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ABSTRACT 

The carbon emission of dairy cows and dairy farm co-operatives during milk production was studied to assess the 
environmental impact of milk production with life cycle in Nakhon Ratchasima province, Thailand. The sampling numbers 
were 309 dairy farms, 9 dairy farm co-operatives, and 400 dairy cows. The study showed that the kilogram carbon dioxide 
emission factor per head per day from dairy cows and the energy sectors of farm activities was 9.812 kg.CO2/head/day and 
the energy sectors of dairy farm co-operative activities in milk production was 2.017 kg.CO2/head/day. It was also found 
that the efficiency of dairy cows that transfer carbon from the first producers and fixed to milk was 10.33% and the ratio of 
C emission factor was changed from the first producers and energy sectors of dairy production by 0.427. The ratio of 
carbon contents that were emitted to carbon contents fixed in milk and the growth of dairy cows was 0.757. The dairy 
wastewater treatment was undertaken with the using of anaerobic fixed film reactor with HRT 1.0, 1.5, 2.0, and 2.5 day on 
a laboratory scale. The removal efficiencies of COD, BOD5, TKN, and TP of anaerobic fixed film reactor were 79.15%, 
93.55%, 74.00%, and 81.50%, respectively. The total COD and BOD5 removal efficiency decreased slightly with an 
increasing in organic loading rate (OLR). Most organic compounds containing carbon is the main component to be easily 
digested by microorganisms. There was a significant organic removal efficiency of the fixed film system tested in terms of 
BOD5 and COD (p < 0.05). The major contents of nitrogen constituents in dairy wastewater were organic-nitrogen with 
97.5±2.1% and the remaining was nitrate-nitrogen. The ammonia-nitrogen could be monitored at the effluent with the 
percentage was 67±16%. The contents of dairy wastewater consist of ortho-phosphate and organic-phosphorus with the 
ranges of 59-69% and 31-41%, respectively. Regarding to the treated wastewater, the minor content was organic-
phosphorus. The maximum biogas production rate was (3.396 ± 3.19) ×10-3 m3/day at 2.07 kg. COD/m3/day. In case of 
biogas composition, the methane was found in the percentage was 70±10%. The 341 L of methane was generated from 1 
kg. COD used. As indicated above, the anaerobic fixed film reactor could be used as the pretreatment unit for dairy 
wastewater including the biogas production. 
 
Keywords: dairy farm cooperative, milk production, dairy cow, EIA, life cycle. 
 
INTRODUCTION 

In Thailand there are various non-greenhouse gas 
issues that also need to be considered when identifying 
effective and sustainable options for greenhouse gas 
mitigation. What is required, however, is that mitigation 
options need to be evaluated in the context of the livestock 
system before being promoted for adoption, because the 
consequences for the whole system along with the effects 
on emissions of carbon dioxide equivalent need to be 
understood. Dairy cow, ox and buffalo are herbivores that 
are raised for their milk and meat, however, production of 
dairy cow and cattle produce emission of both CO2 and 
CH4. The emissions from dairy cows are more than that 
from other cattle (Keeratiurai, 2012b). One product of 
carbon fixation is the protein in milk, meat and animal 
products. The net carbon production is the rate at which 
carbon is fixed during growth. The net carbon production 
can be used to explain the time averaged C stocks by 
carbon weight per time (van Noordwijk, et al., 1997 and 
1998).  

The reduction of emissions of air pollutions is 
subject of international conventions, which include 

reporting of emissions in accordance with guidelines or 
guidebooks provided. With respect to emissions from 
agricultural sources, in particular from animal husbandry, 
the calculation procedure making use of partial emission 
factors for the various sources of emissions (animal house, 
storage, manure application, etc.) is being replaced by a 
mass flow concept for carbon species. The way to describe 
emissions from animal husbandry was to apply a mass 
flow approach, which depicts the pathways of C species 
strictly under the aspect of mass conservation (Dämmgen 
and Webb, 2006).  

Simpler methodologies calculate overall 
emissions in animal husbandry using fixed amounts per 
animal or animal place where; E is the emission (kg × 
area-1). For a given number of animals, total emissions are 
calculated using the sum of the partial emission factors 
where; n is the number of animals considered and EF is 
the emission factor (kg × animal-1 × area-1). In agriculture, 
this stresses the need for methods, which go beyond 
simple calculations of the type: 

 
Etotal = nanimal × (EFmetabolic + EFgrazing + EFhousing + EFstorage + EFspreading)                                                                              (1) 
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Crops produced can serve as animal feed. They 
are inputs into the animal subsystem. In the animal 
subsystem, direct metabolic emissions will occur, in 
particular of CH4 from enteric fermentation. C excreted 
are then stored and eventually spread. These flows and the 
respective emissions are dealt with in the manure 
management subsystem. Slurry and manure treatments are 
important measures to reduce emissions (Dämmgen, et al., 
2003). 

Wastewater of milk production plant was 
important problem since a large quantity of water was 
used for product addition and utensil cleaning. 
Subsequently, approximately 80% of used water was 
discharged as wastewater, which contains a large amount 
of milk constituents such as casein, lactose, fat and others. 
These all contribute towards its high contents of nutrients 
contained in dairy wastewater, which were the main cause 
of the deterioration of the quality of receiving water body. 
The discharged volume of wastewater depends on the size 
of plant and their activities. The treatment of dairy 
wastewater with less area requirement should be 
appropriate. 

The focus of this study is on carbon which is 
transferred to the food chain and emitted in milk 
production. Therefore it is important to assess the 
environmental impact of milk production. Approaches that 
may assist decision makers to identify options for 
greenhouse mitigation options from livestock systems are 
discussed. 
 
LCA methodology applied in this study 

The Society of Environmental Toxicity and 
Chemistry are generally credits for the current LCA 
methodological framework. Recent standard by the 
International Organization for Standardization have 
defined LCA as the study related to the environmental 
aspects and potential impacts throughout the life of 
products from raw materials acquisition through 
production, use and disposal (Leng, et al., 2008). The 
International Organization for Standardization of 14000 
series was formed to accept as providing a consensus 
framework for LCA (Rebitzer, et al., 2004). Inventory 
analysis involves data collection and calculation 
procedures to quantify the relevant input and outputs of a 
product system. These inputs and outputs may include the 
use of resources and releases to air, water and land 
associated with the system (Thu Lan, 2007). Life cycle 
study, data collection represented a time consuming task 
and it was important to obtain quantitative information 
concerning various processes in the product system. A 
significant part of data associated of milk production with 
life cycle was collected from dairy cow farms and co-
operatives. Data for carbon emission, and energy 
consumption, resources and material were obtained 
directly from dairy cow farms and co-operatives. A useful 
instrument facilitating the estimation of gas emissions was 
the emission factor, which was a representative value 
attempts to link the associate with the system output. The 
process of impact assessment analyzes the environmental 
burdens associated with the material and energy flows 

determined in the inventory analysis phase though 
successive steps listed as follow classification, 
characterization, normalization and weighting (Curran, 
1996).  

The final phases of LCA were made based on the 
combination of findings from the inventory analysis and 
the impact assessment, consistent with the objective and 
scope definition. The environmental impact potentials in 
global warming were calculated in this step. This 
environmental impact in global warming was caused by 
the emission of green house gases such as CO2, CH4, N2O, 
and etc. Thanee, et al. (2009) concluded that CO2 emission 
was 0.18 kg.C/kWh, CO2 emission from LPG was 3.0102 
kg.CO2 eq./1kg.LPG, CO2 emission from diesel oil was 
0.61 kg.C/L and CO2 emission from gasoline was 0.57 
kg.C/L, and Keeratiurai (2012a) have suggested CO2 
emission was 74.5 kg.CO2/1 Ton/500 km. 

The calculations were carried out with the 
equation given below. The potential environment impacts 
were calculated as follows (Thu Lan, 2007).  
 
Σ EPi = Σ Qi x EF                                                              (2) 
 
Where 
   
EPi = The emission potential contribution to the   
              environment impact 
Qi =       The magnitude of emission of substance 
EF =   The substance’s equivalency factor for the  
              environmental impact category 
 
METHODOLOGY 

The study of environmental impact of milk 
production with life cycle was shown in Figure-1. 
 

 
 

Figure-1. Life cycle assessment to evaluate CO2 emission 
for the milk production. 

 
Size of samples, site sampling methods and analytical 
methods 

The data of Johnson et al. (2002) showing the 
relative contribution of these sources from the contrasting 
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situations of Wisconsin and New Zealand dairy farms, 
indicate that the type of production system can have a 
major impact on the relative importance of each source. 
We studied dairy farms and dairy cow co-operatives, in 32 
districts of Nakhon Ratchasima province. Nakhon 
Ratchasima province has an agricultural area of 12, 469.46 
square kilometers which is the largest area of dairy farms 
in Thailand (Center for Agricultural Information, 2004). 
The numbers of farms, dairy cows in each district were 
calculated by determining the number of dairy farms, dairy 
cow co-operatives and the number of dairy cows in the 
province at 95% confidence level (Cavana, et al., 2000). 
Therefore, the sample groups were calculated by Taro 
Yamane’s formula (Yamane, 1973) as follows; 
 

2Ne1
N

n
+

=                                                               (3) 

 
Where 
 
n = Sample size 
n = Population size 
e = The error of sampling 
 

The sampling numbers were 309 dairy farms, 9 
dairy farm co-operatives, and 400 dairy cows. Grass and 
foods for dairy cows, milk and faeces of dairy cows were 
collected and transferred to the laboratory at 
Vongchavalitkul University. The analytical methods are 
shown in Table-1. 

 
Table-1. Methods for property analysis of animal feed, milk, gases and faeces from dairy cows. 

 

Properties Analytical methods References 

Moisture content By weighing sample after oven drying at 103-105 
°C for 24 hours Manlay et al. (2004) 

Carbon content (C) By CNS-2000 elemental analyzer and gas 
analyzer Manlay et al. (2004) 

Volatile and fixed solids By weighing the known weight of the sample after 
burning at 550°C for 30 minutes APHA, AWWA, WEF. (1992) 

Weight of dairy cow By weighing or using a cattle weighing tape Bunyavejchewin et al. (1985), 
Vudhipanee et al. (2002) 

 
Equipment used in operations research 
 Anaerobic fixed film reactor (AFFR) was 
attempted to achieve contact between microorganism and 
nutrients or sewage sludge by bio-media and circulate of 
wastewater sludge in system. Anaerobic fixed film include 
reactor has 880 liters in a cylindrical shape, 75cm in 
diameter, and 2 meters high as shown in Figure-2. By an 
anaerobic fixed film reactor, the components are as 
follows: 
 
 Circulation pumps in the sewage sludge in the 

anaerobic fixed film reactor 
 Bio-media to make contact, with surface of 240 square 

meters per cubic meter 
 Section for exhaust biogas of anaerobic reactor 

 
 The system went into steady state. The 
percentage average of COD removal in 10 days had 
standard deviation less than 10%. The collected 
wastewater samples at inlet and outlet of anaerobic fixed 
film reactor. The parameters were analyzed of the 
Standard method. 
 

 

Figure-2. Section of anaerobic fixed film reactor. 
 
Statistical data analysis 
 The data are analyzed with descriptive statistics 
and statistical analysis as follows: 
 
a) To describe the characteristics of 

the wastewater, performance of anaerobic fixed film 
reactor and the amount of gases each day in 
mean, standard deviation, and percentages of 
efficiency. 

b) Performance testing of the anaerobic fixed film 
reactor and the difference of before and 
after treatment of the Temperature, pH, TKN, TP, TS, 
SS, VSS, TDS, COD, BOD5, and amount of 
energy in various forms used in the milk production 
were tested at 95% confidence level.  

 

1. Sedimentation 
tank 
2. Wastewater pump 
3. Anaerobic fixed    
    film reactor 
4. Bio media 
5. Wastewater 
6. Storage gas 
7. Water and H2S  
     removal parts 
8. Wastewater outlet 
     and Sewer tank 
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% Removal efficiency = ( ) 100×
−
in

outin                         (4) 

 

c) Evaluation of the emission of greenhouse gases such 
as CO2 and CH4 in various forms of energy used 
to produce milk, wastewater treatment and biogas 
production. 

 
RESULTS AND DISCUSSIONS 

The results showed that the average milk 
production from dairy cows was 11.144±2.70 
kg./head/day, the average weight of faeces 18.85±3.41 
kg./head/day from the average weight of dairy cow was 
449.19±53.99 kg./head and the C emission factor was 
11.810 kg.CO2/head/day. The ratio of faeces of dairy cow 
to weight of dairy cow was 4.2% and the ratio of milk to 
weight of dairy cow was 2.48%.  
 
The C emission factor and the rate of change in carbon 
contents 

This study showed that the carbon content was 
emitted from activities in dairy cow sectors. The C 
emission factor was 9.812 kg.CO2/head/day. The CO, 
CO2, and CH4 gases which were emitted from faeces were 
0.000±0.000 kg.CO/head/day, 0.110±0.022 
kg.CO2/head/day, and 0.004±0.001 kg.CH4/head/day, 

respectively. The CO, CO2, and CH4 gases which were 
emitted from enteric fermentation and respiration of dairy 
cow were 0.001±0.000 kg.CO/head/day, 2.211±0.459 
kg.CO2/head/day, and 0.123±0.037 kg.CH4/head/day, 
respectively. The carbon contents emitted, to influence the 
environmental problem, was 38.60%. 
 
The carbon contents of energy sectors for milk 
production 

The dairy farms, that are members of dairy farm 
co-operatives, used 3 energy sectors for milk production. 
The first sector was the electricity energy for lighting and 
pumping of milk. The second sector was petrol used for 
transporting milk to dairy farm co-operatives daily. The 
last was petrol used for cutting grass and transferring it to 
the farms for feeding. The CO2 emission per unit of three 
energy sectors of dairy farm was 0.755 kg.CO2/head/day. 
The dairy farm co-operatives used electricity for milk 
cooling and for transporting milk from dairy farm co-
operatives to dairy manufactory. The CO2 emission per 
unit of electricity and petrol used by dairy farm co-
operatives was 1.243 kg.CO2/head/day. The results of the 
carbon contents per unit in the energy sectors for milk 
production were shown in Table-2. 

  
Table-2. The averages of CO2 emission from energy sectors of dairy farms and dairy 

farm co-operatives. 
 

CO2 emission Average carbon contents from 
energy sectors (kg.CO2/head/day) Dairy farms Dairy farm co-operatives 

Electricity 0.293 0.357 
Transportation energy 0.037 0.887 

Engine energy 0.425 - 
 

The transportation energy and the engine energy 
of the dairy farms had CO2.eq.emission of 83.33% and 
84.67% of Cinput, respectively. The transportation energy 
of the dairy farm co-operatives had CO2.eq.emission of 
84.91% of Cinput. The sum of the total CO2 emission per 
unit from the electricity energy and the transportation and 
engine energy of dairy farms and dairy farm co-operatives 
was 1.998 kg.CO2/head/day. The transportation and engine 
energy had carbon loses of 0.242 kg.CO2/head/day. This 
CO2 emission showed the environmental problems known 
as global climate changes from the energy sectors in milk 
production. Also the ratio of C emission factor emitted to 
carbon contents was changed from producers and energy 
sectors of dairy production was 0.427 and the ratio of 
carbon contents were emitted to carbon contents were 
fixed in milk and the growth of dairy cow was 0.757. 
 
The AFFR performance 

Characteristic of dairy wastewater, 
including Temperature, pH, TKN, TP, TS, SS, VSS, TDS, 
COD, BOD5 of wastewater inputs to the system 
and wastewater out of the system, and volume of biogases 

were analyzed by standard method. The results of the 
analysis of wastewater inputs to the system from the 
laboratory were shown in Table-3. 
 

Table-3. The Characteristics of dairy wastewater used 
to AFFR. 

 

Parameters Unit Average ± S.D. 
Temp. ºC 30±2 

pH - 6.4±1.1 
TKN mg/L 22.8±4.43 
TP mg/L 1.15±0.69 
TS mg/L 915±160 
SS mg/L 208.5±81.5 

VSS mg/L 208±152 
TDS mg/L 736.5±211.5 
COD mg/L 932.67±79.67 
BOD5 mg/L 695±110 
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The dairy cow wastewater was treated using the 
anaerobic fixed film technology on hydraulic retention 
time (HRT) 1.0, 1.5, 2.0, 2.5 day to provide an 
overview of this study. There was a significant solid 
removal efficiency of the fixed film system tested in terms 
of SS, TS, VSS, and TDS (p < 0.05) as shown in Figure-3. 
Suspended solids can cause turbidity in water, affect the 
growth and propagation of aquatic species. 

The pH values of effluent were in the ranges of 
6.8-7.2 with the temperature of 28ºC-31ºC. These ranges 
of pH value did not have any effects to the performance of 
AFFR. In the other hand, they provide the optimum 
condition for acidogenesis bacteria and methanogens. The 
organic compound in AFFR or anaerobic condition was 
assumed to be converted to organic acids and later to 
acetic acid, and finally to methane and carbon dioxide gas. 
Volumetric biogas production rate increased slightly 
linearly with the COD loading rate, until reaching a 
maximum 6.586x10-3 m3/day at 2.07 kg.COD/m3/day as 
shown in Figure-4. In case of biogas composition, the 
methane was found in the percentage was 70±10%. The 
341 L of methane was generated from 1 kg. COD used. 
This value was slightly inferior to the stoichiometric 
theoretical of 0.35 m3CH4/kg.COD and similar to the 
result studied by Perez et al. (2001), 0.33 m3CH4/kg.COD. 
 

 
 

Figure-3. The solid removal efficiency on HRT of 
anaerobic fixed film reactor. 

 

 
 

Figure-4. The relation between OLR and biogas 
production of anaerobic fixed film reactor. 

 
The total COD removals of 1.0, 1.5, 2.0, 2.5 day 

hydraulics retention times were in the ranges of 76.0 to 

92.3% as shown in Figure-5. The COD removal efficiency 
of 2.5 day HRT was slightly higher than that of 2.0 day 
and slightly decreased at 1.5 day. In this study, they could 
be observed that total COD removal was clearly dropped 
at 1.0 day HRT due to the increase of upflow velocity and 
organic loading rates. The upflow velocity was the main 
limiting factor for design of AFFR for treated dairy 
wastewater. The total COD removal efficiency decreased 
slightly with an increasing in organic loading rate (OLR). 
The removal efficiencies were in the ranges of 92.3-90.1% 
for 1.02 to 1.37 kg.COD/m3/day. Whereas the removal 
efficiency of total COD at the OLR of 2.07 
kg.COD/m3/day was sharply decreased to be 76.0 as 
shown in Figure-6. Panesar et al. (1999) reported that at 
the one point of increased OLR for a UASB reactor 
treating dairy wastewater, reduced performance was 
observed. The removal efficiencies of BOD5 were in the 
ranges of 85.1 to 97.0%, the maximum efficiency was 
observed in 2.5 day HRT. The high efficiency of BOD5 
removal was obtained from this AFFR since the soluble 
organic matter in dairy wastewater could be easily 
degraded by microorganisms containing in reactor.   
 

 
 

Figure-5. The removal efficiencies of total COD at 
any HRTs. 

 

 
 

Figure-6. The relation between OLR and total COD 
removal efficiencies of anaerobic fixed film reactor. 

 
The major contents of nitrogen constituents in 

dairy wastewater were organic-nitrogen with 97.5±2.1% 
and the remaining was nitrate-nitrogen. The ammonia-
nitrogen in the influent was not found for all HRTs; 
whereas it could be monitored at the effluent with the 
percentage was 67±16%. Almost of organic-nitrogen in 
dairy wastewater were converted to ammonia-nitrogen due 
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to bacterial composition and hydrolysis as shown in 
reaction and later assimilate to organic-nitrogen in 
bacterial cells. 
 
Organic-nitrogen in dairy wastewater + bacteria→NH3    
 

Moreover, organic-nitrogen in bacterial cells was 
also converted to ammonia-nitrogen according to the death 
and hydrolysis of cell. Regarding to nitrate-nitrogen, it 
was reduced to nitrite-nitrogen form and later assimilative 
reduced to ammonia-nitrogen as so-called ammonification 
by the action of bacteria under anaerobic condition as 
shown in chemical reaction. Some nitrite-nitrogen was 
reduced to nitrogen gas due to denitrification reaction. 
 
NO3

- (reduction) → NO2
- (assimilate reduction) → NH3  

 
The contents of dairy wastewater consist of 

ortho-phosphate and organic-phosphorus with the ranges 
of 59-69% and 31-41%, respectively. Regarding to the 
treated wastewater, the minor content was organic-
phosphorus. It could be concluded that organic-
phosphorus was converted to ortho-phosphate in acid 
digestion step and some organic-phosphorus were used by 
microorganisms for cell synthesis and energy transport. 
Phosphorus was not only utilized by microorganism for 
cell maintenance, synthesis, and energy transport but also 
stored for subsequent use (Metcalf and eddy, 1991).   
 
CONCLUSIONS 

The study showed that the average milk 
production from dairy cows was 11.144±2.70 
kg./head/day, the average weight of faeces 18.85±3.41 
kg./head/day from the average weight of dairy cow was 
449.19±53.99 kg. /head and the C emission factor was 
11.810 kg.CO2/head/day. The ratio of faeces of dairy cow 
to weight of dairy cow was 4.2% and the ratio of milk to 
weight of dairy cow was 2.48%. The carbon contents 
emitted, to influence the environmental problem, was 
38.60%. Also the ratio of C emission factor emitted to 
carbon contents was changed from producers and energy 
sectors of dairy production was 0.427 and the ratio of 
carbon contents were emitted to carbon contents were 
fixed in milk and the growth of dairy cow was 0.757. 
There was a significant solid removal efficiency of the 
fixed film system tested in terms of SS, TS, VSS, and TDS 
(p < 0.05). Volumetric biogas production rate increased 
slightly linearly with the COD loading rate, until reaching 
a maximum 6.586x10-3 m3/day at 2.07 kg.COD/m3/day. 
The methane was found in the percentage was 70±10%. 
The 341 L of methane was generated from 1 kg. COD 
used. The total COD removals were in the ranges of 76.0 
to 92.3%. The total COD removal efficiency decreased 
slightly with an increasing in organic loading rate (OLR). 
The removal efficiencies were in the ranges of 92.3-90.1% 
for 1.02 to 1.37 kg.COD/m3/day. The high efficiency of 
BOD5 removal was obtained from this AFFR since the 
soluble organic matter in dairy wastewater could be easily 
degraded by microorganisms containing in reactor. The 

major contents of nitrogen constituents in dairy 
wastewater were organic-nitrogen with 97.5±2.1% and the 
remaining was nitrate-nitrogen. The ammonia-nitrogen in 
the influent was not found for all HRTs; whereas it could 
be monitored at the effluent with the percentage was 
67±16%. The contents of dairy wastewater consist of 
ortho-phosphate and organic-phosphorus with the ranges 
of 59-69% and 31-41%, respectively. Regarding to the 
treated wastewater, the minor content was organic-
phosphorus.   
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