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ABSTRACT: The objective of this study was to estimate methane (CH4) emission factor from enteric
fermentation and manure management in indigenous cattle in Ethiopian highland using intergovernmental
panel on climate change (IPCC) tier 2 methodologies. A survey was conducted in 2018 using questionnaire
regarding cattle management, feed and feeding system on 50 smallholder farmers in central Ethiopia.
Information was also collected from literature and contact with federal and regional research institutions.
This information was used as input in the IPCC tier 2 methodologies for estimation of CH4 emission factors
for eight cattle sub-categories. Results indicated that enteric CH4 emission factors were estimated to be 65,
49, 37, 56, 66, 58, 63 and 11 for mature lactating cows, dry cows, heifers (2-3 years), growing females (1-2
years), draught oxen, mature breeding males, growing males (1-2 years) and calves (< 1 year), respectively.
Manure management CH4 emission factors were 4.97, 3.77, 2.86, 4.33, 5.06, 4.47, 4.88 and 1.71
kg/head/year for mature lactating cows, dry cows, heifers (2-3 years), growing females (1-2 years), draught
oxen, mature breeding males, growing males (1-2 years) and calves (< 1 year), respectively. The present
estimate on enteric CH4 emission factor using tier 2 methodologies in present study ranged from 11 to 66 kg
per head per year while manure management CH4 emission factor ranged from 1.71 to 5 kg per head per
year. These values are higher than the IPCC 2006 tier 1 default values for African region. However, present
work’s estimates are within a range of literature reports for other cattle in different countries. Further
research is required to improve emission factors estimates using primary data on live weight, animal
performance and feed characterization.
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Abbreviations: CH4; methane, DE; digestible energy, GDP; gross domestic product, GE; gross energy, GHG; greenhouse gas,
EF; emission factor, IPCC; intergovernmental panel on climate change, MCF; methane conversion factor, MCV; default
methane conversion value, MJ; mega joule, MS; manure management system, UE; urinary energy, VS; volatile solid.

INTRODUCTION

The agricultural sector contributes more than 45 percent to the Ethiopian gross domestic product (GDP) (Ayele et al.,
2003). Livestock sub-sector creates livelihood for 65% of the rural population and accounts for about 12-15% of the
national export earnings (Ayele et al., 2003). Livestock in Ethiopia are essential source of protein and nutrition to human
diet through milk, eggs, meat and used as a source of financial services and way of spreading risk (Sheehy et al., 2019;
Haileselassie et al., 2020).

However, the livestock production system in Ethiopia contributes to global climate change directly through
production of CH4 from enteric fermentation and manure management (Berhanu et al., 2019). So far, national GHG
emission inventories from livestock in the country are calculated using the International Panel on Climatic Change (IPCC,
2006) Tier-1 approach. This methodology calculates CH4 emissions for each animal category by multiplying the animal
population nhumber by default emissions factor for the specific animal category (IPCC, 2006). Based on these estimates
cattle accounts for 90% of total livestock enteric CH4 emissions (CRGE, 2011). The use of IPCC Tier 1 default emission
factors which are available for Africa may not represent the Ethiopian situation because emission factors vary within each
region/country depending on livestock breed, production parameters and feed characteristics (IPCC, 2006).

The objective of this study was to determine enteric fermentation and manure management CH4 emission factors
from indigenous cattle breed in Ethiopian highland.

MATERIALS AND METHODS

Ethical approval
No explanation of experimental ethics is needed as this study was done by using retrospective data and
baseline survey. The authors acknowledged and properly cited the scholars work.

145
Tdesse M and Getahun K (2021). Methane emission factors from indigenous cattle breed in smallholder livestock production systems in Ethiopia. Online J.
Anim. Feed Res., 11(4): 145-150. DOI: https://dx.doi.org/10.51227/0jafr.2021.22


mailto:www.ojafr.ir
http://www.science-line.com/index/
http://www.ojafr.ir/main/
mailto:kefalegetahun@gmail.com
mailto:kefalegetahun@gmail.com
http://orcid.org/0000-0003-1937-4793

Research approach

Questionnaire based survey was conducted during 2018 using about 50 smallholder farmers to collected data on
production performance, manure management and feed types that required for estimation of tier 2 CH4 emission factor.
Moreover, information was also collected from personal communication (researcher at federal and regional research
institutions), as well as from district level development workers. Information on average body weight, mature weight,
average daily growth rate, average daily milk yield, milk fat content, type of production environment, pregnancy rates,
type and quality of feed provided for each animal sub-category were collected through survey and literature review.

Average number of hours spent for traction was estimated from survey data on number of hour’'s oxen spent on
cultivation and threshing. The average working time spent for cultivation by mature males per day was estimated to be 7
hours for average of 60 days per year while the average working time spent for thrashing crop harvest was 7.04 hours per
day and for 30 days per year. The weighted average hours spent for cultivation of crop land and for thrashing of crop
harvest per animal was 1.15 and 0.57 hours per day respectively.

Table 1 indicated proportion of each feed type to total diet, digestible energy (DE %) of each feed type and weighted
average value of DE%, of feed types. Average DE% was estimated from data collected during survey work on feed types
farmer provided to each animal. DE% of each feed type was obtained from literature (Seyoum et al., 2007). Data that was
not obtained from survey work for example live weight for each sub-category (Table 2), average growth rate for young
animals and average daily milk yield (Table 3) for lactating cows, percentage of fat in milk (4%) and calving rate of cows
(CSA, 2017) were obtained from literature report.

Table 1 - Feed types used for cattle and feed %DE estimates

Feed types Proportion to total feed DE% Weight DE%
Natural grazing 44% 49% 21.56%
Crop residue 33% 49% 16.17%
Green feed (grass and legumes) 12% 61% 7.32%
Grass hay 11% 47% 5.17%
Weighted average 50.22%

*Source: Seyoum et al. (2007).

Table 2 - Average live weight of cattle breeds

Male Females
Breed Growing . Mature Growing Heifers Mature lactating | Reference
s males (1-2 Breeding males >3 females (23 and dry cows > 3
years bulls
years) years (1-2 years) years) years
Haile-Mariam (1994);
Barca 182.85 257.54 326 134 188.81 239 DAGRIS (2007)
Demeke et al. (2003; 2004);
Horro 112 267 382 115 160 256 Abera et al. (2012)
Horro 247 Abera et al. (2012)
Boran 192 269 3425 285 Haile-Mariam (1994)
Moges and Baars (1998),
Ogaden 285.7 126.75 178 Ermias (2001)
Afar 3125 245 Epsten (1971)
Fogera 256 DAGRIS (2007)
Zebu 57 Shapiro et al. (2017)
Average 57 162.28 264.51 333.95 125.25 175.60 254.67

Table 3 - Average daily growth rate and milk yield cattle (head/day)

Parameters Borena Begait Horro Fogera
Average daily growth, gram/day 401.40 385.30 377.60 -
Daily milk yield, liters per day per animal 1.70 - - 2.32

*Source: Demeke et al. (2003; 2004); Mekonnen (1983); Kiwuwa et al. (1983); Trail and Gregory (1981).

Method used for estimation of enteric CH4 emission factor
CH4 emission factors from enteric fermentation in cattle were calculated for 8 cattle species sub-categories using
gross energy intake (GE) and methane conversion factor (Ym) as input in the following (IPCC, 2006) equation:
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Where;

EF = Methane emission factor from enteric fermentation, kg CH4/animal/year

GE = Gross energy intake, MJ/animal/day

Ym = Methane conversion factor, percent of gross energy in feed converted to CH4

The factor 55.65 (MJ/kg methane) is the energy content of methane

Average GE intake was calculated using net energy requirement for body maintenance, activity, work, lactation
(lactating cows), pregnancy and net energy for growth (young animals). These net energies were estimated using IPCC
(2006) tier 2 methods.

Methods for estimation of CH4 emission factor for manure managements

Manure management emissions from livestock was arise from the anaerobic decomposition of organic material in
the manure in the report of IPCC (2006). These conditions occur mostly when large numbers of animals are managed in a
confined area, and where manure is disposed of in liquid-based systems. In this study, it was identified about 6 manure
management practices in smallholder production system in central highland during survey work. The majority of manure
produced is handled as pasture/range, liquid system, solid system, dry lot, daily spread and burn for fuel (Table 4).

Manure characteristics such as volatile solids (VS) content of manure, the maximum amount of methane able to be
produced from that manure (Bo) and a system-specific methane conversion factor (MCF) were used to estimate manure
management CH4 emission factor using IPCC tier 2 methodology. The description of manure management systems are
indicated in Table 4. No country specific data were identified for Bo or MCF. For Bo, the IPCC default value of 0.1 for other
cattle was used (IPCC, 2006). For MCF values, the IPCC default values (IPCC, 2006) were used Table 2, assuming a
tropical montane climate for mixed crop-livestock systems. Weighted average MCF was developed using the estimates of
the manure managed by each waste system and default MCV. The weighted average MCF was then multiplied by the
value of VS excretion rate and IPCC default Bo for each sub-category (IPCC, 2006). In equation form, the estimate is as
follows:
kg YMCF(s, k)

—=* 100 " MS(t,s,k)}

EF(t) = CH4 emission factor per year from manure management for cattle sub-category t, kg CH4/ anima/head/year

VS(t) = daily volatile solid excreted for cattle sub-category t, kg dry matter/ head/day

365 days = is basis for estimating annual VS production, days/year

Bo(t) = maximum methane producing capacity for manure produced by cattle sub-category t, m3 CH4/ kg of VS
excreted

0.67 = conversion factor of m3 CH4 to kilograms CH4

MCF(s,k) = methane conversion factors for each manure management system s by climate region k, %

MS(t, s, k) = fraction of cattle sub-category t's manure handled using manure management system s in climate
region K, dimensionless

EFt = (VSt * 365) * [Bo(t) * 0.67

Table 4 - Input data on MMS, fraction of manure managed in MMS and manure management CH4 conversion factors

Liquid system Solid storage Dry lot Pasture (range) Daily spread Burn for fuel
S ms, MCF, | MS, | MCF, | MS, | MCF, | MS, | MCF, | MS, | MCF, | MS, MCF,

% % % % % % % % % % % %
Lactating cows 005 2718 | 0.1 4 0143 150 | 0.4 150 | 007 050 | 024 10
Dry cows 005 2718 | 0.1 4 0143 150 | 04 150 | 0.07 050 | 024 10
Heifers 005 27148 | 041 4 0143 150 | 0.4 150 | 007 050 | 024 10
growing Female 005 27148 | 041 4 0143 150 | 0.4 150 | 007 050 | 024 10
Mature Bullocks/oxen | 0.05 2718 | 0.1 4 0143 150 | 0.4 150 | 007 050 | 024 10
Mature Breeding bulls | 0.05 2718 | 0.1 4 043 150 | 0.4 150 | 007 050 | 024 10
Young bulls/ males 005 2718 | 0.1 4 0143 150 | 04 150 | 0.07 050 | 024 10

MS= manure management system; MCF= methane conversion factor

Volatile solid (VS) from manure production was estimated based on feed intake and digestibility. Both of them are
the variables also used to develop the Tier 2 enteric CH4 emission factors. Volatile solids are the organic material in
livestock manure and consist of both biodegradable and no biodegradable fractions. The value calculated in present study
were the total VS (both degradable and no biodegradable fractions) as excreted by each animal sub-category. Gross
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energy (GE) intake data and its DE% from enteric fermentation were used in the process of VS estimation. The VS content
of manure was estimated as follows;
VS = [GE{1 — 2% + (UE * GE)) * [(1 — Ash)/18.45)

Where;

VS = volatile solid excretion per day on a dry-organic matter basis, kg VS /day

GE = gross energy intake, MJ/ day

DE% = digestibility of the feed in percent from enteric fermentation

(UE * GE) = urinary energy expressed as fraction of GE (IPCC default value of 0.04). Because of no country-specific
values available in Ethiopia.

Ash (the ash content of manure) = calculated as a fraction of the dry matter feed intake (default IPCC value of 0.08
for cattle). Because of no country-specific values available in Ethiopia.

The value of 18.45 = is conversion factor for dietary GE content per kg of dry matter (MJ/ kg).

RESULTS AND DISCUSSIONS

Methane emission factor from enteric fermentation

Estimates of enteric CH4 factor for 8 cattle sub-categories are presented in Tables 5. Enteric CH4 EFs (emission
factors) ranged from 11 to 66 kg per head per year depending on class of sub-category. The mean CH4 EFs from enteric
fermentation per head per year was highest for mature draught oxen (66 kg) and followed by lactating cows (65 kg).
These values were substantially higher than the corresponding value for Kenyan dairy females > 2 years (34.1 kg) and
males > 2 years (37.4 kg). The CH4 factor of 56 kg/head/year for growing females (1-2 years) and 63 kg/head/year for
growing males (1-2 years) were higher than the corresponding value of 32.7 kg for females 1-2 years and 34.5 kg for
males 1-2 years reported in Kenya, while CH4 factor for calves < 1 year was (11 kg/head/year) lower than the value (18.1
kg/head/year reported in Kenya (Goopya et al., 2018). Although the live weight of females in present study is lower, the
higher EFs for mature females in present study attributed to energy expenditure for traction (all animals except calves
used for traction) while, energy expenditure for traction was calculated only for mature males in Kenya report. The live
weight of female animals (176 kg for heifers and 255 kg for lactating cows) in present study is lower than the types of
females (220 and 267) used in Kenyan cattle. The higher EFs for male animals in present study may be related to higher
live weight. The live weight of male animals (265 for breeding bulls and 335 kg for draught oxen) in present study was
higher than the types of male animals (180 and 249.2 kg) in Kenyan cattle. Moreover, difference in methodology of
estimating feed intake and EFs may result in different values. In present study, IPCC tier 2 methodology was used while in
Kenya they driving energy expenditure from production parameters to estimate EFs. The EFs for lactating cows in present
study was slightly higher than enteric CH4 EF of 62.19 kg/head/year for non-dairy cattle in South Africa (Moeletsi et al.,
2017) and lower than the value of 90.4 kg/head/year for beef cows reported in Canada (Kebreab et al., 2006). The
difference may be related to breed difference, body weight and feed parameters differences.

The mean enteric CH4 EFs obtained for mature animals (lactating cows and mature breeding bulls) in present study
were higher than the mean of 41 kg EF per head per year for mature females and 49 kg/head/year for mature
males/Bullocks reported by IPCC tier 1 2006 (IPCC, 2006) for Africa region. These differences are attributed to difference
in live weight. The mean live weight of animals in present study using tier 2 method (255 kg) was higher than the mean
live weight used in tier 1 method for African cattle (210 kg). Moreover, average daily milk yield and average hours spent
for traction were higher in present study using tier 2 method compared to the values used by tier 1 method (IPCC 2006),
which resulted in high-energy intake and EFs.

Table 5 - Enteric CH4 emission factor for indigenous dual-purpose cattle in Ethiopia

Sub-category Liveweightinkg  GE, MJ/head/day o' 2 EF factor,

kg/head/year
Mature females > 3 years (lactating) 255 151 65
dry cows 255 123 49
Heifers (2-3 years) 176 127 37
Growing females 1-2 years 125 58 56
Mature draught oxen 335 154 66
Mature breeding bulls 265 136 58
Growing males 1-2 years 162 149 63
Calves < 1 year 57 52 11

GE= gross energy; EF= emission factor; MJ= mega joule.

Methane emission factor from manure management
Methane emission factor from manure management was estimated to be 5.06, 4.97, 4.87, 4.46, 4.33, 3.78, 2.86
and 1.71 kg head per year for mature draught oxen, lactating cows, growing males, mature males, growing females, dry
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cows, heifers and calves < 1 year, respectively (Table 6). The higher values for mature draught oxen and lactating cows
are attributed to higher volatile solid content of the manure as compared to other sub-categories. Manure management
CH4 emission factor in present study is greater than manure management CH4 emission factor of 2.5 kg per head per
year reported for Canadian beef cattle (Kebreab et al., 2006). The higher value for Ethiopian cattle breed compared with
Canadian beef cattle is attributed to difference in manure management system/practice, difference in volatile solid
content of manure/excreta and difference in digestibility of feed. The VS content of manure is the portion of the feed
consumed by animals that is not digested and thus excreted as fecal material and this may be combined with urinary
excretions, constitutes manure (Hristov et al., 2019). GHG emissions of cattle excreta vary by diet, breed and type of
manure management practice used (Hristov et al., 2019). The lower digestibility of feed (50%) in present study resulted in
increased VS content of manure and hence CH4 emission from manure. In present study, due to lack of country specific
Bo value, we used IPCC default values of 0.1 for Africa region (IPCC, 2006). CH4 emission in present study using tier 2
methodologies was higher compared to IPCC default manure management emission factor (1 kg/head/year) for other
cattle (IPCC, 2006). The higher value for tier 2 is attributed to higher VS contents of manure. The estimated VS content of
manure that was used to calculate manure management methane emissions in present study was on average 3.28
kg/head/year which is higher than the default values of 1.5 kg/head/year in IPCC (2006) tier 1 for Africa region.
Difference in manure management system (MS) also contributed to the difference between tier 2 and tier 1 MMS CH4
emission factor. Tier 1 (solid (1%), pasture (83%), daily spread (5%), burn for fuel (6%) and other (4%) but liquid and dry lot
storage system was not accounted while in tier 2 both liquid and dry lot system were used in addition to pasture/rang
drop, liquid system, solid system, daily spread and burn for fuel.

Table 6 - Manure management CH4 emission factor (kg/head/year)

Sub categories VS, content of manure, Kg/head/day CH4 emission factor, kg/head/year
Lactating cows 4.075 4.972
Dry cows 3.096 3.777
Heifers (2-3 years) 2.344 2.860
growing Females (1-2 years) 3.552 4.333
Mature males/ draught oxen 4.148 5.060
Mature breeding bulls 3.662 4.467
growing males (1-2 years) 3.999 4.879
Calves < 1 years 1.404 1.713
Average 3.28 4.008

VS=volatile solid; CH4= methane.

CONCLUSION

In the present study, enteric fermentation and manure management CH4 emission factor were estimated using
intergovernmental panel on climate change (IPCC), tier 2 methodologies from information collected through survey and
literature reports. Enteric CH4 emission factor using tier 2 methodologies in present study ranged from 11 to 66 kg per
head per year while manure management CH4 emission factor ranged from 1.71 to 5 kg per head per year. These values
are higher than the IPCC (2006) tier 1 values for African region. However, present estimates are within a range of
literature reports on cattle species in different countries using tier 2 methodologies. The present study is based on limited
survey and published data, further research is required to improve emission factors using primary data on live weight,
animal performance and feed characterization with recent and advanced technologies.
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