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INTRODUCTION

Motivation:

« Enerqgy system optimization models
 Complex political agendas

« Solutions with desirable qualities other than cost

* Land use, transmission expansion, equality in energy generation, transition speed
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Motivation:

« Enerqgy system optimization models
 Complex political agendas

« Solutions with desirable qualities other than cost

* Land use, transmission expansion, equality in energy generation, transition speed
« Improve on Modelling to Generate Alternatives (MGA) [1]
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« Solutions with desirable qualities other than cost

* Land use, transmission expansion, equality in energy generation, transition speed
« Improve on Modelling to Generate Alternatives (MGA) [1]

Research question:

* How do we explore all near-optimal model solutions?
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INTRODUCTION

Motivation:

« Enerqgy system optimization models

 Complex political agendas

« Solutions with desirable qualities other than cost

* Land use, transmission expansion, equality in energy generation, transition speed
« Improve on Modelling to Generate Alternatives (MGA) [1]

Research question:
* How do we explore all near-optimal model solutions?
*  What information do the near-optimal solutions provide?
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ENERGY SYSTEM MODEL

« Model of European power sector [2]

Tech capacity

‘ 300 GW

® 100Gw

Line capacity
B 50 GW

Carriers
® Wind
Solar
® OCGT
@ Battery
H2 [2] Schlachtberger, David P., et al. "The benefits of cooperation in a highly renewable i,
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ENERGY SYSTEM MODEL

« Model of European power sector [2]
» Generators: Solar PV, wind and OCGT
» Storage: Battery and hydrogen storage
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ENERGY SYSTEM MODEL

« Model of European power sector [2]

* Generators: Solar PV, wind and OCGT
» Storage: Battery and hydrogen storage
«  95% CO2 reduction relative to 1990
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* Generators: Solar PV, wind and OCGT
» Storage: Battery and hydrogen storage
«  95% CO2 reduction relative to 1990

Tech capacity

‘ 300 GW

® 1006w

Line capacity
B 50 GW

Carriers

® Wind
Solar

® OCGT

@ Battery
H2 [2] Schlachtberger, David P., et al. "The benefits of cooperation in a highly renewable

European electricity network." Energy 134 (2017)
/ AARHUS TTP@MPE.AU.DK TIM T@RNES PEDERSEN
¥ UNIVERSITY 22 SEPTEMBER 2021 | PHD FELLOW

DEPARTMENT OF MECHANICAL AND PRODUCTION
ENGINEERING

-

Input

Weather data

Energy demand

Network topology

Technology costs

Technical constraints

-

J

Energy System
Optimization Model

min f(x)
s.t.
g(x)<0i=1.m
h(x)<0j=1.p

Slide 16 of 8

<TITIN
N R)

v\\“"SOLIO %
& >
Ysis_s1an™

2 K
P A
SITAS RRWS

Slide 3 of 8



ENERGY SYSTEM MODEL

« Model of European power sector [2]

* Generators: Solar PV, wind and OCGT
» Storage: Battery and hydrogen storage
«  95% CO2 reduction relative to 1990
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Output
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Total system cost f{x*)
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NEAR-OPTIMAL SOLUTIONS
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NEAR-OPTIMAL SOLUTIONS
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Optimal solution
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NEAR-OPTIMAL SOLUTIONS
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MAPPING ALL ALTERNATIVES
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1) Find optimum

@ Optimal solution
e Sample point
<~ Optimization direction

Intermediate solution boundary

<TITIN
N 20

Full solution boundary

0-50,
A&\\4 Lip, %,
Ysrs. 1o

()

8
RO

Slide 29 of 8 Slide 29 of 8

UNIVERSITY 22 SEPTEMBER 2021 PHD FELLOW

DEPARTMENT OF MECHANICAL AND PRODUCTION
ENGINEERING

/ AARHUS TTP@MPEAU.DK TIM T@RNES PEDERSEN



MAPPING ALL ALTERNATIVES

1) Find optimum
2) Add constraint on maximum
total system cost
f(x) < f(x)(1+e)
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MAPPING ALL ALTERNATIVES

) Find optimum

2) Add constraint on maximum < A
total system cost
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MAPPING ALL ALTERNATIVES

) Find optimum
2) Add constraint on maximum
total system cost
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3) Maximize and minimize all (NG
variables \
4) Define convex hull \
containing known solutions \
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MAPPING ALL ALTERNATIVES

) Find optimum N
< A

2) Add constraint on maximum
total system cost
f) < FE)A+0) .
3) Maximize and minimize all
variables ki
4) Define convex hull /
containing known solutions
5) Search in face normal A ®
directions
minimize fyaa(x) =n-x ‘\‘\ \\\
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MAPPING ALL ALTERNATIVES

1) Find optimum
2) Add constraint on maximum
total system cost
fx) < fE)A+e)
3) Maximize and minimize all
variables
4) Define convex hull
containing known solutions
5) Search in face normal
directions
minimize fyaa(x) =n-x

subject to x e W

/ AARHUS

¥ UNIVERSITY
DEPARTMENT OF MECHANICAL AND PRODUCTION
ENGINEERING

Optimal solution

Sample point

- Optimization direction

" Intermediate solution boundary

4
‘.
\s
\\
~\
~ v
o
.
~,
\\
~\
~,
\\\\\
\\\
~,
\~~\
e e
v
X1
[ ]
<
TTP@MPE.AU.DK TIM T@ORNES PEDERSEN
22 SEPTEMBER 2021 PHD FELLOW

Full solution boundary

Slide 35 of 8

TIN5,
0,

Z,
B S
2, >
SITAS ARRS

Slide 35 of 8

2,
\\¥

ANN-507,
&
Ysis-s1an



MAPPING ALL ALTERNATIVES

) Find optimum
2) Add constraint on maximum
total system cost
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MAPPING ALL ALTERNATIVES

1) Find optimum
2) Add constraint on maximum
total system cost
fx) < f(x)A+e) I
3) Maximize and minimize all
variables
4) Define convex hull <
containing known solutions
5) Search in face normal
directions
minimize fyaa(x) =n-x
subject to x e W

6) Evenly sample convex hull
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RESULTS

* Solutions different in technology mix
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RESULTS

* Solutions different in technology mix

«  Maximum 10% increase in system cost from optimum
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RESULTS

* Solutions different in technology mix

«  Maximum 10% increase in system cost from optimum

« 500.000 near-optimal solutions
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Findings

* Large variation in solutions at small changes

In total system cost

* Negative correlation between hydrogen
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