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Wind and PV affect planning and operations

System Stability System Balancing Resource Adequacy
* High penetrations of inverter-based * Wind and solar variability and * Seasonal mismatch of supply and
resources (IBR) uncertainty demand
* Essential reliability services * Reducing curtailment * Periods of low wind/solar/hydro
* Some transient stability and small signal * NERC standards * 1dayin 10 years Loss of Load

stability issues still need to be addressed Expectation
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Depending on who you are, your challenges differ

Well-connected within a larger grid Islanded system/Loosely tied Island, no interties
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Frequency and grid strength are important  In addition to previous issues:

Make room for and fine-tune VRE output. issues. In addition previous actions: *  May need to fine-tune
*  Minimum generation levels * Increase frequency of scheduling VRE controls
*  Using forecasts to decommit of interties *  May need stand-alone or
conventional generators as appropriate *  Tast frequency response from VRE hybridized storage
* 5 minute security-constrained (and other sources) *  May need grid-forming
economic dispatch of VRE *  Synchronous condenser (mode) to converters
*  Providing regulation/spinning reserves maintain inertia and grid strength

C(@ from curtailed VRE
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Managing variability

DEBRA LEW LLC




We know how to find flexibility

Transmission, larger markets, wider

tradjng Wind/PV penetration excluding DER

50%

40%
30%
20%
10%

0%

* Taster trading, scheduling closer to real-
time

* Forecasting

* Extract flexibility from variable
resources — dispatch and ancillary
services

Annual average penetration 2018 [%0]

* Extract flexibility from non-variable

resources L & ¢ &S
. . B 6"(% &3@ z\;} \'} '\ffo
* Storage of different durations ¢ <
X
* Demand-side flexibility i

S
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How are different regions meeting resource
adequacy?

Installed Capacity as % of Peak Demand
180%

160%

> 80%
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SRR
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SPP  Energinet South  Xcel/CO  ERCOT KIUC EirGrid
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Installed capacity as % of peak demand

Q | mnon-variable generation mvariable renewables = storage & interconnections |
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Bigger and faster trading

Real-time energy imbalance market being

transitioned to day-ahead market
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Year Quarter MWh Eg. Tons CO2
1 8,860 3,792
2015 2 3,629 1,553
2 828 354
4 17,765 7,521
By June 2019, the EIM B
2 158,806 67,969
had saved $736M and we s wew |
. 4 23,390 10,011
avolded 943,053 MWH : e 5
: 2017 2 67,055 28,700
of VRE curtailment i - e
(403,546 tons CO,) « o wow m
1 65,860 28,188
2018 2 129,128 55,267
Quarterly Benefits ($Millions) 3 19,032 8,146
4 23,425 10,026
E :-4.; 1 52,254 22,365
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Flexibility of non-variable generators

Kauai, Hawaii California

Helms PSH Annual Pumping Energy (GWh)

Night Day
600 - (1:00 - 7:00) (9:00 - 17:00)

Systematic reduction of P_. |

400 -
50% -> 25% -> 10%
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Hydropower ramps up
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@ LC“Z’ et al’ Secrets Of SuCCCSSfUI Integratlon' Operatlﬁg Wind and Solar Generation == Electricity Net Load (Load - Wind and Solar Generation)
Experience with High Levels of Variable, Inverter-based

ORNL, DOE 2017 Hydropower Market Report, 8
April 2018; A. Moreno, DOE, CREPC, April 2019
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DlspatChlﬂg Demaﬂd Traditional Blocks |

Resource Adequacy
——— ™ 16 Hours On-Peak
* Portland General Electric Peak Time Rebates e —
* $1/kWh peak time rebate

Hours
= On-Peak = Off-Peak

* When load forecast 1s in top 1% of annual load
hours; 3-4 hour event; day-ahead text/email

* Typical savings $2-3 per event; estimated 12-20 . New ||
events per year P ..
1 1 ! MW Eve(:\li‘r:-;
* Distribution coop ot
* Critical peak and high peak rebates: $1/kWh . .
ﬂﬂd $05 / kWh 10 11 12 13 14 15

Hours

* Response rate: 70% of participants ...

* Baltimore Gas & Electric Energy Savings

Days
* $1.25/kWh peak time rebate APS sells J. Thompson, APS, “What if Your
* Typical savings $5-8 per event; up to 6 events Cheap Neighboring Utility Goes to 100%
per year midd ay Renewables,” CREPC April 2019

S
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Managing inverter-based
resources
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The grid needs essential reliability services to
operate stably and reliably

¢ Frequency Support ) _ 5 min wind
. Wind records by grid operator ©_dispatch - Wind capacity:
¢ Prlmary fquU.CIlCY I‘CSPOHSG [instantaneous output by % & GW) " MISO L5% ﬂ__g,r‘
* Secondary frequency P Gk — ISO-NE
: . pessa . 750MW
regulatlon/ Regulation L l | 16GW flfl
* Load following/ramping Wi 4O106W - o d
* Contingency/spin ST Xeel ey PIM
. pill olorada S e 9%/6GW
* Ride-through - Gh Rl Z.A ’_L»; = ' e} °
g 1 i T S ¥
* Voltage support CAISO * B | ) (Dot
: 18%/5GW S COT O A AT ——
* Reactive power Wind freq COT *
. Lrequidfion. 45%
* Ride-through s

With fewer synchronous generators online, we need

C(@ GE Energy
DEBRA LEW LLC Consulting, 2017

renewables to provide these services




22,000 +

How reliability services from VRE can help

How wind helps reliability in Colorado
(Xcel/PSCO)

A problematic day in California

ISO's Net Load vs. Average 5-Minute Energy Prices

April 12, 2014
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Grid codes are essential — they require generators to

ride-through speed bumps on the grid

Misunderstandings of inverter operation, conflicting
requirements, and instantaneous measurements led to Blue

) o Cut Event with loss of 1200 MW PV
* If there is a transmission fault,

you want your generators to 4555
ride-through and continue to 400
. 3,500 ®_
provide power to support the § 3000 @ @ o0®
: 3 2,500
grld. i .
. . vy . 8 1,500
* Grid codes require capabilities o
that you may not need at low o
1evels but Wlll need at hlgher 6:00 a.m. 9:00 a.m. 12:00 p.m. 3:00 p.m. 6:00 p.m.
August 16, 2016
levels of renewables. -
. : : .
If you are 1gsta111ng wind/PV 100 swasisam ——
capacity guickly, grid codes that % o il

11:47:15a.m.

require advanced capabilities are [~2300.05

criticall Legacy (old) systems
may have long lifetimes.

80

Percent

11:52:15a.m.
2,191.64 MW

70

60

11:45:16 a.m.
1,705.70 MW

50 , .
c@ GE Energy Consulting, 2018; Graphics: NERC, 1200 MW Fault 11:44:00 R 115400
DEBRA LEW LLC  Tnduced Solar PV Resource Interruption Disturbance Report, June 2017 Tore 1




System stability

An actual island ¢ KKauai, Hawail — synchronous condenser mode on gas turbine

_~* Texas — PSCAD modeling; monitoring inertia; synchronous

Electrical islands condensers

™ ¢ Treland — capping system non-synchronous penetration at
05%0; new system services

Loosely connected © South Australia — reliability-must-run or out-of-merit
dispatch; synchronous condensers; PSCAD modeling

Moderately e Xecel / CO

interconnected

o
Strongly _~* Denmark

interconnected e Southwest Power Pool
c

DEBRA LEW LLC Source: Lew, et al, Secrets of Successful Integration, IEEE PES Magazine, Nov/Dec 2019




Graphics: Fred Huang 2019; ERCOT,
Dynamic Stability Assessment of
High Penetration of Renewable
Generation in the ERCOT Grid
Version 1.0, ERCOT, 2018
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Kauai uses storage and synchronous condensers
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2017 Power Supply

Batteries and pumped
hydro storage

To accommodate 100%
instantaneous renewables:
use gas turbine as
synchronous condenser to
maintain inertia and use
storage to provide
contingency reserves

McBryde Hydro, Wainiha

: Y KIUC Anahola Solar
Pu'u ‘Opae Pumped o
Storage Hydro :

— Kapa‘a Solar

— KIUC Waiahi Hydro

" Tesla Solar plus Storage
AES/PMRF Solar =~

plus Storage and
Microgrid

Green Energy Team

. . KAA Hydro MP2 Solar
Lew, et al, “Secrets of Successful Integration: Operating I el
Experience with High Levels of Variable, Inverter-based Gy B Roliron o

Generation” IEEE PES Magazine, Nov/Dec 2019

McBryde Solar, Port Allen AES Solar plus Storage

McBryde Hydro, Kalaheo
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PV: accurate and fast regulation reserves

CAISO Regulation Accuracy
100

30 MW headroom

% accuracy
= N W B U O
O O O O O O O
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c@ Data (left) and graphic (right) Source: Loutan, et al, “Using
: 1>
DEBRA LEW LLC Renewables to Operate a Low-Carbon Grid”, CAISO, 2017 18




Southwest Power Pool reduced wind
curtailment significantly during 2017-2018

Total SPP Curtailments

2.000.000

1.600.000

2014 290,703 1.400.000
1.200.000
2015 298,494
1.000.000
2016 765,676 800.000
600.000
2017 1,800,472
400.000
2018 905,519 200000 |
02014 2015 2016 2017 2018
(Q Lew et al, “Operating Experiences with High Penetrations of Variable Energy Resources,” Wind

DEBRA LEW LLC Integration Workshop, Oct 2019




More interconnection to increase geographic diversity

Increased interconnections allows for retirement of Continuing to build out more interconnectors in the
more thermal capacity future
10.000
9.000 —
8.000
o et Price 7.000 -
2% 'Et? 6.000 mmm Interconnection
= :; 5.000 - . Thermal capacity
o /,_./\ Price g 4.000 s Wind and solar capacity
a e Peak cONSUMption
3.000 -
nMw
5.000 2 mo 1
4.000
Solar 1.000 +
3.000 wWind
m Local CHP O T T T T T T
ERe2 i 2007 2009 2011 2013 2015 Gy
Import
1.000 | 1 2
o 10
-1.000 : ! - :
Monday Tuesday Wednesday Thursday Friday Saturday Sunday . Thermal elecitricity generation CEDGCH
B RE capacity 6
M Exchange capacity A
. Maximum power consumption 2._
Jorgensen, Energinet, 2019; for Lew et al,
. . . . . 0
“Operating Experiences with High Penetrations of 2019 2025 2030
™ . . . .
g Variable Energy Resources,” Wind Integration Source: Energinet, 2018
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Well-interconnected systems

Annual average vs Max instantaneous VRE penetration Interconnections as percentage of peak demand

160% o 120%
E 140% g
o 0
& *Excludes S 100%
ae! fi) E
o 120% rooftop PV g
o ] 0
> 100% o Al
N S
=]
S 80% < 60%
: :
g 60% =
g g 40%
Z 40% 5
3 § 20%
g 20% ¢
: 1 h 1

0% *E 0% —
South Energinet EirGrid Xcel/CO SPP  ERCOT KIUC South Energinet EirGrid Xcel/CO SPP ERCOT KIUC
Australia Australia
B max instantaneous penetration | average annual penetration mAC mDC
(@ Left: Lew, et al, Secrets of Successful Integration, IEEE PES Magazine, Nov/Dec 2019. Right: same with

DEBRA LEW LLC updated interconnection data from Energinet 2019 21




How does KIUC manage zero interconnections?

Kauai on target to hit ~ 80% renewable
electricity by 2025

e KIUC has been and continues
to build PV /battery plants

* Considering pumped hydro

storage

* A fleet of fast-start diesel
reciprocating engines helps
manage variability and cloud
events

140

120

100

MW Capacity
o
o

[e)]
o

40

20

KIUC Capacity (data from KIUC)

42% annual renewable energy

| f

peak demand

~80% annual Eenewoble energy

existing

)
|

by 2025*

mfossil-fueled mrenewables mstorage

Data from KIUC, 2018

* some storage plans are still being worked out
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System stability

Interconnections as percentage of peak demand
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20% I
0% I

KIUC ERCOT EirGri cel/CO South Energinet  SPP
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mAC mDC

Intertie capacity as % of peak system demand
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How do reliability services from wind/PV
differ from conventional generators?

* Faster response

* Can have more aggressive droop

e Little/no wear-and-tear

* Accurate ability to follow signal

* Superior ride-through of some types of disturbances

* Can provide or absorb reactive power when it’s not sunny or not windy
* Does not contribute to grid strength (short circuit strength) today

* Mechanisms to provide headroom for underfrequency response,
i.e. dispatch below 100% of available power, are different

C
DEBRA LEW LLC %Hinkowhedge 24
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What essential reliability services can

wind/PV provide?

Inertia/Fast Frequency Response (Quebec, Ontario)
* Wind can provide synthetic inertia (does not require pre-curtailment)

* Pre-curtailed PV can provide fast frequency response (down response does not require pre-
curtailment)

Primary Frequency Response (ERCOT, Quebec, Ontario)

* Pre-curtailed wind/PV can provide PFR (down response does not require pre-curtailment)

Secondary/Regulation/AGC (Xcel)

* Pre-curtailed wind/PV can provide regulation (down regulation does not require pre-curtailment)

Spinning reserves (Xcel)

* Pre-curtailed wind can provide spinning reserves (down regulation does not require pre-
curtailment)

Ride-through (NERC PRC-024)
* Wind/PV can ride-through voltage and frequency events

Voltage support (NERC VAR-001 and VAR-002)

¢ Wind/PV can provide or absotb reactive power when it is not windy/sunny

25



Arizona Public Service

Net Load Shape

Traditional Blocks

o

5 Hours
Evening

MW
Peak

16 Hours On-Peak

Hours Hours
= Load = On-Peak = Off-Peak = Load = New Products u Off-Peak

Hour Ending

* In EIM; considering EDAM

* New Trough Hour Trading product

* Added 500 MW quick start gas for capacity and ramping

* Reduced P_.. on CC and coal

* Installing 850 MW batteries

* Highest percentage use of TOU rates

* Upgrade EMS to put PV on AGC J. Thompson, APS, “What if Your Neighboting
* TForecasting of load and renewables Utility Goes to 100% Renewables,” CREPC April

2019
26



TOU rates look like storage

. . - 3 . . % i
TOU rates reduce cost of service - can we quantify that value? Alternative rate structures can bring significant value to the
system with little capital investment
TOU periods don't manage spring season well Revised TOU peak months and hours Value in year 1
$9,000,000
Reduction in daily peak load Different TOU periods have different impacts
20 700 $8,000,000
$is TN $7,000,000
> m Fuel Price Risk
(=] _ 600 e
z 10 z $6.000,000 ®m Emissions
3 ‘ 500 / [ M Reserves
£ / =2
5 / < $4,000,000
2 J I l |l“ oo E = | B T&D Upgrades
g o $3,000,000 w Distribution Losses
E 12345678 9101112131415161718192021222324 mT oo L
g G $2,000,000 ransmission Losses
5 - et o —old Apr-Jun =—revl Apr-Jun—rev2 Apr-Jun [ ] Copucity
15 Peck perd —old JukSep —revl Jul-Sep —rev2 Jul-Sep $1,000,000 I I I u Energy
0
TOU rates have a similar arbitrage impact as storage but without the losses. $ Ky 5 & oy \’ 'L
@ A value stream approach can be used. @ -$1,000,000 ,\QQ N B
> €
v

Lew, et al, GE Energy Consulting, “DER Compensation: Colorado Springs Utilities Solar Program Design
(S Study,” ESIG Oct 2017
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Benefits of trading

Curtailment reductions and associated CO,

By June 2019, the EIM had saved $736M reductions
Year Quarter MWh Eq. Tons CO2
1 8,860 3,792
Quarterly Benefits (SMillions) 2015 2 3,629 1,563
$1%0 3 828 354
$100 W EANC 4 17,765 7,521
"
Sia . Ip:z* 1 112,048 48,342
- i 2 158,806 67,969
B AZPS 2016 5 33,094 14,164
$70 BPSEl
4 23,390 10,011
B NEW
pe0 wPAC 1 52,651 22,535
$50 o0 2017 2 67,055 28,700
540 3 23,331 0,086
4 18,060 7,730
$30
1 65,860 28,188
$20
l 2018 2 129,128 55,267
= ﬂnﬂ s | 3 19,032 8,146
50 4 23,425 10,026
Q1 G2 Q3 04 Q1 Q2 Q3 04 Q1 Q02 O3 04 Q1 Q2 O3 04 1 Q2 Q3 O 2 2 Q3 Q4
2014 2015 2016 2017 2018 2019 2019 1 52,254 22,365
2 132,937 56,897
Total 943,053 403,546

S

DEBRA LEW LLC https://www.westerneim.com/Documents/ISO-EIMBenefitsReportQ2-2019.pdf
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