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1. Introduction

EU Energy Flow 2012 (Mtoe)
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Source: Energy Statistical Pocketbook 2014 (European Commission) (https://ec.europa.eu/energy/sites/ener/files/documents/2014_pocketbook.pdf)
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1. Introduction

Source: http://solutions.3m.com/wps/portal/3M/pt_PT/PT-Smart-Grid/Smart-Grid/
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1. Introduction

Residential energy management system

Source: http://www.hd-plc.org/images/feature/090619_1_en.jpg
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1. Introduction
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Storage systems

Source: Soares, Lopes, et al., 2012
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Multi-objective model considering
explicitly cost and user’s preferences
evaluation aspects in order to assess
their trade-offs and identifying a good
compromise solution to the user.




2. Methodology

Evolutionary algorithm

requires a diverse population...

0 18R @ T8 I

...and competition.

Toone

¢
© ®: . 2 @8
% @) % K O %‘ Many of the most fit pass on their traits, ~ And afew ol the
S lﬁﬂ = J z k' l less fit do too
Compefition results in winners and losers. (" M QQ
@ 1% 1
/ Mating and mutation create feature diversity from
§ 4 ﬁ,‘ among the pool of mostly advantageous traits.
sk feT opox

This represents one cycle or "generation.”
It fakes thousands of cycles for fruly omazing adapfafions fo emerge.

Source: https://chewychunks.files.wordpress.com/2013/08/evolution-explained-cartoon-natural-selection-infographic.png?w=600&h=1066
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2. Methodology

Solution representation

Yyt Maximum temperature
for each instant of the
control period (°C) for load t,,

C,,,: Starting minute of the working
cycle of load c,,

Xue: Integer representation for the stationary storage system

-1, if the battery is just selling to the grid
P,.: power withdrawn from the grid

0, if the battery is not being used
at each time step

1, if the battery is being charged from the grid

-2, if the battery is used for self-consumption and the excess
sold to the grid
Xn

(CafCl | | JC%% JYalYo| [ | | YelPafPo| | | JPu|Xm[Xsa| [ | | [Xe]
Thermostatically
Shiftable load
- : e ;t. Electric Vehcicle STﬂonary':omesys.um
nteger Representation : - Integer Representation nteger Representation

Length of this part of the chromossome Length of this part of the chromossome

no. of shiftable loads scheduling time
-

no. of thermostatically controlled loads
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Length of this part of the chromossome

scheduling time
-

(no. electric vehicles + no. storage systems)
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3. Simulation Results
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3. Simulation Results

Input parameters — shiftable loads

Dishwasher

0:15 030 045

Duration (h:min)

1:00 1:15

Electric Vehicle

o

& 2000
éﬁm
1000
500 -

o L L

000 0:30 1:00 1:30 2:00 2:30 300 3:30 4:00 4:30

Duration (h:min)

Laundry Machine

Tumble Dryer

0:00 015 0:30 0:45 1:00 115 1:30 0:00 0:13 0:26 0:38
Duration (h:min) Duration (h:min)
Shiftable loads operation cycle.
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3. Simulation Results

Input parameters — time slots

Time slots
T T
| _
12:00AM 3:00AM  6:00 AM 9:00AM 12:00 PM 6:00 PM 12:00 AM  3:00 AM 6:00AM  9:00 AM
12:00 AM  3:00 AM 6:00 AM 9:00AM 12:00 PM 6:00 PM 12:00 AM  3:00 AM 6:00 AM 9:00 AM

12:00AM 300AM 6:00AM 9:00AM 12:00PM 3:00PM 9.00PM 12.00AM 3:00AM 600AM  9:00AM
_ ' I I
1 1 1
1200AM 300AM 600AM 9:00AM 12:00PM  3:00 PM 9:00PM 12:00AM 3:00AM 600AM  9:00 AM
Time(h:min)

Representation of the end-user’s preferences for the operation of shiftable loads.
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3. Simulation Results

60 0
Pareto Optimal Front
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Pareto optimal front signaling the selected solution.
The region where no solutions were found is mainly due to the penalty associated with managing thermostatically controlled loads to
decrease electricity bill. Any ADR action over those loads would simultaneously mean a decrease in the electricity bill and an increase
in end-users’ dissatisfaction.
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3. Simulation Results

8000 %2 Electricity bill: 3.17 €
[ Reference Case o y
7000 —_———— == L R e L e e e wwwe )
' i P ' L 016 Energy acquisition cost: 4.08 €
1 M
6000 ! i -
- L o o o o o o o o o o o o :. 0,14 i L. .
Profit from injecting energy
— 5000 ! : L -
2 : ' ' ¥ into the grid: 0.91 €
g 4000 R "’0’3%’0’ i 0 ] 01 S
2 ) o o N S
S i it ettt 008 &
3000 R R SO ST S
S
S - 0,06
, ,
; . . S L L oo
: A ¢ NI Y
A ; : e \ ; \4_
: Z : : : : % : N; 002
’ Z ; : ? ; % 4 : N7
; 4 - —— ‘ e §/ 0
3 s =
2333233332333z Fz3322zT33zzz2:2:3z=232:2z33
o (=]
g838838838888888¢g83e83838838¢8888883%8s328¢82838
NH N o~ 3 : :-_|~| s N M =< N O~ 0 R 3 : N N 0~ 0 3 =
Time (h:min)
I Uncontrollable load  H+-+H+ Dishwasher Bamoenl L aundry machine
s Electric Vehicle EmEEnE Fridge w7 AC 20X Electric water heater
s Storage System = =(Contracted Power ===-=Buying kWh price
SUUU s + U,z
oo — ————————— . _Scheduling _ __ _ _ _________ | S
S — R J— Electricity bill: 2.50 €
4000 — : ! ! ¥ 0,16
I 1 . .
: [P S “ - Energy acquisition cost: 3.30 €
3500 B r E 255 :,::::::i:iss : 0,14 g y q
] S 1 012
= S eSO . N .
g 300 ks ! 12 @ Profit from injecting energy
= \ {20500t —+ 01 [ - .
g 2500 L ! " £ into the grid: 0.80€
5 5000 [y pp—— e e e- | 0,08
; . . ;g 7 T S\ :
1500 — T NN o
. v’ i .
1000 : : : ; ; : i § P oo
H g : : : ; s \ : : ’
L : : : : : e \ s :
500 . 1 7 , , SUOREE \ / H
] : : : ’ i
o - "
= 33333 3 = S 33 === T3 ===232=-33=2323253-¢=
€ € < < € L LI R T - e e - - N T S G G A S G G S G
gggg8888888s8sceeeee88g8sge8s333s8s8288288s8
: N M s N W~ 0 O g : : o N ™M = 1 W~ 0 O 3 - : - N M S 1w~ B & 3 :
Time (h:min)
" s e
INICIATIVA ENERGIA PARA A SUSTENTABILIDADE 11 c - MIT FCT L-’_- B I g . ¥
] ENERGY FOR SUSTAINABILITY INITIATIVE p— o i Nk L= T ¥ —




3. Simulation Results
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3. Simulation Results
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Electric water heater
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Temperature variation of thermostatically controlled loads for the final solution caused by the implementation of ADR actions.
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4. Conclusion

Energy Management System | % Minimize the electricity bill;
Control algorithms: manage €. Minimize end-user’s dissatisfaction
loads, generation, storage and due to the automated control;
selling / buying electricity ... without jeopardizing the quality
X\ ' of the end-use energy services
provided.

The methodology developed is expected to help consumers optimizing the
usage of energy services to reduce the electricity bill while guaranteeing the
desirable levels of comtort and quality of the energy services provided.
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4. Conclusion

Choice of the final solution — strongly linked to the end-user’s
profile and the trade-offs associated with the two evaluation
axes (dissatisfaction vs. cost of energy acquisition).

End-users more willing to
accept # types of ADR actions
may achieve ¢ savings in the
electricity bill.

End-users preferring solutions in
which the scheduling of the shiftable
loads is done as soon as possible
according to their time preferences
may see this request translated into
an ¢ inthe electricity bill .

End-users who are not comfortable
with allowing the system to change
temperatures in thermostatically
controlled loads may see the
potential of reducing the electricity

hill } .
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