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PIB en dollar de 1990

Grande Bretagne: PIB par habitant , 1500-2000
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PIB en dollar de 1990

Grande Bretagne: PIB par habitant et consommation énergétique, 1500-2000
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[ QF 3 NRA O dké régind S R
metabolique solaire 1

A Agriculture = systéme énergétique solaire
controlé (Rolf PeteBieferlg

A Energieproduite > énergie consommeée

A Energiedisponible dépend dé QS & LJF OS
controlé

A Champ paturage, bois = troig € LISa4 R Q¢
(metaboliqgue,mécanique, thermique= jeu a
sommenulle



[ QF ANA Odzf G dzNBE R y &
solaire? : La diversité (suite)

Cultureet lieu Rendement
(Jachereinclue)

Horticulture en PPNG 1 390 MJ/He
Bléen Inde 11 200 MJ/H¢
Mais au Mexique 29 400 MJ/H:¢
Riziculture intensive en 281000MJ/Ha
Chine

Leach, G. (1975Energyand food production
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[ QF ANRK Odzf (0 dzNB R y &
solaire?2 : La diversité (suite)

Sociéte lieu et plante

Xavante Breésil (riz, manioc) /7100 Kcal/heure
Shipibg Pérou (banane, mais, 7680 Kcal/heure
haricot, manioc)

Kanty Indonésie (riz pluvial) 4500 Kcal/heure
Anglais 1800 (ble, lait, viande 2600 Kcal/heure

Clark G, 200°A farewell to alms : a brief economic history of the wadPidnceton

University Press, Princeton ; Oxfoxd, 420 p.
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[ QF INRA Odzf 0 dzNB R y &
solaire3 : Le changement

A Le cas de la Révolution agricole en Angleterre

¢ Rupture demographique a la fin du XVII
¢! OONRPA&AASYSYd RS fF LINPR
matieres premieres
¢ Explosion du nombre de chevaux et surf. avoine
¢ Point de vue agronomique
A Culturede légumineuses et de navets poubiétail

A Accroissementle la taille des troupeaux
AAccroissemenRS f I ljdzr yGAGS RQFT 24

I Mixedfarming: Une unité productive autosuffisante
en intrants(Thompson)




[ QF INR Odzf G dzNB Rl ya f
Le changement(suite)

_ivre IRD Agricultures singulieres

De multiples «révolutions»

Riziculturantensive en Chine

 QF NNA @SS RSa LX I yiSs
ft QSYy a SYo-tEdasie ¥ NA |j dzS

A Notion de société Organique Avancée de
Wrigley(voir aussfGoldston1998)
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Possibilitésf A YA U SSa :RQS
tyrannie de la distance

- La tres grande difficulté du transport

0O SNNBauNB Y fQlFoas

mecanique mobileR.Cottrel)

- La tres grande importance des cours
RQSI dz SG RSa YSN&
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Hollande: Importations en
provenance de la Baltique au XVleme
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2.1 Scandinavia and the Baltic trade area during the sixteenth century.
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Partie 2
[ Q2 FTTNB | I NA
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Le charbon comme énergie

AQYSNAEAS UKSNXAIldzS Y |

A Energie mécanique : machine & vapeur

I Redéfinida contrainte du transport bateau +
chemin defer. Le transport terrestre ne depend
plus de la biomasse

i Elimine la dépendancevisdA & RSa O2d
Naissanceale la ville industrielle




Front pionnierl

A Front pionnier frontiérgthe frontier) =accesa
un territoire vide, ou plutot, vide de sa
population Turner, Webb

A¢| 0f SFdz Y { dzNF I O O

-@mm

Europe

Russie 94 178 2
Amerique du Nord 50 179 3,5
Ameérique Latine 18 45 2,5
Afrique Tropicale 57 88 1,5
Asie du Sud 71 08 1,3

Asie du Sud-Est 7 21 3
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[ dzZNF | OS Sy F2Nxk i

1500

81.8%, 20,450,000 ha

1845

79.7%; 19,925,999 ha

1952

18.2%: 4,550,000 ha

1907

58.0%; 14,500,000 ha
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A Le role central du chemin de fer

Front pionnier2

Tableau : Km de voferréepar habitant en 1913

10/10/2018

Grande Bretagne
France
Allemagne
Etats-Unis
Canada
Australie
Argentine

7,8
12,9
9,4
43,5

61,3 |

65,0
41,9
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1850 .

The early stages of railway development in America are shown by this set of maps. During the decade 1830-1840, the total
length of completed railread lines increased from 23 to 2,808 miles, and during the next fen years, more than 6,200 miles of
railroad were opened, bringing the total network up to 9,021 miles in 1850. The most intensive growth during this period
was in the Atlantic and Seaboard states. In 1850, a trip from Boston or New York to Chicago was made by rail and lake

ers or by stagecoaches, and required several days. One could travel all the way from Boston to Wilmington, North

10/10/%&1':5, by rail, with several changes of cars and a few ferry trips en route. During the first twenty years of railway
development, covered by these maps, the population of the United States nearly doubled.
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1860 _7his map shows the extent nf railway devel-
opment just prior to the Civil War., The decade
1850-1860 was a period of rapid railway expansion,
characterized by the extension of many short, dis-
jointed lines into important rail routes. This decade marked the beginning of railway development in the region west of the
10/10/?' $igsiopi River. By 1860, the “Ircn Horse” had penetrated westward to the Missouri River and was beginning to make itself 28
elt 1n lowa, Arkansas, Texas, and California.
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1880 —1n the ten-year period .prior to 1680, some
40,000 miles of railroad were built, bringing the total
network up to 93,267 miles. In 1880, every state and
territory was provided with railway transportation.

line of railroads to the Pacific was nearing
10/18455385
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, and other transcontinental railroads were under construction. Railway development was exerting a powerful
inflzence upon immigration and agricultural and industrial growth throughout the country.
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1890—The period from 1880 to 1890 was one of
rapid expansion. More than 70,300 miles of new lines
were opened in that decade, bringing the total net-
work up to 163,597 miles. By 1890, several trunk line
railroads extended to the Pacific. In thirty years
10/10670 1650 to 1890, the total mileage of the region west of the Mississippi River increased from 2,175 to 72,389, and the 30
population of that area increased fourfold.
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Front pionnierd : Migrations

Destinations Origines Nombre
Ameérigues Europe 55¢58 million
Asiedu SudEst Inde, Chine Suc 48¢52 million

Cotesdef Qh C China
Indien, Pacifique

Sud
Manchourie  Asiedu Nord Est 46¢51 million
Siberie Asie Russie

ent
C..,n\.rale Japon Source : McKeown 2004 : 156




Front pionnier 5: Une exploitation
miniere de la fertilité des sols
A Exemplede Finleydanst Q! NJ | y al &

i 1895= 1687kh/ha
i 1930= 400 kg/ha

A Sudcotonnier, Brésil du café, llestucre



Crise ecologique
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[ F2NXIFGAZ2Y RQdz

Partdes importations dans les disponibilités de biomasse
aux RoyaumeJni

1872 1892 1912
Blé 48 % 73% 81 %
Viande 14 % 32% 42 %

A Fibrestextiles : 1913 = 97%
A Bois : 1913 = 87%



Partie 3 :
lZademande de biomasse dans le régim
metaboligue minier : la disparition des
usages non alimentaires



La chimique organique bowverse la
demande de biomasse

A Une logique de synthése a.partir.du charbon
puis du pétrole

A Une logique 'de substitution

A[ I OSYUN)fAGS RS f Q! f



5 QI olexstNiiRurespuisX toustypes de
materiaux

Printing & ‘ |
z 5 Consumers
| Dyeing }

ﬁ‘ Consumers

(a) | Agriculture
Madder, Indigo etc

Dye synthesis Printing &
(b) | Coal )~ __9" Dycm‘;g
Industrial research

Academic |———>| Law
research &—| Patents

Dye extraction

vV

Figure 1. Material flows and social relations of dye production: (a) early nine-

eengh,century, (b) late nineteenth century. -



La disparition des deboucha®son-
alimentaires

A Exemple des matiéres grasses en France

Eclairage 43% Usages industriels 9%
Savon 20% Alimentation humaine 68%
Alimentation 35% Alimentation animale 20%

Autres 2% Autres 2%

10/10/2018 40



Place des animaux

A Commentles animaux sont devenues
usines a viande (poijlss, gras, travail, fumier)



artie 4
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ALiées aux énergies fossiles

AXSU Fdz YAE AU NA.
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Classical Haber—Bosch process of ammonia synthesis.

Srqié/\é.zg%OM)Enrichinq the earth : Fritz Haber, Carl Bosch, and the transformatiogg of
WOI‘lejOOé production. Cambridge, Mass. ; London, MIT Press
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Pesticides
EN EMES BOTH!

B —

EI.lM INATE THEM

Russelbok. (2000\Var and nature : fighting humans and insects with chemicals from
World War | to Silent sprina. Cambridae. Cambridae Universitv.Press
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Froduction agricole en B et Consormmation d'engais en 1000 tonnes

I

Etats-Unis : Production agricole, surface cultivée et consommation d'engrais
azoté, 1870-2005
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Indice de la productivité du travail, du rendement, de la
O2Yyaz2yYYlFriAzy RQSY3IANI A A

tracteurs, 1935=100
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Etats

Unis : Bilan des échanges de biomasse, 18XIb
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Partie V :
Elements de bilan



Malthus aS dz i 2 NIi X

Population mondiale (1000)
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€ stabilisation des s ‘rface
ns'lé:monde (1760

Surfaces cultivées : Monde
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Tonne par habitant et par an
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——Non metallic
minerals

L 1 ’i(‘jerl?n& § and FKrausmanr(2012) "The phyS|caI economy of the Unlted States ‘
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Apportsle? QS Y éDNtEdUIéS)
Travailhumain
Travailanimal

Energiefossile

Total

Contenuénergétiquedesproduits (Petajouleg
Produitsvégetaux
Produitsanimaux

Total

Productivite energetiquedu travail (GJ/T/An)
Tauxde RetourEnergétique

huimand. P. (1978). A e énergétique de

1800

1970



Des déchets envahissants (1)

A Le passagdef Qa zZab mikéidR des implications
majeures sur la production de dechets et surtout
dans le capacité du vivade lesmobilises pour leur
metabolismeavec deux problemes distinctes :

I Celui déchet déja produits par les sociétéfairesmais en
guantité bien moindr§CO2et qui se cvarAactérisé
 dz2 2 dZNR QK dzA LI NJ RS&4 LIKSYy2Y

I Celui des dechets qui ne trouvent pas leur place sur
RSa LI & RS O0SYLA GNBa t2y3
humainec dans des processus du vivgntolecule de
synthese)



Des déchets envahissants (2)
ACNRPA&E RSOKSUOa Yl eSS
la chimie :
I CO2

I Pesticides

I Azote actif



Unreactive

di-nitrogen
in air (N,)
) ﬁ Greenhouse

. gas balance <
High temperature mpgesgc
combustion
& indust 5 .
No—N, Ty Nitrous Oxide Tropospheric
{N,O) ozone formation
Urban air Particulate
. I quality Matter
Fertilizer Nitrogen oxides = Ammonium nitrate

manufacture

(N'Dx] P in rain (NH,NO,)
Further N, emission

as NO, & N,O
carrying on
the cascade

Ammonia

(NH;)

Crop biological
nitrogen fixation

Crops for animal feed,

human food & energy Eventual

denitrification
of N to N,

Fertilizer

) b
* Manure ‘ .,ﬁ'
manufacture Livestock Fgrming
' I Food &
.' materials

Terrestrial Eutrophication

Matural ecosystems

c t Soil acidification
Manufactured onsumption
detergents & by humans - -
Nitrate leaching (NO,),
other products . R
Intended m _ _' - ~
N &P flows Unintended Environmental Freshwater Eutrophication Marine Eutrophication
* M & P flows concem
Key
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Pollution locale (suite)




Pollution globale:
contributationdef QI 3 NJ& lA grbdiictoNBe
gaza effet de serre

SourceBellarbyJ,FoereidB, Hasting# etal. (2008) Cool Farming: Climadtepacts of Agriculture and Mitigatidrotential. AmsterdamGreenpeace



