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Economics of technology investment for enhancing milk production
efficiency and reducing greenhouse gas emissions of smallholder dairy
farmers
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ABSTRACT: This study aimed to evaluate the economics of technology investment for enhancing production
efficiency and reducing greenhouse gas emissions in dairy farms. The data was collected from 70 young dairy
farmers and farm representatives, with good data records, over 21 Provinces under the supervision of the
Livestock Promotion and Development Division, Department of Livestock Development. The data included
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demographic information, the number of cows in a herd, milk yield, production costs, farm assets and
technologies. The results showed that 30 percent of farmers adopted 1 technology, followed by no technology,
three, two, four, five, and six technologies (18.57, 15.71, 8.57, 2.86, and 2.86 percent, respectively). The number of
technologies adopted significantly affected milk yield and production costs (P < 0.05). The linear relationship
between milk yield and the number of technologies adopted was interacted by important factors including farm
size and educational level. The number of technologies adopted had a statistically significant effect on
greenhouse gas emissions (P < 0.05 and P < 0.01). The results of the economic analysis on technology investment
in milk yield and greenhouse gas emissions showed that using collars for animal behavior detection together with
biogas and solar cells could increase milk production by 54.88 percent. There was an increase in income of 98.44
percent from the increase in the milk yield per cow in which the payback period was 24.61 months. The adoption
of biogas resulted in the greatest reduction in greenhouse gas emissions which was 0.13 percent. The payback
period of biogas investment was 6.82 months when calculating the income from the 15.76 percent increase in
milk yield per cow. Additionally, biogas was recommended for smallholder dairy farmers because it provided the
best return in terms of increasing production efficiency and reducing greenhouse gas emissions.

Keywords: technology adoption; cost; young farmer; production
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Table 1 Percentage of the categorical inputs

Input Category Percentage
Sex Male 64.29
Female 35.71
Type of Milk Collecting Center Cooperative 81.43
Company/ private sector 18.57
Year of birth B.E. 2500-2510 20.00
B.E. 2511-2520 24.29
B.E. 2521-2530 21.43
B.E. 2531-2540 31.43
B.E. 2541-2545 2.86
Year of farm established B.E. 2531-2540 17.14
B.E. 2541-2550 24.29
B.E. 2551-2560 41.43
B.E. 2561-2566 17.14
Family generation Generation 1 71.43
Generation 2 25.71
Generation 3 2.86
Education level Bachelor’s Degree (Animal Science) 15.71
Vocational Certificate 14.29
Bachelor’s Degree 18.57
Secondary school 51.43
Type of forage grown Napier 35.59
Napier + other 11.86
Pongola 16.95
maize + other 10.17
Brachiaria mutica 16.95
other 8.47
Type of labor Family 47.14
Family and hired labor 52.86
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AN53AULRAY 2.85 33119/ taednssunielunisuedy 2.92 au/visy wazsnuuwaluladnlalunisuedy 1.96
walulad (Table 2)

Table 2 Descriptive information of the continuous inputs

Input Mean Standard deviation
Total cow (head) 61.07 33.80
Milking cows (head) 27.36 15.85
Milking cows to dry cows (%) 83.00 10.85
Milking cows to total cows (%) 46.63 11.88
Age at 1st calving (month) 17.17 2.55
Number of conception (primiparous cows) 1.82 0.64
Number of conception (multiparous cows) 3.45 1.06
Days open (primiparous cows) 97.49 43.38
Days open (multiparous cows) 118.81 56.90
Culling rate (%) 0.52 1.99
Land area for roughage grown (Rai) 2.59 2.23
Land area for barns (Rai) 9.16 15.51
Milk price (Baht/kg milk) 19.35 0.97
Number of labor (person) 2.92 1.26
Number of technology 1.96 1.57
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Table 3 The number of technology adoption by the farmers

The number of technology adoption Percentage
0 21.43
1 30.00
2 15.71
3 18.57
4 8.57
5 2.86
6 2.86

Table 4 The technologies adopted by the farmers

Adopted technology Number of samples Percentage
Manure separator 4 5.71
Biogas 8 11.43
Waste stabilization pond 16 22.86
Solar cell 22 31.43
Cow collar il 571
Application for herd management 20 28.57
Closed-circuit camera 17 24.29
TMR mixer 20 28.57
Pipeline milking 17 24.29
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Table 5 Production cost of 1 kilogram of milk

Percentage
Production cost Standard
Mean
(Baht/kilogram) deviation  Of variable/fixed cost Of total cost
Variable Cost (Baht/Month)
- Labour 1.52 1.34 11.92 9.39
- Feed 9.32 5.94 73.10 57.57
- Supplement 0.21 0.30 1.65 1.30
- Medicine/treatment/Artificial 1.88 1.48
0.24 0.27
insemination
- Utility 0.36 0.28 2.82 222
- Carriage cost to milk collecting 2.59 2.04
0.33 1.31
center
- Fuel 0.23 0.27 1.80 1.42
-Maintenance 0.30 1.25 2.35 1.85
- Miscellaneous 0.11 0.26 0.86 0.68
- Opportunity cost 0.13 0.07 1.02 0.80
Total variable cost 12.75 11.29 100.00 78.75
Fixed cost
- Dam depreciation 1.18 0.40 34.30 7.29
- Technology and equipment 43.60 9.26
1.50 1.35
depreciation
- Barn depreciation 0.76 0.65 22.09 4.69
Total fixed cost 3.44 2.40 100.00 21.25
Total cost 16.19 13.55 - 100.00

wavasn1sUuanUassfiwisaunsanlunisulauy
NNsAUINAINISUanUaseisaunsranantuskAsuAIuIn cool farm tool online (cool farm alliance,

2013) wu1 Wsulauuvs 70 dnisvandassingisounsyaniady 272,151.41 kg Co,/W15u/T 8nMsann1sAIuIuAINIg
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YanUassadnu (IPCC, 2006) nuintushsulauuiinisvanlassfedmuannnsmingeeenisuesdn) svauiiies 1 ae
4,152.86 kg CHy/153/U Uara1nnsdanisyadnd seauliies 1 1afe 1,893.21 kg CHy/v5u/A (Table 6) &aUsunanis
HAnA1SUBUnUTUIREAULANANa Y Tuagiuruinveshin Usunawandmiiug nsdanislienns way n1sdanisya

vausarnIsy (Ug3a wag 1591, 2556)

Table 6 Greenhouse gas (GHG) and methane (CH4) emission

GHG emission Mean Standard deviation
Emissions per kg FPCM
2.64 1.64
(kg Co,/farm/year)
GHG emissions (kg Co,./ farm/year) 272,151.41 167,058.32
CH4 Enteric (kg CHy/ farm/year) 4,152.86 2,298.35
CH4 manure (kg CH,/ farm/year) 1,893.21 1,047.78

NaNEAUILN duUNSHER wazn1sUanUdesfingiFaunszanmudiurumalulagnldlumisu

INMIAATIRANLFUITLSTdUTEnIT umalulagnldnenandnuiuuiu fununsngs waznislanlaas

v
a ° a

feisounsgan (Figure 1) wui1 vsudtld 5 walulad dnandsuruudvinnninvsunldldmealuladuagnsuily shuau

£% a

wAlulagaus (P<0.05) Tuvaeiivhsunld 2 fs 4 waluladiiduyunisndnasiisiiian (P<0.05) Aunisuandassfingsou

q

[

AsEANNUI MSUALY 4 B9 5 walulad dnsUanvassiiwsaunsyanuinninnisunlaildmaluladuassunly 1, 2 way 3

AN o w

walulagagnafidadAnieadia (P<0.05) way WUty 6 walulad dnisvanuasefigsaunseanuinning uiumalulad

o

duq eglidudAyBaweads (P<0.01)
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Figure 1 Milk yield (a), production cost (b), and greenhouse gas emission (c) regarding a number of technology
adoption (mean+SEM)
*P < 0.05
** P <0.01

PNMIANINUITeINEITEY WU ATadevanvegndwmadonandnuufuLagAuuNINEAUeNWITEAINNT

liwealulad Nedaearnemnsuaznisiiomsifdmaliuiunaiunuazesduseneuresusginiin1sian1sauemsn

Vv

AINTNINTFIU @N3ANG wazaAny, 2546) Nilauddeiiladnuladefinadedununisudniiuuveunwainsludmin
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anauas wud Wsuvwanansiilenmanaziidununisndainidneieninnimisuvuedn inwnsnsidsesdunisfinwad
niszanAnwidlontanaziidunuainitdadsiinnitnensnsniinisnwluseduuszaufnunsedindl way sy

PILTNUUTEI LU asvihlilenmanauunisudasiniidaievesuinnisudediu (n3ins uazauy, 2562) Ka

I
av aa

nsfnwamidfeiiieatesdanuasnedestunsinuiadsl wuih suei Vssiangudsmuniudetn adafivermaded
fiugn wazqiiniafinerhiy dwmadenandmiumesnsiifodidynieadd (P<0.01) uas Uszaunisaivinvhin sefunisfine
yiafiwernsdnifiugn wag Yssavissou Suasodununisndn ogreddoddayBmneada (P<0.01) FansAnwadedls
muaudninavestadedna lnenisinualiiludrinawuudu (random effect)
dofasanavessuaualuladfildderisssavsnmnisudntiueiu Ao Vsinamandnuasdununissdn way
nsUanUdesfedounsyan wui nisldmalulad 5 walulad dswadeuTuiamandniuufuiiinndian udnisanudes
AmiFeunszanfunntuuiu msdanudesfeideunszaniinntudlefsiuiumeluladildunidesnainyiuimnis
Uanddesiaideunsyanidannnsiunadsamedeunszaniivanddesannihsy daulngunansidas fslusdnfibul
nsUanUdesfeinugefian (ugsa uas 3lsai, 2556) Snvamadentdineluladlurhiu dulvainunsnsliifiofiumands
thuswagsruunsidedlunissineauazaan wazantuneulumsvhaulushiy sinndiiieannisanUdesfinedou
nszan (nTeuf wazAne, 2541; Auf, 2550) TuraisfinaresnisAnuadsduanddiisiui msld 3 walulafidunadend
TaunaviaUssaninmnisnaniinuarannisantdesfedeunsyanldiflaifiouiusumaluladiinnn
aaduAlunsidenldinalulagluvisulausvanensnssedey
MnAnwanuduAnazaudululilumsduaiuludmhsulaunily Tnsnsiesginaasugaansluiia
(partial budget analysis) LLazﬁ’]mmﬁuﬁuﬁ‘@ué’uﬁﬁmﬂwﬂﬁmﬂ%aadam%uiﬂumwUsiaml,aasmLﬁﬂ ¥ nadesian
weluladusrmanunurdsddumssnafilsuesssoznafunu Wisufsunavesusasmadon wansinwuans
Tdiudn aruduailunisdenliinaluladluvsulaunvesnuninssedos uasmeidndenanantuufingn (Table 7)
weluladiimsdenldannsinseianuduiusidadu fe Yaenrensindunginssudnd veluleuda uag leawsad e
thineluladwanianld ansnsofunandmiuufuld¥osas 25.42, 41.08 uay 50.88 Alansusiasrotu uasifiuseldly
WNYATNIS08AY 69.44, 33.59, ay 98.44 Aawdau 31NA1SLaBNM 1, 2, wag 3 waluladlunisulauuniuaisu wayd

SrezIa tunIsAunU 6.30, 10.50, way 24.61 o mudiuiumalulagnidenld awveimealuladvaiilvinlvinandnuiuy

'
a

fuiiinty Wesan vaenasaadunginssudaimilinisdanisidaifiannuuiugunntu delulowdamlfnisdanis
avdnunrluvhiuAty uasledneadvlinisdnmanandaluslamdhiiussansnmanntu lusuedanudualumadentd
weluladvsulauuveunuasnssegesnenisanUSuiafedeunszan (Table 8) wui waluladfimsdenldainnis
LAeienuduiuditadu Ao Wleura, wieswane1vs uas Twanwad devwnaluladvarianld anunsnanu3unmnis
Wafesaunseanlasasay 0.13, 0.09 wag 0.08 91nNN1SLEantY 1, 2, war 3 walulagdlursulauumuaidu na1abaan

Yunafiseunsyaniivwiliuiiasiingaiunudwsumalulagildiiuay
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Table 7 Economics of technology adoption on milk yield of the smallholder dairy farmers

A number of technology adoption

List
0 1 2 3
A number of milking cows (head) 13 17 12 16
Investment (Baht) - Cow collar Cow collar 6,000 Cow collar 6,000
6,000 Biogas 150,000 Biogas 150,000
Solar cell 150,000
Total investment (Baht) 0.00 102,000.00 222,000.00 396,000.00
Milk yield (kg/cow/day) 10.15 12.73 14.32 15.72
Increased milk yield (percent) - 25.42 41.08 54.88
Milk price (Baht/kg) 19.01 19.64 19.5 19.79
Milk income (Baht/month) 76,296.24 129,279.73 101,922.60 151,401.42
Increased milk income (percent) - 69.44 33.59 98.44
Profit (Baht/month) 20,071.78 16,194.69 21,133.16 16,093.95
Payback period (month) 0.00 6.30 10.50 24.61

Table 8 Economics of technology adoption on greenhouse gas emission of the smallholder dairy farms

A number of technology adoption

List
0 1 2 3
A number of milking cows (head) 13 17 12 16
Investment (Baht) - Cow collar 6,000 Cow collar 6,000 Cow collar 6,000
Biogas 150,000 Biogas 150,000
Solar cell 150,000

Total investment (Baht) 0.00 150,000.00 550,000.00 900,000.00
Greenhouse gas emission

8.03 6.47 6.60 6.89

(kgCO,e/farm/T)
Decreased Greenhouse gas emission
- 0.13 0.09 0.08

(percent)
Milk yield (kg/cow/day) 10.15 11.75 11.24 10.44
Increased milk yield (percent) - 15.76 10.74 2.86
Milk price (Baht/kg) 19.01 19.64 19.5 19.79
Milk income (Baht/month) 76,296.24 119,327.32 80,000.70 100,549.03
Increased milk income (percent) - 56.40 4.86 31.79
Profit (Baht/month) 20,071.78 14,947.96 16,587.76 9,029.45

Payback period (month) 0.00 6.82 33.16 99.67
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