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• Dairy sector and energy consump7on

• Current solu7ons for hea7ng and cooling in dairy sector

• Heat pumps recent development

• Alterna7ve for zero carbon hea7ng and cooling in diary sector
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3



Dairy sector
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• The EU dairy sector is both a victim of and contributes to climate change. 
• Farming in the EU is responsible for just over 10% of economy-wide GHG emissions. 
• Changing weather and climate patterns lead to disease outbreaks, animal heat stress, worsened 

reproductive performance, decline in water resource availability, and reduction of soil fertility. 

• Addressing the mitigation challenge correctly should enable 
• greater resilience in the sector and across the supply chain
• providing longer-term sustainability
• improved efficiency and cost-saving on farms and in the production process. 



Environmental impact of dairy 
processing
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• Dairy processing plants
• very energy-intensive
• responsible for an annual emissions of CO2

between 50 and 100 g CO2 per kg milk*

• Case study: 
• AS-IS scenario 43 g of CO2 per kg of milk of 

which about 59% is due to burned natural gas 
for thermal energy

• TO-BE scenario, assuming the use of a heat 
pump with COP=6 and 80% heat recovery, 45 g 
of CO2 per kg of milk 

*Source: M. Sevenster, F. De Jong A sustainable dairy sector – global, regional and life cycle facts and figures on 
greenhouse-gas emissions CE, Delft (2008)



Drawbacks in current dairy 
processing
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• Highest heat demands for 
processes
• boilers to pasteurize products
• and then cooled back down 

again by a refrigeraQon plant. 

à massive waste of energy.

H2020 project PROTECT-ITN 
D5.2 Modelling energy consumption in the dairy supply chain



Energy consumption in the dairy 
sector
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• Dairy processes require simultaneous hea?ng for milk processing and 
refrigera?on for storage à challenges in op?mizing energy usage. 

• Heat pumps can recover waste heat from refrigera?on systems to supplement 
hea?ng needs à synergis?c rela?onship between the two processes

• Case study: 
• 48% thermal energy for heaQng purposes, 
• 52% electrical energy of which about 80% for cooling requirements 

52%48%

Electrical
energy

Thermal
energy
(natural
gas)

Energy consump.on share for a cheese manufacturer



Commercial Heat pumps for 
combined production

8Source: h*ps://hpa.ehpa.org/wp-content/uploads/2022/06/bookletHPA2021_online_.pdf



Integration of RES
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• The main benefit of a heat pump can be obtained with the 
integration of renewable energy sources and waste heat recovery

• It is possible to reach zero carbon emission

• Case study: 
• AS-IS scenario - 25 g of CO2 per kg of milk represents the lower bound 

that can be reached if all the electricity consumption of covered 
through RES

• TO-BE scenario – all the energy consumption is electricity, and the 
lower bound is zero carbon emission à GREEN ENERGY (RES + Waste 
heat recovery)



Holis@c view
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• Smart integration between the process demands and cooling and heating 
requirements

• A holistic view led to the decision to include a heat pump in a cheese 
manufacturer

• The heat released from the cooling process can be transformed into hot water at 
90 °C. More than enough for pasteurization.



Case study 1: dairy in Bergen, Norway 
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Source: Ahrens, M. U., Foslie, S. S., Moen, O. M., Bantle, M., & Eikevik, T. M. (2021). Integrated high temperature heat pumps and thermal 
storage tanks for combined heating and cooling in the industry. Applied Thermal Engineering, 
116731. https://doi.org/10.1016/j.applthermaleng.2021.116731

Hybrid absorption-compression heat pump 
(HACHP) with natural refrigerants to provide 
all temperature levels of heating and cooling 
demands 

• Commissioned in 2018, 
• the new dairy replaces a former facility in Minde, Norway

https://doi.org/10.1016/j.applthermaleng.2021.116731


Case study 1: dairy in Bergen, Norway 
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• 33.0% of all energy came from waste heat recovery or solar energy

• waste heat recovery rate of over 95% 

• Comparison with conventional systems
• external energy savings of up to 38%
• GHG reduction of up to 92%

Source: Ahrens, M. U., Foslie, S. S., Moen, O. M., Bantle, M., & Eikevik, T. M. (2021). Integrated high temperature heat pumps and thermal 
storage tanks for combined heating and cooling in the industry. Applied Thermal Engineering, 
116731. https://doi.org/10.1016/j.applthermaleng.2021.116731

https://doi.org/10.1016/j.applthermaleng.2021.116731


Case study 2:
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Source: https://hpa.ehpa.org/wp-content/uploads/2022/06/bookletHPA2021_online_.pdf



LIFE-CET BETTED Project
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• Star?ng in 02/2024

• Dura?on 36 months

• Aim: to facilitate companies in the 
dairy supply chains to foster the 
market uptake of energy efficiency 
measures including the use of 
renewables and the deployment of 
heat pumps at the value chain level. 

10 Partners
8 countries



Conclusions
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• The integration of heat pump technology for joint heat and refrigeration systems 
in the dairy sector presents a promising avenue for sustainable dairy processing.

• Integration with renewable energy sources and waste heat recovery can lead to 
zero carbon emission

• Heat pumps for combined production are in commerce

• Only a few pilot case studies

• Further research:
• Detailed analysis of the case study



Thank you!

beatrice.marchi@unibs.it


