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Summary of the study

Modeling methodologies
Modeling assumptions
Deterministic simulation results

Next steps
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Followed the Planning Assumptions and Scenarios as
determined in the CPUC May 14, 2014 Assigned
Commissioner's Ruling (13-12-010)

Implemented inputs from the CPUC and CEC staff

Discussed modeling assumptions at the CPUC
workshops, Advisory Team conference calls and regular
conference calls with the CPUC and CEC staff

Made the Plexos model, input data and simulation
results available to all parties
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* Trajectory scenario
— 33% renewable
— Conservative, little change in existing policies

* High Load scenario
— Trajectory with higher load (energy use) forecast

« Expanded Preferred Resources scenario

— Trajectory with 40% renewable and addition energy
efficiency, customer PV and CHP

— Reflection of the State’s preferred resources policies

SB GT&S 0351387



four scenarios

 40% RPS in 2024 scenario
— Trajectory with 40% renewable

» Trajectory without Diablo Canyon sensitivity
— Trajectory with early retirement of Diablo Canyon

California 1SO

S it B
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« 25% minimum local generation requirement
— Meets at least 25% of load with local generation

— Applied to the ISO, IID, LADWP, SCE, SDG&E,
SMUD and TIDC

— Removed the SCE 40/60 and SDG&E 25/75 under-
frequency import limits

* No ISO net export allowed, based on

— Must-take import from dedicated resources and 70%
out of state RPS renewable generation

— Lack of a broader range jointly-clearing market

SB GT&S 0351389



The study found capse nd re

icity shortfalls a
generation curtailments.

« Capacity shortfalls were identified in all but one scenario

 Renewable generation curtailment occurred in all
scenarios, significant in some scenarios

« Curtailment may be masking the need for flexible
capacity

« CO, emission reduction was not in proportion to the
Increase in renewable portfolios due to curtailment
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Datasheet inadvertently e

 |dentified after the testimony was filed

« The missed incremental supply-side CHP resource
— 1,855 MW capacity
— 1,298 MW peak-impact
— 80% annually capacity factor

* Not relevant to other scenarios

 Ready to re-run, pending on the ALJ’s direction

» Expect increase in renewable curtailment and CO,
emission

SB GT&S 0351391
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LTPP study process

Renewable Wind /7 Solar Regulation / Capacity /

Portfolio and Load Load-following Flexibility

Standard Profiles Requirements Shortages
Infrastructure
Needs

* A three steps process
— Step 0: creating profiles

— Step 1: calculating regulation and load-following
requirements

— Step 2: conducting production simulations

California ISO

S iz Pl
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e Qutputs — hourly and 1-minute load, solar and wind
generation profiles

* |nputs

— CEC Load forecast and 2005 actual hourly load
shapes

— CPUC/CEC RPS solar and wind project information

— 2005-weather based solar and wind hourly generation
shapes from TEPPC 2024 Common Case

« Methodology reference document
— http://www.caiso.com/282d/282d85c9391b0.pdf
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Outputs — hourly regulation and load-following
requirements as input for Step 2 production simulation

Inputs

— 1-minute load, solar and wind generation profiles from
Step 0

— Forecast errors (t-30 and -5 minutes)

Tool — a statistical analysis tool developed by Pacific
Northwest National Laboratories

Methodology reference document
— http://www.caiso.com/282d/282d85c9391b0.pdf
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« Key outputs
— Sufficiency of system capacity and flexibility
— Renewable generation curtailment
— Production cost, CO, emission, etc.

 Model
— WECC-wide zonal, 25 zones, 8 in California
— Transmission paths connecting the zones
— Load, ancillary service and load-following requirement

California ISO
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* Model
— Generation resources
* Thermal

 Renewable (solar, wind, biogas, geothermal, small
hydro)

* Hydro

 Pumped storage and battery storage

 Demand response

* Tool- Plexos production simulation package from
Energy Exemplar

California ISO
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Step 2 — conducting productio

* Methodology - mimicking that implemented in the ISO
markets

— Mixed-Integer Linear Programing (MIP) optimization
for unit commitment and dispatch

— Chronological co-optimization for energy, ancillary
services and load-followings

— Least-cost solution to meet load, ancillary service and
load-following requirements simultaneously

— Shortfall in load-following, ancillary services and
energy when supply or flexibility is insufficient

SB GT&S 0351398
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emand (MW] *

Managed Demand Net Load 51,003 53,964 47,758 51,003
2: Inc. Demand-side CHP
. 4:Resource Additions

Authorized Procurement

‘ Missed
7: Dispatchable DR CHP

resource

10: Resource Retirements 13,708 13,708

Solar + Wind

Hydro + Pump
Other (non-01C thermal/cogen/other}

lanning Reserve Margin

Note: the load is coincident peak

California ISO
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oad Forecast (MW)

PG&E VLY

Note: this is non-
coincident peak

119,137 ; i 105,894

* CEC 2013 IPER Form 1.5a and 1.5b. All scenarios have Mid (1-in-2) except High Load scenario, which has High {1-in-2) forecast
** CEC 2013 IPER
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oad Forecast (MW)

PG&E VLY

Note: this is non-
coincident peak

126,306 , ‘ 112,680

* CEC 2013 IPER Form 1.5a and 1.5b. All scenarios have Mid (1-in-2) except High Load scenario, which has High {1-in-2) forecast
** CEC 2013 IPER
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oad Forecast (MW)

PG&E VLY 1: / | 13,484

Note: this is non-
coincident peak

119,137

* CEC 2013 IPER Form 1.5a and 1.5b. All scenarios have Mid (1-in-2) except High Load scenario, which has High {1-in-2) forecast
** CEC 2013 IPER
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oad Forecast (MW)

PG&E VLY

Note: this is non-
coincident peak

119,137 ; i 105,894

* CEC 2013 IPER Form 1.5a and 1.5b. All scenarios have Mid (1-in-2) except High Load scenario, which has High {1-in-2) forecast
** CEC 2013 IPER
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RPS net short calcu

Non RPS Deliveries (CDWR, WAPA, MWD}
Retail Sales for RPS $ / 291,244 / 308,509 . 291,244 . 291,244

Additional Combined Heat and Power
Adjusted Statewide Retail Sales for RPS . . 266,834 | 284,099 233,156 266,834

Total In-State Renewable Generation
Total Out-of-State Renewable Generation

SB 1122 (250 MW of Biogas)
Total Existing Renewable Generation for CA RPS 13=9+10+11+12

Source: CPUC RPS Calculator

California ISO
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* RPS portfolios do not include customer PV

California ISO
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SmaliHydro
6%

Solar Thermal
5%

Small Solar PV
8%

Solar Thermal
49 SmallHydro

6%

High Load Scenario

Small Hydro
Solar Thermal 6%

4%

Small Solar PV
8%

Small Hydro

Solar Thermal | ; 5%
4%

California ISO
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ifornia solar resource technolo
— Trajectory scenari

New Large Solar PV
Crystalline Tracking
Thin-Film

New Solar Thermal

_ Solar Thermal with Storage
Solar Thermal without Storage

California ISO
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Out of State Renewable Import Scheduling Assumption

« Dynamic and 15-min Schedule reflects combination of FERC Order
764 and Energy Imbalance Market

* Dynamic and 15-min schedules may increase volatilities in
renewable generation and result in higher Regulation and Load
Following requirements calculated in Step 1

* Hourly Schedules and Unbundled RECs were not included in Step 1
calculation

Ccslifgmicz iSQ
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outhern liforn
SS tions™

« CPUC Track 1 authorized resources
— SDG&E
« 3x100 MW GT (Pio Pico) plus 10 MW GT repower
- SCE
* 1x900 MW CCGT and 3x100 MW GT
* 50 MW storage (included in the 1,325 MW total)
« 400 MW preferred resource not included

 Upto 2,315 MW Track 1 and Track 4 capacity not
modeled

* May 14, 2014 CPUC Assigned Commisioner’s Ruling (13-12-010)

California 1SO
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prices

Event-Based Demand Response Resources

All HoAuyrs‘

All Hours

All Hours

All Hours

All Hours

California ISO
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700 MW transmission plus 213 MW distribution-

connected can contribute to ancillary services and load-
following

« Lake Hodge’s 40 MW pumped storage is counted to
meet the SDG&E storage target (< 50 MW)

* Round-trip efficiency is 83.33%

2hours 4hours b6hours 2hours 4hours 6hours 2hours 4 hours

Transmission
Distribution
Customer

Note: storage volume is measured as number of hours of discharge at full capacity.

California ISO

Shitgh il Bt
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« Ramp rate by capacity size group based on the ISO
Master File data

* Planned outage and forced outage rates based on
2006-2010 operation data

COMBINED CYCLE CAP 0-200 CAP 200-400 CAP 400-600 CAP 600 ABOVE

PUMPED STORAGE CAP _0-200 CAP 200-400 CAP 400-600 CAP 600 ABOVE

2 California ISO

Shilapi
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« QOperating reserve requirements for all regions
— Spinning = 3% of load
— Non-spinning = 3% of load

* Regulation and load following requirements
— CA regions based on Step 1 calculation

— Regions outside CA based on TEPPC 2024 Common
Case

California ISO

S iz Pl
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Load Following Up

xpanded Preferred Resources

Regulation Down

% RPS in 2024
Regulation Up

v - &
Regulation Down . | |

Load Following Down 3,101 3,081 2,838 2,849 = 2,806 2,63:[,% 2,545 = 2,626 3,415 ¢ 3,529 @ 3,519 3,095 3,529

California ISO

Shipin
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CA Import Limit
igh Load Scenario

xpanded Preferred Resources Scenario
SCIT Limit

CA Import Limit 12,526 9,439 | 8,935 7,003

s California ISO
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liforni
* In CA as a generation cost adder:

CO, Cost Adder = $23.27/Mton (in 2014 dollars)

 In WECC, except CA and BPA, as a CA import hurdle
rate (an adder to wheeling charge):

Hurdle Rate = 0.435 MTons/MWh * 23.27 $/MTon
= $10.12 /MWh

« BPA to CA hurdle rate:
Hurdle Rate = 20% x $10.12 = $2.02/MWh

Refer to ARB rules
http://www.arb.ca.qgov/regact/2010/ghg2010/ghqgisoratta.pdf

SB GT&S 0351418



« Dedicated import includes

— 100% of CA ownership shares of generation by
conventional resources (Hoover, Palo Verde, etc.)

— 70% of out-of-state RPS renewable generation

» Dedicated import is not subject to the CO, emission cost
hurdle rate

» Dedicated import energy as well as upward ancillary
services and load following provided by resources
outside CA are all subject to the CA import limit

SB GT&S 0351419



« Set renewable generation curtailment price to
-$300/MWh

* There is no curtailment quantity limit

« Curtailment occurs when there is over-generation and
energy price drops to -$300/MWh

It may cause the total production cost of the simulation to
be negative®

* See discussion on slide 56

California ISO
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lon reso
price

urces

 All California transmission-connected solar and wind
resources except the solar thermal with storage resource

xrsfcmg Solar LDWP

xisting Solar_00S

xnstlﬁn g Solar PGE VLY

xisting Solar SCE

xrstmg Solar SMU D

xisting Wmd OOS

= chlilgmlo ISO

Existing Wmd _SDGE

Existin g Wl n Cl S lVl U D -

Large_SolarPV_PG&E VLY
Large_ SolarPV SCE

Large_ SolarPV SPP

A\Small Sola rPV SCE
Small SolarPV SDGE ‘

Wmd CFE

V/\Mc\u\»zzzzxuv/,»\,'al\w(un/,aw»\f«(a«(«“W l n d S C E
Large SolarPV SRP.

=Shall SelBV PGREBAYL.
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Trajectory Scenario
Trajectory without Diablo Canyon f . LF, Nspin, Spin

High Load Scenario LF, Nspin, Spin, Reg, energy
Expanded Preferred Resources Scenario

40% RPS in 2024 Scenario / Up 9 2,242

LF, Nspin

Maximum Upward Capacity Shortfalls

6000

5000

4000

3000

(Mw)

2000

1000

Trajectory Trajectory without High-Load Expanded Preferred 40% RPS
Diablo Canyon Resources in 2024

il Load Following-Up Non-Spinning  @Spinning @@ Regulation-Up i Unserved Energy

California ISO
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apacity shortfall
tage Emergenci

gh Load scenar
e |ISO operation.”

® O

6,000

5,000

4,000

3,000

(Mw)

2,000

1,000

Hour [19:19 /19 /18,19 17,1819 20,21/16 17,1819 20,2116 17 18 19,2021 18,19:17 18,1918 18,19;18 192018
Day 11014 15 16 17 18 19 22 23 24 6 25 26

Month July August

jil Load Following-Up @ Non-Spin Reserve i Spining Reserve @@ Regulation-UP @i Unserved Energy

* Capacity shortfalls of all types are additive for each hour.
For the ISO Stage Emergency description, see http://www.caiso.com/Documents/EmergencyFactSheet.pdf

Page 42
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60,000
50,000
40,000
5
s 30,000
20,000
10,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Hour
lwza Nuclear BTMPV @ Renewable
g CCGT Pumped Storage kil GT
iNet_Impot e Koo s PriCE

California ISO

Shilapi

s .

Unserved
Energy

MW~

20 21 22 23 24

ligEm Hydro

2,500

2,000

1,500

1,000

500

Price ($/MWh)
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4,000

3,500

3,000

2,500

Hour
Day
Month

Scenario

] Trajectory i

l Trajectory without Diablo Canyon

| 409% RPS in 2024

18 19 18 19 20

18 19
July

Trajectory

H
120 21 17|

! | 19
May% July

Trajectory without Diablo Canyon

@i Load Following-Up @ Non-Spin Reserve

11920 18 19/18 19|18

2 | 23 |25

ﬂéugu

i Spining Reserve

* Expanded Preferred Resources scenario does not have capacity shortfall.

18 | 19 22

July
40% RPSin 2024

11919 1819

23
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Max Curtailment (MW)

Percent

Number of Hours
Max Curtailment (MW)

Curtailment (GWh)

Number of Hours

Generation {GWh)
Curtailment (GWh)

xpanded Preferred Resources Scenario

Generation {(GWh)

0% RPS in 2024 Scenario

Max Curtailment (MW)
Generation {(GWh)

Percent . 03% | 1.0%  7.5% | 124% | 7.1%  3.5%  0.6% @ 00%  10% | 13% | 0.8%  03% | 3.4%

California ISO

Shipin
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Curtailment (MW)

i

California IS

16,000

14,000
12,000
10,000
8,000
6,000
4,000
2,000
-
%%W%%
0 -
1 101 201 301 401 501 601 701 801 901 1,001 1,101
Hours
e Tr3j@CLOYY s T 3jectory without Diablo Canyon sw=High Load

= EXpanded Preferred Resources

i

it

wane 40% RPS in 2024
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Curtailment (MW)

a

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000

ISO

£

9 10 11 12 13
Hour

18 19 20 21

22

23 24

r
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Generation (MW)

25,000

20,000

15,000

10,000

5,000

Mmmm%

e EXpeCted Output

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

=enea Cyrtailed Generation ==mea Resulted Generation
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30,000

25,000

20,000

15,000

(Mw)

10,000

5,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24

-5,000
Hour

@ BTMPV

lwaza Nuclear

Pumped Storage Eii@i GT

iNet_Impot e Koo

Renewable

California 1SO
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s Hydro

100

50

-50

-100

-150

-200

-250

-300

-350

Price ($/MWh)
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Frequency (hours)

3,000

2,500

2,000

1,500

1,000

500

1,008 2,016 3,024 4,031

B Trajectory W Trajectory without Diablo Canyon

5039 6,047 7,055 8,063 9,071 10,078 11,086 12,094 13,102

Net Import (MW)

i High Load @ Expanded Preferred Resources

California 1SO

S st Binie

i@ 40% RPS in 2024
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Cost (Million $)

Trajectory without

Traject High-Load Pref 40% RPS in 2024

rajectory Diablo Canyon igh-Loa referred 0% RPS in 20
Resources

14,499 14,877 15,055 13,382 14,167

California ISO

* Production costs are adjusted for comparison purpose, see discussion on slide 56
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350

300

250

200

Emission {Million Ton)

150

100

Trajectory

m%rajectoy without
Diablo Canyon

High-Load

Expaed referred
Resources

40% RPS in 2024

310

318

316

290

301

California 1SO

S it B
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5,000

4,500

4,000

3,500

3,000

2,500

2,000

Cost (Million $)

1,500

1,000

500

Trajectory

Trajectory without
Diablo Canyon

High-Load

i

Expande Preferred

Resources

40% RPSin 2024

3,869

4,153

4,422

3,196

3,866

* Production costs are adjusted for comparison purpose, see discussion on slide 56

California 1SO

S it B
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a

Emission (Million Ton)
w
1)

60

50

S
(]

N
(=]

10
0 Trajectory without  Expanded Preferred
Trajectory rajectory withou High-Load Xpanded Freterred | 409 rps in 2024
Diablo Canyon Resources
ki 45.0 51.1 50.6 36.5 44.1

ISO

£
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Notes about the simulation results

* Price cap — values are based on the ISO scarcity pricing
design and applied when there is upward or downward
shortfalls

— Energy $2,000/MWh

— Load following-up and load following-down
$650/MWh

— Non-spinning $700/MWh
— Spinning $800/MWh
— Regulation-up and regulation-down $1,000/MWh

s California ISO
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Notes about the simulation results (cont.)

* Negative production cost

— Caused by the -$300/MWh variable cost of the
curtailable solar and wind generation resources

— Won't affect comparison of production costs of two
scenarios

— May change back to positive production cost by
adding $300/MWh x Generation by the curtailable
resources (which then assumes the resources has
$0/MWh generation cost)

SB GT&S 0351438



g e P

S

i

.

e

i

0351439

SB_GT&S



 Phase 1a - now to November 13, 2014
— Develop a stochastic production simulation model

— Conduct Monte Carlo simulations for the Trajectory
scenario

— File testimony with stochastic results

« Phase 1b - additional studies to evaluate
— Impact of Track 4 resources
— Renewable curtailment scenarios

— Procurement alternatives to meet capacity and
flexibility needs

Ccdifc;}r ia 1ISO
Sk i P
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Shucheng Liu, Ph.
California ISO

sliu@caiso.com
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