The 1st Nordic Conference on Zero Emission and Plus Energy Buildings
Trondheim, Norway, on Nov 6-7, 2019

Energy Flexibility for an Institutional Building with Integrated Solar
System: Case Study Analysis

Presenter: Fatima Amara

Authors: Fatima Amara, Vasken Dermardiros and Andreas Athienitis

Department of Building

Concordia University, Montreal, Canada
¢ ;' - ‘ >" S o = i Y e 1 y N “;ﬂ il
ERSIT PR AL RN ‘ IR Tt 2 N ! i
Tt d s, R i iy e
cordln'¢,w;¢<eg-»m,p; g PR

UNIVGRSI -

bbb

T
AR R A
b =
Hn = 2
x
. -

UNIVERSITE

Q/”Concordla ;

P - - 21 4 B V‘
: . === . ) . i~ .‘ -

2 = P - i B 4 > b7
UNIYERSITY - - . - - - :

@ NTNU

Norwegian University of ZERC EMISSION
science and Tee ’ MEIGHEOURHOODS
Science and Technology N SMART CITIES



Introduction (1)

Varennes Library location
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Introduction (2)
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Introduction (3)

® 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.
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lllustration of different energy technologies that can be used to
enhance flexibility in the operation of the Varennes library

Electricity storage in
n batteries of electric
' vehicles

Four geothermal heat
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Energy flexibility for Varennes library (1)
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Measured import power
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Energy flexibility for Varennes library (2)
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Data-Driven modeling (black box) oriented for the

, energy erxibiIitx guantification (1)
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Data-Driven modeling (black box) oriented for the
energy flexibility quantification (2)

® Hydronic radiant slab modeling:  The first
adaptive ARX aims to model the concrete slab
temperature, as is given by:
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Energy flexibility quantification (1)

® The quantification of the energy

flexibility is an optimization problem
with an objective function and
affine equality and inequality
constraints.

® Penalizing the imported electricity

« minY Pt (impt — exp?)

Objective

fTSlab > ZOOC
TStab < 29°C
Tt > 18.5°C
Tt < 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

from the grid to reduce the peaks Tint = 21°C
_ Tslab — 21°C Initial conditions
load in kW and the energy -
consumption in kWh.
Note comfort constraint. for slab Tmax is 29°C
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Energy flexibility quantification (2)
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PV panels production
== Measured exported power
Exported power with flexibility
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Flexibility quantification
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Energy flexibility quantification (4)
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= 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.
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Conclusion

QO 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.

a 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.

a The flexibility strategy considering a sunny cold day can achieve reduction
in peak load of 40% and 30% during morning and evening periods,
respectively.
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