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Task 6.3 “Dairy demonstration” -Eg.

ldentified dairy demonstrators

Optimization of energy flows at Rgrosmeieriet AS (SO, NTNU, RM) - Demo2

The energy flows within several key heating and cooling devices will be monitored and applied for further
optimization, to improve the specific energy efficiency. Innovative concepts for cold thermal storage are
implemented and support load shift measures to significantly reduce peak power operations.

Cold water and steam/high-temperature water heat pump at Yeo Valley Farms Production Ltd.
(LSBU, YEO) — Demo4

Integration of heating and cooling at a yoghurt producer to integrate a refrigeration ice bank (used to produce
chilled water) with steam generation system (currently operated from gas). This will be tested and monitored to
demonstrate the opportunities for thermal integration and also the use of high temperature heat pumps to
generate steam.

High-temperature heat pump at Ennstal Milch KG (IWT, ENGIE) — Demo3

A high-temperature heat pump as heat source for the cleaning-in-place (CIP) system in a diary by utilizing waste

heat. Development of different operational strategies derived from measurement data (and simulations)
Source: Proposal ENOUGH, No. 101036588 (2021)
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Demo3: Application of a high-temperature heat pump for waste heat utilization Grazm

High-temperature heat pump at Ennstal Milch KG — Demo3

» Key facts Ennstal Milch
* Founded in 1902

« Dairy and cheese factory

— Classic dairy products
(e.g. whole milk, desserts, spreads,

moulded cheese, ...)
— Flexible co-manufacturer for numerous national and international companies = 12
= Technical facts demonstrator
« Chiller

— Refrigerant: NH,
— Supply of “ice-water” at 1 °C
— Max. cooling capacity 900 kW
e HTHP
— Directly integrated into the chiller (Refrigerant: NH,)
—  Supply water temperature of up to 90 °C (CIP-System)
— Max. heating capacity 550 kW
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Introduction Grazm

High-temperature heat pump (HTHP)

» Introduction to the heat pump process

Heating capacity
. . QSI
Heating capacity
‘t

Supply temperature > 80 °C (Arpagaus et al., 2018)
= Process heat supply for the industry

Heat Compressor
pump Electrical Thr(&‘ /
power Electrical
= ™
Waste heat
0
cop, =21
Pel
I Waste heat
QSRC
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Introduction

. High-temperature heat pump (HTHP)

» Introduction to the heat pump process
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Grazm

Possibility and advantages of waste heat utilization

= Waste heat recovery from (existing) chillers Process heat
= High CO, saving potential HTHP  |[(—
? Waste heat Waste heat Electrical
» Substitution of the steam system (gas
Y (gas) Chiller | (um— Chiller |(—
Electrical Electrical
Cooling capacity Cooling capacity
Conventional Integration of a high-
refrigeration system temperature heat
pump
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Integration concept and System description Grazm

ﬂ Integration concept: Principle

NH,-Chiller
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o Nom. cooling capacity = 900 kW
am

—_— o
tcondensation - +35 C

— Chiller

— Heat sink

v

Process cooling

|
1
. :
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
: X LP-coMP] — Heat source
1
. :
! |
! |
! |
! |
! |
! |
! |
! |
! |
! |
! 1
I
. :
! |
1
I
. :

Chiller

Institute of
Thermal Engineering

Contact: rene.rieberer@tugraz.at, www.iwt.tugraz.at E N O U G H

“‘ENOUGH?”: Webinar | December 1st, 2022 | MS Teams EUROPEAN FOOD CHAIN SUPPLY

TO REDUCE GHG EMISSIONS BY 2050

é


mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/

TU

Integration concept and System description Grazm

Integration concept: Principle
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Integration concept and System description Lg.

System description: Chiller

« Conventional refrigeration cycle with
NH; as refrigerant

« Heat dissipation by means of a
cooling tower

« Flooded evaporator with natural

: - | .

g P | C|rculat|on“.

| - / « Supply of “ice-water” at 1 °C

| | « Max. cooling capacity 900 kW
e Ll O
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System description: Chiller

— i1 T g —— |

EVAP
MP-Rec
""""""""""" Vaveaws TR
Cooling tower
VPR LP-COMP :
-Rec J_ M | i
Al LP-COMP
LP-Sep -
EXVcn
R — . O, T o
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Integration concept and System description Grazm

_____________________________________________________

« Water outlet temperature: 75...90 °C
-+ Water inlet temperature: 60...80 °C
-« Max. heating capacity 550 kW

HP-COMP

Independent operation of the chiller
guaranteed

Direct integration of the HTHP into
the chiller

Supply of “ice-water” at 1 °C
Max. cooling capacity 900 kW
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Integration concept and System description Grazm

System description: HTHP

_____________________________________________________

« Water outlet temperature: 75...90 °C
» Water inlet temperature: 60...80 °C
~+» Max. heating capacity 550 kW

9

HP-COMP

“+ Independent operation of the chiller
.~ guaranteed

« Direct integration of the HTHP into
the chiller

« Supply of “ice-water” at 1 °C
« Max. cooling capacity 900 kW
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Integration concept and System description Grazm

System description: HTHP HP-COMP  DESUP CON

| 7
R A

= e
3 >
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Integration concept and System description Grazm

____________________________________________________

o] ) | »  3x4 m3 storage tank to buffer
| demand peaks

HP-COMP

— «  Supply of a cleaning-in-place
(CIP)-system

________________________
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System description: Measurement e
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High-temperature heat pump at Ennstal Milch KG — Demo3 -Eg.

Current status

= Plant already in operation

= Extensive measurement data of the chiller, HTHP and the “CIP-demand”’
available

= Data analysis tool (stationary offline evaluation) available

= Modelling
« Set-up of a thermo-physical model of the chiller, HTHP and storage tank(s)
« Validation of the simulation model with measurement data
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Monitoring: Evaluation / Comparison

QCH,SRC,EVA = Mcy SrRc,EVA * (hCH,SRC,EVA,in - hCH,SRC,EVA,out)
Mcy sre,Eva = Vel SRC,EVAin * PCH.SRC,EVA,in

u Chlller P asteny ST T . E HTHP P i
. ! : | I
! i I S Si 1
COP...  — QcH,srC,EVA | ; is“n i o |
— 1 Distributot ! N ! 1
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QHP'S] ft=0 QHP,SI : dt QHP,SI,T i : i> SUBC QQ \=®n
COP =5 SPFyp . = = : Lo " o !
HP,h L) 3 ! e
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- : i ? e :
Qcusreeva + Qup st : g . © Y vatves :
Pcher + Pupe |
1 . : 3
= with: :
—_— ; [ QTXP@

Qup,s1 = Myp,ss * (hHP,SI,out - hHP,SI,in)
mHP,SI = VHP,SI,DESUP : pHP,SI,DESUP,in
QCIP = Mcip,old * (hCIP,old,in - hClP,old,out) + Mcipnew * (hCIP,neW,L'n - hCIP,old,out)

Mcrpota = Veipold,out * Pcip,oldout Mcip new = Veipnew,out * PCIP.new,out
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,Monitoring” - Exemplary day of operation (i s, ouarget = 90 °C)
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,Monitoring” - Exemplary day of operation (i s, ouarget = 80 °C)
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Interaction of the chiller & HTHP - p...n

* Medium pressure level (p,ea,) influences the Basis
capacities and efficiencies of the chiller & HTHP Pmean | = 13,5 bar (t4ng = 35 °C)
5.2 5.2 600 Vipstiin =25 m?/h
5.0 5.0 550 - t : =62/78 °C
Basis HP,Sl,in/out

4.8 4.8 500 \A.
, 46 Basis 4.6 : 450 [ Figh-temperatire heat pump
@ BasisHR S ; o
% aa \ - é e \l é_ 400 pmean : Nom.ﬁgzgi’ngdgapaci;?_ézokW
O 42 4.2 % 350 :

40 +0 < 300 ;T N niler | E

Nom. condenser capacity = 1150 kW

3.8 3.8 250 EO , A Nom. cooling capacity =900 kw
. 3.6 200 !
34 3.4 150 |

5 10 15 20 0 5 10 15 20 0 5 10 15 20 |
| T — Chill
Pmean [bar] Pmean [bar] Pmean [bar] | g \ —_ HTII_:?;
| X LP-CO '/:" — Heat source
. CI\E[@:L _______________________ — Heat sink
i F

1

1

i .

: Process cooling
1

Source: Wagner et al. (2021)
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22 = =
. Interaction of the chiller & HTHP - pcan
« Medium pressure level (P, iNfluences the Basis Prnean |
capacities and efficiencies of the chiller & HTHP Pmean | = 13,5 bar (t,5,q = 35 °C) |= 15,5 bar (tesng = 40 °C)
Voo ~ 25 m¥h
5.2 5.2 600 HP,SLin
5.0 5.0 550 Basi ¢ tHpstinjout ~62 /78 °C ~65/84 °C
4.8 4.8 pm%n 500 453 A _/ p}eanT
, 46 Basis 46 : __ 450 [Figh-iemperature heat pump |
0 \ Basis"" { E | NH; ,,Add-on“HTHP :
§ j;‘ (] % z: \./ ‘—'g;zz pmean Nom. heating capacity = 550 kW !
40 40 P00 T Gie "]

[}]
Nom. condenser capacity = 1150 kW ::

3.8 3.8 250 EO , A Nom. cooling capacity =900 kw
. 3.6 200 !
34 3.4 150 i

5 10 15 20 0 5 10 15 20 0 5 10 15 20 "
| Ay — Chill
PcH,2 = Pmean [bar] Pmean [bar] Prmean [Dar] ! g ) _ |_|T||_|‘;r
| X LP-CO '/:" — Heat source
T . 1 :L ______________________ — Heat sink
Pmean ' F

Ls «  Increase of the heating capacity and efficiency of the HTHP

Process cooling

Source: Wagner et al. (2021)
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23 . -
. Interaction of the chiller & HTHP - p,can
« Medium pressure level (P, iNfluences the Basis Prnean |
capacities and efficiencies of the chiller & HTHP Pmean | = 13,5 bar (t .y = 35 °C) | = 15,5 bar (t g = 40 °C)
5.2 5.2 600 Vipsiin =25 m*h
5.0 5.0 550 Basis ’>\ tHpstinjout ~62 /78 °C ~65/84 °C
4.8 4.8 prwgan 500 \ ./( pmeanT
o 46 Basis 4.6 — 5 \. . 450 (Figh-ermperature heat pump
g 44 RS yas 2 o 0 A
O 42 D 42 . 2 350 mean |
4.0 4.0 T30 0 ammmommeeees NG T Process heat

[}]
Nom. condenser capacity = 1150 kW ::

3.8 3.8 250 EO , A Nom. cooling capacity =900 kw
. . 200 !
34 3.4 150 |

5 10 15 20 0 5 10 15 20 0 5 10 15 20 !
| T — Chill
PcH2 = Pmean [bar] Pmean [bar] Pmean [bar] | g h — |.|TI|.|‘;r
| X LP-CO '/:" — Heat source
T . 1 :L _____________________ — Heat sink
Pmean ' r

I: = |ncrease of the heating capacity and efficiency of the HTHP -m
= Decrease of the efficiency of the chiller |

Process cooling

Source: Wagner et al. (2021)

Contact: rene.rieberer@tugraz.at, www.iwt.tugraz.at E N O U G H 6 Institute of

“ENOUGH”: Webinar | December 1st, 2022 | MS Teams Thermal Engineering

TO REDUCE GHG EMISSIONS BY 2050



mailto:rene.rieberer@tugraz.at
http://www.iwt.tugraz.at/

TU

Monitoring Grazm

Interaction of the chiller & HTHP - p...n

« Medium pressure level (P, iNfluences the Prmeen |
capacities and efficiencies of the chiller & HTHP Pmean ~ 15,5 bar (t;ong = 40 °C)
5.2 600 Vipsiin = 25 m*h
5.0 550 ’>\ tHpstinjout ~65/84 °C
4.8 prwgan 500 / pmeanT
T 4.6 M s 450 High-temperature heat pump ™|
Pmean o 44 ( = 400 i N NH3E,'Add’°““,HT_*é:O w :
oo O 42 2 350 Prmean il

-0
4.0 300 i NH,-Chiller "
| Nom. condenser capacity = 1150 kW ! !

3.8 250 EO , A Nom. cooling capacity =900 kw
36 200 !

=
3.4 150 |

10 15 20 0 5 10 15 20 0 5 10 15 20 E " p—
Prean [bar] Prean [bar] Prean [bar] : ™ " e
E X '—P'ch-/:‘:_ ________________________ - :Z:tz.ource
pmean T i % i — Heat sink
I: = |ncrease of the heating capacity and efficiency of the HTHP '
= Decrease of the efficiency of the chiller | 5
| ! Process cooling
»  Optimum of the system efficiency chier |
» Influence on the overall system (incl. CIP and cooling demand)? Source: Wagner et al. (2021)
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Model-based analysis of a NH;-HTHP in a dairy Lg.

Transient simulation model

= Dymola/ Modelica: TIL Suite with adaptions

____________________________________________________________________________________

= Simulation studies with a validated % T NCPE
model of the chiller, HTHP N
and storage tank

____________________________________

—————————————————————————————

NH,-Chiller 1
! Condenser capacity = 1150 kW 4 +70°C +90°C
. Cooling capacity = 900 kw

I 1!
]
| o " HT heat sink
|
:
| HP-COMP
|
|
|
|

= Focus on:

« Storage tank
; ] ] tkondensaton =+35°C 7
(charging / discharging) o : : :
. < | X LP-COMP i:' High-temperature heat pumpi
 Interaction of the system Q\ ; e

-

CIPnew ,out ~CIPnew,out,h — Chiller
- €cip new ! !
; q—) @ [000] | 1 — HTHP
cniier i | |
| 1 =— Heat source
! Evaporator X — Heat sink
|

1

t : +5°C
X Process
: +1°C cooling
1
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Model-based analysis of a NH;-HTHP in a dairy

Transient operation of the HTHP — simulation vs. experiment

control of the rotation speed

HTHP on/off
CIRStorA@_
o / sometimes short lag o Lt |
‘ o CIP,Stor,2®_ 3x 4m?3
X ] CIPStor,1
1500 3 Y
o ‘ " ~ \ @—v
= 3 ! ) ‘.
500 ' ! E ':
i D ' ’ |
O " ]
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00
90
85
80
& 75
i 70
— tap,stor, 4,sim
65 | | ____. t
CIP,Stor,4,exp
60
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00
Zeit [hh:mm)]
decrease of the storage temperature good match during the operation of the CIP Source: Verdnik et al. (2022)
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Outlook (incl. WPS5 activities)

= Monitoring
* Further measurement data analysis and optimization of the operation

« Evaluation of the operation of the CIP-system
= Modelling and Simulation
« Integration of possible further consumers (e.g. hot water, pasteurization, ...)
« Optimisation (interaction of chiller and heat pump, shorter start-up duration, new components, ...)
* Increasing of the plant efficiency by means of better load response / predictive control
= Smart data
« Clear and simple visualization of the measurement data (for all involved partners)

« Simplified and automatic data preparation for further use
(e.g. measurement data evaluation (energy meter, efficiency, ...), ...)

« Communication between the plant and the simulation model

Institute of
Thermal Engineering
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High-temperature heat pump at Ennstal Milch KG — Demo3

Award winning demonstration project

Energy Globe Austria

= Energy Globe Styria Award
* Winner in the category “Industry”

Ennstal

= Energy Globe Austria Award

for waste heat utilizati

* Winner in the category “Fire”

Energy Globe Styria
Award ceremony Energy Globe Austria — Award ceremony

—

¥
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Publications

= Wagner, P., Verdnik, M., Rieberer, R., Demmerer, T., Blaser, M., 2021. High-temperature ammonia heat pump as
an add-on to an existing chiller. Proc. 9th IIR Conference: Ammonia and CO, Refrigeration Technologies, Ohrid.

= Wagner, P, Verdnik, M., Rieberer, R., Demmerer, T., Blaser, M., 2021. Add-on NH;-Hochtemperatur-

Warmepumpe zur Abwarmenutzung einer bestehenden Kalteanlage. Proc. Deutsche Kalte-Klima-Tagung 2021,
Dresden.

= Verdnik, M., Wagner, P., Wernhart, M., Rieberer, R., 2022. Modellbasierte Analyse einer NH;-HTWP in einem
Molkereibetrieb. Proc. Deutsche Kalte-Klima-Tagung 2022, Magdeburg.
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