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Settmg the scene: Environmental footprint of global
livestock production — especially of pigs China
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FEXHFKFRRZERT . E2050FFEHEETIZAM

BEZLEEERBIEIK 2050 over9 billion people will needhealthy
and affordable food with scarcer land and water resources

AOEK A ZECUA il A= &S

Population Growth Available Income Resource Efficiency 1 Ecological Footprint

In China per
one million
RMB GDP

2030

ElE/—BRAGDP

Higher consumption of animal protein Eﬂ%EEEﬁﬁEg i
sources, i.e. meat, eggs, milk and fish m]ﬁ E mﬂ]ﬁ

\ Source: Evonik HN-M calculations based upon
FAO 2006, FAO 2007, FAO 2008, OECD 2009, KPMG (China)
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Future sustainability of food value chain depends on threedimensi
of innovation

= £S5

o -_..." - Ecological Footprint
b*- - I-*
e » {IEHEAY Low Emissiol

- Hﬁ‘f‘tﬁﬁ%ﬁ Modern nutrition concepts
f %%‘%FE?D%BE%@H‘JM Improved

livestock and manure management

g ﬁEE Efﬁ?ﬂlﬁ Low protein diet concept

« BIRRANERIE S
Least cost feed formulation

= AR/ BRI

Feed/protein optimization

* BF IR - ROFREARYE  Saveand

Nut{ient utilization healthy food chain
= BRLSS Sustainable = A RMEEGEN S A R0

fiicient ingredients Nutrition Performance and nutritional additives

Efficiency it REmE==EE
HE / Food Quality and Safety

- E’J%E*U Animal welfare
5 %Eﬁiﬁﬁﬁy&ﬁﬁ Gut health

solution concepts
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A0/ oo © EImRREN K
Populationgrowth 3 WY End-consumerneeds
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Enwronmental Impact Categories

& Climate change

» 2ERTEEESE  Global Warming Potential

= BEEFNEERENEZER Energy and resource efficiency

» ¥EREEEZESK  Primary Energy Demand

= 5 HEKRIRE

Alr, Soiland Water Quality

- BNBEEHINEN T EE
Excrefion of excess nitrogen and phosphorus
leading to eutrophication

*  FEHIHECRERENIEERR (&0, Ht
W, £ )

Ammonida emissions largely responsible for
acidification (fish mortality, forest decling,
biodiversity)

= TIRIFE |, TIERFIEEZ{L Land use, Land

change
- 7J(ﬁrﬁﬂ§n Water footprint
. ZIEME Biodiversity
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SRUSIANMEBIRAIRIDRF G (FIRAAZLIREX ) BEZ(E

H Livestock farming plays a majorrole in all 4 planetory boundaries

which left the safe operating zone

=
. SiR=
g ﬁﬁg#ﬁ Climate change
EYBREE oo

diversity

Biosphere integrity '
Novel entities ﬁﬁ%ﬁ
SRSt ‘/—\ '
iversity ”)
(2 == N \
Land-system Stratospheric ozone depléetion
change

it B FRROP

Atmospheric aerosol loading

SHhYEE=S
Nitrogen Ocean acidification }‘Eﬁm

Freshwater use

XKFE
Phosphorus

4L Biochemical flows

B Beyond zone of uncertainty (high risk) B Below boundary (safe)
In zone of uncertainty @increasing risk} Boundary not yet quantified
m IRIOOFRYE (XX ) n EFFORE (Z2X)
AR EZE (XStE0 ) NFEEAIEE
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Source: Rockstroem et al. 2009,

Steffen et al. 2015
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BRI EEARIFAEANEECAY , DALEERS

Compounds contributing to the 3 most critical environmental impact
categories for livestock are expressed in equivalents

Global Warming Potential (GWP) CO,, N,O, CH, -m | |
BRI (GWP ) e
Acidification Potential (AP) NO,, NH,, 8O5, HCI, HF

B (AP) 0 SO¢/FU

Eutrophication Potential (EP) NHs, NO,, COD

e Kg PO,3-e/FU
EEFNEE (EP) N & P compounds

Global\W armingPotential in kg CO-e = kg CO, + 23 *kg CH, + 296 *kg N,O
SIRTREHYEE , TrNkgCO.e= kg CO, + 23 * kg CH, + 296 *kg N,O
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SR 2EKaESIP (GHG ) HEMER14.5%
Livestock stands for 14,5% of global Green House Gas (GHG)
emissions

Global significance of sector’s emissions. GG emissicrs values are computed in GLEAM for 2005, while IPCC estimates
are for 2004. GLEAM ermnissions estimate incdoes@missions attributed to edible products and to other goods and’

SeNiaes.
Source: www.fao.org

AR im = SPAF 5 2B AEIEL ). \PCCTaLT 7 2004 R=ESIAAIN , GLEAMAEZ005F 18T
I EESHAIE, GLEAMABE G 8B KR T B 4. BEE SRS IE,

F& - www.fao.org
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ZSEMRIRHELE : 7.1Gt (71(2t) CO2-H

Global estimates of emissions by species:
7.1 Gt (7.1 billion t) CO2-eqgivalents

S[a= il e ke e INEARR S EfthzxE
BEEF DAIRY SMALL OTHER
CATTLE CATTLE PIGS BUFFALO AN CKENS RUMINANTS POULTRY

L ] "

2,495 2,128 6638 018 612

474 72
- BAMCO,-
MILLION TONNES :ﬁ.EO
OS] B A HIE B S Tt AR, JE THIFEE. AEH GRS e g A58, 44
HIA B EAa] BRI, It includes emissions attributedto edible products and to other goods and services, such as draught

powerand wool. Beefcattle produce meat and non-edible outputs. Dairy cattle produce milkand meat as well as non-edible outputs.
2016 Chinese Swine [ndustry Symposium SDUFCEZ WWW.fED.Drg Page 3
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Regional emissions of GHG

126 :
<[ EASTERN EUROPE .‘ll{& 92 BEEEES

% f RUSSIAN FEDERATION

684 1= : 7 602

NORTH CRV@BRRP Y WESTERN EUROPE
;E‘E'CA

. AF & \ EAST & SOUTHEAST ASIA

rARedtiE ,. N 15

| & % 7 6 5 i ‘
1 7 3 5 3 80 ; j.\“.; SOUTH ASIA
LATIN AMERICA ALS-SATFAREERERICA Fﬁﬂ@'&. ;Ic?ngm
AND THE CARIBBEAN EShL Bt X : é‘ FSEM
T NS HX S 7
o) v w

MILLION TONNES CO.-EQ BEEF CATTLE  2DRRY CATTLE PIGS CHICKEN  SMALL RUMINANTS
BAl, CO,-E B4 IR ] 35 IINEY [z S mi#

2016 Chinese Swine Industry Symposiem

Regional total emissions
and their profile by animal
species are shown.
Results do not include
emissions allocated to
non-edible products and
other services.

iR Rt
X AR 4375
B, ZHRERAaS
BT B PR R

RSIERATHIE IR,
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JARFFIEENER o 2 EKRESISHEN - FAO 2013

Breakdown of total global GHG emissions by category for pig supply
chains - FAO 2013

ppiied % BIFE&GARACHEL,

deposited manure, N.O
[C] Fertilizer &'rop residues, N,O I
) Feed:rice, CH, G o 3
[[reca.co,  tFH CO,

B LUC: soybean, €O, LUC : kT, CO,
Bl Enteric, CH, Emig, CH,

Bl Manure management, CH, ZESTEE CH,
[ Manure management, O 25 TEIE, N,O
[ indirectenergy. €O, JERIRRER, CO,
[C] Directenergy, CO, EiEgEE, Co,

Bl rostfarm, €O,  FUBELE CO,

12.7%
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REARRENDFRNRESE (GHG ) HEM : Bdhtb~ 24%!
Green House Gas (GHG) emissions in China by animal
species: Pigs stand for ~ 24%!

TOTAL EMISSIONS skt 742.793.184.016 wnsesofco,eq

Emissions by species and source =HRITIRIHER Share by gas in tntaf&t‘m\sfaﬁsﬂﬂmﬁqzﬁﬁﬁ kb
Gigagrams of (0req JKim CO- -eq B Feed O Enteric O Manure [ Energy use th'lmge W Caron dioxide TJ)Methane [ Nitrous oxide

i AN BE HE fmem o0 SRR AR Skl

350.000

parira 175,4 ——
250000 || million ton
200000 +—
L, =
100000 +—
50.000 :. | A

B4 W ke BE LE
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Breakdown of emissions of Chinese pig production

R ElFF5E S HEIR S R

B Feed: N20 from fertilizatien and@rop - el RS AT HEREY

residues kg CO2-eq/year N20 , kg CO2-eq/sF

m Feed: N20 from manure application and  73@# : BBRN FBRAERHER
deposition kg CO2-€q/year N20 , kg CO2-eq/F

® Feed: CO2 from feed production, transport &k} : @R, =g
and processing kg«CO2-eq/year EHERAICO2 |, kg CO2-eq/tFE
Feed: CO2 from fand use change related to @ : ASHESEELMERA
soy cultivation kg CO2-eq/year THEEICO2 , kg CO2-eq/5F

m Feed: CH4From rice cultivation kg CO2- AR - IFEFMEHEEINHA | kg
eq/fyear CO2-eq/F

m Enteric’CH4 from enteric fermantation kg & : BBRAEHIMEICHA |, kg
C@2:eq/year CO2-eq/5F

&-)\lanure: CH4 from manure management kg Z=iE : F5EEHPIARICHA | kg

CO2-eq/year CUEJ&{”EF_ ‘
= Manure: N20 from manure management kg ZEiE : ZSEEHPIARIN2O |, kg

CO2-eq/year CO2-eq/tF ‘
m Energy: CO2 from direct energy use kg CO2- BEIl : HEERRERRH
eq/year CO2 , kg CO2-eq/EFE

m Energy: CO2 from indirect energy use kg BEIR - 7 FRREIRHISE
CO2 , kg CO2-eq/H

CO2-eq/year

2016 Chinese Swine [ndustry Symposium Page 13



Global emission intensities by commodity

AR mEEHGEE

All commodities are
expressed in a per
protein basis.
Averages are
calculated at global
, scale and represent
A H an aggregated value
{ _ H N ) 5 across different
E MILK SMALERIMINANTS SMALL RUMINANTS .

production systems

dx@ﬁé EJJ%I?EI;% /) xﬂﬁ%%]%&}j and agro-ecological

Z0ones
L o - V=T =)
—— S -\‘ ﬁﬁ%ﬂiﬁt
N A HEESIEEITE
[ ? &, RETEE~R
G X 4 SR ET I
oHC KEN MEA CHICKEN EGGS —
- BH BE E,
kG CO. - EQ.KG PROTEIN /<' 50 F PRODUCTION - 50% OF PRODUCTION ® AVERAGE
KG CO2-EQ , KGEHR 90% F=ha 50% F=&a 3.3 Source: www.fao.org
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Pigs are one of the most efficient protein producing
animal species in China

EHE , EEEHRF LSBT Z—

EMISSION INTENSIIES #HErErE

Emission intensities of animal products EHMF“EQEFHEE’K)( &@“ -mmgﬁam e e
kilogroms of CO;-eq per kilogram of protein Kg CO.-eq/kg SF&E /?A \}> 0 GLEAM+

400 - i

350 -E 210 - qu ""T “.‘ =

1IE==3 i B I E =3 e

2016 Chinese Swine Industry Symposium Page 15



Animal food sources have a comparatively high water

footprint
o) TE B m A B AR EAZKER
Hmif= miE AR FoEHE Hmif= mE AR FoEBERE
Food item m3/ton liter/keal liter/g protein| | Food item m3/ton liter/keal liter/g protein
__Becf 4Py | 15,415_.%“1{}.19 112 Milk _Ii Ve N so »
‘%%&}éé’%ﬂt lneat% 8?63-:;4-25 | 63 | |[Nuts '-'_E%_ﬁ___?] [i:t;u{::«ﬁ_:ﬂlqﬁg 139
_Pig meat HEA | 5988_2.15 57 | [Pulses _E_g_ﬁ___ ,ll ___14:1-53 1.19 19
:Buttcr il ;fﬁc)g:éu.?z 0 | 'E‘:_El__cr_u_pﬂ,m_ifl_{’ﬁii% 2364/||0.81 16
_Chicken meati%ﬁ_l%: 144{1?3.{1{} 34 .CUE—’L} am | 1644//0.51 21
Eggs 185 3265“2.29 H 29/ | lr_tfmi“‘ *F 962(2.09 180
.‘:Starch}* roots . || 387|/0.47 31
||Vegetahles o | 322((1.34 26

2016 Chinese Swine Industry Symposium Page 16



Water footprint (m3/t) of pig and poultry farming

systems in China

FREFFEFFISRARKED ( mt )

Animal products Farming system  China

Y m FERR HE
Green Blue Grey

85k =Kk Bk

Pig meat fz Grazing 11,134 205 738
Ll Rp Mixed 1 2401 336 34f Blue water: consumption of surface and
S Weighied 51050 403k SR Broundwater
. i eighted average , > ) Sl L s =
Chicken meat g2 Grazing 4,695 448  J 414 BK 'aﬁﬁgmﬁ%ut&l’?}ki
1BE o Mixed 3005 297 405 Green water: rainwater, no run-off
g ] : 297 )4 ‘ e L
T53%E Industrial 1,940 195 584 K REETEFIIRKE _
MBS Weighted average 2,836 281 854 Grey water: volume of freshwater required to
Egg e Grazing 33053 379 1,189 assimilate pollutants
BT =% Mixed 23510230 708 FROK : HIRBRISRIK KRB SIUKFIRRRYR
I/ %% Industrial 2,086 206 628 IKE

MBEES Weighted avérage 2211 217 666

Source: Mekonnen and Hoekstra, 2012
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Wilson

— 70 W Center
~.= — ~ THE PORK INDUSTRY IN CHINA  oowmomm:

@ whilsoncef
L ]

20"
55% of the meat consumed by The average pig in China produces 5.3 kg of Fm\ rophication of surface water
China is pork. waste each day, which contains nutrients,
B-l LBS Per Capita Annual Pork heavy metals, and pharmaceutical residues.
Consumption in China
: Leaching nitrates and pathogens
»
29
——

aL )
China consumes aboul HALF . F

DG X @ Excess nutrients and heavy metals
fz’ | &
| millkon headg

of the world’s pork

F b Ammonia, methane, and other gases

ﬁ Diseased pigs are not always disposed
of properly

Pig production accounts for an estimated

: . 4 2% of nilrogety and 50% of phosphorus
2 Chinese pork output flows into theSooth China Sea.®
has increased by 15 times

Livestock farm waste is about
aver the past five decades. ‘g
>

3 TIMES

the amount emitted from industries.

High hog population density in China
has tightened supplies of feed and

L/
damaged the environment.

China: 94 pigs UsS: 2

:20 o e 1.29 BILLION
gl vs I " Smetric tons
. . P § Dowrmesstic . - - 5 : ; =
Ry O AR R = ‘R Bl - Production Wiastenster e e of waste is produced by the Chinese
per 100 acres of cropland G 2 TRl v thie et Roves o BOngy Has River batins tn victaen.

w18 iy Thaslascl, el thee Rea] Risew anud

) Mg Rkswr Daavirre in W lruear DOl'k il"ldUStr}' pef }"E‘ar.

Source: USDA ERS, FAQ. Special Thanks o Fred Gale. Designed by Sigi Han 02/27/2014 © CEF
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Center

"_.‘: ——— EF%WFﬂEgﬂ;ﬁE;W\\ & Sy

55% A G b e b b i 1) B —45%4:’5‘4;#%*35 Skoey, B
SE T RESFSLULS | FEANETES UG
P HF AR ST 37 KG TS, RO TSRS,

2
——— e
@ »
‘Zy: .

‘ ="
\ -

fEEENM -o"'.ﬂ'-';l"“: FINGY, AZRASTMAIS0%AS

g & 17: a= =5 *E’ﬁﬂ’“ﬂlﬂ* B T AR TR,

. , Bl ST A HE A M A TR
CEMEIREMm I . NI TS ={ﬁ
PRl AR | THIE TR A 3 — =

ETET.

T T ISR ; CHENE B 0 L 5

o R AT TR wa L YW B eis -

+E : 945 =l oA LEETTRE TR Sttt Gl LIUTRT a9

PUS=N - USDA ERS, FAO STITSRE © Fred Gele. @5+ - (380 02/27/2014 © fhARMTSNES



How to feed 10 billion farm animals....and how to use

their manure....?

MRI5RIFR1 0042 3RE ... A FI I ZEAE

In February of 2010, the Chinese government released results of the
first national pollution census. The most ' startling finding of this
nearly three-vear, 737 million RMB'($10 million USD) investigation was
that agriculture today is a bigger-source of pollution in China than
industry.

Researchers found that farming was responsible for 44 percent of
T P chemical oxygen demand (the'main measure of organic compounds in water),
China's Pork Miracle? Fair or Fowl? 67 percent of phosphorus discharges, and 57 percent of nitrogen
r en Tl ot oy discharges into bodies of water. Manure from industrial livestock farms
- is the most important source of this pollution—in 2008 China’s livestock
produced 4.8 billion tons of waste. As the livestock industry grows, so too will the

amount and problems of manure.

201052 H, FEHBF M T BREHEREEESR. SREFEANKIN, &
=FREFE13708 Hx ARM (10007%e) AHERLWMSFEM RS IR Tk
e SN
Enteinmis S i HATRH, My FEFEE OKFETIIEENETERR) KERIL, 675

RS HERL, STORAFE K E. REF LM EEFEDRELRZ —T R mE ERIE-
2008FFE B H48IL M EF Y. BEEEFOLRIRE, sEREMIELL FZE
AR ZIG K.
“The pig is a fertiliser factory on four legs” (Mao Zedong) souwce: Global Meat Conplex: The China Series

“E%EEBE —ﬁ\E%ﬁgtﬂgﬁm{tmr” (%E,E) Chima’ 5 Pork Kiracle? Asribusiness and Development Im Chima” 5 Pork Indusiry

Page 20

Jiobal Maat Comglez: The China Seriss Gkl Mt Comgles: The China Series

China's Dairy Dilemma The Need for Feed
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China - Environmental Situation 2014

FRE - 2014FIHIRINR

Environmental damages 2014 published for the first time.

2014 R 2R IEIRER.

c 16% of soil polluted  ithi5
e 20% of farmland unusable KEAT]F
« 60% of groundwater not suitable‘for

consumption
B RIKARETIRR:

203 cities under investigation showed 44% relatively poor underground
water, 15.7 % very poor.

M203 B SIFERT TS EE T, 44% A7 FIKEXTIREE |, 15.7%H
H FIKFEEZE,

Source: the guardian, 2014, April 25 — China's-Choice
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China — Response by 2015

thE - 20155 89HERIEbE

Revision of China’s 25 years old country’s
environmental law

(EiTRE25FRIHRMERFIRE
« Concrete environmental standards
B{RRINEINE
« Strict penalties as important principle
FEERYES NEENEERN
* |n case of hurting the law
EREEE , W
Companies will be published " MEiEETIWEER
Responsibleswill be prisoned THhEAGHE R

Officials can be fired FHRITHRER
High fines for polluters TSREFIESES IR

Source: the guardian, 2014, April 25 — China's-Choice
2016 Chinezse Swine Industry Symposium




- (e 109) " ¢
AN oty
VAN S
2. Mitigation strategies: Low emission farming (LEF)
concept

RifanE - (RHFEY (LEF ) &

A OUATRK

b
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Mitigation potential of the global livestock sector by

applying best practises
R FRIFRSERBE RS SIRENATBESR

MILLION TONNES CO.-EQ

BAlE CO,-EQ

668 D8 012
)@ @ ®

e an3 176 179 °F1a1

o - ”~, ‘n

BEEF CATTLE QAR ATY PIGS LO CHICKENS SMALI
MINANTS
ESla= IS4 Y& K4 pie »’J\jﬂﬁ% lLY)

The mitigation potential estimate excludes changes between farming systems and

assumes the overall output remains constant

VBT SHH T S ISR R IR R E =~ E (R F 5.

2016 Chinese Swine [ndustry Symposium




Sustainability in the livestock sector — concrete

mitigation potential: FAO 2013
& BOVRY RIS EETE - RSRYRLEEEE - FAO 2013

_"'_'TACKLING CLIMATE ] .
CHANGESTH ROUGH
" AND MITIGATION OPFORTUNITIES I NEEM (EKEFER | IB5wF8) MNeER
Using manure management practices to recycle and

' %)~ recover nutrients and energy contained in manure

KA EEREEIAN AT o IR

/ ] Sourcing low emission feed commodities (no LUCI)
NH e ’/ SRIEHERBIER=R (FLUC)

Use of feed additives like amino acids, enzymes

(NSP, Phytase), gut modulating products, organic
trace elements, alternatives for AGP

{EREELRIR  EER , B8 (NSP , tHERES ) .
BT m . BilMHNERE . MERSEn

2016 Chinese Swine Industry Symposium Page 25

Improving production efficiency (FCR, yield..)
PNEAETNE (AR, FE...)
Improving breeding (longevity, piglets raised)
and animal health




Low emissionfarming (LEF): an integrated system solution to
optimize environmental impact mitigation of livestock farming

fEHERRAL (LEF) @ SREMERRER KA A S B IMERIRNE

Basicidea: EBEAEZ :
Combination of HRZE

NUTRIENT management EHFEIE

EMISSION and WASTE management B S Ry E1E

Recycling of energy and increased energy efficiency  8EERIFIE , IBEEEEEIR
Closed Nutrient Cycle HANEFRIEA

Additional use of further processed as P / N — fertilizer on farm level

H— I TR |, WEYE — AREHAEE

Additional business opportunities SepNELI

,,Combination leads to more efficient and sustainable reduction of emissions
and waste and creates new business opportunities and thus increases
profitability in animal praduction
g@%ﬁjﬁﬁ%ﬁﬁﬁmﬁﬁi}ﬂﬁﬁmmﬁm , FRIETHFREWAS . NmEapEr=+
=aarge)]” .



RHEM RIS - mIRSU

LEF Concept — Business Options

ﬂ ;\\\« Public Gas Grid 235N
ﬂ Local Industry

Animal House s T
B
Private housing EEF' F"_-f_ll‘:I‘Green

Independent local Infrastructure

b RYE ) YRR S A ESL Y
Gas Storage Tanks fi§= i

A=A
Heat/Electricity

a5 H

Purification Compressing Pure CH,

G %

Gas Storage Bottles iR

Gas Use for Transportation as

3 \ Solid organic fertilizer (N, P)
S ElETHLEE (N,P)

Hucs BREFFE Liquid organic fertilizer (N,P)
FREBHLE (N,P)

Biogas Fermenter ‘
YRR ’
' I
= Animal House Page 27
Co-ferments 2=fE 2016 Chinese Swine Industry Sympozium :




R SPHEFREETE

Tractor driving on pig manure
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HRESEEERSRESHEFEENRSECF AR EZESIEHEIEY

mfFiahE IPCC proposes improved feeding practice and anaerobic
digestion as a mitigation measure for agricultural GHG emissions

" R
SRR [E'EE]
Mitigative -,  Net mitigation®
125 -3 . effects®iy % (confidence)
Measure Examples €02 CH4 N20_ Agreement Evidence
Livestoc k management Improved feeding practices BUHIRFRGE 3 + wee wxe
==
EWEE Specific agents and dietary additives ‘E3ZSIADERERNN + o o
Longer term structural and management ¢ hanges-and ~ + " ®
animal breeding KEESSIEHIE BT (L REFWIFFE
Manure/biosolid management Improved storage and handling MUHiZfEfnarsE + 4 s -
B EYERER A= ey
/ : +/- e *
Anaerobic digestion JREA! VR A e +
More efficient use as nutrient source + + i o
Bio-energy S4I8ER Energy crops, solid, liquid, biogas, residues + 4 - ek “

Motmst - BEIRIEYD. EHE, A, 25, S

a + denotes reduced emissions or enhanced removal (positive mitigative effect): a+FEmprPHEETIEEEEE ( IEEHENT ) ;
- denotes increased emissions or suppressed removal {negative mitigative effect); —%ﬁ{%ﬂﬂﬁﬁﬂiﬁﬁﬂﬁﬁ@ ( RERETNY ) ;
+/- denotes uncertain or variable response. +-FEAEE A A A,

b A qualitative estimate of the confidence in describing tha proposed practice as a measure for reducing net emissions of greenhouse
gases, expressed as CO2-eq: b IFHIMEHMMIRFAESR M IRESEHE | FBACO2-eqtIEMH LT EIEE.

Agreement refers to the relative degree of conzensus in the literature (the more asterisks, the higher the agreement); Evidence refers to
the relative amount of data in support of the proposed effect (the more asterisks, the more evidence).

Source: adapted from Smith et al., 2007a, WMUZEIEMZERNIGE (ESHE | hills ) | IHEESIIVERNES ( ESEE | FHEHS )
FE : BB Smith et al. 2007a,

Smith, P., et al.,, 2007 Agriculture. In Climate Change 2007: Mitigation. Contribution of Working Group [l to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change,Cambridoge University Press, Cambridoe, United Kingdom and New York, NY, USA.
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(EERF{EEERR- (RRIHNNEFE D

Low protein and low phosphor diets—the nutrition part of LEF
S HIREERH LIS

High protein diets are imbalanced in the amino acid profile

» M FEEREERINE T, FEEEES

Supplementing feed amino acids (AA) restore the imbalance and leads to crude protein (CP) reduction

» HEEER , HOEETEHESE (EBREE1% , SHIUELY10% )

CP reduction lowers nitrogen content in excreted manure (~ 10% by 1% lower CP)

« PHEMINAGERE , MiE/ DB AR ( EBEE1% |, ZEEEPL3-5% ) CP reduction

lowers water consumption of animals and thus manure volume (~ 3-5% by 1% lower CP)

- EEREER DEEHE R EIAC0%EEE: , T HEERNT 1EIR

Phytase reduces phosphorus excretion by up to 60% and saves finite mineral phosphate sources

AN L
Luwer CP:'P Lower CP/P {EEB/{EE:

258 Tryptophan Tryptophan

#5585 Valine

Seite 30
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aZRHERMEE TR RHR IR
Amino Acids and Phytase help mitigating the

environmental impact of feeding pigs and poultry

R RER AR

REDUCED N AND P EXCRETION IN PICS

¥%MPigs M Broilerpayg

100 PO O
2 g XL
o2 80 iiao AN
&S Ee 2
H Ul & 2
& 40 S g40 LA diets, SFIS
1
" § 5 .88 study 2015
0. ¢ . & 0.
Feed+AA+Phy TIF+REE: +HEFS Feed+AA+Phy TR+ T EES+1HEES
Per 1 r | L M 3 al Per 10 ka LW of animal Prians '”"-':;.'
51000Kg B AR He e Il groookgEmB R, g B
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Evonik 2015EXF A B E s R BTG - IESEFELHEF-EFR
Evonik LCA 2015 for feed amino acids — certified facts and figures
- Results

e = |
al Warming Potential C02 |

@ evonm

phication Potential P04

- | f R
on Potential \
G

Source: Evonik 2015, certified LCA acc 18094044 2006

-
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HSFEG - HRE=HEARIFEAR

Ecological balancing: Towards the third dimension of
a sustainable diet

e KRYERED

_— Feed formulation to meet the animal demand !

2. TARIEREISERAY (ERERIER ) (& \\“
E sﬁ’))

1 Availability of feed raw materials (basic feed mg;

3. {RAXESH RRALABEIFR AR

Optimized cost formulation to reduce feed costs

=]
MNutritionally
balanced

LSS E ]
Economically
balanced

FeedPrint Ecologically
balanced
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Case study: ZEFIEH5S :
Gestating Sow: Ecological impact of Chinese Standard diet vs: low-

CP diet (£Z283% : hEIRERRvsIEER BN S92

"EMRZ REESEER FERERNEEE
China Sow gestating Diet Net Impact Feed R~ ) Y RO China Sow gestating low CP

If you uso
China Sow gestating low CP
instoad of @ -906.7

China Sow gestating

you get the following ecological diffaorafignst @ 3.23

MEBEHERZEEHERIEEDER , KEUTESER !

c006606)

.34 |- 5 0 s Copo/mt 1.36
132.175 BB -1.90 ke sopo/mt @ 120.905
Shandong I[ -0.33 kgposerme Q Shandong 1izx
LiZR

i i
e S s

M‘

AMINOFsatprint® 2.0

uuuuu

s re @ evonik
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Case study: ZEHltH3s5 :

Lactating Sow: Ecological impact of Chinese Standard diet vs.

low-CP diet [HZ, B : FEIREREvsIERERRRIESSN

FEEI S
China Sow lactating

REREImEEE
Diet Net Impact Feed

e ——— -—uw

Shandong
IS

2016 Chineze Swine Industry Symposium

c000606)

If you use

China Sow lactating low CP

instead of
China Sow lactating
jou got the following looical/dils N

Eﬁ%ﬂiﬂlﬂ@ﬂﬂﬁﬁﬁﬁﬁ%lﬂ HEA , BELATIES
j’_I- AN N {/j; 58.5 kg COze/mt

| -4.53 kg SOze/mt

| -D‘ 99 kg PO4e/mt

Source of data: . LRink g

PERE LS

China Sow lactating low CP

163.665

Shandong UIR

& evonix
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MRigFSRIMFIAZEN FRERERIN KIS

If there is no land use change involved, lowering CP has
a minor effect on CO.e!

ShEEZLENE wio TR HETIE (YN tE A1 S FEREHRILEE wo TR HEZTIE
China Sow lactating w/o LUC Diet Net Impact Feed China Sow lactating low CP w/o
- | .
you use
China Sow lactating low CP w/o LUC
-846.6 @ instead of g @ -831.3

China Sow lactating w/o LUC

255 @ you get the following ecol U diffordne@as

ﬁﬂ%qj.ﬂﬁﬂ,lﬁfﬁﬁﬂﬁ%rﬂwm il HE Y |, BELL @
@ P | @ :x
- Ry O kg COze/mt '
186.438 (@) EESEEIEE -3.94 < s0,0/m: (cp)
& (@)

-
R
|

163.665

’ ‘ -0.91 kgPoge/mt UER

Shandong

Smﬁdaﬂg
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KN - FERERRvs(BEBBRENESRM ; FU:mtia#

Growing Pig: Ecological impact of Chinese Standard diet
vs. low-CP diet; FU: mt feed

FEINEEHE Ef S miait FEEEHE
China Pig Standard CP Cycle Net Impact Feed LZN T Q China Pig low CP
If you use
China Pig low CP :
-403.8 instoad of CO: -542.3
China Pig Standard CP
8.45 you got tho following omical dif s 8.62

IR EEEREEAOR | SETESES -
- AN - t)\‘: .JEF.L-} kg COze/mt

| -3.36 kg 5070/mt

| -U* ?g kg PO4o/mt

2.780

- 0060606
cHO0O00O )

Shandong
LIz

Shandong
LIz
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KN - FENERRvs(BEBBRENESRM ; FU:mtEE

Growing Pig: Ecological impact of Chinese Standard diet
vs. low-CP diet; FU: mt live weight

FEINEERE BAFEEE PERERRE
China Pig Standard CP Cycle Net Impact Live Weight /8 RQ China Pig low CP
‘ﬂ If you use "
China Pig low CP
-403.8 @ instead of : @ 542.3
China Pig Standard CP
8.45 € you get the following ecologiBalifteroHébs; Q) :«
ARPEREERRERRR, »I%’E PUITESER
339 @ I | 1343 i copo/mt @ 3%
!
163.179 @ T i @ 141.686
5 780 @ | -2.20 kg Pogermt @ 5 780
Shandong Q Shandong
LIZR IR

2016 Chineze Swine Industry Symposium Page | 38



B PR EE BRER R IR

Reduction of environmental footprint by lowering %CP
in Chinese pig diets

=L P GRS ait
Fattening | Gestating Lactating Jotal
pigs SOWS SOWS

tREER/EEH |
%Ch Stancard Lo cp 15-9/13.8  13.0/120  MBYTRH

P EE{TE20000
IiE CO,. km/a F74E£77.000.0001
tons CO,. 29.093.350 445.500 10.075.050 39613900 — "~ 17.000.000 middle
| | class cars each driving
ﬁ SO,. 20000 km/a
tons SO,. 624.624 56.430 69.309 750.363
IF'E Pode

tons PO,. 146.861 10595 15.147 172.403
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RIFREFE !

To put it in perspective*:

SFEEE | §AE100 5 KE | W/E 652k | EBARRTAYM/E | BEEELHI%

Per kg per pig of 100 kg Savings by low Savings in %
liveweight** | final weight 650 mil. head | protein diets in t/a
0 11,2% -
Treskl CO. 3-4 300-400 7308 29.093.350 !
Kg ortons CO,, -260.000.000 14,9%
:Fﬁﬁmﬁ SO2e 0
Kg or tons SO, 9800 2 2o 000 624.624 27,5%
o PO

TF5eski PO.. 0,02 2 1.300.000 146.861 11,3%

Kg or tons POy,

*Growing pigs onlyl * average from different literature sources
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EXM S IEBEFIRGRESE~E biogas

creation potential per 1.000 kg LW pigs and broiler.in

Europe
180 -
165
160 A
Nm® oy SRR RS
140 - Biogas potential per 1.000 kg LW
120 - 113
100 - Pigs: 3&:
s | 28 Nm® [t fresh mass*~ 4.1t 28 Nm? /t Ef[RE™*~4.1t&f
freshmass/1.000 kg LW** g/ 1.000 kg ;/HE™
Bl Broiler: P3g:
40 - 140 Nm? / t fresh mass* 140 Nm?/ t 8fFR&E*~ 1.2 t &f
55 | ~ 1.2t freshmass/ 1.000 kg LW** Jh&/ 1.000 kg jF&E**
o A0
¥ ESpLe
Pigs Broiler

* FMR_Leitfaden Biogas 2013
** Calculated from SFIS study data

Process Technology & Engineering, Life Cycle Management Group (August 2015) page | 41




Hian

s AR X : ERINGIENEESS

LCA approach: use accepted data and always

benchmark against reference

EIINEITEILBRARBEEAR | MRAEEERFEERERE

Our objective is to compare options and derive functional dependencies if possible

Frwwe
u/ ﬁﬂﬁA
Crnps Feed mix
Hitie (Gl
Field Feed Mill
GiEsaUHES

Emissions from storage

EiCr=E

Manure storage

%« RAIPCCER
AT

1st approach: use [PCC
data for emissions

’ el ia AR,
— Biogas plant
IH

Farm

%ﬁﬁﬁ Influencing factors

A)

N
e =

EiFfE  HiBResidues
sidue storage

ZE0E Manure

3)

B 1% Manure storage

Mt Az padHER L Emissions from field application
TFiERdiE] Time of storage eg—

imEE Temperatire J | P
Efz# Climate zone
EnEa S EMER

Hé%- e —Sma
Covered/uncovered MMS 7 I I I
E/AHk#58 5 Natural crust cover

RNEREE RS
Liquid/solid stﬂrage_ /mixing _r__egifng £ g

JsRIR, S42 Rainfal, weather -
TR Soil type i ' /o
T-HEER RO ERD A Gmpsf plants on F Eld
4% Residue composition E i

MR ERAME =T
Application technology/spreading Saisonal
point of manure application

Htt Field

l




Pigs EU:
Effect of amino acid use compared to a reference diet without amino acid supplementation

on environmental impact categories GWP , AP, EP (including dLUC emissions)EREESE : 53

BEERIALL | ERARERNHERIERIGWP, AP, EP (8iEdLUCHER ) BIR

PEHTEEZAOEEE Global Warming Potential excluding biogenic carbon
[kg CO.e] 0 500 1.000 1.500 2.000 2500 3.000 3.500 4.000 4.500

432 ;

| 4203
sa

Pigs conv

Pigs AA
198 21
BfE #5372 Acidification Potential
[kg SO,e] 0 5 10 15 20 25 30 35 40 45 50 55
Pigs conv 7 < 28 15 50
T Ny &2

SEHK#ESF Eutrophication Potential
[kg PO.e] 0 2 4 3 8 10 12 14 16 18 20 22 24

Pigs conv

Pigs AA

Frocess Technology & Engineering, Life Cycle Management Group (October 2015)

[ Feedmix [FELRS

[ Farm Ri%

Il Storage emissions TFEHERD
[ ] Field application HHixzF

THREEA( - 1000KgiHER

Functional unit: 1000 kg

of live weight
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P EARERNARBSE~ LR SIXRTEEBED

GWP reduction potential by using amino acids and different
biogas options: Pigs

SHTIRBBIEE(100) A BIEEMIK[kg CO,e/1.000 kg FHE] BFEILUC HFHY
GWP (100) excl. biogenic carbon [kg CO,e/1.000 kg live weight] incl. dLUC

emissions 232

Pig ref. 3 599 7 éﬁ 4.203 -

417 199 63 I Feedmix fFkHEE
Pors [T 2 551 — Lt
B Storage / biogasiFiEBS,

199 21 [_] field application Fith/i7 FE

Pig BG |
cHr ik e A':g". G 52%> [ credit energy {=5¥REIR
S [ ] credit natural gas (S EARSK
'9 i L s
CH4 - B credit fuel (S 55RE}
Pig BG §
fuel

Frocess Technology & Engineering, Life Cycle Management Group (October 2015)
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FEPERAIERNARBSE~AFHEESTFLRIED

Eutrophication reduction potential by using amino acids

and different biogas options: Pigs

==rtia% [kg PO,e/1.000 kg jHE]
EP [kg PO,e/1.000 kg live weight]

N 2390 [ Feedmix fTKIEA

9;3 [ Farm #17
| A St ! bi e
‘W % Q\@/ 176 B Storage/ biogastFiEBS,

[ | field application FitA7 FR

[ credit energy (S 56ER

e IR
[ ] credit natural gas (EREASAE

B credit fuel (SEHEEY

Frocess Technology & Engineering, Life Cycle Management Group (October 2015) page | 45




EHRERHIARIGRUERDZ : ETBRRICES RS

Acidification reduction potential by using amino acids

and different biogas options

fftiEE3 kg SO,e/1.000 kg FREE]
AP [kg S0O,e/1.000 kg live weight]

¥ Pigs
2% (AA-) 50.1
Reference (AA-)
AA+ 34.3 (-31.5%)
BG CHP 16.3 (-675%)
BG CH4 17:0-(<66.1%)
BG Fuel 16.9 (-66.3%)

Frocess Technology & Engineering, Life Cycle Management Group (October 2015) page | 46




SFISHI5 : PRI ERMNME S ESMENRBF R S EERFER

=2l Mass Balance Nitrogen Pigs per 1 t of live weight produced based

on European diets from SFIS study: effect of amino acids in feed and

biogas production with manure as feedstock
ERENREE

MN-Path for Pig Farming

= k]
- 2O [kl
-3 kgl 80,3 kg {1
= N3 kgl Ratantion NZO NH3 PAZCL | M

a0

o supplamaniation
e Biogan

-'ﬁ'j PAamriare
oAz

oas

MZC: 0.1 kg

M 814 kg

e Exlcagpanes

A2

SEE
oA

N B0.3 kg Rz

(==]
| Fotonticon

A0
o supplementatlon
with bBlogas

Al
TR
B5as

ncr
A,
with Blogns

AZ

SEE
E=)i=pat
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PBEFE—SERAMLENZN , S ELERR ( EHET

) Future concepts still to be examined including effects
digestate treatment (in process)

ot~
A, &%

) °* Consumer products
M Epgs etc
eat. Eggs ‘_ﬁt_\;#

8

Animal House 305 Siaughterhouse 25215
r'lar re - 3 R PEE ”
@ﬁﬁ% 5;:;:1?:;& 5 %%:55 HiE. BERR=E
= : ; Slaughtering Offalll B, A=
Feed Mill fE31— %‘%; 5 o e Electricity, hest

Y

Bsogas
Gas bottles or 'f’UEH PSRN
Elmgas Fermenter and
res»due storage
BSEEE Purification
#ﬂﬁﬁ%ﬁfvﬁ 4k, Gas gnd
, FIHRSE

RIS T e e e
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ﬁ§$

. BE: | 2EEYFEIEFIHTI

=l

Setting the scene: Environme

. BEHRE

.o’

Summary and o
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BEHRE

Summary and outlook

R HLPREZESAHERAEY20% , EHol b 3/4

Agriculture is responsible for about 20% of global GHG emissions, % of that for lifestock

SHEESMHI AR S5 ATE « hEEWHEN24% , inmT2EO%H 98 , REfIENEEHIEE

Globally GHG emissions are dominated by ruminants; share of pigs in China with ~24% much higher than global share of ~9%,
significant N and P emissions from poultry and swine

LR EEEEAR A E R R = SRR E BEF > B VS BH 7 iEE
Manure management practice and temperature have a dominant influence on GHG formation during manure storage =2 cover
for storage tanks necessary

SEERNARBE R BB BUR EETWaL  SESHRHINEY SLUCHIEEAS ESHE
Diets with amino acids have a significant reduction potential for N emissions and related acidification and eutrophication
potentials; GHG reduction’s significance is 5’cmnglyr connected with LUC and Soy from South America

—w}ﬂbﬁﬁﬁﬂfﬁfgf'ﬁ/\iﬁ% NERF=AERIF2m ; flanfl AHIBRIGER | (REH BRMNARNERRS | ERBINEIMETTR | £
FEEE A WEEE Tl iE

Several measures can help to reduce impacts on every production stage; e.g. farming and fertilizer use and application,
feeding strategies applying low protein diets, phyiase and organic trace minerals; manure management to recover energy and
avoid emissions from storage

Eﬁ%}%%ﬁmﬁﬂ%@iﬁﬁﬂﬁtﬁi  JHEIBIRE. KRRASSEEESRENENAR (IR T REsERAR RS ) KK
il

rEiu::gats can significantly reduce emissions from manure storage and offset farm emissions by credits for electricity/heat, natural
gas or even diesel replacement (i.e. hiofuel for trucks and tractors)

HF— A ERESHNAERIHEEEE 32 EMEEINE R H—E iR

Lowering feed protein content further using more AA and digestate treatment offer further emission reduction potential
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EWECRHIES. SHEYFFEFEHEHIRSESNLaEE

Suggestions to policy makers, livestock industry and animal farmers to

push towards low emission animal farming concepts

- EEISISRRAGK, TE, =5), SFEEBENRERIM SR, £iERESHcosts of
cleaning up environmental pollution (water, Soil, air), including manure and agrochemical
runoff and contamination, and livelihood losses that result

« MNTDIvE#aE =g BHE =S A HE I Ecosts associated with greenhouse gas

emissions from all stages of industrial livestock production

» (EARHEFENVISERRZEICRINS | 1500 7 Er-peAf0EAm L AERA
loss of manure as a source of nutrients and organic mafter on croplands, and increased

« (OEFPERRNURCEETS MU IS hE ey sRE R ze g S B EM 2/ ME |

low protein diets formulated based on %5SID combined with NE, set maximum CP-level

« EE e S EES{EP RIS EER use protected aa in high performance dairy cows
« (R TR {EFEE&ESES low phosphorus diets using phytase
« RE/V BT HEA BT EERRAIER R

minimize use of feed ingredients of land-use-change origin
» FIBEEVRIETGE use organic trace minerals

« EENS DI EHERESA T NEESHERE (CHP, HSM. ) &

BRCOZEM
More attractive credit/debit system for different biogas options (CHP, gas grid,
fuel) incl. CO,pricing

» (RHERCR N FREIAEM TR RIS |

LEF — applied circular bioeconomy at its best!!!

Page 51



LEFEEESXTRFELCARHBRLS - RENET RIEMZIARNEE=EE. Fo7E
WA NE=AE T ERZERTFE LEF idea about integrated Low Emission Farm

of the future - explore and promote best practice to shrink footprints of livestock

production, close nutrient cycles and produce landless insect protein feed

-

A A A

¥EHD Crops

H
=
;@,“g G > &

ZEn0E Additives g 2 f 4*%@‘9 %”v{@*? Siiikieio Gi

f=HET Feed Mill »f@ff £ ¥ R fat, etc. I
eg 1 Ly o V4
FHELH

SBM replacer

ASAEE

Biogas Fermenter

%ﬁl /4
, Ruttr { @ption (?):
d g sect
IthEI entation weiE . B
. ¢, Flant Option:
Other biogenic
substrates

AMEEEEEER
Additive of Al Bl AR
to standardize quality Organic fertilizer
S=taitab (fermentation rest)
Sell to external

2016 Chinese Swine Industry Symposium

iAS Biogas

BT
H B

Consumer products
Meat, eqgos etc

BZE= Slaughterhouse

Tk
Manure
ntE : BEnARiE. BRE

Option;
Bh. 38
Electricity, heat

CHP

Gas bottles or fu

Hi{t, Purification Epfeees
P’EELI@ Gas gnd

BT iEmE

ﬁ": el |
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