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How do states consider
transmission In an era of DERSs?

.- If we want to maximize use of local
renewables, do we need additional
transmission to other states/regions?

- If our state is planning a high level of
distributed energy resources (DERs), do we
still need to build significant transmission?

- When and how can DERs substitute for
transmission?

. What are the transmission needs of a clean
energy future?

Energy Systems Integration Group
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How can we enable
cleaner electricity
while maintaining

affordability and
reliability?



The scale of the clean energy challenge Is
significant

6000

« There are numerous states, utilities, cities and

corporations that have 100% clean goals. 5000

« Biden’s goals of 100% clean electricity by 2035 and
100% clean energy by 2050
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- MISO Footprint

https://cdn.misoenerqy.org/20210211%20RECBWG%20ltem%2002%20Long
%20Range%20Transmission%20Planning%20Update520801.pdf Vi

% STATES CONSIDERING 100% CLEAN ENERGY GOALS

B uTILITIES WITH 80%+ TARGETS

. UTILITIES WITH 50%+ TARGETS



https://cdn.misoenergy.org/20210211%20RECBWG%20Item%2002%20Long%20Range%20Transmission%20Planning%20Update520801.pdf

We need transmission to deliver

3,500

significant resources . [OVeE

- Accessing the large levels of resources
needed

- Electrification will lead to significantly
Increased demand

. DERSs will contribute but are insufficient o o s ww wm w0 s

ONGCT O Storage [ ] 1y

on their own to supply the increased
demand
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Interconnections Seam Study

* What’s the value of interconnecting the
east and west?

* Crossing the seam allows you to build the
solar in the west and the wind in the east
and share

* 50% renewables case: macro grid adds
S19B to transmission costs but saves S48B
(generation capacity, O&M and
emissions), for a benefit/cost ratio of 2.5

* 85% renewables case (95% clean
electricity): macro grid builds 40GW
transfers across seam with a benefit/cost
ratio of 2.9

https://www.nrel.gov/analysis/seams.html
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BAU
50% Renewables case across HVDC
seams Macro grid
Objective function Design 1 | Design 3 | Delta
Line investment (B$) 61.21 80.10 18.89
Generation investment (B$) 704.03 700.51 -3.52
Operation and maintenance (B$) 1336.36 1300.70 -35.66
Emission cost (B$) 171.10 162.50 -8.60
35-yr B/C ratio - - 2.52
O

ESIG


https://www.nrel.gov/analysis/seams.html

Transmission Requirements for US Electricity System Through 2050

ZeroByFifty

®* What is the optimal resource and transmission
expansion to decarbonize the whole energy
economy including massive electrification?

Existing transmission is estimated at 152 million MW-miles in 2018

® Considers widespread DERs, new nuclear, CCS,
and hydrogen

® Co-optimize generation (utility-scale and

. . . . . | ’ / , 73 ity ,7/"',’
distributed), storage and transmission; combines ff | } | A SR
capacity expansion and production simulation ﬁ‘ 4 R 9// v

‘ < (@ o k.
° Fino!s.that if a macro grid is NOT built, it costs an ‘“’” ‘
additional $1 Trillion to get to 100% clean ¥ »<A\gp ,

NN

https://www.vibrantcleanenergy.com/wp- = !
content/uploads/2020/11/ESIG_VCE_11112020.pdf L L "'}
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https://www.vibrantcleanenergy.com/wp-content/uploads/2020/11/ESIG_VCE_11112020.pdf

MIT Study - Value of
Transmission for Decarbonization

® What is the value of coordination within regions,
between regions and nationally?

® Co-optimized capacity expansion and dispatch
model with 7 years of hourly weather

® Least-cost plan results in nearly double today’s
transmission system (in MW-miles) with 40 GW
transfers between east and west and 70 GW
between ERCOT and east

® Finds that an “every state for itself” approach has a
levelized capital and O&M cost of $135/MWh and
that this cost can be reduced by 46% (to S73/MWh)
with inter-regional coordination and transmission
expansion

https://doi.org/10.1016/j.joule.2020.11.013
Energy Systems Integration Group — |

Charting the Future of Energy Systems Integration and Operations 10 20 30 40 50 GW

Zero-carbon
electricity
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Transmission IS not just about
delivering resources to load



Transmission contributes to resource adequacy

Pre-1998 1998-2016 2017

Evolution of Current
Planning Reserve Planning Reserve
Margin Requirement 1 Margin Requirement |
$ i

Wind Generation Capacity Value
(% of aggregate nameplate rating)

’*'ff '¥§*’

1998 - 2016
;" [ Pre 2009
B ere201s
|

Scenario 1l Scenario 2 Scenario 3 Scenario4

(i
= 2004 Profile = 2005 Profile = 2006 Profile & - Y g,l° 890 million annually i

Transmission smooths all time scales of weather variability

Source: Enernex, EWITS, NREL/SR-550-47078, 2010; L. Nickell, SPP, CREPC Spring meeting, 2017 (D
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Challenging Weather Events

Mild Cold Wave February 2008
February 20, 2008

* Extreme weather isn’t as
challenging as benign conditions
for high penetrations of wind
and solar

* Cold waves can severely reduce
wind availability

* Extreme events drive
interchange and alter dispatch

* Study is still ongoing

Source: Novacheck et al, “Extreme Weather Event Project”, Nov 2020. Used with permission.
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Renewable Integration Impact
Assessment

* Resource and transmission expansion / Resource adequacy
/ System balancing / Steady-state stability / Dynamics —
examines all aspects of system reliability

* Increase annual wind and PV penetration in 10%
increments up to 100% for Eastern Interconnection

* At each increment, reliability issues are identified and fixed
using least-cost, commercially available solutions

https://cdn.misoenergy.org/RI1A%20Summary%20Report520051.pdf
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https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf

Transmission needed to help system balancing

Incremental complexity by technology type

Transmission needed to
deliver ancillary services

Deliverability* of 30-min headroom for 40%
renewable: a worst case

Capabilitytobe
procured;
deliverabilityis key

Over 2.5GW has
deliverability
concern

Bad deliverability
“OK”deliverability

Good
deliverability

For low : 0
VYRS R m— penetrations Starting at 40%
® Controls Tuning ’ penetration,
ou can .
W Power System Stabilizer y transmission needed
8 Battery 20min ouild to help hour-to-hour
® Synchronous Condenser OVEIBU system balancing
Switched Shunt renewables 4000
B HVDC
Generation Combined Cycle
B Renewable Overbuild 5000
B HVAC Line +Transformer
4000
2
s 3000
2000
1000
10% 20% 30% 40% 50% 0

Renewable Energy Penetration Levels

Transmission is critical to maximizing flexibility
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https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf

Transmission needed for steady-state reliablility

Type of Equipment : :
Transmission
B Controls Tuning

: F?weriwtem Stabilizer needed in
Lpeich Adustment northern and

B Battery 30min .
W STATCOM central regions

B Synchronous Condenser
Switched Shunt
B HVDC
Generation Combined Cycle
B Renewable Overbuild
B HVAC Line +Transformer

30% 40% 50%

10% 20%
Renewable Energy Penetration Levels

Transmission
needed in
north region

Higher voltage
transmission solutions
needed

Incremental complexity by technology type

https://cdn.misoenergy.orq/RIIA%20S
ummary%20Report520051 .pdf

Energy Systems Integration Group Q
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https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf

Transmission infrastructure needed for

dynamic stabllity

Batteries (30min) - - 1,233 1,233
. HVDC to mitigate .Controls Tuning - - 1,787 | 1,787
Fvoeof Eauioment weak_grid issyes: Dlspatc': ng:stment 1 13? 6_(] 239
2 : Controls Tuning tragSIent I}/O_Itagel Power System Stabilizer - - 109 109
Power System Stabilizer and small Sigha
S | Bt Adutroent el STATCOMs 47 31 23 101
> W Battery 30min stability issues Switched Shunts - - 1 1
S | maCOM cond Synchronous Condenser | 5 14 248 | 267
fd Switched Shunt
3 :ﬂmmmcm Synchronous
Renewable Overbuild
% B Lt e (Tt condensers to
= mitigate reduced
s inertia: frequency
e response issues
£
e
£
10% 20% 30% 40% 50% https://cdn.misoenergy.org/RIIA%20S
Renewable Energy Penetration Levels ummary%20Report520051.pdf y
\9)
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https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf

Incremental complexity by technology type

Transmission infrastructure Is the biggest
Investment needed to make the 50% Wlnd/PV
case work R (R oA

[l & ] ™ %,«
) \ x—
_ . .
/ e f
"?"" e
M Controls Tuning D >
u Power System Stabilizer 161& 230 345&
B Dispatch Adjustment below above

® Battery 30min
B STATCOM
B Synchronous Condenser

Ckt'miles 1500 300 400 |

Switched Shunt
B HVDC
Generation Combined Cycle
B Renewable Overbuild
B HVAC Line +Transformer

10% 20% 30% 40% 50%
Renewable Energy Penetration Levels ummary%20Re 0rt520051 df
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Can’t we do this with storage?
Or DERS?



Storage-only solutions are more eXpensiVe gummmm
and don’t address all the issues e of storage.

- . only, it builds
Total Transmission, Storage and Production Cost 16GW storage
If you allow the model to optimize \
between transmission and storage ,
SBillion it builds 0.5GW storage plus wm 16 GW
Range transmission

4 5

| 2 3
Transmission — 7 7 — Storage
Expansion Scenarios
Heavy e . Heavy

Note:Expansion simulation performed for 40% milestone with all 30% and prior transmission solutions included.
https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf
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https://cdn.misoenergy.org/RIIA%20Summary%20Report520051.pdf

2,500 MW solar & 3,800 MWh storage

There are limits to what or
you can do with battery 3,000 MW solar & 3,400 MWh of storage

or....
Storage 115 MW of firm capacity
For example, Hawaiian Electric had a 180 '
PV/battery-dominant scenario that 160 * Base Case . 1500MW
resulted from a capacity expansion 140 e 2500w
model and worked in a production cost  _ . e Yoo
model, but when tested in a resource £ 100 e 200 MW
adequacy study, it did not come close 3’?50‘80 B Target LOLE
to meeting the loss-of-load expectation 2., Additiona) solar
metric (2 days in 10 years) 0.6
oao i [
Problem becomes an energy, not a capacity problem 000 “"~‘*‘j:;x;'-az:.;:.:.;;;;;;;;a;;;&é&i&2.13E;LOO

Storage Energy Rating (MWh)

Stenclik, et al., Energy Storage as a Peaker Replacement, IEEE Electrification Magazine, September 2018
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DERSs are part of the solution.
We still need utility-scale wind/PV

Installed Capacity (GW) by Scenario (2050)

* Optimizing G, T&D saves money
vs not including distribution in

optimization @ e
* Benefits are even bigger if you

H
have clean energy goals - save — _,( . ) e

S473B by optimizing G, T&D

DSM

OFFSHORE

GW-AC

WIND

mHYDRO

mNMUCLEAR
https://www.vibrantcleanenerqy.com/wp-
content/uploads/2020/12/WhyDERs TR Final.pdf

500
i i - o
. mCOAL
Energy Systems Integration Group o . — O
BAU DER BAU-CE DER-CE
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https://www.vibrantcleanenergy.com/wp-content/uploads/2020/12/WhyDERs_TR_Final.pdf

VC E D E R St u d y Cumulative Electricity Spending Savings

DER Savings vs. BAU DER-CE Savings vs. CE DER-CE Savings vs. BAU

5500

. Optimizing G, T&D saves
money vs not including
distribution in optimization

. Benefits are even bigger If
you have clean energy
goals - save $473B by
optimizing G, T&D

o
w
(=]
=]

SAVINGS (BILLIONS $)

CUMULATIVE ELECTRICITY SPENDING
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DERSs reduce utility peak demand by 16%
by 2050 and smooth demand

UTILITY-SCALE GENERATION & 3 DISTRIBUTION DEMAND

Utility-scale Generation Distribution Demand
110%

o 3
§3%§8¢§

Demand (% of peak)
&8 8
®

o Assumes economic
‘ dispatch of DERs
(DPV is NOT must-

. Utility-scale Generation - take)
%:: l'l"v [ . ‘ “ " ’/ '1\ ] " \: JV"‘”H 5 :: l l | |
TR AT | - A A AR
£ |-
E ::: : — unurvsc»:s;hl:mﬂcu NEED:L;:u;mG BeAke — = LESS UTILITY. SCALE DEMAND NEEDED DURING PEAKS

g
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For more information
on transmission
planning to reach clean

energy goals

Transmission Planning
for 100% Clean Electricity

https://www.esig.energy/transmission-
planning-for-100-clean-electricity/

AL
~ (F\ -
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https://www.esig.energy/transmission-planning-for-100-clean-electricity/

Debbie Lew
Debbie@esig.energy
(303) 819-3470
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