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@ A subway station microgrid
o Subway stations energy and climate characteristics
o There is room for optimization
o A subway station Microgrid prototype

© Dynamic modelling of the station
o Supply/demand balance
o Building thermal dynamics
o Battery dynamics
o Economic criterion

© Optimization of the energy and climate management
o Dynamic optimization problem
@ Methods for a dynamic optimization problem
o Taking uncertainty and state feedback into consideration
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Subway stations energy consumption
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Daily consumption and passengers traffic are correlated

Power
Consumption
] 1 Ll .
sh 120 8h  T°
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-
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Subway stations produce electricity

o Electrical power produced by regenerative braking of the trains :
100 - 700 kW (20 seconds of braking)
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Subway stations produce electricity
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Tristan Rigaut

Heating
n; 1200 kWh

=) -

Regenerative Braking Lights
2000 kWh . " 600 kWh
Elevators

600 kWh

” Ventilation

300 kWh

National Grid <)
1000 kWh

L
Other Necessities

300 kWh
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Buffer needs

o A battery can store the braking power excess
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o Aeraulics & thermal inertia
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Subway stations produce heat

o Waste heat produced by the station technical facilities and by
mechanical brakings of the trains

o Geothermal heat / Canadian well (or earth pipe or provence well)

Local
technique
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In the new electrical grid paradigm
a subway station becomes an energy deposit
and
an energy deposit becomes an Efficacity opportunity
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Subway stations energy and climate characteristics
There is room for optimization
A subway station Microgrid prototype

© Dynamic modelling of the station
o Supply/demand balance
o Building thermal dynamics
o Battery dynamics
o Economic criterion

Dynamic optimization problem
Methods for a dynamic optimization problem
Taking uncertainty and state feedback into consideration
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Over 7 = 24 hours we have to ensure :

Ps(t) + Pran(t) =  Pu(t) + Py(t) +Pu(t)+Ps(t)
Main Grid Power  Brakes Power Lights, Elevators  Ventilation = Heating  Battery

= - 1
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We have to ensure the occupants thermal comfort :

‘ Tmin < T(t) < Tmax‘

Knowing the temperature dynamics :

Zone Heat Capacity Fan Air Flow
=~ dT —
v o ()= nPv(t) (Te(t) — T(t)) +rPru(t)
t ~ ——
Temperature Dynamics Ventilation Heating
1

j=ax (|-} + [
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Battery Dynamics

We can control the battery knowing its dynamic :

Charge/Discharge Efficiency

dSoc o8
t) = X Pg(t
dt ( ) VOQmax B( )
N——

. , Charge/Discharge Power
Tension x Maximum Charge

Which are valid between bounds that ensure good ageing of the battery

SOCmin < SOC(t) < SOCmax

)
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We have three control variables

Py(t)
u(t) = | Pu(t)
Ps(t)
L.él :ﬁ
@»

R4
/|
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We want trajectories

Py(t)
u(t) = | Pu(t)
Ps(t)

past future/prediction

Desired set-point

Closed-loop state "__,_—"";—
(measured) o tate (forecast)
L~
“k.'--- Opﬁmﬂ inFt
Closed-loop input 1 trajectory (time &)

by

1
Uy ""1 ey

m——— 1

====1  Re-optimal input
- g‘x_ljectnr_v (time &+1)

Kk Kp  Kem

| Control horizon p 5

1 Prediction horizon m |
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Economic criterion

Here is the criterion :

Total cost of consumed electricity
7\

-~

J(u()) = / C(t) x  Po(t) dt
0 S~~~ N——
Cost (€/ Watt)  Main Grid Power
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Subway stations energy and climate characteristics
There is room for optimization
A subway station Microgrid prototype

Supply/demand balance
Building thermal dynamics
Battery dynamics
Economic criterion

© Optimization of the energy and climate management
o Dynamic optimization problem
@ Methods for a dynamic optimization problem
o Taking uncertainty and state feedback into consideration
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Dynamic optimization problem

min J(u(.) = /0 " C(t)Pe(t)dt

>t ( Pe(t) + Prrain(t) = PL(t) + Py (t) + Pu(t) + Pg(t)

G S (6) = WY ()(Telt) = T(8) + rPu(t)

dSoc
dt

(t) = — 28— Py(t)

Tmin S T(t) S Tmax
Socmin < Soc(t) < Soc max
PV(t)7 PH(t) Z 0

. T(0) = To, Soc(0) = Soco e1"I"icacitye

Tristan Rigaut (Efficacity) Optimization of a subway station June 25, 2015 24 / 35



No battery vs. Battery controlled

We could save 32% of money everyday with a battery

Economic Cost

O

Without With

Battery Battery efﬁcadty@
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Methods for a dynamic optimization problem

For a dynamic optimization problem there are two kinds of solutions :

o Open Loop : providing a control trajectory depending on time u(t)

o Closed Loop : providing a control policy depending on the state
variables feedback u(x(t))

OPEN FEEDBACK SYSTEM

e _-)m_. Rt

CLOSED-LOOP FEEDBACK SYSTEM

Feedback

(DfE)
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Methods for a dynamic optimization problem

For a deterministic dynamic optimization problem there exists methods :
o Pontryagin Maximum Principle (open loop)

o Dynamic Programming (closed loop)

T

t+i{\\K&§ ﬂ )

2 B B

g 1 3

t

A
0
®

(Bréves de maths) efficacity
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Te(t), Pi(t), Prrain(t), C(t)

(R 1 \m

- =
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And there are several uncertainties

m|n J(u / C(t)Pg(t)dt

>t ( Pe(t) + Prrain(t) = PL(t) + Py (t) + Pu(t) + Pg(t)

G S (8) = WPY()(Telt) = T(8) + rPu(?)

dSoc
dt

(t) = — 28— Py(t)

Tmin S T(t) S Tmax
Socmin < Soc(t) < Soc max
PV(t)7 PH(t) Z 0

\ T(0) = To, Soc(0) = Soco e1"I"icacitye
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Model Predictive Control

MPC rolling horizon strategy
Frequent monitoring and online reoptimization to prevent uncertainty and
provide open loop feedback

past future/prediction
Desired set-point
Closed-oop state | §__.com=""""
(measured) e - State (forecast)
7 ..--_ Optimal input
Closed-loop input e 1__( _ra:ectury (time k)
1
Uy @===1  k--my
——my -
| S, L——.
LY---3  Re-optimal input
i —_ p{ljecmry (time k+1)
Kk Kp  Fm
| Control horizon p

1 Prediction horizon m |

.. ®
(Dai et al. 2012) efficacity
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Model Predictive Control merits and demerits

o Advantages : feedback by reoptimization, computationally feasible,
handle non linearities and state constraints

o Drawbacks : suboptimal, open loop, uncertainties
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Conclusion

o There exists substantial potential energy savings
o Work in progress to apply MPC solutions to simulations and real data
o Work in progress to compare MPC policies to other closed loop policies

o Work in progress to compute these strategies on more accurate
thermal, electrical and aeraulic models

o Electrical sizing of the battery, electrical simulation and economic
model
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@ Station Prototype18:23

Destination Arriving In...

Air Quality Already at the platform
Thermal Model Early July

Historical Data July

Dynamic Programming Coming soon

Random Variables Coming soon

The Efficacity Station Agents
wish you a pleasant day

@
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