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Interest in Pumped Storage is Exploding




Pumped
Storage in the
West

The proposed
facilities in
WA/OR/ID alone
would expand
storage in the

entire west
by 4 fold




Pumped
Storage
in the West

Grand Coulee
on the
Columbia:

System Dynamics
Model
by
Tyler Llewellyn




Wind Integration Costs

BPA: $1.23 per kw per month, translates to
$5.60 per MWh of wind generation.
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Long-term will be higher:
(loss of flexibility)

Costs might range from
$12 to $18 per MWh

(based on Lawrence Berkeley
Laboratory National Lab
summary of wind integration
studies and Integrated
Resource Plans in the West.)
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Do the Storage Proposals have
Sufficient Value?

e A dozen or more modes of value can be described

* But they are seldom quantified
— either Individually or jointly

— and their value is seldom embedded within the larger
system

* The modeling methods are not up to the task



California Public Utilities Commission
Assigned Commissioner’s Ruling

3. Market Barriers to Emerging Storage Technologies

The market barriers hindering broader adoption of emerging energy
storage technologies have been identified and discussed in Phase 1 of this

proceeding;: Models

1. Lack of definitive operational needs;

are

2. Lack of cohesive regulatory framework; “first of
2. Evolving markets and market product definition; their
3. Resource Adequacy accounting; kind”
4. Lack of cost-effectiveness evaluation methods; in
5. Lack of cost recovery policy;
6. Lack of cost transparency and price signals (wholesale and

retail);
7. Lack of commercial operating experience; and




- Grid Balancing
@ ENERGY ‘ Pacific Northwest & Arbitrage:
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That’s all???
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National Assessment of Energy
Storage for Grid Balancing and
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of wind capacity
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an extra 1,000 MW
of balancing

M Kintner-Meyer
P Balducci

W Colella

M Elizondo

C Jin

T Nguyen

V Viswanathan
Y Zhang

June 2012




A Systems Approach
to
Support Long-Term Planning

Ontario Power Planning Model {July 15, 2013)
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Ontario Planning Model

Simulates 30 years, with 24-hr profiles for a typical day in each

month. Finds the spot prices and the GA rate to get the all-in price
to the LDCs and the total cost to Ontario ratepayers.

Transfer the
assumptions on
monthly loads and
capacities of must-run
generators: CHP,
hydro, nuclear & wind.

Transfer the GCAES
operational rules, such
as the hourly pumping

& generating profile
when GCAES is used

for Load Leveling.

Transfer measures of
performance, such as
the % of wind integration
achieved when GCAES
is used to provide
incremental &
decremental reserves.

Simulates one week, one hour at a time, with loads and
capacities from the long-term model. Wind generation is highly

variable. based on historical capacity factors. The model is used
to explore different ways to operate the GCAES facility.

Ontario Operations Model




GCAES: General Compression Advanced Energy Storage:
an example of fuel-free, bulk storage




Opening View of the Long-term Model

Ontario Power Planning Model (8-1-2013)
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Opening View
of the
Short-term Model

| Curtailments and Wind

Ontario Operations 2028 Curtailment in Red stacked on top of Exports in Blue (MW)
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Stacked Generation in the Short-Term Model

Stacked Generation & 30,000
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Stocks and Flows in the Short-Term Model
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Short-term Model shows storage
used for “Load Leveling”

GCAES Operations
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Back to the Long-Term Model

Ontario Power Planning Model (8-1-2013)
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Back to the Long-Term Model

Spot Market Navigation [Opening View | [ Assumptions Notes |

Views of 24-hour
Dispatch & Spot Prices

Model Diagrams Results at Peak Hour Results at Min Hour

CO2 Emissions |




CO2 Emissions (millions of MT/yr)

C0O2 Emissions

Social Cost of CO2
Emissions

0.75

3

potential load grrate rest of sim

:D:l

o [0 5000

Annual Cons Spending thereafter

I

[y

9

ywears for coal phase out

0

1

TeY=T=2r]

I:D ]
0 1,000

Wind Annual Cap Initiations rest of the Sim

1

o [0 ]300

CC Annual Cap Initations 2020 to 2030

7

o (100 J300

CC Annual Cap Initiations after 20230

]

0

1

"[Does Export Displace Coal Gen™

Total CO2 Einissions (imillion MT/yr)

50
40
30

20

'||
10

-10

2013 2018 2023 2028

Tear

2033 2038

CO2 Ermissions : BC

2043

C0O2 Ernssions for Previous Year : BC

zero line : BC

Sources of CO2 Emissions (stacked)

50
40
20
20

10

i

il

l“l 'l

-10

2013 2018 2023

Coal CO2 Brdesions : BC

2028
Year

2033 2038

2043

CC 02 Bmiesione : BC

CT C02 Bmiesione : BC

Het C02 Emicsions fiom Brports Evports | BC




Social Cost of CO2 Emissions:
grow to over S50 billion

Cumulative C02 Emissions (millions of MT C02) & Cumulative Social Cost ($ billions)
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Opening View of the OPA Sector

OPA
Resources &
Payments

Opening View
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All-In Price = Spot Price + GA Rate

Global Adjustment
($/MWh)
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Value of a 1,000 MW Storage:
Load Leveling and CT Displacement

Cumulative Cost of Power to the Local
Distribution Companies ($ millions) (

Cost Impact
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$2.6 Billion in Value so Far

 The team (& the agencies) agree with this finding

e Typical of other studies (where the value would not
cover the annual capacity payments to the investor.)

* Additional Value: Wind Integration




Integrating the Wind with GCAES

Wind: Generation & Scheduled Generation
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January 2028 Result: 90% Wind Integration
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Wind Integration
Services

[ ———
[l B T 10,000

Month of the Year

T =
8,000
0 12,200 4,000

Wind Capacity
o ' 6,000

o [LO000  ]5000
GC Cap for Wind Integration

= = 4,000
2 B ] 20

Wind Integration Rate

Wind: Generation & Scheduled Generation

. @RS

generators

n M ’ " 10 |I

Time (Hour)

12,000

200

generating for TNC
pumping for DEC

2,000

D:I
00 |
"“Wind Geographic Diversity?" 0

[ ——] 0 24 42 72 96 120 144 163
1

wind schedule lag

0.8 1.2

inc dec sensitivity factor

168

Wmd Gen - x
=Scheduled Wind Gen - x

To lllustrate: suppose the wind is integrated for every hour but one. GCAES has integrated Cumulative Wind Generation (000 MWh) 71303

167 out of 168 hours in the week = 99.4%.

View Wind Geographical
Diversity Effect

MSP Jan 2013 Report on
Schedule Error

Alternative #1. use
dedicated CTs for Wind
Integration

Alternative #2. use
dedicated CCs for Wind
Integration

[Walue of Wind Integration (milions of §) 0l
[Percent of hours integrated 859.88




Simulating
the
Value of
Wind-
Integration
in the
long-term
model

Value of Wind Integration Services
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What S/MWh should be assigned?

Three Assumptions on $/IMWh Value of Wind Integration

Return to Estimate of Total Value of Wind Integration
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Wiith little wind capacity, integration can be done at little cost. We
helieve itwill be mare costly to integrate the wind with greater
wind capacity in the cantral area.

The medium cuve is ourhase case estimate. The large red circle is
hased anthe BPA published wind services rate in 2012 {(around
5,000 WY of wind capacily in the BPA control area). The rate was
51.23 per kv per month, Based on awind capacity factor of 30%,

the rate translates into §5.60 per MwWh of wind generation.

BFA's resource prograrm warns that Bonneville is losing
flexibility on itz systemn {a systern with large hydro generation
and large storage). Soitis reasonable to expect higher costs in
the future.

The three curves level show higher costs with more wind capacity.
The curves level off at $12, §15 or $18 per Miwh. The $18 comes
from the highest estimate ofwind integration costs in a LBL rewiew:
oftreatment ofwind in "Resource Plans" and in "Integration
Studies”

Wind Capacity (MW)

The curves reach the upper llimitwith 15,000 MW of namenlate
capacity. ifthe peak load were 24,000, the wind capacity would
he over G0% of peak. This level of penetration is seldom
covered in "integration studies” orin"IRF, planning studies.”




The Value of Wind-Integration
viewed in the long-term model
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Combined Value in the Base Case:
S7.7 billion

Sensitivity Testing Confirms
Substantial Value

Further exploration of fuel-free,
bulk storage is warranted
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