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Expanding Networked Geothermal Opportunities EVERSSURCE

Opportunities Challenges
= MA emissions reduction goals and regulatory policies « Identifying locations best suited for technology through
encourage electrification integrated energy planning efforts
= Several communities expressed interest in future projects = Lowering the cost of drilling to make the technology more
- Pilot data will provide important leamings to apply going Al
forward (e.g.. customer acceptance, technology « Determining appropriate pricing that balances utility
performance, etc.) investments with customer usage and affordability
= New construction developments provide the potential for = Building out skilled workforce to support technology

cost and construction efficiencies expansion at scale
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Elements of solution
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Learning curve

e Although all of the elements of networked geothermal systems are known
technologies, experience with designing/installing these systems in
different locations is in its early stages, and the costs of these systems costs
are likely to decrease substantially as overall and specific (within a a state -
regulatory context and utility experience- and metro region -
contractor/installer experience) experience increase.

* In Framingham, MA, for example, per household system costs have fallen
50% from network 1 to network 2.

 Studies of many renewable energy technologies suggest that a learning

curve of 10-11% (reduction in cost) per doubling of activity are feasible.
(See Glenk et al 2023)



Excess capacity/pooling for reliability

* In Framingham pilot, Loop # 1 was over-dimensioned relative to
served demand (450 tons vs. 275), raising the cost/ton.

* Loop # 2 was able to take advantage of pooling with Loop #1 (and
experience with Loop #1) and “added excess capacity” was
considerably smaller.



Mechanisms to monetize benefits

* Assignment of carbon tax (avoided) or renewable energy standard impact
to reduce capital cost of GT systems

* Linkage of various incentive systems so that investment tax credits
(federal), federal and state incentives for clean energy, support for housing
upgrades for low-income households, etc, can all be used to offset cost of
GT systems, even if the equipment is owned by the utility. A household
should be able to claim the household-specific benefits so that these could
be used to reduce the “amount financed.” The ideal result would be neutral
forBM I, Il, I, or IV.

* Assignment of avoided cost credits from electrical utility — assignment of
relevant proportion to reduce capital cost assighed to consumers
regardless of BM 1, II, lll, or IV



Capital recovery model

A critical determinant of the initial monthly/annual cost of the system under any of the four business models is how the capital
investment is recovered over the lifetime of the system.

With current rate-based system, customers would be charged for their share of the investment in the system ($50k). The first-year
capital charge charge would be 11.3% of the investment (8.3% cost of capital, 3.33% depreciation with an assumed 30-year life).
For BM Il or IV his comes to $5817 a year, or $485 a month, clearly a non-starter.

However, this amount is “tilted toward the present” (it decreases in nominal terms) as the base is deBreciated as shown in figure
1a). The payments are even more tilted to the present in real terms, shown for 2% inflation (figure 1 b)

Nominal annual payment - 30 -year Real annual payment - 30 -year amortization
amortization (S50k capital cost) (S50k capital cost)

$7.000.0

Level
real

Level
real

Level

Nominal $3,000.00
Level
Nominal

2000 .. CoC*unamortized $1,000.00 CoC*unamortized
capital + capital +
1000 depreciation $0.00 depreciation

Year 1 2 345678 910111213141516171819202122232425262728293( Year

If the payments were set to be level in real terms over thirty years, on the other hand, the initial annual payment would be $3825
(5319 a month — 33% less. When the cost of electricity and operating expenses is added to this amount, the initial charge is still
almost double the existin%monthly cost of AC/gas, but it is within reach with matching the investment tax credits and energy
savings credits (say 15k which reduce the investment to 35k for ASHPs), reasonable assumptions regarding the learning curve, and
capture of only some of the benefits of NGT.



Constant real capital recovery

* Possible to recover capital at constant real rate with two alternative
systems
 Nominal payments set initially for every year to be constant in ex ante real terms.

* Payments indexed annually by rate of inflation so that they are constant in ex post
real terms)

* Both methods are laid out for the case of mortgage financing (Modigliani
and Lessard 1975). The choice is a matter of preference of regulators given
that both pass the “Brandeis test” that forms the basis of existing utility
regulation (Schmalensee 1989, Schmalensee and Joskow, 2024)

 With a constant real payment, the monthly change in all years (in 2024 S)
would be on the order of $325 per 50k of investment.



Alternative pricing models for networked
geothermal

Capital costs on order of S50K* Consumer purchases | Utility supplies

per residence in home heading cooling
1/3 boreholes, components/ Utility | services including in
1/3 circulation system, supplies home components
1/3 in home heating/cooling

services

Operating costs (electricity) for
typical user on order of $50*
month.

Utility charges for I I
thermal usage based
on volume used

System operation cost ?? $25

month? Utility charges for 11 IV
thermal services

Current gas + electricity bills on based on capacity

order of $200-250*. installed

*(illustrative -- more exact

figures -to come) 10



he path forward

Useful to think about NGT transition in three stages:

Pilot stage

In the pilot stage, the Business Model should be to set initial monthly charges for networked geothermal at
parity with existing gas/AC charges, with annual increases in line with general inflation. Any gap between
revenues and costs should be assigned to utilities’ general rate base as part of the Iearningfgcaling
investment in the new business model, with some proportion going to the utilities’ bottom line to incentivize
learning, economic operation ,etc.

At this stage, NGT systems not sufficiently mature to compute/assign cost of specific thermal services, so
some form of capacity charge is the only viable route. One possibility would be to begin with a fixed charge
based on initial provided capacity, with the possibility of adjusting the capacit\{]figure after say three-years
based on avera%e usage. Households would still have some incentive to limit thermal demand, as they would
be paying the e ectricit?/1 to drive their heat pumps, and this could be complemented by showing usage
relative to the average household in the same network. Utilities might also impose a “not to exceed” level of
thermal services during periods of peak demand..

In the roll-out stage, NGT’s will still be only a part (initially small) of total s?/ster_n and the “average” system
will be quite young. Periodic charges should be determined using level real capital recovery of NGT “pool”
with some reductions for additional learning curve, overcapacity, etc.

In steady state, NGT would be a large portion of total system and would include full vintage range so the tilt
effect is not as serious. Charges could be linked to pooled cost per unit of NGT capacity and/or pooled cost
per unit of thermal services.
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Consideration for low income/low wealth households

* The most straightforward way to address the needs of low income/low
wealth households is to a) separate the monthly charge for the NGT
services into two components:

* a) community-level services (boreholes and circulating system capital costs +
recurring operating expense)

* b) in home systems including heat pump(s), distribution for heating/cooling, and
envelope upgrades as needed

* The “in home” component could then be “bought down” through a) proper
Sﬁreading of capital recovery over time, b) additional subsidies/incentives
that could be applied to reduce capital cost, c) outright grants or subsidies.

* This would be an ideal entry point for impact investors, ideally via a
foundation(s) that could also provide one-stop advice to households for the
transition to NGT.

* Households could then have the three options re the in-home component:
e a) finance themselves,
* b) have financed “on bill” as part of overall utility service, or
 c) separately financed through a foundation.



Appendices

* Real (inflation-adjusted) payments for alternative capital recovery
models

* [[lustrative buy-down model for low income/low wealth households
* References
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Real annual payment - 30 -year amortization
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Models for buydown of “in home systems
(assume costis 1/3*50K = 16.67

* |nitial annual charge at CoC*unamortized investment + depreciation = $1939

* Annual charge with level real payment at CoC = $1522

* Annual charge with level real payment at bond rate + 50 basis points (4.5%) =
$812

* These figures do not reflect heat pump or other credits.

* An impact investor could finance this third alternative and earn a market
return on its investment.
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