set of new resource options and added to the study. 3) AURORA then uses the new set of resources to
compute all of the values again 4) The process of adding and retiring resources is repeated. This whole
process is continually repeated until value or system price stabilizes indicating that an optimal set of
resources is identified for the future conditions assumed for the study.

The competitive marketplace will construct resources over the long-term such that there is an expectation
that the new resources will create value on a going-forward basis on average in the market areas where
additional capacity is economically warranted. Likewise, existing resources that have no value on a going
forward basis will eventually be retired within the constraints of the system unless they are identified as not
being eligible to retire early. Existing and potential resources can be studied to see how well they will
compete in the marketplace.

The goal of optimization process is to simulate the competitive marketplace by identifying the investments
in future resources that have the value in the marketplace. AURORA assumes that new generators will be
built (and existing generators retired) based on economics. The economic measure used is real levelized
value (revenues less cost) on a $ per MW basis. Investment cost is included in the cost portion of the
formula.

Also, the methodology assumes that potentially nhon-economic contracts will not influence the marketplace
and that someone will capture the opportunity value of non-economic contracts. Therefore contracts are
not modeled in the pricing piece of AURORA. However, the economics of contracts and resources may be
evaluated in the Portfolio Analysis capability of AURORA.

In preparing for Long-term optimization studies, users will identify new resource options to be evaluated in
the study and determine parameters for the study including any Operating Reserve Margin Premiums.

NEW RESOURCES

In the New Resources Table in the database is where the user defines a new resource and its operating
characteristics. The types of resource may be existing technologies such as Wind, Solar, Nuclear, Coal,
or Gas. Also, new resources may include improvements in the heat rates of existing technologies, re-
deployment of existing resources, or emerging technologies.

The input on new resources defines the variables of a new unit, including when the potential unit will be
placed in service. These variables provide controls for placing operating constraints on all the units in the
system. AURORA will calculate a value for each unit. This value is a Real Levelized Net Present Value
(NPV) in $/MW. The capital cost is part of Real Levelized cost. AURORA uses the Real Levelized cost
per MW to make decisions about new units. Using this approach enables resources to be compared on
equal basis with different capacity sizes and different investment lives. This also handles the economic
comparisons when the resource end of life extends beyond study period.

Therefore, investors are compensated for their investment and the economic decision holds for not only the
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study period but over the life of the resource project. The capital investment costs include:
e Rate of Return of attract capital investment
e Capital Recovery
e Income Tax Costs and Benefits

These costs are entered into AURORA in real dollars terms, Constant Dollars. The capital costs are
levelized in constant dollars over asset life to provide a correct measure of value for a period of time shorter
than the asset life. This is important because the study period of the capacity expansion plan may be
shorter than the asset lives of the new resources.

To illustrate the calculation of the capital investment costs, the investment carrying cost of a combined cycle
gas turbine is described. The general assumptions include: the assumed general inflation rate and income
tax rates. The cost-of-capital assumptions capture the return requirement of investors. In this example,
the debt/equity structure is 60/40 and the equity return is 20 percent. Under these assumptions the After
Tax Cost of Capital would be 11.4 percent and the Real After Tax Cost of Capital would be 8.7 percent (see
table below).

Based on the assumed tax recovery period, e.g., 15 years for a combined cycle gas turbine unit (CCT), the
Present Value factor is 1.299 for the Capital Carrying costs. In other words, 12.3 is the carrying-cost-rate
that equal to an annuity of NPV (real) assuming an asset book life of 30 years. Therefore, if the Capital
Investment for the CCT is $516 per KW, the Capital Investment Carry Cost related to the capital investment
would be $1,223 per MW per Week.

Exhibit 82: Aurora Long Term Capacity Expansion Logic
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Source: EPIS, LLC

MIXED-INTEGER PROGRAM LOGIC FOR LT

The long-term (LT) capacity expansion functionality in AURORAxmp includes the option to use a mixed-
integer program (MIP) to make the resource build and retire decisions. The logic can be used with a target
objective function of minimizing the total system cost or of maximizing the value of the resources being built
and retired.

The MIP methods differ from the Traditional LT logic in several ways that will be discussed here. While the
Traditional LT logic is generally the recommended approach, in some cases there are significant
advantages to using one of the two MIP methods, including:

e Faster convergence

e A solution that gives lower total system cost to meet the requirements
¢ Improved stability, especially in Energy Only LTs

e Better handling of complex build and retire constraints

The general iterative methodology is the same for all LT methods. During each LT iteration, an updated set
of candidate new resource options and retirements are placed in the system and the model performs the
standard chronological commitment and dispatch logic with that configuration. The model tracks the
performance of all new resource options and resources available for retirement, tracking the resource costs
and value based on the market prices developed in the iteration. At the end of each iteration, the LT logic
decides how to adjust the current set of new builds and retirements, or it determines that the model has
converged and writes the final RMT with the decisions to the input database. The LT methods differ in how
they determine the adjustment to the current mix of resources in the system each iteration.

In the two MIP methods (Maximize Value and Minimize Cost), the model formulates a mixed-integer
program to make the resource selection. The decisions are done on a pool level if Operating Pools are
being used. Both methods include constraints to honor these user-specified criteria:

Annual Min/Max and Overall Min/Max Limits - The model adds new resource constraints to ensure that
both annual and overall min/max criteria on both a new resource as well as a new resource group basis
are honored.

Reserve Margin Targets - The model ensures that the zone and pool based reserve margin constraints
defining the minimum capacity that must be available for reliability are met.

Retirement Limits - The model adds constraints to ensure that the model retires units only within the
timeframe specified in the Resources table. It also ensures that the total annual retirements are limited by
the limit specified for each pool. Because pools are solved individually, the global retirement limit may not
be honored, but the model will ensure that it is met for each pool individually.

LT Energy Min Constraints - If the user has defined minimum energy constraints for the LT in the
Constraint table, the model will add these to the MIP to optimize the selection of resources in order to
satisfy the target values.

Retrofit Constraints - Constraints are added to the model to facilitate the analysis of retrofit units. These
constraints ensure that only one of the options (the original resource or a retrofitted resource in a given
year) is available to the system at any point in time. If any constraints are deemed infeasible (e.g. the
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reserve margin cannot be met with the available resources) the model will use intelligent infeasibility
handling to relax those constraints as little as possible.

For the Minimize Cost method, the formulation also includes the following constraints:

Energy Targets - Energy constraints are used to ensure that all energy needs are met. The model adds
both pool and zone constraints to ensure that the required energy for each is satisfied. In order to make
the problem manageable, the energy constraints and variables are aggregated into bins every year: 1 bin
if using low LT Study precision, 3 for medium, and 5 for high. These bins are defined as equal ranges
between the minimum and maximum sampled demand for the month being run.

Peak Net Load Constraints - The model will determine the annual peak net load and will add a
corresponding constraint to ensure there is sufficient capacity available to meet that hour's demand.

Curtailment Constraints - During each iteration of the LT, the model tracks the usage of demand
curtailment units. For each hour that curtailment resources are utilized, the model will add a constraint that
ensures there is sufficient non-curtailment capacity available to meet that hour's demand.
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APPENDIX VI: PORTFOLIO RESULTS SHEETS
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