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Context of the study
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Environmental issues and concerns are growing
Fossil fuels are running out
Decentralized energy production is developing

Intermittency in renewables
Production impacts on the grid operation and stability

Chabaud, Labidi, Eynard, Grieu
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Objectives
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Develop a predictive strategy for managing energy resources in
houses equipped with production (PV solar panels/windmills)
and storage systems (batteries)

Promote energy self-consumption
Minimize the impact of energy production on the grid
Manage electricity storage
Control energy consumption/Load shifting
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Evaluation criteria
Impact on the grid

Overview of the strategy

Energy criteria
Renewable energy use: 𝐽𝐽𝐸𝐸𝐸𝐸𝐸𝐸 = %𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐×%𝑆𝑆𝑆𝑆

100

Energy self-consumption: %𝑆𝑆𝑆𝑆 = 100 × 𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐
𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝

Renewable energy coverage rate: %𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐 = 100 × 𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐
𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝+𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

‒ 𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐 is the amount of renewable energy consumed (kWh)

‒ 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝 is the amount of renewable energy produced (kWh)

‒ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is the amount of energy extracted from the grid (kWh)

‒ %𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐 is the ratio of the renewable energy produced and consumed
in situ to the total energy consumed (%)

‒ %𝑆𝑆𝑆𝑆 is the ratio of the renewable energy consumed in situ to the
renewable energy produced (%)
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Economic cost & dynamic pricing
Economic cost: 𝐽𝐽𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = ∑𝑘𝑘 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 𝑘𝑘 � 𝑃𝑃𝐸𝐸𝐸𝐸 𝑘𝑘 − 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑘𝑘 � 𝑃𝑃𝐸𝐸𝐸𝐸 𝑘𝑘

Dynamic pricing: 𝑃𝑃𝐸𝐸𝐸𝐸 𝑘𝑘 = ∑𝑖𝑖,𝑗𝑗 𝑎𝑎𝑖𝑖𝑖𝑖 × 𝐿𝐿𝑔𝑔𝑖𝑖 (𝑘𝑘) × 10−3 × 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜
𝑗𝑗 (𝑘𝑘)

‒ 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 is the amount of energy injected to the grid (kWh)

‒ 𝑃𝑃𝐸𝐸𝐸𝐸 is the energy price (€.kWh-1)

‒ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is the amount of energy extracted from the electricity grid (kWh)

‒ 𝑎𝑎𝑖𝑖𝑖𝑖 are the polynomial coefficients, ∀𝑖𝑖, 𝑗𝑗 ∈ 1,5

‒ 𝐿𝐿𝑔𝑔 is the electricity grid load (kW)

‒ 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜 is the outdoor temperature (°C)
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Status of the grid and grid threshold
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Energy demand

Periods May, 1 to October, 31 November, 1 to April, 30

Peak periods 10:00 a.m. – 5:00 p.m.
7:00 a.m. - 1:30 p.m.
2:30 p.m. – 4:00 p.m.
5:30 p.m. - 8:30 p.m.

Part-peak periods
12:00 a.m. - 2:00 a.m.
7:00 a.m. - 10:00 a.m.
5:00 p.m. - 11:00 p.m.

12:00 a.m. - 2:00 a.m.
6:00 a.m. - 7:00 a.m.
1:30 p.m. - 2:30 p.m.
4:00 p.m. - 5:30 p.m.

8:30 p.m. - 11:00 p.m.

Off-peak periods
2:00 a.m. - 7:00 a.m.

11:00 p.m. - 12:00 a.m.
2:00 a.m. - 6:00 a.m.

11:00 p.m. - 12:00 a.m.

Grid threshold: 30% or 70% 

Status of the grid:
‒ Load > grid threshold : Jgrid = 1
‒ Load < grid threshold : Jgrid = 0

Chabaud, Labidi, Eynard, Grieu Energy Systems Conference, London, June 24-25, 2014
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Impact on the grid
Injection impact: 𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 = 1

1000
× ∑𝑘𝑘 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖(𝑘𝑘) × ∆𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑘𝑘)

Extraction impact: 𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒 = − 1
1000

× ∑𝑘𝑘 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸(𝑘𝑘) × ∆𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡(𝑘𝑘)

Overall impact: 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖 + 𝐼𝐼𝑒𝑒𝑒𝑒𝑒𝑒

8/22

Evaluation criteria

Impact on the grid
Overview of the strategy

‒ 𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 is the amount of energy injected to the grid (kWh)

‒ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 is the amount of energy extracted from the electricity grid
(kWh)

‒ ∆𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the normalized deviation between the threshold and the
status of the grid (-)
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Non-predictive strategy (reference)

Evaluation criteria
Impact on the grid

Overview of the strategy
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Non-predictive strategy (reference)

Evaluation criteria
Impact on the grid

Overview of the strategy

d
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Predictive strategy
Overproduction (1/3)

Evaluation criteria
Impact on the grid

Overview of the strategy

d
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Predictive strategy
Balance (2/3)

Evaluation criteria
Impact on the grid

Overview of the strategy

d
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Predictive strategy
Underproduction (3/3)

Evaluation criteria
Impact on the grid

Overview of the strategy

d
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Prediction horizon
① Off-peak period:

‒ h = DHP + DI + DP

‒ Threshold is 30%
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Prediction horizon

② Part-peak period:

Followed by a peak period
‒ h = DI + DP

‒ Threshold is 70%

Followed by an off-peak period
‒ h = DI

‒ Threshold is 30%
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Prediction horizon

③ Peak period:

Followed by a part-peak period
‒ h = DP

‒ Threshold is 70%

Followed by a new peak period
‒ h = DP + DI + DPp

‒ Threshold is 70%
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Prediction data

 Housing load:

 Electrical grid load:
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Prediction data
PV production:

 Vertical-axis windmill production:

Evaluation criteria
Impact on the grid

Overview of the strategy

d
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TRNSYS thermal model of 
an individual house

Case study: 150 m² single-storey house located in Perpignan (south of 
France), facing south and inhabited by four persons (two adults and two 
children)
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Single-storey house
Energy production and storage systems
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TRNSYS thermal model of 
an individual house

Characteristics of the materials used in the considered single-storey house:
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Element Material Thickness 
[m]

U 
[W.m-2.K-1]

URT2005
[W.m-2.K-1]

External wall

BA13 0.013

0.602 0.45
Rockwool 0.06

Cinderblock 0.2
Surface coating 0.02

Internal wall
BA13 0.013

0.845 /Glass wool 0.04
BA13 0.013

Floor

Tiles 0.022

0.415 0.4
Mortar 0.05

Heavy concrete 0.16
Expanded polystyrene 0.08

Ceiling

BA13 0.013

0.196 0.34
Glass wool 0.1

Air knife 0.5
Terracotta 0.01

Garage ceiling
BA13 0.013

2.37 0.34
Terracotta 0.2

Window Double glazed 0.2 1.43 2.6
Chabaud, Labidi, Eynard, Grieu Energy Systems Conference, London, June 24-25, 2014
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Modeling of lifestyle and habits
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Conventional French RT 2005 
temperature set-points

Conventional occupation scenario set by RT 2005

Behaviour scenario
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Production and storage systems 
modeling (energy mix)
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1 DeSoto W., Klein S.A., Beckman W.A., 2006. 
Improvement and validation of a model for photovoltaic 
array performance, Solar Energy, vol. 80, pp. 78-88.

Photovoltaic array
TRNSYS model 194

 Based on the calculation
method presented by DeSoto1

and defined with various
semi-empirical equations

 Determines the current and
power of a photovoltaic array
at a specific voltage

Chabaud, Labidi, Eynard, Grieu Energy Systems Conference, London, June 24-25, 2014
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Vertical-axis windmill
TRNSYS model 90

 Based on the work of
Quilan1

 Calculates the power
output of energy conversion
systems based on a power
versus wind speed
characteristics

1 Quilan P.J., 2000. A time-series wind turbine array 
simulator. In Proceeding of ASES Conference SOLAR 
2000, Madiso, USA.

Production and storage systems 
modeling (energy mix)
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Description of the functioning of the batteries:

 Charging mode:

 Discharging mode:

Constraints:                                                 and 

Production and storage systems 
modeling (energy mix)
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Design and impact on the grid

Design of energy production and storage 
systems (predictive)

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

PV (7.6 kWc) – Windmill (11 kWc) – Batteries (200 kWh)PV (8 kWc) – Batteries (130 kWh)
Energy Systems Conference, London, June 24-25, 2014Chabaud, Labidi, Eynard, Grieu
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Design of energy production and storage 
systems (predictive)

With PV panels and batteries 
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Design of energy production and storage 
systems (predictive)

With PV panels and batteries 
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Design of energy production and storage 
systems (predictive)

With PV panels, a vertical-axis windmill and batteries
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Design of energy production and storage 
systems (predictive)

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

Conclusion
Outlook
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 Several 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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