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Context and objectives

Energy management strategy Context

Modeling Objecti\/es
Design and impact
Conclusion and outlook

Context of the study

» Growing environmental concerns

» Decentralized energy production booming

» Intermittent renewable energy resources

» Integration of production systems in individual houses
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Context and objectives

Energy management strategy

Context
Modeling Objectives

Design and impact
Conclusion and outlook

Context of the study

Issue:
» A massive penetration of the : 5
renewable  energy  production
impacts on the electricity grid N '
operation &

3

» Necessary changes in electricity
grid leading to an increase in F%‘
flexibility and security

Solution:

» Develop intelligent management systems that minimize the
. == Impactinduced by the injection of the distributed generation
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Context and objectives

Energy management strategy

Context
Modeling Obj eCtiveS

Design and impact
Conclusion and outlook

Objectives

Develop a comprehensive and multi-criteria approach for
energy management in individual multi-energy houses
(equipped with production and storage systems)

» Optimize local energy consumption

» Minimize production impact on the local grid

= Satisfy the peak demand

= Store energy and thus optimize its use

= Adjust supply and demand in energy
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Context and objectives

Energy management strategy Criteria

Modeling Overview of strategy

Design and impact
Conclusion and outlook

Energy criteria

YEnr-*%sc
100

e Use of renewable energy: Jenr =

EnR.

* Energy self-consumption: %, = 100 X
EnRy

EnR
* Renewable energy coverage rate: %g,z_ = 100X — +;
NReTLEDF
%, : Ratio of the renewable energy consumed in situ to the
renewable energy produced (%)

: Ratio of the renewable energy produced and consumed in

situ to the total energy consumed (%)
Jenr  : Global criterion (%)

Erpr :Energy extracted from the electricity grid (kWh)

EnR. :Renewable energy consumed (kWh)
: Renewable energy produced (kWh)
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Context and objectives

Energy management strategy Criteria

Modeling Overview of strategy
Design and impact
Conclusion and outlook

Economic cost criteria

Jeost = 2t (Emj (t)F, (£) — Egpr (D), (ﬂ)

Jcost - Criterion about economic cost (€)

Erpr : Energy extracted from the electricity grid (kWh)

E;n; :Energyinjected to the grid (kWh)

P, : Electricity price (€)
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Context and objectives

Energy management strategy

Criteria
Modeling Overview of strategy

Design and impact
Conclusion and outlook

Dynamic pricing

Eﬂ(t]_zdﬂ XL (t]}{ .g.m_-(t]

Coefficients of the energy price model

0 1 2 3 4 3
6.38=10" 0.38=10° 7.67=10+ -5.12=10* 3.48=10r 6.37=10°
1.77=10! 0. 27=10" -1.64=102 1.30=10* 4 =107 -
6.04>=10- -3.12=10r 4 41=10- 2.28=10 - -
5.16=107* 10610 2.38=10° - - -

4. 11=10* 1.19=10" - - - -
2.01>10 - - - - -

L= 1

.Lh.'-l.'ll'_nll—".:l.o-";

L |

Pr,, : Electricity price (£)
: Grid load (MWh)

T,,+ : Outdoor temperature (°C)
: Polynomial model coefficient
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Context and objectives

Energy management strategy Criteria

Modeling Overview of strategy
Design and impact
Conclusion and outlook

Impact on the grid

* Injection impact: [, = ﬁ X Zt(Eiﬂj (t) X ﬂEthmﬂ[t])
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Load of the grid (nhormalized)
(=]
on

— Status of the grid
—— Threshold fixed to 70%
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Context and objectives

Energy management strategy Criteria

Modeling Overview of strategy
Design and impact
Conclusion and outlook

Impact on the grid

* Extracted impact: I, = ——X Zr(Esm:(ﬂ X ,ﬂEthm[t])

1000

* Global impact : I,per = Linj + Loxe

Ecnr :Energy extracted from the electricity grid (kWh)

AE,;... - Normalized deviation between the fixed threshold and the status of the grid
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Context and objectives

Energy management strategy Criteria

Modeling Overview of strategy

Design and impact
Conclusion and outlook

E. (tﬂ (3) Underproduction

Ninw J

Pt
(2) Balance

(1) Overproduction (

i Lﬂ(f) = Egpr(t) —

Ech(t) _ Ech(t) Ebat(t) = (1 - 1—) : Ebat(t _ 1) + A(t)
ine / £ () \ Einj(t) =0
‘ Egpr(t) =0 EnR.(t) = C’ Eouc®) =0
Egpe(t) =0
Einj(t) =0
Yes No E o) =0 Epat < Epat.
@at(t) = (1 - 1’) . Ebat(t - 9
) 2 | 2
( E,..(t) = A®D) ( _
inj = ( Ebat(t) - Ebatmm EEDF (t) =0
Estock(t) =0 EEDF(t) = _A(t) - [Ebat(t = 1) = Ebat (t)] Ech(t) — EEnR(t) _ A(t)
\Ebat(t) =(1-1) Epee(t—1) L EnR (t) = Epng(t) + [Epge(t — 1) — Epg, ()]
Y
Ebat(t) = (1 - T) : Ebat(t - 1) + A(t) “MNbat
{ Energy release ]
Epee(t) =E h 4
pat e Yes No Einj(t) =0 [ Injection to the grid J
Einj(t) = A(t) - [Ebat(t) — Ebat(t - 1)] < Ebat > Ebatmm E . k(t) _ ﬂ(t)
Estock(t) = Epar(t) — Epae(t — 1) ) S [ Energy storage ]

Al
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Context and objectives
Energy management strategy

Load modeling in TRNSYS

Modeling Production and storage systems modeling

Design and impact
Conclusion and outlook

TRNSYS thermal model of an individual house

Case study: 150 m? single-storey house located in Perpignan (south of
France), facing south and inhabited by four persons (two adults and two

Chabaud, Evnard, Grieu
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Context and objectives

Energy management strategy Load mOdel | ng in TRNSYS

Modeling Production and storage systems modeling
Design and impact
Conclusion and outlook

TRNSYS thermal model of an individual house

.~ Characteristics of the materials used in the considered single-storey house:
Element Material Thickmess [m] U[Wm-K"] Usraoos [Wm= K]

BAIS 0.013
_ ) Roclowool 0.06 . .
‘ Extemal wall SR = 0.602 0.43
%J Surface coating 0.02
| BAI3 0.013
Intermal wall (Glazz wool 0.04 0.845
BAI3 0.013
‘ Tiles 0.022
Mortar 0.03 -
Floor Heavy concrete 0.16 041 04
Expanded polystyrene 0.08
BAIL3 0.013
. (lass wool 0.1 -,
Celmg A ke 05 0.196 0.34
h Terracotta 0.01
T BAIL3 0.013 I i
Garage ceillmg Terracola 03 2.3 0.34
Wmdow Double glazad 0.2 1.43 2.6

Al
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Context and objectives
Energy management strategy

Modeling

Design and impact
Conclusion and outlook

Load modeling in TRNSYS
Production and storage systems modeling

Modeling of lifestyle and habits

Conventional occupation scenario set by RT 2005

Week occupancy Weekend occupancy

Oh-10h ; 18h-24h Oh-24h

Conventional RT 2005

Behavior scenario

*»

temperature set-point

(5]
T

s
5
I
£a
e
. 33
Set point Occupancy | Non occupancy >
periods periods = 2
Heating 19°C 16°C 2 1
Air conditioning|  28°C 30°C 3
- n

o

\
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Context and objectives

Energy management strategy Load mOdel | ng in TRNSYS

Modeling Production and storage systems modeling

Design and impact
Conclusion and outlook

Production and storage systems modeling
Energy mix

PV panels Vertical-axis windmill
‘ 1é3 5 5 5 —] 1000 g
| ' ' ' ] 70 R S O A 1 A
% 100
| 800441+
e S 1 A
o o
'% 60 -% |0 N -
] i ] l
| 1 |l
il T
h i _ ) .m L
0 2000 4000 6000 8000 2000 4000 6000 8000
Time (h) Time (h)
\
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Context and objectives . o
Energy management strategy Design of energy production and storage systems

Modeling

Design and impact and grid impact

Conclusion and outlook

Design of PV panels and vertical-axis windmill
| (no energy storage)

20

18
_° Jenr (%)
;_,E' y 22.9
= 20.4
= 17.9
= 12 *
E 15,4
£ 10 12.9
3 10,5
% O 8.0
T 55
3 ° 3.0
=
@ 0.5
> 4

2

0

1 2 3 4 9 6 7 8
PV panels (kWp)

Chabaud, Evnard, Grieu



Context and objectives . o
Energy management strategy Design of energy production and storage systems
Modeling

Design and impact and grid impact

Conclusion and outlook

Design of PV panels and vertical-axis windmill
(no energy storage)

PV panels (KWp) 3 6.9 38
Vertical axis windmill (KWp) - - 11
EnR_. (kWh) 3303 5343 10904
I EnRi,; (kWh) 1132 4860 0124
H Egpp (KWh) 26078 24038 18350
Yogc (%) 74 49 72.38 34.63
YoEng_ (%) 1125 18.19 3741
TEng (%) 2.38 033 20.43
Jeost (E) -1281.30 077.20 -468.52
Optimized PV (6.9 kWp) Optimized PV and vertical-axis windmill
VS. V5.
standard PV (3 kWp) optimized PV
Yoge (%0) A 61.7% A 50%
Eepr ~ 7.8%  11%
Jease (€) N 25% N\ 52%
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Context and objectives . o
Energy management strategy Design of energy production and storage systems
Modeling

and grid impact

Design and impact

Conclusion and outlook

Design of PV panels and vertical-axis windmill
(no energy storage)

PV: 6.9 kWp PV: 3.8 kWp
Vertical-axis windmill: 11 kWp

‘”

_O

%]
":"1';‘ 3 kY
éi\,\;xxx“"

= Energy self-consumed = Energy self-consumed

; T T T T T T T T ; 0.2 . . ! ! ! !

= = E ' E ' = ; : :

01418 -H- N1 (A ST 1 N A -l

B > r L Rb A l ! T W

1= | =9 . i '

g g 0 L.. hu L hmlud [N T T e v PO TV PP YR b VOO T N N 11 IH.J ull “ A

W O 1000 2000 3000 4000 5000 6000 7000 8000 W O 1000 2000 3000 4000 5000 6000 7000 8000

‘ Time (h) Time (h)

= Energy injected to the grid = Energy injected to the grid

S 0.2 ' | ! ! | ! = 04 | | | | | ! . !

= ' = ’ ’ . . . :

- L - ' O RN Ao S
5 = N 1 atbl

| . | . ' H

g FTAE NI | AT A AN ! I g o LW g B o |i...|. L P T .|.. | I
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Time (h) Time (h)

= Energy supplied by the grid = Energy supplied by the grid

; 0-4 T T T T T ! ; 0-4 T T T T T T !

= = :

a 0.2 gl gl opR e b b a 0.2 T BT TR A et el et A et iieieiel ettt " il
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Context and objectives

Energy management strategy Design of energy production and storage systems

Modeling

and grid impact

Design and impact

Conclusion and outlook

Design of energy production and storage systems
Grid thresholds is 70%

With PV panels and batteries With PV panels, a vertical-axis
windmill and batteries

Threshold: 70% Threshold: 70% Batteries: 200 kWh

Jenr (%) Jenr (%)

40,4
36,0
31,6
271
22,7
183
13,8
9.4

49

0,5

18,3
16,0
13,8
11,6
9.4
7.2
4.9
27
0.5

Batteries (kWp)

Vertical-axis windmill (kWWp)

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

PV panels (kWp) PV panels (kWp)
‘ A\
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Context and objectives

Energy management strategy Design of energy production and storage systems
Modeing and grid impact

Design and impact

Conclusion and outlook

Design of energy production and storage systems
Grid thresholds is 70%

PV panels (KWp) 6.9 3 3.8 5.8
1;.—3.. T'-'.i.l]ﬂl]]ﬂ] _ _ 11 15
(EWp) _
Batteries (kWh) 40 (-) S0 (- 200 (-3 200 (-)
b EnR, (KWh) 1117 (53343) 1050 (53746) 14251 (10904) 17313 (12917)
EnRiy; (EWh) 26095 (4360) 3370 (6087 4621 (9124) 0373 (15431)
% Egng (KWh) 22266 (24038) 21425 (23638) 15132 (183940) 12070 (16466)
E . rock (KWH) 2166 (-) 2717 () 4504 () 6058 (-)
‘ Yogr (%) 60 74 (32 .38) 67.26 (48.56) 7084 (54.63) 6107 (455
YoEnR_ (%4 2422 (18.1%) 2709 (19_53) 4850 (37.41) 38.92 (43 946)
‘ JEng (%) 1689 (9. 53) 1822 (9.49) 34 36 (20.43) 35909 (20.03)
-y 00T 27 (077 200 027 33 (-901 . 44) ~531.54 (-468.52) -136.38 (-32.335)
Ting (-) 1034 (616) 1292 (762) o042 (-662) o011 (-1166)
Foye (-) 6383 (6643) 238 (6634) 3700 (4634) 3036 (4326)
Ioper () 1417 (7261) 1320 (73946) 4732 (3972) 3047 (3160)
i o
w Optimized batteries Yosc 733 -39 %
i EnR, 733 -39 04 Jeng 7 68 - 92 0
EnRiy, “w 44 - 49 04 Jeost A20-100 €
Egpr w7 -27% Grid impact 2 Ty S Doy 7 Iy
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Context and objectives

Energy management strategy Conc I usion

Modeling Outlook

Design and impact

Conclusion and outlook

Conclusion

» Configurations promoting energy self-
consumption are highlighted

» Impact of local production on the grid is
minimized

> Better match between decentralized
production, energy needs and injection to the
grid
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Context and objectives .
Energy management strategy Conclusion

Modeling OUtIOOk

Design and impact

Conclusion and outlook

Outlook

» Energy resources, energy consumption and load of the
grid forecasting

» Development of a predictive approach to improve the
strategy

» Analysis of the location impact, insulation level and
behavior scenarios

Chabaud, Evnard, Grieu IPDO. Albi. June 26-28



_ .

4dn Inverse Prcablems De5|gn and Optimization
Swmmtmm,, pune 26:28, 2013

Optimal design of energy
production and storage
systems in buildings

THETTE

M CArS

—
’<>‘ UP \

France

proMEs Aurélie Chabaud?

ilien Eynard'?

Stéphane Grieu'?



