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IntBioCHP Project objectives

# Development of plant operation suport system (software tool), which
would enable optimization of the heat and power plants in a daily
operation.

# Development of alternative schemes of the biomass fired ORC plant
integration with industrial and municipal heat consumers.

# Development of mathematical simulation models of the proposed
technological systems and energy management scenarios.

# Development of tools for predictions of heat load profiles.
# Testing on-line biomass properties measurements.
# Simulation based studies of cogeneration plant operation.

/ Aslsessment and analysis of effectiveness of the proposed technology
solutions.
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IntBioCHP Research plants

Holzheizkraftwerk Scharnhauser Park (DE) MPGK Krosno Ltd - Municipal Holding (PL)
ORC + Gas boilers ORC + Coal boilers
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IntBioCHP Technological system

Both systems are similar and cosist of biomass-fired ORC
cogeneration module fossil-fuel-fired heat only boilers.
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IntBioCHP Key conditions
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Equipment operation within

sample period of 200 hours
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System stationarity tests

Electric power, kW
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Anticipated financial results of the
Krosno project

IntBioCHP
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Anticipated financial results of the
Krosno project

IntBioCHP
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IntBioCHP Possible improvements
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IntBioCHP List of IntBioCHP project products

7 ProcessOPT system for online measurements of biomass
quality — hardware tool.

# Control algorithm for biomass combustion process.

7 IntBioCHP_DSS — expert system concept and software

~ Software tools for heat load forecasting — different methods.
# Design documentation of IntBioCHP_DSS integration.

# Design documentation of heat storage tank

# Techno-economic studies and computer simulations

# Journal and conference papers
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IntBioCHP Monitoring of biomass quality

New hardware components - Near Infrared Spectroscopy
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IntBioCHP Monitoring of biomass quality

~# Biomass fuel — as received

(DE) (PL)
Low quality biomass High and medium quality biomass
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IntBioCHP Monitoring of biomass quality

Biomass LHV, Mi/kg
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Biomass Properties: LHV, ash content, water content

20

Hochschule

{0 T@Clhnmn\'/




IntBioCHP Monitoring of biomass quality

Equipment accuracy assessment
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IntBioCHP

Monitoring of biomass quality

# New combustion control algorithm and software have

been developed and tested.
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IntBioCHP Results
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IntBioCHP Results
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IntBioCHP DSS Concept

The IntBioCHP_DSS is is a computer program (expert system),
which uses knowledge and inference procedures to solve tasks that
are typicaly solved by the human expert (plant operator).

* Operational optimisation of both heating networks and heating
plants, which is based on predictions of weather conditions,
loads and prices.

» Supporting plant maintenance.

* Frequent examination of measurement devices and early fault

detection.
Hochschule
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IntBioCHP DSS Functionalities

There have been assumed four specific functional modules:

* Performance evaluation module, which generates current
performance indices and reports;

* On-line diagnostics module, which allows monitoring of current
technical conditions and verification of measurements;

* Simulation module, which allows operator to examine effects of
changes before they are implemented into the physical system;

* Operation planning and control module, which generates
recommendations for optimal settings, including equipment

scheduling.
3 Hochschule
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IntBioCHP IntBioCHP_DSS User Interface

4 IntBioCHP_DSS - X
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IntBioCHP SCADA vs DSS

_ Faza pracy
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IntBioCHP SCADA vs DSS
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IntBioCHP

rKociol VAS

Moc gtownego obiegu
oleju termalnego kW:

Moc malego obiegu oleju
termalnego kW:

Stopien wykorzystania
paliwa %:

Moc cieplna paleniska kW:

J
”~

N
b=

Kociot K1

Sprawnosc % : :
ERCER 1986 16 Moc kotla MW GJ ciepialtone paliwa

0 4 8 1 16 20
5 F 20, 2
Zuzycie energi el. 10
e kw
0 T 1}
Zuzel i popidt strata spaliny
% %

Kociot K5

o 0 2
Sprawnosé % ; :
PN.EN 1208215 Moc kotta MW GJ cieplaltone paliwa

4 g 1F 30

20
Zuzycie energi el. 10
kw i

Zuzel i popiot strata spaliny
% %

www.itc.polsl.pl 4 Instytut Techniki Cieplnej # Politechnika Slagska #/ Gliwice

SCADA vs DSS — coal boilers
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IntBioCHP Expert system hardware
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: Expert system framework for technical
IntBioCHP condition monitoring
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IntBioCHP Equipment models

White box Black box

bases on
measurement data,
regression and
neural networks,
fast calculation,
non physical,
difficult
adjustments

detailed physics

* limited accuracy
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IntBioCHP Equipment models

Black box
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IntBioCHP
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? Diagnestyka modutu ORC
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IntBioCHP Diagnostics of ORC module

{4 Diagnostyks modutu ORC
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IntBioCHP Integrated system optimisation
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Expert system framework for

IntBioCHP optimisation of operational parameters
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IntBioCHP
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Temperature, retun. 98,98 [*C]
Flow, total: -459 27 [kg/s]

Power. -40449,7 [kW]
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IntBioCHP Integrated system optimisation
t=N

min/ = 2 C,
t=1

Ct
= Z (mf,iscf T Mepy iSCeny T My i SCiyy
i
+ Eel lSC(t)) el ,exXp, tPel ,exp (t) Eel,gen t z fsup (t)
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IntBioCHP

Simulated financial effects

Adjustment of boiler operation without TES

Koszty ostateczne po wwzglednieniu kary - 01.01.2016.

Kociot K5
Suma kosztow dziennych po optymalizacy:, PLN 2486700 12 o
Kara za start/stop jednostek, PLN 51.36 10 | \ "jz”e‘;;;”:“a"f“‘a &
Procent dodatkowvych kosztow kary, - 0,015 % 8 - "»‘ 1! \ s
Skorygowane koszty dzienne po optymalizacyi, PLMN 24918 36 E : it &
Réznica w kosztach przed i po optymalizacji, PLN 2.61 i‘z . \x\j Y
=
Eoszty ostateczne po uwzglednieniu kary - 17.03.2016. 2
Suma kosztow dziennych po optymalizacyi, PLN 15626,78 ’ 5 10 15 20
Kara za start/stop jednostek. PLN 63.86 Czas, godziny
Procent dodatkowych kosztow kary, - 0,015
Skorygowane koszty dzienne po optymalizacyi, PLN 15690 64
F.6znica w kosztach przed 1 po optymalizacy, PLN 35658
Koszty ostateczne po vwzglednieniu kary - 31.12.2016. A n n u a I Effe Ct
Suma kosztow dziennych po optymalizacyi, PLN 19692.15 ~
Kara za start/stop jednostek, PLN 91,78 1 0 0 0 00 P L N
Procent dodatkowvch kosztow kary, - 0.015
Skorygowane koszty dzienne po optymalizacy, PLN 1978393
E.6znica w kosztach przed 1 po optymalizacyi, PLN 1494 33

Hochschule

ifur Techmnik

U C
= www.itc.polslpl # Instytut Techniki Cieplnej 4/ Politechnika Slaska # Gliwice

Stuttgart




@
S
=
)
o))
i
U
&
I

X
o
[=§ T
(&3
=
N o p « A =z 5 ©
= g [N N N R Bl (e
— = 2 & = =) =) =
@ o = o = - o e
£ : B 111
m me -
5
2 £ E
c 5
g i3
o V] £
=
— .m
o :
2
o
n 2N “DIUEMOI UL
0 E——
— 0051 00sL oSl 005l
S o0k o coirn i) ookl
OOEL 4 0G'EL el OOEL
a 0OTh ] 00T (141 0G:Th
00 LE o 0oLl oLl 0oL
C OO0k o cool ooiok ety .
0060 4 0080 0060 00:60 (%}
00:80 o coso {15 5 0080 M
m 00110 4 0020 0040 .m. 00'20 L=
= 00:e0 g H coso y 0690 > 0090 (L]
m 00150 < oo's0 H 00’50 2 00'50
.w - .M L] m " n o
P ng acgm oo £ £ ooro £
B o - - | 3 ks ) k|
K] 0080 § g B w0 g £ wen g ] cee B
M [ o020 m o ooz ] 00:z0 3 00:Z0 ©
[ . ¥ N a g
m [ ooie 00140 0010 | 00110 -
[ eo0e 00700 0000 H a0 00 <
e [{ sorez | coET 0iET = OCIET ,le
00:TT 4 oo 00z 00'Zc ©
n = [ ez o ool 0wz 0z X
t 0 3 00161 [ cost 006l 006} =
m “ 0081 0o8l o8l 008l “
a P N oLk {18 oLl oLl s
m & o0iek ] cost el oeel [+
O, £ d o
@ o T SRR g 8§ 8 &8 ° g 8 > § 8 % 5 °
W TR 5 ‘e yeunany 9, "BUsZIN WY % "onEiaaRodopned /
©
: £ T
g =) c
L ok oo:sh LE -
in 3
w5 001 0t %.
i) 3 [oli ] 0El Plv
2 B 00:EL L
ko 8 00:LL ET i~
2 oo:ol ; e =
m 00:60 0060 i
& F 00:80 o080 M.w
e 00:20 00420 =
I 00:90 0090 e
- @ : 3 =3
[ = 00:50 i 0050 -
ke 2 o & E o = =~
I} il 00vd 5§ £ 000 £ n
= g : E = ]
o g 00:€0 w & g wen 2 M
= < @ 00:z0 Q = 0070 -
P £ N 00:10 2 wio
o m | 00:00 0000 /
% 8 00:€Z kx4
=l . a—
£ £ 00:z2 007E Q
T 00:Le 00:g |nm
00:02 0002 °
00:61 061 a
2 g ooigL i o8t o
£ g
m - 5 00:41 0L . =4
» — 52 & £ Roigl he
I 8 &
$ H
<] = @ w3 w = w (=] =] 2 Q = 2 =2 = 2 = = Y
o0 2§ % 5 ot EEEE :
R Qp EiMEISAWSL PR T—— % “psouobip .
t I+l
—




: Load preditions — Neural Network
IntBioCHP Aproach

x10*

=18
16— —
14— —
— Load measured
Load predicted-1
- Load predicted-2
1.2 I I I
00:00 06:00 12:00 18:00 00:00
Feb 06,2018
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: Heating load predictions within
e IntBioCHP DSS
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IntBioCHP SimStadt simulations of Krosno DHS

schemat sieci cieplowniczej
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IntBioCHP SimStadt simulations of Krosno DHS

Comparison hourly heat load profiles
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IntBioCHP Sizinig of heat storage tank
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IntBioCHP Design of heat storage tank

P&ID diagram
Schemat instalac;ji

Co'nplementory waler
Woda uzupetniagjqco

gen

Water supply system
Woda wodociagowa

.||}_ I.(

District heoting (hot sdezJ|
Woda siecowa (zasilonie MSC)

QL

District heoting (cold sde
Woda sieciowa (powrdt z MSC

High pressure cold district heoling water
Wodo siecowa (z lloczenia pomp “obi egowych)
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Results of heating profile optimisation
within sample summer day

IntBioCHP
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. Results of optimisation HOB plant
IntBioCHP operation within sample winter day
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HOB plant energy efficiency gains in
sample winter day

IntBioCHP
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INtBioCHP HOB plant energy efficiency gains —
annual curve
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IntBioCHP Sample recommendations for TES
operation
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IntBioCHP Conclusions

# Currently the ORC cogeneration techology does not bring
favourable financial results.

# Data analysis and simulations showed that plant
performance and economics can be improved by
incorporating the mathematical models into the
diagnostics and control systems.

# A base for an improvement is better system integration
based on software and hardware solutions.

# Additional revenues can be generated by improved
electricity generation performance (power and efficiency)
and sales on balancing market.
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IntBioCHP Project web page

http://www.intbiochp.polsl.pl/

& C | @ Niezabezpieczona | www.intbiochp.polslp! =1 |

IntB|oCHP —

“Integracja systemowa elektrocieptowni opalanych biomasa"
Projeki "Integracia systemowa elekiro (lepiownl opalanych biomasa" Wspéifinansowany przez Narodowe Centrum Badai i Rozwoju.
Realizowany w ramach Programu: POLISH - GERMAN SUSTAINABILITY RESEARCH PROGRAMME "STAIR"

Integracia systemowa elekirocieplowni opaianych biomasa | Aktuainosci

IntBioCHP on the ResearchGate
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IntBioCHP

Thank you for your attention
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Jacek Kalina PhD, DSc
Deputy Director for Science
Institute of Thermal Technology
Silesian University of Technology
Konarskiego 22, 44-100 Gliwice
jacek.kalina@polsl.pl
http://www.itc.polsl.pl
Tel.: +48 32 2371742
Fax: +48 32 2372872
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