A{]]

Karlsruhe Institute of Technology

RESASON: A
optimization

Kal Malnzer

Chair of Energy Economics,
Institute for Industrial Production (1IP)

tool for the analysis and
of urban energy systems

european

3

erneuerbare
energie region

0 10066

Covenant
of Mayors

Committed to local
sustainable energy

energy award

OFLII’!// ‘EN-H_O_7 c;
. “ ‘ i 4
E‘Z‘J C]

2009-12-17 04:52:57 e=0.95

Motivation
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» The exact potential, the costs and
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» System complexity due to interactions between
different technologies, buildings and sectors

» Cities pursue sustainability goals > Potential for renewable energies and which alternatives are best suited IS 3 Techno-economic evaluation of individual and
» Energy concepts are required energy efficiency improvement in cities unknown or expensive to assess combined measures necessary
Transferable methods for the analysis of urban energy systems
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Retrieve power grid and pipelines
Retrieve power substations
Create infrastructure based on adjacent districts
Create infrastructure based on Q5M arid data

create districts using substations with:

Set import/export capadties
Set energy exchange capacity betweeen districts
critical infrastructure
energy water health
emergency transport [»] administration

Retrieve critical infrastructure

® 10kv (O 220k () 380kV

» Infrastructure,

» building stock,

> electric

» and heat demand.

Radiation data csv:
Surface Tilt categories:
28 Surface Azimuth categories

2015_15min_49.0069_8.4037_Karlsruhe.csv v
0,14,21,29,37,44,52,61,68
:),112,5,135,157.5,180,202.5,225,247.5,270,292.5,315,337.5
Roof Calculation Settings
flat roof share [%]
large building threshold [m?2]
average slanted roof angle []
standard deviation of slanted roof angle [?] 15,00
N minimum surface to consider [m3] 15,00
PV module technology c-Si
PV module mounting type dach_abstand_st10cm
PV module width [m] 0,992
PV module height [m] 1,650
Distance between PV modules [m] 0,10
PV modules nominal power [w] 235,00
PV modules lifetime [a] 25,00

9%
3.000,00
37,00
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. > min power per roof [W] 1.000,00

In addition, the costs and | - )

et | L) Electricity demand profiles

residential electricity demand

: potentials for local
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Retrieving buildings for Karlsruhe.
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renewable energies can
be calculated using an

PV system price [€/kWp]

PV module share of system price [%]
Operational costs [% of invest/a]
Cell degradation [%/a]

1.300,00
48%

1%
0,5%

Integrated GIS:

» wind power
» photovoltaics
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» biomass

2E3 3E3 4E3
PV electricity generation potential [kwh/a]
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Minimization of total system cost, CO, emissions, or net
energy import, with technical & user-defined constraints

Methodology: Mixed-integer linear programming (MILP)

min  {c'x|Ax < b,x =0}
xi€R,x;e{0;1}

~ 2.5m equations, 1.5m variables, 7k binaries
fix-and-relax temporal decomposition method can be applied

Detalled scenario results

investment decisions, unit commitment, costs, emissions, ...
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2015 2020 2030 2035 2040 2045 2050

reduction targets

Results include:

» Required investments for energy generation & use
» Optimal degree of renewable energy utilization

» Reasonable technology combinations

» Development of costs, emissions, energy import

and primary energy consumption for different
emission reduction and cost scenarios

Cost
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Scenarios: Import
@ min cost -@min emissions
@ min import @-min emissions w. 110% cost

omin import w. 110% cost
kmin Import w. 120% cost
» Explore Trade-offs:

E.g. significant emission reduction can be
achieved with only minor increase in costs

A min emissions w. 120% (ﬁ

*RESASON: Renewable Energies and Energy Efficiency Analysis and System OptimizatioN
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