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Introduction
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Introduction

Load aggreator

— gathers, pools and trades the flexibility of consumers
* Residential houses with heat pumps
— to offer services to other market actors
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Modeling framework

Buildings
Detailed building models X¢pq = Ax, + Bu,
- Modelica (Dymola) y; = Cx; + Du,

e .. where
System Identification

- x is the vector of state variables

— temperature nodes
Reduced-order models P

- Grey-box models

- y is the zone temperature

Rs Qe e - u gathers model inputs (heat input,
L . i/ . internal heat gains, weather data,...)
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Modeling framework

Systems

Heat pump / Empirical modeling of steady-state performance:
cOP = f(T*%, TP, PLR)
for space-heating and DHW production

(manufacturer data)

Water tanks One-node water tank models:
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Load aggregation method
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Load aggregation method

e Space-heating demand

— Example: aggregation of 100 houses
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Load aggregation method

e Space-heating demand

— Example: aggregation of 100 houses
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Load aggregation method

e Space-heating demand

— Example: aggregation of 100 houses
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With four aggregated model — error = 12%
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Provision of power reserve

* Problem statement:

— Objective: pool flexible heat pumps to provide power reserve at every
time period of the day

Power
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Provision of power reserve

o [\ payback period to allow the system to return to its
baseline after the power modulation
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Provision of power reserve

o [\ payback period to allow the system to return to its
baseline after the power modulation

* At each time step T:
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Provision of power reserve

* Problem statement:
CENTRALIZED OPTIMIZATION

minimize electricity costs on day-ahead market

# clusters
min Z Z Pca; |y + B Z y-
t [ T

while providing a defined amount of power reserve:

Z# clusters 6riai > R+(1 _/11)]

while ensuring that any activation can be corrected within comfort limits:
—O0 <X r1k+1—Xig ks1 =0

and under thermal comfort, power and energy limitation constraints

Reservation cost = opportunity cost due to the constraint
—> Given by the dual value of the constraint
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Bases of reservation costs
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Bases of reservation costs
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Bases of reservation costs
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Bases of reservation costs
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Reservation costs
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Conclusions

* A method to develop reliable aggregated models of residential buildings
equipped with heat pumps and water storage with different energy use
profiles was presented.

* The method is used to assess the provision of power reserve with such
flexible loads:

— A combined optimization problem that aims at the minimization of
procurement costs on the day-ahead market while ensuring a certain
amount of reserve is proposed.

— Results show that

* the provision of upward reserve is limited by the ability of the
system to return to its baseline state, and by limited heat pump
capacities. The provision of up to 70% of the current contracted
amount of reserve (140MW) can be achieved with 40000 units
during the winter at 44% of the cost.

* the provision of downward reserve is hampered by significant
overconsumption and may become non competitive compared to
current reserve market prices.
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