


Talk Outline

1) Smart Grid (or grid) Modernisation and
Stakeholder Perspectives

2) Socio-Technical Considerations for Smart Grid
in Asia and the U.S.

3) Example: Critical stakeholder and wind
power integration into the smart(er) grid
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Political

Socio
Political
Evaluation of

Stephens, JC, EJ Wilson,\TR Peterson. 2008. “Socio-Political Evaluation of Energy Deployment
(SPEED): An Integrated¥Rese&arch Framework Analyzing Energy Technology Deployment”
Technological Forecasting and Social Change. 75: 1224-1246

Stephens, JC, EJ Wilson, TR Peterson, Smart Grid: Promoting System Innovation in Complex
Multi-jurisdictional Socio-Political Contexts, UCLA Law Review, Volume 61, Issue 6, July 2014



Smart Gl‘id Narrow focus of engineers and
(R) EVO]Uthn economists

Smart grid term so broad that
multiple types of changes are
justified under the umbrella

G~ Smart grid for WHAT purpose?

Incremental or Radical Change?

Multiple opportunities for broader
civic engagement in energy system
change

JENNIE C. STEPHENS
ELIZABETH J. WILSON
TARLA RAI PETERSON Cambridge University Press, 2015

Forward by Michael Dworkin



The Electric Grid
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What is smart grid?

" It’sa |
Fan!

G. Renee Guzlas, artist
Source: http://www.nature.com/ki/journal/v62/n5/fig_tab/4493262f1.htmlce:



The Smart Grid
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Information and Communications Technology Integration

Renewable Energy and Distributed Generation Integration

Demand Response, Price Controls

Advanced metering infrastructure

Consumer Interface tools, load appliances

n
- ) 0



Energy
® Storage

Energy Distributed
Efficiency Generation

Renewable
Energy

Electric oy
Vehicles L

Consumer
Interface




oy Eificency

oo ERES 8 B
Resilience Security -




Electric System

Stakeholders

Key Actors in Smart Grid Development
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Distribution Utilities

Industrial, Commercial & Residential Consumers

Civil Society Stakeholders




Where you sit is where you stand

Key Actors Priorities & Perspectives

Consumers Reliability, low-rates, reduced environmental
impact — but sense of limited influence
Government (National, Jurisdictionally complex regulation
Regional, State, Local)
Private Sector Accountable to shareholders
Electric Utilities Maintaining reliable service, responding to
consumers and regulators
Tech nology Innovative & entrepreneurial
companies
Environmental advocates Low carbon shift & renewable energy, local land
use

Energy system resea rchers Technologically optimistic —tend to assume

minimal cocial chance



= Enhanced
Divergent
Priorities

Large-scale | renewable generation
with extensive | long-distance transmission

Enhanced efficiency

and reliability Deep decarbonization

of electricity generation
Radical
Change

Local generation, control
and cultural change

Electrification o
transpor

More efficient
use of resources

iIncremental
Change

Distribution network
improvements for integration of
distributed generation

Small-scale | generation with
local transmission | and distribution
Focus on | social changes

Decentralization
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http://en.wikipedia.org/wiki/Panopticon
http://www.google.com/url?sa=i&source=images&cd=&docid=MYpNnGGn0knO-M&tbnid=xStxuwiEnmIjdM:&ved=0CAgQjRwwAA&url=http://www.ctheory.net/articles.aspx?id=371&ei=GxBYUuTUNIeYiAL57oDoCw&psig=AFQjCNGJVRbFrMzmRU3aTenTHpr3GG1cDA&ust=1381589403925644
http://www.irregulartimes.com/panopt.html




What are Regional
Transmission Organizations?

he most important
organizations you’ve
never heard of...
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New England
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Ancillary Energy Markets
Services (Day Ahead and
Markets Real-Time)

resolutibn of most renewgbles  Capacity

tegration models Market
ce restoration

(outages)
day-ahead
cheduling

h
SnC piaacrs dynamic wind and solgr

output variatiok

lanning for carbon
emission goals

T&D pjanning |
b /

From Sascha von Meier
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Regional

.. e re . Generation |Miles of Transmission
Transmission Jurisdiction Customers ] .
.. capacity Lines
Organization
ISO-NE Multi-state 14 million 32,000 MW 8,130

ERCOT Single state 23 million 84,000 MW 40,530
CA-ISO Single state 30 million 59,000 MW 25,865
NYISO Single state 19.5 million | 37,925 MW 11,005
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Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator®, Web: http://www.windnavigator.com |
http://iwww.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGS84.
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2012 Year End Wind Power Capacity (MW)

. Washington Maine
2,808
%"’;‘95"3" New Hampshire
‘ Idaho i 121
973 : "
Wyoming !
1,410 Rhode Island 9
Nevada Nebraska 5,137 1.340 New Jersey 9

459

5,549

Oklahoma

“

Total: 60,007 MW
(As of 12/31/2012)
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Megawatts (MW)
;@ B 1,000 - 13,000
San B 100- 1,000
AN AP Hawaii C3J  20-100
206 1%

152 Utah llinois 1,543 426 X
325 Colorado 3,568 W.Va |
2,301 Kansas Missouri 583 N
California 2,712 459 ‘7

Data is from the American Wind
Energy Association Fourth Quarter
2012 Market Report:
hitp:/iwww.awea.org
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Rules Matter
(A lot)



Regional Transmission Orga

Previento

Physical Model:

« spatial refinement

- thermal stratification
» regional upscaling

- forecast uncertainty




Dispatchable Intermittent Resources (DIR)

Dispatch Interval Forecast Dispatch Interval Forecast
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Source: JT SMITH, MISO




Average Curtailment Amount (MW)

Figure A53: Wind Curtailments
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Figure A54: Wind Generation Volatility
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https://www.misoenergy.org/Library/Repository/Report/IMM/2013%20State%200f%20the%20Market%20Analytical%20Appendix.pdf



”Come /nto my algor/thm and | can

dispatch you down for five minutes rather

than for five hours, and then bring you

back up once my congestion issue is gone.”
- MISO Focus Group participant




MISO and the RPS

Monthly Energy Contribution from Wind
5,000 1 O Total Monthly Wind Energy*
4,500 - O Estimated Renewable En%rgy Target**
4,000 - el Q
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*Sum of hourly State Estimator data.
RPS data extracted on October 04, 2013, Values may change due to resetiement. Y

“Monthly wind energy generated (light blue) compared to monthly renewable energy target (yellow bar) to satisfy approximate aggregate State RPS mandates
within MISO's market footprint. While wind may be in excess today, internal projections show that current wind production may not be sufficient to meet the future
needs as soon as 2014, Additional information can be found under Stakeholder Center/Committees, Work Groups, and Task Forces/Informational Farum =
Related Documents.

** Yallow bar represants the annual renewable energy target distributed by month based
“ I c éﬂ!& on monthly capacity factor expectations of the MISO system.
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