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« What is EINSTEIN — general overview
 Heat recovery
 Heat to power conversion

 Link with monitoring data and energy
management

e Continous time adaptation and optimisation

This project has received funding from the European Union’s Horizon 2020 2
research and innovation programme under grant agreement No 680599.
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* A methodology and a software tool (expert
system) for thermal energy audits and
development of alternative energy concepts

* Results:

- Detailed energy statistics for present state

- Quantitative pre-design and evaluation of
alternative energy concepts

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 680599.
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The software tool

ENERGY STATISTICS

BENCHMARKING

File WYiew Database Settings Help
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| Alternative | Present State (checked)
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[= Einstein
[ Edit Industry Data
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Heat recovery
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Buildings
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[ Alternative proposals
Design
Energy performance
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Comparative study
Report

rUseful heat demand by process (UPH}

UPH Total ‘ Share

Frocess ‘ AdwR] 23}

Crenlation

Maintenance Stant-Lip ‘
AR ] BAHR] BAWRT

Process
Temp. [°CT

Proceas Supply
Temp. [°CT

heese wash water 299.55 182
milk heating 1376.53 .83
fermenter 89623 575
3921 65 2516
9095.70 55.34

whey prehesting

whey evaporation

SN ENE

a

299.55 0.00 0.00
1376.56 0.00 0.00
BE5.26 205.00 0.00
392174 0.00 0.00
1089.37 800719 0.00

32.00 120.00
45.00 120.00
80.00 120.00
100.00 120.00

r Distribution of process heat demand (UPH Total} by pr

UPH by process
whey preheating

rmenter

Ik heating

e wash wat

whey evaporation

s

O mEE

= E
65.00 120.00 j

2009-2-17 7:38:22 EINSTEIM now updating annual energy balances
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The software tool

ENERGY STATISTICS

BENCHMARKING

File Yista Bancadati Impostazioni  Aigko

Progetto | Audit Caseificio AutoPilot HR §T

|Altemaﬁva I Rete scambiatori recupero calore

|Moda].iﬁ

10Te asa!

[l Einstein
B Modifica dati dellindustria
Dati general
Consumo energetico
Processi
Generazione di calore e freddo
Distribuzione di calore e freddo
Recupero di calore
Faorti di enargia rinnovabil
Edifii
Parametri economici
Controllo coerenza
[ Statistiche energetiche
B Dati annual
Energia primaria
Erergia finale per combustibil
Erergia finale per impianto
Dormanda di calore (processa)
Domanda di calore {temperatura)
Dormanda di calore (termpa)
Intensita energetica
Dati mensil
Dati arari
= Benchrarking
Intensitd energetica globale
Consumno energetico specifico per prodc
Consumno energetico specifica per proce
B Proposte alternative
Progettazione
Prestazion energetiche
Analisl econormica (Total Cost Assessmer
Studio comparativo
Resoconto

—Domanda (UPH) e calore utile fornito (USH)per livello di temperatura

Domanda d calore & processo (UPH) per vello & tenCalore formito (USH) per livello & temperatura &

Temper;né;e levels ‘ BAWR] A, ‘ cump/iﬁuvo AW oA mmp/i?
H = B0*C | £252.80 3883 3883 4556 .96 3N
T 60 - 80°C 111469 682 43735 116981 782
T 80 -100°C 8736.84 2425 100,00 a16.43 5453
T 100 -120°C 0.00 0.00 100,00 819318 5545
T 120 - 140 %C 0.00 0.00 100,00 0.00 0.o0
T 140 - 180 °C 0.00 0.00 100.00 0.00 0.oo0

rDistribuzione della domanda di calore di processo (UPH) e calore utile fornito (USH) per livello di temperature di processo

1EQ0D T T T
— UPH

—— UPH proc

<o USH
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The software tool

ENERGY STATISTICS

BENCHMARKING

I EINSTEIN Guide 43 Base Case II

Project | Alternative | Present State (checked) Design |
[= Einstein
=) Edit Industry Data —Useful supply heat demand (USH) - peak and base load
General data
Energy consumption rmesctne Lo FBse Load FBse Load Medium Load Medium Load Peak Load Peak Load
Processes data e (power) (ererg) (power) (ererg) (power) (ererg)
Generation of heat and cold iy ndirre] L AR sl L)
Distribution of heat and cold I I
Heat recovery 2 = 80¢C 97528 4339.50 1012.45 100.75 2688.05 1662.25
R bl i |
B;‘E:; © Energies 2 =120C 1408.35 6137 33 370218 843375 5397.48 1415.74
Economic parameters E =250 0C 1409.35 E137.33 370218 543875 5397 45 141574
Consistency Check 5 =400 C 1409.35 E137.33 370218 543875 539745 141574
[=] Energy statistics
= Annual data
Primary energy e heat d d (USH)
Final energy by fuels
Final energy by equipment
Heat demand {proc.) 000
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Heat demand (time) o = = 80C
el Ii-‘II:I I ! ne; L' =000 | <120C
Energy inkensity £ LL' * s = 250C
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1
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2009-2-17 7:39:48 Recalculating HX network, This may take some time,{Tool: PE2)
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Energy consumption HCC GCC .
Processas data 160 1501 I_‘:(i—l_ " Caloulate only EIIIIITIEISS
Generation of heat and cold —HCC & Redesi bwork .
Distribution of heat and cold 140 Fresin netwer Chl"Er’S
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[= Benchmark check Name ‘ ‘;;?;; L S?rﬁ?g 2 Hot Medium ‘ m 'i;fé}md ‘ = 'i;fé}m‘i ‘ Cold medinm ‘ s c?;idc;mi =
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SEC by product 1 ewH1 1325.48 5.72 whey evaporatii 75.0 42.08 milk heating_Mi 6.0
SEC by process 2 |HewHx2 20.96 1245 fermenter_Wate 20.0 18.0 whey preheatin 8.0
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— Lay-out of solar thermal it .
- Consistency Check

Energy skatistics
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Installed capacity [k l—
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He&iC Distribution
Energy performance
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Investment

Efficiency of heat storage and distribution [-] 0.90 —System performance
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Energy and operating co: E ﬁltEFl’lﬂtl'\"E I:IFEIFIEISEdS
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Hi network,
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REPORT
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Sustainable Process Industry through

[-ThERM

Optimisation of heat recovery with EINSTEIN

This project has received funding from the European Union’s Horizon 2020 14
research and innovation programme under grant agreement No 680599.
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Resource and Energy Efficiency

EINSTEIN software:
heat recovery

[-ThERM

» Analysis of heat demand and waste heat as a
function of temperature and time.

e Plot of
e Plot of

not and cold streams

neat exchanger network

 Dynamic simulation of heat exchangers
with/without storage

* Tools for Pinch-analysis

* Automatic design of optimised heat exchanger

networks

This project has received funding from the European Union’s Horizon 2020 15
research and innovation programme under grant agreement No 680599.



s:)':E Pinch analysis ...% /

Sustainable Process Industry through

. =20K
Pinch Analysis QH,m.n = 1000 kW
* Hot and cold it Qomn =800 kW
ot and cold composite curve T.w  =180/160°C
" Grand composite curve TeC) A
-> energy and exergy targets for heat recovery 2300 L
Q H,min
VAN
T (°C
300T ( ) QH,mln 250 T ‘
2507 s
e 200 T
2007
1507 150 +
1007 ﬁ
50__ § 100 T
¥ Pinch
:Q C.min : ; a ; PIOWGF (ll{\{/;]) 50 1
0 2000 4000 6000
Q C.min Power (kW)
i i —>

bundersen. IEA. Process Integration, www.tev.ntnu.no/iea/pi 0 500 1500



Sustainable Process Industry through
Resource and Energy Efficiency

Streams in EINSTEIN - Energy flows FEREEN]
Connections Heat & cold supply Connection Distribution & Storage Connection
input Fuels/Elect. - Equipes (“Equipments™) Equipes - Pipes (“Pipes™) Pipes - Processes

= Heat exchanger network% "t\/(

mlon l —— e N

LEGEND & |

connections of -y
sub-systems

external energy
input oo ':,\>

thermal energy
flows
(heat & cold)

available waste
heat
(from source)

=== P

recovered
waste heat
(to sink)

--—-

Waste Heat from Electrical
Equipment




Sustainable Process Industry through
Resource and Energy Efficiency

[-ThERM

» Tool for automatic design of optimised heat
exchanger network

 Different optimisation criteria possible:
- minimum size of heat exchangers
- exergy optimisation
- fine tuning by selection of AT _

n

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 680599.
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9 Use case:
e e ien NN€AL PIPE economiser

Resource and Energy Efficiency

[-ThERM

e Similar to iITherm-Demo: ARLUY (WP7)

* Heat pipe economiser using boiler exhaust gas
for water preheating

o

System connections

Gas oil Thermal oil boiler Thermodl (thermal oil) 'D'H'EH.S :
. 12770 127 e ilyE 7 s rm EW—EBM:Q
i ¥
electricity Dampfleitung Steafn injection n.\rens.
/ ] 3610 ;mg - ---------------- | 3868 zﬂmé:@} 4826
s ¥

Production water

—ngQ 17223
P

QHX -> (1500)

This project has received funding from the European Union’s Horizon 2020 19
research and innovation programme under grant agreement No 680599.




Use case:
9E heat pipe economiser

Sustainable Process Industry through

Resource and Energy Efficiency St ream p I Ot

STREAMS

.net v

[-ThERM

=20 0 100 200
Steam injection ovensivented steam

300

Thermal oil boiler:exhaust gas

Production water:waste water

Thermodl (thermal oil):input
Ovens:maintenance
Steam injection ovens:maintenance .

Ovens:dough

Ovens:air

Dampfleitung:input

Thermal oil boiler:combustion air

— Economiser
f— —— W B

Production water:fresh water

Steam injection ovens:feed-up water

-20 0 100 200

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 680599.
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9E .net
Sustainable Process Industry through

[-ThERM

Optimisation of waste heat to power with
EINSTEIN

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 680599.
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9 EINSTEIN software:
Sustainable Process Industry through (WaStE') heat tO power

Resource and Energy Efficiency

[-ThERM

» Black box model for
heat to power by
generating units oo

Driving hot stream

Electricity

fy

Cooling stream

This project has received funding from the European Union’s Horizon 2020 22
research and innovation programme under grant agreement No 680599.




9 EINSTEIN software:
55555 e naaninn (WWAStE-) heat to power

26 07

[-ThERM

Model features

e Control:

- by avallability of waste heat
- by external master control

(supply of required heat input has to be assured by
waste heat and/or appropriate heat supply
equipment).

This project has received funding from the European Union’s Horizon 2020 23
research and innovation programme under grant agreement No 680599.




9 EINSTEIN software:
55555 e (WASte-) heat to power

[I-ThERM
Model features

 Temperature dependence and part load
behaviour:

- Variable heat rejection temperature depending on
ambient air temperature

— Corrections of conversion efficiency as a function of
a) temperatures (supply, heat rejection)
b) part load ratio

This project has received funding from the European Union’s Horizon 2020 24
research and innovation programme under grant agreement No 680599.




9 EINSTEIN software:
55555 s (WASte-) heat to power (2)

Resource and Energy Efficiency

[-ThERM

Model types supported

 Rankine cycle (steam turbines, ORC, sCO2)

- low / moderate temperature drop at heat supply

- outlet temperature of supply medium well above
ambient

 Trilateral flash cycle

- high temperature drop

- outlet temperature of supply medium close to
ambient

This project has received funding from the European Union’s Horizon 2020 25
research and innovation programme under grant agreement No 680599.
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9 Use case
e SGCO2-tUrbine + gas turbine

e Similar to iITherm-Demo: UBRUN (WP5)

» SCO2-turbine supplied by exhaust gas from gas
turbine or gas boiler

o

System connections

Matural gas gas turbine exhaust gas sCO2 turbine
_— 5'"@3
T30 5110 2363 4380 | ! 4380 4380 |
— Hre——— |
;.W z
electricity

sCO2 turbine
-~ 3925 0
—
This project has received funding from the European Union’s Horizon 2020 26

research and innovation programme under grant agreement No 680599.



Temperature [°C]

energy &53 M"Z
[-ThERM

 Example: analysis of conversion efficiency as a
function of driving and heat rejection temp.

9 Use case
e enenien SCO2-tUrbine + gas turbine

Resource and Energy Efficiency

—— Driving temperature ——— Heat rejection 250
100 240
A A o
M Yt ,1\ M, \ g W 230
80 W“"‘/ W .\"Mnil J"WWW““AW W}MMWW Y %M"‘ u,le\nJ ’ﬁ /M\”‘/VWMMWM W L M»k‘q,/'(["’) \. /M < 250
60 T 210
1=
S 200
40 M E.% 190
20 NMW MW,W AV $ 180
L M%WWWWV v %%WMWW \ S A
0 /W\wa W W\W 160
0 1000 2000 3000 4000 5000 6000 7000 8000
150
-20 30 40 50 60 70 80 90 100
Hour ofthe year [h Temperature lift (TDrive - TReject) [K]
This project has received funding from the European Union’s Horizon 2020 27

research and innovation programme under grant agreement No 680599.




9E .net
Sustainable Process Industry through
Resource an d Energy Efficiency

[-ThERM

Link with monitoring data
and energy management

R research and innovation programme under grant agreement No 680599.

This project has received funding from the European Union’s Horizon 2020 28
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System control EMS

and - online visualisation
data acquisition » - reporting
- energy targets

Manual user input

\J

- initial setup
- changes in the system
- optimisation criteria
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» Use of historical monitoring data for present
state analysis and calibration of system model

- algorithm for automatic processing of monitoring
data for model calibration

- forecast of system performance for definition of
energy and performance targets

- type of data to be processed.:

« periodic aggregate data on consumption (e.g. energy
bills, production volume, lecture of counters, ...)

e time series (e.g. energy consumption, flow rates, etc.)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 680599.
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* Periodic system optimisation and adaptation to
changes in the production process

- algorithm for semi-automatic and automatic
generation of energy saving proposals (e.g. heat
recovery optimisation)

- based on calibrated model (from Task 3.3.a)
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Sequence of model calibration, system optimisation and
changes in the real system.

model calibration and
validation of simulations

system optimisation
(proposal)

changes in the

real system

monitoring data

time line

M(n-1)

M(n)

M(n+1)

i

data period n

data period n+1

data period n

+2
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