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A three-step methodology to improve domestic
energy efficiency — Albert Molderink

1. Why do we want to monitor and manage energy
streams?

. What do we need to do to achieve this?
How can we achieve this?

Results of our methodology
Conclusions
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Increase energy efficiency — focus on
electricity

« Power plants: efficiency 30% — 50% (60% for a CHP
Why plant)
What  Balance: always as much production as consumption

How Electricity usage single house | ,Peak load
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Results

Conclusions
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Increase energy efficiency — challenges for
Smart Grid

Why
What
How
Results

Conclusions

» Less predictable pattern
e More fluctuating pattern




Increase energy efficiency — domestic
opportunities

Why Demand-side
What Load Management
How

Results

Conclusions
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Increase energy efficiency — realtime control

Why
What
How
Results

Conclusions

A
=
5
=
k=1
g

10



Increase energy efficiency — prediction and
planning

 Electricity import of a house using a

WY microCHP
What
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How -~
Results ;i 2,000
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Increase energy efficiency — prediction and

planning

e Using a 1kWh battery
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Prediction and
planning required!!
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Increase energy efficiency — together!
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Global optimizations — 3 step methodology

Why
What
How
Results

Conclusions
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Global optimizations — challenges

Why
What
How
Results

Conclusions

Flatten production pattern power plants by optimizing
domestic electricity import/export

Up to one day ahead (electricity markets and
predictions) — planning combined with realtime control

Generic

— Covering multiple scenario’s, objectives and
technologies

Scalability

Guaranteed comfort level for residents
Local and global optimization

Both heat and electricity
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Global optimizations — use case

Exhaust
(~ 5-10%)

Why
What
How
Results

Conclusions

Electricity grid

J

Electricity (~ 10-15%)

Domestic
Hot Water

Hot Water
((~ 85%)

(Import/Export)

Natural Gas (100%)
e

(Import)

Hot
Water
Tank
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Global optimizations — prediction

Why
What
How
Results

Conclusions

e Determine the scheduling freedom

— Energy demand and production
prediction

— For every individual house
— In every individual house
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Global optimizations — prediction

Why
What
How
Results

Conclusions

Heat demand (kWm)
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Global optimizations — planning

Why
What
How
Results

Conclusions

» Harvest and aggregate information
hierarchically

— First versions based on ILP

— NP-complete for only microCHP
Installations — heuristics, 1terative ILPS, etc.

time
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How

number of houses
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Why
What
How
Results

Conclusions

80 100 120 140 160 180 200 220 240
time intervals
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Global optimizations — planning

Why
What
How
Results

Conclusions
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Global optimizations - control

 Realtime control of individual house
— Global planning as input — pricing signals

WY — Working around prediction errors
Wh - N
Hov‘jt — Guarantee the comfort given the electricity
- price

esults s

Conclusions ﬁ'ﬁ
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Global optimizations - control

Why
What
How
Results

Conclusions

» Matching of demand
—1) Import from the grid, 2) Supply by

generator, 3) Supply by energy buffer, 4)
Switch off appliance

* Find the best solution with a simple ILP that is
solved every time a decision is needed
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Global optimizations - control

e Every matching has a certain cost

» Cost function per device/grid import:
discontinuous piecewise linear function

Why

What (AX + B)

How e |LP finds the solution with the lowest costs
Results Grid import costs:

. Example cost function buffer '
Conclusions P = ShaVIV

matching—

COStS ——»

costs —»

matching———="
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Results

Why
What
How
Results

Conclusions

e Simulation of 10 identical
houses (microgrid scope),
same heat demand

 \ery difficult to schedule

of microCHPs running
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Results
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Results

Why
What
How
Results

Conclusions

* Prototype
Implementation

 Single house scope
 Fixed heat demand

Free capacity buffer(kWh)

Time (h)
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Results
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Results

start microCHP

) start microCHP
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Time (h)

Good prediction important!
(Realtime) Rescheduling required!

31



Conclusion

Why
What
How
Results

Conclusions

» 3-step methodology can exploit optimization
potential

— Increase efficiency

* Possible commercial applications
— Virtual Power Plant
— Network stability

— Lower required maximal capacity power
plants and grid
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Questions?

e Thank you for your attention
http://et.ewi.utwente.nl
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