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Tool: REPRA

* Renewable Energy Probabilistic Resource
Assessment tool (REPRA)

* Tool objectives

o Include variable generation in traditional
probabilistic-based methods

o Allow comparison of alternative targets, metrics
(LOLE, ENS, LOLH, etc.)

» Utilized to quantify the capacity value of
wind and PV

NATIONAL RENEWABLE ENERGY LABORATORY 2



REPRA - Conventional Generators

* A convolution is performed for conventional
generations

* For example, six 50-MW units with 8% EFOR
result in the following convolution table

MW-OUT MW-IN Probability LOLP
0 300 0.6064 1.0000

50 250 0.3164 0.3936

100 200 0.0688 0.0773

150 150 0.0080 0.0085

200 100 5.20E-04 5.38E-04

250 50 1.81E-05 1.84E-05

300 0 2.62E-07 2.62E-07
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REPRA - Renewables

 Renewables are represented using a sliding
window approach

Window Current Window
start hour end

80 90 100 90 100

100 MW with probability 2/5
90 MW with probability 2/5
80 MW with probability 1/5

MW-OUT MW-IN Probability LOLP

0 100 0.4 1.0
10 90 0.4 0.6
20 80 0.2 0.2

NATIONAL RENEWABLE ENERGY LABORATORY 4



REPRA - Combining Both

MW-OUT  MW-IN Probability LOLP

0 300 0.6064 1.0000
50 250 0.3164 0.3936
100 200 0.0688 0.0773 MW-OUT MW-IN Probability LOLP
150 150 0.0080 0.0085 0 400 0.243 1.000
200 100 520E-04  5.38E-04 10 390 0.243 0.757
250 50 1.81E-05  1.84E-05 20 380 0.121 0.515
300 0 2.62E-07  2.62E-07 >0 350 0.127 0.394
60 340 0.127 0.267
70 330 0.0633 0.141
100 300 0.0275 0.077
110 290 0.0275 0.050
MW-OUT MW-IN  Probability =~ LOLP 120 280 0.0138 0.022
0 100 04 10 150 250 0.0032 0.008
160 240 0.0032 0.005
10 90 0.4 0.6
170 230 0.0016 0.002
20 80 0.2 0.2
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Loss of Load Expectation (days/year)

0.12 - Reliability Curve after Adding New Generation
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Each generator added to the system
helps increase the load that can be
supplied at all reliability levels
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Area Reliability

 To calculate the ELCC in
an area, load is scaled

10

to meet a predefined 2
criteria 11.02 1.04 106 108 1.1 1.12 1.14
o E.g., 1 day/10 yrs LOLE It.3

01 It. 4...

o We will explore other
values and metrics

 Example, interpolation
steps to reach 1 day/10

Resulting LOLE

0.01

yrs for the Western 0.001
Electricity Coordinating
Council 0.0001 It. 1

Load Multiplier
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Variable Generation Capacity Value

* We can compare the ELCC contribution of
renewables combined and independently
(assuming copper sheet)
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Capacity value vs. installed capacity

30

25

Capacity value (GW)
= N
(€] o

=
o

0 20 40 60
Capacity (GW)

NATIONAL RENEWABLE ENERGY LABORATORY

80

100

Capacity value (%)

70

60

50

40

30

20

10

==e=\Nind

PV

&/(__-x

20 40 60 80 100
Capacity (GW)




Other related work

* E.lbanez, and M. Milligan, “A Reliability-Based
Assessment of Transmission Impacts in Systems with
Wind Energy,” Proc. of AWEA Windpower 2012,
Atlanta, Georgia, Jun. 2012.

* E.lbanez, and M. Milligan, “Impact of Transmission
on Resource Adequacy in Systems with Wind and
Solar Power,” Proc. of IEEE PES General Meeting
2012, San Diego, California, Jul. 2008.

* E.lbanez, and M. Milligan, “A Probabilistic Approach
to Quantifying the Contribution of Variable
Generation and Transmission to System Reliabilty,”
Proc. of 11th Int. Workshop on Large-Scale
Integration of Wind Power into Power Systems,
Lisbon, Portugal, Nov. 2011.

NATIONAL RENEWABLE ENERGY LABORATORY

10



