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REMix Energy System Model

% REMix Energy System Model

Energy Data Analysis Tool REMix-EnDAT Energy System Optimization Model REMix-OptiM

Calculation of RE technology potentials, Least-cost composition and hourly operation of the
as well as hourly profiles of power demand and power system, determined by linear optimization
\ RE power generation Minimize Cygom = 2 CX;
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Output ]

Input
Climate and weather data, techno-economic technology parameter, scenario data

Hourly system operation, system costs, CO, emissions, construction of new assets

» Deterministic linear optimization model realized in GAMS
» Assessment of investment and hourly system dispatch during one year
» Scope: validation of regional, national and continental Iong-term energy scenarios
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Representation of energy sector integration in REMix
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» Continuous and ongoing enhancement of the model scope
* Focus on power demand flexibility provided by energy sector integration
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Case study: energy sector integration in Germany (1)
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*excluding connection of offshore wind

» Target year 2050, RE share > 90% for domestic generation
» Scenarios vary in regional allocation of power generation and grid expansion
» Consideration of power exchange within Europe and 18 regions in Germany

» Competition of flexible sector integration with expansion of storage and backup
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Case study: energy sector integration in Germany (2)
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» Around 35% of battery electric vehicle (BEV) charging demand is shifted
» Around 10% of the heat demand supplied by CHP and heat pump is stored
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(Optimised) H, infrastructure notably reduces battery storage demand

r

Around 20% of decentralized H, demand is stored
Inflexible heating and BEV charging increase CO, emissions by ~3-5 % each
Grid expansion enables much smaller dimensioning of decentralized H, system
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Case study: flexible electric heating and CHP in Europe
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Resulting average storage size in district heating systems Considered regions/countries

 Least-cost dimensioning of thermal storage in CHP and heat pumps systems
» Based on detailed assessment of heat demand and district heating potential
» Target year 2050, RE share 85%, VRE share 70%

» Model results show high potential for power-oriented operation, particularly in
regions with high wind power supply share

» Usage of thermal storage hardly influenced by other balancing technologies
#7 TR L. et T S R T S D,
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Case study: 100% RE supply on the Canary Islands
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 Particular challenging island environment:
 Limited possibility of spatial balancing through power transmission
» Low availability of biomass and hydro power for dispatchable generation

 Important contribution of controlled battery electric vehicle charging, flexible
hydrogen production and re-electrification to load balancing

» High curtailments indicate potential for additional balancing/storage
#7 R L R & kW g
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Source: Gils, H.C. and Simon, S. (2017) Carbon neutral archipelago — 100% renewable energy supply for the Canary Islands,

Applied Energy, 188: 342-355. http://dx.doi. org/lO 1016/j.apenergy.2016.12.023
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Case study: 100% RE supply in Brazil
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Power generation costs

» High potential for dispatchable renewable generation: hydro, biomass, CSP
* Flexible sector integration is used if available, mostly controlled electric vehicle

charging, but limited role for synthetic fuels/hydrogen
Thermal storage mostly relevant in Concentrating Solar Power (CSP) stations
Wind and PV cheaper than additional hydro power
Reduced inflow to hydro stations favours additional CSP
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Source: Gils, H.C., Simon, S., Soria, R. (2017) 100% renewable energy suppIy for Brazil — the role of sector coupling [
and regional development, Energies 10,1859, https //doi.org/10.3390/en10111859
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Implementation of the gas sector into REMix

» Scope:
« simplified representation of synthetic gas production, storage, transport
 consideration of the power demand for gas compression
* Requirements:
* fully linearized implementation, limited to energy quantities
* negligence of gas properties and technical details of compressors & pipes
* Realization:
» Modular structure allows for flexible combination of elements
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Exemplary results using the model enhancement

Test case evaluating the production, transport and usage of renewable gas
Regionally resolved island system for Germany with 100% RE supply

Gas production mostly in coastal regions, reconversion further south
Dimensioning and location of highly influenced by power grid capacity

15
10 [J TenneT 1-6
[] soHertz 1-4
5
| || I [ ||| II I I Bl Amprion 1-6
0 - - - - m —
= 2 2 3 £ 2283 PRI I LB ERRE [ TransnetBw 1-2
S 22222 ::55656555233233
(&) (&) (] [a] (&) o '-5 g
Supported by:
¥ Production ™Consumption % Federal Ministry
for Economic Affairs
and Energy

'g on the basis of a decision
« by the German Bundestag




DLR.de * Chart11 > EURO 2018 > Hans Christian Gils « Energy sector integration > 10.07.2018

Summary and outlook

 REMix includes all major energy sector integration technologies in high detail
 Evaluation of flexible energy sector integration from overall systems’ perspective

« Significant demand flexibility of BEV charging, electric heating and H, electrolysis,
which can complement and replace power transmission and storage

» Current focus on more detailed implementation of gas sector/synthetic fuels
» Ongoing projects focused on energy sector integration
* Interaction of different options, influence of supply and grid infrastructure
* Integration of business perspective through model coupling

i DLR




DLR.de « Folie 12

Publications

Luca de Tena, D. (2014), “Large scale renewable power integration with electric vehicles”, Dissertation, Universitat Stuttgart,_http://dx.doi.org/10.18419/opus-2339

Scholz, Y., Gils, H.C., Pregger, T., et al. (2014) Moglichkeiten und Grenzen des Lastausgleichs durch Energiespeicher, verschiebbare Lasten und stromgefiihrte KWK bei hohem
Anteil fluktuierender Stromerzeugung, Project report for the BMWi.

Naegler, T., Simon, S., Klein, M., and Gils, H. C. (2015). Quantification of the European industrial heat demand by branch and temperature level. International Journal of Energy
Research, 39:2019-2030. http://dx.doi.org/10.1002/er.3436

Gils, H. C. (2015) Balancing of intermittent renewable power generation by demand response and thermal energy storage (2015), Dissertation, Universitat Stuttgart,
http://dx.doi.org/10.18419/0pus-6888

Gils, H. C. (2016) Economic potential for future demand response in Germany — Modelling approach and case study. Applied Energy, 162: 401-415.
http://dx.doi.org/10.1016/j.apenergy.2015.10.083

Gils, H.C. and Simon, S. (2017) Carbon neutral archipelago — 100% renewable energy supply for the Canary Islands, Applied Energy, 188: 342-355.
http://dx.doi.org/10.1016/j.apenergy.2016.12.023

Scholz, Y., Gils, H.C., Pietzcker, R. (2017) Application of a high-detail energy system model to derive power sector characteristics at high wind and solar shares, Energy Economics,
64, 568-582. http://dx.doi.org/10.1016/j.eneco.2016.06.021

Gils, H.C, Scholz, Y., Pregger, T., Luca de Tena, D., Heide, D. (2017) Integrated modelling of variable renewable energy-based power supply in Europe. Energy, 123: 173-188.
http://dx.doi.org/10.1016/j.energy.2017.01.115

Michalski, J. , U. Biinger, F. Crotogino, et al. (2017) Hydrogen generation by electrolysis and storage in salt caverns: Potentials, economics and systems aspects with regard to the
German energy transition. International Journal of Hydrogen Energy 42:13427-13443. https://doi.org/10.1016/j.ijhydene.2017.02.102

Cebulla, F., T. Naegler, M. Pohl: Electrical energy storage in highly renewable European energy systems: Capacity requirements, spatial distribution, and storage dispatch, Journal of
Energy Storage 14:211-223. https://doi.org/10.1016/j.est.2017.10.004

Gils, H.C., Simon, S., Soria, R. (2017) 100% renewable energy supply for Brazil — the role of sector coupling and regional development, Energies 10,1859,
https://doi.org/10.3390/en10111859

Gils, H.C., S. Bothor, M. Genoese, K. Cao (2018) Future security of power supply in Germany — the role of stochastic power plant outages and intermittent generation, International
Journal of Energy Research, in press

Contact
Dr. Hans Christian Gils, DLR, Institute of Engineering Thermodynamics, Systems Analysis and Technology Assessment
Pfaffenwaldring 38-40 | 70569 Stuttgart | Germany | Telefon +49 711 6862-477 | hans-christian.gils@dIr.de | www.DLR.de/tt

DLR




