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Roles of Different Types of Companies 
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• Electric Utilities 
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• Oil companies 
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• Automakers 
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• Information‐technology (IT) companies 
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• 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 
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• Pension funds 
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• Insurance funds 
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• Aggregated securities funds (like mortgage‐backed securities) 
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• Community funds 
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• Oil companies 
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• 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 
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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 
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5. Transport integration:  electric vehicles, charging points, and smart grids  
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6. Business models, finance, and entrepreneurship 
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Major!Studies!of!Renewables!Integration!Show!High!Shares!Possible!
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Study!! By!!ĺľĖƇ! Result!of!Study!ĺľŇĎ!

PJM!

(ISO)!

GE!Energy!

Consulting!

!

“The!study!findings!indicated!that!the!PJM!system,!with!adequate!

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.”!�ä�&ĺľ%14"�PJMHJTg'�
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ERCOT!

(ISO)!

Brattle!Group!

!

“Our!models!found!no!technical!difficulties!accommodating!much!higher!

levels!of!variable!wind!and!solar!energy,!while!fully!preserving!

reliability.”!!(Wind!+!Solar!=!60!GW!Total!by!2032)!
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Western!

U.S.!

WestK

Connect!

(region)!

NREL!and!GE!

Energy!

Solutions!

“The!technical!analysis!performed!in!this!study!shows!that!it!is!feasible!

for!the!WestConnect!region!to!accommodate!30%!wind!and!5%!solar!

energy!penetration.!This!requires!key!changes!to!current!practice,!

including!substantial!balancing!area!cooperation,!subKhourly!scheduling,!

and!access!to!underKutilized!transmission.”!��&ĺľ%��4ëś�
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How$Is$California$Integrating$and$Balancing$Renewable$Energy$Today?$
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1. Electricity+markets:++day2ahead+and+ancillary/balancing+++inherent+flexibility+of+natural+gas+
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2.+Resource+Adequacy+(RA)+regulatory+framework+(monthly+and+annual+“showings”)+
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3. Long2Term+Procurement+Planning+(LTPP)+regulatory+framework+(102year+horizon)+
�d��~p�LTPP�}R�ft��10W~p�+

+

4.+Day2ahead+weather+forecasting++
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+

5.+ISO+flexibility+“must+offer”+capacity+mandate+(FRAC2MOO)+for+day2ahead+market+
ISO�g�Z� 8_BVN���u�wD��TYHy�S�q<J:�FRAC2MOO�+

+

6.+ISO+“Flexible+Ramping+Product”+structures+“must+offer”+capacity+into+a+new+market+
� ISO�+3�",2605*5!6-4% &���u�wD�TYS��^VN�+
+

7.+“Energy+Imbalance+Market”+using+inter2regional+transmission+for+real2time+balancing+of+wind+
imbalances+(north2south)+and+solar+imbalances+(east2west).+
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8.+Power+grid+reliability+calculations+and+dispatch++++�Csv�=�X~r
u�\:+



California+(Future$Issues)� *KA)L;&ò +Óð$ó +$
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• Ramping+rates� +
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+

• Over2generation+++curtailment� +
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+

• Grid+reliability+frameworks+and+modeling+methodologies+� +
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+

• Conventional+plant+retirements+� +
�£wºí��êè+
+

• Capacity+payments+
�å��+
+

• Rate+design+and+interconnection� +
�æ�ÐÏ
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+

• Demand+response+(business+models,+“supply2side”+vs.+“load2reducing”)� +
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+

• Energy+storage+tariffs+and+interconnection+++
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"�ÞÀ+
+

• Advanced+power+system+modeling+methodologies+(deterministic+vs.+stochastic)+
`ß»íiÀÃ�I8Lk�­ò¬�Õ»vs¼´Õ»ó+



Likely that reflects contributions from the big Ivanpah concentrated solar (CSP)
plant that came online last month. Note that these two new solar output
records also occurred in early March -- expect them to be short-lived as spring
and summer approach with higher irradiance, even more facilities come online,
and demand spikes. Those hotter summer days are, of course, precisely when
the boost of daytime solar output is needed most.

CAISO now has about 11.1 GW of combined wind and solar resources
interconnected to its grid, and roughly 15 GW for all renewables in its mix. And
it'll continue to add more as the state pushes toward and looks beyond its
current 33 percent renewable portfolio standard. On top of that, the California
Public Utilities Commission (CPUC) just authorized utilities to procure more
renewable energy (and other sources like natural gas, plus more energy
efficiency) to help offset the lost generation from the shuttered SONGS nuclear
plant. Bringing more solar and wind into the grid increases the challenge in
meeting demand when they aren't producing, i.e. when the sun doesn't shine
or wind doesn't blow, so CAISO stresses more flexible technologies on the
grid that can start and stop frequently and quickly, such as storage and natural
gas. "We have seen production drops of over 300 MW in less than 30
minutes," Greenlee noted. (Here we invoke the infamous Duck Curve showing
the steepening ramping needs and overgeneration risk -- illustrating a potential
ramp need of 13 GW within three hours.)

"Duck curve" showing steep ramping needs and overgeneration risk,
representing net load on March 31, 2013. Credit: CAISO

Another tool that CAISO is developing to help manage its growing renewables
fleet is the Energy Imbalance Market (EIM), which opens CAISO's real-time
market for last-minute balancing of supply and demand to non-ISO entities on
a pay-per-use basis, broadening the pool of energy that entities can offer and
buy from beyond their own balancing areas, Greenlee explained. The market
will go live this October, with Oregon-based PacifiCorp as the first customer.
"If the sun blocks the Southern California solar facilities, utilities can tap into
the EIM and buy energy from non-ISO generators," Greenlee explained. "Or if
PacifiCorp has an excess of energy, it can offer it in the EIM."
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minimum net load occurs during the middle of the day. Figure 2 also shows that neither wind nor solar
peak production coincides with the system peak load.

During the spring months, the ISO may have to cycle resources on and off more than once a day to
meet the double peak shown. At times, this may not be possible because the down time between
resource shutdown and start-up may be too long, which may prevent the resource from being restarted
in time for the morning load ramp that begins around 4:00 a.m., or meeting system peak demand
around 7:00 p.m.

To help manage the lack of fleet flexibility, the ISO is currently implementing a ramping tool6 to
predict and alert system operators of the load-following capacity and ramping requirements needed on
the system in real-time. The ISO is also introducing a flexible ramp product7 to ensure enough dis-
patchable capacity will be available on a 5-min dispatch basis in the real-time market.

During middays with high solar production, there is less need to commit additional supply re-
sources, but toward sunset, an immediate need exists to replace the solar generation to continue
meeting consumer demand. Many resources that could replace solar generation must be committed
before this significant ramp, which begins before sunset. These resources often require several hours to
a day or more to fully come on-line, which can result in more generation on-line than consumer
demand, causing overgeneration conditions. By 2020, the ISO expects that increased flexibility will be
needed to reliably meet two net-load peaks, which would require managing approximately 7000 MW
of upward and downward ramps in 3-h time frames, and provide nearly 13,000 MWof continuous up-
ramping capability to meet the evening peak, also in a 3-h time frame.

An additional condition not illustrated in Figure 2 is the variability within the hour because
of clouds or storms, which requires flexible resources to smooth out the renewables’ sudden changes
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FIGURE 2

Load, net-load, wind and solar profiles: base scenario.

6http://www.pnnl.gov/main/publications/external/technical_reports/PNNL-21112.pdf.
7http://www.caiso.com/informed/Pages/StakeholderProcesses/FlexibleRampingProduct.aspx.
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Regulatory!and!Policy!Challenges!of!Renewable!Energy!Integration!into!Power!Grids!!
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• Electricity!market!design� � � Ƌ Ó¿ţš!

• Electricity!pricing� � � � � � Ƌ üƁţÊ!

• Capacity!markets!or!mandates� ÌƀÓ¿�Ľ�ð�!

• Transmission!planning� � � � ŴƋšĳ!

• Distribution!system!planning� � žƋHJTgšĳ!

• Control!of!distributed!generation!resources� �ù¼Ƌħ&ŉî!

• Sufficiency!of!hourly!ramping!capacity� 1ĂƆ!áĩ%� Â£!�4Ìƀ&Ļ�!

• Integration!of!“smart”!inverters� �JeuV�:s]uOu&ŉ¯!

• 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!!Þċ&Ƌ �ļ&Ü�&Â¥!

• The!interaction!between!distribution!and!transmission!grids!!žƋŌ"ŴƋŌ&Ɔ&ĸ��Ĳ!


