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® HighEFF Industrial heating and cooling

The industry consumes approx. 35% of Norwegian final energy demand

A majority is related to heating

Typically low temperature of waste heat
Food industries often requires both cooling and heating
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3. Case study

Dairy description

Finalized in 2018

Total area: 20 000 m?

Yearly production: 43 million litres
Solar panels: 6000 m?

Based on heat pumps being able to deliver all
thermal demands

District heating as backup for low temperature
heating
Heat pumps based on natural working media,

with Norwegian developed water-ammonia
hybrid heat pump to deliver 95 °C water

4. Results
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®) HighEFF Industrial heating and cooling

e The industry consumes approx. 35% of Norwegian final energy demand
* A majority is related to heating
e Typically low temperature of waste heat

* Food industries often requires both cooling and heating

Industrial demand
Lighting
2%

Final energy consumption
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Lauterbach C, Schmitt B, Jordan U, Vajen K. The

potential of solar heat for industrial processes in
Heat Germany. Renew Sustain Energy Rev 2012
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®) HighEFF Dairy description
* Finalized in 2018
* Total area: 20 000 m?
* Yearly production: 43 million litres
. * Solar panels: 6000 m?
7 * Based on heat pumps being able to deliver all

P‘,/' thermal demands

District heating as backup for low temperature
heating

* Heat pumps based on natural working media,
with Norwegian developed water-ammonia
hybrid heat pump to deliver 95 °C water

Heat pump city of the year 2019 in the Decarbindustry category
This project represents the first dairy in Norway entirely supplied by heat pumps, the first
oS one without fossil or direct electric heating. This solution provides a reduction of the

MIL@VENNLIG

energy consumption of 40% compared with other regular dairies located in Bergen.

Norges forskningsrad




®) HighEFF

papERID w

heat
Lapegrated
|y inted!
duetion DY
4 hot wate? [“‘,:‘
Arize At pumP*

pollers for “‘;E\—:R cooing peat P! L pande w \
o i el @ M
4o Koyl
. eV e R
oline 1105 g TEE EB¢

Gubstiation

s
s \

Researe 1efns
Kar :

4, Morw

703

rondbei

Ot Sy
a i fferent \,,s ednee
5 % ot
et ¥ erent
on- 1 e of B 3
e & sion
oy O

<
pdary SO0
e g abol 139

rems M
51 of

o

ad
ohng. fherma!

ad
cating &
e hoating

omibi
e
R

p. 08

-
B puv

FORSKNINGS-
SENTER FOR
MIL@VENNLIG
ENERGI

Norges forskningsrad

Heating system

Traditional dairy

Separate heating and cooling
systems

No thermal heat storage
Waste heat to dry cooling
Large temperature differences

Case dairy

Linked heating and cooling
through heat pumps

Thermal storages
District heating and electricity
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Measurements

Monitored heat distribution system

* Pressure transmitters, flow meters
and temperature sensors on nearly
all heating and cooling lines

* Energy meters from electricity
consumption and solar panels

* Energy meter from district heating
Evaluation of data quality

Data analysis
 Week 14, February 2020

Investigation of parameters and
performance

Improvement suggestions

Heat load [kW]
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Energy consumption per week

Significant energy savings in the heating 0
100
processes T l l
* Almost eliminated usage of boiler and £ e
district heating in the process 2 40
* High heat pump COP enables efficient g ]
oy . 0
utilization of surplus heat . £ B & & & EF ®F £ ¢
* Heating and cooling demands well & ¢ &8 ¢ & £ & £ & ¢
synchronized 8 : 8 ;: ;:
l A Sma” penalty in the Chi”er COP Heating 95 °C Heating 67 °C Heating 40 °C Cooling(o).CS °C/-1.5 Other
Electricity from grid I District heating ~ HEEEE Solar panels e Savings
Case Dairy Reference Dairy Reduction
Energy consumption [kWh/Itr] 0.22 0.36 37.9%
FORSKNNGS. GWP [g CO, eq./ltr] 4.0 6.9 41.6 %
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e Very little dry cooling

60/67C Tank - 112.6 Building Heat - 50
05.8

20/40C Tank -

ﬂ_—%llers -g7.2 . Hot Water - 11.4

che water -
Process coolingd 30. ||

< Snow Melting - 1.6

d Storage cooling - 39.5

@ Dry Cooling - 4.3



@ HighEFF Results

Heat [kW]
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@) HighEFF Summary

* By proper design, it is possible to design an industrial thermal process to
be completely served by heat pumps

* Combining heating and cooling demands is energy efficient
e Stable system operation

* A break-in period is required to optimize operation

e According to TINEs control systems, the specific energy consumption has
reduced from 0.22 to 0.17 kWh/Itr from February to June

T~ e Continuous improvements through adjustments of set-point, on their way
" ' to the target of 0.15 kWh/Itr

e Special thanks to TINE and Hybrid Energy for delivering data and support
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Thank youl!
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