[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.129 ]

Research on Animal Production, Vol. 15, Issue 4, 2024 p: 129-144

Sari Agriculture Sciences and Natural
Resoul niversity

Research Paper

Reducing Greenhouse Gas Emissions in Dairy Cow Breeding Units
through Ration Management with Emphasis on the Life Cycle Assessment
Approach

Zahra Rashid Sanchuli?, Seyed-Ali Hosseini-Yekani? and Fatemeh Kashiri Kolaei®

1- M.Sc, Department of Agricultural Economics, Sari Agricultural Sciences and Natural Resources University, Sari,
Iran
2- Ph.D. in Agricultural Economics, Leibniz Centre for Agricultural Landscape Research (ZALF), Muncheberg,
Germany
3- Assistant Professor, Department of Agricultural Economics, Sari Agricultural Sciences and Natural Resources
University, Sari, Iran, (Corresponding author: fkashiri03@gmail.com)

Received: 05 April, 2024 Accepted: 30 July, 2024

Extended Abstract

Background: Global warming and the role of greenhouse gases in its creation are among the
important topics investigated in many domestic and foreign studies. Livestock activities are
among the factors that cause these gases. Therefore, to reduce the emission of greenhouse gases,
necessary measures should be taken in livestock units. In this regard, in the present study, the
optimal ration of dairy cows was determined with an emphasis on reducing greenhouse gas
emissions in the form of a life cycle assessment. For this, the optimal ration was first determined
with the economic goal of reducing costs, and then the ration was determined aiming at reducing
greenhouse gas emissions in different scenarios of cost increase (5-25%) compared to the optimal
economic state. To determine the optimal ration in this research, Holstein dairy cows with a
weight of 600 kg and an average production of 30 kg of milk per day were considered in one of
the large dairy cattle breeding units in Mazandaran province. In the present study, the amount of
greenhouse gas emissions caused by animal feed was calculated in the form of the life cycle, the
effects of both not burning plant residues and reducing the use of chemical fertilizers were
investigated on the amount of greenhouse gas emissions in dairy cattle breeding units.

Methods: The required data were collected from the sample dairy cattle breeding unit, the
Agricultural Jihad of Mazandaran Province, the FAO website, the NRC book, and some other
information sources. The used model includes the ration cost minimization model and the
greenhouse gas emission minimization model in the form of life cycle assessment. GAMS
software was used to calculate the results.

Results: The results indicate that to minimize the cost of providing ration, sugar beet pulp at an
amount of 15.83 kg per day is replaced by materials such as corn silage, wheat bran, wheat straw,
and barley constitute the most part, respectively, with values of 7.91, 7.91, and 7.72 kg per day.
On the other hand, it is necessary to limit the consumption of corn, fish meal, and soybean meal
in the diet. The emission of greenhouse gases in this case is about 41.19 kg eq CO.. The total cost
is also equal to 396,480 Rials, which is reduced by 26% compared to the basic state. The results
of determining the optimal ration aiming at reducing greenhouse gas emissions indicate that sugar
beet pulp, corn silage, wheat bran, and wheat straw with values of 15. 67, 9.17, 7.84, and 7.84 kg
per day, respectively, have the highest share in the scenario of a 5% increase in ration costs
obtained in the previous method. In this situation, greenhouse gas emissions will decrease to a
greater extent (around 7.7%) with a 5% increase in ration costs. If the cost of the total ration is
increased by 25%, the emission of greenhouse gases will decrease by 25.68%. In this case, the
largest portion of the ration will be sugar beet pulp, corn silage, and wheat bran with the values
of 15.66, 15.71, and 6.37 kg per day, respectively. Overall, based on the results, materials such as
corn silage, sugar beet pulp, and wheat bran have a higher share than the other materials by
reducing greenhouse gas emissions in different cost scenarios. Soybean and cornmeal are also
among the ingredients that are reduced in the diet to further reduce greenhouse gases. Based on
the results obtained in all scenarios of cost increase, methane from rumen fermentation, energy
consumption, manure management, and then soil management respectively have the most
contribution to greenhouse gas emissions. Examining other scenarios of this research also
indicates that not burning plant residues, which is now approved as a government policy, reduces
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the amount of greenhouse gas emissions caused by soil management and thus the total amount of
greenhouse gas emissions by 0.61%.

Conclusion: Based on the results of this research, the equivalent amount of CO, emitted per kg
of milk decreases by assuming more costs. Greenhouse gas emissions of about 1.21 and 1.003 kg
eq of CO; per kg of milk are obtained in the scenarios of a 5%-25% increase in costs. The results
of this research have shown that to reduce greenhouse gas emissions in different cost scenarios,
it is better for materials such as sugar beet pulp, corn silage, and wheat bran to have a higher share
than the other materials. Increasing the share of these materials aims to reduce greenhouse gas
emissions, which seems to be an effective step in reducing pollution by encouraging the
consumption of these materials. The results of the trade-off between the cost of ration and the
amount of greenhouse gas emissions in all the investigated scenarios indicate that the percentage
of reductions in greenhouse gas emissions was higher than the percentage of increases in ration
costs. In general, it can be concluded that the use of conventional models of ration determination,
which are based on the minimization of ration cost, and not paying attention to the reduction of
environmental consequences such as the emission of greenhouse gases, leads to the selection of
unsuitable rations from the environmental point of view. According to the results of the research,
it is possible to take appropriate measures, such as subsidizing the consumption of materials that
emit less greenhouse gases, as well as charging a fine for consuming materials that increase
greenhouse gas emissions and a fine for burning plant residues, to improve the environment.
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Table 1. Comparison of the optimal ration obtained from the optimization model with the aim of reducing costs and
reducing greenhouse gases
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Figure 2. Changes in greenhouse gas emissions in different cost scenarios
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Table 2. Comparison between greenhouse gas emissions from burning and not burning of plant remains

25 Sl uljgm pac S Ll (5w SIS s Ll
Not burning plant remains Burning plant remains Emission of greenhouse gases (kgCO2eq)
1.16 1.41 5,98 oSl co e
Management of agricultural soils

40.94 41.19 g

Total

a0 claaidl, 15l

§ A Ly (gm0 B9y Aim SR gaop Ve BN (el lanl Sl wops i i (V) 5 () cladSs
ol S3lo JSb cpl 53 Mbie (Jo5 e 0)gd e S 5L 5 (65y0lS oS oo I (o8 (SlabS
P PNS g g MBpuie A S lge (0) JSE 1) (el bl palige pie (258 L AL Slajls
A5 gdod Ve GRli8l b an e ghuopd Ve iulj8l alols solailad a0 o i 0y A yiul8l Calisee (glags L
Ol Ol ) e g Ml Gl g S i Ay e o dje Sl laalie (I L 0gd e cdalis &S
$dgmo Ny Alols cpl )3 Jd> (penay bl o a5 Copde | AL AL (bl jliml Sl e
gbe oamlie gl dlold 5 g 4l Jop g, 11l (65y5liS sbSE


http://dx.doi.org/10.61186/rap.15.4.129
https://rap.sanru.ac.ir/article-1-1205-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.129 ]

WS (6 S aebold g SIS e (o i o Joomin 300 | o

VY 0y Copde Guyb 3l (g g5 Liygs slaisly o lalsdS oS Ll ials

&
>
2 2
1%
1 >
{ £
9 g8 0
722 10
188 oo
- -S =
Vv o @ -30
‘N O wn
K] © -40
952 50
‘§ e -60
2 8 -70
o 8 -80
@ -90
<
|_

oy loan o ol as,e
Percentage increase in ration costs

10 15 20 25

Ao bz glagliw 0 LS cbla (uiljaw pas 15,8 L SB oy pie 5L albdS ol Ll ol s =5 S
Figure 6. Changes in greenhouse gas emissions from soil management assuming not burning of plant remains in
different cost scenarios

&
>
, e
15
)
1 S
-— [72)
185 o
: c !
i}q g2 5
3]
YV = O
‘N O 0 —10
\LO E -15
§ c
3 § -20
2 o
R -25
<
= -30

o srdn e isliEl as,o
Percentage increase in ration

costs

10 15 20 25

e cilizee sbag )l 3 (2L Gbl Wligw pas 128 L J5 IS (a5 Ll Sl s -V S
Figure 7. Changes in total greenhouse gas emissions assuming not burning of plant remains in different cost scenarios

ol jalaiedy a5 Cowl 039 Q] Sl Gadod o =l
e i caliio slag liw (b sl ool L]
b ioli8l sl Al dlge ple 4 Caws (oYL oo
& oSy sl sb;lE )LJ;.:ZI ‘}.@15 dkﬂ") 5 )\9» c'):’.‘
Foe 28 Ol dlge cpl Bpan 4 B9l b sy oo iy
4 ool awoytwd diwly cpl jocdby b Sl Lials )
Slgge del gl Bpae slaailly caby 5 sl ol
3 > <3523 ) el bl Ml 53 451, ol
7131 iy u...mlf L;l)g & ALY L;bly.» )'\ p.\f o5
Gl 04 0y Le(j Gpas hals & slgiin lalds
bl ey hlaely 4 g)Kaly @l JLsay cdgy 11N
3B sacodgise Ll ol Ul ool il
BIL e olisdy g 03900 gudg dlgo (pl Bras ly )
s SLisl ases )0 g dlge (pl Bpas Lials (3 cdos >
Uojeel dmdlpiinn 465 oyl LU 55 sl WagS lasls
5 2955 sladil) B )5 Ul 4 Sloyedlbl 5 sl
2 dse dlge Bpas Sy pde 3 SlgS oo (P9 NS
S SIS (a5 jlisl 5 laaija (gilodizes slisl,
b

W dlghudey 9 (55 e

5 & e oy ARl )y (3a80 gl e
1 Lzl Gilies gl ) GBS lasls Liml olio o
Pl ooy SUso 395 00 0 S glS Cl> & 2
sl fals ao)s wugp glag )l I (S yd @ib)S
35 Copde 5 (laeSid pesd 3l b sl lajlE
(Jilio o ol 03gs yiaS dlja Gili8l aoyd I jeST b
bl jlasl als Glie @ije gl (oo
N3Pl Spae g shyalas GSK I L8l glabls
Lo ) 0)lgad (Eaosme 13 Cuol 639 i Al 5o ]38l Loy
S (2o 5oz E9020) SIS (sl S )Ll ialS
Lho Llg o &S Cawl 0Dy yudiy die ]38l Moy o
Al gl g Ao g (ilaie

iy (sladiz j (300 e b (3485 () @l (Sls
38 b pSskS (il adl il COz Jolee s
YO 5 0 SRl gl 3 & ysba Ll SRalS
i SOBE bl jlisl plie dadije gao)
2SS o 4liley CO2 Jolao p,SoliS Ve oY 4 VYN dgas
Ll 09 ).a.w


http://dx.doi.org/10.61186/rap.15.4.129
https://rap.sanru.ac.ir/article-1-1205-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.129 ]

VWYY

K (oS aebld 5 SIS s e s ¢ Jgomiw 4d)y |ya5

s s siAlb OT u..;)i;B 9 OL.‘:" 555 ool Cawddy d))JI
slp 95 by Gimed 3ge o8 Ll S I ol oo
sloely 550 31 S & ol G0y5 91w b ol 5 655l
Sl 38 CavgeS g dal> @le (gilwls Ll Ll ials
Sgilolir onl jl g o @ogbar il )05 bl
sl il e g o 4o Lo yS (B el g e
Sl Jdoas ob CamgraS Kgd o (sl Jobo 3 oo
ol 1y 258 1 plie Jlanl plise sl (iloa ganl b
o9 rdeaS] g Slogel (al8l cow Jlo (e 55 Lol ans 0
i gloj Jolis (g yiinenST (il gl )Sal) 9 0
5 ok 5 S Cogo b ) S5l (sl a0dsS
5 oS Wyl Clhae blpd I (6ol doxc
Gl Gl cae Jpame gaiejls ploj )3 058" il eslitul
Ll il adle S ieys chl jials
5 s oS g ) oolimal L2alS b on oS aesTed
Pgde puse 395 | Jols (6531 (233l hal

agjp Byo b oS cwlodg of 5l (S subo0 opl ls
I 86 Gl il (Sagl Glsie 539 b i
iolSal ol Gis Jboa ay Lol ols zals | pls b
bl euSulg I coles Car plgie Jy 2ib
Fie gy Sl lajlS & plaoyn Syae 3,
St Mipa b ISals b ChS s S e
9 @bly 5o Llg o &S S0 Slaladl dlon 1 545 3l
01iS 0 claasly g Kan b oS cul )8 e Jlas!
Myl exSmie o U olye g cul pholal gud
D)5 £ySsle Gl lajls

References

VEYIF ojlouds /o203l Jlo (ools Slides sla yimgs

35 Ohams S o (S g 22 Rl e
b sl dgdome 59,5 &g pd Lo 3o b o (g5
Figlie Gl 55 2 Y 2525 o )l (Selgilie 115 ]
S 5l CatS 50 g 03 )3 eng0 ddgle lledy e
Ozed g pl (030l s b (6 i (sl gdso
NS ‘5)15\&]) O]y‘&dg .\3|93L5a u“l’ CutS gyl d[m\.%l.c
uf;.mlf ‘51);. e )9») C)Ja.o Qh’.o )’lf )LJ';;'JI ‘)M.QK
OSays eaiScads LSl edlaul (65,518 ials
Ll Glise (oS syl piS 5 9)5_4; Comd gy Jio
aS 0y j0 2990 (1A dlge | ated ] Loges it N2O
4 o (g8 LD ol5ee i)y gyl (g5 @ b0
.JJ)‘.) u;).:l.w
i (1) GaldS a5 Ll 5l ZAA ¢l
Yok 6,83 ad o (olaid] deha b 368 Cupie
Jw':)) LS])? u}Ua.'.’ ]a%]).w glﬁg) 9 é:ln .)95 Odo
o S e plp ) ple S clapunlS)lg S
‘_’Jb‘w )L;I'.;‘.}] d...aalf dl).g 395 d)'L»o).&.&') L;me Co pdo
Wb 433 las 0 ol dalllas > &S et Gl pos
RO RSV 595’ SaeolisS (6K g (gyglaenr pimmw
9 oo B oglaen 5355 03D Joro (ildgy b ol
Piuns & opSanslios & ol bad g ol GUljgm (e
5 oolatul b piomed 2 malS 1y Ll ol liee 009

Adavi, Z., Nemati, M., & Khorvash, M. (2014). Investigating the role of industrial livestock in methane
production and reduction strategies. Paper presented at the The first National Conference on the

Environment of Payame Noor University.

Bayani, A., Abolhasani, L. & Shahnoshi Foroushani, N. (2016). Energy flow in traditional dairy cattle
breeding units with emphasis on greenhouse gas emissions from electricity generation and the use of
machinery and equipment. Journal of Agricultural Ecology, 8(2), 251-262.

Bonesmo, H., Beauchemin, K. A., Harstad, O. M., & Skjelvag, A. (2013). Greenhouse gas emission
intensities of grass silage based dairy and beef production: A systems analysis of Norwegian farms.

Livestock Science, 152(2-3), 239-252.

Cornejo, C., & Wilkie, A.C. (2010). Greenhouse gas emissions and biogas potential from livestock in
Ecuador. Energy for Sustainable Development, 14(4), 256-266.

Dehghan, A. (2014). Third national climate change report to the secretariat of the convention. The third
part of the greenhouse gas reduction policies of the agricultural sub-sector. Third National Climate

Change Report.

EPA. (2015). (Environmental Protection Agency). Interactive units converter, (Accessed 17.03. 4).

FAO. (2019). Food and Agriculture Organization of the United Nations (FAOQ) statistical database.

Garg, M., Phondba, B., Sherasia, P., & Makkar, H. P. (2016). Carbon footprint of milk production under
smallholder dairying in Anand district of Western India: a cradle-to-farm gate life cycle assessment.

Animal Production Science, 56(3), 423-436.

Ghazouani, A., Mhamdi, N., Znaidi, 1., Darej, C., Guoiaa, N., Hasnaoui, M. & Mhamdi, H. (2018). Life
cycle analysis of raw milk production in Tunisia. Journal of Agricultural Science, 5(10), 249-258.
Ghorbani, M., Darijani, A., Koocheki, A., & Motallebi, M. (2009). Estimation of environmental costs of

greenhouse gases emission in Mashhad dairy farms. Agricultural Economics and Development, 17(2),

43-63.

Hawkins, J., Weersink, A., Wagner-Riddle, C., & Fox, G. (2015). Optimizing ration formulation as a
strategy for greenhouse gas mitigation in intensive dairy production systems. Agricultural Systems, 137,

1-11.


http://dx.doi.org/10.61186/rap.15.4.129
https://rap.sanru.ac.ir/article-1-1205-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-04-23 |

[ DOI: 10.61186/rap.15.4.129 ]

N (oS aebld 5 SIS e (e S« Jgoiw 0d) | a5

VY 0y Co e Guyb 3l (g g5 Liyep slaisly o laldS clajls Ll rals

Hawkins, J., Yesuf, G., Zijlstra, M., Schoneveld, G. C., & Rufino, M. C. (2021). Feeding efficiency gains
can increase the greenhouse gas mitigation potential of the Tanzanian dairy sector. Scientific Reports,
11(1), 4190.

IPCC. (2006). (Intergovernmental Panel on Change). IPCC Guidelines for National Greenhouse Gas
Inventories, vol.4.agriculture, forestry and other land use. IGES, Hayama. Japan.

IPCC. (2007). (Intergovernmental Panel on Climate Change). Change in atmospheric constituents and in
radiative fprcing.in: Climate Change 2007: the physical science basis. Contribution of working group |
to the fourth assessment report of the Intergovernmental Panel on Climate Change. Cambridge
University press, Cambridge, Uk and New York (chapter 2).

Khalili, A., Abolhassani, L., & Shahnoshi Foroushani., N. (2017). Evaluation of greenhouse gas emissions
from dairy cattle breeding industrial units in Hamadan province using life cycle assessment approach.
2nd International Conference on New Horizons in Agricultural Sciences, Natural Resources and
Environment, Tehran.

Liang, S., Xu, M., & Zhang, T. (2013). Life cycle assessment of biodiesel production in China. Bioresource
Technology, 129, 72-77.

Little, S. M., Benchaar, C., Janzen, H. H., Krébel, R., McGeough, E. J., & Beauchemin, K. A. (2017).
Demonstrating the effect of forage source on the carbon footprint of a Canadian dairy farm using whole-
systems analysis and the Holos model: alfalfa silage vs. corn silage. Climate, 5(4), 87.

Loghmanpour Zarini, R., & Nabipour Afrouzi, H. (2020). Estimation of Energy Balance and Greenhouse
Gas Emissions in Dairy Farms (Case study: Qazvin Province). Carafe Magazine, 17(2), 13-21.

Mc Geough, E., Little, S., Janzen, H., McAllister, T., McGinn, S., & Beauchemin, K. (2012). Life-cycle
assessment of greenhouse gas emissions from dairy production in Eastern Canada: A case study. Journal
of Dairy Science, 95(9), 5164-5175.

Moradi, A., & Aminian, M. (2012). Environmental contamination of calves in Shiraz. Journal of
Transmission of Science, 3(1), 55-59.

O’Brien, D., Capper, J., Garnsworthy, P., Grainger, C., & Shalloo, L. (2014). A case study of the carbon
footprint of milk from high-performing confinement and grass-based dairy farms. Journal of Dairy
Science, 97(3), 1835-1851.

Podkéwka, Z., Cermék, B., Podkdéwka, W., & Broucek, J. (2015). Greenhouse gas emissions from cattle.
De Gruyter, 34(1), 82-88.

Samsonstuen, S., Aby, B. A., Crosson, P., Beauchemin, K. A., & Aass, L. (2020). Mitigation of greenhouse
gas emissions from beef cattle production systems. Animal Science, 69(4), 220-232.

Sefeedpari, P., Rafiee, S., Sharifi, M., Abasi Dashtaki, B., & Vellinga, T. (2018). Environmental impacts
and economic benefits of manure management chain with biogas production in a large scale dairy farm.
Iranian Biosystem Engineering, 49(2), 269-284.

Shurmij, G., & Loghmanpour Zarini, R. L. (2020 ). Calculation of Greenhouse Gas Emissions in Dairy
Cattle Breeding Units by Life Cycle Assessment Method (Case Study: Golestan Province),. 10th
National Conference on Environment, Energy and Sustainable Natural Resources, Tehran.

Wang, X., Kristensen, T., Mogensen, L., Knudsen, M. T., & Wang, X. (2016). Greenhouse gas emissions
and land use from confinement dairy farms in the Guanzhong plain of China—using a life cycle
assessment approach. Journal of Cleaner Production, 113, 577-586.

Zoghi, M. J., Ghavidel, A., Saeedi, M. (2016). Comparison of Greenhouse Gas Emissions in Solid Waste
Management Systems Using Life Cycle Assessment (LCA). Environmental Science and Technology,
18(3), 91-99.


http://dx.doi.org/10.61186/rap.15.4.129
https://rap.sanru.ac.ir/article-1-1205-en.html
http://www.tcpdf.org

