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e lmts of ndustralzed food systems
Ncolas Brcas

Industrialized food systems generate a number of negative environmental, 
health, socio-economic and political externalities. Identifying these sustainability 
issues sheds light on the fact that food systems not only play a role in feeding the 
planet, but they are also instrumental in enhancing the viability of the biosphere 
while fostering inclusive and resilient socio-economic development.

ere s no real consensus on the denton of ‘sustanable food’ or ‘sustanable 
food systems’ (Béné et al., 2019). Nevertheless, there s agreement on the reasons 
why currently wdespread ndustralzed food systems are problematc. Frst, n 
areas where they preval, these systems have rreversble mpacts that wll be 
very hard or even mpossble for future generatons to manage. Second, ther 
generalzaton (should t occur) s not feasble wthn the lmts of our planet’s 
resources. e term ‘sustanable food’ currently tends to encompass demands 
and objectves relatng to a host of challenges assocated wth the lmtatons 
of ndustralzed food systems and more general socetal changes. ere s 
also debate as to the legtmacy or relevance of pgeonholng some of these as 
beng sustanablty concerns, snce they do not necessarly pertan to ssues of 
rreversblty or to the mpossblty of generalzng ndustralzed food systems, 
as, for nstance, n the case of anmal welfare or consumer anxety (Chapter 6).

At any rate, ndustralzed food systems are now wdely crtczed, despte the 
fact that they have quanttatvely and qualtatvely enhanced the food supply to 
an extraordnary extent. Populaton growth, urbanzaton and the rsng lvng 
standards of most of the world’s populaton are partly the result of food system 
ndustralzaton. Yet the many long-overlooked negatve externaltes of ths 
ndustralzaton and ts ntenscaton can no longer be swept asde. s chapter 
outlnes, n turn, the envronmental, health, socal, economc and governance 
ssues rased by the growng ndustralzaton of food worldwde (Fgure 7.1).
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Natural resources overexplotaton and depleton

Industralzed food systems’ heavy relance on an economy based on non-renewable 
fossl resources (Chapter 4) – prmarly fossl fuels (coal, ol and gas) – s precptatng 
the depleton of these resources. In France, fossl fuel energy s used at all levels 
of the food system for the producton of agrcultural raw materals (27 per cent 
of energy consumpton n the food system), transport (31 per cent), processng 
(15 per cent), refrgeraton and household cookng (14 per cent) and dstrbuton 
and caterng (13 per cent) (Barber et al., 2019). Other sources of energy (especally 
renewable energy) could be adopted n the future to oset fossl fuel depleton. 
But such substtuton s not an opton for phosphorus, whch s essental to plant 
fertlzaton. s precous element s present n nte quanttes n the sol, and 
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Figure 7.1  e lmts of ndustralzed food systems.
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ts partal recyclng – whch was common practce untl the nneteenth century – 
has gven way to the growng use of mned phosphate, whch s contrbutng to ts 
depleton. Despte some controversy, there s broad consensus that rock phosphate 
resources wll be depleted before 2150 (Peñuelas et al., 2013). Ntrogen, another 
fertlzer element, can be syntheszed by legume plants (soybeans, groundnuts, 
peas, beans, alfalfa, clover, broad beans etc.), and there are abundant potassum 
mnes, meanng that there s less rsk of depleton for these two mnerals.

Other resources, although renewable, are threatened by overexplotaton. 
s ncludes forests – a carbon snk and bodversty reservor – the surface 
area of whch s steadly beng eroded by farmland encroachment, partcularly 
n tropcal regons (Congo Basn, Malaysa, Indonesa, Brazl), manly as a result 
of the development of lvestock farmng and ndustral crops such as ol palm. It 
should be noted that agrculture accounts for almost 40 per cent of the land area 
on earth, two-thrds of whch s used for lvestock grazng and feed producton 
(FAO, 2020c). Whle the rate of global forest cover loss has slowed n recent 
decades, t s stll estmated to have amounted to approxmately 10 mllon ha 
per year snce 2015 (FAO, 2020b). Recent assessments ndcate that 17 per cent of 
tropcal forests have dsappeared snce 1990 (Vancutsem et al., 2021). Moreover, 
stocks of sh and other marne resources are beng harvested at a rate that exceeds 
ther renewal, whch s n turn threatened by the ongong polluton of marne and 
contnental waters by algae, waste, plastcs and chemcals. e proporton of sh 
stocks harvested at a bologcally sustanable level worldwde fell from 90 per cent 
n 1974 to 65.8 per cent n 2017 (FAO, 2020d). In some regons, water grabbng to 
rrgate crops and meet the needs of certan agr-food companes has had a drect 
mpact on natural habtats and ther functonng.

Fnally, ndustral agrculture and agr-food processng are largely responsble 
for the eroson of domestcated bodversty – a process that s occurrng much 
faster than the regeneraton rate (IPBES, 2019). Accordng to the FAO, just een 
plants1 provde 80 per cent of plant-derved food energy, wth wheat, rce and maze 
alone accountng for more than half. e dversty of cultvated plant varetes 
s also beng eroded by the market domnance of a few large seed companes. 
Accordng to FAO estmates (2010), three-quarters of cultvated plant varetes 
were wped out durng the twenteth century. s loss of dversty, partcularly 
genetc dversty, undermnes the reslence of agrcultural systems to threats such 
as pests, pathogens and clmate change; t therefore poses a rsk to food securty 

1 Rce, wheat, sugarcane, maze, soybean, potato, ol palm, cassava, sunower, rapeseed, sorghum, 
mllet, groundnut, beans and sweet potato.
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(IPBES, 2019). Bodversty loss also aects plants and anmals that are not edble 
but are vtal for pollnatng and fertlzng plants or preventng dsease. Moreover, 
ths loss threatens agrcultural producton n the medum term (Hanzeln, 2019).

Natural habtat saturaton

e massve use of relatvely nexpensve chemcal fertlzers n farmng has 
resulted  n  the polluton of groundwater, rvers and coastal waters, and the 
eutrophcaton (algal blooms leadng to oxygen depleton) of aquatc envronments. 
s phenomenon s compounded by sewage sludge dscharge – human excrement 
that s ntrogen- and phosphorus-rch but no longer recycled. In 2010, t was 
estmated that around 250,000 km2 of aquatc envronments worldwde – equvalent 
to the surface area of the Unted Kngdom – were eutrophc (Pnay et al., 2018). 
s has caused major dsruptons n the aquatc ecosystem, thereby endangerng 
bodversty, posng health rsks for local resdents and creatng economc rsks for 
actvtes lnked to these envronments. Chemcal (especally ntrogen) fertlzers 
also cause arborne polluton. Ammona emtted durng the applcaton of chemcal 
ntrogen fertlzers combnes n the ar wth ntrogen oxde produced by combuston 
engnes and wth sulphur doxde from ndustral sources, formng ne partcles 
that are extremely harmful to health (Aubert, 2021). In the European Unon (EU), 
t s estmated that agrculture s responsble for 90 per cent of ammona emssons, 
whch are a major contrbutor to ar polluton and clam the lves of four hundred 
thousand Europeans every year (IPES-Food, 2019).

e use and dscharge of chemcal and petroleum ndustry products, namely 
pestcde and drug resdues, s a secondary source of polluton. s polluton 
aects not only human health and the envronment but also agrcultural 
producton capacty due to the dsappearance of crop pollnators and the 
reduced fertlty of sols as a result of overuse. Nearly two-thrds (64 per cent) 
of farmland worldwde exhbts chemcal pestcde levels above the predcted 
no-eect concentraton, whle 31 per cent s consdered to be at hgh rsk of 
polluton, especally n Europe and Asa (Tang et al., 2021). Meanwhle, polluton 
from plastcs, whch are wdely used n agrculture and food packagng, 
has been ncreasng very rapdly (half of the plastc manufactured snce 1950 
has been produced snce 2000) wthout the fantest hnt of a slowdown (Dalberg 
Advsors, 2019). Of the nearly 400,000 tonnes of plastc produced worldwde 
n 2016, a quarter of t ended up pollutng land, rvers and oceans (Kaza et al., 
2018). Marne fauna are ht partcularly hard by easly ngested plastc mcro- and 
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nanopartcles. ese partcles travel very long dstances and contan (or have 
absorbed) varous chemcal substances (Hermabessere et  al., 2017) that are 
lkely to have serous mpacts on human health (Azoulay et al., 2019).

Fnally, greenhouse gas (GHG) emssons represent a thrd major form of 
polluton. e most recent estmates ndcate that n 2015 the agr-food system 
was responsble for a thrd of all global anthropogenc emssons (Crppa et al., 
2021), a quarter of whch (27 per cent) orgnated from ndustralzed countres 
that host only 15 per cent of the world’s populaton. e remanng emssons 
(73 per cent) were generated by countres of the Global South, ncludng Chna, 
whch account for 85 per cent of the world’s populaton. ese gures should not 
mask the fact that households n ndustralzed countres have a hgher carbon 
footprnt due to ther relance on mported foods produced n developng 
countres  – a producton that s also a source of GHG emssons. ese are 
referred to as ‘mported emssons’ and are oen overlooked n carbon footprnt 
calculatons. Emsson sources der markedly between ndustralzed and 
developng countres (Fgure 7.2). In developng countres, 71 per cent of food 
system-derved GHG emssons are lnked to land use, agrcultural producton 
and lvestock farmng, compared wth 57 per cent n ndustralzed countres. In 
the latter, post-harvest actvtes (transport, processng, packagng, dstrbuton, 
consumpton and waste management) account for a major share (43 per cent) 
of emssons. Interestngly, transport – whch food supply redstrbuton eorts 
oen am to mnmze (Chapter 17) – accounts for only 10 per cent of emssons 
(Crppa et al., 2021).

Nutrton and health rsks

Global food shortages and famnes have been scarce over the past half century. A 
large share of the global populaton has been led out of dre poverty, and food 
safety has sgncantly mproved (Stanzan, 2005). Yet the ndustralzaton 
of food systems has faled to eradcate malnutrton and has generated new 
ndvdual health rsk factors.

Undernutrton has declned overall n both absolute and relatve terms snce 
the 1960s, but n 2019 t stll aected nearly 700 mllon people worldwde, wth 
an uptck snce 2014 (FAO and WHO, 2020). s recent hstorc reversal s 
not due to a shortage of food supples, as the planet loses and wastes around 
30 per cent of what t produces (Gustavsson et al., 2011). Instead, t s due to 
persstent poverty and, above all, to the fact that clmate crses and concts 
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are on the rse, whch n turn has led to an ncrease n the number of dsplaced 
people who no longer have access to healthy, hgh-qualty food. In 2019, the 
Internal Dsplacement Montorng Centre (2020) recorded 24 mllon new 
clmate refugees and 8.5 mllon people dsplaced by concts worldwde. e 
number of dsplaced people doubled from 24 mllon to more than 50 mllon 
between 2009 and 2019.
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Mcronutrent decences (vtamns and mnerals) – or ‘hdden hunger’ – stunt 
ndvduals’ physcal and ntellectual growth and weaken ther mmune defences. 
ese decences have rreversble health mpacts and reduce people’s workng 
capacty, thereby representng a major economc handcap. In von Grebmer 
et al. (2014), t was estmated that they stll aected 2 bllon people worldwde. 
Meanwhle, the rse n calore consumpton assocated wth ncreased ntake of 
hgh-fat and sweet products, combned wth a reducton n physcal actvty, has 
led to an ncrease n overweght and obesty, whch are rsk factors for llnesses such 
as type 2 dabetes, cardovascular dsease and certan cancers. One n three people 
worldwde was aected by ths trend n 2020 (Global Nutrton Report, 2020).

Proten-energy undernutrton, mcronutrent decency and overnutrton 
may coexst n the same country and even wthn the same famly or the 
same person. s so-called trple burden (Labadaros, 2005) prmarly aects 
developng countres, complcatng the mplementaton of nutrtonal polcy. 
Food safety rsks could be consdered as a fourth burden. Accordng to the World 
Health Organzaton (WHO, 2015), every year 600 mllon people around the 
world fall ll from eatng contamnated food, and 420,000 de from ths foodborne 
contamnaton. e focus was long on the mcrobologcal rsks (Grth, 2006) 
that contrbute to malnutrton. Darrhoea s a major rsk factor for chldhood 
malnutrton. But a new, as yet poorly documented, twofold rsk s emergng 
throughout the world: chemcal contamnaton and mcrobal resstance. Frst, 
ths aects farm workers exposed to the chemcals they use. e WHO estmated 
that every year a mllon farmers were posoned by pestcdes worldwde n 1990, 
compared wth 385 mllon n 2020 – 44 per cent of the overall farmng populaton 
(Boedeker et al., 2020). Second, ths toxcant posonng also aects consumers, as 
ngested foodborne chemcals gradually accumulate n the body. e health eects 
are now beng documented, especally those caused by endocrne dsruptors, 
whch may not be present n sucent amounts to cause problems on ther own 
but can be dangerous n combnaton (‘cocktal eect’) (Gaudrault et al., 2017; 
Muncke et al., 2020).

Envronmental and health rsks do not necessarly aect all people n 
the same way. For nstance, clmate change s havng a major mpact on the 
ntertropcal convergence zone, where very poor communtes are concentrated, 
despte the fact that ther GHG emssons are low. Moreover, obesty s more 
prevalent among poor populatons resdng n food deserts, where the supply 
of fatty, sweet and salty products s partcularly hgh. Fnally, food posonng s 
oen caused by eatng very low-cost foods from the nformal food sector that s 
generally predomnant n the poorest neghbourhoods of towns and ctes.
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Soco-economc ssues

Industralzaton has been a drver of economc development, creatng jobs and 
ncreasng consumer purchasng power, yet t has not elmnated poverty or 
reduced nequaltes, ncludng those that preval n food systems. ere s even 
a loomng rsk that poverty wll grow n the years ahead as a result of clmate 
change (+ 68 to 135 mllon people by 2030, accordng to the World Bank, 2021) 
and the COVID-19 pandemc (+ 88 to 115 mllon) (Lakner et al., 2021). ese 
gures add to the 690 mllon people currently lvng n extreme poverty (wth 
less than $1.9 per capta per day).ese two combned phenomena could explan
the antcpated worsenng of food nsecurty n these countres and the rsk of 
massve outmgraton, whch would n turn generate new food crses.

Gven that populaton growth s stll hgh n many countres of the Global 
South – partcularly n Afrca – creatng mllons of decent-payng jobs, especally 
n rural areas, s a major challenge for food systems, whch consttute the leadng 
economc sector n these countres. Accordng to the World Bank (2021 data), n 
2018 four out of ve people lvng under the nternatonal poverty lne ($1.9 per 
capta per day) resded n rural areas. e poverty rate n these areas s estmated 
to be three tmes hgher than that n urban centres. s dsparty suggests that 
farmers n developng countres are underpad, whch, combned wth the fact that 
lvng condtons n rural areas are generally worse than n ctes, partally accounts 
for the trend of rural outmgraton and the resultng mass urban unemployment. 
Inequalty n the dstrbuton of added value wthn commodty chans s especally 
acute n the agrcultural sector and even more so n sectors exportng agrcultural 
products from the Global South to rch countres. Moreover, a study by the Bureau 
for the Apprasal of Socal Impacts for Ctzen nformaton (Basc, 2018) revealed 
that coee producers earn only around 5.5 per cent of the sale prce of ground 
coee packets sold n supermarkets (7.8 per cent under far-trade labels) and less 
than 1 per cent of the prce of coee sold n ndvdual pods.

In the EU, t s estmated that the agrcultural sector’s value share n the food 
chan dropped from 31 per cent n 1995 to 21 per cent n 2018, whle farmers had 
to contend wth a 40 per cent ncrease n nput prces between 2000 and 2010 
(IPES-Food, 2019). In addton, soarng food prces on nternatonal markets 
n 2008 and 2011 sounded the end of a roughly thrty-year perod of relatvely
stable prces. e declne n buer and/or securty stocks, the tghter functonng 
of just-n-tme markets and the ncreasngly close lnks between food, energy 
and nancal markets suggest that the world could be enterng a phase of greater 
prce volatlty (Galter, 2019), thereby makng farmers even more vulnerable. 
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Markets for farm products have, admttedly, always been relatvely unstable, 
gven ther dependence on clmatc condtons. But ths stuaton s now lkely 
to be compounded by the growng number of clmate crses (IPCC, 2013), 
epdemcs (Tollefson, 2020) and concts aectng producton and trade.

Fnally, the hghly dsparate range of busnesses (n terms of sze, nvestment 
capacty, market share, nancal strength etc.) competng for markets or 
resources – especally land – oen accelerates the margnalzaton of smallholder 
farmers (Souler et al., 2019). Competton between famly farmng and ndustral 
farms or plantatons s prevalent. e same compettve stuaton also exsts 
further down the supply chan between ndustral and small-scale processors and 
between supermarkets and street vendors. In countres undergong demographc 
transton, such as those n sub-Saharan Afrca, whch wll have to cope wth 
an nux of 730 mllon new workers between 2020 and 2050, employment s 
therefore a major ssue (Gordano et al., 2019). e rapd growth of low-labour 
ndustralzaton potentally carres a very hgh rsk. Moreover, the food system 
employs a huge number of low-pad workers: n farmng (usng mgrant labour), 
n agr-food companes (assembly-lne workers, e.g. n slaughterhouses where the 
work pace can sometmes lead to anmal abuse), n the transport and retal sectors 
(drvers, handlers, cashers), n the caterng ndustry (cooks) and, n recent years, 
n meal delvery (the uberzaton of work) (Barthélémy and Cette, 2017).

All of these envronmental, health and soco-economc rsks overlap and 
combne (Brcas et al., 2019). Whle the compoundng eects of these rsks are 
stll poorly documented, they rase fears of serous future crses and hghlght the 
need for further research nto the vulnerablty and reslence of food systems.

Governance ssues

Market concentraton through mergers and acqustons n the food system 
concerns supplers of ntermedate products (seeds, chemcal fertlzers, pestcdes 
and pharmaceutcal products, agrcultural machnery etc.) as well as companes 
nvolved n nternatonal trade, food processng and dstrbuton. For nstance, 
70 per cent of the nternatonal agrochemcal ndustry s now n the hands of just 
three companes and up to 90 per cent of global gran trade s controlled by four 
multnatonals (IPES-Food, 2019). s concentraton has several problematc 
consequences. It weakens the ndependence and barganng power of farmers, 
who become dependent on upstream companes for ther nputs and downstream 
companes for ther market outlets, whch dctate prces or force farmers to comply 
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wth very strct producton speccatons. s concentraton trend steers techncal 
nnovaton polces towards the most protable solutons for companes, whch do 
not necessarly take sustanablty ssues nto account. rough olgopoles and 
agreements between competng rms, bg busness gans the power to sway publc 
polcy n favour of ts own nterests. ese companes are hghly opaque. ey 
can manpulate nformaton (and even scentsts) to ther benet (Foucart et al., 
2020) and act wth relatve mpunty n relaton to ther mpacts on the health of 
humans and the global envronment, whch they can contrbute to deteroratng 
(Raston, 2016).

e dgtal technology boom s generatng new opportuntes (Chapter 5) but 
at the cost of ncreased governance rsks. Frst, there are fears that the dgtal tech 
gants, namely the GAFAMs (Google, Apple, Facebook, Amazon, Mcroso), wll 
ncreasngly gan control over these systems (GRAIN, 2021; IPES-Food and ETC 
Group, 2021). e deployment of personalzed advce systems to help consumers 
make better food choces, based on the compled hstory of ther practces and 
nterests, s showcased as a tool for strengthenng consumer power. e FAO 
(2020a) drector-general sgned an agreement wth CropLfe Internatonal – a 
trade assocaton representng the nterests of the major agrochemcal players – 
statng that ‘dgtal technologes can remodel agr-food systems so that producton 
and trade would be drven by consumers’. We can rghtfully wonder whether the 
development of bg data s not n fact creatng a major new challenge for socety, 
namely the montorng and control of ndvdual behavour and therefore of 
freedom, at a tme when t seems vtal for ths behavour to change n order to 
tackle sustanablty challenges.

Concluson

Development models desgned n hghly ndustralzed countres and dssemnated 
worldwde through prvate nvestment and partly wthn the framework of 
nternatonal cooperaton are now beng challenged. In 2015, aware of the new 
rsks rased by these development models, the 193 UN Member States drew up 
seventeen so-called sustanable development goals (SDGs). Unlke the mllennum 
development goals (MDGs) of the precedng een years, whch appled only to 
developng countres, the SDGs concern all countres on earth, ncludng the rchest 
and most ndustralzed ones. Food systems, rrespectve of whether or not they 
underle the ssues dented, are relevant and can contrbute to achevng most of 
these goals (Fgure 7.3). Food systems can therefore no longer be geared towards 
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feedng humans, whch they do by maxmzng food producton wth a hgh 
degree of success, as s well known. ey must now be guded by at least two other 
ambtons: actvely contrbutng to ensurng the vablty of the bosphere whle also 
contrbutng to nclusve and equtable soco-economc and cultural development.

s chapter largely draws on Brcas (2019) and the report Food Systems at 
Rsk: New Trends and Challenges (Dury et al., 2019).

e author would lke to thank Mathlde Coudray for proofreadng ths 
chapter and her suggested mprovements.
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