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» Refresher: Variablility and uncertainty, and the
need for flexibility

 What have we learned since last year?
—Emerging challenges
—Innovative solutions




Refresher:
Variability and Uncertainty, and the
Need for Flexibility



Wind and solar introduce new considerations for
grid planning and operations

Renewable energy (RE) is variable, uncertain, and
geographically dispersed
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Frequently used options to increase flexibility

A RELATIVE ECONOMICS OF INTEGRATION OPTIONS
Involuntary Load
Shedding

Transmission

Hydro Ramping
Industrial &
Commercial Demand
Response

Flexibility Reserves

Sub-hourly
Scheduling and
Dispatch

RE Forecasting
.

Management

Downward Reserves

100

Expansion
Fuel Storage/Flexible
Scheduling
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Residential Transmission
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= Gas Ramping Storage
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System Operation and Dispatch Advanced Network Thermal Storage

Frequency Support

Voltage Support

Option costs are system-dependent
and evolving over time
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Many systems have physical flexibility; accessing
this flexiblility is a key challenge to RE grid

Inteqration .
. tﬁg/smappower system: generators, transmission, storage,
interconnection

* Institutional system: scheduling and dispatch, forecasting,
market rules, collaboration with neighbors

Focus of most grid
integration efforts

Power

Market and system
institutional operation,

Physical

system “filter” reliability,

cost

Power system operation (and grid integration!) relies on both



What have we learned since last
year?

Emerging challenges



Electrification continues to dominate energy
growth, with RE dominating that growth

Global average annual net capacity additions by type
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Wind penetration poised to rise quickly with
emerging technologies; RE costs are falling

Monster blades
$500 250 Wind turbines keep growing larger, which has some people worried about negative
effects on the environment and scenic views.
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Percentage of variable RE in operation and in targets
continues to grow
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The grid iIs evolving at the distribution level too

Current Power System \

* Large Synchronous
Generation
* Central Control \
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New Challenges in a Modern Grid
* Increasing levels of power electronics-based VRE: solar

and wind

 More use of communications, controls, data, and

information (e.g., smart grids)

« Other new technologies: electric vehicles (EVS),

distributed storage, flexible loads

Future Power Systems \
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* Increased variable gen

* More bi-directional flow
at distribution level

* Increased number of
smart/active devices

* Evolving institutional

\environment /

» Becoming highly distributed—more complex to control 1



What have we learned since last
year?

Innovative solutions
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Solutions address many interrelated technical and
policy elements

Pathway analysis
Coordinated generation &
transmission planning

Retail rate design

Stranded assets

Flexibility adequacy analysis

Cost pass-through

and risk allocation Retail Rate
Regulation

Dynamic stability analysis

Target setting

New market Competition &
structures price discovery
Market
Regulation Procurement
New market Allocation of project
products development risks
RE market Operations Grid-friendly RE power
integration
purchase agreements
measures

RE flexibility Forecasting and Grid code
dispatch
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Example: Trend is to treat RE like conventional
power plant, removing priority dispatch

RE as a good grid citizen e Control technologies for wind
Visible and solar are now reflected in
PPAs and grid codes

©)

o Schedulable

o Dispatchable * Instead of priority dispatch,
o Curtailable address RE financing concerns
o Able to provide ancillary services separate from system

operations

ercot>
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This DDW to address solutions in 4 categories

Session 1:
Decision
Support Tools

Session 3:
Utility-scale
Storage

Session 2:
Generation
Flexibility

Session 4:
Rooftop PV
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High-resolution RE data underpin effective |y

plannlng Decision
Support Tools
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Advanced modeling helps answer new S

sets of planning questions Decision
Support Tools

~ [ Peak

= Intermediate
and dispatchable

e Evolution of questions, from:

— What's the limit? (the
original question)

* To:

M Baseload

|II

Traditional “Baseload” Paradigm

-

New Paradigm

Over-production
(for storage/export) [l Over-production

‘|||I|III\

Storage or
[ g

A import/trade

I Dispatchable

Variable
renewable energy
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REN21 2017
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Advanced modeling helps answer new S

sets of planning questions Decision
Support Tools

What types of flexibility are

needed? W Peak

= Intermediate
and dispatchable

How does the capacity value of
RE change at higher

penetrations?

M Baseload

How do you allocate costs and o Traditional “Baseload” Paradigm

benefits of network
Over-production

reinforcements? (for storage/export) Il Over-production

How do we transition RE away
must-run status in terms of

i
Ana® “"'\‘r\ m S
rnmm‘,
— Changes to contracts and

I Dispatchable
interconnection rules New Paradigm

Variable
renewable energy

— Changes to scheduling and 5 w0 s 20 #0200 200
dispatch decisions

— Continued attraction of REN21 2017
foreign investments?
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Planning for flexibility

Session 1:
Decision
Support Tools

Planning benefits from:

e Large data and better
computing

* Integration of multiple
models and understanding of
how each focuses on different
aspects of flexibility

— Timescales of reliability
— Types of costs

* Integration of plans with
market and commercial
considerations

Solutions in Session 1:
Decision support tools to enable

flexibility

» Katz (Global)

e Vithayasrichareon (Thailand)

* Wijekoon & Wijekoon (Sri
Lanka)
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Coal flexibility: importance of addressing
commercial considerations

e Technical approaches are

straightforward Lower technical

minimums for
coal plants India 2022

e Commercial considerations
are the challenging aspect

70% RE

— Contract/market changes to Technical minimum BV a &= 1111312101
better value flexibility

— Cost allocation of retrofits,
higher O&M

— Reduced revenue from
lower plant load factors,
stranded assets; who holds 55%
the debt

Technical minimum

— Coal fuel contracts, other

impacts (e.g., railways in

|nd Ia) Palchak et al. 2017. Greening the Grid

http://www.nrel.gov/india-grid-integration 20



http://www.nrel.gov/india-grid-integration

Coal flexibility: importance of addressing
commercial considerations

e Technical approaches are

straightforward
Solutions in Session 2:

Overcoming barriers to
generation flexibility

e Commercial considerations
are the challenging aspect

— Contract/market changes to

better value flexibility e Vithayasrichareon (Global)

— Cost allocation of retrofits, e Sinha (India)
higher O&M

* Weise (Germany)

— Reduced revenue from

lower plant load factors, Examples from India:
stranded assets; who holds » Regulatory requirements for
the debt minimum turndowns
« Automatic generation control
— Coal fuel contracts, other . Payments for less efficient
impacts (e.g., railways in operations

India) 21



Storage Is a versatile grid technology, but
market dependent Storage

* Prices are falling and
technologies are

Solutions in Session 3:
broadening and

Utility-scale storage

iImproving....

» But market considerations [RELELEACUED)
still dictate storage’s * Roose (Hawaii)
potential

* How can planners help

improve market potential Example:

. « Market rules moving to be more
and make decisions on technology neutral (e.g., FERC
when and how to employ Order 841)

storage?
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New tools can help optimize resources at the

distribution level

PRECISE

Step

o‘i;' PV Interconnection
Q_ Application

9-- Distribution
B2 Feeder

Q_Hj Model Secondaries

Configure Inverter
o t‘ Limits

QJI““ Run Analysis

Action

obtains address of

interconnection request

models the

distribution feeder

models secondaries

using open street maps or GIS data

configures reactive

power limits, active power limits,
and power factor limits

runs analysis and

exports the results

Session 4:

Rooftop PV




Growing experience with distributed PV has shown
effective solutions to maximize value and reliability Rooftop PV

Experiences in Hawaii,

California, Germany, and Solutions:

elsewhere have demonstrated

reliable grid operations with Afternoon keynote:
significant rooftop PV * Ackerman (Global)

Session 4:

Smart inverters, advanced Distributed energy resources
planning tools, and changes to
retail tariffs have contributed to R ®eldalIaN(€l[e]eE])
planning that aligns utility and  [RMEEIIE@ICIE)
consumer interests e Matsuura (Hawaii)

Examples:

« Virtual power plants
» Time-of-use rates
 Smart inverters

24
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greeningthegrid.org :

Greening the Grid

What is Grid What We Do Ask an
Integration? Technical Expert
The Challenge: Ass¢stancg and Request information =2
Large-Scale, Grid Collaboration and assistance
gonnec(ed Clean Greening lhe}Gm-j . P Greening the Grid connects power system

nergy oﬁers.a toolkit of |nf9mat|or§, guidance stakeholders in developing countries fo
Power grids are complex networks that and tn pslstance o experts from our grid integration expert
balance electricity supply and demand sf’p’?‘_m devabp[ng countries in network to provide no-cost, remote
around the clock, every day of the year. sngrfmcamly scaling up the amount of consultation and advice.
Renewable energy, such as solar and variable renewable energy connected to
wind, can signifi reduce the ity grid.
gas emissi from i i Submit a Request
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Read more
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