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LIFE CYCLE ASSESSMENT DAIRY INDUSTRY 
 

Shevchenko Roman, Ph.D, Tolmachenko Anna, master 
Odessa National Academy of Food Technologies, Odessa 

 
Annotation: The method of assessment greenhouse gas (GHG) emissions from the global dairy cattle sector. 

The evaluation methodology takes into account GHG emissions associated with milk production and processing for 
main regions and farming systems of the world. The technique will help in informing the public debate on 
greenhouse gas emissions, and will support the research, development and Extension efforts to improve the 
sustainability performance of dairy farming. 

Keywords: Life Cycle Assessment, the greenhouse gas, dairy industry  
 

:       ( )    
   .          

         .    
 ,      ,    

  ,          
   . 

 :   ,  ,  .  
 
The purpose of this study is to quantify the main sources of GHG emissions from the world’s dairy cattle 

sector, and to assess the relative contribution of different production systems and products to total emissions from 
the dairy sector. 

This assessment produces estimates of GHG emissions for: 
- major dairy cattle products and related services; 
- predominant dairy production systems (e.g. grass-based, mixed crop-livestock); 
- main world regions and agro-ecological zones;  
- major production stages along the dairy food chain. 
The assessment follows up on FAO’s work presented in Livestock’s Long Shadow on livestock’s contribution 

to GHG emissions, by refining and elaborating on the emission estimates for the dairy cattle sector. It focuses on the 
entire dairy food chain, encompassing the life cycle of dairy products from the production and transport of inputs 
(fertilizer, pesticide, and feed) for dairy farming, transportation of milk off-farm, dairy processing, the production of 
packages, and the distribution of products to retailers. Emissions, including those taking place after the farm-gate 
are all reported in per kg of fat and protein corrected milk (FPCM) units at the farm gate. 

In the wake of the current global climate crisis, it has become increasingly clear that there is an urgent need to 
not only better understand the magnitude of the livestock sector’s overall contribution to GHG emissions, but to 
also identify effective approaches to reduce emissions, and to identify where in the food chain to target these efforts. 
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Addressing these needs has provided the impetus to re-examine the global livestock food chain emissions, based on 
the Life Cycle Assessment (LCA) approach. 

The Life Cycle Assessment (LCA) approach is widely accepted in agriculture and other industries as a method 
to evaluate the environmental impacts of production, and to identify the resource and emission-intensive processes 
within a product’s life cycle. 

The methodology also provides a framework to broadly identify effective approaches to reduce environmental 
burdens. Further, the approach is recognized for its capacity to evaluate the effect that changes within a production 
process may have on the overall life-cycle balance of environmental burdens. This enables the identification and 
exclusion of measures that simply shift environmental problems from one phase of the life cycle to another. 

The LCA method involves the systemic analysis of production systems, to account for all inputs and outputs 
associated with a specific product within a defined system boundary. The system boundary largely depends on the 
goal of the study. The reference unit that denotes the useful output of the production system is known as the 
functional unit, and it has a defined quantity and quality. The functional unit can be based on a defined quantity, 
such as 1 kg of product, alternatively it may be based on an attribute of a product or process, such as 1 kg of fat and 
protein corrected milk (FPCM). The application of LCA to agricultural systems is often complicated by the 
multiple-output nature of production, as major products are usually accompanied by the joint production of by-
products. This requires appropriate partitioning of environmental impacts to each product from the system 
according to an allocation rule, which may be based on different criteria such as economic value, mass balances, 
product properties, etc. 

The assessment encompasses the entire production chain of cow milk, from feed production through to the 
final processing of milk and meat, including transport to the retail sector (cf. Fig. 1). 

 

 
Fig. 1 – System boundary as defined for this assessment 

 
The cradle to retail system boundary is split into two sub-systems: 
1. Cradle to farm-gate includes all upstream processes in livestock production up to the point where the 

animals or products leave the farm, i.e. production of farm inputs, and dairy farming. 
2. Farm-gate to retail covers transport to dairy plants, dairy processing, production of packaging, and 

transport to the retail distributor. 
This study focuses on emissions of the major greenhouse gases associated with animal food chains, namely, 

methane, nitrous oxide, carbon dioxide, and GHGs related to refrigerants. The following emission sources were 
included and grouped as pre- and post-farm-gate sources. 

In the wake of the current global climate crisis, it has become increasingly clear that there is an urgent need to 
not only better understand the magnitude of the livestock sector’s overall contribution to GHG emissions, but to 
also identify effective approaches to reduce emissions, and to identify where in the food chain to target these efforts. 
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Addressing these needs has provided the impetus to re-examine the global livestock food chain emissions, based on 
the Life Cycle Assessment (LCA) approach. 

Globally, cradle to farm gate emissions contribute, on average, 93 percent of total dairy GHG emissions. The 
study reveals a similar trend across all regions of the world, where on-farm activities (including land use change) 
contribute most significantly to overall GHG emissions. In industrialized countries, the relative contribution ranges 
between 78 and 83 percent of total life cycle emissions, while in developing world regions the contribution is much 
higher – ranging between 90 and 99 percent of total emissions.  

Methane contributes most to the global warming impact of milk - about 52 percent of the GHG emissions – 
from both developing and developed countries. Nitrous oxide emissions account for 27 and 38 percent of the GHG 
emissions in developed and developing countries, respectively, while CO2 emissions account for a higher share of 
emissions in developed countries (21 percent), compared to developing countries (10 percent). 

Milk production and GHG emissions associated with milk production, processing and transport are shown in 
Fig.2 

Two groups of regions can be identified, according to their relative contribution to global milk production and 
related GHG emissions: those where production is more emission intensive than average (e.g. South Asia, Sub-
Saharan Africa, and Central and South America) and those where it is less (e.g. Western Europe, North America, 
East Asia). South Asia generates the largest share of emissions, combining large production of milk with relatively 
high emission per kg of milk. By contrast, Western Europe is ranked at third place for its share of global emissions, 
even though is the largest producer of milk. 

 

 
Fig. 2 – Relative contribution of world regions to milk production and GHG emissions associated to milk 

production, processing and transportation. 
 
Conclusion  
The assessment methods presented here only looks at the GHG emissions of the dairy sector. It is obvious that 

GHG emissions are only one aspect of the environmental sustainability of the sector, which also includes issues 
such as water use and pollution, biodiversity erosion and air pollution. Furthermore, environmental performance is 
only one of the criteria against which the sustainability of production systems is measured, others being social 
issues, public health, and profitability. The results and conclusions of this report need to be understood in this 
context, and analysed considering the synergies and trade-offs existing among environmental objectives and 
between environmental and other objectives. For example, although we estimated that the intensification of 
production is coupled with a reduction of GHG emissions per unit of output, its impacts on the eutrophication of 
water resources, biodiversity conservation and social arrangements may well be negative. 
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Dr. Paul Koltun, “Technident” Pty. Ltd., Melbourne, Australia. 

Email: pskoltun15@gmail.com 
 
Abstract 
The constructive utilisation of energy is of paramount importance in the enhancement of society’s standard of 

leaving. Worldwide the consumption of primary energy is expected to increase by 2.1% year due to population 
increase and economic growth. Currently about 90% of the energy consumed originates from burning of fossil 
fuels, with 30% of the total used of the primary energy for electricity production [1]. Most of the remaining 70% is 
used either for transportation or converted into hot water, steam and heat. Nuclear energy is now being used to 
produce about 14% of the world electricity [2]. Over the next 50 years, unless patterns change dramatically, energy 
production and use will contribute to global warming through large scale greenhouse gas emissions — hundreds of 
billions of tones of carbon. Nuclear power could be one option for reducing carbon emissions. An interest in nuclear 
power despite of Fukushima disaster has been revived. More than 40 developing countries have approached United 
Nations officials to express interest in starting nuclear power programs [3].  

Asia has been growing significantly in this regard, with 21 reactors under construction and there are plans to 
add about 100 more (China, South Korea and India are expected to experience the strongest growth in the region 
[4]). Indonesia, Vietnam, Thailand, the Philippines and Malaysia are also expressing strong interest in nuclear 
power [5]). 

Number of countries (France, Argentina, Brazil, Canada, Japan, the Republics of Korea, South Africa, the US, 
UK, Russia, China, etc.) joined together on a mission to develop and implement the next generation of safe and 
sustainable nuclear reactors, and created the Generation IV International Forum (GIF) to oversee it [6]. The forum’s 
members agreed to concentrate their efforts and funds on six reactor designs seeking to become commercially 
viable between 2015 and 2025 [7]. Among those reactors the very high temperature reactor (VHTR) is the most 
attractive nuclear technology. The Next Generation Nuclear Plant (NGNP) prototype concept is based on what is 
judged to be the lowest risk technology development that will achieve the needed commercial functional 
requirements to provide an economically competitive nuclear energy source [6]. This technology has substantial 
gains obtained by: a) coupling of gas turbine with a high temperature gas-cooled reactor (HTGR), which allows 
achieve a net electrical efficiency in the range of 50%; b) build modular HTGR (called GT-MHR, gas-turbine 
modular helium reactor) allows lower capital cost due to plant simplification and time reduction for construction; c) 
the ceramic fuel TRISO (triple coated small balls) fuel (specifically developed fuel for this type of reactors) has the 
high degree of passive safety and has flexibility to adopt uranium/plutonium, thorium (Th) based fuel cycle and 
reprocessed SNF from currently used reactors; d) the high burn-up of the reactor (between 80 – 120 GWd/ton) 
substantially decrease radioactive waste from the spent nuclear fuel (SNF) and makes its SNF much less radioactive 
[8]; e) the high temperature, which allows HTGR to be applied to hydrogen production and other high temperature 
process heat applications, as well as low temperature heat applications such as water desalination, thereby 
efficiently addressing non-electric energy needs [9]. 

This study describes a life cycle assessment (LCA) of a generation IV nuclear power plant based on a high 
temperature helium cooled reactor and gas turbine technology with modular design (GTMHR). The adopted 
method for the study was a hybrid LCA analysis. The analysis of each phase of the life cycle was done on the basis 
of process chain analysis (PCA). Where detailed data were not available, the analysis of Input/Output (I/O) 
databases was employed. The obtained results show that GHG emissions and energy intensity per unit of electricity 
production are considerably low and even lower than emissions from a number of renewable energy sources. The 
study also investigated other sustainability aspects of nuclear power generation in addition to environmental 
impacts, namely, social impacts (biodiversity impact, health and safety, employment.) and economic impacts (cost 
of electricity). 
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