=== IMA Animal facilities
that reduce the
environmental impact

= SCIENCE & IMPACT

of animal production
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260 researchers within 23 units

880 ha for crop and animal research (mainly cow, swine, fish)
Promotes sustainable agriculture in 4 subject areas:
* Quality of dairy produce and food industry innovation

« Water quality and quality of aquatic ecosystems
* Overall assessment of animal industries

* Plant resistance to bioaggressors and environment
and also animal housing...
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Outlines

e Introduction: definitions, problem statement

« Material & methods: factors, interactions
 Results: tcchniques. systems

 Discussion: efficiency, strategy, trajectories of change

e Conclusion: plan-do-check-act= tool development
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Définitions
— environmental impact?
— animal facility?
— problem statement
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%* Definitions: “environmental impact”

of animal facilities

d Pollution of air, water, soils
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** Definitions: “impact” = services

of animal facilities MEATPRODUCTION g0
Cloto: L 244w

LR e e e e e R

d Production of meat, eggs, leather

100 1

50 4

Million Metric tonnes

1 Recycling of byproducts of
agroindustry

0

1970
1975
1980
1985
1270
1995
2000
2004

Year

D Employment’ traditional dishes & Developed Countries B Developing Countries
o ey . Source: FAO (2005)
activities, farm tourism .

1 Production of renewable energy,
fertilizers

kg x alloc (<1)
year
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s Definitions: “animal facilities”

direct & indirect
impacts

from house to system

pesticies | rertzers | wachines )l oiosel | otnrs

Others crops Broiler breeders
Eggs for hatching

Production off
day-old chick

g Stvaw ter

dnima Chicken
[ ] d t-

production [ owers_ production Couers

C h ain storage, treatment,

| soy |
v

Soy processing [« Electricity

Electricity

Feed Factory

. <€ Manure
spreading
Meal off blood, Slaughter
- Transport organs and feathers
» \4
- House construction and S S—
maintenance chicken
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s»* Definitions: expression of impact with

the choice of a “functional unit” [k g xalloc (<1)
year x UF

Impact on climate

change of ; contrasted poultry production

1 kg of chicken Other stages
live weight

™ Heat (gas)

m Feed transport

m Other feed
ingredients

® Palm oil production

B Wheat production

Standard Free Range Standard

(van der Werf et al., 2011)
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*»* Definitions: expression of impact with
the choice of a “functional unit”

Free range production produces less impact at

Impact on climate constant meat budget (1 euro meat)

change of .
1 euro of chicken
live weight 2,5 Other stages

W Heat (gas)

W Feed transport
m Other feed ingredients

M Palm oil production
B Wheat production

B Soy production

B Maize production

B Chick production

Free Range Standard  (yan der Werf et al., 2011)
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** Definitions: “animal facilities”

J Various productions= allocation of
impacts

(decrease of impacts/kg meat or /ha or /€)

J Recycling of byproducts, energy production

= decrease in resource use

production
chain J Variability of production chains (typologies
of production systems: soil & climate, size,

(kg x alloc(< 1)) < rish changing socio-economical environment,

year x UF various local/global society's expectations)
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»* Definitions: problem statement

(kg X alloc(< l)j < risk
vear xUF

J How to take advantage of farm
plasticity and territory
opportunities to

animal » improve recycling (risk),

» decrease pollutant emissions
(kg),

» increase multifunctionality
(alloc, UF)
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/ ™

influencing
factors

A /

—: > levers for
/
| ~,| strategies technical
solutions

S

animal
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Material & methods
— identifying factors that decrease the
impacts
— analyze the interactions that can affect

the result
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s M&M: factors that decrease the impacts

1. Knowledge development: process understanding

+* Scientific research:
understanding the emitting
processes, kinetics,
influencing parameters

** Validate models with interactions
observations in commercial
farms
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s M&M: factors that decrease the impacts

1. Knowledge development: characterize existing farms

feed
production &

transport
| 'w= ™

less feed

| '|r”"\f“'i, b
/ /

house storage spreadin .

less impact

manure management => increase in fertilizers, less in emissions

.

—
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s M&M: factors that decrease the impacts

1. Knowledge development: process understanding

/ \ v feed fitted to animal requirements (e.g.
-17% NH,/pig)

factors e |
. . v’
influencing feed digestibility (energy, proteins,
the phosphorus, etc.)

_ > feed additi
feed efficiency eed addiives

\ / » feed designed to improve manure
processing (e.g. fiber for biogas
production)

» optimal climate control
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s M&M: factors that decrease the impacts

1. Knowledge development: process understanding

a4 N

factors
influencing
the

conservation &

. transformation,

molecules
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v’ Characteristics of manure: pH, porosity,
nitrogen content, oxygen availability,
moisture...

v’ Climate variables: air temperature and
humidity, air speed, area of manure,

» Farming practices: manure additives,
frequency of manure removal, emitting

area
» Hazards (e.g. health, climate, costs)
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s M&M: factors that decrease the impacts

1. Knowledge development: process understanding

é N

v" air circulation
factors _
influencing v' air treatment
the
» heat recovery (energy saving)
exhaust air

< /
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** M&M: modeling equations

Ammonia emission: function of age, excretion, moisture

F.00

i, BB o tlitter temperature
i s theat productir

: [ Nl oo sl +animal species

% :: i Check the

RERE representativeness of
| literature values with
o251 4/ direct observations or

Dec J;n F;h :ul;ar g u.;ar JL;Jrr .I;IE farmer data!
Casey et al., 2005 Broiler houses
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v M&M: interactions
1. Gaseous losses at various scales
% Animal: CO,, H,0, CH, are released (50% C, H,O intake)

% House: CO,, H,0, NH;, N,O, N,, CH, are released from
manure, sometimes after air treatment (20-60% of
excreted nitrogen)

¢ Farm: gases are also released but fields also collect
rainfall and dry deposition => net emissions can be
negative (e.g. C storage in forests increased by N,
deposition; CH, sink by agricultural soils)

** Region: farm interacts with other activities; recycling or
organic byproducts/biomass production can contribute to
emission decrease
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v M&M: interactions

1. C-N-H,0-0, are necessary but not sufficient to
explain emission variability (to manage emission
reductions)

¢ Climate influence=> temperature, rainfall

+*»* Biological activity=> toxicities, synergies explain
limiting or accelerating factors

** Non linearity of biology: feedbacks can be positive
then negative around a threshold

** Scale effects=> analysis of biological & social
functions (e.g. food chain)
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v M&M: interactions

2.example: pH control in manure (CO, and NH,; are
both emitted from manure)

NH,” + H,O — NHiaq pH decrease

K
« 2 €O, 4+ 2150
- pH increase
F\ﬂcz
CO, 2 + *—= H-CO,;+H,0

H-CO-

** pH influences emissions and biological processes
and is affected by C-N emission ratio
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v M&M: interactions

2. Example at house scale: consequences on composition of
manure and emissions of NH,;, GHG, H,O

‘ Factors influencing the manure composition

prediction
not possible

!

farm
observations

ventilation

animal density

so1l (concrete, earth), the litter
drinking equipment

health of the livestock

feed

animal species

storage

treatment or spreading equipments
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Results
— example of techniques
— example of systems

ALIMENTATION
AGRICULTURE

UFSC - Florianopolis, 29 September 2016  Animal facilities... 25 ENVIRONNEMENT




From process understanding to technology development

2 — decrease 3 — decrease

1 — treat . .
. source with source with
exhaust air

manure
management
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From process understanding to technology development

1.1. Air treatment

6~ Typevertical
3 1: Air a traiter

2:Rampes de buses

3: Maillage

4:Bac de rétention des eaux de lavage

5:Séparateur de gouttelettes

6: Extraction d'air traité vers I'atmosphére

Type horizontal 2 pros
S B aigondasasdt ammonia: 50 - 90 % with acid

. odors: 40 - 70%
particles: 70 - 90%

ans
pro

cons

Centralized air extraction

Decrease ammonia Wi ) d di
Decrease particles . ater consumption and spreading
ost

Decrease odors
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From process understanding to technology development

1.2. Air treatment: heat recovery

= optimizing recover of heat
« 2 managements of the heat exchanger of heat (heat deficit or heat excess)
e Cyclic proportioning (walk/stop)
* Variator of frequency (progressive increase in air flows during time)

Intérieur Arrive d'air
pre-chauffee

Evacuation de
I'air vicie

Extérieur
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From process understanding to technology development

2.1. increase in feed efficiency in Brasil

— PV ADG Slaughter Age Feed Mortality
(g (g) (Days) Conversion (%)
1930 1500 13.9 108 3.55 20.0
1940 1550 154 101 3.04 17.2
1950 1580 22.0 72 2.58 152
1960 1600 27.9 37 2,25 13.1
1970 1700 339 50 215 11.2
1980 1800 36.0 50 2,10 9.5
1985 1890 38.7 49 2.08 8.8
1990 2061 45.1 46 2.06 5.9
1995 2187 479 46 2.02 5%
2000 2426 53.1 46 1.94 4.5
2005 2481 54,7 45 1.86 43
2010 2643 58.6 45 1.80 3.9
20157 2788 64.8 43 1.70 3.7

* PV-Weight Live. ** ADG-Average daily gain. * Estimate.
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From process understanding to technology development

2.2. decrease source with feed

45

Decrease 40 - o

. P 100%
protein 35 - s s0e,
content and ;—’3,0- e 18 s
add benzoic % 28] D
acid in feed £ ] —— 13
to reduce = 15
ammonia 0
emission zz . | | |

0 50 100 150 200 250

Time, hours (Daumer et al., 2007)
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From process understanding to technology development

2.3. increase feed efficiency with fogging systems

Fogging also
decrease NH; by 20-
30% in growing-
finishing pigs
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From process understanding to technology development

3.1. Technology development: frequency of manure

removal
12 : .
o “mechanical hydraulic
% 9
3 8
5
E 7
§ 3 6,p8 5.92
8 s
£
4
. - -
AGRICULTURES 2 _ X
s control  |Scraper I  Scraper 2 Scraper+  Flushing 1~ Flushing 2
BRETAGNE S ventilation
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Integrating processes: 1.check pollution transfer

EMITEC project: evaluate the effect of various combinations of BAT (best available
technique) applied at house, storage, spreading

House Storage . Spreading

Modalité témoin : Stockage ‘

lisiers sous animaux pendant
engraissement

control

— control
Stockage extérieuwr des

lisiers non couvert

. Stockage extériewur couvert

Modalité évacuations S,
Fréquentes par gravité des .
tistefs Stockage exteriewr couvert

combiné a une torchére

Modalité lavage d’air
Stockage lisiers sous animaux
pendant engraissement

2 BAT
ity G s aplons 3 BAT 2 seasons

fréguentes par flushing
avec fraction liguide des
{isiers
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Integrating processes: 1.check pollution transfer

Flushing + couverture M |
FlushingM |

cuation gravitaire + couverture M
Evacuation gravitaire M

Lavage + couverture M

Lavage M

Chaudiere M

Témoin M

1
I
I
]
: I
1
|
|

Flushing + couverture P2
Flushing + couverture P1
Flushing P2

Flushing P1

:uation gravitaire + couverture P2
:uation gravitaire + couverture P1
Evacuation gravitaire P2
Evacuation gravitaire P1

Lavage + couverture P2

Lavage + couverture P1

Lavage P2

Lavage P1

Chaudiere P2

Chaudiere P1

*— NH;=35% NeXCI m s ),
[
.“_

=IJ-- N 40% Nexr

control -

0% 10% 20% 30% 40% 50% 60% 70% 80%

| | House |ENNNEN Storage W Spreading
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Integrating processes: 1.check pollution transfer

» Effect of BAT implemented in building or during
the storage can be reduced by the lack of BAT on
the following stages (storage, spreading) => BAT
should be used at each stages

» Conservation favorable to recycling

N conservation (% N excreted) :
At the end of the storage: 61 - 85%
At the end of the spreading : 20 - 64%.

e Cost of observations => models!
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Integrating processes: 2.reduce both inputs and losses

Fazenda seis amigo (MT)

=~ forage

- =
_harvest a4

5

P<2¢ manure
store "

animal
houses .~

-

e L ~
Fabrication des

intrants

Biogas
production

Transport des
intrants




. Integrating processes: 3.recycling
experiment (since 2007)

1.spreading => 2.maturation
30 sows . e PPrinciples:
compost _Eor liquid manure, combination of
pond sem.ng“‘< agrl_cul_tural productions tc_> recycle the
wetiEndts tank " hygienized water for flushing
’—‘I sludge worms . .
N :] / — -(For solid manure, increased storage of
Il Slofage A macrophytes elements and water evaporation through
\ e carbon and porosity management)
=>Features:

-Workers on animal farms can use the saprophytes or
macrophytes as bio-monitors to adapt the management

-The solid products can be either reused to reduce inputs of
the farm (fertilization, feed), or exported to balance the

Macrophyte

o ponds inputs; crop yields are increased
CM e -Efficiency is 50 higher than spreading (600=>12 m?/pig)
o A
RENN[S1 ek § FI5ii) L AN

CHAMBRES
D'AGRICULTURE

BRETAGNE
Recherche Appliquée

/)Cemagref s X fé S E B

SHAMNGHAL JIAD TONG UNIVERSITY




EXPerime“tal SEtlIP 50 times less area than

feed . '
QUL el Solid refuse Prestng TR R
, reading + maturation
N 30 sows W (vermifiltration) (vermicomposting)
flushing T )
- :
raw effluent i

1.

4-5 m3/day
| " vermi-
agoons
& wetlands Q L
(FP) *
: output =
L_l{ ~ v, vermifilter £

v
@ N~—] & Settling tank
worms
H Storage lag"ﬂl macrophytes Q

variable water level Sampling points
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Recycling elements

800 A outputs outputs
N, & organic matter organic matter
700 1 640 & plants
— 600 -
£ 500 - 51
c 265 384
O 400 - 362 330
£ 300 - 244
3
c 200 A 64 5r 186
o 49
o 52 46 36
100 - o0 43

DO @1 ® 0 i

sampling points ‘
A
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Pathogenes and micropolluants

e thorough hygienisation
» essential vigilance

(recycling) 100001 jmportant abatement of

1000 | docrine disruptors

]effect of station

-
o
I

effet perturbateur (ng Ez-eq/L)
o

-_—

iAREEED S
@O @@ () ()

» important abatement of
lagooning

bacteries / g liquide

- effect different from lagoons

and of the wetlands depending
B E. coli [0 enterococci B C. perfringens on indicators considered
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CH_, emission of the vermifiltre

. 0,16
‘TE 0,14
(73]
5 8 0,12
g § 0,10
0,08
S E
= _c 0,06
8 E:: 0,04
(IJ 0,02
> 0,00
-0,02

UFSC - Florianopolis, 29 September 2016

<With earthworms (+WL 4Without earthworms t W

CH, measurements, N,O, NH,,
CO, by static chamber

Emission

of CH,
when

Methane sink

manure in
excess

A
-

R

' increased manure

(2,6, 28 Liday)
T I_._I—E'f- T

H_IE"‘EE_'_‘:_

+W2L +W6L +W28L - W2L - W6L - W28L

ALIMENTATION
AGRICULTURE
41 ENVIRONNEMENT

Animal facilities. ..

)



Integrating processes: 3.increase multifunctionality

STOFSTROMEN TWSSEN STAL & KAS

New designs to produce energy, fiber, ‘ GoN GRSISTEN KENGLOGP i EEN BCDRYFSCONCERT

food, feed S
ok e 3

Explore new technologies into new farming  |eremns )
concepts:
- Which scale is optimal?
- Which part of byproducts that can be
reused on farm?
- Synchronism between productions?
- Coupling heating/drying to reduce
transport costs?
- Health issues associated to increased
reuse of byproducts?
- Specific knowledge needed?

==
i — P i

e , ~ i
,/ (s S

AR

www.innovatievarkensvleesketen.nl
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Integrating processes: 3.increase multifunctionality

New designs to produce energy, fiber, -
food, feed (increase in cost & services) o

horizontal
or vertical?

S N

o £ o
g ] Y
s
e S e

o

Time for solutions: vertical farming ©2eusto
Vertical farming (IIT)

HHH
id
i

§2as
| -
ig

i
EH

LR
“gsg

-
iy BOGAS DIGESTE
el METHANE AN CARBON

eoato ecouC
AN FORFRTRRIR o

LI SEPARATI SN TO

HYDROPORC

FUTRATION LOOP -~

s
g i 7 :
i
oce® 6
]
IR 3 .

Vertical farm / vertical farming concept Tk R Come - Wrtke famming: Row could we ke adbemingeof o vercal oud dowe grow o pain? 35
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Discussion:
— efficiency at national scale
— modeling: cost/benefit analysis
— trajectories of change
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> efficiency of BAT at national scale?

Assessment of different technical solutions to reduce emissions:

« Social acceptability of techniques

« Maturity of techniques
« Efficacy of techniques

* Number of farms/animals or volume of manure concerned

-

Pig farm scale: mostly house

Ammonia (NH,)

House(60%)
Spreading
Storage (30%)

A G R I C U L Gisoir drainant

UFSC - Florianopolis, 29 September 2016 Animal facilities.....
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national scale: mostly spreading

0 2 4 6 8 10 12 14 16 18 20

Il Il L L Il 1 1 1 1 1
SP Incorporation par charrue immédiate W
Lavage d'air (acide)
SP Incorporation par herse a disques immédiate
SP Incorporation par déchaumeur immédiate
SP Injectionsur terres cultivées
P Incorporation par charrue dans les 4h |

s Incorparation par charrue dans les 6h |
SP Incorporation par herse a disques dans les4h |
S Incorporation par herse a disques dans les 6h

Pendillardssabots trainés |

Incorporation par déchaumeur dans les 4h m
P Incorporation par déchaumeur dans les 6h |

Incorporation par charrue dans les 12h
SPIncorporation par herse a disques dans les 12h -
Raclage enV |

SP Incorporation par déchaumeur dans les 12h |
Couverture artificielle

Pendillards tubes trainés

SP Incorporation par charrue dans les 24h

H Fond de fosse ondulée |

SPIncorporation par herse a disques dans les 24h |
P Incorporation par déchaumeur dans les 24h |

H Evacuation fréquente des déjections par procédeé...|
CroGte naturelle |

SP Injection sur prairies (patins tranchants) |
Couloir

SP Injection sur prairies (herse & disque) |
P Incorporation par charrue dans la semaine |
corporation par herse adisques dans la semaine

L

t Bachage destas
Pncorporation par déchaumeur dans la semaine
»




> efficiency of BAT at national scale?

0 20 40 60 80

| 1 Il Il

H Evacuation fréquente des déjections (évacuation gravitaire) |
St Crodte naturelle
St Bachage destas
SP Pendillards sabots trainés

SP pendillards tubes trainés .
SP Injection sur prairies (patins tranchants) ] | COStlbeneflt 2020
. SP !Incorporation par charrue immédiate : (€/kg NH3)
N H3 red uctlon at SP Incorporation par herse a disques immédiate |
SP Injection sur prairies (herse a disques)

natlonal Sca|e . SPIncorporation par déchaumeur immédiate |
SP Incorporation par charrue dans les 4h

effiCient teChniqueS SP Incorporation par charrue dans les 6h |

SP Incorporation par herse a disques dans les 4h

Of N H3 redUCtion do SP Incorporation par herse a disques dans les 6h 1
nOt concern houses SP Incorporation par déchaumeur dans les 4h |

SP Incorporation par déchaumeur dans les 6h
H SP Incorporation par charrue dans les 12h
(h Ig h COStS) SP Injection sur terres cultivées |
SP Incorporation par herse a disques dans les 12h
SP Incorporation par déchaumeur dans les 12h
SP Incorporation par charrue dans les 24h
SP Incorporation par herse a disques dans les 24h
SP Incorporation par déchaumeur dans les 24h
SP Incorporation par charrue dans la semaine
SP Incorporation par herse a disques dans la semaine
H RaclageenV
St Couverture artificielle
H Lavage d'air (acide) |
H Lavage d'air (eau)
SP Incorporation par déchaumeur dans la semaine
H Fond de fosse ondulée
H Couloir
H Gisoirdrainant
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> efficiency of BAT at national scale?

Cost per metric ton of CO2e avoided for the farmer and abatement potentials
500 - (year 2030, mainland France)

Heating of poultry o B'OQTIS platnths_ h g
houses (win-win, 8 (STa tcTs » NIY «Eg g
0 | small potential) potential) £ 3 HE
s S N
EE I NS N B & R O AP N[
= o z '.E = g é e S =d e
200 {2 g a§ 2 g g @ g E = o
= |E 33 < > o3 3 0
g 128 § g g S < < & o S
° - 5 o i~ = e o0 ©
g  ©60 0 @ -
SOB 0l . 15 20 2 30 3
8 £ i & 5
8 0 | 1‘ § ki 3 E e 2 Cumulative annual abatement
3 | g égg Sgé 3 E (Mt CO2e avoided)
IR Y 1) MAC CURVE
Iz 2 (S] sS¥: 2 &
400 WS g é% % © o e © greenhouse gases at national scale:
15 g %: efficient techniques concern houses
A~ g@ "Expert” calculation method
500 - ® Without taking into account induced emissions
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¢ Trajectories of change

1. Market driven => rapid changes

« Context : « carbon credits (approved methodologies)», « green »
products, brands,...

e Limit: « green washing »

|ﬁ, hktp: [ e, ageert, comfglobaliindex?page=business_overviewifeisw=aGCER TRlocale=en

S AES | AGCERT l |

= Respectful Eggs - Free range egps which are good for the environment - Windows Internet Explorer

— - — i
@'\'—'ﬂ' - |g, http: s respectful.co.ukf V| 4| XK |egg respectful |

W o |§i:| € AES | AGCERT ]@Respectful Egas - Freeta.,., 3 |_| & v B oy o+ ikPage ~ (G outi

(espectfu(

The Farm  Environment Recipes FAQs HenWatch Kids Press Contact

an AES company

Production and sale of]
greenhouse gas
emission reductions

lelpinglliveld happy W)

. which aregood for the environment

Welcome to Respectful Eggs

Respectful are great tasting, free range eggs, with half the
carbon footprint of standard free range eggs

lelow is.a list of AaCer projects:




¢ Trajectories of change
1. Market driven: DQY ecological farm (10° eggs per day)

°°1 E-‘:‘“'oc.k;.'¢
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» Trajectories of change

2. Regulation driven

¢ Pollution abatement : development
of mitigation techniques,
certification of the efficiency

¢ Policy-making : national inventories

¢ Certification of BAT (best available
technique)

Costs or risks => oppositions, slow adaptation
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» Trajectories of change

A small increase paid by

3. Reducers (actors) the consumer can have a
huge impact on the
¢ Farm: what do they win? farmer salary
Who controls (scale? farm economical motivation
or farm group)? => accelerated evolution

Frais vétérinaires; 1,9%—, Désinfection; 0,5%  Taxes parafiscales, frais de

gestion et divers; 0,3%

Eau, électricité; 1,0%
Enlévement animaux;

Chauffage; 2,7% 20%

Litiere et enlévement
fumier; 0,4%

Autres charges fixes; 3,6%

Frais financiers; 1,8%

Dotations amortissements;

Salary of — =

MO; 6,4%

farmer: 6,4% Aliment; 53,5%

Poussins; 17,8%
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¢ Trajectories of change

Changes in tf_ie -price_s or regulaz;ions induce changes in production pratices

r

Efficiency/substitution-based

Critical Policy Studies
Publication details, including instructions for authors and
subscription information:

hitp: / /www. tandfonline. com/ loi/repsd0

EU agri-innovation policy: two

contending visions of the bio-economy
Les Levidow ®, Hean Birch ® & Theo Papaioannou®

* Dovelopment Policy and Practice, Open University, Mitton
Keynes, UK

’ Department of Social Science, York University, Toronto, Canada

MAIN (ritical
PRODUCTION _ s ' Podicy Studaes
SYSTEM :

: Evolutions driven

v by agro-industry

INNOVATION

NICHES > > . Geels et al., 2005
> > Innovations proposed by (Geels etal, )
farmer networks looking for 5 Temps ‘
new technologies or

S \ A
: : biological processes
UFSC - Florianopolis, 29 September 2088 S -



Conclusion
» plan —do - check —act — plan-do ...
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** Plan= Do

¢ Depend on farm categories => objectives, opportunities of
change

*¢* PLAN => evaluate with models the consequences of changes
¢ Choose (companies, farmers, administrations)

% DO...

‘ 4 types of modelling approaches are usefull
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»* Coupling physical and biological
processes with small input parameters

0,08
0,07 CO,, H,0
Compost model 006
Haug, 1993 0,05 —obs —sim

0,04

0,03
Activated Sludge g:gi H =il
Modelling 0 ‘ ‘ ‘
(ASM 1996-2007) 0 300 hours 600 900
0,25
N,O
0,2
—obs =sim
0,15

nitrification
/

0,1
denitrification
0,05 |
0 1 T T T

=> climate input at hourly time step 0 300 600 900

=» 5 parameters specific of manure + 25 based on literature and experiments
= influence of C & N biodegradability, porosity and humidity

Natural ventilation
(Souloumiac & ltier, 1989)

Hénault et al., 2005
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N/

** Modeling animal production systems to check
dynamical coherence of mass and energy fluxes

Electricity, propane Gas emissions eat

. A SYSTEM

Mahure
Dead +
slaughte
Ch
manure |Gas
Feed eﬂissions
Heat
EEEEERNEEDR I>
Input STORAGE
Output Gas === 3pEnergy flow
Intern flow emissions === Nutrient flow (C, N, P, K, Cu, Zn, water)

Méda, B., 2011. Ph.D. thesis, Agrocampus Ouest, Rennes. Retrieved from http://tel.archives-

ouvertes.fr/tel-00662627




N/

** Modeling actor behavior for biomass
recycling to choose collective equipment

Climate data,

Farm parameters Bioghysical M u It | -d ge Nt

(structure, management)

arameters
[ MENS [y i software

Import a5  Supply

| Outputs:
I—> MAGMA MO‘:BE o
when, how much to deliver .& : > emissSions

> energy
APPROZUT !
{ <_|— OM Flows Y

Water balance l 1F1
Actions (harvest, spreading) ® | gaching > I Im |t| ng
Evolution of OM stocks Mineralisation .
Evolution of OM stocks Working time Volatilisation of N e q Ul p me nt

of a treatment plant Crop fertilisation... Absorption by plants
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N/

** ENGELE: serious game for pig farm management
& design to learn innovative systems

ENGELE * Pig farm simulator for students
& engineers to visualize the
consequences of changing
practices on performances &

emissions

e environmental balance sheet
and life cycle analysis allows
users to measure their
progress throughout the game

http://www. rmtelevagesenv1ronnement 0rg/pdf/ﬁcheout11s/14 ENGELE. pdf

UFSC - Florianopolis, 29 S¢ -




* Check= Act
correct models, take changes into account

Surveys & network monitoring
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* Check= Act
correct models, take changes into account

Experiments on key-processes:
* choose scale
* choose lab/field
* define system where results will be
extrapolated (definition variables & ranges)
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the challenge

rapid 8: global
Take home messages change

A/

** Impact depends on system definition and evaluation basis
(functional unit, allocation)

** Impact of a given facility depends on environment (climate,
feed, animals) and farmer practices

* A lot of “best available techniques (BAT)” have been defined,
their efficiency depends on the farm and the territory

** Magnitude and speed of changes depend on socio-economic
issues (trajectories)

** Models and monitoring are key issues to set up efficient R&D
programs
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Thanks

THE FUTURE
DOESN'T

fo r ACTUALLY STOP,
YOou MmuUusT
CATCH IT AS IT
. PASSES
yo u r FUTUEE
STOPS HERE,
attention! pOESNT AT

Any
guestion?

W ALIMENTATION
’ oo
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Appendices
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Welcome to next Emil.1 symposium!

2017
mi

~ _- :_ . 3 ! | e o ; eSS
L eae T e
Ll 1: <l R Vi

— ey y A o e ".‘ il |'._'i )}

.,l"‘I

THE FRENCH PARTNERSHIP NETWORK ON PRESENTS:

e 3" International Symposium on MAY 21-24, 2017
Emi SAINT-MALO, FRANCE

emili2017@ifip.asso._fr
cnlloque inra. frfemrll2017

‘\\
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v M&M: interactions

2. example: animal-manure interactions (animal
behaviour determines place and amount of excretion:

high N & H,0 inputs) B
loss protoxide of
heat nitrogen (N,O)
nitroge

_jloss of

‘ nltrog.en .
organics water

Management of litter &
stocking density influences N
losses and transformations

\  Z
loss ammonia

Y
(NH;)

situations
t0 avoid

nitrogen
(N>)
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v M&M: interactions

4. Interactions at territory scale: urban-agricultural recycling
can improve nutrient efficiency at region scale

s Agricultural reuse of organic by-products
** Non-food/feed crops for contaminated OM

** Food/non food needs of urban populations and
industries

** Heat & water availability for crop productions can
increase productivity when they are limiting factors

** Wild animals & functions for non food requirements
(recycling, hygienisation, recreation, etc.)
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s M&M: Design of cooling/heating systems

In hot climate cooling & air speed are used to reduce animal
heat stress: optimize water flow rate & natural ventilation to

improve feed efficiency?

THE PRINCIPLE OF
ADIABATIC COOLING

B%l@w R

A - B Aircools adiabatically along
line of constant enthalpy

B Airis cooled to 18°C
g FIT VR TTTRY ER CAOLO g o
¥ i} &

ecific H

Sp

L e o

f.000 1IIII'I]III1'IIIII'I]III[1!III[]IIII:'I!III[]I
] 5 1] 15 Fiit] 28 a0 ] 40

Temperature - Celcius

\4

Conversion of sensible S L
1 ¢ 3 = r a
heat into latent heat ~ P =@ x5 \/2 < 24 -l

I, température




From process understanding to technology development

3.2. Technology development: slurry treatment

¢ Separation of phases )

*»* Biological treatment

** Treatment on filter basins Sustainability

«»* Aerobic treatment > of nitrogen
conservation or

** Methanisation loss?

** Treatment by mycelium

** Lagooning
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From process understanding to technology development

3.3. Solid manure management: controlled forced ventilation
modifies moisture and oxygen availability
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From process understanding to technology development

3.3. Avoid pollution transfer: compost aeration can
decrease CH, but increase N,O
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» Trajectories of change

3. Reducers (actors)

** Group of farmers

** Company: impact of activity
=> LCA

*** Region: emission reduction +
landscape monitoring +
urban areas
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*** Modelling challenges

¢ Models for understanding, discussing, management
¢ Models for data interpolation and data mining

** Management of model quality, model uses, knowledge
integration: long term strategy for model and experimental
data development is necessary to integrate various
disciplines & scales
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