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m Electric heat pumps management
= Motivations
= Case study 1: using thermal house inertia and customer flexibility
= Case study 2: using thermal storage to provide flexibility

m Future scenarios and challenges
= Ongoing and future activities
= Challenges
= Conclusions
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Electric heat pumps management
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Electric grid scenario
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m Demand Side Management (DSM) is one of the solutions to enable the Smart Grid

= modification of consumer demand for energy through various methods such as financial
incentives and behavioral change through education

m DSM can be applied to flexible loads, namely appliances whose operation can be
shifted, interrupted, or scheduled without generating a discomfort to the end-user

m Flexible loads: electric vehicles, water heaters, washing machines, air conditioning
systems, heat pumps;

/ Why are heat pumps flexible? \

Thermal inertia of the house / slow
dynamics

Possible flexibility from the customer on
the accepted temperature

Possibility to have coupling with thermal

K storage /
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m Goal of the optimal scheduling:

= Power peak shaving in the electric distribution grid

Deliver the desired indoor temperature to the final customers

m Why power peak shaving??

Distribution grid benefits

= Minimization power losses / better efficiency

= Easier management of the grid having a flatter profile of the daily consumption
= Postponements of investments for grid operated close to their limits
Transmission system benefits

= Possibility to avoid the use of more expensive generators to cover power peaks
= Reduction of the needed spinning reserve

Benefits for the customer

= Less risks for contingencies / outages

= Better efficiency translates in cheaper tariffs, which are finally also reflected in the price
of energy for the end-user
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Case study 1 —

Using building thermal inertia and customer
flexibility

Results from:
[1] J. Cremer, M. Pau, F. Ponci, A. Monti, “Optimal Scheduling of Heat Pumps for Power Peak

Shaving and Customers Thermal Comfort”, in Proceedings of the 6th International Conference
on Smart Cities and Green ICT Systems SMARTGREENS, 23-34, 2017, Porto, Portugal
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http://www.scitepress.org/ProceedingsDetails.aspx?ID=EWz1TFs9amM=&t=1

m [t describes the evolution of the thermal profile of the house

Heat losses to

the environment: QL5
Heat flow from 1

the heat pump: QFP | Indoor temperature Outdoor temperature

—b TN TOUT

‘

discretization time step
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[ Energy balance: T/ = TN, + ——— (QFF — Q) }
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Heat loss factor
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m They allow delivering the temperature desired by the customers during the day

Temperature [°C]
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m Continuous model of the heat pump

2000

—_ m1 /
& 1000 =5 —
g /
o
0
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Air mass flow [kg h]

operating mode 0: AF)’F =y, ¢pg

operating modei: 0 < AFE.*‘;P < AGpUB

{Heat from the heat pump: Q¥ = y4~& Z AFFE(THY — T_E{) J

[Pt)wer consumption of the heat pump: PF'* = Z ﬁmAFHPJ
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Case 1 - Day ahead scheduling of heat pumps

Forecasts of

fixed power consumption .
0 P P house characteristics

Optimize total consumption profile

e outdoor temperature [C]

16

DSM
provider

0 4 8 12 16 20 \
Time [h] %

12 . .
Jﬂf’ N Centralized and coordinated smart
° .\_\_l_,.rr Y scheduling of the heat pumps
4
0 . . . . .
0 4 8 12 16 20
Time [h]
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Case 1 - Optimization approach

AE,

AE:

AE,

Power

AE,

AE,

Power discretization

AE,
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Time [h]
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Time discretization

- )
Energy block constraints: 0 < AE,; < &8

Z AE, > efRIP + Z Py - At vt
b h

\_ J
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Case 1 - Optimization approach

AE; = Qg

AE5 —> g

AE, = ay

Ap > Ap—-1

Power

AE; = o4

AE, = a5

Power discretization

AE]_ - o4

o 2 4 6 8 10 12 14 16 18 20 22
Time [h]

N
Vv

Time discretization

Objective function: minimize (2 z a, AE, )
b t

Linear problem, optimization with Mixed Integer Linear Programming
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m Proper operation of the proposed algorithm
= Check of results at aggregated level

= Check of the temperature evolution within the houses

m Performance comparison with respect to heat pumps with binary operation
2000

2 150 '"/2/‘ For the binary mode:
& 1000 I Ere— . P
§ 500 m operating mode 0: AFyy =Y. o

400 500 600 700 800 900
Air mass flow [kg h-]

==Continuous HP operation & Binary HP operation

m Performance comparison with respect to case without DSM

Objective function HP minimize z(TtIN _ Ttref)z o
control without DSM: n
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Case 1 - Simulation results 1st scenario

m 60 houses, all with electric heat pumps, day in May

= = = DSM with binary HP
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Case 1 - Simulation results 1st scenario

m 60 houses, all with electric heat pumps, day in May

100
:'I 95.6 kW
I
80 - ::
I
1l n O
= L0 a58kw '
= 7 by | "
- B 37.8kw 1"
qg) f r . : |.l
o 0 :--:!"fr=_':.1“""""
20

° 0 2 4 6 8 10 12 14 16 18 20 22
Time [h]
xed power industrial fixed power residents - = = internal HP control
= = = DSM with binary HP e DSM with continuous HP

m with the continuous HP operation, almost 75% of heat pump consumption is
reallocated during the peak time
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Case 1 - Simulation results 2"d scenario

m 240 houses, 60 have electric heat pumps, day in May

valley local peak valley

e <
7 N 7 N

peak .02 4 6 8101214161820 22
> Time [h]

N
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A

Operating Heat Pumps [%]

U_ 1 1 ] ] 1 ] ] 1 ] ] 1
0 2 4 6 g8 10 12 14 16 18 20 22
Time [h]
= == DSM with binary HP = DSM with continuous HP

m Energy saving with the continuous HP operation: more than 30%
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Case 1 - Simulation results 2"d scenario

m 240 houses, 60 have electric heat pumps, day in May

160

- 145.1 kW

. 122.7 kW
S 118.6 kW

[02]
o
|

Power [kW]

° 0 2 4 6 8 10 12 14 16 18 20 22
Time [h]
- fixed power industrial « fixed power residents = = = internal HP control
= = = DSM with binary HP e DSM with continuous HP
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Case 1 - Simulation results 39 scenario

m 240 houses, 60 have electric heat pumps, day in Decembe

2
— 0 2 46 810_121416182022
E 15 Time [h]
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0 2 4 6 8 10 12 14 16 18 20 22
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= DSM with continuous HP = = = internal HP control

m Continuous HP: 5 houses with HP always ON; 13 houses with HP ON for 23 hours
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Case 1 - Simulation results 39 scenario

m 240 houses, 60 have electric heat pumps, day in December

160
p 149.8 kW 146.6 kV\'/_

Power [kW]

0 2 4 6 8 10 12 14 16 18 20 22
Time [h]
xed power industrial fixed power residents
= = = internal HP control e DSM with continuous HP
m Binary operation mode does not converge in this scenario!!
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Case study 2 —

Using thermal energy storage to provide
flexibility

Results from:
[2] M. Pau, F. Cunsolo, J. Vivian, F. Ponci, A. Monti, “Optimal Scheduling of Electric Heat

Pumps Combined with Thermal Storage for Power Peak Shaving”, in 2018 IEEE International
Conference on Environment and Electrical Engineering and 2018 IEEE Industrial and
Commercial Power Systems Europe (EEEIC / I&CPS Europe), 1-6, 2018, Palermo, Italy
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Case 2 — Overview electro-thermal components

@ GRID
> =1 HOUSE
. LOSSES
AIR
|:> HEAT PUMP l::> lj>
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Case 2 - Building thermal model

7

Qdmuﬂd,t : ‘: TGUT,E
TES HOUSE
LOSSES
Building thermal
parameters J\
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TES

e e
Iy
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/“Heat pump operation:
HP __
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Heat pump power consumption:
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Case 2 - Day ahead scheduling of heat pumps

Forecasts of

fixed power consumption .
0 P P house characteristics

Optimize total consumption profile

e outdoor temperature [C]

16

DSM
provider

0 4 8 12 16 20 \
Time [h] %

12 . .
Jﬂf’ N Centralized and coordinated smart
° .\_\_l_,.rr Y scheduling of the heat pumps
4
0 . . . . .
0 4 8 12 16 20
Time [h]
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Case 2 - Optimization approach

AE,

AE:

AE,

Power

AE,

AE,

Power discretization
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Time discretization
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Energy block constraints: 0 < AE,; < &8
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Case 2 - Optimization approach

AE; = Qg

AE5 —> g

AE, = ay

Ap > Ap—-1

Power

AE; = o4

AE, = a5

Power discretization

AE]_ - o4

o 2 4 6 8 10 12 14 16 18 20 22
Time [h]

N
Vv

Time discretization

Objective function: minimize (2 z a, AE, )
b t

Linear problem, optimization with Mixed Integer Linear Programming
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Case 2 - Simulation results: May temperature

m 100 houses, 20 have electric heat pumps, day in May

200
DSM optimization
180 - non-optimized case _
non-dispatchable loads

160 - |
— 140 - i
=
5 120
3
o 100
S
s 80
8
60

40
20
0 | 1 | 1 | 1 1 1 1 1 1
(0] 2 4 6 8 10 12 14 16 18 20 22
time [h]
Load factor Maximum Power peak
Case %] Gap [kW] kW]
Inflexible power 63.7 75.8 99.4
EHP with no optimization 76.8 61.0 128.3
EHP with optimization 81.8 40.9 121.7
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Case 2 - Simulation results: December temperature

m 100 houses, 20 have electric heat pumps, day in December

220 T T T T T T T T T T T

200 L DSM op.tlrrnzatlon ]
non-optimized case

180 - non-dispatchable loads _

=
=,
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=
o
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‘®©
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§ 80
L

60

40

20

O 1 1 1 1 1 1 1 1 1 1 1
6} 2 4 6 8 10 12 14 16 18 20 22
time [h]

Case

Inflexible power
EHP with no optimization
EHP with optimization

Load factor
[%0]

63.7
79.2
89.6

Maximum Power peak

Gap [kW] [kKW]
75.8 99.4
71.9 175.8
36.3 156.6

30 Dr. Marco Pau | Eurac Workshop |
Bolzano, 23.10.2018

— — | RWNTHAACHEN
€ ON Enery ReserehGener UNIVERSITY



Case 2 - Simulation results: storage size variation

m 100 houses, 20 have electric heat pumps, day in May

200
DSM optimization
180 non-optimized case 7]
non-dispatchable loads
160 s
g 140 N
5 120
=
& 100
3
= 80
ks
W 60
40
20
O 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
time [h]
Case Load factor Maximum Power peak
[%0] Gap [kW] [kW]
Inflexible power 63.7 75.8 99.4
EHP with no optimization 76.8 61.0 128.3
EHP with optimization (251/kW) 81.8 40.9 121.7
EHP with optimization (401/kW) 87.6 25.2 114.1
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Case 2 - Simulation results: number of houses variation

m 100 houses, 20 have electric heat pumps, day in May
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32 Dr. Marco Pau | Eurac Workshop | - — e | [RANTHAACHEN
Bolzano, 23.10.2018 E.ON Energy Research Center UNIVERSITY




Future scenarios and challenges

33
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m Ongoing activities
= Use of electric heat pumps for quasi real-time demand response
= Implementation of a distributed version of the optimization to reduce
computation time and improve optimization results
m Future work
= Impact of uncertainties on optimization results
= Inclusion of domestic hot water demand in the optimization model
= Testing of more detailed thermal models via distributed optimization framework

= Definition strategies for on-line adaptation of the scheduling in case of significant
deviations for the forecast thermal profile
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m Technical challenges

Still poor level of observability for most of the distribution grids
Remote controllability for the electric heat pumps
Availability of accurate models for the buildings

m Regulatory/market challenges

DSOs are not motivated to push in this direction (investments on copper are still the best
solution in case of problems)

Despite general interest in DSM and DR, there is no clear regulatory framework
supporting their development

Who is offering the DSM service (DSO, aggregator, retailers, other?) and how to define
business interfaces while preserving the technical objectives?

Which compensation scheme should apply for customers offering flexibility?

Differences among EU countries could represent an additional obstacle to diffusion of
DSM schemes

m Society challenges

Acceptance of customers to be involved in DSM programs
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m Smart management of EHPs could be a solution to deal with potential issues
emerging at electric distribution level and to achieve a much more efficient
operation of the grid

m Technical solutions already exist or can be developed tailored to specific scenarios
in order to give the expected technical benefits

m Main issue is to determine how to combine technical benefits with business
opportunities for the different parts involved in the DSM scheme

m Regulatory framework needs important updates to motivate all stakeholders to
look more concretely to DSM solutions
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