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Figure 1: Conservative, Moderate, and High-Renewables Scenarios to 2050

—
o
o

High renewables
80

70
60
50
40
30
20
10

Moderate
Conservative

Share of Total Global Energy (Percent)

2020 2030

Source: See Annex 2 for full scenario names and citations.
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Roles of Different Types of Companies
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e Electric Utilities
BIIEES

* Oil companies

ZaRIiET

* Automakers
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* Information-technology (IT) companies

fEET (IT) {3

* Technology integration companies (i.e., Siemens)
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* Buildings materials manufacturers (i.e,. architectural glass)
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New Sources of Finance

HLWEER

e Pension funds
e o

e [nsurance funds
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* Aggregated securities funds (like mortgage-backed securities)
BRI DR T 7 N (RBEIEBARGESRR L) (R)

* Community funds
2 a2=T7 4 TT7FR

* Oil companies

FaRliE=g

* Equipment suppliers / vendors
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* Sovereign wealth funds and national governments
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Future Strategies for Renewable Energy
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1. Electric utility policy and markets
B RBUR &

2. “Priority grid access”
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3. Transmission planning and wind farm siting
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4. Buildings and construction practices, codes, and standards

TR LR DRI, BELHYE

5. Transport integration: electric vehicles, charging points, and smart grids
OGS  ERADE, KERMH. Av— 7Y v K

6. Business models, finance, and entrepreneurship
EVRRAET IV, T A TR, EEFREN
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Figure 8.10 » Total system cost of IMRES system at different degrees of system transformation
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Key poinlt » System transformation reduces total system cost at high shares of VRE.
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Major Studies of Renewables Integration Show High Shares Possible
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Study | By HWFZeikRs Result of Study #F 5 &
PJM GE Energy | “The study findings indicated that the PJM system, with adequate
(ISO) Consulting |transmission expansion and additional regulating reserves, will not have
any significant issues operating with up to 30% of its energy provided by
wind and solar generation.” ¥4 ODHFFEIZ LD &, PIMT AT AL,
EEEM B EICINR L, PIRAEORE 2B X, B - KRG
TRILF—%30% HAL THRERREITRY, |
ERCOT | Brattle Group | “Our models found no technical difficulties accommodating much higher
(ISO) levels of variable wind and solar energy, while fully preserving
reliability.” (Wind + Solar = 60 GW Total by 2032)
[Fex DET NG ORI, ZEERE S - KEEET R LF—DEAR
Z KIEEINT 2125720 . SARENT R S 72 6 700, [FREMITMER
Tx 5] (20324 F TIZEJ) + KBEH=60GW)
Western | NREL and GE | “The technical analysis performed in this study shows that it is feasible
U.S. Energy for the WestConnect region to accommodate 30% wind and 5% solar
West- Solutions | energy penetration. This requires key changes to current practice,
Connect including substantial balancing area cooperation, sub-hourly scheduling,
(region) and access to under-utilized transmission.” | Z O#FZEIZ BT 5 EflTo7

Bric X5 & . WestConnect®& EEHIEIZ UV TREI30%., KEGHE5%DE
ADBARETH D, TDOIDITIL, NT oo T ~DOW ), 1R AR
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How Is California Integrating and Balancing Renewable Energy Today?
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1. Electricity markets: day-ahead and ancillary/balancing + inherent flexibility of natural gas
BT  1RATTSR L 07 v T U —iils, /REgE &+ R A KT [E A O Zi)k
2. Resource Adequacy (RA) regulatory framework (monthly and annual “showings”)
AIENE (RA) HLHIFSHE 2
(+37enT oo 7 aiRitcE 282, AB L UER—A TIN5 %%)
3. Long-Term Procurement Planning (LTPP) regulatory framework (10-year horizon)
R ERTE (LTPP) MEDOFsH I (104F511H)
4. Day-ahead weather forecasting
BHOKE T
5. ISO flexibility “must offer” capacity mandate (FRAC-MOO) for day-ahead market
[SODZEEME  — HATH S~ [#aEFRP5 | (LT RER Ay EfEfrar (FRAC-MOO)
6. ISO “Flexible Ramping Product” structures “must offer” capacity into a new market
SO 7 VFeTN Ty - Tugy b » EERE] DGR Z2H i~

7. “Energy Imbalance Market” using inter-regional transmission for real-time balancing of wind
imbalances (north-south) and solar imbalances (east-west).
JBS)DA 3T 2 (L) ERBGHA TR (/W) ZVTNEA LTI T
THOO, HIEMEIZ LD T2 F— - A T AT

8. Power grid reliability calculations and dispatch & /I AMDIEHEEFE & B ERD
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Ramping rates
T UE TR

Over-generation + curtailment
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Grid reliability frameworks and modeling methodologies
RFED(E MR OPSEA LTV > 7 O 15
Conventional plant retirements

PERT R i oD PHER

Capacity payments
2 S

Rate design and interconnection

B DaxET e L Ok

Demand response (business models, “supply-side” vs. “load-reducing”)
TR LARCA (BEVRRAET IV, TG vs TESTHITE] )

Energy storage tariffs and interconnection
T X— DRPERHE R L O R

Advanced power system modeling methodologies (deterministic vs. stochastic)

FlERE IR DT T WLFIE (R FmAIvsHE=RFmAY)



Megawatts
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Regulatory and Policy Challenges of Renewable Energy Integration into Power Grids
BRI~ D BART L X —H AT 8] - BORImOFRE
Electricity market design 155 e% 7
Electricity pricing )RR E

Capacity markets or mandates Z&E . BEfED

\
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Transmission planning EEE AT

i

Distribution system planning  ElEE T AT ALFHH

Control of distributed generation resources 7 # &I D HEFE

Sufficiency of hourly ramping capacity 1FFff] TR H /1L E) TX 5 K= OMELR
Integration of “smart” inverters [A~— k] A =X —DHE

Grid interconnection rules for storage and distributed generation
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Business models for demand response and energy storage
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The changing role of traditional electric power companies KD J1 O E D24

The interaction between distribution and transmission grids Ac#E/E & 258/ D [ O A A 1E A



