§ ?F%i’f PBL Netherlands Environmental
T Assessment Agency

Modelling nitrogen use
efficiency by world pig
production systems in 2050
under contrasting production
& and dietary scenarios

Luis Lassaletta, Lex Bouwman, Fernando Estellés,
Henk Westhoek, Arthur Beusen, Jonathan Doelman,
Salvador Calvet, Elke Stehfest, Hans van Grinsven

Nitrogen Initiative Conference (INI 2016)
4—8 DECEMEER 2016
MELBEOURNE CRICKET GROUMND  YICTORIA | AUSTRALIA




w2 o PBL Netherlands Environmental

Introduction

Assessment Agency

Monogastric production worldwide
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Crop protein allocated to monogastric systems globally
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Lassaletta et al. 2016 (Env. Res. Lett.)




PEL Metherlands Environmental

Introduction P0G ebbmtipsedind

04 - $§ﬁﬁ§ monogastric
& Africa
-8 N America

03 - Europs

Nitrogen use efficiency
(edible N/Nfeed)

[ -tk
I_i =100 n.u """" TT T T LI T T T T 1
- 1960 1970 1980 1330 2000 2010
. =1000
Lassaletta et al. 2014 (Biogeochemistry) Lassaletta et al. 2016 (Env. Res. Lett.)
Backyard Intermediate Intensive Diverse feed rations

i

-.._.% .._ﬂ,

@8
F‘i‘f@%@.

3 T
kﬁ? L *“ : _.-,-';,.ﬁ""' = '1
i, e LI a-.. 3

Robinson et al. 2014 (PLOS One)




iz 3 PBL MNetherlands Environmental

SSESSIMEent Agency

Alms

We have developed a new pigs module for the integrated assessment model
framework IMAGE:

- to explore the animal and environmental performance of pig production
systems under different scenarios (SSPs) for 2050 with contrasting pork

demand, production performance and feed rations.

- to study the effect of different situations on the global N cycle



Livestock systems

Methods: IMAGE
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IMAGE model 3.0 Framework

Drivers: population, economy, policy

technology, resources, lifestyles

Energy supply
and demand

Land use Emissions

Impacts: Climate, agriculture,

> biodiversity, water stress, land
degradation...

Policy responses

Stehfest et al. 2014 (PBL)

The 26 world regions in IMAGE 3.0
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ﬂ The pigs module in IMAGE 3.0

. Performance Rations: energy
Systems share Production parameters & protein
Key parameters scenarios construction J J{ | L
1. Fraction systems (backyard/inter/intens)
2. Production meat (kg) Production module: Carcass weight
3. Carcass weight in 3 systems: backyard, intermediate,
4. Daily growth (kg/d) intensive
5. Litter size (piglets born alive)
6. Litters/sow/year
7. Metab. Ener. ration (Mj/kg DM) Herd module: Herd composition and
8. Crude protein (CP) ration (%) stocks. 11 cohorts (Boars, sows and

Other 13 auxiliary parameters fatteners in different stages)

e« 26 regions Energy module: Energy needs and DM
) needs for lactation, pregnancy,
« 3 systems: backyard, growth and maintenance

Intermediate, intensive

o Calibration year: 2005 _
N & P module: Nutrient budget, N

e Past trends: 1970-2010 retention and excretion

e Scenarios: 2010-2050 J

Per system, region and global

Stocks; off-take rates; Energy needs, DM needs and
NUE (Herd level) = N output (carcass)/N feed Nitrogen needs; N and P excretion; Nitrogen Use

Efficiency (NUE); Feed Conversion Ratio (FCR)
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Shared Socieconomic Pathways (SSPs): van Vuuren et al. 2014 (Clim. Change)

SSP1 SSP2 SSP3 SSP4 SSP5
Sustainability | Bussines as | Fragmentation Inequality Fossil
usual fuelled
BAU developed
Population 7 9.1 12.8 9.5 7.4
(2100; billion) | Lowest Highest

GDP 11 1 | unequal | 4414
concorn | P4t | ] | uneaua | 14
orouetviy | 114 | 11| | | uneavar | $44
eticeney | 14| 11| | | uneaua | $14
consumption | V¥ | || 11 | [ 11t
T
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Pig production worldwide 1970-2050
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Several sources: FAOSTAT; Alexandratos & Bruinsma 2012 (FAO); Macleod et al. 2013 (FAO); Bai et al. 2014 (Env. Sci. Tech); Robinson et al
2014 (PLoS ONE); Hou et al. 2016 (AGEE), among others...
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Several sources: FAOSTAT; Alexandratos & Bruinsma 2012 (FAO); Macleod et al. 2013 (FAO); Bai et al. 2014 (Env. Sci. Tech); Robinson et al
2014 (PLoS ONE); Hou et al. 2016 (AGEE), among others...
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Feed demand globally (Dry matter)
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75% of food industry and household residues are used in China



Results: Feed conversion rate gz [PLlsmerind: fvironmenal

Feed conversion rate: kg feed (DM)/ kg carcass

Intensive SSPs: Min 3.2, Average 3.9, Max 5.2; Backyard 8.9 (FCR average)
%0 of global crop production (In DM)

2 81 Without increase in crop production worldwide
@
e 7 25% - BAU
IS
o \ 4
3) 6 35% residues
2005 . 20% - 2005
3 12% residues
o S5 } ¥
&L
o 41 15% -
X
—
()] m
5 3 10% -
>
g 2 —
e High so 5% I . . )
I g y ? With increase in crop production worldwide
0 0%
1970 1990 2005 sSSPl SsP2  SSP3 SSP4 SSP5 1970 1990 2005 SSP1 SSP2 SSP3 SSP4 SSP5

——USA ——Western Europe ——China + ——Rest Central America




Results: NUE (herd level) sty pe e

Nitrogen use efficiency: N carcass /7 N feed * 100
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Conclusions

* Global increase in efficiency (at the herd level) since 1970 in parallel to global increase in
demand

 Even assuming efficiency improvements (that are arriving to biological limits), the amount of
crops used as feed for pigs is expected to increase 40%o in 2050 (SSP2), thus putting
additional pressure on the global agro-food system

« The role of food residues recovered from the food industry can be very high for sustainable
development

 Huge influence on global N cycle, huge amount of N in manure, huge challenge to return it to
the crops avoiding a severe environmental problem
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