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urbs TUT
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Resolution
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TUTI

Spatial resolution

Country-level
* Node 1: Uruguay
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RES - Reference energy system (l) TLUTI

Input Commodity Output Commodity

Process >

Storage
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RES - Reference energy system (ll)

Solar Irradiance

Electricity

Battery
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RES - Reference energy system (lll) TUT

Solar Heat source Heat Elec
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RES - Reference energy system (1V) TUM
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RES - Reference energy system (V) TLUTI
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Sample Output
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Power (MW)

Energy (MWh)

Scenario All Together: Elec in North, Mid, South

120,000

100,000

-20,000

-40,000
2,000,000

1,500,000

1,000,000

500,000

0
3,000
2000 | |
1,000

0

1,000

-2,000

Energy (MWh)

-3,000
5000

Time in year (h)

Photovoltaics
Storage

Wind park
Purchase
Hydro plant
Lignite plant
Biomass plant
Feed-in
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Nomenclature

Set

teT
vev
acA
ceC
peP
ses
feF

Subsets

Tm5 tO! tN

AP As
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' t

Crpr Cop

Sve
ex im
FVCps FVCp
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Description

Time steps, modelled time steps, initial/final time step
Sites

Arcs, incoming/outgoing arcs in site v
Commodities, commaodity type subsets

Processes and their input/output commodities
Storage, storing commodity ¢

Transmission, exporting/importing transmission
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Commaodity

Different types of commodities:

« Demand: timeseries, one value for each
timestep

* Suplm: intermittent supply (e.g. solar), one
value between 0 and 1 for each timestep

» Stock: price per unit, units can be limited
(max, maxperhour)

« Env: similar to Stock, additional constraints

Site Commodity |~ Type v price v max + maxperhour ~
Mid Solar Suplm

Mid Wind Suplm

Mid Hydro Suplm

Mid Elec Demand

Mid Coal Stock 7 inf inf
Mid Lignite Stock 4 inf inf
Mid Gas Stock 27 inf inf
Mid Slack Stock 999 inf inf
Mid Biomass Stock 6 inf inf
Mid co2 Env 0 inf inf
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Constraints:
« Commodity balance:

out
CB(v, ¢, t) Zevcpt Zevcpt
plceCin, plceCyy
in out out
Z (evst vst) + Z 7Taft Z Taft
SESve acA; ac AP
FEFSP  fepm
* \Vertex equation:
VveV,ceC' teT:
pvet — CB(v, ¢, t) —dyet > 0
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Process T|.|11

Site ~ | Process ~ inst-cap * cap-lo * cap-up ~ max-grad ~ min-fract ~ inv-cost ~ fix-cost ~ wvar-cost ~ wacc * depreciation - area-per-cap
Mid Hydro plant 0 0 1.400 inf 0 1.600.000 20.000 0,0 0,07 50
Mid Wind park 0 0 13.000 inf 0 1.500.000 30.000 0,0 0,07 25
Mid Photovoltaics 0 15.000 160.000 inf 0 600.000 12.000 0,0 0,07 25 14000
Mid Gas plant 0 0 80.000 4,80 0,25 450.000 6.000 1,6 0,07 30
Mid Slack powerplant 999.999 999.999 999.999 inf 0 0 0 100,0 0,07 1
Mid Lignite plant 0 0 60.000 0,90 0,85 600.000 18.000 0,6 0,07 40
Mid Biomass plant 0 0 5.000 1,20 0 875.000 28.000 14 0,07 25

Define capacity limits and costs

Constraints:
+ Total installed capacity:

VveV,peP: Kvp:Kvp_F’%vp

* Process capacity limits:
VveV peP: KVPSK'VPSRVP
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Process - Commodity

Pracess - |Commodity | * | Direction |~ ratio ~ ratio-min ~
Hydro plant Hydro In _ 1,00 HNV
Hydro plant Elec Out S 1w BNV
Wind park Wind In s 100 BNV
Wind park Elec Out S 1w BNV
Photovoltaics Solar In _ 1,00 HNV
Photovoltaics  Elec Out S 1w BNV
Gas plant Gas In P 100 B 120
Gas plant Elec Out [ ] 0,60 BNV
Gas plant coz Out [ | o2 [ 0,24
Coal plant Coal In _ 1,00 _,40
Coal plant Elec Out [ ] 0,40 BNV
Coal plant co2 Out | ] 030 I 0,42
Lignite plant Lignite In s 100 e
Lignite plant Elec Out [ ] 0,40 HNV
Lignite plant co2 Out | oca I oso
Biomass plant Biomass In _ 1,00 HNV
Biomass plant  Elec Out [ | 0,35 ENY
Biomass plant Co2 Out 0,00 HNV

Define efficiency of processes
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Constraints:

Process input/output definitions:

VveV,pe PteT:

in _ in
evpct — TVPtrpc
out out

€vpct = Tvptlpe

Process throughput limit:
VveV,pe PteT:
Tvpt S vap
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Storage TLUTI

Site ¥ |Storage - | Commodity | * | inst-cap-c ~ | cap-lo-c| = cap-up-c ~ inst-cap-p ~  cap-lo-p ~ | cap-up-p ~ eff-in ~ eff-out ~ inv-cost-p ~ inv-cost-c -
Mid Hydrogen Elec 0 0 inf 0 0 inf 0,64 0,64 42,000 6,54
Mid Pump storage Elec 0 60.000 inf 0 8.000 inf 0,94 0,94 100.000 1]
South Hydrogen Elec 0 W] inf W] W] inf 0,64 0,64 42.000 6,54
South Pump storage Elec 0 163.000 inf 0 500 inf 0,94 0,94 100.000 1]
MNorth Hydrogen Elec 0 0 inf 0 0 inf 0,64 0,64 42,000 6,54
MNorth Pump storage Elec 1] 700.000 inf 0 1.500 inf 0,94 0,94 100.000 0

Storage for defined commodity, again capacities and cost have to be defined
Additional definition of power and storage level

Constraints:
« Storage state:

con __ _con in in out out
VveV,se S, t € Tm: €vst — Evs(t—l) + €/st " Eys — vst/e

« Storage content and power:

VweVseS: = KS_ + &S, = Kp, + kD,

TUM ENS | 27.08.2024 20



Transmission TUTI

Site In |~ Site Out |~ | Transmission |~ | Commeodity |~ eff ~ inv-cost = fix-cost = wvar-cost = instcap =  «cap-lo = «cap-up ~ wacc ~ depreciation -
Mid Morth hvac Elec 0,30 1.650.000 16.500 1] 0 1] inf 0,07 40
South Mid hvac Elec 0,30  1.650.000 16.500 0 0 0 inf 0,07 40
South North hvac Elec 0,85 3.000.000 30.000 1] 0 1] inf 0,07 40
North Mid hvac Elec 0,90 1.650.000 16.500 0 0 0 nf 0,07 40
Mid South hvac Elec 0,90 1.650.000 16.500 0 0 0 nf 0,07 40
North South hvac Elec 0,85 3.000.000 30.000 0 0 0 nf 0,07 40

Connection to exchange defined commodity between two regions, more realistic power grid modelling

Constraints:
» Total transmission capacity:

Vac AfeF: ki = Ka + Kar

* Transmission output and input:

VacAfeFteT: 7m0 =x" er . < Kaf

TUM ENS | 27.08.2024 21



Objective function TLUTI

Cost function:

¢ = Cinv + Cfix + Cvar + Cluel

. A inv AC [.C,iNnV A Inv A inv
Giny = Z KVPkp + Z (Kvskvs + Kesk\?s ) + Z Kaf Kaf

veV veV acA
peP seS feF
_ fix ¢ 1.c,fix fix fix
Cﬂx o Z KVkap + Z (Kvskvs + Keskgs ) + Z Kafkaf
veV veV acA
pEP seS feF

Cluel = W L L vactkz,uce|ﬂt

tETm veV cECstock
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Example problem

Solar Power Wind

Grid

Electricity
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rzZ=

A 4

A

— Curtailment
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Example problem TLUTI

Case 1 =Cheap grid prices, RE
underproduction, empty battery

Solar Power Wind Grid Electricity

=

+
i
|
A

A

— Curtailment
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Example problem TUT

Case 2 =RE Overproduction,
Battery un/loading power 3 MW

Solar Power Wind Grid Electricity

o ,

— Curtailment
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Example problem TUTI

Case 3 = No RE production,
Battery un/loading power 3 MW

Solar Power Wind Grid Electricity
16

ﬂa

o |

— Curtailment
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Key takeaways TLUTI

When setting up your processes and commodities is important to define:
« Slack, Grid feed in or any fossil fuel process that can supply energy when there is no RE Generation
« Curtailment to give the possibility to get rid of the over generation

» Remember: Necessary to have processes that can balance Generation and Demand in all of the time
steps

« Define costs, processes, commodities and interactions in the same units (predefined MW)

TUM ENS | 27.08.2024 27
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Research questions: System models

Electricity models for:

Continents: Europe, ASEAN region
Countries: Germany, Mexico, Ecuador,
Colombia

Regions: Bavaria

Cities: Haag, Augsburg, Greifswald,
Guadalajara, Munich

Houses: Integration of electric vehicles and
higher self-consumption

Optimal expansion and dispatch planning for whole
electricity system

Scenarios for future developments to provide optimal

recommendations for action

TUM ENS | 27.08.2024
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Research questions: Campus project

« Economic and ecological optimal
expansion and dispatch for a
business park over a long period
(Intertemporal model)

* Modeling of electricity, heat and
cold

+ Optimization of PV expansion with
different types of orientations and
area demand

+ Separate study based on campus
model: resilience of energy
systems
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Research questions: LCA analysis

« Taking emissions and energy demand of
building phase of power plants into account

» Life-cycle-assessment of electrolysis in the
context of energy systems

+ German electricity system
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Research questions: Developing countries

« Decentralized energy-water-food system
« Data measurement in student projects in

Zimbabwe
» First attempts of realizing the system in

Africa
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Consultation hours

To help with the installation and setup of urbs

Tomorrow 28.08.2024
15:00 — 18:00

Room: 406
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