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SYSTEM

System Boundaries

A Assumptions
Load
4 L B Heat Load and Prices are assumed to be
I perfectly predicted.
e ( z | cHP All units may operate throughout a year.
- W Electricity is only sold to the grid.
[ Investment and maintenance costs are
. ignored.
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Operating States

+STORAGE State 1 : CHP
TANK State 2 : CHP + Boiler
State 3 : CHP + Storage
) C State 4 : CHP + Boiler + Storage
a State 5 : Boiler + Storage
D ) > State 6 : Storage
CHP State 7 : Boiler

State 8 : None

BOILER
*Not all of them are decision variables!
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Inputs & Outputs
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Operating States .
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State 5
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Legend

Qtuel chp : Fuel consumption at CHP
Qfuel Boiler : Fuel consumption at Boiler
ucyp : Heat supply by CHP
uy, : Heat supply by Boiler
ug; ¢ Heat supply by Storage
P, : Electricity Production

Ujoaq : Heat Load
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COST FUNCTION

Gains of units

Jeup = { [Pel " Cel T+ UcHP* Cheat] - quel,CHP ) Cgas} T
JBoiler = [ub " Cheat — quel,Boiler ) Cfuel] ‘T

]Storage = [Ust * Cheat] " T

Jr = Jcup t JBoiler +]Storage

BOILER

Legend

‘4= (_loss,Boiler ‘- Q_loss,CHP

Qfuelcup : Fuel consumption at CHP

u_st

Qfuel Boiler : Fuel consumption at Boiler

U CHP St Ucyp : Heat supply by CHP
STORAGE [« - :
up, : Heat supply by Boiler
loss,
R Ug ¢ Heat supply by Storage
Thermal Electrical . 0o .
energy flux ———— P : Electricity Production

Cel ) Cheat ) Cgas : PI'ICGS
Jcup »JBoiler s]Storage : Gains

Qloss,CHP ) Qloss,Boiler ) Qloss,St : Losses
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Constraints

Temperature Constraint

Temnperature Constraint

—

Crperation Range

Tank is empty!

~—

T_high

T_low

Minimum Operation Time Constraint at CHP

ON- — — — — p————ccsaas « MNormal
{ Operation
DFF e — _Fi Cﬂr‘lﬁtraiﬂt
| Violated

Minimum Operation Time

\

~ Fraunhofer

ISE



Mathematical Formulation of the Cost Function

(Minimum Operation Time Constraint)

Hp
Jr=max Y (I8 b + I rage B + Jihier - D7) O e on vy varaes
TS
1 1 0 0
subject to Ts(t) < Thigh 2 1 0 1
(Temperature Constraint) 3 1 1 0
4 1 1 1
(t+tmin) ) 0 1 1
when b® =b™ 20, then Y [P -bFV|=0 & o 1 o0
=t 7 0 0 1
8 0 0 0
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IMPLEMENTATION

./>_, ] | W M_odelic_a/DymoIa for Modeling &
Simulation

Operating_States

>y

-
-

B GenOpt (Generic Optimization
Program) with Particle Swarm
Optimization (PSO) Algorithm

Electricity_Price
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PSO

» Population based stochastic algorithm
» Inspired by swarm intelligence ( bird flocks, fish schools etc.)

» particle best position & global best position

Global Best
Solution

Particle velocity vectors in PSO [1]
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RESULTS

B A Future Scenario (2023) is approximated for comparison.

B A heat-driven operation is chosen as a reference operation mode.

B Overall gains of heat-driven and power-driven operations for 1 year are
compared. (365 sequential optimizations with prediction horizon of 1 day)

i & & & $ ===ssssa= —a

1 day 1 day 1 day 1 day 1 day

365 days
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Residual Load & Electricity Prices (2011)
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Electricity Prices (2023)

Table 2. Power Capacities for the simulation scenario. [2]

_ ct. Technology Power Capacity
Cheat = D/4 kWh [GW]

PV 61.3

ct.
Cgas = 2,7 KWh Wind onshore 49.3
Wind offshore 14.1

— Electricity_Price === Hezat price === Gaz_price
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Comparison of gains of two operations

Power Driven

m Storage Gain

m CHP Gain

m Boiler Gain

Heat Driven
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
Heat Driven Power Driven n 11 % | ncrease | n
Storage Gain 13278 1831 .
CHP Gain 32623 26433 overall gains
Boiler Gain 29977 56410
Gains [€/year]
14 —
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Comparison of CHP gains

Table 3. Comparison with respect to specific gains of the CHP

Operation CHP Gain Operation Specific
Mode Hours Gain

Heat Driven 32623 €/year 6210 hours 5,28 €/ hour

Power 26433 €/year 2300 hours 11,49 €/ hour
Driven
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Heat Driven Model (Reference Model)

Check Ts

!

YES Uload > 0
&

Uload <= QUCHP,th

Ulcad > 0
&
Uload <= QcHP,th

Uload > 0
&

Uload <= QcHP, th

Operating State 1 YES

Operating State 3

}

Uload > QeHp, i
&
Uload <= QcHR,th + Qst,disch

YES

&

Uload <= QcHp,th + Qst,disch

L Operating State 2 Operating State 4

NO

1

(0]
Uload > QcHp.th + Qst,disch

NO
YES
Uload > QcHp,th + Qst disch Operating State 5

Ujoad = Heatload
Qcupth = CHP nominal thermal power

Qstdisch = Storage tank nominal discharge power
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—=0—LGMC_Power Driven
LGMC_Heat Driven

1,9 -
1,8 -
1,7 -
1,6 -
1,5
LGMCL,4 -
1,3 -
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LGMC = Load-Grid Matching Coefficient

LGMC,,,(G): = {2 80ar 1)

WEI 'G

where W, := [P, (1)-dt [kWh]

P, : Electricity Production
G : Residual Load

LGMC > 1 : Grid favorable Production
LGMC <1 : Grid adverse Production
LGMC =1 : Grid-neutral behavior
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Gains [€/month]
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LGMC [-]

Volume CHP
Operation Hours

om3 417h
15m3 447h
45m3 458h
60m3 463h
100m3 467h
200m3 469h
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