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Northwest Power and Conservation Council
AiBEHNS5TRERS

Established by federal legislation to provide regional guidance on energy
Issues.
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— Council members are appointed by the governors of the four
Northwest states: Oregon, Washington, Idaho, and Montana.
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KXEMFZEKREM,
Reviews regional power plan at least every five years.
EOFREHT—REGME B DRV
Recommends funding for fish and wildlife programs to mitigate effects of
hydro power development.
BV RMBF LSRR B RE T £, LUBRIKH K BRIIFZM,
Encourages broad public participation in regional energy issues.
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Northwest Region
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m  The four Northwest states of Oregon, Washington, Idaho, and western
Montana.

FEALRPE NN - B X, SRBRAM, SRR RIRKE M A ED,
— Population ~13,000,000 A RA#713,000,000

North

Dakota
Mentana Minnesota

South 9. Wisconsin
Dakota
Wyoming Q
lowa o

Idaho Michigan |
g
Nebraska o
% °
Nevada o
! Utah Colorado

Hlinois |ndiana ONi0

9 i West
Kansaos Missouri Virginia
i Kentucky. Virginia|

°
B ot
California
¢ Tennessee North
o Oklahoma Arkansas Carolina

Arizona New o South

Mexico ] Mississippi . carslina

@ Alabama
Texas Georgia
Q

-} Louisiana
~ uisi

¢ g0 .9 Gulf of
3 Maxico

in México o

Northwest
Power and
Conservation

Council

Northwest Region Electric Resources
FadLith (X B 7] %R

m Dominated by hydro with fast growing wind and natural gas sectors.
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Northwest Region Electric Resources
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By energy contribution.
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Rapid Growth of Wind in Northwest
XU 8 7E P de it X LR % R

Non Hydro Renewable Energy 1998
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Rapid Growth of Wind in Northwest
XU R 72 P db it X iR & R

Non Hydro Renewable Energy 2009
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Promoting Renewable Energy:
State and Federal Policies
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m Federal government offered ~$20/MWh tax credit for first ten years of
production. BXFBUREE 4 +EEITHRNIZE $200MWhid T kB %,
m States developed renewable energy targets. &7 ATE4RERR B AR
— Montana as part of state legislature market restructuring.
EXEMUSFEEATHEH TR —ERS
— Washington by ballot initiative of the people.
HERPINBLIRREREIARHER
— Oregon by state legislative action. #hX @it i 2% 5247
— No action in Idaho.  ZZ5XfM R B EM25)
m State tax incentives. &AMk EI B
— Oregon tax credit (50% of investment up to $10 million).
£ 8 X M 52 Wi $EE 4 B SR (5090 3% 8 AT 515510005 35 5T)
— Washington sales tax exemption . e safE & i Bk
— Montana property and energy transaction tax exemptions. _—
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Leaders Became Concerned
MFAFIERE

= The growth in wind generation began to
concern regional leaders in the power industry.
JUHE B R 3R 15 ¢t X 45 A DT3B 5% 5 FEL AT

= The “Wind Integration Forum” was
established to determine whether reaching
6,000 MW of wind generation was technically
feasible.
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Wind Integration Definition

WL A TE X

m Wind Generation is inherently variable and not

completely predictable.
RARBEEERRSIME FRERTEBIIN,
— Wind integration means changes in power system
operations that foster the efficient and reliable
operation of the electric grid.
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The Answer Was Yes!
BER: M

m Resulted in a report recommending
16 Action Items to support the
efficient and economic
development of wind generation.
TR RE— AR, HEEE L6 oo
ﬁﬁ%i*#ﬁ;&%—ééﬁﬁﬂﬁ@m EEO Wind Integration
The report observed that the Action Plan
primary value of wind is in
displacing fossil fuel consumption
and emissions.
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Market Conditions Matter
‘E A S

M EHHE
The Northwest is divided into 17 grid operators or “Balancing Areas,”
each one separately responsible for reliability within its service
territory.
PaL i AR A 17 RSEE MR T E R, S B ENE S B 2SR
AT S DT,
Balancing areas trade with one another under various contractual
arrangements and through bilateral trades for hour-long operating
periods.
‘%:F@HZEEZl‘EﬂE%%ﬂFﬁ]»i&f#ikﬂ@%}”umwi&ﬁ?c%, TR/ BIEE BT A 3R

Balancing Areas are for the most part on their own for the duration of
each operating period.

TEHREFEMBFABEZETNITE BRI E,

It is clear that sharing resources and variability across Balancing Areas
IS a huge benefit.
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Multiplicity of Balancing Areas
FEERXIBA S 1S

m As a result of historical
development, and possibly
cultural preferences, the west
developed around many,
relatively small balancing
areas.

BT R KBS XIbRmFRIIEE, 7
R RT — AR N T X i
— Not conducive to fostering
efficient integration of wind
energy.
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Wind Concentrated in One Balancing Area
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m The federal Bonneville Power Administration (BPA) owns
75% of the Northwest high voltage transmission system,
and about 75% of wind generation interconnects with them.

EEFAM4/R A BBPA)HBTS%EILE LM RS, ME5HEK
PRIHI 2 75% B4 XL FE

— Most of the wind is sent across the BPA system to other regional
Balancing Areas.

KEB 7 X HL 2@ BPARYT L 1 F Gk I H 4t F & X =AY,
— BPA has begun to charge a wind integration fee for providing
balancing services.
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Dispatching Wind First
Bt MREBEIEE
SR 1 B 51, 291 400 36 LA 1L R4

Wind as Negative Load
(~1,400 MW wind system)
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Balancing Act and Reserve Generation
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Differences met by
reserves.

B R E(E

Load Net Wind and Schedule (MW)

Time (minutes)
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Balancing Reserve Burden
FESANE

Augh2 Aug03 AugD4 Augls
Date/Time

3ased on 5-min readings from the BPA SCADA system for points 108043,108044
BP& Technical Operations (TOT-Oplnfo@bpa.gov)
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Reserve Requirements

w5 FFRK

m Chief among power system operators concerns--
having sufficient capability to increase or decrease
generation levels as the combination of wind and
load vary.

HARGEEBEECDNRE 4LEEZENBMAEmIHRIE, AR
WHIBREMIRD K HEE,

m Larger impacts to balancing areas transmitting wind
to meet demand outside their territory.
fanak X HE LU B B R I A IR SR 0 XA B K20,

— For example, Montana has lots of wind but little balancing
generation or native load.
fBlan: FREMBRZ XL, ERERDOTFEHIRFIAM 77,
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Sharing Balancing Burden Across
Balancing Areas
S X518 T 1148
m Working together is best
T E TEE&IFH.

Series 1 Series 2 Sum of 1 and 2
95 Percentile 0.51 0.54 0.80
5 Percentile -0.58 -0.33 0.12
Standard Deviation 0.32 0.27 0.47
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—Series1 — Series2 =——Sum of 1 and 2
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Actions to Reduce Impacts
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Balancing Areas working to unify trading practices to
allow half-hour trading.

HATHRIMNS LR 5, FEREFNE—R BTN,
Implementing automated market (e.g., “bulletin board™)
within-hour trading.

SLhE B3hE T LU T /M 3R 5 (N, wiE“ N ER”)
Balancing Area sharing of energy imbalances on sub-
hourly timescales.

HERINHI R RE £, TERX A £ EABRERE S F4,
Consideration of Balancing Area Consolidation.
ZETEREMKEEH,
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Wind Integration Studies
ML EEABTSE

m Calculating reserve requirements is usually
done in complex wind integration studies.
HELZAMNBHBEARRPLERITESATER,

— Relatively complex calculations that
many balancing areas may not be
prepared to undertake.
1R 2 T 187 IR Ag i 5 o & 0F AR AR IX AR X A%
BT

Northwest utilities have tended to over-
estimate amounts and cost of reserves.
Etﬁﬁ%ﬂﬁﬁ&&ﬂ%ﬁﬁ%ﬁ%ﬂ%ﬁ& . -
Many wind integration studies have been
undertaken, and there is even a book on the
subject.
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Valuing Wind Generation on
Integrated Power Systems
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Growing Pains
H #2310 By 4 1%

m June 2010 high unpredicted river flows, nearly full
reservoirs... and high wind at times.

201056 A R TN ZIRIRAKTRE, KEJLFEEN..., BINE =X,

— Hydro system operator did not want to pay wind
generators to stop generating, and had limited ability to
spill additional water due to environmental concerns.
IKHEE AR X HRE RS2 A, RN BT EAE
&, L RBERRMFIKEES,

m Primary operational issue with respect to wind relates to
large amounts of generation when little ability to use it (e.g.,
at night).
Q)Eﬁﬂ’aiga‘iﬁl‘nﬂ%ﬂ%&ﬁﬁiﬁ?ll\ﬂ@ﬁﬂ“ﬂ%ﬁk%mmEEI(tl:!lu, "R
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Going Forward
=P

m State targets require increasing levels of demand to be served by
renewable energy-- variously 20-25% over the next 15 years or
so (California targets 33% by 2020) .

FM KRB ERATBARRRIREE H & NEH R LG T g — —
T T ERI155F Fr3A F20-25% (H0 M B84 B 45 220205 55 133%) ,
Actions to improve ability to efficiently absorb wind energy will
continue.
LIRS R BUHAM XL RE R FE T
— Changes in markets.
Gip7l:00 6
— Considering changes in tax incentives (to relieve some negative pricing).
ER UL E RS E— it R — 5 EMN)
— Technological solutions, especially thermal storage.
BRARBRAE, Rl 2 -
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Technological Solutions

BARfERAE

Increase transmission capability among Balancing Areas.
¥ T 1 R g iz (1) % FELRE

Actively manage wind generation (especially under wind
ramp conditions).

EZEE XA K (B 2 X R IF5L)

Improve forecasting capability.

RE TR A

Increase storage capability to capture night time
generation and relieve negative pricing events (likely
thermal storage).

@ANGERERE A LU IR IR X R, B UE 4 (AR HY o
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Energy Storage for Balancing
i i U EEN: R e g

m Irish Grid study found energy storage not to be
necessary.
NN L B IEEN 1 DR e 2 e e Vil U
— Less expensive to actively limit wind
generation and ramp rates.
EFEREINA K B E EIREE L 5T,

m To the extent energy storage is economic, thermal
storage is likely to be the least cost opportunity.
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Danish Model
FHEER

Denmark uses “waste” energy from power plant cooling
systems to heat 60% of all buildings in district heating systems.
RERB AAREPHKFREE N PMREHRGEH60%HIEFYHEE.
Large insulated hot water storage facilities

KB AHOKFEERE

decouple electric generation from building space and water
heating needs.

HEFAYALNEAYZER S KEHRFRIE

At times when wind generation exceeds load and export
capability, power can be used to heat water in storage facilities.
LXEEBE T AEMVEREN, REHENE AT INAMEEER & FEIK,
Henrik Bindslev, Risg Director:

The Danish power system will move from one where supply
responds to demand, to one where demand responds to supply.
FFEHGH T TG FFM LW [ FE K F 1 g KM 27
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Avedgre District Heating /MX#t# ik
Hot Water Storage Units #ukK7EfE

m About 12 hours @570
MW of storage from
the CHP plant serving
Copenhagen.
PRI T B 12/
@57T0MWEI i AR & 4 5
RIRIRARSS o
Nearly 50,000 cubic
meters of storage
capacity.
K#1500003L /5 K HITF
B E
No electric heating
elements... yet.
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Water Heater Storage Capability

MIKBFESE

e Inthe Northwest: 7EFHILER
— More than 2,000 MWa electric water heating load
KF20, OOOJKELHI L HAIKER 11 faT
— 4,000 MW of coincidental peak demand.

4, 000JKE BN K & RO (H 71 fRr sk == =
CEPRTER gRm®E  ReE

Maxi
Unit Power
50¢ ke 50-gal water heater 4.5
1oome#ks | 100-gal water heater 4.5
2102 Enitnz | 2102 room heater 3.6
2106 Bz | 2106 room heater 10.8
4140 HEEHF 4140 residential furnace 45.6
8188 B 8188 commercial furnace 160.0

tAssumes 60°F inco
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Thermal Storage—— Low Cost Source
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High Power RInzE

E.C. Capacitors ECHIE .
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Thermal Storage—— Low Cost Source
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Nissan Leaf Battery at
High Power S750/kWh, $2,500/kW

E.C. Capacitors
e High Pawer (below cost)
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Thermal Storage—— Low Cost Source

,m 7?11% - ﬂfﬁﬁkzlgm

Nissan Leaf Battery at
2 [High Power S750/kWh, $2,500/kW

.C. Capacitors
T — (below cost)

Fly Wheels
Long Duration
Fly Wheels

Water Heater
Thermal
Storage

Capital Cost per UnitEnergy - $/kWh -output
[Lost f capacity / efficiency)

1,000

Capital Cost per Unit Power - $/kW
Powr;tnd

Source: Sandia National Laboratory and Steffes Corporation Conservation
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Thermal Storage Advantages

MEEFIERINE

m Very low losses compared with most other
technologies.
BH B AL, 1AEE,

m Very low cycling costs and long lifetimes little
affected by cycling.
FEFREMFENABARKAEGRED, ZEHAE0E/DN,

m Cost mostly proportional to maximum energy
storage-- not as sensitive to power levels.
BRAERERREFMWREEMRIE L — X REEF R
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Thank You

m Please feel free to contact me with questions.
A A, Yol 5 3R
— Kdragoon@nwcouncil.org




