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Motivation & Aim

• Energy autonomy: Complete (off-grid) vs. Balanced (with imports) 
• Municipal energy autonomy

• Empowers local communities (Rae & Bradley, 2012; Boon & 
Dieperink, 2014)

• Enables the energy transition (Engelken et al., 2016)
• Energy autonomy increases costs (Weinand et al., 2020)
• Demand-side measures can potentially mitigate this

• Project aim 
• Determine a spatially and temporally resolved Value of Lost 

Load for Germany
• Analyze trade-offs between cost and security of supply
 Can dispensing with 100% security of supply allow to reduce 

the cost increase from energy autonomy?
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Value of Lost Load (VoLL)

• Economic indicator expressing the costs associated with an interruption of electricity 
supply (Schröder & Kuckshinrichs, 2015)

• Allows to translate reduced supply security from load shedding into monetary terms

• Production-function requires little and relatively easily obtainable data

• 𝐻𝑃𝐶 : Hours spent on personal care (11h per day by default)
• 𝐻𝑤 : Hours spent working 
• 𝑊 : Net hourly wage
• 𝑆𝑓 : Substitutability factor (0.5 by default)
• 𝑃𝑜𝑝𝑒 : Employed population
• 𝑃𝑜𝑝𝑛𝑒 : Non-employed population
• 𝑐𝑓 : Leisure value relative to employed person (0.5 by default)
• 𝐸𝐶𝑎 : Annual household electricity consumption (de Nooij et al., 2007)
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VoLL =
8760 − 𝐻𝑃𝐶 −𝐻𝑤 ∙ 𝑊 ∙ 𝑆𝑓 ∙ (𝑃𝑜𝑝𝑒 + 𝑐𝑓 ∙ 𝑃𝑜𝑝𝑛𝑒)
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VoLL calculation for Germany

• Spatial resolution: NUTS 3 Districts

• Temporal resolution: Hours

• Obtaining net hourly wage by district:

𝑊𝑛𝑒𝑡,𝑑 =
12 ⋅ 𝑊𝑔𝑟𝑜𝑠𝑠,𝑑

𝐻𝑤,𝑑
∙ 1 −

𝑇𝑇𝐶𝑑
𝑇𝐼𝑑

• Scaling VoLL to hourly profile:

𝑉𝑜𝐿𝐿𝑡,𝑑 =
𝑉𝑜𝐿𝐿𝑑
𝐸𝐶𝑚𝑒𝑎𝑛,𝑑

⋅
𝑆𝐿𝑃𝑡 ⋅ 𝐸𝐶𝑎,𝑑

𝑆𝐿𝑃𝑎
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Method

https://www.statistikportal.de/sites/default/files/2020-11/ETR_R2B2_2018_j_0.pdf
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Administrativ/04-kreise.html
https://www.statistikportal.de/sites/default/files/2020-11/ETR_R2B2_2018_j_0.pdf
http://opendata.ffe.de/dataset/electricity-consumption-of-private-households-german-districts/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiGu-HFsL_tAhVVAWMBHaCvB7IQFjABegQIBRAC&url=https://statistik.arbeitsagentur.de/Statistikdaten/Detail/201912/iiia6/beschaeftigung-entgelt-entgelt/entgelt-d-0-201912-xlsm.xlsm&usg=AOvVaw3H7vRPPToYKI0JEx2DP3y9
https://www.regionalstatistik.de/genesis/online?operation=table&code=73111-01-01-4
https://www.bdew.de/energie/standardlastprofile-strom/
https://www.statistikportal.de/sites/default/files/2020-11/ETR_R2B2_2018_j_0.pdf
https://www.destatis.de/DE/Themen/Laender-Regionen/Regionales/Gemeindeverzeichnis/Administrativ/04-kreise.html
https://www.statistikportal.de/sites/default/files/2020-11/ETR_R2B2_2018_j_0.pdf
http://opendata.ffe.de/dataset/electricity-consumption-of-private-households-german-districts/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiGu-HFsL_tAhVVAWMBHaCvB7IQFjABegQIBRAC&url=https://statistik.arbeitsagentur.de/Statistikdaten/Detail/201912/iiia6/beschaeftigung-entgelt-entgelt/entgelt-d-0-201912-xlsm.xlsm&usg=AOvVaw3H7vRPPToYKI0JEx2DP3y9
https://www.regionalstatistik.de/genesis/online?operation=table&code=73111-01-01-4


The RE3ASON (1) model

• Municipal energy systems modeling 

• Energy demand and renewable 
potential assessment using open data

• Typified timeslice structure

• Residential heat and electricity 
demand

• Mixed-integer programming (MIP) to 
minimize discounted system cost 

5 Scenarios considered:
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(1): Renewable Energies and Energy Efficiency Analysis and System 
OptimizatioN, developed according to Mainzer (2018) and Weinand (2020)

Scenario Baseline ElAut ElAutVoll Aut AutVoll

Power 
imports

X

Fuel 
imports

X X X

VoLL X X



Spatio-temporal VoLL
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VoLL is highest in urban areas VoLL is higher in winter than in summer 
and highest around noon and 20h



Energy system overview
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The introduction of VoLL allows to 
reduce the cost premium of energy 
autonomy by up to a third while less 

than 1% of load is shed

(1): Optimality gap for Berne in ElAutVoll above 9% 
whereas it is less than 5% for all other scenarios

Share of total load that is shed

(1)

Grefrath Berne

ElAutVoll 0.39 % 0.16 %

AutVoll 0.66 % 0.20 %



Use of VoLL by daytype
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Cost-effective solution for extreme states

Results



Use of VoLL by hour
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Mainly used to shed load at night

Results



Limitations & Outlook

• Limitations

• Net wage approximation for VoLL

• Temporal structure with typified days 

• Robustness of results

• Outlook

• Full-year hourly model resolution

• Analysis of different municipalities and energy system layouts
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Key findings

• Spatio-temporal VoLL

• VoLL is higher in urban areas and during hours of peak load

• Taking average VoLL leads to a significant loss of information

• VoLL allows to moderate system cost increase while maintaining a high supply security 

• PV-dominated energy autonomy seems to benefit more from VoLL

• Demand-side flexibility provides resilience to exceptional circumstances

1109/04/2021 Discussion



References

• Boon, F. P., & Dieperink, C. (2014). Local civil society based renewable energy organisations in the Netherlands: Exploring the factors that stimulate their emergence and 
development. Energy Policy, 69, 297–307. https://doi.org/10.1016/j.enpol.2014.01.046

• Cambridge Economic Policy Associates. (2018). Study on the estimation of the value of lost load of electricity supply in Europe. Cambridge Economic Policy Associates (CEPA) Ltd. 
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Lo
ad%20in%20the%20electricity%20supply.pdf

• de Nooij, M., Koopmans, C., & Bijvoet, C. (2007). The value of supply security: The costs of power interruptions: Economic input for damage reduction and investment in networks. 
Energy Economics, 29(2), 277–295. https://doi.org/10.1016/j.eneco.2006.05.022

• Engelken, M., Römer, B., Drescher, M., & Welpe, I. (2016). Transforming the energy system: Why municipalities strive for energy self-sufficiency. Energy Policy, 98, 365–377. 
https://doi.org/10.1016/j.enpol.2016.07.049

• Growitsch, C., Malischek, R., Nick, S., & Wetzel, H. (2013). The Costs of Power Interruptions in Germany—An Assessment in the Light of the Energiewende. 32.

• Mainzer, K. (2018). Analyse und Optimierung urbaner Energiesysteme—Entwicklung und Anwendung eines übertragbaren Modellierungswerkzeugs zur nachhaltigen
Systemgestaltung. Karlsruher Institut für Technologie (KIT).

• Praktiknjo, A. J., Hähnel, A., & Erdmann, G. (2011). Assessing energy supply security: Outage costs in private households. Energy Policy, 39(12), 7825–7833. 
https://doi.org/10.1016/j.enpol.2011.09.028

• Rae, C., & Bradley, F. (2012). Energy autonomy in sustainable communities—A review of key issues. Renewable and Sustainable Energy Reviews, 16(9), 6497–6506. 
https://doi.org/10.1016/j.rser.2012.08.002

• Röpke, L. (2013). The development of renewable energies and supply security: A trade-off analysis. Energy Policy, 61, 1011–1021. https://doi.org/10.1016/j.enpol.2013.06.015

• Schröder, T., & Kuckshinrichs, W. (2015). Value of Lost Load: An Efficient Economic Indicator for Power Supply Security? A Literature Review. Frontiers in Energy Research, 3. 
https://doi.org/10.3389/fenrg.2015.00055

• Shivakumar, A., Welsch, M., Taliotis, C., Jakšić, D., Baričević, T., Howells, M., Gupta, S., & Rogner, H. (2017). Valuing blackouts and lost leisure: Estimating electricity interruption 
costs for households across the European Union. Energy Research & Social Science, 34, 39–48. https://doi.org/10.1016/j.erss.2017.05.010

• Weinand, J. (2020). Energy system analysis of energy autonomous municipalities. Karlsruher Institut für Technologie (KIT).

• Weinand, J. M., Ried, S., Kleinebrahm, M., McKenna, R., & Fichtner, W. (2020). Identification of potential off-grid municipalities with 100% renewable energy supply [PDF]. 
Karlsruhe. https://doi.org/10.5445/IR/1000118013

• Wolf, A., & Wenzel, L. (2016). Regional diversity in the costs of electricity outages: Results for German counties. Utilities Policy, 43, 195–205. 
https://doi.org/10.1016/j.jup.2014.08.004

1209/04/2021

https://doi.org/10.1016/j.enpol.2014.01.046
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network development/Infrastructure/Documents/CEPA study on the Value of Lost Load in the electricity supply.pdf
https://doi.org/10.1016/j.eneco.2006.05.022
https://doi.org/10.1016/j.enpol.2016.07.049
https://doi.org/10.1016/j.enpol.2011.09.028
https://doi.org/10.1016/j.rser.2012.08.002
https://doi.org/10.1016/j.enpol.2013.06.015
https://doi.org/10.3389/fenrg.2015.00055
https://doi.org/10.1016/j.erss.2017.05.010
https://doi.org/10.5445/IR/1000118013
https://doi.org/10.1016/j.jup.2014.08.004


Thank you for your attention

Febin Kachirayil, f.kachirayil.20@abdn.ac.uk
Jann Michael Weinand, jann.weinand@kit.edu
Max Kleinebrahm, max.kleinebrahm@kit.edu
David Huckebrink, david.huckebrink@ee.ruhr-uni-bochum.de
Valentin Bertsch, valentin.bertsch@ee.ruhr-uni-bochum.de
Russell McKenna, russell.mckenna@abdn.ac.uk

13

mailto:f.kachirayil.20@abdn.ac.uk
mailto:jann.weinand@kit.edu
mailto:max.kleinebrahm@kit.edu
mailto:david.huckebrink@ee.ruhr-uni-bochum.de
mailto:valentin.bertsch@ee.ruhr-uni-bochum.de
mailto:russell.mckenna@abdn.ac.uk

