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Road map...

* I. Development of the “Simplified Method”
* II. Results based on an international study

* IIl. Interest and perspectives




4 * I. Development of the “Simplified Method”

Gas emission estimates (NH;, CO,, CH,, N,0) in open barns,

ObJ ectives . for non-expert people, at low costs
The issue : Calculations with air fluxes and gas concentration gradients :
Emissions ., = x (Cgas,;, - Cgas,,)
Closed o Ol
enVimnm ent “ - Cgas : gas concentration
Op en (Qair s P i)
environment
. N-.- . . . ,a
=X = In open barns how to estimate the air flow rate in
- S { \ a simple way so that non-expert people can do it
) — ... I ’
/ ) and with acceptable costs ...?




4 * I. Development of the “Simplified Method”

Objective S Gas emission estimates in open barns (NH;, CO,,CH, N,O)
The issue : Calculations with air fluxes and gas concentration gradients :

- Q,;,: air flow rate .. _
- pi : air density EmlSSlOnSGas o X ( Cgas in = CgaS out)
- Cgas : gas concentration
Cgas 7~
‘ 4 J {. \\r
P I

|
(Q,ir 5 PV / """""" ) ------

o . Replacing air flow rate measurements 2 .
Solution . by estimating carbon budget in e \»

livestock buildings  Carbon,_ Carbon,,




LYON - FRANCE

- (More details available at idele.fr)
=y C
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. Exnzo I
N freeeeeeee c G , EC-C02
- C-CO2
Losses y = Enonm I
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| Measurements
Inputs :

(Straw, Feed,...) Production o
{milk, energy
forcalf, ...) C-INPUTS Farm
Outputs | y. questionnaire
Manure (FYM and slurry)
J >
Carbon budget
Mass balance at the building scale




* I. Development of the “Simplified Method”

Quality Control

The first step of the method consist in checking all data
input from the questionnaire

Depending on the level of data reliability three tiers have been defined:

Tier 1 : mainly based on default values we— \/ery Low farm precision
Tier 2a : important inputs based on default values wss===lp L Oow farm precision

Tier 2b : no default value ——— Good farm precision
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4 * I. Development of the “Simplified Method”

Missing? No » Main Inputs? Yos
Yesl No l
Possible | Yes Possible to Yes
to obtain? correct?

No No

er 2a

« Main data cannot be
obtained »

Tier 1

« Most of the data
cannot be obtained »

Tier 2b

« No gap and reliable
data »

Replacement Replacement
by default by default
values values

- %
—a

— . —— —

4&: Tier 1 Tier 2a Tier 2b
.;”Jf‘ .tnf'm
"-E-"i‘,'l ; \1.';_,.- t\ ]ll. S
¥ .
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Road map...

* II. Results based on an international study




A, * Il. Results (ClimateCareCattleFarming 2020-2023)
M idele

CCCFarming is :
- 8 countries
- 60 dairy farms
- 264 measurements and about 1 000 EF calculations
- With a wide range of dairy production systems :

Housing pro- =
* Cubicle, slatted floor C“;‘;m CMP-out _1 y _. M b
* Cubicle, sloping straw floor (°C) Lo L e i N ™
* Cubicle, deep straw Avg * SD 13.6 + 8.6
* Cubicle with sand bedding and rubber floor [min ; max] [-3.2; 36.0]
* Freewalk wood chips
* Compost bedded pack barn I a-ba™ " Cco, CH, NH, N,O
Compost barn, scraping alley ngl’h“ (mg.m™3) (mg.m™3) (mg.m™3) (mg.m3)
iz StaZf geepistn ™ Avg + SD 1121 + 495 2224394 060049  0.71+0.44
Tie stall, scraping alle
ping arey Jmin ; max] [116 ; 5155] [0.4;3524]  [0.01;283]  [0.34;4.91]
Fﬂf‘“ﬁsﬁcs Area Cows pop. Weight Feed Milk Fat Protein
te
Chﬂfac (m%cow ')  (animhouse™!)  (kgcow!) (kgDM.cow ) (kgday ') (gL (gL 7Y
Avg * SD 11%6 132 + 127 678 % 59 22+3 29+7  42%4  34%2

[min ; max] [2; 51] [11;1009]  [450 ; 825] [6; 31] [10;56] [32;52]  [30;40]
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Enregistrement automatiqu

@’ e II. Results (ClimateCareCattleFarming 2020-2023)

CCCFarming_Emission_flyer_v1

23 - LYON - FRANCE
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Verge Xavier

Fichier Accuell Insertion Mise en page Formules Données Révision Affichage Automate Aide PDF Architect 7 Creator ASAP Utilities i1 Commentaires 188 ~
- H = L,

DY49 ] ﬁ =SI(ESTNA(SM49);"";:SM49) ~

4 A DU DV DWW DX DY Dz EB EC | ED EE | EF | EG | E
DO NOT INSERT COLUMNS unless all formulas using this sheet are manually
processing: input data for uncertainty estimates

1
1]
=]
ol
=
o

i

Gaz Gaz Gaz
Hl (date ob mlrlzhlﬂe::e‘d Bedding input tier level Fat/milk Protein/milk OE?J::)[ concentration concentration concentration conc; :|
tiename ldate obsenvg : (kg/cowiday)  for total C in (@iL) (giL) o (mg/m3) (mg/m3) (mg/m3) (m
a inpu 88 INDOOR_N2O  OUTDOOR_N20  INDOOR_COZ  OUTD
44 |Simplified-Method_INPUT 3 3 35 3 450 37.2 8.3 0.780 0.8 1241
45 Simplified-Method_INPUT_3.0_Italy_farm4-seasonl.xlsx (2021-04-07) 750 240 240 3 1.4 3 413 35,5 138 0,645 0.6 1096
46 Simplified-Method_INPUT_3.0_ltaly_farm4-season2.xlsx (2021-06-22}) 77a 23,0 23,0 3 08 3 392 35,1 327 0,615 06 906
47 |Simplified-Method_INPUT 14) 700 250 250 3 07 3 38,7 34.4 16,8 0,665 07 921
45 |Simplified-Method_INPUT 31) 750 227 227 3 08 3 472 354 92 0.766 08 1114
AQ Simplified-Method_INPUT 29) B70 222 222 3 05 3 38,6 337 121 0657 06 1032
! ]

50 Simplified-Method_INPUT_3.0_ltaly_farm5-seas 21-07-08) 780 18.4 18.4 3 05 304 0,633 06 1004
51 Simplified-Method_INPUT_3.0_Italy_farm5-sea sx (2021-10-07) 1.2 0.653 07 864
52 Simplified-Method_INPUT_3.0_Italy_farm5-se: 4.xlsx (2022-01-27) 0.8
53 Simpliﬂed-l_v . 21-03-30)
54 Simplified—r MI t ' -07-09)
55| Simplified-r_ E l l -10-06)
56 Simplified-| -01-28)
57 |
58

mmdations

Prét 'i.‘)’( Accessibilites

emissions

emission interval

Flyer Data | messages |

- ———t 2%
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Overview of the results

Horizontal bars are for farm description

Survey of housing emissions Take-home messages Cutside tamparatiors {°C) wastilation [m! fhour fcow]
ware below reference 8 > 25 b - 10000
My farm vs the diversity of visited dairy units ernissions and 1 the low i v 04500 10000
b ervath delnal f outsicl 4800 -4 $00
lactating cows | house Liter milk / cow /day The monitored dairy cows hat of resubis maco-1s00 W
S # small emissions can be dus 10 frequant badding input and mandre 0
:;ngm 5 mw-a h rermoval % W% 6%
B m70-200 h m10-30 :
wo-70 M win-20 rwﬂﬂi
w0-20 a-10 ~

Observations in my farm

“TR % 2% eo% @% [ % 2% 0% @ =  Farm$8 Outside temparature: 2,8 - 25 *C
oF - 115 cows 35 Lmilk fcow fday i rrnonil ol aaions| (g N, Taowiday) Ventilation: m-u::omanm.fm
kglm“lsm cow dry matter feed | cow (day concentrate feed
a0 LS iy min: 7 g MH3 foow fday
.-plrnn - 800 530 = =B-11
o h S N i _-:l_. =
500 - 600 w1520 - “z-5 S—
- 40-15 a0-1 '— " B10% I IO O1F 2 e mAn u:n&:sﬂw&uuno:-nlnv
Reference emivsion factor: EF = 30 g MH3 foow [day
% 20% 0% 6N ERRANES N % W% 0% ®%
T20 kg feow 21 - 28 kg dry feed [cow fday 7 - 10 kg concentrate foow fday » Methane emissions (kg CH, /cow /day)
- "
Housing category housing area
-n.u.-d ok | Baap imar The monitored house

w5 min: 0,9 g CH4 feow fday
0% max: 1 g CHA foow [day
w%

e

C -Md-mfoum‘
ul‘h‘w
Cubicla houving | Uncrvsesd
=t
T sl 0020% EF [1300% EF (1EF 112 x EF @4 x EF 0% EF 30N EF DEF DixEF Bdxlf u
Wtk % 0% 0% % Reference emission factor: EF = 0,58 kg CHA foow /day
% % 0% 0% 2182 m fhouse
feed lactating cows (% feed all animals) cowW area ~ B » Nitrous oxide emissions (g N,O /cow /day)
m90-100% - LR grazing option
o Es.00% LB W Parmaant grasing
ws0.75% wios |
50.50% > w0 s froers graing) L e
% 0% 0% 0% e o max: 16 g N2O feow fday
% W% 0% @ % sa% 100%
75 - B1% total house 8,7 - 103 m’ flactating cow J DI0% EF @30% IF CIEF D2x0F Maxer ®  mower s e OF n2aer maxtr
Bedding catsgory Ing Input (kg T p— Refarence emission factor: EF » 1B g N20 feow fday

WStraw and/for bunks

mWood hign and/or swdust [Tl ., ,

3 W Diied manuee sesiders 1,00- 500 .
W Cabchum, Lime -0,01-1,00
S P B0,00-0001

" %
Matiress oty et i min: 0,6 kg CO2 eq /L milk
onhe«ﬂng 22 -m 0%
% Wh W% Manure output 0% % max: 0,8 kg COZ eq /L milk
slatted floor manure removal 2 Whquid — 0%
& Wpresence & Wy F Wi prem——1
- =
R Eeet womsi — e
% som  ao% % 0% 1008 e T e \Il_o(«ln:nmiu:nrl:m EF =10,40 kg COZeq fcow day n-—-—--:;, =
Climate Care Caftle Farming Project - Field (WPY.5) - ali ination of farm resull - version 1 p.1 Chimats Cae Caltle Farming Preject - Fiatd and {WPL5) - St ol version 1 p2
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Graphs are for the Presentation of the
reference situation farm situation

Housing category housing area
m Bedded Pack / Deep litter

area
@ m Cubicle housing / Covered

Liter milk / cow /day Sl o T

walking area 500- 1500
m Tie stall — W
m0-500 - ;
. = q_n = other % 20% 40% 60% o
% 20%  40%  60% 2182 m? fhouse
. 3“ - q_n feed lactating cows (% feed all animals) cow area
m90-100% Osm grazing option
= H75-90% u15-20 = Permanent grazing
. En -— 3[] 550-75% Lo m10-15 =  ®Permanent housing —
L0-50% < m5-10 1 Mixed (hours grazing) |
m0-5 = Unknown
1[] - En % 20% 40% 60%
— % 20% 40% 60% %  50% 100%
n 1“ 75 - 81 % total house 8,7 - 10,3 m? /lactating cow
o
bedding category bedding input (kg bedding /cow /day)  The manure management
M Straw and/or husks 7
B Wood chips and/or sawdust - H32-7
% 2 I] 5'5 4“ % EI] % = M Dried manure residues . 1,00 -3,00
B Calcium, Lime H0,01-1,00
 sand = H0,00-0,01
i Mattress only
m & Unknown — 20%
35 L milk /cow /day o ws Vs panurg T—

slatted floor manure removal B liquid
= Hpresence . = Bday F H solid
N absent Emonth H solid & liquid —
Bunknown B unknown W unknown

% 50%  100% % 0% 100% % 0% 40% 60%
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Results (CCCFarming 2020-2023)

Left graphs show the
country situation

Right graphs show the
farm situation

Take-home messages Qutside temperature | °C) wantilation [m® fhour foow)
# observed ammonia and nitrous oxide emissions were below reference @ >25 b W > 10000

emissions and contribute to the low emissions observed in the country T18-25 04500 - 10 000 i

» observations were made in a large range of outside temperature and -;‘f‘“"‘ IF_‘ 11500 - 4 500

ventilation that ibute to the rep: ivity of results W<z 400~ 1500

« small emissions can be due to frequent bedding input and manure | <400

% 50%

remaval b 50 %

100%

Observations in my farm

» Ammonia emissions (g NH, /cow /day)

4 8
* R

_L_-

ﬂ 10% EF IMEF [EF HZ % EF I4 % EF

*
020% EF D130% EF C1EF 02 % EF M4 K EF
Reference emission factor: EF =30 g NH3 [feow [day

{ﬂm emission factor: EF = 0,40 kg COZeq fcow fday [~Hpg

» Methane emissions (kg CH, /cow /day)

E

60 %
a0 %
0%

%

D10% EF D30%EF CEF D2xEF MAxEF W

D 10% EF [@30% EF [ EF (12 x EF @4 x EF
Reference emission factor: EF = 0,38 kg CH4 fcow [day

> Nitrous oxide emissions (g N,O /cow /day)

0%
0%
0%
0%

88528
e

—

0110% EF @ 30% EF [ EF 02 x EF @4 x EF

[10% EF 0130% EF [1EF 12 x EF M4 x EF
Reference emission factor: EF = 1,8 g N20 fcow fday

» Greenhouse gas emissions (kg CO, eq /L milk)

0% 80 %

&60%
40% R
0%

0%
0%
0%

b

Bi0%EF D30REF OEF D2xEF @4xEF 0 10% EF D30% EF DIEF 2 x EF @A x EF

-mn--m'x--m::- [_max | min_ | max_|
0,20 | 0,61 [0

Climate Care Cattie Farming Project - Field monitoring and (WP1.5} - i

ion of farm result - version 1

p.2
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The farm (or country) is NOT characterized by only one EF for a specific year
BUT by the EF distribution over the year

Observations Observations in my farm

» Ammonia emissions (g NH; /cow /day)

40 % 100 %

20%

50 %

]
% %
EIIO%EFISO%EZ)(EFIM(EF 010% EF @30% E€ 1EF )12 x EF B4 x EF
Reference emission factor: EF = 30 g NH3 /cow /day _min_| max | min_| max |

10% EF — Much lower

30% EF — Lower 1 he « si
EFs distributed in 5 classes : EF — Neutral ‘ B easisnature,

2x  EF — Higher of the farm over the year
4x  EF — Much higher
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OBJECTIVE

The objective of this method is to point out « hot spots »
or good practices, compared to average results,
to help implementing mitigation strategies

i |

Sl
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= | o JI. Results (CCCFarming 2020-2023) EXAMPLE
L'ELE\'AGEIdEIE / << HOT SPOT ))

Observed emissions

(" Observations in my farm )
» Ammonia emissions (g NHs; /cow /day)
lactating cows / house Liter milk / cow /day The monitored dairy cows
a0 % 100 % o > 600 H =40
= 200 - 600 =) M30-10
20 % 50 % |€> m70-200 H20-30
w « m20-70 L 10-20
[O10% EF m30%EF [1EF 02 xEF M4 EF [010% EF m30% EF [1EF 02 x EF M4 xEF wo-20 — 0-10
Reerenceemision actr: € 305 3o o M - . “73 % 20% 0% so% % 0% W% so% =  Farm8
» Methane emissions (kg CHy /cow /day) 97 - 115 cows 35 L milk /cow /day
kg liveweight / cow dry matter feed / cow /day concentrate feed
&0 % 100 %
u > 800 u =30
0% 0% = m 700 - 800 =25 -30
n% W 600 - 700 =» H20-25
% w15-20
[ 10% EF [130% EF [ EF [12 x EF M4 x EF [10%EF D30%EF CEF O 0 = Gl —
L0-15
-

Reference emission factor: EF = 0,38 kg CH4 fcow [day min | max | min | max | min I max | min | max min “0-500

[0.00 | 0.16 | 0.28

% 20% 40% 60% 25 HiES e e % 20% 40 % 60 %

720 kg [cow 1 - 28 kg dry feed /cow [day 7 - 10 kg concentrate fcow /day

» Nitrous oxide emissions (g N:O /cow /day)

bedding category bedding input (kg bedding /cow /day) The manure management
M Straw and/or husks w7

Voo s o

5 B 8 8
S A

O 10% EF [30% EF [EF 02 xEF @4 xEF

s Y H3-7 et
Reference emission factor: EF =1,8 g N20 fcow [day = W Dried manure residues . 1,00 - 3,00
; H0,01-1,00
o ] ® sand =’ ®0,00-0,01
» Greenhouse gas emissions (kg CO; eq /L milk) 1 Mattress only
& Unknown — k] 20 % 40 % 00 %
0% e m ER TN 0 kg bedding /cow /day Manure output
0% 60 % ATt d 1oor manure removal = Hliguid _
0% 40 % = M presence = MBday P N solid
0% W% W absen H month msolid & liquid [
W unknown W unknown OO
D10% EF @m30% EF CEF m2 xEF m4 xEF O 10% EF O 30% EF [ EF 0 2xEF m4 xEF
. . min max min max min | max [ min | max min % 30% 100 % % 30 % 100% % 20% 40% 60%
Reference emission factor: EF = 0,40 kg CO2eq /cow [day [ —§,00 | 0,05 | 0,20 | 061 | 0,61 | 136
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%3/ e II. Results (CCCFarming 2020-2023)

EXAMPLE
‘ « GOOD PRACTICES»

High Scraping frequency decrease the risk of having high NH; emissions

NH; Emissions

800
700
600
500
400

Every 2h

300

[ )
200 . :
mo' ; ’
®
. ._Is!g §

0 5 10 15 20 25 30 35 40

Ammonia emissions (g/cow/day)

Scraping frequency (nb/day)
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| EXAMPLE A
< GUIOID FIRAETICEIES) NH, emissions for farms w/o mattress

Presence of Mattress }
All buildings with mattress showed low NH; emissions "

30

NH, emissions for all selected farms w0

10

50 W10%EF M30%EF ~EF WM2xEF M4xEF

40

30

» NH; emissions for farms with mattress

10

W10%EF M30%EF  EF M2xEF M4xEF

30
20

10

Criteria for farm selection: 0

m10%EF W30%EF ~ EF M2xEF W4xEF
similar housing:

- ratio resting /walking area: 0,5 - 3 m? resting / m? walking similar herd data:
- slatted floor : excluded (absent or unknown) - cow population: 20 - 220 dairy cow / house
- bedding: 0 - 5 kg litter /cow /day - milk production: 20 - 45 L milk/day

- permanent housing (no grazing) - feed: 12 - 22 kg DMI/day
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- 1. The “Simplified Method” uses Carbon budget instead of air flow rate

.............

2. Designed to be used by non-expert people and for acceptable costs

3.  Robust method applied to a high number and diversity of farming systems

4. The “farm signature” is based on the EF occurrence within classes of values

5. Objectives are to bring out « hot spots » or better management practices, ie:

- decreasing the value and frequency of high emissions
- increasing frequency of low emissions and disseminating to other farms Al
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There is a need to do as many on-farm measurements as possible to obtain a

reliable “farm signature” and to evaluate as many farm as possible at the national

level to set the most reliable “country signature” (which is used as reference).

Since i1t has been designed to be used by non-expert people and at low cost, it is

achievable.

Xavier Verge : xavier.verge(@idele.fr

Paul Robin : paul.robin@inrae.fr
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Thank you for your attention

View slideshows of our conferences at [ ‘

| — —

idele.fr
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—y Annexes — Method development

Letevace idele
Emissionsg,, = (Qu X pi) x (Cgas,;, - Cgas,,) - Q- air flow rate
- pi : air density
- Cgas : gas concentration
Emissions;,, = A X G

gas

4 = Ec _ Eccp _ Ey oo _ E s
Ge.cns Geco Gynzo G yvs
G
C-CH4
Ec cus = Ecco, X
Gc.co
G
N-N20
Ev oo = Ecco; X
Ge.co;
G
N-NH3
By = Ecco, %
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...................... I — CLOSSQS — EC-C02 I + EC-CH4I
L S

Ec-cozl = ‘ CLossesI = EC-CH4I

Estimated with
a farm
questionnaire

G
C-CH4
_ Ec.coz = EC-CH4 — EC-C02 X

C-CO2 C-CO2

Q
Q
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Ec.cor= Crosses = Ec-cha ‘

GC-CH4

Ec.chns = Ec.cor X

GC-COZ

v Questionnaire

epr—— g

erE T L
C | n.....'—:|—""'"'—""'i:mr'—'""

E . Losses
LAue G Samplings
(1+ LY

C-CH4 )
GC-COZ
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Emissionsg,, = (Qu X pi) x (Cgas,, - Cgas,,)

Emissionsg,, = A X Gy
4 = Ec _ Eccp _ Ey oo _ B
Ge.cns Geco Gynzo G yvs
G
C-CH{4
Ec cus = Ecco, X
Gc.co
G
N-N20
Ev oo = Ecco; X
Ge.co;
G
N-NH3
By = Ecco, %
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reTe: jdele CH, (Efmt+Mnre) emissions - SMethod/IPCC
(kg/cow/day)
0,9
0,8 °
— 0,7 ¢ ° () 8 o
; 0,6 .' ..‘ ¢
O
LII'I— 0,5 .. v ’0' .
% 0,4 e o® b :‘~'
2 o3 09 2
1
E 0,2
(%))
0,1
0,0
o0 01 02 03 04 05 06 07 08 0,9
IPCC (E-CH4)
L S I N
Simplified Method 0.77 0.33 0.51 0.51
IPCC methodology 0.84 0.38 0.65 0.70

Difference -0,07 -0,06 -0,14 -0,19




