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ABSTRACT Cheese whey is a by-product of cheese production and represents 90% of the milk 

processed. In the province of Quebec, 1.9 million tonnes ton of whey were produced in 2010. 
Cheese whey is composed mainly of lactose, proteins and lipids. Those components can be 
recycled if they are suitably managed. Otherwise, an inefficient management of the whey causes 
pollution (38-46 kg BOD5/m

3) and a waste of resources. A few years ago, dairy producers started to 
consider life cycle techniques or life cycle assessment (LCA) to assess environmental impacts 
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associated with all the stages of product’s or activities’ life. LCA is a powerful tool to critically and 
straightforward assess the holistic impact of agro industrial waste recovery. 

The objective of this study is to compare the environmental impact of two cheese whey treatment 
methods using a LCA. This analysis compared the biological method and the membranes 
technologies. At the end, a LCA approach, combined with an economic analysis, will be used to 
compare the environmental footprint of the different treatment methods which is a useful tool to 
support decision for cheese industry. The paper will include a detailed methodology and results of 
the complete environmental footprint of cheese whey treatment. 

Keywords: Cheese whey, life cycle assessment, environmental footprint. 

 

INTRODUCTION The manufacturing of dairy products is very important in Canada, the cheese, 

yogurt, ice cream, butter, milk powders are some products of milk transformation. According to the 
Canadian Dairy Information Centre, cheese production represents 38% of the milk transformation, 
which is developed mainly in the provinces of Ontario and Quebec (83% of cheese production) 
generating more than 22 000 jobs (Statistics Canada, 2015). The cheese production in Canada has 
registered more than 400 000 tonnes in 2015. Cheese production is highly linked to the production 
of cheese whey. This is a by-product of the cheese manufacturing, which constitutes 90% of the 
original milk volume.  

The whey primarily consists of water (93% m/m), lactose, minerals, proteins and fat (Jelen, 2009). 
World whey production was approximately 180 million tonnes in 2013 with 1.5 million tonnes of 
protein and 8.6 million tonnes of lactose, a very important source of carbon for the world (Bylund, 
2003). This amount of lactose without treating is an important source of pollution. The cheese whey 
represents an important environmental burden (BOD of 38-46 kg/m3). For years, the disposal of 
liquid cheese whey was problematic and often discharged into local water or fields. 

For a long time the cheese whey was considering as a bulky waste, but nowadays it is known that 
this liquid is actually one of the best natural sources of proteins and lactose. Therefore, their 
nutritional and functional properties beside the environmental interest, makes this liquid an 
interesting product for the dairy industry. According to Huffman (2011), the industrial use of whey is 
vital to the economic feasibility of the dairy industry in developed countries. In 2006, the industrial 
utilization of whey was around 80% in the United States and Canada, 60% in the European Union 
and 40% in Brazil and Argentina. 

Thanks to new technologies, the separation process and use of cheese whey components is 
becoming more accessible. Membrane technologies such as ultrafiltration, nanofiltration and 
reverse osmosis, allow developing new products such as whey powder or concentrated protein 
powder. These products are interesting for the dairy, food and pharmaceutical industries (Nicorescu 
et al., 2009; Chatzipaschali et al., 2012). 

There are also biological technologies such as fermentation where the action of different bacteria is 
to convert lactose into alcohol, lactic acid, acetic acid, the process most used is the production of 
biogas (Patil et al., 2012; Gelegenis et al., 2007). Biogas is a renewable energy produced by the 
anaerobic digestion of organic matter such as cheese whey. It is mainly composed of methane 
(CH4) and carbon dioxide (CO2); it could be valued for the production of biofuel, electricity and / or 
heat. In Canada, there are nine dairy industries where the biogas production has replaced the use 
of fuel oil with a 98% reduction in BOD of cheese whey (Labbé, 2012). 

In the cheese whey treatment, environmental issues have an ever growing place in the political, 
economic and industrial decision-making. An environmental study can be performed using various 
tools such as: lifecycle analysis (LCA), the environmental impact assessment, risk analysis and the 
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carbon balance (Jolliet et al., 2010). With these tools, the comparison of environmental impacts and 
identifying the hots spots of a product or process makes possible a multitude of improvements. 
Some authors conducted a study in order to determine the energy intensity (EI) and the Global 
Warming Potential (GWP) to assess environmental impacts in the cheese manufacturing process. 
(Kim et al., 2013; Aguirre-Villegas et al., 2012). 

The traditional cheese whey processing market is increasingly restricted primarily for economic 
reasons. However, new technologies must meet economic profitability and also obey to 
environmental sustainability. The development of new products, such as whey powder or biogas 
involves energy demand and renewable and non-renewable resources in the different stages of 
treatment. This is why the choice of raw materials, selection of process steps and equipment and 
logistics of a product or service must be influenced in terms of ecological and economic benefit. 
(Krotscheck et al., 2000; Narodoslawsky et al., 2000). This study is part of a perspective of 
environmental performance assessment of technologies of cheese whey treatment and estimate 
the impact that these treatments can have on the environment. The results of an environmental 
study comparing the treatment of whey with the aim of producing cheese whey powder and biogas 
are presented in this paper. 

 

METHODOLOGY  

Goal definition:  

The main goal of this work was to compare the environmental impacts of two scenarios of cheese 
whey management. Both systems are modeled as a Quebec cheese industry. The environmental 
impacts are analyzed using ISO-compliant LCA methodology (ISO, 2006a, 2006b). This information 
is a support tool for incorporating the environmental performance into decision-making and 
supports the development of processes less polluting for cheese whey management. The study will 
provide cheese manufacturers an opportunity to benchmark their individual performance against a 
process reported in this paper.  

Functional unit:  

The functional unit is defined as 1 ton of cheese whey managed. The study will try to answer the 
following question: what is the best technology for the managed of a given amount of cheese 
whey? The cheese whey is sweet, derived from the manufacture of cheddar cheese.  

System boundaries: 

‘’Gate to gate’’ is a partial LCA looking at only one value-added process in the entire production 
chain (Jimenez, 2000). A "gate to gate" approach is used considering all processes from the dairy 
plant gate to the valorization plant gate: pretreatment and transformation. The analysis starts from 
the cheese whey exiting of cheese production. The life cycle of milk and cheese production is 
omitted in this assessment as assumed to be identical in all scenarios investigated. 

Two process of cheese whey management are analyzed: 

(1) A process with membrane technologies in order to produce cheese whey powder as it is 
showed in Figure 1; 

(2) A process with biological technologies in order to produce biogas-methane.as it is showed in 
Figure 2. 

The boundaries also include the energy and raw materials needed for treatment of cheese whey.  
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 Figure 2 System boundaries and flows of the cheese whey treatment for biogas production. 

Figure 1 System boundaries and flows of the cheese whey treatment for whey powder production. 
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For the purpose of cheese whey powder production, the first step is the pretreatment. The 
pretreatment step is necessary to avoid bacterial growth and lactic acid formation. The residuals 
solids (fines) and lipids separation from cheese whey, the pasteurization and the storage are 
activities to wait further processing. The whey concentration typically involves increasing the dry 
matter from around 6 % to 18 – 25 % (m/m) using RO (reverse osmosis). Then cheese whey can 
either be transported to another site for the evaporation and drying. Utilizing mechanical vapor 
recompression (MVR) in this second step in order to concentrate the whey can increase dry matter 
from as low as 20 % to 45 – 65 % (m/m). After evaporation, the concentrate is flash cooled rapidly 
to 30 – 40 °C thus initiating nucleation of lactose crystals before being further cooled and stirred in 
specially-designed crystallization tanks. The product is held in the crystallizers for 4 – 8 hours to 
obtain a uniform distribution of small lactose crystals, which will give a non-hygroscopic product 
when spray-dried. Spray drying of cheese whey, is at present, the most widely used method of 
drying (Bylund, 2003). This process is showed in the figure 1.  

To produce biogas the cheese whey is homogenized inside a buffer tank. Then with air flotation, 
the residual suspended solids (SS) and fats are removed of effluent. The residues go to 
recuperation tank while the purified whey goes to next step. The methanizer utilizes the anaerobic 
granular sludge. A three-phase separator (effluent-sludge- biogas) ensures the retention of the 
sludge in the reactor, the biogas collection and recovery of the clarified effluent. 

Life cycle impact assessment 

Climate Change: can be defined as the change in global temperature caused by the greenhouse 

effect that the release of “greenhouse gases” by human activity creates (Acero et al., 2014). This 
raise of global temperature is expected to cause climatic disturbance, desertification, rising sea 
levels and spread of disease. Climate change is one of the major environmental effects of 
economic activity, and one of the most difficult to handle because of its broad scale. The 
Environmental Profiles characterization model is based on factors developed by the UN’s 
Intergovernmental Panel on Climate Change (IPCC). Factors are expressed as Global Warming 
Potential over the time horizon of different years, being the most common 100 and 500 years, 
measured in the reference unit, kg CO2 equivalent (Jolliet et al., 2003).The impact of cheese whey 
manage on global warming potential (GWP) is measured in kg CO2-eq t-1 cheese whey. 

Resources: two midpoint categories contributing to the endpoint category 'resources' are mineral 

extraction and non-renewable energy consumption. Damages due to mineral resource extraction 
are specified with the concept of surplus energy in MJ. ‘This is based on the assumption that a 
certain extraction leads to an additional energy requirement for further mining of this resource in the 
future, caused by lower resource concentrations or other unfavorable characteristics of the 
remaining reserves’ (Goedkoop et al., 2000). The unit of impacts on resources is the amount of 
additional primary energy required per unit of mineral and of total non-renewable primary energy for 
energy carriers, in MJ/unit consumed. The impact of cheese whey manage on resources is 
measured in MJ. 

Ecosystem quality: combining the effects on terrestrial ecosystems (terrestrial ecotoxicity and 

terrestrial acidification) on aquatic ecosystems (aquatic ecotoxicity, aquatic acidification and aquatic 
eutrophication) water turbined and land occupation. Their impact can directly be determined as a 
Potentially Disappeared Fraction (PDF) over a certain area and during a certain time per kg of 

emitted substance, expressed in PDF⋅m2⋅year/kg emitted. For example, a product having an 
ecosystem quality score of 0.3 PDF·m2 ·y implies the loss of 30% of species on 1 m2 of earth 
surface during one year.  The impact of cheese whey manage on ecosystem quality is measured in 
PDF⋅m2 ⋅year.  
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Human Health: ‘including carcinogenic and non-carcinogenic effects, respiratory effects, ionizing 

radiation and the ozone layer depletion’ (Humbert, 2005). The impact is expressed in Disability-
Adjusted Life (DALY). Characterizes the disease severity, accounting for both mortality (years of life 
lost due to premature death) and morbidity (the time of life with lower quality due to an illness). For 
example, a product having a human health score of 2 DALYs implies the loss of two years of life 
over the overall population.   

 

RESULTS The following impact categories were evaluated according to the Impact 2000+ 

method: climate change, human health, ecosystem quality and resources. In the initial stage, it is 
possible to note that overall, whey powder production has less impact than the biogas production 
for three impact categories studied. Specifically, these are the impacts on climate change; 
ecosystem quality and human health were targeted. Knowing that for the same functional unit, 
biogas production has higher performance (48% vs 6% dry whey) the gas emission methane (CH4) 
and carbon dioxide (CO2) will be higher, it is reflected in the results (Figure 3). However, the biggest 
difference is in resource levels, cheese whey powder production has a demand almost 4 times 
compared to the biogas production.  

 

Figure 3 Contribution Analysis by category of impact - comparison of cheese whey treatments 

The results showed that 19.7 kg-eq CO2 are emitted after the treatment of 1ton cheese whey 
transformed in whey powder. For the biogas production 38 kg- eq CO2 are emitted of environment 
(255 km of route). There is a low impact on human health with an impact of 0.00002 DALY and 
0.00003 DALY for cheese whey powder and biogas production respectively. However the energy 
used by this process represents a large part of the total energy used in the cheese whey powder 
production (1370 MJ).  

To understand the environmental impact of each process, a study comparing the life cycle stages 
of each process was done. For all categories of impact, the pasteurization step is a major 
contributor to the total impact (Figure 4). Indeed, this step represents itself between 35 and 50% of 
the total impact. The most polluting processes are pasteurization and drying mainly due to the 
process energy. To reduce the environmental impact, the best alternative is an energetics 
optimization industry.  
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Figure 4 Analysis by stage of the life cycle - cheese whey powder production 

 

The methanization step is a major contributor to the total impact (Figure 5). Indeed, this step 
represents itself only between 60 and 75% of the total impact. The main pollution factor is the gas 
emission during anaerobic digestion or methanization; however an extension of boundaries where 
the use of biogas to produce heat or electricity can reduce the negative impact and convert the 
pollutant load in positive points (or green points) for the use of alternative energies and non-
utilization of fossil fuel.  

 

Figure 5 Analysis by stage of the life cycle – biogas production  
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An extension of the frontiers of cheese whey powder production process does not give green points 
because this product goes to market. However, this process gives an economic value to the 
industry. For this reason, an environmental study must be accompanied by an economic study to 
find the balance between environmental impact and economic benefits. 

 

CONCLUSION  

The cheese whey powder is the less polluting process for 3 out of 4 impact categories studied 
climate change, human health and ecosystem quality. In order to reduce the environmental impact, 
the best way is related to optimize the energy consumption; mainly the thermal form. The study 
showed that the most polluting processes are pasteurization and drying. However the energetics 
optimization can significantly reduce the environmental impact.  

Although the biogas production is more polluting, the use of this gas emission can significantly 
reduce the environmental impact.  The conclusions drawn from this study are only valid under the 
stated process. Multiple other factors not covered in this study may lead to different conclusions.   

Minimizing the environmental impact must be taken into account during the technological 
development phase to the same extent as to decreasing costs for achieving economic 
competitiveness. For this reason, the second part of this study will be an analysis of eco-efficiency.  
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