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We would like to design an energy
system for heat, hydrogen and
electricity generation! Can you

help us?

- Energy/Material Demand Data
- Carbon Limits

Define the topology and all input data
Here you go with hopefully
!
1) Defining boundary conditions all you need!
- Weather Conditions h' ‘

2) Technology & Network Selection
- Which Technologies
Sure, here is what - Which Networks

we need to to!

Cool, thanks,
looks complete, let me illustrate
that for you, real quick!

3) Defining Economic Data
- Technology Investment/ O&M costs

‘ - Network Investment/ O&M costs

- Energy & Carbon Prices

@
dh

(Offshore Node \

| T

Sure, essentially it consists of a lot of equations and is

formulated as a mixed-integer linear program. In contrast

to simple linear programs, this means that some decision
variables can only take integer values.

biect t If we would use a simple linear program, the optimization

supject 1o might lead us to the conclusion that is optimal to build

On the top,
: ) . \ : ||||| (111N you can see the systems topology, including a
E E 3.8 wind turbines offshore - this is clearly impossible. -« | hydrogen network and an electricity network
: L i between an onshore and an offshore node. We
50”.”? of the.se problem; can easily contain millions of 5 J give the model a selection of technologies that
decision variables (as it is the case here) and of course ~ can be build (or not) depending if it is optimal or
cannot be solved in a pen-and-paper manner. Luckily, we not. On the bottom, you can see the essential

got high-performance computers to do the job for us.

Integrated Offshore _
Wind Turbine with Offshor.e Wind

N\ [

building blocks of our model that is transferred
into @ mathematical formulation to determine
the optimal design and operation.

b In your case, we'll find the least expensive
i g design and operation of the system over a year,
HZFUTace :_____:/

Considering that you want to run a sensitivity analysis, |
would guess it takes about 150 hours or so. So talk to you
in a week, I'll keep you posted!

Whaaat, so long? \

Can't you do it quicker?

@
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No, the solution of those problems, L Input Data )
are a problem class that is r N
NP-complete. - Weather Conditions
. : - Energy Demands ,
In other.words. it takes a long time _ Energ oricos Cool, can you give me
to solve it and the computer essen- _ Carbon Rates a short explanation of what that
tially needs to do a lot of “smart” trial - Technology Costs mathematical model looks
and error. But we all know how smart _Technology Performances like?
the computer is...
. Y,
( h
Objective Function
J
( )
- Total annual costs OR
- Total annual emissions
\. J

180h of work on
the University

Servers later... COntribUtion Of thiS WOrk

Gese mixed-integer linear problems are solved in tvb
N\ steps being described on the left. The larger the sys-

,
Stage 1 tems become and the more detailed we model the
technologies, the longer it takes to solve them.

(" Offshore Node ) The first step is an important one: since we allow a
| violation of the integer constraints, the solution from
Here are your results. Hopefully AN the root relaxation provides a first indication of the
next time, we are quicker. We are . A minimal possible objective value. If we enforce the
currently working on a new solution s integer constraints, we can never be better than that
algorithm to combine human and initial objective.
machine intelligence.
TN Lets say, we have succesfully solved for the optimal
Solution of the mixed-integer problem: design and operation of the system on the left, but we
\_ ) 1) Root relaxation (LP) want to actually solve the system below. What can you
e N - All integer constraints relaxed to continuous variables deduct for the design and operation of the larger
Thanks a lot! Looks good. _ Establishes a lower bound on the solution system, given the optimal solution for the smaller
The algorithm sounds interesting system?
though, can you tell me more? 2) Branch & Bound \ /
E ,ﬁh - Finds a feasible solution within a distance to the best bound
L3 jie_ 3 - Iterative, “smart” algorithm h l/
I"““ - (eI @ Ve (e ‘ Well, isn't it, that the solution we
Frecroyzer The computational time of both steps depends largely on sleiE e, 5 6l & ;olut|on I @
e the number of variables larger system? Provided of course
é . . ) ' that the technologies remain the
Optimal Design same...
Technology sizes _Onshore Node y
Wind Turbine 5 g y
Battery Onshore 25 MWh
Electrolyser Onshore 10 MW The optimal solution of stage 1 ' : : : \
Cavern Onshore 152 MWh becomes a feasible solution in Ex.actly. If we provide the solving .algo'rlthm
SMR 8 MW stage 2 with a so called warm-start solution, it can
Natural Gas Furnace 6 MW rule out parts of the iterations that are
required in the second step.
Hydrogen Furnace 4 MW . P
, ( S 2 h And even better: If we only solve the root
Network S1ZES tage relaxation of the larger system we already
Electricity >0 MW have an indication for how better we can
Hydrogen 0 MW ) . N actually get by adding technologies to the
, N RIE R system - even though we might not have
Optimal Operation ﬁ PR enough resources to solve the larger
Il l system. So essentially, we can solve the
£ L L = W i o i larger system quicker provided a
L L ““‘: | ‘;‘ "“‘ ‘1 ““l‘ il “ | i I i Electrolyzer ) . .
i M‘\”\ W MH{ "W ‘\”m ,H.r M“ “W w il [ I R warm-start derived from a simpler system.
T LG T = il "
\ ' ) Nice, | think I got the idea.
Thanks! What are current
4 )
challenges you encounter?
\. J E Well, we still need to run some experiments to measure
the improvements. We do know that the second stage
]]]]I L solves quicker provided a warm-start, but we do not
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