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Tools: A wide range of space. and.time
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Tools: “Dynamics” Simulation

Key Questions:

 How will system respond
to a fault/outage?

state

o Frequency
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e (Can inverter-based
technologies provide
sufficient inertia?
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WWSIS 3

Western Wind and Solar Integration Study

The primary obfectives of Phase 3 of the Western Wind and Solar Integration Study
{WWEIS-3) were 1o examine the larpe-scale transient stability and frequency response of the
Western Interconnection with high wind and solar peneiration. WWSIS-3 evaluated a variety
of svstem conditions, disturbances, locations, and renewable penetration levels lo help draw
broader conclusions. Key finding was that with good system planning, sound engineering
practices, and commercially available technologies, the Western Interconnection can
withstand the crucial first minute after grid disturbances with high penefrations of wind

and solar.
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Tools: Operations Simulation.(Production.Cost / QSTS)

spatial Key Questions:
T R e | B e Can supply meet
| e o , demand at all times?
§§ o Curtailment?
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Typical Operations Simulation . Outputs
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Tools: Metric Assessment

spatial Key Questions:
B ISt e * What is the system
MATPOWER | NREL . .
» Come . capacity margin?
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metro of reserves and
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feeder e What |S the DER hOStlng
capacity?

»me  Cost-benefit analysis

day  yridecade Step

Msec S5BC min

- Technical (e.q. P ower flow) |:| Extemal Developer
[ ] Techno£ conomic [ nreLTool

E conomic-focused F== NREL Co-simulation
- =

Simulation-only

Optimization sub-problem

UL

Optimal-decision 22016-B5P

NATIONAL RENEWAELE ENERGY LABORATORY 8



Hosting Capacity Background

Minimum Hosting Capacity

Maximum Hosting Capacity
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Source: Jeff Smith, EPRI, “Alternative Screening Methods PV Hosting Capacity in Distribution Systems”, Presented at
HiPen Solar Forum 2013, Feb 13-14, San Diego, CA.



Beyond Hosting Capacity

Costs on a specific feeder or distribution system

>

Mitigation
¥| strategy #1

Mitigation
strategy #2

Hosting capacify

Net distribution upgrade costs

DGPV penetration
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Tools: Planning & Trends

Spatial
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Key Questions:

What is least cost mix of
generation and
transmission?

How might
tariffs/prices/incentives
impact DER adoption?

What are costs and
options to expand
hosting capacity?
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The Resource Planning Model (RPM): detailed capacity expansion

and dispatch foraregion; utility service territory, or state

Highly detailed capacity expansion
and dispatch (2010-2035/2050)

o unit-level plantand transmission
representation within the region of
interest

e Flexible structure for a dynamic
regional focus

* Hourly chronological dispatch for
representative sets of days (or
weeks) to characterize dispatch for a

given year . ®

* Key outputs: detailed generation
and transmission capacity builds,
emissions, fuel consumption, system -
costs; wholesale electricity prices, TR
credit prices, and allowance prices *NREL

Resource Planning
Model - Colorado
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Data/Modeling Flow
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Distributed Gen. Market Demand Model (dGen)

Forecast customer adoption of
distributed generation technologies
(solar, storage, wind, geothermal)

e electricity costs,
* technology cost and performance,
e policy and regulation, and
e customer behavior
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Source: http://www.nrel.gov/docs/fy160sti/65298.pdf
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Tools: Integrated Simulations

Spatial Key Questions:
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Integrated T&D Grid

Summary:
A next-generation analysisframework for full-scale integrated ..
market+transmission+distribution simulation thatsupports “|||'1| e _
millions of highly distributed energy resources. : - ; eI i 2
End-to-End T&D Modeling Capability B [MAS;P;WER] s
* detailed multi-period wholesale markets (including LMPs) | E [ pg amsmissonBulc,  f %
* generator/reserve dispatch (AGC) O T S, £
* AC Powerflow (bulk transmission)
* Full unbalanced 3-ph power flow for 100s-1000s of ). 3N
distribution feeders %
* Physics based end-use models of buildings and DERs ;“‘W - aég %
* Semi-Automated import from PLEXOS, SynerGi, & CyME ,,g| s nifl|adE oif Esi 2
. . T S cHAEH 353|238 2
Example Applications Fram aetlaeal - |gef < EF @
.. ) ) R e | e = New for IGMS:
* Past: Analyze distributed PV support for grid operations ~ ™ il v3i2calable
* Full System: All Transmission + all distrubition + all iy s e co=simulatior
customers. e.g. >2.3M electrical nodes, >700k 7430) J w1 25,] HELICS engine
customers et
* Current Research: NRELs Integrated Grid Modeling System
* Wholesale price interaction of DERs (IGMS) provides a first-of-a-kind co-simulation
* Distribution market, DER, and service designs with transmission-level markets, 1000s of
* Communication/Control Architectures (w/ HECO) distribution feeders, and 1Ms of DERs

http://www.nrel.gov/docs/fy160sti/65550.pdf
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Pushing the Frontier

Interconnections North American Electrification Multi-scale Los Angeles 100%
Seam Study Renewable Futures Study Production Cost
Integration Study Modeling
What happens What if North What if the Can we make Can LA operate
if the east joins America works energy models more on 100%
the west? together? economy detailed and Renewable
electrifies? faster? Energy

D 2017
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Thank you!

Bryan.Palmintier@nre
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