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Regulation

* Merchant transmission Lines — who’s minding the store?
* FERC vs. PUC regulation?

* Northern Maine transmission line — regulated or unregulated?
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PUC CPCN Cases

 Traditional standard — Will rates be lower if line is built than if line is not built?

* Conditions to PUC Approval
* How many and how broad?
* Is paying for these conditions simply a cost of doing business in Maine?

* How should they be counted toward whether approval 1s justified?



Non-wire Alternatives (NWAs)

Should utilities be allowed to own and operate NWAs?
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Climate Action and Grid Needs

In Maine, weshould make sure every ratepayer” dollar is spent

efficiently and effectively to make the best investments for customers®
to:

- Improve reliability and service,
- Build grid scale solar and wind,
-Support distributed resources,
-Improve efliciency and electrify, and

-Support Maine’s future and economic growth.

fratepayers must pay rates for service; customers receive benefits
and choose how to spend their customer dollars

© 2023 Bernstein, Shur, Sawyer & Nelson, P.A.
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What Maine needs to make climate progress

* Better planning < scattershot
* Long term integrated grid :
planning will help. G0l

e More cooperation > contention Versant is working on 432 active
projects to integrate 500+

« Governmental power is a huge

, _ , megawatts of solar, wind.
diversion from climate progress.

Solar requests alone would

c A plan Isdirectional generate more electricity than the
« Good plans are flexible. Versant system needs.
* Plans channel effort, spending,
and training.

© 2023 Bernstein, Shur, Sawyer & Nelson, P.A.



Advanced Technology is
expensive > use to
pursue value

e Grid Value
e Customer Value
 Ultility Value

Good policy alignsall three!

With technology and policy
evolving, and processes
changing— Maine will likely
remain in problem -solving
mode.




Advanced Energy Planning: New Approaches

Transmission and distribution planning
(traditional “supply side”)is understood.

Demand-side management “DSM”is newer.

Four DSM capabilities to exploit:

Pricing (rate design)is an effective approach to

Shape load
Shift load
Shed load
Shimmy

shape, shift, or shed load.

Versant seasonal heating rates

* IBB%customeradoption

Versant offers time-variant EV charging rates
Versant residential customers can use both

heating and EV rates with different meters

*  No additional monthly minimum charge

Shape Shift Shed Shimmy
| | I | | | |
Years Seasons Days AM/PM Hours Minutes Seconds
and Behavior Capture Surplus events and coarse net net load and support
Change Renewables load following frequency

Source: 2015 California Demand Response
Potential Study, IBNL, November 20 16
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BERNSTEIN

In Maine, we should make sure thaévery ratepayer
doliapisSispenteriiciently and effectively to make the
besStmve'stme nts for customers to:

-Improve reliability and service
*Build grid scale solar and wind
-Support distributed resources

- Improve efliciency and electrify; and ~” .

-Support Maine’s future and economic growth.

Contact Information

David P. Littell, Esq.
+1207-228-7156

Dlitte ll@Be rnste mShur.com
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Rethinking Electric Grid Design to Meet
Beneficial Electrification and Enhanced
Distributed Generation

A Portland Area Case Study

S

GridSolar, LL.C
May 2020

What is required for
Maine to achieve a
zero-carbon economy
through full beneficial
electrification and
maximum build-out of
distributed solar
generation
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Eﬂergy SERVICES



Portland Region — Electric Gr

Figure 2-4 Electrical Representation of the Distribution Circuits in the Portland Region
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Modeling Energy Use:

* Building-by-Building — every
single parcel in the region.

* Data — obtained from tax
records in every community
and from GIS mapping

* Circuit Data — from CMP

Table 3-1 Summary of Buildings in the Portland Area
Residential Commercial Industrial
Buildings Buildings Buildings Total
Number of Buildings 73,000 6,167 1,005 80,170
Total Square Footage 20m,782,673 67,793,059 18,802,851 296,378,583
Average Square Footage per Building 2874 10,993 18,747 10,871



Current Energy Use — by Fuel and by Sector "é%;“ﬁ?f.‘ﬂ‘fe

Figure 3-1
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Model Validation — by Month

GridSolar Electric Load Estimates v. CMP Actuals
by Month
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Model Validation by Hour of the Day

GridSolar Electric Load Estimates v. CMP Actuals
by Hour of the Day
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Percent Energy Use by End-Use and Economie Seetor

Total Energy Use in the Portland Area - 2020
by End Use

16.8%

35.5%
8 Electricity

= Heating
" Process

= Transportation

40.0%

Total Energy Use in the Portland Area - 2020
by Economic Sector

35.5%
7.2 ® Residential

* Commercial
= Industrial

* Transportation
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Beneficial Electrification

Table 4-1 Summary — Electricity Use by End-Use Sector Under Beneficial Electrification
Total Maximum Capacity

Loads Demand Factor

Load Type (MWh) (MW) %

Current Electricity Use 1,680,233 2N T1%

Total Heating 1,140,843 T34 18%

Residential AC 110,542 132 10P%

Total Process 583,248 123 4%

Total EV Charging 613,343 145 48%

Total Loads 4128 208 1,086 435

Note: Demand levels shown are for each Load Type, respectvely.
Demand levels for Total Loads are the comcident demands

across all load types.

Overall load factor decreases

markedly due to conversion of
heating systems to electricity

ey
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Electricity use - 246% higher

Peak Demand - 400% higher

Figure 4-6 Hourly Electricity Use by End-Use Sector Under Beneficial Electrification
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Maximum Build-out of Rooftop Solar in Region

Table 5-1 Installed Solar PV Generation — Portland Area
Install ROOftop Solar on 2020 2030 2040 2050
0 o o Residential

Every Bulldlng/ Structure in Pet. OF Bldgs with Solar PV W 1% 33% 100%

. . Total Bldg. Footprint Sqlb 127,783,933 127,783,933 127,783,933 127,783,933

the Portland Reglon - Wlth Number of Solar Panels N 0 19,415 SH2 463 1,765,134

fuﬂ build_out aChICVCd in Maximum Hourdy Generation AW (O 6.12 183.61 556.41

Per. OF Rooftop Covered [ (L.28% 84T 25.68%

2050: Annual Solar Generatnon MWh 1] 10,691 320,736 971,929

Commercial

: Per. OfF Bldgs wath Solar PV (0 1% 33% 100

Capaﬂtyi 1,011 MW Total Iild;:.;l ootprint Sqlt 50,412,359 5041235 50412359 50,412,350

MNumber of Solar Panels Mo 1] 8,547 250,403 T76,978

El’lefgy: 1,590,280 MWh Maximum Hourdy Generation MW (O 275 5262 250135

Per. OF Rooftop Covered [ (0.32% 0.46%0 28.65%

. 0 Annual Solar Generanon MWh ] 5,027 150,812 457 (K15
Coverage: 27% of all I

rOOftOp SuffaCe Per. OF Bldgs with Solar PV ™ 1% 33%, 100%

Toral Hld;:. |'tJtJ1pri1‘J1 Sq kL 17,342,593 17,342,593 17,342 593 17,342 593

MNumber of Solar Panels Mo 1] 2932 87,961 206,548

Maximum Houdy Generation AW (L0 LA 2879 87.24

Per. OF Rooftop Covered 0L00%, 0.31% 0.43%%, a8 570

390/() Of Total Electricity Annual Solar Generation MWh 1] 1,775 53244 161,347

. . TOTAL - All Buildings

USC m the Reglon by 2050 Total Bldg. |'ch1F‘.-:1ﬁ SqFt 195,538,885 195,538,885 195,538,885 195,538 885

Number of Solar Panels M. ] 30,8094 926,826 2 808565

Maximum Houdy Generation MW (1.0 9.83 295.02 400

Pet. OF Rooftop Covered L0 0.29%% BE1% 26.70%

Annual Solar Generanon MWh 1] 17,493 524792 1,590, 280)
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Energy Balances/Imbalances by Building

Table 6-1

Annual Building Energy Balances — 2050

Estimated Building Energy Balances - 2050
Building Type [Rooftop Solar PV Generation as a Percent of Building Energy Use|
<204 20-40%% 40-60"%% 60-B0%s 80-100" =>100%%
Residential
Moo of Bldgs. 200,266 13,719 11,937 XL 7671 [N
Percent 280 197 6 12 1 1% 14
C.um Percent 280 47 (3% 5% B 1K
Commercial
No. of Bldes. 1,542 1,514 21128 957 2449 i
Percent 250 21%0 33% 16" &+ 1"
Cum Percent 25 46%0 W% U5 D LINK Y
Industrial
No. of Bldes. 40M) 303 13 | {0 l
Percent P 59%% 1Y (¥ [ (%
(.um Percent AP el LOFY LK LONFY LK




Distribution Grid — Reliability Issues G%Q“E?E‘H‘fe

Figure 6-1 Distribution Circuit Peak Loads

Figure 6-2 Reverse Power Flows on Distribution Circuits
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Virtually every circuit in the region is undersized to carry peak loads and will
experience significant reverse power flows ...




Distribution Grid — Reliability Issues

Figure 6-4 Max. Loads by 34/12.5 kV Transformer — 2020 — 2050 as a Pct. of High Ratings

The same problem exists for
transformer capacity at the
region’s substations — by 2040,
most will be well-undersized to

meet future peak loads.

We will need to see a complete
redesign and rebuilding of the
region’s Distribution Grid.




Electricity Flow — Current Imbalances

Figun‘: 6-6
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Net Energy Flows into/out of Portland Area - 2020

Total Load 1,600 GWh
Total Gen. 0 GWh
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Hour of the Year
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With essentially no
Distributed Generation
today, all of the region’s
electricity is imported.
Hour-by-hour variation,
however, is relatively
small due to high annual
load factor of current
end uses of electricity.



Electricity Flow — Current Imbalances Cﬁ%%@e..eﬁzbze

Net Energy Flows into/out of Portland Area - 2050 By 2050, the region’s gl‘id
must be capable of

importing 1,000 MW of
power — and this is true

Total Load 4,128 GWh
Total Gen. 1,390 GWh

regardless of how much
distributed solar is installed.

“ Al | .

8 bt

Storage could help — but it
must be seasonal storage.

Diurnal storage provides
very little relief.

Hour of the Year



Transmission Grid Upgrade Costs

Tahle B-6 Summary — Estimated Cost of Transmission /Subtransmission Upgrades - 2050

Estimated Transmission/Subtransmission Costs

345 kV System

Mew 345 kV Substations
345 kV Line - Overhead
345 kV line - Undersea
Subtotal
115 kV System
Mew 115 kV Substations
345 kV Line - Overhead
35 kV line - Undersea
Subtotal
34.5 kV System
Mew 115 kV/34.5 kV Substations
5KV Line - Overhead
5KV line - Undersea
Subtotal

Total Transmission/Subtransmission

No. Miles
3
66
18
4
B4
1
25
225
0

Cost
(millions5)
5318.12
542496
5231.80

5974.88

5218.32
5293.49
58.42

5520.23

5556.97
5492.05
50.00

51,049.03

$2,544.13

& Competitive
Energy P:nuucr.s

The total costs for the
transmission upgrades
required to serve 2050
electrical loads in the
Portland Region will be
roughly $2.5 billion in
2020%.

The Distribution cost
upgrades are on top of
this amount.



Grid Upgrade — Land Requirements

Table 8-7 Land-Use Consequences of Electric Grid Buld-Chat

Transmission Lines
345 kV Lines
115 kV Lines
34.5kV Lines

Subtotal

MNo.

Substations
345 kV Lines 3
115 kV Lines 4
115 kv/34.5 kV 25
Subtotal
Total Land Area

Width
(ft.)
150
100

50

Width
(ft.)

1,200
450
200

Length
(miles)
66

84

225

Length
(ft.)

1,700
450
200

Area

(acres)
1,200
1,018
1,364

3,582

Area
(acres)

140
19
23

152

3,764

095

Competitive
Energy Pl:n VICES

Most of the land
requirements for the
upgrades are for linear
corridors.

To put this acreage in
perspective, the 1-295/1-95
corridor from Freeport to
Scarborough takes up a little
less than 1,000 acres.
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I
YNAMIC =

Trillion
Problem

Estimates from:
*Gupta etal, Spatial analysis of distribution grid capacity and costs to enable massive

deployment of PV, electric mobility and electric heating, University of Geneva, and

1898 Company (Burnes and McDonnel), Doug Houseman, Internal research




IGRID

Th Why Now?

e Rapid growth in DER and Electrification.
Challenge

Regulat_ory solutions are Who Ca res?

gRpenng 1005 oWy DER and Electrification creates new

system dynamics

Why it matters?

need to speed the new solutions, or
decarbonization will fail




[I>YNAM|C§GR|D .
Slaying the *
Distribution
Dragon
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Systems Architecture

Apply 'present
forward’ + ‘future
back’ systems
thinking and analysis E"/
to evaluate grid L “
expansion proposals
so that the grid can
function holistically.

/ ‘/i'ﬁi H* :




IGRID

Grid Architecture

3 . H VRE & DER energ
Grid Architecture is e

critical for making key rewarded
structural choices to 1
enable a more

Affordability, quality and
resilience outcomes for all

Customer 2

Benefits

New offerings for
customers

1
intelligent, self- Secrational
.~ Coordination of GOOD FOR
opt|m|5|ng power desirable system ALL
behavi Enh d
syStem fOr the 218t 1 S Societal / dgc::‘bcoenization
Environmental
Century Benefits
OPEX Z?f?cgr\lz:z:e)s( Enhanced equity

5 3

3
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Operational Coordination requires

O pe I‘a t i O I‘I a I Interaction betwci)en both markets and
- - control structures
Coordination

Economists v Solution: Control Engineers
“Get the market rules and An ensemble of both “Get the algorithms and
prices right and everything standards right and everything
will work fine” market and control will work fine”

features is required

Markets Controls

Long-term Planning Residual & Real-time
& Investment System Optimization

System Operations

years monthly dayahead  hourly 15 min 5 min 1 min 1 sec Sub-cycle

Image / Concept: Newport Consulting and Pacific Northwest National Laboratory (Adapted)
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