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Background

This report is based on a commission from the Danish Veterinary and Food Administration dated 17.04.24.
This report constitutes of part 2 of predicted 3 tasks aimed at ensuring that the use of Bovaer in Denmark
can be reflected in the national emissions inventory. The first methane-reducing feed additive, Bovaer, has
been approved for use in the EU, but its application is not yet reflected in the national emissions inventory.
This requires documentation of methane emissions from cattle fed Bovaer, the number of cattle in Denmark
annually administered Bovaer, and documentation of the dosage used (mg/kg feed dry matter). The pur-
pose of this task is to incorporate Bovaer into the Danish model for calculating methane emissions as a
prerequisite for Aarhus University's (AU) calculation of the proportion of gross energy in feed lost as methane

(a new Ym factor) and to ensure that this is approved by the UN/IPCC.

The first task was to ensure sufficient data on the effect of Bovaer under Danish conditions. AU submitted 2
reports on this in 2023 based on experimental results. Johansen, M., Maigaard, M. & P. Lund (2023a and
2023b) This second task, which concerns this assignment, is to define a new Ym factor that incorporates
data on the effect of Bovaer under Danish conditions, includes results from the first task. The new Ym factor
must be approved by the UN/IPCC. The expected third task is to establish a process for the annual collection

and submission of activity data for the use of Bovaer.

This task will be carried out in accordance with the general conditions and the conditions in Article 21 of
Commission Reqgulation (EU) No. 702/2014. The aim is not only to establish documentation for the use of
Bovaer but also for the use of other substances with similar effects. However, since Bovaer is currently the

only relevant product in this context, the focus of this assignment is on Bovaer.

Following the government-commissioned feeding trials that investigated the effect of Bovaer under Danish
conditions, a Ym factor that incorporates the use of Bovaer will be calculated. The task includes ensuring
that the calculated Ym factor, via DCE, is forwarded to and approved by the UN/IPCC. A timeline for this
process is requested to be included in the task. The calculation is intended to apply to all relevant types of
cattle (dairy cows of all relevant dairy breeds, not heifers) and any other relevant factors, ensuring that an

IPCC approval covers all legal uses of Bovaer in Denmark.



Introduction

The use of feed additives that can mitigate enteric methane (CH4) from ruminants is a promising way to
reduce, not only the carbon footprint of the products, but also the significant contribution of enteric methane
in National Emission Inventories for Agriculture, especially in countries like Denmark, where dairy production
is of quantitative importance. However, incentive schemes must be in place before such strategies will be
implemented and used in practical settings. This includes incorporation in models for calculating the carbon
footprint of the products if incentive schemes are led by the industry as well as National Emission Inventories

if such incentive schemes are on a national level.

3-nitrooxypropanol (3-NOP) is the active component in Bovaer®, a commercially available product on the
European market and produced by dsm-firmenich. The product has been shown to reduce enteric me-
thane yield (g CHs/kg dry matter (DM) intake) from dairy cows by on average 30.8 %, but with quite pro-
nounced differences in reduction potential between doses and nutrient composition of rations (Kebreab et
al., 2023). The mode of action is that 3-NOP binds to the active site of coenzyme M reductase, an enzyme

system unique for methanogens, and thereby temporarily inactivates the enzyme system (Duin et al., 2016).

The aim of this reviewed report from Aarhus University is to provide the scientific evidence for including the
use of Bovaer® in the Danish National Emission Inventories for Agriculture and subsequently to provide
guidelines for how to include the use of Bovaer® in the Danish model system and more specifically in the

calculation of the emission factor for dairy cows.



Description of the current model for calculating
methane emission from dairy cows

The emission factor for enteric methane from dairy cows (EFcH4) is in the current version of the Danish Na-
tional Emission Inventories (Albrektsen et al., 2021) calculated using feed intake, gross energy (GE) concen-
tration of the ration, and the CH4 conversion factor (Ym), expressing the proportion of ration GE lost as CHa
(Equation 1). Data on feed intake are available from farm activity data (Lund et al., 2023) and GE concen-

tration in the ration is a default value (18.9 MJ/kg DM) based on farm activity data (Albrektsen et al., 2021).

Equation 1: EFcha (kg CHa/cow/year) = DM intake (kq/d) x GE concentration in ration (MJ/kg DM) x 0.01 x
Ym (% GE lost as CH4) x 365 (days/year) / 55.65 (MJ/kg CHa)

The Ym factor is therefore an essential component in protocols for estimating CH4 emission from livestock
and is for dairy cows estimated based on the model presented by Hellwing et al. (2016). In brief, an exper-
imental dataset was compiled including 183 observations, 41 rations, and 10 experiments, where methane
emissions were measured by means of indirect calorimetry (respiration chambers) using the same experi-
mental equipment. Nutrient content of the rations was determined using standard feed analysis procedures.

Feed intake and milk yield were also included in the dataset.

The equation for prediction of Ym based on nutrient composition of the diet combined with dry matter intake

is shown below (Equation 2).

Equation 2: Ym (%) = 7.55 - 0.0343 x DM intake (kg/day) - 0.0199 x Crude fat(g/kg DM) -0.0014 x Ash(g/kg
DM) + 0.0028 x NDF (g/kg DM) - 0.0045 x Starch (g/kg DM)

The Ym factor can subsequently be calculated based on activity data for DM intake and nutrient composi-
tion of the diet (Table 1). These data are provided from the normative system (Lund et al,, 2023) and from

farm survey data compiled by SEGES Innovation (Martinussen & Kjeldsen, 2023).



Table 1: Example of how to calculate the CHs conversion factor (Ym, %) and the emission factor for CHs from
dairy cows (EFcrs, kg CHa/cow/year] based on activity data for DM intake (Lund et al, 2023) and nutrient
composition of the ration (Martinussen & Kjeldsen, 2023).

Large breed® Jersey

DM intake, kg/d 23.2 18.7
Crude fat, g/kg DM 457 49.0
Ash, g/kg DM 73.1 74.0
NDF, g/kg DM 320 316
Starch, g/kg DM 190 194
Y, % 579 5.84
Y, %° 579

EFch4, kg CH4/cow/year 166 135
EFchs4, kg CHa/cow/year® 162

@ Large breed includes all dairy cows with less than 87.5 % Jersey genetics.

® Average value, based on the Danish dairy cow population consisting of 86.3 % Large breed and 13.7 %

Jersey fed average rations (Lund et al.,, 2023).

Prediction of the CH4 mitigating effect of Bovaer based on dose of 3-NOP and nu-

trient composition of the ration

Based on data from 14 experiments and 48 treatment means, Kebreab et al. (2023) have developed an
equation (Equation 3) for the prediction of the effect of dose of 3-NOP (3-nitrooxypropanol; the active com-

ponent in Bovaer) on CH4 yield (g CHa/kg DM intake) dependent on nutrient composition of the diet.

Equation 3: Change (%) in CH4 yield with dietary addition of Bovaer = -30.8 - 0.226 x (3-NOP(mg/kg DM)
-70.5) + 0.906 x (NDF (% of DM) - 32.9) + 3.871 x (Crude fat (% of DM) - 4.2) - 0.337 x (Starch (% of DM) -
21.1)

A dose of 60 mg 3-NOP/kg DM is expected to be the recommended level in a Danish setting (Lund, 2024)
based on the potential risk for reductions in feed intake if dose is greater (Kjeldsen et al., 2024; Maigaard et
al,, 2024qa, Maigaard et al., 2024b).



Using the activity data for chemical composition of the ration (Martinussen & Kjeldsen, 2023, Table 1) this
will be equivalentto a 27 % reduction in CH4 yield for Large breed, 26 % for Jersey, and 27 % for the average

population using Equation 3 (Kebreab et al., 2023).

A reduction of 27 % in CHa yield (g CHa/kg DMI) is therefore suggested to be implemented in the Danish
National Inventory when calculating the emission factor for dairy cows and a dose of Bovaer, equivalent to
60 mqg 3-NOP/kg DM, is used.



Danish data on the CH4 mitigating effect of Bovaer when

fed to dairy cows

Data from Aarhus University

At Aarhus University several experiments (Johansen et al.,, 2023a, Johansen et al.,, 2023b, Kjeldsen et al.,
2024, Maigaard et al., 2024a; Maigaard et al,, 2024b) have been completed using different dosages of
Bovaer (60 to 80 mg 3-NOP/kg DM) and with rations differing in composition of the diet (fat level, forage
proportion, and forage type). The experimental designs and outcome are summarised below and observed

and predicted reductions in methane yield are shown in Figure T.

Johansen et al. (2023a) examined how addition of Bovaer in feed rations with high proportion of grass-
clover silage (42 % of total ration) affected dry matter intake (DMI), milk production, and gas production in
lactating dairy cows. Forty-eight Holstein cows (half primiparous and half multiparous; half in early lactation
and half in mid-late lactation) were included in a balanced 4 x 4 Latin square design, with a 2 x 2 factorial
arrangement of dietary treatments. The first factor was 2 different sources of grass-clover silage (spring
growth and first regrowth), and the other factor was 2 levels of Bovaer addition (0 or 60 mg 3-NOP/kg DM)
provided in partial mixed rations (62 % forage proportion) fed ad libitum. Additional concentrate (max 0.8 1
kg DM/d) was offered as bait in the GreenFeed units used for measurement of gas emission. Dry matter
intake was reduced by 1.1 kg/d by supplementation of Bovaer. Likewise, energy corrected milk (ECM) yield
decreased with 0.8 kg/d when Bovaer was fed, and there was a tendency, that this reduction was larger in
early lactation than in mid-late lactation (-1.1 vs. -0.3 kg/d). Independent of source of grass-clover silage,
addition of Bovaer reduced CH4 production (g/d), yield (g/kg DMI), and intensity (g/kg ECM) with 33.0 %,
28.1 % and 31.3 %, respectively. The experiment concluded that Bovaer was effective in reducing CHs pro-
duction but did also affect DMl and ECM yield negatively. The experiment indicated that reduction in milk

production by addition of Bovaer is larger for cows in early lactation than for cows in mid-late lactation.

Johansen et al. (2023b) examined how addition of Bovaer in feed rations with high proportion of maize
silage (42 % of total ration) affected gas production, dry matter intake (DMI), and milk production in lactating
dairy cows. Forty-eight Holstein cows (half primiparous and half multiparous; half in early and mid-lactation
and half in late lactation) were included in a balanced 4 x 4 Latin square design, with a 2 x 2 factorial
arrangement of dietary treatments. The first factor was 2 different sources of maize silage (high (0.93) or
low (0.83) in starch-to-NDF ratio) and the other factor was 2 levels of Bovaer addition (0 or 60 mg 3-NOP/kg
DM) provided in partial mixed rations (62 % forage proportion) fed ad libitum. Additional concentrate (max
0.81 kg DM/d) was offered as bait in the GreenFeed units used for measurement of gas emission. Dry matter

intake was reduced by 3.2 kg/d with supplementation of Bovaer, and ECM yield decreased with 1.2 kg/d
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with supplementation of Bovaer. Independent of source of maize silage, addition of Bovaer reduced CH4
production (g/d), yield (g/kg of DMI), and intensity (g/kg ECM) with 34.6 %, 22.9 % and 33.0 %, respectively.
The experiment concluded that Bovaer was effective in reducing CH4 production, but reduced DMI and
ECMyield as well.

The study by Kjeldsen et al. (2024) was a 4 x 4 Latin square design with 2 levels of fat supplementation; 33
g crude fat/kg DM or 64 g crude fat/kg DM and two levels of 3-NOP; 0 mg/kg DM or 80 mg/kg DM. In total,
4 diets were formulated: low fat (LF), high fat (HF), 3-NOP and low fat (3LF), and 3-NOP and high fat (3HF).
Four rumen and intestinally cannulated cows were used in the experiment. After adaptation to the treat-
ments, gas exchange was measured for 5 days in respiration chambers. Methane yield (g/kg DM) was de-
creased by 24 % when cows were fed 3-NOP. In addition, 3-NOP increased hydrogen yield (g/kg DM) by
3,500 %. A decrease (11 %) in DMI was observed, when cows were fed 3-NOP. Supplementation of 3-NOP
tended to increase rumen and total tract NDF digestibility. Total VFA concentrations in the rumen were
negatively affected by 3-NOP supplementation. Furthermore, 3-NOP caused a shift in the VFA fermentation
profile, with decreased acetate proportion and increased butyrate proportion, whereas propionate propor-
tion was unaffected. Increased concentrations of alcohols (methanol, ethanol, propanol, butanol, and 2-
butanol) were observed in the ruminal fluid when cows were fed 3-NOP. These changes in rumen metab-
olites indicate partial re-direction of hydrogen into other hydrogen sinks, when methanogenesis is inhibited

by 3-NOP. In conclusion 3-NOP reduced methane yield, irrespective of fat level and decreased DMI.

Maigaard et al. (2024a) investigated the individual and combined effects of using dietary fat, nitrate, and
3-NOP as CH4 mitigating additives on dairy cows’ enteric CH4 emission and production performance (feed
intake and milk production). Twenty-four primiparous and 24 multiparous Danish Holstein cows (111 = 44.6
d in milk; mean =+ standard deviation) were included in an incomplete 8 x 8 Latin square design with six 21-
d periods. Dietary treatments were organized in a 2 x 2 x 2 factorial arrangement, aiming for 2 levels of FAT
(30 or 63 g of crude fat/kg DM; LF or HF, respectively), 2 levels of NITRATE (0 or 10 g of nitrate/kg DM; UREA
or NIT, respectively), and 2 levels of 3-NOP (0 or 80 mg/kg DM; BLANK or NOP, respectively). Treatments
were included in ad libitum fed partial mixed rations. Additional concentrate was offered as bait in Green-
Feed units used for measurement of gas emission. Inclusion of 3-NOP decreased DMI by 13.4 % and the
combination of 3-NOP with fat and nitrate decreased DMI in an additive way (no significant 3-way inter-
action). Cows supplemented with 3-NOP had 9.0 % lower ECM yield than cows fed no 3-NOP. Based on
three 2-way interactions including FAT, NITRATE, and 3-NOP, the combined use of the additives resulted in
antagonistic effects on CH4 reduction, hence no combinations of additives resulted in CH4 yield-reductions
that were greater than what was obtained by separate supplementation of the most potent additive within
the combination. Thus, an 18 % to 23 % reduction in CH4 yield (g CH4/kg DM) could be ascribed to the effect

of 3-NOP. In conclusion, 3-NOP reduced CH4 emission, but negatively affected production performance.
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The study by Maigaard et al. (2024b) investigated the effect of combining different doses of 3-NOP with
varying forage composition on gas emission and production performance of dairy cows. Seventy-two lac-
tating Danish Holstein cows were enrolled in a continuous randomized block design with an initial two-
week covariate period followed by application of treatments for 12 consecutive weeks. Initial DMI and ECM
yield were 23.8 + 3.34 and 38.3 + 7.12 kg, respectively. Cows were blocked according to parity and DIM.
Treatments were organized in a 2 x 3 factorial arrangement. The first factor was diet type, reflecting two
different forage compositions of the diet. Ratio of grass-clover silage to corn silage was 60 %:40 % of total
forage DM in grass-based diets and 40 %:60 % in corn-based diets. In total, forage constituted 56 % of the
DM in the partial mixed rations. The second factor reflected three doses of 3-NOP: 0, 60, or 80 mg 3-NOP/kg
DM. Gas emission were measured using GreenFeed. Methane yield (g/kg DM) was reduced by 34 and 31
% at 60 and 80 mg 3-NOP/kg DM, respectively, and there was no difference in CH4 yield between the two
doses. The reduction in CH4 yield was numerically greater in corn-based diets (38 %) compared with grass-
based diets (30 %), despite similar NDF and starch levels, but there was no interaction between dose of 3-
NOP and diet type. Total DMI was reduced by 9 % in cows fed 80 mg 3-NOP/kg DM across diet types,
whereas there was no effect at 60 mg 3-NOP/kg DM. Similarly, ECM yield was reduced by 5% in cows fed
80 mg 3-NOP/kg DM compared with no 3-NOP supplementation. In conclusion, 3-NOP at 60 mg/kg DM is
efficient in reducing CH4 without compromising production performance, while 80 mg 3-NOP/kg DM neg-

atively affected production performance.
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Figure 1: Observed and predicted (Kebreab et al, 2023) reductions (%) in CHa yield (g CHai/kg DM) in ex-
periments conducted at Aarhus University using 60 or 80 mg 3-NOP/kg DM in different diet compositions.
Modiified from Lund (2024).

Based on experiments conducted at Aarhus University, using a dose of 60 mg 3-NOP/kg DM resulted in an

average observed reduction in methane yield of 28 % which is very well aligned with the average predicted

12



reduction in methane yield of 28 % using the Kebreab equation, despite that differences between observed
and predicted reduction were seen within rations. These values are also very similar to the reduction ob-
tained above (27 %) using the Kebreab equation applied on activity data for average chemical composi-

tion of Danish rations for dairy cows.
Data from SEGES Innovation

The use of Bovaer at a dose of 60 mg 3-NOP/kg DM has also been evaluated on 5 commercial farms by
SEGES Innovation and an average reduction in CHa yield of 33 % was obtained (Nielsen, 2024). This is
slightly higher than the reduction predicted using the Kebreab equation and activity data as well as the

average predicted, and average observed reductions obtained in Aarhus University experiments (27-28 %).
Research in Northwestern Europe on the methane mitigation potential of Bovaer

Despite that the CH4 mitigating effect of Bovaer seems to be highly dependent upon management strate-
gies and especially strategies related to feeding, the CH4 mitigation potential of Bovaer obtained in exper-
iments conducted in Northwestern Europe (The Netherlands (NED), Finland (FIN), Germany (GER)), where
the production systems generally are comparable to a Danish setting, will most likely be somewhat similar
to what can be expected in a Danish context. The Danish CH4 mitigation potentials are in general in terms
within the range found in similar research projects based on supplying 3-NOP in total mixed feed rations
from Northwestern Europe (23 % on average), although the variation in CH4 mitigation potential is notewor-
thy (16 % (51 mg 3-NOP; van Gastelen et al., 2020; NED), 17 % (70 mg 3-NOP; Vattulainen et al., 2024; FIN),
20 % (70 mg 3-NOP; van Gastelen et al., 2024; NED), 28 % (50 mg 3-NOP; Schilde et al.,, 2021; GER), 34 %
(60-80 mg 3-NOP; van Gastelen et al., 2022; NED)).

In Flanders in Belgium, ILVO has provided a list for strategies to reduce enteric methane, and these strate-
gies are expected to be included in the national inventory. For Bovaer (3-NOP) a daily reduction potential
of 26 % is listed (ILVO, 2024).

Calculating a corrected Ym factor taking the methane mitigation potential and ac-

tivity data for the use of Bovaer into account

A corrected Ym factor (Ymeorr, %) can be calculated (Equation 4) using the Ym factor derived from Equation
2, the methane mitigation potential of Bovaer (Red.Pot.sovaer, %) With respect to methane yield (g CHa/kg
DM intake) derived from Equation 3, and activity data on the proportion of cows using Bovaer (Propor-

tionsovaer, %) iNto account.

Equation 4: Ymcor. (%) = 0.01 x Proportiongovaer (%) X Ym (%) x 0.01 x [100 - Red.Pot.sovaer (%)]1 + 0.01 x [100 -
Proportionsovaer (%)] x Ym (%) = 0.01 x Ym(%) x [[100 - Red.Potsovaer(%)] x 0.01 x Proportionsovaer(%) + 100 -

Proportionsovaer(%)]

13



Assuming that the Ym factor is 5.79 % (Table 1), that the reduction potential of Bovaer with respect to me-
thane yield is 27 % (Equation 3), and the proportion of dairy cows fed Bovaer is 60 %, then the corrected Ym

factor (Ymeor) can be calculated as (Equation 5):

Equation 5: Ymcor. (%) =0.01 x 5.79 x [[100-27]1x 0.01 x 60 + 100 - 60] = 4.84 %

If the above equations are merged, this combined overall equation can be used to calculate the emission
factor for enteric CH4 from dairy cows based on activity data for 1) DM intake, 2) Nutrient composition of

the ration, 3) Dose of Bovaer, and 4) Proportion of cows fed Bovaer.
Incorporation in the Danish emissions inventory

The Danish emissions inventory follows the guidelines established by the United Nations Framework Con-
vention on Climate Change (UNFCCC). The rules for reporting under the Paris Agreement are established
through Decision 18/CMA.1 (UNFCCC, 2019) and Decision 5/CMA.3 (UNFCCC, 2022). The IPCC Guidelines
(IPCC, 2006) requires thorough documentation for the effect of mitigation measures and that this should be
supported by peer-reviewed publications. The robust documentation included in this paper and the asso-
ciated references will form the documentation for estimating the mitigating effect of Bovaer on the me-

thane emission from enteric fermentation from dairy cattle.

However, equally important is the information on the activity data necessary to estimate the impact of
emissions, i.e. documentation for the share of cattle divided into different subgroups that are fed with Bovaer
and documentation that the recommended dosage has been applied. At this stage the system for docu-
menting the use and dosage of Bovaer has not been established, so the final implementation in the national
inventory awaits the collection of the required data by the relevant authorities. When the information has
been collected and documented, the methane emissions from enteric fermentation from dairy cattle will

be estimated using Equation 5.
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Conclusion and recommendation

Based on Danish experiments, the published Kebreab equation and national activity data a reduction po-
tential of 27 % in methane yield (g CH4/kg of DMI) is recommended, when a dose of 60 mg 3-NOP/kg DM
is used in Danish diets for dairy cows. This reduction potential is aligned with the outcome of experiments in
other parts of Northwestern Europe and with the average predicted and average observed reductions in
methane yield from experiments with dairy cows fed a dose of 60 mg 3-NOP/kg DM performed at Aarhus

University, but slightly lower than the average reduction potential observed on commercial farms.

This reduction potential can subsequently be incorporated in the equation for calculating the methane
conversion factor (Ym) and thereby the emission factor for enteric methane from dairy cows (EFch4) if relia-

ble activity data for the use of Bovaer can be provided.

15



References

Albrektsen, R., Mikkelsen, M.H. & S. Gyldenkcerne (2021). Danish Emission Inventories for Agriculture. Scien-

tific Report No. 443, DCE, Aarhus University, 202 pp.

Duin, E.C.,, Wagner, T., Shima, S., Prakas, D., Cronin, B., Yanez-Ruiz, D.R., Ducal, S., Rumbeli, R., Stemmler, R.T,,
Thauer, R.K. & M. Kindermann (2016). Mode of action uncovered for the specific reduction of methane emis-

sions from ruminants by the small molecule 3-nitrooxypropanol. Proc. Natl. Acad. Sci. USA, 113, 6272-6277.

Hellwing, A.LF., Weisbjerg, M.R,, Brask, M., Alstrup, L., Johansen, M., Hymgller, L., Larsen, MK. & P. Lund (2016).
Prediction of the methane conversion factor (Ym) for dairy cows on the basis of national farm data. Anim.
Prod. Sci., 56, 535-540.

ILVO (2024). https://rundveeloket.be/CEER/maatregelen/3-NOP.

IPCC (2006). 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Prepared by the National
Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T. and Tanabe K. (eds).

Published: IGES, Japan.

Johansen, M., Maigaard, M. & P. Lund (2023a). The effect of inclusion of Bovaer in diets with a high propor-
tion of grass-clover silage of different quality. File no. 2022-0328754 part 1, Aarhus University. Citeres som:
Johansen, M., Maigaard, M. & Lund, P. 2023. Effekten af Bovaer® ved inklusion i foder med hgj andel af
klevergrcesensilage af forskellig kvalitet. Radgivningsnotat fra DCA - Nationalt Center for Fedevarer og

Jordbrug, Aarhus Universitet. 7 sider. Leveret; 9. oktober 2023.

Johansen, M., Maigaard, M. & P. Lund (2023b). The effect of inclusion of Bovaer in diets with a high propor-
tion of maize silage differing in starch-to-NDF ratio. File no. 2022-0328754 part 2, Aarhus University, Citeres
som: Johansen, M., Maigaard, M. & Lund, P. 2023. Effekten af Bovaer® ved inklusion i foderrationer med hoj
andel af majsensilage med forskellig stivelse-til-NDF-forhold. R&dgivningsnotat fra DCA - Nationalt Center

for Fedevarer og Jordbrug, Aarhus Universitet. 7 sider. Leveret: 24.november 2023.

Kebreab, E., Bannink, A, Pressman, EM., Walker, N., Karagiannis, A., van Gastelen, S. & J. Dijkstra (2023). A
meta-analysis of effects of 3-nitrooxypropanol on methane production, yield, and intensity in dairy cattle. J.
Dairy Sci., 106, 927-936.

Kjeldsen, M.H., Weisbjerg, M.R,, Larsen, M., Hajberg, O., Ohlsson, C., Walker, N., Hellwing, ALLF. & P. Lund
(2024). Gas exchange, rumen hydrogen sinks, and nutrient digestibility and metabolism in lactating dairy
cows fed 3-NOP and cracked rapeseed. J. Dairy Sci.,, 107, 2047-2065.

16



Lund, P., Hellwing, A.LF., Barsting, C.F., Kjeldsen, AM. & H. Martinussen (2023). Chapter 3 Nutrient excretion

from cattle, ex-animal; Standard figures for animal manure 2023/2024. Report (in Danish). Aarhus Univer-

sity, 68 pp.

Lund, P. (2024). Updated estimate of the average reduction potential from the use of Bovaer for all relevant

cows in Denmark. Report no. 2024-0663574 (in Danish). Aarhus University, 11 pp.

Maigaard, M. Weisbjerg, M.R., Johansen, M. & P. Lund (2024aq). Effects of dietary fat, nitrate, and 3-nitrooxy-
propanol and their combinations on methane emission, feed intake, and milk production in dairy cows. J.

Dairy Sci.,, 107, 220-241.

Maigaard, M. Weisbjerg, M.R,, Ohlsson, C., Walker, N.,, & P. Lund (2024b). Effects of different doses of 3-ni-
trooxypropanol combined with varying forage composition on feed intake, methane emission, and milk

production in dairy cows. Submitted to J. Dairy. Sci.

Martinussen, H. & AM. Kjeldsen (2023). Data for productivity and feed content of protein, phosphorus, and

potassium for dairy cows and rearing 2022. Report (in Danish). SEGES Innovation. 16 pp.

Nielsen, N.I. (2024). Testing Bovaer at Arla suppliers. Powerpoint presentation (in Danish), Kvceegkongres

2024.

Schilde, M., von Soosten, D., Hutner, L., Meyer, U., Zeyner, A, & S. Danicke (2021). Effects of 3-nitrooxypropa-
nol and varying concentrate feed proportions in the ration on methane emission, rumen fermentation, and

performance of periparturient dairy cows. Arch. Anim. Nutr,, 75, 79-104.

UNFCCC (2019). Decision 18/CMA.1. Modalities, procedures and guidelines for the transparency frame-

work for action and support referred to in Article 13 of the Paris Agreement

UNFCCC (2022). Decision 5/CMA.3. Guidance for operationalizing the modadlities, procedures and guide-

lines for the enhanced transparency framework referred to in Article 13 of the Paris Agreement

van Gastelen, S., Dijkstra, J.,, Binnendijk, G., Duval, S.M., Heck, JM.L,, Kindermann, M., Zandstra, T. & A. Bannink
(2020). 3-Nitrooxypropanol decreases methane emissions and increases hydrogen emissions of early lac-
tation dairy cows, with associated changes in nutrient digestibility and energy metabolism. J. Dairy Sci., 103,

8074-8093.

van Gastelen, S, Dijkstra, J., Heck, JM.L, Kindermann, M., Klop, A., de Moi, R, Rijnders, D., Walker, N. & A.
Bannink (2022). Methane mitigation potential of 3-nitrooxypropanol in lactating cows is influenced by basal

diet composition. J. Dairy Sci., 105, 4064-4082.

van Gastelen, S, Burgers, E.E.A,, Dijkstrq, J., de Moi, R., Muizelaar, W., Walker, N. & A. Bannink (2024). Long-
term effects of 3-nitrooxypropanol on methane emission and milk production characteristics in Holstein

Friesian dairy cows. J. Dairy Sci., in press, uncorrected proof.

17



Vattulainen, J., Ayenfe, N., Bayat, AR, Rinne, M. & I. Tapio (2024). 19.2 NOP is more effective in reducing
rumen methane emissions in mixed feed than in separate feed. Bulletin No 41 of the Finnish Society of

Agricultural Science. s. 94-95.

18



. ______________________________________________________________|
AARHUS UNIVERSITY

About DCA

DCA - Danish Centre for Food and Agriculture is the entrance to research in food
and agriculture at Aarhus University (AU).

The Centre comprises AU departments with food and agricultural science
activities. These are primarily Department of Agroecology, Department of Animal
Science, Department of Food Science, Centre for Quantitative Genetics and
Genomics, and parts of Department of Engineering.

DCA has a Centre Unit, which supports and coordinates DCA activities in relation
to research based policy support, industrial and sector collaboration, international
collaboration, and communication.

Research results from DCA
Research results are published in international scientific journals, and they are
available at the university publication database (pure.au.dk).

DCA reports

DCA also publishes a report series, which primarily communicates policy support
tasks from DCA to the Ministry of Food and Environment of Denmark. Further
publications include reports that communicates knowledge from research
activities. The reports may be downloaded free of charge at the DCA website:
dca.au.dk.

Newsletters

A Danish and English DCA newsletter communicate knowledge within agricultural
and food research, including research results, advice, education, events and

other activities. You can register for the free newsletter at dca.au.dk.



SUMMARY

Use of feed additives that can mitigate enteric methane from ruminants is a promising technology. This calls for the
inclusion of the effect of such feed additives in National Emission Inventories. 3-nitrooxypropanol (3-NOP) is the active
component in Bovaer®. The product has been shown to reduce enteric methane yield from dairy cows, but with quite
pronounced differences in reduction potential between doses and nutrient composition of rations. The aim of this peer-
reviewed report is to provide the scientific evidence for including the use of Bovaer® in the calculation of the emission
factor for dairy cows in the Danish National Emission Inventories for Agriculture. An average reduction potential of 27 % in

methane yield (g methane/kg of feed dry matter) is expected based on inclusion of national activity data in a prediction

model based on a recently published meta-analysis, when a dose of 60 mg 3-NOP/kg feed dry matter is used in Danish
diets for dairy cows. This reduction potential is aligned with the average predicted and average observed reductions in
methane yield from experiments performed at Aarhus University with dairy cows fed a dose of 60 mg 3-NOP/kg feed dry
matter and with the outcome of experiments in other parts of Northwestern Europe, but is slightly lower than the average
reduction potential observed on commercial farms. This reduction potential can subsequently be incorporated when
calculating the emission factor for enteric methane from dairy cows, if reliable activity data for the use of Bovaer can be

provided.
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