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Decarbonisation with industrial heat pumps:
Policy & program update from Australia

Jarrod Leak, Chief Executive Officer
Australian Alliance for Energy Productivity 6 April 2022
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Energy productivity and decarbonisation

Producing more with less energy

More: Less: & >&<
553 .

il

Instead of focussing on just ‘saving energy’, we focus more

on ] and
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Industrial heat pumps are not new, so why now?

Decarbonisation Cheap solar & wind
commitments (vs gas)

|OT / Industry 4.0

oooooooooo
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Industry 4.0 @.@ Integration

+ Carbon border adjustment $15 per MWh by 2050 >80% reduction in cost for
mechanisms connectivity in last 10 years
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Structural changes in energy use

Circular economies
Green hydrogen / value chain

ammonia / methanol approach

Electrification &
demand Bioenergy
management

LReP air/ R""k{,
oF

¥

Circular
Economy

Primary energy use
B Extension of shell e by preservation/refrigeration
B Devtesing and Drying

I process heat and cooking

Decarbonisation with fuel switching Decentralised AUSTRALIAN
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How do heat pumps improve efficiency? C.O.P.

Fluid loss/leaks

Heat loss WASTE
HEAT « Expect a heat pump to operate

0 with a COP of at least 3
CONDENSATE == k » Compared to a steam boiler
operating at a COP of 0.7
e « That is an improvement of
HEAT DISTRIBUTION | transFER — PROCESS PRODUCT >400%

S
i

(;
==
!

* Flue losses * Steam leaks + Heat *Temp mismatch *

* Blowdown * Poor Insulation losses Process heat losses

* Heat loss * Lost

* Standby condensate

\ gf:rf_i‘;"”g A steam boiler may be >80% efficient during normal

* Cycling operation but the steam system is likely less than 70%
* Part-load efficient when allowing for hidden losses

g AUSTRALIAN
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Types of heat pumps

‘Compression heat pumps’
Or reverse cycle refrigerators
’ Main solution small to
medium (<TMW) low-
temperature heating

MVRs

Main solution for large
(>1MW) industrial,
heating 80-250°C

jon )

Source: Wu D, Hu B, Wang RZ. Vapor compression heat pumps with pure Low-GWP
refrigerants. Renewable and Sustainable Energy Reviews. 2021,;138:110571.




Industrial heat pump applications

L . . H 7 NTB
Application examples of industrial heat pumps I —
= - - Sclences of Technology Buchs.
Temperature levels of industrial processes and HP technology readiness Unrcn ot A S
Temperature Temperature
Sector Process 20 40 60 80 100 120 140 160 180 200 [°C] Sector Process 20 40 60 80 100 120 140 160 180 200 [cc1
Drying 90 -240| Injection modiing 90 - 300
Paper Boiling 110 - 180 Plastic Pellets drying 40 - 150
Dieaching 40150 Preheating 50- 70
De-inking 50- 70 Mechanical Surface treatment 20 - 120
Drying 40 - 250 _engineering 40-90
Evaporation 40 - 170} 40 - 160
Pasteurization 60 - 150 2 60 - 130
Steriization 100~ 140 B 20-110
Boiling 70 - 120| 40 - 100
b:v?:;; Distillation 40-100) 120180
Blanching 60 - 90| 120 - 170
Scalding - 40 - 150
Wood 70 - 100
80 - 90
50 - 80
40 - 70|
20 - 110,
Chemicals Several 20 - 100
sectors 30-90
20 - 80
Technology Readiness Level (TRL):
Automotive conventional HP < 80°C, established in industry
B commercial available HP 80 - 100°C, key technology
__ prototype status, technology development, HTHP 100 - 140°C
laboratory research, functional models, proof of concept, VHTHP > 140°C
Metal

Data sources: Brunner et al. (2007), Hartl et al. (2015), IEA (2014), Kalogirou (2003), Lambauer et al. (2012), Lauterbach et al. (2012),
Noack (2016), Ochsner (2015), Rieberer et al. (2015), Watanabe (2013), Weiss (2007, 2005), Wolf et al. (2014)

AZ2EP Briefing: Advances in industrial heat pumps — 3 September 2020 cordin.arpagaus@ost.ch



How much decarbonisation is possible?

Approximately 20% of GtD Industry’s direct end use is large
Australia’s emissions is

from stationary combustion Restdonial G
(boilers, burners, etc.) o

. 250 to
Of this, ~10-15% can be TeRst Ml | for G
electrified with heat " R =) Y 1 o
pumps, main|y via MVR industry :;" ' | Other hydrocarbon, 10%
technology in the alumina y -
industry oty & -
/ Electricity for Basad 66
heat, 3% interpretation
Chietnical fesd stock T Other fuels, 3% :;;Eszoqs
H H % uel for engines 20% LPG, 3%
~3% of total emissions can = LT L
be abated

g AUSTRALIAN
ZZ it

/s PRODUCTIVITY



S steps to support change

1. Reduce ROI hurdles: Energy savings / carbon savings certificates

2. Create awareness and learning opportunities: Scoping studies + funded
feasibility studies

3. Remove (perceived) barriers for changing: Funded feasibility studies
4. Help first movers adopt the technology: Co-funding grants

5. Socialise the learnings: Knowledge-sharing & training
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A2EP Renewable heat feasibility studies

« AU$2m program funded by Australian
Renewable Energy Agency

o : Australian rnlnent
Completed in two phases from 2018 e ARENA
to 2021 rnergy Agenqy

« 20 pre-feasibility & 7 feasibility
studies completed across food,

beverage and industrial sectors o e
» Assessed feasibility of renewable ! o
. e OTAL FINAL Fuheelaf‘:)r Pr';)ec;tss 13%
heating methods: heat pumps, solar co:js?ifﬂ%m
thermal, biogas and geothermal

44% 4 /| 38%

Electricity -~
Fuel for ‘\ qgg}oc
'-’_J AUSTRALIAN
/ ﬁ ALLIANCE FOR
Feed stock ﬂ S

7% 7tz PRODUCTIVITY



Study results

* All projects with heat demand below 90°C selected heat pump technology
for renewable heating

» Typical payback periods of 5 - 6 years
» Expecting >60% of projects to proceed with heat pump investment
» Positive results for several industries

» Wine, beer, beverage, chocolate, malting, abattoir, veg processing, pet food

« Capability of advisors was lacking to optimise the integration of a heat
pump

» Heat pump suppliers for >90°C are focussed on Europe and Japan, not
Australia (or USA!)
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L essons learnt: 1st lesson

It's all about capacity factor (& heat recovery)

Acuslwss T years Payback vs Capacity Factor and Elec to Gas Ratio

I (Bubble size = Electricity to gas price ratio) ) (1MW to 2.3MW heat pump)
~—

[=)]

FY

Clear correlation between capacity factor and payback

Simple Payback (Years)
©w ©
/
@
/
/
/

]

o

20%

$

20% 40% 60% 80% 100%
Capacity Factor (% of hours operating per year)

b
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| essons learnt: 2"9 [esson

An integrated design BTN - G - )
approach overcomes high ]ﬁ }

electricity to gas price groon Limiog g
ratios

W

) Model HP size
Collect energy data & Identify heat recovery L
heat flow data options -
-~ Model heat recovery
options
~ N \
Identify baseline P
energy usage and
requirements to claim Model white
b white certificates | certificate revenue
L J
Collect electricity data | - I ol A
(tariffs, maximum : - 4 sayings . S i
hentradianls opportunities including on-site solar “—
pacity. s solar PVinstall or PPA optimisation
options) y il y L y
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| essons learnt: 3™ |lesson

A [Y]
» Right-size the heat pump, | (@) !'
don’t go for a like-for-like MW bollr coplacaciby
replacement. R Sihot pre
ACTION 1 9UTCOME 1
: ; Thermal
i i e peskiond
» Expect the heat pump to k , [EnTie p
be <50% of the nameplate SCTION2 ‘ it
' Determine heat {Renk purspsteed for
capacity compared to the Determine heat demand ihout e
steam boiler it replaces. L | A | stes ot aseam s |
ACTION 3 QUTCOME 3
Lﬁgmw Less work to be
opportunities Ldone by the heat pump
500 kW heat pump +
thermal battery

V]
B+ =2 i
= T —.



Knowledge-sharing by A2EP

* 10 webinars in last 18 months

LinkedIn and other social media
Reports, publications and a new website
Podcasts to promote findings

>20 direct contacts with end users to help knowledge sharing from pre-
feasibility studies (brewerles maltlng aquatic centres)

AUSTRALIAN
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Facility integration ;

and thermal batterie8| Protess aliogy

alternatives M

An A2EP webinar event i
Wednesday-20-October, 3:30 pm AEDT 3 \ Thursday 4 November 2021~ |

AU |
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High temperature —— e Using heat pumpsiand S ' - Decarbonising
heat pump selutions e heat recovery in meat —. 2 B process heatingin the

processing ’ g beverage industry -}
An AZEP industry briefing LN ks af AR AZEP industry briefing AUSTHALIAN
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* 11 renewable heat

A new resource for industry

https://www.futureheat.info/

; ) ) 227 FUTURE
publlcatlons and links ~r~vs HEAT HOME  ABOUT TECHNOLOGIES SECTORS NEWS  RESOURCES TOOLS  CONTACT

to important websites

* >10 hours of webinars | —'

* 6 case studies ITIS TIME TO

* + suppliers

DECARBONISE
INDUSTRIAL PROCESS

HEAT
v
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Heat pump selection tool

Manual Inputs (Basic)

Current heating fuel cost ($/GJ)
Annual Process Heating Cost ($ p.a.)
Process Hours of Use p.a.

Current electricity cost ($/kwh)
Heat source

Location

Manual Inputs (Advanced)
Heat source air temperature (C)

Current heating system efficiency (%)

Other operating costs of current system (S p.a.)
Capital cost of current heating system ($)

Current system rated life (yr)

discount rate for NPV calculation (%)

Portion of energy use of heat pumps from solar (%)

Outputs

Annual heating energy use (MJ)

Heat pump size required (kW thermal)
COP (heating)

COP (cooling)

8700

0.11

Air

Ammonia (R717)
46,980,000

1500

33

0.0

Image source:
Average heat required (kW)
Peak heating requirement (kW) - if known
Maximum hours of continuous peak heating use (hrs)

Heat source in temperature (C) -

Heat Source

Heat source out temperature (C)
Is cooling usable?

€02 (R744)
46,980,000

1500

35

0.0

http://www.veoliawater2energy.com/en/references/heat-pumps/
1500
2000
9

Ijl Heat sink out temperature (C)

Heat Sink

-Average heat sink return

Average heat sink return/in temperature (C,'

Refrigerant Comparison
CO, vs Ammonia

105

100 ::Béﬁ'gi'petformanue

Basic sizing tool developed to give quick CAPEX and OPEX guide

g AUSTRALIAN
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New publication

A how-to guide for optimising A,
industrial heat pump integration. e

View this report at futureheat.info

Renewable energy
for process heat -
Opportunity study phase 2

Final project knowledge sharing report

J
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Other useful publications

HIGH TEMPERATURE HEAT PUMPS
; for the Australian food industry: A guide for business o A guide for business:
E,,’.‘E.,Bm Opportunities assessment @Ef_ = Replacing steam with {@E&Eﬁwﬁ Implementing Industry 4.0
August 2017 ~ electricity technologies to =5 to boost energy productivity
boost energy productivity

Capturing business benefits using high energy productivity, Industry Capturing business benefits using adaptive, intelligent, d
4.0 enabled, electric technolog energy productivity solutions
— AUSTRALIAN
ZZ i
ARSTRALIAN =7 PRoDUCTIVITY

—r
ﬁ ALLIAWCE FOR

/s PRODUCTIVITY

l

AUSTRALIAN

https://www.a2ep.org.au/publications %‘,_, AlLIANEE FOR

—7, BRODUCTIVITY




Want more?

https://www.a2ep.org.au

Sign upI

What are the options for transitioning from diesel
use in agriculture as we pursue net zero?

Stay up-to-date with news
from A2EP, our members
and industry plus event
alerts.

Read the full report: www.a2ep.org.au/agriculture

sl - - N

SUBSCRIBE NOW

[ NN 0N
Augusti2021°E-newsletters * . - |

Australian Alliance for Energy Productivity (A2EP)
Promoting energy productivity to support business success, jobs growth and the transition to a

decarbonised economy.
Public Policy - Ultimo - 1,701 followers

& 13 other connections work here - 17 employees

More)

( + Follow




Thank you

Jarrod Leak
Chief Executive Officer
jarrod.leak@aZ2ep.org.au
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