
Welcome!
We’re just waiting for a few 
more people to join. The 
presentation will begin 
shortly.

Feel free to check out 
our LinkedIn Page –
@Greener Reefer 
Transition Alliance



Monday,· 09.02.2026, 
14:00 - 15:00 CEST, hosted 
by 

Webinar: Greener Reefers –
Cost Calculator Tool
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Goals of Today’s Webinar

• Highlight the economic case for a shift to natural 
refrigerants in reefers,

• Introduce the free online Reefer Emissions & Cost 
Saving Simulator

• Raise awareness of the Greener Reefer Transition 
Alliance
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WELCOME – Kirsten Orschulok, 
GIZ01
THE OPPORTUNITY OF 
NATURAL REFRIGERANTS IN 
REEFERS – Mark Major, Kuehne 
Climate Center02

04 QUESTION & ANSWERS

CLOSE05

REEFER EMISSIONS & COST 
SAVING – Gordon Wilmsmeier, 
Kühne Logistics University





Natural Refrigerants



Which refrigerant?  When? 

• Technical feasibility 
• Safe
• Serviceable 
• Affordable

CO2  ?

Propane ?

2027 ?

2030 ?
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Reefer Emissions & Cost Saving 
Simulator

February 2026

in collaboration with



Reefer Emissions & 
Cost Saving Simulator

Combining technical parameters of:

The simulator…

… provides a detailed breakdown of greenhouse gas 
(GHG) emissions, TFA (PFAS) emissions, and 

operating costs. 

… calculates cost-efficiency indicators, such as the 
marginal cost of CO₂ abatement, to support 

decision-making processes.

The Reefer Emissions & Cost Saving 
Simulator is an interactive tool 

designed to estimate the 
environmental and economic 

performance of refrigerated maritime 
transport. 

product container

vessel route



IE
Indirect Emissions

(CO₂e from electricity)

Cooling demand:
• Evaporator fan heat
• Ambient heat ingress
• Product mass, respiration

DE
Direct Emissions

(CO₂e from refrigerant loss)

• Global Warming Potential
of Refrigerant leakage.

PFAS
Indirect Chemical Emissions

(CO₂e from  trifluoroacetic 
acid formation)

• Atmospheric degradation 
of Refrigerant leakage .

Emissions calculations



Who benefits

The Reefer Emissions & 
Cost Saving Simulator

is intended for a wide 
range of users, including 

logistics operators, 
shippers, shipping 

companies, 
policymakers, and 

researchers.

It helps answer questions such as:

What is the CO₂ footprint per container for a given route?

How do different refrigerants compare in terms of emissions and
costs?

What trade-offs exist between environmental performance and
operational expenses?

Through a step-by-step configuration of inputs, users can 
replicate real-world transport scenarios and generate results 

presented in a series of clear and comparable results.



Simulator interface overview

Top navigation barLeft-side parameter panel
Input parameters Output indicators



Simulator interface overview

Defines the characteristics of the transported product

Specifies the physical and operational characteristics of the reefer 
container

Defines the main characteristics of the vessel used for transport

Describes the maritime route and voyage conditions

Defines economic assumptions: fuels, electricity, refrigerants, and 
carbon pricing

Allows the user to manage different simulation cases and reset 
options

Left-side parameter panel



Simulator interface overview

Top navigation bar

Environmental 
performance of 

different refrigerants 
used in reefer 

containers

Energy 
performance 
of the reefer 

container

Economic 
results of 

the 
simulation

Comparative and 
decision-

oriented analysis

Institutional 
information 

about the 
simulator

Supporting technical 
and educational 

material

Provides access to the main result and information views of the simulator. Each section displays outputs derived 
from the parameters previously defined in the left-side menu (product, container, vessel, route, and prices)



Case study



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

The case examines the transport of 
bananas from Guayaquil, Ecuador, 
to Hamburg, Germany, onboard the 

vessel Polar Ecuador 
(IMO 9786774)

Hamburg



Input parameters



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Select product parameters
Choose the type of product.

Bananas are selected from the drop-down list.

Once the product is selected, the simulator automatically assigns 
the relevant storage temperature, cargo heat generation, and fan 
speed according to technical requirements.

• Temperature setpoint (14 °C).
• Product description (Special Chilled).
• Cargo heat production (35 W/ton), reflecting the biological 

respiration of bananas.
• Fan speed (High), required to ensure adequate airflow and 

temperature uniformity.



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Set container parameters
Choose container size (20 ft or 40 ft), cargo load (tons) and other 
characteristics.

A 40-foot High Cube (40’ HC) reefer container is selected. The cargo 
weight per container is set to 24 tonnes, representing a typical 
banana loading configuration.

The simulator also considers:
• Ambient temperature along the route: 14 °C.
• Evaporator fan power at high and low speed: 1.5 kWe and 0.4 

kWe.
• Refrigerant charge in the container system: 5 kg per year.
• Refrigerant leak rate: 15% per year.

These values are retained as the baseline configuration for the 
analysis and represent typical operating conditions for refrigerated 

banana transport.



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Enter vessel parameters
Provide the vessel IMO number.

Once the IMO is introduced, the simulator automatically loads the technical 
specifications of the vessel. For this case study, the selected vessel is Polar Ecuador:

• Year built: 2017.
• Deadweight tonnage: 52,056 t.
• Vessel capacity: 3,947 TEU.
• Reefer capacity: 2,000 TEU.
• Operational speed: 14.45 knots.

The vessel operates using Very Low Sulphur Intermediate Fuel Oil (VLS IFO) for 
both the main and auxiliary engines.

Fuel consumption assumptions applied in the model are:
• Fuel consumption during voyage: 20 t/day.
• Fuel consumption in port: 6.3 t/day.
• Auxiliary fuel consumption: 1.48 t/day.



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Configure route parameters
Select several adjustable fields.

Both dry cargo capacity utilization and 
refrigerated capacity utilization are set to 
80%, representing an average load factor for a 
regular intercontinental service.

The route is defined using a global regions 
routing pair, with Latin America as the origin 
region and North Europe as the destination 
region. 

The selected liner service for this route is S140.

Energy use during port stays is modeled 
assuming onshore auxiliary power supplied by 
fuel: auxiliary engines remain in operation while 
the vessel is in port.

ULS MGO is selected for SECA zones to reflect 
compliance with sulphur emission regulations 
in Northern Europe.



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Input prices

In this section, the economic assumptions used in the 
simulation are defined. These inputs allow the model to 
translate energy use and emissions into monetary 
values.

Carbon tax is used to monetize greenhouse gas 
emissions and to calculate cost-efficiency indicators, 
such as CO₂ abatement costs.

The simulator includes predefined market prices for the 
refrigerants considered in the analysis, expressed in 
USD per kilogram.

Fuel and electricity prices are specified to calculate 
voyage and port-related energy costs. Prices are 
expressed in USD per ton for fuels and USD per MWh for 
electricity.



Output indicators



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

TFA (PFAS) emissions are observed 
only for fluorinated refrigerants, while 

R290 and R744 show zero TFA 
emissions, highlighting an additional 

environmental advantage beyond 
climate change

Total GHG emissions are dominated by 
indirect emissions (energy use), while 

direct emissions become significant only 
for refrigerants with high leakage impacts

Natural refrigerants (R290 and R744) 
eliminate direct emissions and 
therefore achieve lower overall 
climate impact under the same 

operating conditions

Conventional HFC refrigerants exhibit higher total GHG emissions due to the contribution of direct emissions from refrigerant leakage.



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

Total GHG emissions 
are largely driven by 
vessel emissions

Indirect emissions 
associated with container 

energy use are similar 
across refrigerants Direct emissions from refrigerant leakage become negligible 

when normalized by distance, but still differentiate fluorinated 
refrigerants from natural alternatives

Natural refrigerants (R290 and 
R744) maintain an advantage by 

eliminating direct emissions



Auxiliary energy costs 
remain relatively small 
and stable across 
refrigerants, as container 
operating conditions are 
kept constant

Natural refrigerants (R290 and R744) eliminate 
refrigerant leakage costs, but overall cost 
differences across refrigerants remain modest, 
since energy costs dominate the cost structure

Total costs per container-trip and 
per container-mile are largely 
driven by main engine energy
costs, reflecting the dominance of 
vessel propulsion in overall 
operating expenses

Refrigerant-related 
costs are visible mainly 
for fluorinated 
refrigerants



When R290 is used as the reference refrigerant, alternatives such as R452A and 
R404A yield higher annual operating costs per container, while R513A, R134a and 

R1234yf provide more moderate costs, and CO₂ (R744) shows nearly a similar 
economic performance.

R290 (propane)

Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador



Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador

R744 (CO2)

Using R744 (CO2) as the reference refrigerant, conventional alternatives such as 
R452A and R404A deliver the highest annual cost per container, while R513A, 

R134a and R1234yf provide moderate costs. In contrast, propane (R290) shows a 
slightly lower annual cost compared to CO₂ in this case.



Compared to R134a, alternative refrigerants show markedly different economic 
impacts: while R404A, R513A and R452A generate additional annual cost  

container, natural refrigerants such as R290 and R744 lead to lower annual 
operating costs.

R134a

Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador



Using R1234yf as the reference, the results show that switching to natural 
refrigerants, particularly R290, achieves CO₂e reductions at a strongly negative 
abatement cost (USD 121,283), indicating both environmental and economic 

benefits, while most conventional refrigerants offer limited or no additional 
mitigation advantages

When R1234yf is used as the reference refrigerant, synthetic alternatives such as 
R404A, R513A and R452A generate higher annual cost per container, whereas 

natural refrigerants (R290 and R744) lead to lower yearly operating costs.

R1234yf

Case study
Reefer transport of bananas from Ecuador to Hamburg using Polar Ecuador



Further available case studies

Battery transport from China to 
Rotterdam aboard CMA CGM Jacques 
Saade (IMO 9839179)

Transport of cut flowers from Kenya to 
Europe aboard the MSC Mombasa 
(IMO 9967275)

Transport of Berries from Chile to 
China aboard the Maersk Saltoro (IMO 
9725706) 

Pharmaceutical cold chain transport 
from Baltimore to London aboard the 
Leonidio (IMO 9618587)



Key findings



Key findings – natural refrigerants

Strong reductions of direct emissions

Reduction of indirect emissions

Elimination of PFA emissions

Significant reductions of operating 
costs – depending refrigerant price

Route and product characteristics allow 
for maximizing benefits 

Lower
environmental

impact

Improved
competitiveness



Contact us
Prof. Dr. Gordon Wilmsmeier
Director 
Hapag-Lloyd Center for Shipping and Global Logistics (CSGL)
Associate Professor for Shipping and Global Logistics,
Kühne Logistics University – KLU, Hamburg, Germany
Email: gordon.Wilmsmeier@the-klu.org

Dr. Cristiam Gil
Senior Researcher
Hapag-Lloyd Center for Shipping and Global Logistics (CSGL)
Kühne Logistics University – KLU, Hamburg, Germany
Email: gordon.Wilmsmeier@the-klu.org

Website: www.klu.org
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About

The objective for this tool is too to estimate the environmental and economic performance of refrigerated maritime transport. By combining technical parameters of the
product, container, vessel, and route. The tool provides a detailed breakdown of greenhouse gas (GHG) emissions, TFA (PFAS) emissions, and operating costs. It also
calculates cost-efficiency indicators, such as the marginal cost of CO₂ abatement, to support decision-making processes.

Partners: (a) Kuehne Climate Center, (b) Kühne Logistics University (KLU), (c) Hapag‐Lloyd Center for Shipping & Global Logistics (CSGL), (d) Federal Ministry for the
Environment, Nature Conservation, Nuclear Safety and Consumer Protection of Germany (BMUV), (e) KI II Division 7 International Climate Finance, International Climate
Initiative (IKI), Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH (GIZ).

Contact: cristiam.gil@klu.org, gordon.wilmsmeier@klu.org

Disclaimer: The content on this website is for informational and educational purposes only. It should not be considered as financial, investment, or legal advice. We are
not financial advisors, and the information provided is not a substitute for professional advice from a qualified expert who is aware of your individual circumstances.
Always conduct your own research and consult with a licensed financial professional before making any investment or financial decisions. Any reliance you place on the
information provided on this site is strictly at your own risk. We are not liable for any losses or damages incurred from the use of this information.

The tool was developed at the Hapag-Lloyd Center for Shipping and Global Logistics (CSGL) at Kühne Logistics University.
Contact: cristiam.gil@klu.org, gordon.wilmsmeier@klu.org

In partnership with

About the tool
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We appreciate your time and participation 
today!
If you have any further questions or would 
like to receive updates on the project, feel 
free to reach out to us!

kirsten.orschulok@giz.de
lydia.ondraczek@giz.de
mark.major@kuehne-foundation.org 

Greener Reefers Transition Alliance 

THANK YOU

Source Tom Fisk
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