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Sustainable Refrigeration

Danfoss solution for sustainability in cooling
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SUSTAINABILITY
PROGRAM

Strategic focus areas

Business and People E_II]d
products communities

Energy and CO-
emissions

Health & Safety

Environment

Resource efficiency
Products & materials rights

UN Sustainable
Development Goals

Desired outcome

Cost and Risk BETES
assessment opportunities
and and
mitigation reputation

resource
optimization

NASRC Summit— October 2022

Ethics and human

Compliance
programs

Employee
engagement

and

commitment

Sustainability in Danfoss

AMBITIOUS CLIMATE
STRATEGY

2030 targets

CO, neutral global operations
Electric company vehicles
Reduce energy intensity by 50%
Double the energy productivity

All compared to 2007 as baseline

Since 2007, we have achieved:

THE SUSTAINABLE
DEVELOPMENT GOALS

Four prioritized goals

ENGINEERING TOMORROW M
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A complete portfolio of CO, #

CO, has long proven to be one of the most sustainable
natural refrigerant. And for the last 20 years, Danfoss has
developed innovative solutions to ensure supermarkets and
food retail applications in climates all over the world can take

full advantage of CO, refrigeration.
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Why choose
CO, refrigeration?

@ Reduced complexity with low and medium temperature compatibility

@ Zero ozone depletion and the lowest possible Global Warming Potential
(GWP), equal to one.

@ Viable and profitable solution in warmer climates

@ Outperforms traditional HFC systems on energy efficiency in all climates

NASRC Summit— October 2022
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Transcritical Transcritical Booster with - i TM
o . Multi Ejector Solution
coz MInIPaCkSOIUtlon BOOSterSOIUtion Para"el compreSSion SOIUtion
Transcritical Booster with Parallel Compression Solution - from 100kW and up

An industry-leading CO, N
solution for warm climates “

The most common CO, solution today, transcritical booster #Gm
systems with parallel compression boost efficiency and ’
increase viability in warmer climates. AKS 2050

Pack Controller AK-PC782A
Scalable control for up to 12
compressors

{&] Electric3-way Valve CTR
#n

ElectricRegulating Valve
CCMT 16-42

Highly reliable electric valve for
all CO, systems

Motor- r Valve ICMT
Regulate the flow of
transcritical gas or

subcritical liquid

ElectricExpansion valve
AKVP

Precise liquid injection for
evaporators

AK-SM B00A

Full proportional control of

heat reclaim AK-CCSS

S

eee  ElectricExpansionvalve 1 | s e ¢ T L
Complete control with
excellent flexibility

Temperature sensor
AKS 11
Temperature-dependent
resistance sensor

Refrigeration Drive

VLTEC103
Simple energy efficiency

HP High Pressure (120-140 bar)

HP Receiver Pressure (60-90 bar)
s P Suction Pressure MT (45-55 bar)
@ | P Suction Pressure LT (25-30 bar)
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https://store.danfoss.com/dk/en/search?q=icmts+valve%3Arelevance&page=0&pageSize=10
https://store.danfoss.com/dk/en/Climate-Solutions-for-cooling/Electronic-Controls/Compressor-and-Condenser-Control/Pack-controller%2C-AK-PC-782A/p/080Z0192
https://store.danfoss.com/dk/en/Climate-Solutions-for-cooling/Valves/Control-Valves-and-Regulating-Valves/Motor-Operated-Valves/Electric-regulating-valve%2C-CTR-20/p/027H7244
https://store.danfoss.com/en/Product-Type/Valves/AKVP-Expansion-valves/c/AKVP%20Expension%20valves
https://store.danfoss.com/en/search/?text=AK-CC55
https://store.danfoss.com/dk/en/Drives/Low-Voltage-Drives/AC-Drives/VLT%C2%AE-Refrigeration-Drive-FC-103/FC-103N160T4E5MH4TGCXXXSXXXXAXBXCXXXXDX/p/134G5752
https://store.danfoss.com/en/search/?text=AK-CC55
https://store.danfoss.com/dk/en/Climate-Solutions-for-cooling/Electronic-Controls/Compressor-and-Condenser-Control/Pack-controller%2C-AK-PC-782A/p/080Z0192
https://store.danfoss.com/dk/en/Climate-Solutions-for-cooling/Valves/Control-Valves-and-Regulating-Valves/Motor-Operated-Valves/Electric-regulating-valve%2C-CTR-20/p/027H7244
https://store.danfoss.com/en/search/?text=aks+11
https://store.danfoss.com/en/Product-Type/Valves/AKVP-Expansion-valves/c/AKVP%20Expension%20valves
https://store.danfoss.com/dk/en/Climate-Solutions-for-cooling/Valves/Control-Valves-and-Regulating-Valves/Motor-Operated-Valves/Electric-regulating-valve%2C-CCMT-42/p/027H7234
https://store.danfoss.com/dk/en/search?q=icmts+valve%3Arelevance&page=0&pageSize=10

Embrace the power of CO, with future-proof

technology

Our portfolio of pioneering CO, technologies for transcritical

refrigeration systems has evolved from more than 20 years of frontline
experience - and thousands of installations around the world.

And because there is no one-size-fits-all solution, our adaptive

refrigeration technology makes it possible to harness the environmental

and energy-saving benefits of CO, in food retail stores of all sizes, and

in all climates.

The Danfoss Multi Ejector Solution™

With a complete portfolio of Multi Ejector solutions for
all store sizes, CO, systems, and climates, it is possible

to take full advantage of the future-proof technology.

Optimization of
compressors

15% - 25% less
compressor capacity
needed, controlling redundant ejectors,
three suction backup systems, and
groups. emergency operations.

High system
reliability

Max uptime and
reliability with 4-6

NASRC Summit— October 2022

One solution for all
climates

Apply transcritical

CO, refrigeration
systems in all climates
for optimal
performance.

an 'en "ne e & SssORBansten

=

Easy installation
Reduced complexity
with built-in strainer
and connectors for
welding and
soldering.

fp—l

Service

Easy service with
tools, fast strainer
and ejector
operation, and an
LED plug for
troubleshooting.

Savings

Gain initial operational
savings with easy
installation, reduced
compressor needs, and
lower energy
consumption.

ENGINEERING TOMORROW M



Multi Ejector™ Solution - A solution for
every size and climate

The complete portfolio of Multi Ejector solutions covers the
needs for all store sizes, CO, refrigeration systems, and

climates.

BN

LY

10 |

Multi Ejector

- High Pressure lift (HP)
Add-on to enhance efficiency
in a parallel compression
system

BN

LY

Multi Ejector

- Liquid Ejector (LE)
Full evaporator
optimization via CALM™

BN

'
o4

Pack Controller

AK-PC 782A

Complete regulating unit

for capacity control of
compressors and condensers

System Manager
AK-SM 800A

Take advantage of the
CALM™ solution

NASRC Summit— October 2022

Multi Ejector

- Low Pressure lift (LP)
Add-on to the booster system
improving efficiency during
warm ambient conditions

Multi Ejector

— Combi HP/LE

The benefits of the High
Pressure and Liquid Ejector in
one solution

Case Controller AK-
CC55

Complete control with
excellent flexibility

Electric Regulating
Valve CCMT Light
EEV for larger cold
rooms

comT
MBS 8250
A

wslh AKS 11

AK-PCTB2A

_d AKS 2050

AKS 21

DGS

FC103 \ l l FC 103
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. HP High Pressure (120-140 bar)

HP Receiver Pressure (60-90 bar)
s | P Suction Pressure MT (45-55 bar)
= P Suction Pressure LT (25-30 bar)
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How the Multi
Ejector Solution™
works

1.  CO, leaves the gas cooler. Then, the high-
pressure CO, (PH) enters the motive
nozzle where the expansion takes place.

2. Attheexit, the speed is very high
resulting in low pressure. The low pressure
then drags in gas from the MT suction
(PL).

3. Thetwo units are then combined in the
mixing unit where the pressure is higher
than at the outlet due to mixing gas from
a higher pressure.

4.  After mixing, the flow enters the diffuser
where it slows down. The shape of the
diffuser enables the conversion from
kinetic energy (velocity) to potential
energy (pressure). From the diffuser, the
flow returns to the receiver.

11 | NASRC Summit- October 2022

Danfoss
3279%6.11

Pressure

IMixing unit| [ Diffuser |

[Throat] | Exit |

Pressure increase due to
reducing flow velocity

Intake due to
pressure differential
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Save energy and
enhance food safety
with adaptive
control algorithms

Adaptive superheat control has proven to
be a robust, efficient, and superior solution,
saving 8-12% of energy use by ensuring
the evaporator is always fully utilized under
all conditions. Plus, adaptive controls mean
you no longer have to manually adjust
system operation for changing conditions -
reducing operating and maintenance costs.

12 | NASRC Summit- October 2022

CO, Adaptive Liquid >
Management (CALM™)

Danfoss Adaptive Minimum Stable > Danfoss Adaptive >

Superheat Control (MSS) Liquid Control (ALC)

The evaporator illustrated as a tube
presenting the evaporation process
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Danfoss Adaptive Minimum >
Stable Superheat Control (MSS)

Danfoss Adaptive
Minimum Stable
Superheat Control
(MSS)

Utilization of the evaporator surface is
maximized while ensuring that no liquid
exits the evaporator — safeguarding the
compressor and delivering significant
energy savings and optimal food safety.

*  Maximum system efficiency in
systems with dry expansion

*  Exceptional precision, stability,
reliability, and efficiency

*  Minimum energy consumption
regardless of fluctuating ambient
temperature

*  Ensuresall liquid is evaporated before
reaching the end of the evaporator,
optimizing suction pressure while
keeping a fully loaded display case at
the desired temperature

13 | NASRC Summit- October 2022
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Danfoss Adaptive Liqui%

Control (ALC)

Danfoss Adaptive
Liquid Control (ALC)

Greater amounts of refrigerant are injected into
the evaporator, fully utilizing the entire surface
- bringing the superheat very close to zero.

*  Suitable for systems with a suction
accumulator and Liquid Ejector

*  Reduced compressor load with high
suction pressure

*  Significant energy savings with increased
evaporation temperature up to 5 Kelvin
compared with MSS systems

*  Highly precise liquid control ensures
limited liquid to be captured in the suction
accumulator

NASRC Summit— October 2022
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CO, Adaptive Liquid >

Management (CALM™)

CO, Adaptive Liquid
Management (CALM™)

AK-PC 782A

CALM™ is a complete solution for the entire
system, optimizing all evaporators in a store. This
is only possible when all components are
optimized to work perfectly together, This is the
case for Danfoss AK-CC55, AK-PC 782A, AK-SM
8xxA and Liquid Ejector.

Globally optimized for any climate, efficient
in all ambient temperatures

AK-SM 800A

*  Significant energy savings and cost
reductions with a reduced risk of first-cost
investments

» Liquid Ejector optimizes any transcritical CO,
booster or parallel compression refrigeration
system

*  Optimized evaporation effect from
refrigerant with superheat controlled close
to zero and fully utilized evaporator

15 | NASRC Summit- October 2022 ENGINEERING TOMORROW M



Natural solutions with significant energy savings
in any location

Energy saving VS R404A
40%

30%

20%
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B CO2 Booster system  mCO2 Booster system w. Liq ejector ®Parallel compression  ®Parallel compression+liq  ®mParallel + ejector ®Parallel + ejector + liq
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Case Study

CO, technology
transforms German
supermarket

Danfoss Multi Ejector technology optimizes reliability,
efficiency, and sustainability at one of EDEKA’s mid-sized
supermarkets in Germany.

EDEKA, Germany'’s largest supermarket corporation,
installed the Danfoss Multi Ejector Combi HP/LP together
with the CO, Adaptive Liquid Management (CALM™)
system in one of its mid-sized supermarkets to boost
energy efficiency, reduce its carbon footprint, and leverage
heat recovery to heat the entire store.

. Installation of CO, parallel compression system, Multi
Ejector technology, and CALM™ system increased reliability
and efficiency in various ambient climate conditions

. Multi Ejector Combi HP/LE decreases thermal stress on
the MT compressors

*  CALM™ system includes Danfoss case controllers that
enable MT evaporators to run at maximum by getting
superheat control close to zero

17 | NASRC Summit- October 2022 ENGINEERING TOMORROW M



ECL controller enables
| diagnostics and
/' remote monitoring

Heat reclaim technology ¥
maximizes energy efficiency fen - G

| solution - tested

: /' and proven Py )
CO, is a highly suitable refrigerant for heat reclaim. By A T o] "\ Buffer tanks for heat
closely aligning heating, ventilation, air conditioning, e \ /7] i:z’ear?:e;z:‘ avallable
and refrigeration systems, you save money, safeguard \ \.Z) | ecentsysterni ) s
stock, and reduce your environmental impact. R ,f—n
B Condenser d

The Danfoss Heat Recovery Unit (HRU) helps to

eliminate the technical challenges of managing heat P \ H —

recovery. The HRU is an integrated solution managing &S ;“::r;yewast s
. i . ‘ | Easy to install ‘ NN

and buffering the heat from the refrigeration pack - ) ek cnimicaon :

to be reused for space heating, hot tap water, or even e

sold to neighbors or district heating grids.

*  Maximum heat recovered and reused . .
- Standardized solution - tested and proven I £ ¥ ¥ =
* Easytoinstalland commission ] E nl
48
* Stable and efficient solution |
Compressor Pack Heat Recovery Unit

* Eliminates the need for a boiler

With an HRU unit, get maximum heat recovered and
reused with no or minimum need for additional heat sources.

NASRC Summit— October 2022

ENGINEERING TOMORROW M

18 |




S
N -
B - -
— g
2 ol
w. Y '
s 2l L
AR s nsss s en b, E
= :
.
1
- 71 s

19 | NASRC Summit- October 2022

Case Study

A supermarket turned into
a heat supplier

A Danish supermarket fulfills 95% of its heating
demand from its own cooling display cases.

With Danfoss Heat Recovery Units installed in 12 of its 13
stores, BALS (Brugsen for Als og Sundeved) has managed
to halve its CO, footprint in just five years — and saves
70% on district heating costs and 37% on electricity.

*  Excess heat supplies store with heating and hot water

*  Surplus heat can heat up to 15 households in the
neighborhood

-~
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CO, refrigeration is part of

the Danfoss Smart Store

Danfoss Smart Store solutions help build the supermarkets of tomorrow by
reducing costs, minimizing environmental impact, and creating future-
proof advantage - all while maintaining the highest level of food safety.

Installed in more than 75,000 food retail stores worldwide, smart store
solutions:

e Use smart refrigeration to reduce operating costs

e Use connectivity to eliminate food waste and reduce service costs
® Provide long-term sustainability

* Integrate systemsto gain economies of scale

® Reduce energy prices through optimized demand

Get started today - and prepare for a better tomorrow:

Smartstore.danfoss.com

22 | NASRC Summit- October 2022

Tools and support for your CO, journey

esssrrrenee

RefTools
The essential all-in-one app for air conditioning
and refrigeration technicians. Get seven
powerful tools to support your CO, journey
all from the palm of your hand.

Alsense Food Retail
Our newest cloud solution for supermarkets and
food retail applications, offers a sustainable,
scalable, and secure portal for optimizing
the performance of operations.

Coolselector®2

Significantly reduces complexity on the job
by running unbiased calculations based on
a set of operating conditions to determine

the best components for your design.

ENGINEERING TOMORROW M


https://www.danfoss.com/en/markets/food-and-beverage/dcs/smart-store/
https://www.danfoss.com/da-dk/service-and-support/downloads/dcs/ref-tools/#tab-overview
https://www.danfoss.com/da-dk/products/dcs/monitoring-and-services/alsense-food-retail/
https://www.danfoss.com/en/service-and-support/downloads/dcs/coolselector-2/
https://www.danfoss.com/da-dk/service-and-support/downloads/dcs/ref-tools/
https://www.danfoss.com/da-dk/products/dcs/monitoring-and-services/alsense-food-retail/
https://www.danfoss.com/en/service-and-support/downloads/dcs/coolselector-2/

Danfoss Smart Store

To maximize efficiency, Danfoss is engaged in

Evaporator
Solutions

%ﬁ @] lﬁ@

Natural Refrigerants

Monitoring and
Management

Solar Energy

B

HVAC

Lighting

asa

-

Cold and Heat .

uendvet  mm @ [ —
Battery Car. Hydronic FIoc_)r
Storage Charging Heating

Heating
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De-Icing

many applications

OUR DOMAIN KNOWLEDGE

15,000+

Stores monitored
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Worldwide training
in CO, refrigeration

Take the next step in CO, refrigeration -
together.

CO, has become industry standard in food retail
refrigeration with proven technology and
components for transcritical refrigeration readily
available today. But there is no one-size-fits-all
solution — which is why our team of CO, champions
is ready to guide you on your refrigeration journey.

Get industry-leading application support and
guidance - and access to a series of e-lessons
available through Danfoss Learning:

* Introduction to Carbon Dioxide: Properties and
Impact

* Advantages of Carbon Dioxide as a Refrigerant

* System Understanding

* Phase Change

Food Retail Systems and Product Selection

NASRC Summit— October 2022
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Hands-on CO, training
IS coming i -l
your way o | ——

i

The Mobile CO, training unit has provided more than
2,000 installers, service technicians, and OEM engineers
with hands-on CO, training since 2016 — providing easy-
to-access, hands-on training on how to take full
advantage of the natural refrigerant.

Manned by dedicated Danfoss CO, champions, visitors

can view demonstrations and experience hands-on
training with actual systems and interactive panels.

. Simple booster system

. Parallel compression
. Parallel compression with ejector
*  Commissioning of CO, systems

. Set up of pack and case controls

R

. Service procedures

Troubleshooting and correction

25 | NASRC Summit- October 2022 ENGINEERING TOMORROW M



