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1 — System description

@ Residential space heating with air coupled heatpump

(]

Electricity price variations correlated to wind power production

Use of a stratified hot water storage tank as energy buffer

Minimize space heating costs

Boundary conditions i System

emission system
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storage




1 — Storage tank non-linearity

Example with constant heatflow discharging, variable flow rate:

Described by: 40
dT.
o, Lstoavg = Qs — Qem (1) L m E
dt 35 ‘ : : |
Constrained by: e
~
’ ; 30
Qem < (5C)min(Tem,in - Tem) (2)
average
outlet
Linear only when Ty, ;5 is linearly 25 return
0 2 4 6 8 10

dependant of Tsto avg- time (h)

Linear description is invalid when a stratified storage is
almost empty
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2 — OCP formulation

rglln Z Qsh,gmdpgmd + Qsh localplocal +-
A

s.t.
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Qsh ,grid + Qsh local <= Qsh ,mazx
’ﬁzm <= (Ec)mln (Tem n T’L )

A (0 i yi it/ NE))
sh,grid>» ¢ sh,local’ “vem> Lk y T

@ State constriants discretized using direct collocation
@ Soft constraints for operational and storage temperature

@ Implemented directly in Matlab, solved by CPLEX
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2 — lterative linear optimal control

— Real
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@ Prediction for Tey, i required, or

@ Increase Tt qvg,min and reduce Qem mas at times when storage is
near empty

@ Determine when storage is near empty using simulation




2 — lterative linear optimal control

U pdate Tstozmaz rTsto,min
and Qem maz

{

Solve ideal OCP

}

Simulate using a storage model
with mixing

Qem,sim < Qem,con <V>

Yconverged

In open-loop optimal control, the iterative linear program
can result in around 10% decrease in total costs when

required backup heating is included [1]




2 — MPC formulation

@ Equal control and emulator model

except for storage tank E o ’cCirZr;;;c’zlion E

@ 3 day control horizon ! > !

@ 1 hour control timestep | ol l !
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3 — Case
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3 — Cost difference

35

| X ideal |
40.1°C: O iterative | -
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Electricity cost (eur)

At equal discomfort, iterative solution performs only
slightly better




3 — Comparison of control actions
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3 — Discussion

Building functions as a damper?

@ How does the storage state estimation quality affect the ideal model
performance?
— Try less accurate estimation technique

@ In the ideal model a different Ty min estimation method will give
different results.
— Sensitivity analysis

Ideal model requires tuning to achieve sufficient thermal comfort.
— Can be made adaptive

Similar results with different energy price scheme?
— Try different formulations

ﬂ



4 — Qutline

@ Conclusions

ﬂ



4 — Conclusions

The use of ideal stratified storage optimal control
formulations in closed loop model predictive control does
not result in large estimation errors for energy costs

The iterative linear program results in a slightly lower
energy cost and requires less tuning and thus is
recomended for use in real-world MPC
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