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Project goal and overview £s1SeBy

Overview

A Developing methods for (partial) aggregation of renewable infeed profilesin energy system
models while minimizing the influence on the overall results of such models

A Considerationof temporal, spatial and technological aggregation

A Main tasks
- Theoretical work regardingoptimal (dis-)aggregation
- Dedicated workpackageson spatial, technological and temporal aggregation

- Evaluation andtesting of developed methods in pre-existing energy systemmodels
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Methods and approaches
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-

Analytical approach
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Aggregation of investment choices

based on value components

Technolog.
aggregation
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Testing

Construction of
a reference test model

Implementation and
testing of methods
in large-scale electricity market models

Aggregation of PV units
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Analytical approach for temporal aggregation

Temporal aggregation(UDE)

A Highlights
Inspired by problems of scenario aggregation in the field of stochastic programming
Solution quality of the model based on aggregated time series compared to the solution of the original

problem
- Analytical results derived for a simplified version (peaload-pricing)

A Methodology
- Original (non-aggregated) problemA Corresponding reduced problemA Meta problem

- Application (analytical, numerical) utilizing the peak-load-pricing model

Postges, A., Weber C., 2019. Time series aggregatidh;y g~ p f "mah] heh > b\ Ze Zdad-ikkhiz\\mg 'nA b
model. Utilities Policy, 59. (https://doi.org/10.1016/].jup.2019.05.003)
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Analytical approach Akey insights P ¢

Temporal aggregation(UDE)

Results
A With N technologies, 2 N + 1 time segments sufficientto replicate capacities, energy quantities &
prices
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A Separateconsideration of thetime step with the highest residual load
- much higher shadow price in this timestep has animportant impact on overall cost
- True also for modelswith endogenous renewable generation capacitiesas well as tomulti -region cases

Further work on multi -region settings
A Scarcity of transmission capacitiesimpacts possible aggregation
- Casedistinction: non-binding vs. binding transmission constraints one common or muItipIe supply stacks

A Description of the mfeed distribution over different residual load levels required A
rel SitiOfzey nts a ers
\él'%'sgg?\a?arkets DEUSISSEBNU R raun
& Finance Open-Minded ISE 17.04.2020




Effectsof temporal aggregation O T
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- Statistical Analysisof serial dependance
Temporalaggregation(ISE)

A Using 2 statistical testsRandomization and Jackknifemethod
A Randomization of hours in days, hours in months, days in months, days in years, weeks in year

A Randomization of hours in months

- More short term storage and the storage volume of thdong term storage decreasedy around 85 %, but
IS consistent over the model runs

- PV expansion decreaséoy 50 % (PV more expensive than Wind in the scenario)
A Randomization of days in months
- Storage volume oflong term storage decreasedy 25-40 %
- PV expansion decrease$y 25 %
- Results are more spread than in other randomization
A Randomization of days in years
- PV expansion decreases by 8®0 % due to the elimination of the seasonal structure
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Effectsof temporal aggregation B 1S,BU R 6

Almpacts of extreme eventsbasedon statistical analysis
Temporalaggregation(ISE)

A Jackknifemethod
- systemically leave out observations
- Remove a day from the dataset and calculate
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A Results: > A

- The exclusion of periods with low capacity
factors for wind/PV have the highest impact
on the model results

- Theimpact becomes greater when there is a E e
cluster of low generation days or weeks

System Costs, % of Reference Scenario
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- The observation with the lowest capacity
factor has not necessarily the biggest impact

Wind + PV Normalized Production Potential
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Analysisand Aggregation of weather data B e

Spatial Aggregation (ISE)

A Selection of Weather Dataset: £ o,
- Merra-2 (NASA) =i T = ffﬁ
- CFSv2 (NCEP) - el I -
- ERA5 (ECMWF) ' =

A ERAS5 Was selected based on the following
criteria

- Longest observation period \%3 4
- Windspeed on 100m as parameter N
- Higher resolution than the Merra V2 Dataset -
- Weather model of the newest generation

N
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Technological aggregationfor PV power plants Bk ISP R &

Technological aggregation(ISE)

Problem formulation: 0,45

A Differences between various module types 04
small regarding efficiencies,especially
with high irradiance

A Differences in module orientations
potentially more important

Analyses & results:
A 11 different module orientations
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Normalized power production

calculated and tested in model runs 0,05

A Differences between profiles are too small 0
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to make up the discrepancies in fultioad- Hour
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Spatial and technological aggregation O T
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basedon value components

Spatialand technological aggregation(UDE)

Problem formulation:

Multiple investment choices e.g. location and technology type for wind energy
to be aggregated for largescale system models

Approach:
|.  Definition of value components
Il. Computation of the value components
1. Choice of adequate scenarios
2. Define investment choices as objects for the clustering algorithm
3. Calculate value components for various scenarios
Ill. Aggregation of investment choicesin limited number of clusters
4. Predefine cluster numbers using hierarchical clustering
5. Aggregation of investment choices
U cf. presentation by Arne Pdstges
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