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ReEDS Purpose and Use

A multi-regional, multi-time-period model of capacity expansion in the
electric sector of the U.S. for the next 40 years

Like EIA’s NEMS Electric Sector but more regions = better modeling of
renewables including stochastic resource variability; plus explicit modeling of
transmission requirements

Recently provided analysis for DOE 20% Wind Energy by 2030 Report

Currently used in combination with GridView for the Renewable Electricity
Futures Study
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ReEDS Overview

e Capacity expansion & dispatch for the US electricity sector out to 2050 including
transmission & all generator types — AP coal, IGCC coal w/wout CCS, Gas CTs, Gas CCs
w/wout CCS, oil/gas steam, nuclear, hydro, PHS, major renewables

« Minimize total system cost in each 2-year investment period
o All constraints (e.g. balance load, reserves, etc.) must be satisfied
o Investment decision based on 20 year present value cost of each technology

e Multi-regional

o 3 interconnections — separately synchronizec
13 NERC subregions — fuel price differences
48 states — incentives, state RPSs, etc.
134 power control areas (PCAs) — balance gen
356 wind/csp regions — resource availability/qus
Enables transmission capacity expansion
Enables treatment of the variability of wind/solar
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e Temporal Resolution
o 17 timeslices in each year
= 1 typical day (morning, afternoon, evening, night) in each of 4 seasons
= 1 superpeak summer afternoon timeslice
o Statistical treatment of variability of wind & non-dispatchable solar
e Capacity value, additional operating reserves, curtailments
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Wind and PV Capacity Value
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_ Value of Diversity

SASKATCHEWLH @"™innipeg e o, N
[ M & NI TOEA&
RO7F oOMdTA R | O
2 U E B E C
‘-N_r-.::.- Ry 3 ® hunder.B
e ,""l-f'\-—q,__r"’”e““-fy_“
N O 0K OTA -
R100 2 R125 Lake Superior =
R R102 R103 ==
7 R191 i
R101 R124 e
R104 — R129 %
J R211 55
}f\ Z R121 R126 .
RAO0S R112 H e
R109 E
TR Ak OfT & (I R130 R192 R216
i R122 Lake-‘Wm f
B R127 E
R9% I NS ; R214 \ v
R131 R197 L =
R107 R123 R196 [ Toromtog | eopmie =
R R193 ; : &
R108 Fall ;o R212 y . = R334
R176 Lake micH Jan, R218 Hamiltong,
R111 R194 i LE‘-.L‘ ; St. Catharines Ea %
) ickigan Grand Tirt 1 -~ R333 "
= di o ; = Lond; -
R116 R132 R177 1@9)5 Rr198 3 - Fapids ot I ondon - G
R118 R133 ] | b By - 5?"' o T e
= i B B o Detroit  Lake Erie R320 R323
= R134 R178 o 205 B1S e 255
n H E R n o= Moines =1 p183 R199 0 R234 R321
R227 -
R11 R1790 @.'lkron
2 R200 R207 " R253 R3IZ2
R117 Linco - 1 R228 R251
b R254
R208 .
R144 R I A F2Z209 R227— 22
R184 R201pon2 P N R223 R230 R253R3l]8
U M T (1) = A T R301
R231 R232 :
Rl R224 R249 R250 302
R185 g R216 R300
R204! Lowisville R2 A7
R146 R205 —— riaz R239¢ pogn
Myl = 0 | (R190 36 R240 HtE RZds
o R186 B2 42 R3304’
Springfield L= 2
D Riuie R211
R243
R147 R188 R286 rRzgz_ {R241 —
3 R280 R291
159 R281 @
R278 R284 - Ral=jah
R282
=t o Anfsg R277 R279 R288 R290 R293
R276 R292
le Rock R295
7 BRI ] =
— /I:ZﬁJ R263 R296 R208
Copyright & 2003 Micresoft Corp. an‘:':ﬁ'c'l'l‘“"rts"‘-suupliersh&ll-gjghts reseryed; ~ 207




Sample Capacity Value Results
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Wind and PV Curtailments
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Wind and PV Induced Operating Reserve

Operating reserves
driven by

— contingency and
regulation reserves

— Load/wind following
reserves (forecast errors)

Reserve Requirements by type
during Summer Afternoon Peak
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Operating reserves

comprised of
— Spinning reserves
— Quick-start capability
— Interruptible load
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20% Wind Energy by 2030

(Results from ReEDS/WINDS model)
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20% Wind Energy by 2030
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Transmission in ReEDS

e Zonal representation of
existing transmission
system

o Simple “truck route”
simulation of flows

o Capacity expansion
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« Costs expressed in $/MW-mile | NEW
and transformer costs

o Costs vary with region,
topography, and population _.
density B e

 AC-DC-AC intertie expansions

e Transmission expansion

driven by remote resources s
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ReEDS 2050 Annual Electricity Flow

Annual Transmission Use
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Revising ReEDS Transmission

* Implementing zonal linearized optimal power flow
e Using existing regions
» Static PTDF matrix
« Dynamic PTDF matrix
* Dynamic PTDF with new linkages
« Using new regions
» Collaboration with PSERC
e Using Onh’s new method for grid reduction
 Initial Results

e Some increase in transmission buildout costs and some
decrease in remote renewables

* |nitial results appear reasonable on the surface
e Connecting to GridView
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Results for PTDF transmission in ReEDS

This is a placeholder for new results expected to be
available by the time of the FERC workshop
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GridView

o Commercial production-cost,
optimal DC power flow model
available from ABB

e 8760 hour simulation with unit
commitment
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GridView - 2050 U.S. Electricity Demand
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RE Generation from a High RE Scenario
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Curtailments
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Curtailment by PCA (TWh)




Conclusions

e Simulating renewable electric technologies requires
extra-ordinary detail, including transmission buildout

 ReEDS transmission capacity expansion capabilities
will be enhanced with new linearized OPF.

o GridView results suggest ReEDS’ current
transmission and integration representation provides
valuable insights, but can be improved.
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