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2800 TJ => 23 Fat Mans => S61MM/yr
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THERMAL WORK EFFICIENCY PRICE / kW
Power CosT = KW * KWe * b
kKWt kKWEe
* Doors * VFDS ¢ SCHEDULE OPTIMIZATION
* LEDs * Control Logic * Rate Contracts
* Voltage Regulation * Solar

* Energy Storage
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Weather

Georgia Weather Forecast: Heat Wave, Storm %
Chances

Dangerous "feels like" temperatures expected Monday, with a week of temperatures in the 90s, according to
the National Weather Service.

By Greg Hambrick (Patch National Staff) - July 17, 2016 418 pm ET P vle Like 70 | Share |
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Temperature (F)
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C, [V/K]

T, [K]

Cp— = —alTy(t) - T(1)) - T(t) = A+ mt+ Be V7
AL _ oyt - 1)+ . Tr(t) = A +mit+ Bpe T
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Macon Thermal Flywheeling

Temperature (F)

« + Temperature Data (Cooling)
— Theoretical Fit (Cooling)

« + Temperature Data (Warming)
— Theoretical Fit (Warming)

Fit Function: f(t)=A+mt + Be /"

Cooling Period = 15.0 hrs . Heating Period = 8.0 hrs

5 10 15 20
Time (hr)
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Convex Formulation

minimize ¢! X + kgmax(X)
subject to 0< X <M
Cr(Ty(t+1) - Tf( ) = a(Tw(t) — Tr(t))
C(Tw(t+1) = Tu(t) = a(Ty(t) - ( ) + Phot(t) — Peotalt)
Ppot(t) = (k1 + kad(t))(T, (t) Tw(t)) + ks X (1)

(I)cold( ) — k4X ( w )
T, <0




Tf0 = TO

Tmin = -20

Tmax = 0

T = cvx.Variable(hrs + 1)
Tf = cvx.Variable(hrs + 1)

X = cvx.Variable(hrs)

cost = cvx.sum entries(cvx.mul elemwise(p,x) + cvx.max(x)*D
objective = cvx.Minimize(cost)

constraints = [T <= Tmax, T >= Tmin, T[0] == T0, Tf[0] == Tf0, x <= 100, x >= 0]

for t in range(hrs):
constraints.append(Cf * (Tf[t + 1] - Tf[t]) == -alpha * (Tf[t] - T[t]))
constraints.append((T[t + 1] - T[t])== (alpha * (Tf[t] - T[t]) - beta * x[t] + phi h[t])

prob = cvx.Problem(objective, constraints)
prob.solve()



flat = $18.55/kW

win
i
O-
Gwnl
2= Z -
—-0—-u
2 ht bt - o <
— o o o o o
1 . 1 1
T T T T T T
I o © © <+ ~
~ ~ <] © r-] ©
= = < = = <
=} =] =] [=] =] =]

[um/5] 3ey abesn

30

2018-04-

2018-04-14 2018-04-16 2018-04-18 2018-04-20 2018-04-22 2018-04-24 2018-04-26 2018-04-28

2018-04-12

B —-—eee cMslist ret A£_dsaii

s

—-- total
——-- flat18.55

Apr 30
00:00:00

Apr 28
00:00:00

Apr 26
00:00:00

Apr 24
00:00:00

‘
Apr 22
00:00:00

Time (UTC)

:
Apr 20
00:00:00

Apr 18
00:00:00

Apr 16
00:00:00

Apr 14
00:00:00

Apr12
00:00:00

—— Room 3T
—— Room 7T
—— Room 8T
—— Room 9T

Apr 30
00:00:00

Apr 28
00:00:00

Apr 26
00:00:00

Apr 24
00:00:00

T
Apr 22
00:00:00

Time (UTC)

T
Apr 20
00:00:00

Apr 18
00:00:00

Apr 16
00:00:00

Apr 14
00:00:00

Apr12
00:00:00

1000

400 4

(D) J2mod [euiay |

(d4) ainyesadwal



EMERGING
TECHNOLOGIES

Warehouse data sent to cloud
S '.
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Utility rate data

Q Flywheeling
Algorithm
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Cloud algorithm controls
warehouse and sets temperature
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Temperature [F]
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Theory vs. Experiment

Room 8 Mar 17,2018 - Mar 22,2018
mse = 0.186, phi=1.87, Cf=5.81, beta=-3.43
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Power [kW]
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Power as a Profit Center

B Future " Spot " Purchased

Allentown, PA
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Highlights RIS

Industrial equipment can safely receive setpoints from the cloud
Optimization algorithms can find optimum equipment setpoints

US food supply is the largest & cheapest battery in the world

Schedule optimization has reduced cooling costs ~40%

Technique can modified to achieve any objective:
O Match solar production (ZNE)
O Demand Response events

O Operate equipment at most efficient state
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Thank you

Alex Woolf
Principal Data Scientist
Lineage Logistics

awoolf@lineagelogistics.com
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