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INTRODUCTION

Greenhouse gases (carbon dioxide, methane and nitrous oxide) accumulate in the atmosphere and
contribute to global warming. It is estimated that farm animals are responsible for 15 to 25 per cent of
total global man-made emissions of methane (USEPA, 1990). Cattle account for about 70 per cent of
the emissions attributed to farm animals.

There is, however, a great deal of debate concerning the reliability of these estimates. A major problem
has been the manner in which these estimates have been made. Single animals were placed in special
sealed chambers and the gas emissions measured. This method, while providing valuable information
on gas emissions from cattle, leaves room for significant error. Placing animals in chambers exposes
them to additional stress and limits the ability to integratethe variability between animals, both of which
can bias results.

This paper describes a system developed for measuring greenhouse gas emissions(methane and
carbon dioxide) from a 118 cow controlled environment dairy barn and presents preliminary results on
gas emission rates. A review of the literature on methane emissions from the rumen and from animal
manure is included in this paper.

REVIEW OF THE LITERATURE

Accumulation of methane and carbon dioxide in the atmosphere is contributing to the greenhouse
effect. Carbon dioxide is expected to account for 55% of future temperature increases while methane
should account for 15% (Rosswall, 1991). Human activities that have contributed to the increase of
greenhouse gases in the atmosphere include flooded rice cultivation, coal mining, oil andgas production
and distribution, biomass burning, slash and burn land clearing, landfills, sewage handling, proliferation
of domestic ruminant animals and their waste, and livestock waste management systems (USEPA,
1990).

Several authors have estimated total global emissions of methane from all sources including emissions
from livestock and livestock wastes (Table 1).The USEPA (1990) acknowledged that the magnitude
of these estimates is reasonable but suggested that there are large uncertainties in current estimates.

Farm animals in Canada are contributing a small share of total global emissions. Jaques (1992)
estimated methane emissions from ruminant livestock in Canada to be 0.85 Tg/year. Casada and
Safley (1990) calculated methane emissions from manure in Canada to be 0.33 Tg/year. The total
methane emissions from livestock and livestock manure in Canada would then be less than 1% of
current estimates of global methane emissions from livestock and livestock manure.

Methane Production From the Rumen

Methane is a by-product of the fermentation process of ruminating animals and represents a loss in
feed conversion efficiency. Methane production rate is dependant on several factors including energy
intake, enteric ecology, energy expenditure of the animal, quantity and quality of feed, body weight, and
age (Jaques, 1992). Typically, from 4 to 9% of gross energy intake is lost through methane production.
The mechanisms of methane production in the rumen have been reported extensively. However, there
is little information available for modelling methane production from cattle (Kirchgessner et al., 1991).
Sauer and Teather (1987) showed that ionophores widely used with beef cattle significantly reduce
methane production in the rumen. Sauer et al. (1989) also showed that these ionophores could be used
successfully with dairy cattle.
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Methane production, as it relates to feed conversion efficiency, has been reported extensively in the
literature (Table 2). The published data have been obtained using small numbers of cattle isolated in
environmental control chambers located in North America and Europe. There is little information
available on greenhouse gas emissions from large groups of cattle in working dairy barns.

Although the published data on methane emissions from dairy cattle vary widely (96 to 615 L/cow/ day),
it is generally agreed that variation in methane emissions from dairy cattle can be explained by
differences in diet, milk yield, and metabolic live weight. Kirchgessner et al. (1991) is the only author
to model methane emissions using these parameters.

There is a diurnal pattern to methane production from cattle. Muller et al. (1980), Moe et al. (1973a,b)
and Whitelaw et al. (1984) reported an increase of 10 to 100 percent after each feeding, a consistent
reduction between feedings, and a decline in emissions overnight. Muller et al. (1980) found that the
magnitude of this increase depends on the number of times concentrate was fed throughout the day.
Moe et al. (1973a,b) showed that, although diet influenced the quantity of methane produced, it did not
have an effect on diurnal patterns of methane production.

Carbon dioxide is exhaled from the lungs and is also produced in the rumen fermentation process.
Table 3 contains a summary of the data in the literature on carbon dioxide emissions from dairy cattle.
Carbon dioxide emission has been studied mainly as an indicator of air quality in barns.

Greenhouse gas concentration in farm animal enclosures

Some authors have measured greenhouse gas concentration in dairy barns as an indication of air
quality. Skarp (1975) performed comprehensive measurements of the vertical distribution of manure
gases in Swedish livestock buildings with both solid and liquid manure handling systems. The results
of this study indicated that (i) ambient methane concentration of exhaust air ranged from about 50 ppm
to almost 250 ppm in a cattle barn depending on ventilation rate and time of day, (ii) in cattle barns with
liquid manure systems, the winter methane concentrations ranged from 150 ppm near the ceiling to 50
ppm near the floor, and (iii) methane concentration is higher in barns where the manure is removed
once a week than in barns where manure is removed twice a day.

Clark and McQuitty (1987) monitored six Alberta commercial free-stall dairy barns from December to
March and found that the average ambient carbon dioxide concentration ranged from 1727 to 3553
ppm, with a peak hourly mean concentration of 5747 ppm. Feddes et al. (1984) observed a mean
concentration of 2300 to 2400 ppm in three dairy barns and 4040 ppm in another, from January to
March. Skarp (1975) measured carbon dioxide in a cattle barn during the winter and found carbon
dioxide to vary from about 1500 to 3500 ppm depending on the time of day. Other measurements
showed that carbon dioxide in cattle barns with liquid manure systems ranged from 1000 ppm to 3500
ppm depending on ventilation rate. Vertical distribution of carbon dioxide was about 2800 ppm close
to the ceiling and 1450 ppm 10 cm above the floor.

Methane production from manure

Methane and carbon dioxide are primary decomposition products of anaerobic decomposition of
organic material. The quantity of methane and carbon dioxide produced from animal waste depends
on species, ration, age of the animal, collection and storage method, temperature, and the amount of
foreign material (i.e. bedding) incorporated into the waste (Chen, 1983). The waste management
system determines the proportion of waste that is anaerobically digested and the yield of methane and
carbon dioxide. Liquid and slurry systems typically cause anaerobic conditions to develop whereas
waste in solid systems and deposited in pastures tends to dry out and aerobic conditions predominate
(Casada and Safley, 1990). Patni and Jui (1985, 1987) found that about 25% of the carbon initially
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present in dairy cattle manure slurry stored in farm tanks in Eastern Ontario was presumably lost in the
gas emanating from the slurry during 5 to 9 months of storage. This indicated that stored manure slurry
can be a substantial contributor to gas emissions from animal operations.

Optimizing methane production from dairy manure in anaerobic digesters has been reported
extensively in the literature (Table 4). Very little data are available relating methane production and
recovery to other manure management systems. It is generally agreed that hydraulic retention time,
diet, and temperature influence methane production rate in anaerobic digesters. These data (Table 4)
are not directly applicable to other types of waste management systems because animal waste is
seldom at temperatures of 35ºC to 60ºC.

Average methane production from swine manure at 20ºC in lab scale anaerobic digesters was 0.0075
to 0.015 m3/kgVS/day over a 60 day period (Massé et al.,1993). This is considerably less than indicated
in the literature (Table 4).

MATERIALS AND METHODS 
Facility

The west wing of a 118 cow tie stall dairy barn at the Centre for Food and Animal Research, Agriculture
and Agri-Food Canada Greenbelt Research Farm in Ottawa, Ontario, Canada was used for this study.
A floor plan and section of this barn are shown in Figure 1. The west wing is 20.4 m wide by 40.8 m
long with a capacity for 118 lactating cows; it is directly connected to a 30-cow capacity pre-milking
holding area and a double-8 herringbone milking parlour.

The negative pressure ventilation system for the west wing consists of 15 thermostat-controlled exhaust
fans (four 30.5 cm 2-speed, six 76 cm single speed and five 91.5 cm single speed) protected by
weather hoods, 39 m of self-adjusting ceiling-mounted centre air inlets and a 39 m long centre
recirculation duct with two 51 cm variable speed fans. For summer peak heat loads, 8 manually
controlled centre slide inlets (400 mm wide by 1200 mm long) can be opened.

The manure handling system for the west wing consists of two gutter cleaners that transfer the
manure/bedding mixture via discharge openings into an under-floor liquid manure tank for two to three
week storage. A tractor-powered chopper-equipped manure pump agitates, mixes and pumps the liquid
manure into tankers for transfer to large remote liquid manure tanks for long term storage (6 months
or more).

Gas emission monitoring system

The procedure used to determine carbon dioxide and methane emissions from the dairy cows involves
continuously measuring gas concentrations of incoming and exhausted ventilation air and the air flow
rate through the building envelope and then calculating the emission rates.

The gas emission monitoring system consists of (I) a gas sampling system (ii)a data acquisition and
control system and (iii) an air flow measurement system.

The multipoint (24 points) gas sampling system, consisting of two 12-port Samplivalves (Scanivalve
Corp. model S65 1P-12T), two 3-way valves (Parker Hannifin Corp. model 04F30U2111A3FGC75
12-Volt dc), an exhaust pump (Gast model LAAV110GB vacuum pump with a capacity of 445 L/min at
0 mm Hg) and a sample pump (Neuberger model N10KN1 vacuum pump with a capacity of 13.3 L/min
at 0 mm Hg), selects and delivers air samples to a Siemens Ultramat 5E autoranging infrared methane
gas analyzer (with ranges of 0-100, 0-200, 0-500 and 0-1000 ppm with a repeatability equal to or less
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than 1%) and a Siemens Ultramat 21 infrared carbon dioxide analyzer (with a range of 0 to 5000 ppm
with a repeatability of less than 1% of reading). Figure 2 shows a schematic of the gas sampling and
data acquisition and control system.

The gas sampling locations and the location of the monitoring equipment room are shown in Figure 3.
Gas is continuously drawn from the exhaust fan hoods of each of the 15 exhaust fans (SE 76, SE 30.5,
SE 91.5, S 76, S 91.5, SW 91.5, SW 30.5, SW 76, NW 76, NW 30.5, NW 91.5, N 76, NE 91.5, NE 30.5,
NE 76),from the air plenum supplying fresh air to the centre inlets (OD), from the wind sensor tower
(WT), from each of two gutter cleaner discharge openings into the attached manure tank (MTS, MTN)
and from five locations within the barn (CSE, CS, CSW, CNW, CN, CNE). The Samplivalves and 3 way
valves sequentially select each location for 1 minute (1.5 minutes where large differences in sample
concentration are expected) and repeat the complete cycle every 30 minutes. The sampling pump
delivers the selected gas sample to the gas analyzers at about 3.5 L/min. The exhaust pump
continuously draws about 3.5 L/min of air from each of the other 23 gas sampling lines.

To minimize contamination of the gas sampling lines and the analyzers from moisture, dust and
airborne particles, a condensate and 5 micron particulate filter was installed near the inlet of each of
the gas sampling lines. A condensate and fine dust filter was also installed in the gas line leading to
each analyzer. A Mak2-1 sample gas conditioner was also installed in this gas line to remove water
vapour.

To ensure that the measured gas concentration from the 15 fans and the fresh air plenum is
representative of the gas concentration at these locations for the 30 minute sampling period, a gas
averaging reservoir (30.5 cm diameter by 137 cm long pvc pipe with plexiglas ends) was recently
installed in these sampling lines. Inside the pvc pipe is a sealed polyethylene film tube (poly tube) of
the same dimensions. Two 3-way solenoid valves (Parker Hannifin Corp. model 04F30U2111A3FGC75
12-Volt dc) at each reservoir direct the continuously flowing gas sample to fill the cavity inside each poly
tube while at the same time evacuating the cavity between the poly tube and the pvc pipe for the 30
minute sampling period. At the end of each 30 minute sampling period, the control software activates
the 3-way valves and reverses the procedure, emptying the poly tube and filling the cavity between the
poly tube and the pvc pipe. The data presented in this paper were collected prior to the installation of
the gas averaging reservoirs.

The data acquisition and control system consists of a Sciemetric Instruments model 200 data
acquisition and control system connected to an IBM AT compatible computer running two software
programs simultaneously (i) Copilot, a data acquisition and control program running in the foreground,
and (ii) Close-up, a remote communications program running in the background and configured for
dial-back security protection. The data acquisition and control system records the gas concentration
for each sampling location at the end of the sampling period, controls the two Samplivalves and the two
3-way valves as well as all of the 3-way valves on the gas sample averaging reservoirs. The data
acquisition and control system can be remotely accessed from any IBM compatible computer with a
modem.

The air flow measurement system consists of D.J. Instruments model LPTV-005-C-2 pressure
transducers with a range of 0-13 mm water gauge installed at each of the six fan banks, and
Sprague/Allegro model VGN3113V hall effect transducers mounted on each of the 15 ventilation fans
(Figure 3).The pressure transducers measure the static pressure drop across the building envelope and
the hall effect transducers measure fan RPM. The measured data was used to calculate the airflow rate
through each fan on a continuous basis from previously determined calibration curves for each fan.
The fan calibration curves were determined using portable fan calibration ducts that were temporarily
installed on the inlet side of each fan. Figure 4shows a fan calibration duct for the 76 cm fans. The
design of the fan calibration ducts and the fan calibration procedure are similar to AMCA (1990). A
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throttling device was used to vary fan static pressure. An inlet bell and a flow straightener conforming
to AMCA (1986) were added to minimize air flow turbulence.

RESULTS AND DISCUSSION

Greenhouse gas emissions have been monitored continuously since April 4, 1993 (Figure 5). The
average daily emission rate of methane for the April to November, 1993 period was 542 ± 83
L/cow/day. This is near the high end of the range of emissions reported in the literature (Table 2). The
average daily emission rate of carbon dioxide over the same period was 5867 ± 825 L/cow/day which
is also near the high end of the range of values reported in the literature (Table 3).

There were some variations in calculated daily emission rates throughout the monitoring period. Normal
changes in management practices may explain the large variations in April, June, and October. In April
the feeding regime was altered, in June the bedding was changed from shavings to straw, and in
October there were diet changes. Also, the number of cows, herd composition, and the proportion of
non-lactating cows changed. Kirchgessner et al. (1991) and Muller et al. (1980) showed that
non-lactating cows produce considerably less methane than lactating cows. Changes in dairy herd
management are unavoidable in a working dairy barn over long periods of time, however, treatment
evaluation periods should be limited to times where herd composition, diet and other parameters can
be held reasonably constant.

A definite diurnal emission pattern was observed (Figure 6). Emission rate increased rapidly after each
feeding and slowly declined between feedings and at night. This is very similar to the diurnal patterns
reported by Muller et al. (1980), Moe et al. (1973a,b) and Whitelaw et al. (1984). Normal changes in
daily management routine and activity in the barn resulted in higher variability in emission rates during
the day time.

Each of the 15 fans was calibrated at least twice. Figure 7 shows a series of calibration curves for the
southwest 30.5 cm two-speed fan. All of the calibration curves were linear in the range of pressures
normally encountered in this barn. Differences in calibration curves between fan calibration dates are
probably due to the poor location of the outdoor static pressure reference prior to June 22, 1993.
Outdoor static pressure reference was located high on the wind sensor tower where it may have been
influenced by wind velocity pressure. In May of 1993 outdoor static pressure references were installed
on the outside wall beside each fan and were shielded from wind velocity pressure.

The details of systems to measure the gas emissions from animal manure in a full-scale liquid manure
tank and from lab-scale manure storages will be described in other papers at a later date. Also, the
development and evaluation of techniques to reduce methane emissions from the rumen and animal
manure will also be presented at a later date.
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CONCLUSIONS

Monitoring greenhouse gas emissions from a large number of animals in a working dairy barn is
feasible and yields results of the same order of magnitude to those reported in the literature for animals
isolated in environmental chambers. The average daily emission rates of methane and carbon dioxide
over an 8 month period were 542 L/cow/day and 5867 L/cow/day respectively. A definite diurnal pattern
of gas emissions was observed which was very similar to patterns reported in the literature.

Consequently, it appears feasible to evaluate the effectiveness of techniques for reducing methane and
carbon dioxide emissions using a large number of cattle in a working dairy barn. However, daily
management routines, such as milking and feeding and other parameters such as ration formulation
and animal numbers, all contribute to variations which must be taken into consideration before
interpreting the effectiveness of various treatments to reduce methane and carbon dioxide emissions.
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Table 1. Estimates of annual methane emissions from livestock, livestock

Source Livestock
(Tg/year)

Livestock wastes
(Tg/year)

Total global
emissions

Crutzen, 1991
Casada and Safley, 1990
Cicerone and Oremland, 1988
Lerner et al., 1988
Crutzen et al., 1986
Seiler, 1984
Ehhalt, 1974

80  

65 - 100
75.8
71  

72 - 99
101   

28.4
35   

505 ± 105

440 - 640

225 - 395
  545 - 1035

1 Tg = 1x1012 gm  = 1x106 tonnes

Table 2. Published daily methane emission rates from dairy cattle.
Methane (CH4) Emissions

(L/cow/day) Reference
Average Range

453
557
468

346

444
296

  
302**

** not lactating

345 - 630

365 - 428
329 - 368
360 - 390
   96 - 615
266 - 280
303 - 389
336 - 553
318 - 614

248 - 263**

 Kirchgessner et al., 1991 
 Sechen et al., 1989
 Tyrell et al., 1988
 Kruezer et al., 1985
 Rohrmoser et al., 1983
 Muller et al., 1980
 Moe and Tyrrell, 1979
 Moe et al., 1973a
 Moe et al., 1973b
 Jentsch et al., 1972
 Hoffman et al., 1972
 Flatt et al., 1969
 Muller et al., 1980
 Kirchgessner et al., 1991

Table 3. Published carbon dioxide emission rates from dairy cattle.
Carbon Dioxide (CO2) Emissions

Reference
Average Range

4906
5362
6515

   2280 - 14088**
4344 -   7632

 Kirchgessner et al.,1991
 Tyrell et al., 1988
 Sechen et al., 1989
 Clark and McQuitty,1987
 Feddes et al., 1984

** Based on peak one hour monitoring period (587 L/cow/hour)
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Table 4. Published data for methane production

Temperature
(ºC)

Hydraulic
retention time

(days)

Methane yield
Gas

(m3/kgVS/day)

Quality
(%CH4)

Reference

35 1 0.11 66 Lo et al., 1984
35 3 0.12 66 Lo et al., 1984
35 4 0.13 64 Lo et al., 1984
35 6 0.16 64 Lo et al., 1984
35 8 0.2 68 Lo et al., 1984
35 10 0.20-0.23 40 Converse et al., 1977
35 12 0.31 68 Lo et al., 1984
35 15 0.28-0.31 53 Converse et al., 1977
35 16 0.29 68 Lo et al., 1984
35 30 0.22 -- Jewell et al., 1979
35 66 0.34 70 Safley and Westerman,1990
37 120 0.04-0.10 -- Chen et al., 988
40 3 0.17 -- Rorick et a1.,1980
40 5 0.24 -- Rorick et al., 1980
40 6 0.17 -- Rorick et al., 1980
40 10 0.16 -- Rorick et al., 1980
60 10 0.16-0.21 45 Converse et al., 1977
60 15 0.21-0.22 48 Converse et al., 1977
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Figure 1. Floor plan and section of dairy barn used for this study
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Figure 2. Gas sampling system and data acquisition and control system

Figure 3. Gas sampling locations in the barn
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Figure 4. Fan calibration duct for the 76 cm fans

Figure 5. Emissions of methane and carbon dioxide from April, 1993 to November, 1993
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Figure 6. Diurnal pattern of methane emissions for the month of September,1993

Figure 7. Fan calibration curves for the SW 30.5 cm fan


