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[Incremental MW -Adjustment to Prior-Year Up-Regulation Value, per 1000 MW of Incremental Wind Generation Capacity, to ‘Account for Wind Capacity]-
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Compressed Air Energy Storage
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In-State Electric Generation by Fuel Type (GWh)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Coal 4041 4275 4269 4086 4283 4190 4217 3977 3735 3406 3120 1580 1018 988

Biomass 5761 6,196 6,092 6080 6076 5861 5763 5927 6096 5960 5986 6,127 6443 6672

Geothermal 13,525 13396 13,320 13,494 13292 13,093 13,084 12.007 12,907 12,740 12,685 12,733 12,479 12,183

Nuclear 33204 34353 35504 30241 36155 32,036 35608 32482 31500 32214 36666 18401 17,6860 17,027

Nalg;a; 116,338 92 698 94 410 105,217 97,069 109,177 120,459 123 036 117,284 109,882 91,267 121 877 121,114 121 907
II-_I?«I;% 20651 26551 30,814 29514 34002 41,627 23,043 20,352 24,099 29,040 36,355 23,133 20,754 14,052
HS$?CI: 4337 4808 5527 4976 6261 6931 4063 4108 4522 5182 6376 4334 3348 2426

Solar PV 3 2 2 2 2 2 2 3 11 33 208 964 3649 8933
Solar

Thermal 834 848 757 739 658 614 666 730 841 879 889 867 668 1624
Wind 3242 3546 3316 4256 4084 4902 5570 5724 6249 6172 75088 9242 11964 12997
Other 417 122 211 175 173 168 118 130 87 63 49 63 53 62
G{?)nladl 202 442 186,797 194,321 198,781 202,055 218,601 212,683 209 376 207,338 205,572 201,201 199 411 199,350 198,871

PR

i)

49 2001 # 3 2014 # & gopt sl LRP

In-State Electric Generation by Fuel Type

250,000

W Selar PY

W dclar Tharmal

 Small Hydro

Energy (GWh)

¥ Natural Ga

¥ Large Hydra

¥ Githidmal

01 2000 Fat 2004 05 2006 oy 2008 008 2010 i 2012 pLoH] 0md
Sounce: Califarnia Energy Commission OFER Databawe

B 4-10 2001 & % 2014 & 2 7w 7 €3 fp @)
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Installed In-State Electric Generation Capacity by Fuel Type (MW)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Coal 595 595 595 595 595 595 595 571 576 581 444 275 275 167

Biomass 1,143 1140 1,085 1,063 1068 1,083 1,001 1079 1001 1102 1139 1163 1102 1273

Geothermal 2,625 2623 2623 2623 2623 2641 2586 2598 2648 2648 2648 2703 2,703 2,703

Nuclear 4456 4456 4456 4456 4456 4456 4456 4456 4456 A577 4577 4577 2323 27323

Na‘(‘;;as' 30,409 32,739 35,145 35,073 38,606 40,256 40,927 41,177 43,405 43,984 43 966 44,635 47,192 46,211
hg{ﬁg 11,967 11,831 11,831 12,080 12,069 12,160 11,911 12,192 12,192 12,224 12,264 12,264 12,274 12,362
g;‘;?['l 1631 1625 1619 1616 1620 1618 1624 1612 1621 1608 1607 1625 1624 1623

SolarPV 2 2 2 2 2 2 2 6 11 109 214 738 3090 4639

Thesrﬂg 410 378 378 378 378 400 400 400 408 408 408 408 925 1,300

Wind 1534 1544 1571 2064 2,064 2,064 2064 2064 2184 3019 3992 4967 5800 5896

Other 606 583 583 583 583 517 591 591 568 520 364 366 368 367

G‘F?)ntadl 55377 57,516 59,889 60,534 64,064 65,794 66,248 66,746 69,160 70,779 71,623 73,720 77,766 78,865

B 4-11 2001 & % 2014 & & a8 7 £P M

Installed In-State Electric Generation Capacity by Fuel Type
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2014 Total System Power in Gigawatt Hours

2014 =

K= h

Wt T RE-d BGW H 4 3 11IGW ~ A 4758 ens B £ #-d 5GW

vl 12GW -

%

FI2020 & « b 4 EE

LB R g A A

oo | s | s | Mot St SR | L
eneration In-Stat_e (GWh) (GWh) Mix Pm_-.fer
(GWh) Generation (GWh) Mix
Coal 1,011 0.5% - 17,877 18,688 6.4%
Large Hydro 14,052 T1% 160 2138 16,350 55%
Natural Gas 121,934 61.3% 1 10,151 132 087 44 5%
Nuclear 17,027 86% - 8,193 25220 85%
Qil 46 0.0% - - 46 0.0%
Other 16 0.0% - - 16 0.0%
Renewables 44 887 22 5% 11,423 3,493 59,803 20.1%
Biomass 6,721 3.4% 762 24 7,507 2.5%
Geothermal 12,186 6.1% 150 694 13,030 4.4%
ﬁ;“da‘r'c') 2426 1.2% 361 | 2787 0.9%
Solar 10,557 53% - 2,009 12 566 4 2%
Wind 12,997 6.5% 10,151 766 23913 81%
Unspecified
Sources of N/A N/A 25676 18,757 44 433 15.0%
Power
Total 198,973 100.0% 37,261 60,609 | 296,843 100.0%
B 4-13 2014 & 2 sl u)g § & P im0
VAU A R R PR 0 R RAE
1. SV g 4w ihag B p s 2020 & § vt i 33% ~ 2024 & 40% -~
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$4.50
$4.08
Added spin :za MW) 54.00
$3.57
3.50
i $3.25
o $3.00
2
8
e $2.50
2
®
= $2.00
g
= 5150
$1.00 50.91
mﬂfH
&
Wind Energy Penetration 1% 4% 7% 10%
M Within-hourRegulating $0.40 50.41 $0.31 $0.37
HHour-ahead Uncertamtv $0.11 $1.88 $2.32 $2.65
iDav -ahead Uncertainty $0.39 $0.95 50.93 $1.06

F#L k& : Arizona Public Service Wind Integration Cost Impact Study
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WIND FIELD AT 200hPa

CWB GFS (0.5x0.5)
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Element Device(s) Needed Units Accuracy
Wind Speed (Meter / Anemometer, wind vane and m/s +2m/s
Second) wind mast
Air Temperature Temperature probe &shield °C +1°
(Degrees Celsius) for ambient temp
Barometric Pressure Barometer hPA + 60 hPa
(hecto Pascals)
Real Time Data MWs

TR kR o CAISO EIRP

T AR ATRERE T > A8 EMI RS B PFHR o

Table Q-2 Wind Site Information Form

Site Name &
Physical Address
CAISO RES 1D
Generation
Capacity (AC)
Plant Location Comer 1 Comer 2 Corner 3 Corner 4
Use as many points
as necessary Lo

Lat [ Long Lat [ Tong Lat [ Long Lat [ Long
Meteorological Met 1 Equipment Type Met 2 Equipment Type
Station Location
Provide the
location of all met
data collection
point at the site.

Met Information D Lat Long Height | ID Lat Long Height
Agl Agl
Group 1 Group 2 Grroup 3 Lat Long

Number of
Turbines
Turbine
Manufacturer
Turbine Model
Turbine Maximum
Generation
Capacity
Turbine Height
Above Ground
Level
Cut In Speed (m/s)
Rated Speed (m/s)
Cut Out Speed
(m/s)
Cold Weather
Package (Yes or
No)
Hot Weather
Package (Yes or
No)
Low Temperature
Cut Out _(deg C)
High Temperature
Cut Out (deg C)

7ok kiR CAISO EIRP

Bl 5-9 b 4 Rt FA

BATERMEFR S HTBEF S L RERAREL P B b
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2B R e 2P L
E Y * 3 Tier
* AWS TruePower
* Clean Power Research
* Global Weather Corporation
» JHtech--Solar Data Warehouse
* Windlogic, Inc.
v g & * Green Power Labs
o FL7 e Iberdrola Renewables, LLC
+ irSOLaV
* Meteologica SA
* NNERGIX Energy Management, S.L.
KR » Meteocontrol Energy and Weather Services
* WEPROG
ERE * Reuniwatt
> ¥ « ENFOR A/S
Nt » Datameteo
R « DNV-GL (Garrad Hassan, Inc.)

%_(Eligible Intermittent Resource Protocol, EIRP) » i—ﬁ NP

\\\?{r

7L %k : Predicting Solar Power Production: Irradiance Forecasting Models,

Applications and Future Prospects, SEPA
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Element Device(s) Needed Units Accuracy
Wind Speed Anemometer, wind vane | m/s + 2m/s
(Meter / Second) | and wind mast

Wind Direction | Anemometer, wind vane | Degrees + 5°
(Degrees - Zero | and wind mast

North 90CW)

Air Temperature | Temperature probe & °C +1°
(Degrees shield for ambient temp

Celsius)

Barometric Barometer hPA + 60 hPa
Pressure

(hecto Pascals)

Back Panel Temperature probe for °C +1°
Temperature back panel temperature

(Degree C)

Plane of Array | Pyranometer or W/mz2 + 25 W/m2
Irradiance Equivalent

Watts\Meter Sq

Global Pyranometer or W/m?2 + 25 W/m2
Horizontal Equivalent

Irradiance

Watts\Meter Sq

Direct Irradiance | Pyranometer or W/mz2 + 25 W/m2
Watts\Meter Sq. | Equivalent

F#L % % : CAISO EIRP
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Table Q-4 Irradiance and Back Plane Required Measurements

Global Global
Horizontal Irradiance/ Plane
Irradiance of Array
(GHIRD) (PAIRD)

Back Panel

Temperature
(BPTEMF)

Direct
Irradiance
(DIRD)

Flat-Plate PV
(fixed / horizontal /
flat

roof)

Flat-Plate PV
(fixed angle /
azimuth

racking)

Flat-Plate PV
(DNI zemith & R B x
azimuth tracking)
Flat-Panel Solar
(thermal fixed B n
angle mounted)
Flat-Panel Thermal
Collector (azimuth R x
tracking)

Low Concentrating
PV (LCPV)

High Concentrating
PV (HCPV)
Concentrated Solar
Thermal {solar
through zenith
racking)

Heliostat Power
(tracking focusing R R
mirrors)
Greenhouse Power
Tower (hot air B
convection turbine)
Stirling Engine B R

R R

Global Global
Horizontal Irradiance/ Plane | Dock Fanel

I Temperature
Irradiance of Array (BPTEMP)
(GHIRD) (PAIRD)

Direct
Irradiance
(DIRDY)

(concentrated solar
power generation)

F AL %k : CAISO EIRP

B 5-13 AEZF I ERFHRA
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Table Q-5 CAISO Solar Site Required Information Form

Site Name & Physical Address

CAISO RES_ID
Plant Tvpe PV or Thermal If thermal, ¥/N

supplemental

heating?
Plant Location Corner 1 Corner 2 Corner 3 Corner 4
Use as many ponts
as necessary to
describe the site

Lat | Long Lat | Long Lat | Long Lat | Long
Meteorological Met 1 Equipment Type Met 2 Equipment Type
Station Location
Provide the
location of all met
data collection
point at the site.
Met Information 1D Lat Long Height 1D Lat Long Height
Agl Agl

Generation DC AC
Capacity

Use multiple Groups for different panel types and installations

Grroup 1 Group 2 Group 3 Lat Long

Panel Manufacturer

Panel Model

MNumber of Panels

Panel Power
Rating

MNumber of
inverters

Inverter ratings

Tracking (Yes or
MNo)

Single or Dual

Axas Tracking

Tracker
Manufacturer

Tracker Model

Wind Protection
(Speed in m/s for

storage)

Altitude Angle of
Panels

Azimuth Angle of
Fixed Panels

Height of Panels
Above Ground
Level

Concentrating PV
{(Yes or No)

Bl 5-14 = B it ot TR
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2
TURBINE
POWER IN —  { DENSITY VELOCITY
THE WIND OF AIR (g:frEEETER) X(DF WIND ) X (& consman)

2 3
mi=d x D x V x C
THE WIND — X X X
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. ERCOT & %42 7+ 45 %+ # (Guide to the interconnection process)

Poooa i 2 A& g AR

1. Interconnection studies 2. Resource modeling and
and project development registration
'4 '4 N .
* Creation of GINR \ * Metering & modeling data *Approvals for Energization

* ERCOT Screening Study exchange & Synchronization

e |nitial resource data * Resource Entity *Reactive capability testing
submission Registration and approval

* 55R Study (if needed) * Resource Registration - *Approval FO Begin .

« [IS Studies RARF submission Commercial Operations

*|A and |A Review
* Protocol Compliance
review

. J . J . J

B 6-1 & " ’j—@ﬁi
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