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Varennes

Varennes Library location 

Concordia 

university

Official opening: May 16, 2016 
First institutional designed solar 

NZEB in Canada & its operation 

Introduction (1)
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BIPV system covered

110 kW system

EV charging

Motorized 

windows

Ceiling 

fans

Hydronic 

radiant slab

Geothermal heat 

pumps (30 tons; 

105 kW) 

8 boreholes 

Introduction (2)
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• The combination of different

technologies such as:

building-integrated

photovoltaic (BIPV),

geothermal heat pumps,

hydronic radiant slab for

thermal storage and battery

storage can offer many

strategies of flexibility to

reduce peak load and

electricity consumption over a

certain period of time.

4

Illustration of different energy technologies that can be used to 

enhance flexibility in the operation of the Varennes library

Introduction (3) 
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Energy flexibility for Varennes library (1) 

Measured data as a reference scenario

sunny cold day on February 2, 2018  

panels

Heat pump

consumption

Reference

Exported 

electricity

To reduce consumption during peak periods 

of the grid and increase self consumption 

of PV electricity (outside peak periods)

panels

Exported PV 

electricity 

after flexibility

strategy

PV production

Heat pump 

electricity consumption

with flexibility strategy
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Electricity production 

from PV

Library components

Geothermal heat 

pump

Storage (thermal/

electrical)

Solar panels 

The ability to reduce the building 
energy demand and the peak 

load during a certain period of a 
day through shifting or 

postponing consumption 
compared to reference scenario

Energy flexibility

▪ Peak load shifting/reduction 

▪ Energy consumption shifting

Energy flexibility for Varennes library (2) 
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Data-Driven modeling (black box) oriented for the 

energy flexibility quantification (1)

▪ Air handling unit

▪ Fan coil thermal unit

25%

75%

Hydronic radiant 

slab model

Building model

Hydronic 

radiant slab

▪ Air handling unit

▪ Fan coil thermal unit

Geothermal heat pump
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• Hydronic radiant slab modeling: The first

adaptive ARX aims to model the concrete slab

temperature, as is given by:

• Building model: The second adaptive ARX

model is used to predict the average air

temperature, as is expressed by :

▪ Air handling unit

▪ Fan coil thermal unit

Data-Driven modeling (black box) oriented for the 

energy flexibility quantification (2)
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• minσ𝑡=0
ℎ (𝑖𝑚𝑝𝑡 − 𝑒𝑥𝑝𝑡) Objective

•

𝑇𝑠𝑙𝑎𝑏 ≥ 20 ̊𝐶
𝑇𝑠𝑙𝑎𝑏 ≤ 29 ̊𝐶
𝑇𝑖𝑛𝑡 ≥ 18.5 ̊𝐶
𝑇𝑖𝑛𝑡 ≤ 24 ̊𝐶
ℎ𝑝 ≥ 0 𝑘𝑊
ℎ𝑝 ≤ 105 𝑘𝑊

Inequality constraint

to satisfy comfort and 

maximum output of heat 

pumps 

• PV + imp − hp − other_load = 0 Equality constraint
Energy balance 

Initial conditions • ቊ 𝑇
𝑖𝑛𝑡 = 21 ̊𝐶

𝑇𝑠𝑙𝑎𝑏 = 21 ̊𝐶

• The quantification of the energy

flexibility is an optimization problem

with an objective function and

affine equality and inequality

constraints.

• Penalizing the imported electricity

from the grid to reduce the peaks

load in kW and the energy

consumption in kWh.

Energy flexibility quantification (1) 

Note comfort constraint:  for slab Tmax is 29 ̊𝐶
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308.30 𝑘𝑊ℎ

203.70 𝑘𝑊ℎ

10.17 𝑘𝑊

20.06 𝑘𝑊

26.73 𝑘𝑊

21.71𝑘𝑊

Energy flexibility quantification 

considering a sunny cold day on 

February 2th, 2018  

▪ Measured exported 

power 283 kWh;

▪ Exported power with 

flexibility strategy 49 

kWh49.12 kWh
282.55 kWh
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𝐸𝑟𝑒𝑓 = 283 kWh

𝐸∗ = 49 kWh

▪ Increasing the self-

consumption of PV 

electricity by 308 kWh;

▪ Increasing the charge 

of the concrete slab by 

72%;

▪ Decreasing the heat 

pump electricity 

demand during the 

evening peak period. 

234 𝑘𝑊ℎ

▪ Reduction of about 

50% and 18% of peak 

load during morning 

and evening periods, 

respectively.

𝑃𝑟𝑒𝑓 = 20𝑘𝑊

𝑃∗ = 10 𝑘𝑊

𝑃𝑟𝑒𝑓 = 27 𝑘𝑊

𝑃∗ = 22 𝑘𝑊

Energy flexibility quantification (2) 



Using the electricity 

production from PV panels, 

to run the heat pumps 

outside the peak periods and 

storing the heat into the 

concrete slab

Possible reduction in the peak 

Possible reduction in the energy consumption

Feb 5th Feb 6th

Feb 5th Feb 6th

Flexibility quantification

Peak reduction (%) =
𝑃𝑖
ref− 𝑃𝑖

∗

𝑃
𝑖
𝑟𝑒𝑓 ∙ 100 %

Where 𝑖 ∈ 6 𝑡𝑜 9 𝑎.𝑚. ∪ [4 𝑡𝑜 8 𝑝.𝑚. ]

Energy reduction (%)=
𝐸𝑖
ref−𝐸𝑖

∗

𝐸
i
𝑟𝑒𝑓 ∙ 100 %

State of charge (%) = 100 ∙
෠𝑇𝑡
𝑠𝑙𝑎𝑏−𝑇𝑡

𝑟𝑒𝑓

29−𝑇𝑡
𝑟𝑒𝑓

Where 𝑇𝑡
𝑟𝑒𝑓

= 20 ̊𝐶 is the reference air temperature
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Energy flexibility quantification (4) 

▪ Average energy flexibility for sunny and

partly sunny days for two months interval

from January to February 2018.

▪ Using the electricity production from PV panels to run 

the heat pumps outside the peak periods and storing 

the heat in the concrete slab of the building.

Sunny/ partly sunny days 

45 kWh

27 kWh

90 kWh

72 kWh
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❑ A data-driven modeling (black box, with a little knowledge of building

physics) is used to describe the relationship between (a) the geothermal

pump system, (b) the thermal storage, (c) the PV panels production, and (d)

the temperatures of the indoor air and the concrete slab surface.

❑ These outputs are then used to assess the potential state of charge (SOC)

of the slab (thermal storage in slab). The modeling results are used to

quantify the possible flexibility related to reducing peak load and energy

consumption over peak periods.

❑ The flexibility strategy considering a sunny cold day can achieve reduction

in peak load of 40% and 30% during morning and evening periods,

respectively.

Conclusion


