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A Role for Demand Response to Mitigate Variable Generation
Integration Issues
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= Large scale deployment of certain renewable energy resources, because of its
variable and often times unpredictable production characteristics, poses
integration challenges for bulk power system operators
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= To date, bulk power system operators have relied on existing thermal
generation resources and improved variable renewable electricity production
forecasts to manage these integration issues
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= Demand response (DR) is an alternative option for mitigating many VG
integration issues
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Source: NERC 2009. “Accommodating High Levels of Variable Generation. Special Report.” North American El@z“tric
Reliability Council. Available at http://www.nerc.com/files/IVGTFE Report 041609.pdf




Demand Response: Change in Load Relative to Baseline

in Response to System NeedsTE KM : FafEriRs
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1. Energy Efficiency programs reduce electricity consumption and
usually reduce peak demand —
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2. Price Response programs move consumption fromday to night

(realtime pricing or time of use)— immediately useful for variable

?enerarfon integration
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3. Peak Shaving programs require more resh)pnse during peak —
hours and focus on reducing peaks every high-load day —
adaptable for variable generation integration
HIUEI B Z K A ERIEF RIRER AT EMEERMNmEY, EXEETS
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4. Re iability Response (contingency response)requiresthe

fastest, shortestduration response. Response is only required
durin? power system “events’ — this is new and slowly
developing, adaptable for variable generation integration
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9. Regulation Response continuously follows the power system’s

minute-to-minute commands to balance the aggregate system—— ||

Justbeginning, adaptable for variable generation integration
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Source: Milliaan and Kirbv (2010)



DR and VG Literature Tends to Focus on Limited Subset
of all Opportunities 3T 553K Mo B2 703K w4 B IRAVA R
FENXERTREENS, MAEERILS

Ability of DR Resources to mitigate VG integration issues
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1 Min. to 5 — 10 Min. Variability 1,6 9
<2 hr Forecast Error 1 9 5
Large Multi-hour Ramps 1 8 5,11
> 24 hr Forecast Error 3 5 11

Variation from Avg. Daily Energy Profile 4,7 2,8,10 11,12

Avg. Daily Energy Profile by Season 4,7 2,8,10 11,12

1 Callaway 2009 7 Lund and Kempton 2008

2 Denholm and Margolis 2007 8 Moura and de Almeida 2010

3 GE Energy 2010 9 Papavasiliou and Oren 2009

4 Hughes 2010 10 | Roscoe and Ault 2010

5 Klobasa 2010 11 | Sioshansi and Short 2009

6 Kondoh 2010 12 | Stadler 2008




Presentation Overview &AL

= Objectives and Approach

= Variable Generation Resources and the Bulk Power

System EZTN1HE
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* Demand Response Opportunities

= Opportunities for Demand Response Resources to mitigate
1ssues that arise in integrating Variable Generation Resources
in the Bulk Power System

* Comparison of Demand Response to Alternative Strategies to
Integrate Variable Generation

= Conclusions



Production Characteristics of Fleet of Variable
Generation Resources N1 IR & BEHYE

Changes in output over very short time scales <1-minute variability 0.1%-0.2%

1 minute to 5-10 minute

. . 440
Changes in output over short time scales variability 3-14%
Imperfect _ablllty t9 forecast gener_atlon output for < 2 hour forecast error 3-25%
time horizon of 10-120 minutes
Changes in a single dlr.ectlon for multiple hour Large multiple hour ramps 50-85%
periods
Im|c_)erfect a.blllty to fort_acast generation output for > 24 hour forecast error 6-30%
time horizon of multiple hours to days ahead
Deviations from the average daily generation profile = Variation from average daily o
. - . 25-60%
in actual day to day generation energy profile
Average daily energy profile generation Average daily energy profile 30-50%
characteristics depending on the season by season °

= Variability in aggregate wind generation is larger over a time period of 1-12 hours than over a
sub-hourly time period
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Actual Wind Forecast Errors in Germany
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figure 10. A large forecast error in the day-ahead forecast
during the severe storm Kyrill in Germany in 2007. The

forecast was off by as much as 8 GW.

Source:

Holttinen et al. 2011
(IEEE PES Special
Issue on Wind
Integration)
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System Requirements for Bulk Power System

Operations KXEEIRFEITEXK

Spinning Reserves
Supplemental Reserves

Regulation Reserves

Load Following/
Imbalance Energy

Hour-ahead Energy

Multi-hour Ramping
Capability

Day-ahead Energy

Over-generation

Resource Adequacy

Days ahead
Days ahead

Days ahead

5-min to 1-hr

1-2 hour

None

24-36 hours

None

Years

<1-min

<10-min

~1-min to 10
min
5-min to 1-hr

5-min to 1-hr

5-min to 1-hr

~1-min ~30-min
~10-30 min ~ Multiple hours
Automatic < 10-_m|n Inone
direction
5-min to 1-hr 5-min to 1-hr
1-2 hour >1 hr
Days ahead to 30 min 1-4 hrs
24-36 hours >1 hr

Day to multiple hours

ahead 1 to multiple hrs

Day ahead Multiple hrs

~ 20-200 times per
year

~ 20-200 times per
year

Continuous

Depends on
position in bid
stack
Depends on
position in bid
stack
As frequent as
daily

Depends on
position in bid
stack

Seasonal

Seasonal
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Bulk Power System Operations in Support of Variable
Generation Resources
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Operational Characteristics of Variable Generation Resources
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1 minute
to 5-10
minute

variability

Bulk Power System
Operations

Spinning Reserves o
Supplemental Reserves

Regulation Reserves o

Imbalance Energy
Hour-ahead Energy
Multi-hour Ramping
Day-ahead Energy

Over-generation

Resource Adequacy

Variation Avg.
Large > 24 from avg. daily
< 2 hour | multiple hour e ET1\Y energy
forecast hour forecast | energy | profile by
error ramps error profile season
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Presentation Overview SEIFALN

= Objectives and Approach

* Variable Generation Resources and the Bulk Power System

= Demand Response Opportunities 353K 1 5 &6

= Opportunities for Demand Response Resources to mitigate
1ssues that arise in integrating Variable Generation Resources
in the Bulk Power System

= Comparison of Demand Response to Alternative Strategies to
Integrate Variable Generation

= Conclusions
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Typical Demand Response Opportunities
B R g9 T/ 3K Ml AL 35 e

DR customers alter electricity consumption over some time period based on DR Signal provided
by utility FEKME R PIRIER DA RRBAYTE KI5 S E—EN BRI ZEBR NEERITA
Time-Based Retail Rates send price signals intended to induce an increase/decrease in
consumption; Incentive-Based DR Programs utilize DR signal to induce a reduction in electricity
usage  ETHENFENRELHNBESLUSISENREPEMICRLDFHSE; ETHRE:
i Rz X531 B ) ) F /5 Kk Ml R (5 55k 5 | = F P D R ER

Time-of-Use (TOU) Direct Load Control (DLC)
Critical Peak Rebate (CPR) Interruptible/Curtailable (IC)
Critical Peak Pricing (CPP) Emergency DR Resource
Day-Ahead Real-Time Pricing (DA-RTP) Capacity Resource
Real-Time Real-Time Pricing (RT-RTP) Energy Resource

Ancillary Services Resource

15



Demand Response Opportunities: Characteristic
Features
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Time-Based Retail Rates
TOU

>6 Months Length of Peak Period (e.g., Daily, seasonal, etc.
~4-15 hours)
Length of Critical Peak Period .

CPR/CPP 2 — 24 Hours (e.g., ~2-8 hours) Typically <100 Hours/year

DA-RTP ~24 Hours TP B T [P [ (e Depends upon price level
~2-8 hours)

RT-RTP ~5 min — 1 Hour After DS P D7D BE) {2 Depends upon price level
~2-8 hours)

Incentive-Based DR Programs

Direct Load Control
Interruptible/Curtailable
Emergency DR Resource

Capacity Resource

None 5 — 60 Minutes Sometimes limited in Tariff
30 - 60 Minutes Depends on contract Sometimes limited in Tariff
2 — 24 Hours 2 — 4 Hours minimum Typically <100 Hours/year
2 — 24 Hours 2 — 4 Hours minimum Typically <100 Hours/year
Energy Resource ~5 Minutes — 24 Hours Depends upon price level Depends upon price level
Ancillary Services Resource ~5 Seconds — 30 Minutes 10 Minutes — 2 Hours

Depends upon reliability level

16



Ability for Typical DR Opportunities to Impact the Bulk Power
System Is Limited
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= Is DR allowed to provide bulk power system services? =&

ST RN R 9 KB N R G kAR 55 7

= Is the DR signal based on local system needs or is it directly
integrated into bulk power system operations? K00 {5

SEETHAMRAGTE, CREESAKENRGEITHS
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* The following is an assessment of the capabilities of typical
DR opportunities to provide bulk power system services
now and in near future (5-10 years) LA =% HBiF1ixHA
jgs -105F) BABYFE K M FETE A KB I RS he AR S5V ¢
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Opportunities for Incentive-Based DR to Provide Bulk Power
System Services

ET A ENAYTE RN R 3 KB 1 R G i fAR 5 RIHLE

Spinning Reserves ®) o)
Supplemental Reserves 0] o) (o)
Regulation Reserves O
Imbalance Energy o o
Hour-ahead Energy o o
Multi-hour Ramping o
Day-ahead Energy o o
Over-generation o
Resource Adequacy [ o
Currently not offered and unlikely to be offered in the future
(@) Currently not offered or offered only on a very limited basis but could be offered more in the future
o Currently offered on a limited basis and could be expanded in the future
o Currently offered on a wide-spread basis and likely to be continued in the future

= Significant potential exists to provide bulk power system services if mass market customers are
willing to participate in programs whose designs feature short duration and frequent demand
response events.

MR KiERERESSRAMME TR, ﬁ?*@ﬁ%ﬁ(%ﬁ%ﬁﬁf#ﬂﬁ%%iﬁﬁéﬁ&



Opportunities for Time-Based Retail Rates to Provide Bulk Power
System Services

E-T B AT KN R 9 X B ) R Gede AR 5 RI4LE

Spinning Reserves
Supplemental Reserves

Regulation Reserves

Imbalance Energy o
Hour-ahead Energy o
Multi-hour Ramping o o
Day-ahead Energy o o

Over-generation o o
Resource Adequacy o o o o o
Currently not offered and unlikely to be offered in the future
(@) Currently not offered or offered only on a very limited basis but could be offered more in the future
o Currently offered on a limited basis and could be expanded in the future
o Currently offered on a wide-spread basis and likely to be continued in the future

= RT-RTP with customer controls has most potential among time-based rates

- EETHEBNEIET, SRNBESEREEHIREEN
= Rates like CPP/CPR currently have more regulatory and stakeholder support but have very
limited potential to provide bulk power system services CPP/CPR

CPP/CPRFMRHLHILLBZ IEEEMEX AR, BERSKBENRGHFEHENEERR



Key Activities that will Influence Near-term Penetration
of Demand Response
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= Advanced Metering Infrastructure Deployment ¢iff B 3= 15 Jits
R

- Scope of deployment of advanced meters with two-way communication

capabilities X [5]7418 FB 3R RO 2 A SE

= Stakeholder Acceptance of Time-Based Rates Fz5f8x 7% E
TEFER R (N BURRIESZIERE
- Willingness of regulators to allow time-based retail rates as well as

degree of customer acceptance WSEHMRKASEFBRNNERE, KiHEE
EWEZIEE

= Customer Acceptance of Automation/Control Technology
EXI BENEHIRARNEZEE
- Are customers willing to accept these technologies? Will adding these

technologies provide value to the customer? JHZE B RIET XL A?
FERAXERAREBREAERE T RMINE

HE%

N4
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Assessing the Potential for Future DR Opportunities among

Customers F&3FEZEKMm,

AMI Deployment

Dynamic pricing
participation (of eligible)

Eligible customers offered
enabling tech

Eligible customers
accepting enabling tech

Basis for non-pricing
participation rate

Partial Deployment

Today’s level

None

None

Today’s level

N FEHE RO J1VE

Partial Deployment

Voluntary (opt-in);
5%

None

None

“Best practices”
estimate

Source: FERC. A National Assessment of Demand Response Potential. 2009.

Full Deployment Full Deployment

Universal
Default (opt-out): .
(mandatory):
0, (o)
60% to 75% 100%
95% 100%
60% 100%

“Best practices”
estimate

“Best practices”
estimate

= Expanded BAU case in FERC DR Potential Study is most consistent with expected
near-term regulatory and stakeholder support for time-based pricing BxFBEEIRIA

BTZE5 (FERC) TXKMRENMRFPH “UANEERR" , STHNEENM
FF 2588 X 77 I EART BT BRI AR BUR R S iR R A —H.

= FERC Achievable Participation case offers a more optimistic scenario for the long

term (e.g. 2020-2025)

2020-2025) EFRMWBITFHE

FERC “FAISEpE258R" SHT7T—1Fizil (fHian,
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FERC Estimates of U.S. DR Potential in 2019
gt R S EREASMERN2019FEXEF KN E A

25%
m Other DR
I Interruptible Tariffs 188 GW,
= 200 4| mDLC 20% of peak
S c +20% =
S — O Pricing w/o Tech
=~ 2 B Pricing w/Tech T =
0 e 138 GW, c &
n 14% of peak Y
N £ 150 o of pea 1 150, E =
2] — D
;; g ] S e
o T 82 GW, s =
.E[_' § 100 + 9% of peak +10% 0 ymf
. ) -~ @
S o g
Q@ 38 GW, e s
=
50 4 4% of peak | 50
0 : | L 0%
Business-as- Expanded Achievable Full
Usual BAU Participation  Participation

Source: FERC. A National Assessment of Demand Response Potential. 2009.



Presentation Overview SEIFALN

* Objectives and Approach
" Variable Generation Resources and the Bulk Power System
* Demand Response Opportunities

* Opportunities for Demand Response Resources to Mitigate
Issues that Arise in Integrating Variable Generation Resources
in the Bulk Power System
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» Comparison of Demand Response to Alternative Strategies to
Integrate Variable Generation

= Conclusions
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Limited Ability for Time-Based Rates to Affect VG Integration Issues
ETBHE A A BUR X R R Bh i BB R H P A9 RE D/ IR

1 min. to 5 — 10 min. variability

<2 hr. forecast error o

Large multiple hour ramps (@)

>24 hr. forecast error o
Variation from avg. daily energy profile o o o] o]
Avg. daily energy profile by season o o) @)

Currently not offered and unlikely to be offered in the future

(@) Currently not offered or offered only on a very limited basis but could be offered more in the future
o Currently offered on a limited basis and could be expanded in the future
o Currently offered on a wide-spread basis and could be continued in the future

Granularity of pricing signals (e.g., hourly, multiple-hourly) impact ability of dynamic pricing to
mitigate VG integration issues MEE S HIBHELIERE (IR, ZORR) WS MEN
il fRRF P [B) R A BE
Need regulator support for exposing customers to time-differentiation in pricing (e.g. RTP) or
at least to more flexible rate designs (e.g., variable length CPP/CPR events) coupled with
automation/control technology in order to enhance ability of DR to affect VG integration issues
HENENAXR, FRESmETHEMNEBEE (NEFEMN) HEDRERFRNEILE
(ﬁﬂﬁg gtﬂ“ EHICPP/CPREH) , HEL& B RNARHIH AN N5 7K ln R X 25 w1 B iR H
|9) 24



Portfolio of Incentive-Based DR Programs Can Mitigate
Multiple VG Integratlon Issues —RIIE T HEIAVES
i) 2 151 B AT LARK /D 352 w1 L aJR 3 I o] 26t

1 Min. to 5 — 10 Min. Variability 0] o

<2 hr Forecast Error o o) o (o)
Large Multi-hour Ramps o o
>24 hr Forecast Error o o
Variation from Avg. Daily Energy Profile o o o

Avg. Daily Energy Profile by Season

Currently not offered and unlikely to be offered in the future
(@) Currently not offered or offered only on a very limited basis but could be offered more in the future
o Currently offered on a limited basis and could be expanded in the future
o Currently offered on a wide-spread basis and could be continued in the future

= Incentive-based DR programs have significant potential to mitigate many variable generation
integration issues if customers are willing to participate in programs whose designs feature short
duration and frequent demand response events7E;HER & BB S S HAFMEE RN TR T,
F B AU 75 5K il Bz Rz 3o S w1 IR H- M s B D E X

= Customers* acceptance of the types of control technology required will dictate DRs ability to
expand its role in mitigating VG issues jH#RE X {EHIFARRB N EIFSBIZRR T K0 R B X 5K
B4 ERL IR I [e] LAY RE D
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Potential Loads for Providing DR to help Integrate
Variable Generation

FEL IR R B £ 1oy 2R 2

;.|=J.

Water pumping — 7Kg
- Irrigation &

REHE {1t 7% K o) Rz Sie A5 Bh iR w4

- Municipal: supply and treatment HE{: {#£7KFa7k AL

Thermal storage -4 & 7F
- Hot and cold 04

- Commercial and residential (water heaters, refrigerators) FMLF{EE (FHRIKEE,

B 7K#E)

- Space conditioning and cold storage ZEFFSETE

Electrolysis Ef fi#

Electric vehicle charging BRI ETH

Industrial processes with large thermal inertia B XKERIEHNTE

- Shale oil extraction T15 HFFE

Source: Milligan and Kirby (2010)
26



Presentation Overview SEIFALN

* Objectives and Approach
* Variable Generation Resources and the Bulk Power System
* Demand Response Opportunities

* Opportunities for Demand Response Resources to Mitigate
Issues that Arise in Integrating Variable Generation Resources
in the Bulk Power System

= Comparison of Demand Response to Alternative Strategies
to Integrate Variable Generation
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Conclusions
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DR Is But One Way to Address these VG Integration
Issues

Bk MmN R 2 BRI wh it B iR W e) @ pY ik 2 —

= Historically, fossil-based and large hydro generation resources provided
majority of bulk power system services

st b, KEORGRSZEERHRNBMARKE KM

= System operators and policymakers are considering various strategies to
integrate large-scale variable generation in addition to demand response,

including:BRFERMN 250, REESEFMBERGIEFLMR T SHRITK
MR R RH WAk, -

- Improved forecasting tools to increase the accuracy of expected output
from variable generators

PSCZE T T B3 0 5 o SR wh 14 BRI EH T RO T

- Technology improvements in variable generation that enable them to
provide some bulk power system services

BN HRIBLZBERARERH, FEMNBCRBRHERERGRS

- Institutional changes in electricity market structure or design

BT A ST R I E
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Must Understand Perceived Risks, Benefits and Costs of
Alternative Mitigation Strategies W5 & MEREEEOTRRAXBE |
WAL 7 AR 2K

= Adding VG resources requires increased operating reserves and management of day-ahead
forecast errors JXANMERIFEHMGE, FEMEMiEEEZA, EEATNRE
- Recent study in the Western U.S. estimated that benefits of using DR instead of thermal
generators were $310-450/kW-yr, which needs to be compared to cost and risks of enrolling
customers in a DR program to provide load reductions with little or no notice for 10-35 hrs/
yr (on average) that could be called on any time
XEAERITHRMSRA, FIAFTKmAE RN ERSHINGE AR E FES310-450/kW, X
f‘ﬁggl—:j EERIIN GHEESFH10-35/NTEEMEERRDGIE) AR AERXEHET
= Depending on the generation profile, VG may contribute little to resource adequacy tR#FLH 778
&, KA IEX PLRE T B ST TR /)
- The low capacity credit of wind would be relatively less important if alternative sources of
capacity become inexpensive (i.e., DR)
NRBRBZEREFE (WFKRWE) HEAERE, NEFEEFERNEOERFIPLEET
= Ramping capability can be increased with new flexible plants &N R EHAZBHERT LIRS R
Gless ge 1
- DR opportunities that lessen the magnitude of ramps can offset these investments and
increased operating costs, but is the response predictable and dependable?
SRk M Bz AT LA D e ok Sk m L RFEH AR HEMEERR, BERXMB|RMEES =
A FRERRY A AT SERY ?
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Supply-Side Costs Are Reasonably Well Understood, But Not So
for DR Resources

PN AL BIERR . TR, F|RMN AR

= Significant cost component of DR programs are utility efforts to induce customer participation

and response DREAFEREHBHARWSIEEESSMEEEMAEER
= Time-based retail rates: ETHEHNEESENBUER:

- Eliciting initial participation may require utility to offer enabling technology, develop

extensive marketing and customer education plans
BAABRANSIAFRESS, ARFREMAFHRA, MEEH, UARINEEEEITEII

- On-going education efforts may be required to maintain or improve performance over time

A e TR B WTHIEE) ISR R FF AU SE e R
= Incentive-based DR programs: FT Rk 10 H
- Utility provides incentive payments to elicit customer participation and response E 712\ &%
M FEE, WSIIEEESSMSLHEN M
- Direct utility control or high frequency DR signals will require additional customer control
technology beyond AMI

HAXREREFRSHENDRIESHRTAMI, TREERMHEREESIRAR

- How is cost allocated between customer and the utility?

HBREME AT ERTIERA? 30
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Conclusions R

* The largest variability and uncertainty in VG integration issues is over time
periods of 1-12 hours; time scales that can be in sync with DR opportunities

BB R H I & AR AT A E M 2 E - 12/ B B, a5 HoKM R E]—3
* Greatest match between DR option an VG integration need: KNI MRz
BRFMERES, FE:
- Direct load control E % 5 fay
- Portfolio of incentive based programs (i.e., energy, capacity, ancillary services,)

- Dynamic rates (i.e., RTP) zZHEM (HlanscartdE M)

= Customers will need to establish response to price/event response EHEEEE
3 37 A/ B R B Ml R
- May require automation/control technology FIgEHEE B Rh/ATHIH AR
- End-use control technology will be used frequently and be more directly
integrated into customer end-uses

FEERLIRIERIRAR, HRESHERH PR inAEERER
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