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Introduction

Research questions

o Quantify the trade-off between including uncertainty and
variability of renewable production in terms of performance and
computational times.

e How to include short-term uncertainty and variations in the best
way.
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o Inter-temporal variation.

e Uncertainty balancing.

Short-term effect

They overlap but we try to analyse them separately - inter-temporal
variations through ramping limits and uncertainty balancing market.
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Short-term effect

Short-term effects

Short-term effects

Two short-term effects that call for flexible generation:
o Inter-temporal variation.
e Uncertainty balancing.

They overlap but we try to analyse them separately - inter-temporal
variations through ramping limits and uncertainty balancing market.

Investment model

Static central planner investment model:
o Central planner minimizes investment and operating cost
e No existing generating capacity
e Minimum wind penetration constraint

For simplicity, disregard unit commitment decisions and network
constraints.
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Additional

o Load shedding (with cost)
e Wind curtailment (with cost)
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Models

Models

Approaches

Daily approach

Hourly approach

With ramping ~ Without ramping
Conventional
Deterministic DC HC
Stochastic
With balancing market DS HS
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Bylling, Pineda, In order to pinpoint the different effects, units are assumed very
Boomsma . . . .
specialized (and unrealistic).

The considered units are: wind, inflex, flexDA, flexBal and flex.

Evaluation

Example
The investment decisions from each approach is fixed in the full
(DS-6) model in order to evaluate the impact of investments in terms
of total system costs.

For each approach, the procedure is:

@ Solve the problem.
® Fix the investment decision in the full approach.

© Solve the full approach for day-ahead and balancing production
variables.
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“seomns | Data and approach —
e Data from region DK1: Demand, Wind
forecast and Wind production.

e Uncertainty in forecast error - modelled as
an AR(2) process and scenarios sampled

Case Study f th .
rom IS.

o Realistic investment data (annualized)

o Representative days/hours from clustering.
o Official 2020 target: 30% RES. Figure: Source:

nordpoolspot.com

e No initial installed capacity.
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g wind coal gas  nuclear

I (T€/MW) 124 106 51 150

(€/MWh) 0 314 631 15.4

cr,cy (€/MWh) 0 628 1262 3.08

Case Study r2,rY (p.u.) 1 03 07 003

Table: Generation unit data for the case study. Sources: [1],[2],[3]

Balancing costs c;’, c, are assumed as 20% of the linear production
cost ¢g.
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Approach wind coal gas nuclear Runtime (s) TC IC  OC LSC

Bylling, Pineda,
Boomsma

HC-8760 2631 243 897 1928 10 1,037 686 321 7
DC-365 2631 928 747 1426 164 995 676 308 4
HS-8760 2631 242 922 1954 2787 1,035 691 320 4
DS-365 2631 955 758 1420 10240 994 678 307 3

Table: Investment decisions and runtimes for the different approaches.
Total costs (TC), investment costs (IC), operating costs (OC) and load
shedding costs (LSC) all in M€

Case Study

Analysis

e W/ ramping: nuclear is substituted by coal.
e W/ uncertainty: increase in coal and gas.

e Stochastic model increases runtime.
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Figure: Total costs difference in % between
aggregated approaches and DS-365.
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Balancing costs reflects ramping ¢t = M =2

—— HC8760 - - - HS8760

| |—— DC365 --- DS365

e Balancing costs have an
effect.

1,100
Case Study

1,050

e Hard to get realistic
estimate.

Total costs in M€

1,000

e In this model, ramping is

‘ ‘ ‘ ‘ ‘ still more important.
0 0.2 0.4 0.6 0.8 1

Balance costs multiplier M
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yields a high computational burden but no significant better

solution.

e Including inter-temporal constraints is crucial to capture
flexibility needs.

e The coupling of flexibility in a realistic setup regarding

Conclusion short-term variability and uncertainty means including variability

needs also serves the uncertainty needs.
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Bylling, Pineda, e Including short-term uncertainty in generation expansion models
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yields a high computational burden but no significant better

solution.

e Including inter-temporal constraints is crucial to capture
flexibility needs.

e The coupling of flexibility in a realistic setup regarding

Conclusion short-term variability and uncertainty means including variability

needs also serves the uncertainty needs.

v

Further research

e Include network, unit commitment constraints, market power
etc.

e Clustering days/hours more efficiently.
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Thank you for your attention.
Any questions?

Conclusion
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g wind  inflex flexDA flexBal  flex
I (€/MW) 10,000 10,000 10,000 10,000 10,000
¢y (€/MWh) 0 10 20 20 30

¢f,c; (€/MWh) 0001 500 500  0.001  0.001
r2. Y (p.u.) 1 0 1 0 1
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Bylling, Pineda Evaluation steps
In order to evaluate the investment decisions resulting from the
different approaches, the following procedure is incorporated:

@ Solve each of the approaches: DC-6, DS-6, DC-2, DS-2, HC-4,
HS-4.
® Fix the investment decision made by each approach and solve

the generation expansion problem using the DS-6 approach
(without minimum wind constraints).

Appendix

© Evaluate the investment decisions of each approach by
simulating the real system operation that includes both time
variability and short-term uncertainties.
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Appendix

The Impact of
Short-term on
Long-term Approach

nuclear_Rntime_Total Costs _Meas. Wind Pen

Plannin DCs 2031 928 a7 126 10 9946 03
a g DS365 2631 955 756 1420 10127 99429 03
HC2e0 269 218 957 172 0 275 0301

. HCa0 262 269 957 1983 0 0066 0208
ylling, Pineda, HC720 2625 267 92 1988 0 0275 029
e — HCo0 260 261 972 199 0 002 03
HC1200 2631 261 952 199 0 0M3 03

HClwo 2631 261 952 199 0 0M3 03

HC1680 2631 261 968 1994 0 063 03

HC120 2631 260 962 1996 1 0345 03

HC260 2631 260 962 1996 1 045 03

HC2000 2630 263 950 1995 1 0622 03

. HS200 2661 240 909 1998 3 104426 0306
Appendix HS480 2730 235 934 1968 8 104919 0311
HST0 27 236 92 14 15 10075 0305

S0 2601 23 962 142 0 1007 0207

HS1200 2610 231 967 19% 4 103166 0298

HS1M0 2501 237 S0 1940 78 10649 0295

HSI60 2598 23 961 1940 105 1091 0296

HS120 2621 241 965 1945 128 10221 0299

HS2160 2637 237 90 1946 152 10 o301

HS2000 2641 237 964 194 202 10526 0301

DC5) 2703 868 811 1418 10033 0308
DC70 2641 894 803 1403 996.1 0301
DCB 2627 909 797 139 99444 03
DCO 2612 915 792 1395 99273 0298
DC100 2620 914 783 1405 11 99352 0299
DS10 2600 86 531 1494 7 10371 0307
DS20 2740 883 550 1446 30 03774 0312
DS30 2728 &2 578 1438 59 103620 0311
DS40 2743 &72 783 1444 108 00785 0313
DS50 2703 890 801 1411 187 100276 0308
DS60 2661 906 802 1402 274 9804 0303
DS70 2641 928 783 1308 337 995.73 0301
DS 267 041 777 1393 416 99411 03
DS9 2612 048 771 1303 710 992,42 0208
DS100 2620 040 753 1400 825 99338 0209

Table: Investment decisions and runtimes for the different approaches.
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Increased wind uncertainty Analysis on balancing costs

1,080 o || == -4~ HC8760 —— HS8760
Appendix =~ a || DC365 —=- DS365 -=- DC365 —a— DS365

1,060

1,020
1,040

1,020

Total costs in M€
Total costs in M€

1,000
1,000

- | M

1 2 3 4 5
Wind standard variations multiplier M,

0 5 10 15 20 2 30
Balance costs percentage of linear costs

4

y

sitivity Analysis

e Stochastic approaches outperform the deterministic approaches
as uncertainty increases.

e Daily approaches still outperform hourly approaches.
e No effect from balancing costs.
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Computer statistics

Model AMD Opteron(tm) Processor 6380
CPU 2.5 GHz
No. of CPUs 64
Memory 250 GB
GAMS version 24.5.4
GAMS release 54492 LEX-LEG x86 64bit/Linux
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