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A new metric to evaluate the sustainability 

performance of temperature-controlled containers 

for air freight 

 

 

1. Abstract 

The use of Life Cycle Assessments (LCA) to evaluate the environmental impact of Temperature Controlled Containers 

(TCCs) is complicated and based on unclear assumptions. This makes meaningful comparisons nearly impossible.  

This white paper introduces a new metric quantifying the sustainability performance (environmental impact) of 

TCCs on a common, objective, and clear basis. This new metric represents a powerful tool for comparing the 

environmental impact of different TCC solutions irrespective of the system type and published loadable volume. 

The result is improved transparency of the industry’s sustainability capabilities.  
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2. Introduction 

1.1. Sustainability in the airfreight temperature-controlled industry 

TCCs have become increasingly important in the cold chain logistics for the air transportation of perishable 

goods1 (e.g., temperature-sensitive pharma products). Furthermore, Environmental, Social, and 

Governance (ESG) requirements have been imposed upon all the stakeholders of this industry. This has led 

them to better understand the sustainability of TCCs. The current admitted approach is to have each TCC 

manufacturer create their own LCA providing equivalent tons of CO2.  

Also, current market pressure on companies to become “green & sustainable” is growing, increasing the 

risk of greenwashing. Therefore, an objective and reliable metric to assess and compare the sustainability 

performance of TCCs is needed. 

1.2. Limitations of the current LCA approach 

Traditional LCAs used to assess the environmental impact of TCCs have limitations since they are based on 

unclear assumptions. For example, the LCA performed on the RKN TCC produced by Swiss Airtainer SA (SAT) 

showed a lifetime CO2 footprint varying between 800 and 3,500 tons, depending on just three assumptions:  

a) Should the Nitric Oxide (NOx) emission be considered or not? The understanding of this question is 

still outstanding as IATA states for the moment that it shall not be considered for different reasons, 

but other stakeholders believe it should3.  

b) What emission factor should be applied for the NOX to calculate its CO2 equivalent? The current 

literature is not yet in agreement and the multiplicator factor can vary greatly. 

c) What is the flight route and the number of trips per year to be considered? For instance, 18 

intercontinental flights per year between Frankfurt and Hong Kong have been considered for the 

LCA of the SAT RKN TCC. However, assuming the same recurrency between Frankfurt and Chicago 

would have reduced the CO2 footprint by 29 % (4’341 vs 5’598 kg of CO2). 

These examples underline the importance of clarifying the assumptions. Furthermore, it highlights the fact 

that LCA calculations are based on external parameters not directly related to the product itself but rather 

to the operational organization around it (e.g., airplane type, flight speed, flight routes, trip recurrency, etc.). 

This explains why LCA is not a suitable tool to compare the sustainability aspect of different TCCs among 

themselves. 

 

In contrast, the new metric introduced in this document is not affected by these parameters and unclear  

assumptions as it relies only on the TCC's intrinsic parameters.  

  

 
1 Perishable goods include pharma products, food, flowers, etc. All the goods which will deteriorate over time, and subject to 

humidity and temperature exposure. 
3 Currently, EN 16258 is the authority regarding emission of air cargo: Methodology for calculation and declaration of energy 

consumption and Greenhouse Gas (GHG) emissions of transport services (freight and passengers). 
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3. The need for a new metric, simple and understandable 

The limitations of the current LCA approach and the risk of greenwashing emphasize the need for a new 

metric to easily assess the environmental impact and thereafter the sustainability performance of each TCC. 

The current LCA is not adapted and is too complex to implement for the temperature-controlled air freight  

industry.  

1.3. Focusing on the TCC operational middle of life 

The current LCA approach relies on calculating the CO2 footprint for three distinct phases of the product 

lifecycle (see below). However, when considering TCCs, it is evident that the operational phase is 

responsible for at least 98 % of the total CO2 emissions4, mainly because of the additional fuel consumed 

by the airplanes : 

a) Beginning of life (production of the RKN)    ≈ 1 % CO2 

b) Middle of life (operations of the RKN)    ≈ 98 % CO2 

c) End of life (decommissioning of the RKN)   ≈ 1 % CO2 

Therefore, for the temperature control air freight industry it is perfectly acceptable to simplify the 

calculation by considering only the CO2 footprint emitted during the operational middle of life (i.e., transport 

of the TCC by airplane). This results in a far more accurate comparison when evaluating the environmental 

impact of different TCC solutions.  

1.4. Importance of comparing results in a relative manner 

The new metric emphasizes the importance of comparing results relatively rather than focusing solely on 

nominal values (e.g., equivalent tons of CO2). It also focuses only on the TCC’s intrinsic parameters and, as 

a result, provides a transparent comparison. 

4. The new metric 

The new metric solely focuses on the TCC intrinsic parameters such as weight and internal volume5. It 

introduces a normalized tare weight6 required to transport one cubic meter of load.  

 

For example, if the tare weight of a container is 600 kg and its internal capacity is 2 m3, then the normalized 

tare weight to transport one cubic meter of load is 600/2 = 300 kg/m3. This new metric expresses a 

normalized CO2 emission to fairly compare across different TCCs. Additionally, it can be used as input in 

standard online calculators to quantify the CO2 emission during a specific flight.  

 
4 Two independent sources as well as the LCA performed by SAT outline this fact. 
5 The required data for the new metric can be easily obtained from the manufacturer’s website, products datasheet, etc. The TCC 

maximum “loadable volume” would be more appropriate for this calculation, but since the producers are mainly communicating 
on their “internal volume” and to remain consistent, it has been decided to consider this value. 
6 Tare weight includes net and aviation pallet (e.g., PMC) as required but not the cargo itself. 
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1.5. Example of calculation based on the new metric  

Existing TCCs, active and passive, have been used for this example (Table 1). Tare weights and internal 

volumes have been extracted directly from the manufacturers’ websites.  

The new metric is then used to calculate the CO2 emissions using an online calculator7 simulating the 

journey: Frankfurt - Hong Kong - Frankfurt. The result is therefore a normalized CO2 emission per cubic 

meter. 

Table 1 - Existing TCC parameters and calculated values. 

TCC ref. 8 ULD 
type 

Tare weight 9  Internal 
volume    

New metric 
(tare weight 
in kg per m3) 

 

CO2 emission to 
transport 1 m3  

Additional CO2 
emission relative 

to the best 
performer  

  [kg] [m3] [kg/m3] [kg of CO2  /m3] [%] 

Passive A 
Not a 

ULD 
404 1.66 243.4 3’124 +51% 

Passive B 
Not a 

ULD 
522 1.55 336.8 4’324 +108% 

Passive C 
Not a 

ULD 
483 1.8 268.3 3’444 +66% 

Passive D AKP 616 1.52 405.8 5’208 +151% 

Passive E 
Not a 

ULD 
660 2.53 260.9 3’348 +61% 

Passive F 
Not a 

ULD 
578 1.76 329.3 4’226 +104% 

Active A RKN 390 2.4 161.7 2’074 0 

Active B RKN 635 2.3 276.1 3’544 +71% 

Active C RKN 646 1.98 325.7 4’180 +102% 

Active D RKN 670 1.88 356.4 4’574 +121% 

Active E RAP 1’100 6.38 172.4 2’212 +7% 

Active F RAP 1’140 6.57 173.5 2’228 +7% 

Active G RAP 1’213 6.68 181.6 2’330 +12% 

The result of this standardized metric identifies the TCC solution having the least impact on the environment 

e.g., the most sustainable is the “Active A” and the worst is the “Passive D.”  

It is interesting to observe that the larger Active E and F solutions (RAP) have almost similar sustainability 

performance as the best-performing solution. This is due to their internal volume being approx. 2.7 times 

larger than the RKN model.  

  

 
7 Online air cargo CO2 calculator : https://geodis.com/geodis_carbon_calculator/form#Frankfurt Hongkong return. 
8 Passive systems may include a variety of single-use or reusable TCCs without any external power source or active temperature 

control systems. It relies on its insulation properties, thermal mass, or Phase Changing Material (PCM) to maintain a constant 

temperature. RKN airfreight container is an LD-3 (lower deck) or xKN with specific contour and footprint where the ‘R’ indicates the 

presence of a temperature control system (passive or active). It is a specific type of active TCC designed for the transportation of 

temperature sensitive goods (1 US/EU pallet), usually pharmaceutical and life science products. An RAP air freight container “Reefer 

Air Pallet” is a larger type of active TCC designed specifically for air freight and able to transport of temperature sensitive goods (4 

US or 5 Euro pallets). 
9 25 kg have been added to the tare weight of passive containers to account for the necessary net and pallet. Unit Load Device 

(ULD) do not require such additional features as they are certified by aviation authorities and can be secure directly to the aircraft. 
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Upon review of Table 1, the benefit of the new metric, using normalized tare weight, becomes evident when 

comparing the environmental impact of different solutions irrespective of passive, active, and different 

sizes. It can be expressed with the following graph: 

 
Figure 1 : Graph expressing values of Table 1. 

Therefore, it is not necessary to calculate the CO2 emission. The new metric is perfectly sufficient to 

compare different TCC solutions in a simple way.  
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5. Conclusion 

1.6. Benefits of the new metric 

The new metric represents a powerful and objective tool, yet very simple, for assessing the sustainability 

between different TCCs (Table 1). This approach solves the limitations of current LCA methods based on 

complex assumptions which often lead to varying outcomes and “greenwashing” purposes.  

1.7. Positive impacts on the industry 

The use of this new metric will drive innovation in the temperature control air freight industry by 

encouraging the development of new technologies and materials to reduce the tare weight of the TCCs 

while increasing their loading capacity. 

Finally, the use of this new metric improves the transparency for the user of the TCCs e.g., pharmaceutical, 

aviation, and logistics industries. It will help users to make informed decisions about reducing their 

environmental impact and achieving their targets.  

1.8. Need for independent third-party promotion.  

To ensure the credibility of this new approach, it is highly advisable to have independent third parties 

promoting, controlling, and ensuring that this new metric is consistently and fairly implemented across the 

industry. Such parties can be regulatory bodies, industry associations, or other independent organizations.  

1.9. Future improvements of the new metric 

This new metric must be considered a work in progress. Other intrinsic parameters of the TCC could be used 

to assess their sustainability performances such as: 

- The source of energy used to power the container (e.g., solar panels). 

- The TCC’s overall reliability to reduce the shipment losses by reduction of waste due to temperature 

excursions. 

- The use of advanced features to optimize the cold chain logistics (preventive management, real-

time communication system, track & trace, AI algorithms, etc.).  

Finally, it would be advisable to encourage the TCC manufacturers to communicate the “loadable volume” 

instead of “internal volume” and use that parameter in the new metric.  
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6. Annex 

 

Annex A – History of the new metric 

- Swiss Airtainer (SAT) is a pioneering company developing and commercializing innovative and 
lightweight TCCs to significantly reduce their environmental impact. 

- SAT has performed an LCA on its own RKN TCC to quantify its sustainability performance. The result 
provided a nominal quantity of CO2 generated by the container during its entire life cycle. SAT 
realized by changing some assumptions, the CO2 footprint would vary by a factor of up to 5.  

- SAT recognized the impossibility of equally comparing LCAs since each manufacturer uses different 
assumptions and operational conditions. 

- SAT also understood how this lack of clarity and transparency could be used to support 
“greenwashing".  

- SAT decided to propose a new metric for effectively compare the sustainability performance of 
various TCCs (active and passive). 

- SAT aims to deploy this new metric in the temperature control air freight industry to provide clarity 
and transparency of sustainability performances and avoid greenwashing which will drive  
innovation with the development, manufacturing, operational handling, and continuous process 
improvement of TCCs.  
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