A
B= -
‘:Q_é’ MRZL national Renewable Energy Laboratory
v Innovation for Our Energy Future

Transmission Issues affecting
Utility-Scale Solar Power

X
N

X

LK

Solar Boot Camp

»
_”5.@
I NS )

David Hurlbut
and
Jeff Hein

June 4, 2010

P S8 )

NREL is a national laboratory of the U.S. Department of Energy Office of Energy Efficiency and Renewable Energy operated by the Alliance for Sustainable Energy, LLC



Bulk Electric System

North American
Interconnections

McNeill

Western
Interconnection

J Texas
Interconnection

Quebec
Interconnection

Eastern
Interconnection

LEGEND
= "= Back-Back HVDC




Why build transmission?

« Best concentrations of utility-scale wind resources are often far
from major load centers.

« Given a choice between wind resources that are excellent but
distant, and wind resources that are close but less productive, if
the difference in production cost is more than the cost of
transmission, then meeting renewable energy needs with wind
resources from another state may be reasonable economically.

« Regulatory questions:

— Is the line needed?
— Is the line reasonable?
— Is the cost prudent?

National Renewable Energy Laboratory

Innovation for Our Energy Future



Major transmission considerations

* Bulk electric system reliability and planning
* How transmission affects wind’'s economic value

» Getting utility-scale wind energy to load
— Available transmission capability on existing local network
— Access to low-cost wind resources far from load

National Renewable Energy Laboratory Innovation for Our Energy Future



One big line or many small lines?

Cost per MW
Right of Transfer capability for a
Line voltage and type way capability 600-mile line
230kV AC single circuit 150’ 400 MW $3.4 million
230kV AC double circuit 150’ 800 MW $2.4 million
345kV AC single circuit 160’ 750 MW $1.7 million
345kV AC double circuit 160’ 1,500 MW $1.3 million
500KV AC single circuit 175 1,500 MW $900,000
500kV AC double circuit 175’ 3,000 MW $700,000

500kV DC bi-pole 200’ 3,000 MW $500,000

National Renewable Energy Laboratory Innovation for Our Energy Future



What is Transmission Planning?

 |dentification of future infrastructure needs to
1. Serve the expected load reliability
2. Meet public policy directives
3. Minimize cost and environmental impact

 |dentification of future transmission capacity needs given a

future set of loads and generation resources




Planning vs. Project Development

* Planning — Identifies the need

* Project development — Proposes a solution to meet
the need and evaluates it:

— Path rating — Looks at the reliability impacts of the proposed
solution on the system

— Siting — Looks at the impacts of the proposed solution on the
environment

— Cost Recovery — Assures future cashflows to support project
development




WECC Transmission Expansion Planning Policy
Committee (TEPPC)

WECC Board of Directors
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Planning Relationships
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WECC Regional Transmission Expansion Plan

« WGA State/Provincial Steering Committee (SPSC)

— State policymaker review of scenario/modeling inputs

« WECCS io Pl ing Steering G SPSG id
guIIEdancecgr?:a”O anning Steering Group ( ) provides

— Which scenarios are modeled
— Which tools are used
— Key assumptions

« Subregional Coordination Group (SCG)

* Regional Interconnection-Wide Transmission Planning
— 2029 Long-term 33% Renewables Study
— 10-Year Subregional Reliability Plans
« Identify transmission projects; feed into 10 year transmission plan

— 10-Year Regional Transmission Plan
» Bottom up process
. sttem ogerati_rrmr\cr; im[i)acts, reliability, transmission congestion, cost,
environmental impacts

— 20-Year Regional Transmission Target Plan
 Utilize new Long Range Transmission Tools
« SPSG will develop long range resource scenarios



RTEP Overview

* Regional transmission plans produced through the
RTEP project will provide for:

Increased coordination among entities in the Western
Interconnection

Increased awareness of how energy policy decisions impact
reliability and cost

Ability to answer key policy questions at State, Provincial
and Federal levels

Additional information for use by decision makers in siting
and cost allocation proceedings

 RTEP is focused on transmission planning, not on
policy decisions




RTEP Activities

* An extension of existing TEPPC planning process

— Ability for broader input from other stakeholders into
planning processes
— Ability to study a broader range of scenarios
« Determine impact of policy and technology drivers

« Improved coordination of subregional groups and
WECC planning processes

 Ability to provide information for other critical

Processes
— Siting — Rating — Cost Allocation
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Regional planning in the West

« WECC Renewable Modeling
— From Western Renewable Energy Zone Initiative (WREZ)
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Transmission Planning in the West

* Three-tier process
— Bottoms-up/Top-down

« FERC Order No. 890

— Compliance requirement for transmission owners and
operators (TO/TOP)

— Requires a degree of transparency and information
exchange in transmission planning among industry
stakeholders




Transmission Expansion Planning Policy Committee

« TEPPC’s analyses and studies focus on studies with
Interconnection-wide implications

— Reliability, cost and emissions

« TEPPC's role does not include
— Detailed project-specific studies
— Advocating projects
— ldentifying potential “winners” and “losers”
— Siting and cost allocation




Western Renewable Energy Zones Initiative
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WREZ Vision

« Western Governor’'s Association and U.S. Department of Energy initiated
effort to develop renewable energy resources and reduce GHG emissions

 Develop a high level "screening tool” to identify potential projects that
allows industry stakeholders to analyze and compare economics of
multiple projects

« Find the high quality, developable renewable resource zones (based on
NREL data)

« Assume incremental transmission expansion to bring generation to load

» |dentify the areas where there are impediments

National Renewable Energy Laboratory



WREZ: Why was it developed?

« U. S. Utilities Must Install More Renewable Energy Generation

Nine western states have adopted targets for the percent of all electricity
generation that must come from renewable energy:

1. Arizona 15% by 2025
2. California 20% by 2010
3. Colorado 20% by 2020
4, Montana 15% by 2015
5. Nevada 20% by 2015
6. New Mexico 20% by 2020
7. Oregon 25% by 2025
8. Utah 20% by 2025
9. Washington 15% by 2020

» Western states work together to develop most economical resources

*Note: British Columbia is seeking renewables for all new generation.

National Renewable Energy Laboratory



Major Western Interconnection Load Centers

ldentify Lead Lrea [z [ e | (o o>

Select Load Area

Lar Voqur [+]

“uze dropdown or select from map on lelt

Load Area Assumptions

+ fategration Losic Local Deffvery cosis
‘wind Infegration [FMwh FE0 per Mw'h $0
Solar Irkegration [$IMwh)
Salar Thermal $25
Salar Thermal with Storage 0.0
+ Photavoltsis $25

Fescorce Adegoacy Cost

ik w-year 114

<
+ i s
+

Frefile ef Averase Epergr Prices f1ATVA}

1 2
Jan [
Fehb k0 54

405 B 7 8 9 W N2 13 | 15 . T 18 18 20 2] 22 23 oM

W+

Plar A7 BE BG 5B B9 Bl B2| B4 BB BE EBR| BB T2 T VO EE ER| 88102 T2 B4 B2 ED
Apr 1 W G0| 61 63 B4 6B B8] 69 B2 BE BF VI T BB| B4 BO B0 BG VR B2 67| 6§
G ET] b4 B2 42 42 49 B2 B4 BE Ba RO Bl EX B2 T 82 700 1| B9 B2 B3 BA GE OGS

Jun Gk BH
Jul B4 Bl

: 3 fAug E3 B0
Sep 63 66
Ot [T

Maw hE BT
Dhieir BE 64

TR ERH5S 88w
=
o
n
]
o
L2
o
-
o
7]
o
ra
o
o
o
=1
-1
L]
-1
-
oo
1
oo
7]
-
o
-1
h
o
)
-
=
o
)
o
i
o
=
o
=

Multiply the abowve profile by 12 Go

Select Peers

| Fhoenix

O
[5anD1sn (-]
Q)

|Albuquorwp

National Renewable Ene Laborat



Identify renewable energy zones — Phase 1
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Identify incremental transmission from REZs to load — Phase 2
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Identify incremental transmission from REZs to load — Phase 2
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WREZ Phase 1 Report Issued June 2009

Western Renewable Energy Zones - Phase 1 Report

Mapping concentrated, high quality resources to meet demand
in the Western Interconnection’s distant markets
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WREZ lessons learned and impediments

« Transmission is the biggest obstacle to installing large amounts of new
renewable energy generation.

« Wildlife sensitivity analysis did not get developed adequately, and is an
impediment. Accordingly, this issue is not in the Phase 1 report.

« Wildlife issues can overwhelm renewable energy potential.
« The WREZ took on significant importance to developers and others.

* In the end, the policies of the individual states can drive project
outcomes.

National Renewable Energy Laboratory



For More Information on WREZ:

* Next steps
— Phase 3 - Coordinating energy purchasing from the WREZs

— Phase 4 - Fostering interstate cooperation for renewable energy
generation and transmission

« Data, Presentations, and Reports
— Website at: http://www.westgov.org/wgalinitiatives/wrez/index.htm

* Questions?
— Email: jeff.hein@nrel.gov
— 303-384-7090

National Renewable Energy Laboratory
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Western Wind and Solar Integration Study

WWSIS analyzed the WestConnect footprint.
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WWSIS Overview

*Goal:

— To understand the costs and operating impacts due to the
variability and uncertainty of wind, PV and concentrating
solar power (CSP) on the WestConnect grid

Participating Ultilities:
— Arizona Public Service
— El Paso Electric
— NV Energy
— Public Service of New Mexico
— Salt River Project
— Tri-State Generation & Transmission
— Tucson Electric Power
— Xcel Energy — Public Service Company of Colorado
— Western Area Power Administration

National Renewable Energy Laboratory



Scenario Overview

In Footprint Rest of WECC

Wind Solar Wind Solar
10% 1% 10% 1%
20% 3% 10% 1%
30% 5% 20% 3%

 Baseline — no new renewables

* In-Area — each transmission area meets its target from sources
within that area

* Mega Project — concentrated projects in best resource areas

* Local Priority — Balance of best resource and in-area sites

» Plus other scenarios yet to be determined (high solar, high
capacity value, high geographic diversity)

« Solaris 70% CSP and 30% distributed PV. CSP has 6 hours of thermal storage.
Penetrations are by energy.

National Renewable Energy Laboratory



Wind Sites for In-Area Scenario
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Mega Project Scenario
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Local Priority Scenario
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Integrating utility-scale wind

« Western Wind and Solar Integration Study

— 5% solar and 30% wind in the West is possible, but will
require:
* Increased cooperation or coordination among balancing
authorities

 Better utilization of existing transmission system, and addition
of new transmission

« Coordinated operations over a wider area
» Use of state-of-the-art forecasting

« Use demand response programs to help manage increased
variability and uncertainty due to more solar and wind on the
system

National Renewable Energy Laboratory Innovation for Our Energy Future



For More Information on WWSIS:

* Next Steps
— Finalize reserve analysis, quasi-steady-state analysis
— New scenario - 20% wind/3% solar throughout WECC
— Storage, PHEV, demand response analysis

— Draft report end of 2009 followed by stakeholder meeting
and final report

« Data, Presentations, and Reports
— Website at http://westconnect.com/init_wwis.php
— More presentations at http://wind.nrel.gov/public/WWIS
— Datasets at: http://mercator.nrel.gov/wwsi/

e Questions?

— Email: Debra.Lew@nrel.gov
— 303-384-7037

National Renewable Energy Laboratory
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Additional References

« www.nrel.gov
 Www.wecc.biz

* www.westgov.org/wieb
« www.ferc.gov

* Www.nerc.com
 www.westconnect.com
* Www.eia.gov

National Renewable Energy Laboratory Innovation for Our Energy Future
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Contact Information

o Jeff Hein, MSEE, PE

— Jeff. Hein@nrel.gov
— (w) 303.384.7090

 David Hurlbut

— David.Hurlbut@nrel.gov
— (w) 303.384.7334

National Renewable Energy Laboratory Innovation for Our Energy Future
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Questions / Comments

National Renewable Energy Laboratory



Glossary

« DSM - Demand-Side Management

 EE - Energy efficiency

« FERC - Federal Energy Regulatory Commission
 FOA - Funding Opportunity Announcement

« NERC — North American Electric Reliability Corporation
* NGO - non-profit, Non-governmental Organization

« PCM - Production Cost Model

« SPG — Subregional Planning Group

 SPSG - Scenario Planning Steering Group

« TEPPC - Transmission Expansion Planning and Policy Committee
« TO/TOP — Transmission Owner/Operator

* VGS - Variable Generation Subcommittee

« WREZ - Western Renewable Energy Zone



Additional Organizational and Study web links

« Utility Wind Integration Group (UWIG) (www.uwig.org) and Wind
Integration Library http://www.uwig.org/opimpactsdocs.html

« NREL Renewable System Integration publication web site
http://nreldev.nrel.gov/wind/systemsinteqgration/publications.html

* International Energy Agency, Task 25. Hannele Holttinen, et.al.
Design and operation of power systems with large amounts of
wind power State of the art report.
http://www.vtt.fi/inf/pdf/workingpapers/2007/\W82.pdf

« North American Electrical Reliability Corporation (NERC)
. http://www.nerc.com/files/IVGTF _Report 041609.pdf

* Western Electricity Coordinating Council: www.wecc.biz

National Renewable Energy Laboratory
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Bonus Info on Integration Studies
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Integration Efforts: Continuing & evolving utility concerns

 Minimum load/Max wind operations

« Forecasting improvement to lower operational cost impacts
* Extreme event ramps and determination of reserves

« Rational curtailment evaluation and procedures

« Balancing Authority cooperation (larger geographic footprint)
» Shorten unit commit and dispatch time frames

« Motivating markets and generators for flexibility and reliability

National Renewable Energy Laboratory



Integration efforts: How Can Smart Grid Technologies Help?

* Improved wind plant output forecasting
 Individual turbine data acquisition
* Line loading and curtailment monitoring

* Increased sources of system flexibility
 Active or frequency responsive demand side management
* Price responsive load markets
* Plug-in hybrid electric vehicles

« Smart Grid functions in common
 Distribution automation
« Communications, monitoring and control
« Smart metering

National Renewable Energy Laboratory



Integration efforts: Increasing Attention in North America
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Integration Efforts: Published Studies and Lessons

There are no fundamental
technical barriers to the
integration of 20% wind
energy into the nation’s
electrical system, but ....

there needs to be a
continuing evolution of
transmission planning and
system operation policy and
market development for this
to be most economically
achieved.

‘ 20% Wind Energy by 2030

Increasing Wind Energy’s Contribution to
U.S. Electricity Supply

National Renewable Energy Laboratory



Integration Efforts: 20% Wind Energy by 2030 — Primary Lessons

System Planning and Operation

* More wind integration studies

» Deploy more flexible generation and load
technologies

 Improve wind plant output forecasting tools
 Improve grid codes and wind plant models

» Aggregate wind plant output over large regions
 Improve balancing area consolidation and ACE

sharing % ST
- Ongoing forums to share operating experience T RS
Market Operation &
Transmission Planning Transmission Policy

» Develop adequate transmission capacity

» Comprehensive regional planning processes
* Leadership in developing transmission in the
national interest

* Reassessment of transmission financing
approach

» More certainty of transmission cost recovery
» More robust and flexible “smart” grid

* Develop well-functioning hour-ahead and
day-ahead energy and price responsive
load markets

» Adopt market rules and tariff provisions
appropriate to weather-driven resources

» Make better use of physically (in contrast
with contractually) available transmission
capacity

 Eliminate pancaked rates

National Renewable Energy Laboratory



Bonus Info on WECC Path Rating Process
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Transmission Expansion Planning Policy Committee

* Provides governance to regional transmission planning
process

* Manages technical analysis
— Technical Advisory Subcommittee (TAS)
— Workgroups

* Guides the overall process
— Approve the study plan
— Prioritize activities
— Assure deliverables are on-time




Scenario Planning Steering Group

* Provides strategic guidance to the process

— Determines study scenarios
— Advises TEPPC

* Provides an input and feedback channel for
stakeholders

* Assures broad stakeholder involvement
— Manages NGO participation funding




WECC/TEPPC Regional Planning Process
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Thoughts / Conclusions:

* Integration studies are vital to assessing the bulk electric system
needs, thereby ensuring reliability to the best of our ability, while
maximizing wind generation resource deployment.

« Transmission delivers energy, improves reliability, and is
inexpensive at 7% of annual electric utility industry costs (compared
to generation and distribution annual expenses).

« Transmission allows for greater operational flexibility in bringing
lowest cost resources to load.

« Perhaps broad, interconnection-based, integrated resource
planning (transmission and generation), performed over longer time
horizons (i.e. - 20+ years) should be performed to assess long term
transmission corridor capacity needs.

« Regional cooperation imperative because intermediate states may
receive benefits too. Studies could determine how much.

National Renewable Energy Laboratory
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