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CHAPTER 9

Climate-Smart Chicken

Abstract In the 1960s average yearly consumption of poultry meat stood 
at just over 3 kilograms per person on the planet. By the 1990s this had 
more than tripled, and by 2030 we are each predicted to be eating the 
equivalent of 17 kilograms of poultry meat a year (over 120 million tonnes 
worldwide). For every kilogram of chicken produced, up to 5 kilograms of 
greenhouse gas is emitted. Within this, producing the chicken feed is the 
main culprit at about three-quarters of the total. Each year in UK house-
holds, we waste 110,000 tonnes of chicken meat. In the developed world 
most chicken is produced under controlled conditions, so heat stress risks 
under a changing climate should be minimal. However, cooling capacities, 
transport systems and housing densities all need to be adapted as the risk 
of more extreme heat events increases. In the developing world chickens 
may be more exposed to severe weather impacts, but they also represent a 
useful way to enhance incomes and food security where resilient  and 
higher-yielding varieties are made available.

Keywords Heat stress • Salmonella • Ventilation • Air-conditioning • 
Broilers • Shade • Transport • Free-range

Lunch is last night’s chicken curry, scooped into a Tupperware container 
and re-heated in the office microwave. The bulk of the chicken we con-
sume is produced in the same nation it is raised in—the availability of 
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climate- controlled indoor housing methods meaning chicken can be pro-
duced on an industrial scale from the Arctic Circle to the equator.

Today’s 50 billion-strong global chicken population is descended from 
just four species of jungle fowl domesticated in Southeast Asia over 4,000 
years ago [1]. Most share a common ancestor in the so-called red jungle-
fowl, but millennia of selective breeding have given rise to myriad varieties, 
from super egg layers like the Rhode Island Red, through sturdy meat chick-
ens like the Cornish-Rock, to the poultry punk rockers that are Silkies—
fluffy bundles that look like a cross between a chicken and a bag of pom-poms.

Chickens destined for the table are called ‘broilers’, and our appetite for 
their meat seems insatiable. In the 1960s average yearly consumption of 
poultry meat stood at just over 3 kilograms per person on the planet. By 
the 1990s this had more than tripled, and by 2030, we are each predicted 
to be eating the equivalent of 17 kilograms of poultry meat a year (over 
120 million tonnes worldwide). The biggest producers of chicken—the 
US, Brazil and China—are also its most avid consumers (Fig. 9.1). Average 

Fig. 9.1 Global chicken meat production in 2013 by country of origin (Source: 
Hannah Ritchie, Our World in Data) [3]. Available at: https://ourworldindata.
org/grapher/chicken-meat-production
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poultry meat consumption in the US is already a bucket-busting 40 kilo-
grams per person a year [2].

The chicken meat in our own re-heated curry started life as a free-range 
bird raised in large flocks in England. Although free-range eggs have 
become popular over the last few decades (they now make up over half of 
those in UK stores), free-range chicken meat is still a niche commodity at 
under 5 per cent of UK production [4]. The bulk of chicken meat is 
instead produced in ‘barn-raised’ systems. These have a higher density—
around 17 birds per square metre of sawdust-covered floor space—and, 
unlike free-range chickens, have no access to the outdoors. In both cases, 
commercial farmers aim to rush their poultry through—from new-born 
chick to oven-ready adult—in the most efficient way possible. Through 
careful selection of fast-growing traits combined with precisely controlled 
feeding regimes, modern farms are now able to grow a chicken to 
slaughter- ready size in under 40 days.

The chicks are hatched in incubators and for the first few weeks of life 
need warm and humid conditions, with the required temperature of 
around 32 degrees Celsius being achieved in controlled-atmosphere sheds. 
At one day of age, they are moved to the growing sheds and each is passed 
through a vaccination spray. The standard diet for barn-raised chickens 
consists of copious supplies of high-protein mash, crumbs or pellets. These 
are derived from a mix of cereal grains, like maize and wheat, along with 
vegetable and animal proteins like soy and fishmeal [5]. Various fats, min-
erals and vitamins are incorporated to boost energy contents and ensure 
good bone and muscle development. For free-range birds, a more varied 
diet including weeds and insects is possible. Controversially, many com-
mercial chicken farmers also add antibiotics to feeds, along with pH con-
trol agents and enzymes to aid feed digestion [6].

Air-conditioned housing means temperature and humidity can be con-
trolled to maximise growth and, for most commercial farms, this means 
keeping the chickens in windowless fan-ventilated barns. Good ventilation 
and thorough cleaning between batches are vital to avoid a dangerous 
build-up of ammonia from the poultry faeces—too much ammonia can 
lead to respiratory and eye damage [7]. Even under the controlled condi-
tions of the broiler houses, an average of 3 in every 100 birds die during 
the rearing phase.

With a relatively short distance between the barn and our supermarkets, 
it is the on-farm production of broiler chickens that dominates their  overall 
carbon footprint [8, 9]. For every kilogram of chicken produced, up to 5 
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kilograms of greenhouse gas is emitted. Within this, producing the chicken 
feed is the main culprit at about three-quarters of the total. During its 
short life, the average barn-raised table bird will consume more than dou-
ble its own slaughter weight in feed. Free-range and organic birds con-
sume closer to five times their final weight (as they have longer lives) and 
so, per drumstick, thigh and wing have a higher carbon footprint than 
their barn-raised cousins [10]. Soy meal from Brazil and Argentina is the 
main component of this feed and makes up almost half of its emissions, the 
rest coming from wheat, vegetable oils and fishmeal.

Given the heavy use of heating, ventilation and air conditioning by 
commercial producers, the use of electricity and gas are the next biggest 
source of emissions on the chicken farm. Housing, land use and manure 
complete the carbon footprint. It is, however, chicken manure’s pungent 
plumes of ammonia that spread downwind of the farms that may pose the 
greatest environmental risk. Carried on the wind, the ammonia is depos-
ited to fields, woodlands and lakes where it can damage sensitive species 
like lichens and mosses, and push up overall ecosystem nutrient levels 
(eutrophication). As an added bonus, it may boost nitrous oxide emis-
sions too [11].

Once the chickens have reached market weight, they are transported to 
slaughterhouses, then to meat-processing plants, and on to retailers. Each 
of these phases adds a further 500 grams or so of emissions per kilogram 
of chicken produced, mainly through the fuel and energy used [8]. The 
final destination of the chickens, our households, appears as a relatively 
minor part of the total chicken meat climate impact. Refrigeration and 
cooking on average add just 350 grams of emissions per kilogram to the 
overall footprint. But, as with almost every type of food we consume, 
wastage then rears its ugly head.

For my siblings and me in 1970s’ Britain, roast chicken was a special 
Sunday dinner treat. Ever hungry, our eyes grew wide as we watched our 
dad carefully carve the bird and lay slices of meat on our plates. The top 
privilege was to be given the Parson’s nose—the fatty arrow-shaped base 
of the chicken’s tail. Next most joyous (and often a recipe for stomach 
ache) was to clear your plate first and have prime picking of the carcass. 
Our small fingers became expert at peeling any remaining slivers of meat 
from the bones and nibbling the skin from wingtips.

Several decades of improved feeds, faster growth rates and industrial 
production methods have made chicken more of a staple than a Sunday 
treat. At the time of writing, a whole chicken can be bought in the UK for 

 D. REAY



111

just £3. This incredibly low price has helped drive the huge increase in our 
consumption and along with it a lot more wastage.

Each year in UK households, we waste 110,000 tonnes of chicken 
meat. This is all avoidable. It is edible meat that doesn’t get eaten because 
it has either gone past its use-by date (32,000 tonnes), because too much 
was cooked and served (46,000 tonnes), or simply because we didn’t fancy 
chicken after all (13,000 tonnes) [12]. Some also ends up in the garbage 
because it is burned or spoiled. At 5 kilograms of greenhouse gas per kilo-
gram of chicken, this Great British poultry wastage has a staggering car-
bon cost: half a million tonnes of emissions a year. It also means the 
equivalent of 85 million chickens are hatched, intensively reared, slaugh-
tered, processed and sent to the shops, all to then end up in the bin [10].

A focus for cutting this poultry waste mountain down to size has been 
the huge amount that goes out of date before it can be eaten. Packaging 
can really help—separate compartments for chicken pieces, for instance, 
could slice 10,000 tonnes off British chicken waste simply by allowing us 
to use one side and freeze the other [13]. For whole birds, many chefs and 
recipe books have also been trying to help households make use of every 
last bit [14].

* * *

As chickens are produced all over the world, they face a wide array of cli-
mate risks. Heat is the big one for most, and the threats posed by higher 
temperatures can go far beyond the farm gate. From accelerated growth of 
dangerous spoilage bacteria like Campylobacter and Salmonella, to more 
barbecues and the inherent risks of an undercooked drumstick, hotter 
summers could ramp up the risks to our own health [15]. Climate-smart 
solutions must therefore make farms more resilient to severe weather 
impacts, lower carbon footprints, and better protect the health of birds 
and humans alike [16].

Food poisoning is unpleasant at the best of times. Poisoning from 
chicken meat can be deadly. The US Centers for Disease Control and 
Prevention estimate that around 1 million people become ill each year due 
to the eating of contaminated chicken [17]. With the surge in consump-
tion, chicken has consequently become the meal most commonly involved 
in outbreaks of food poisoning. Poultry were associated with one quarter 
of the more than 1,000 outbreaks recorded in the US between 1998 and 
2012. The bacteria Salmonella accounted for the most illnesses and 
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hospitalisations, and the second highest number of deaths (Listeria being 
the number one food poisoning killer) [18]. Some of the more recent US 
outbreaks that involved high rates of hospitalisation have resulted from 
antibiotic-resistant strains of Salmonella.

Although contamination can occur during production and processing, 
many of the cases of food poisoning due to eating chicken are a result of 
poor storage, handling and undercooking [18]. Climate change, and espe-
cially higher temperatures, may accelerate the growth of spoilage organ-
isms like Salmonella. Infections are already more common in summer and 
appear to peak during periods of warm weather. Where refrigeration is 
inadequate or the time between preparation and cooking is too long, the 
bacteria can multiply to dangerous levels. Salmonella poisoning commonly 
results in fever, diarrhoea and abdominal cramps [16]. In the UK there are 
an estimated 39,000 cases each year, but this represents a big decrease 
compared to the early 1990s. Right across Europe Salmonella poisoning 
appears to be on the decline thanks to improved food hygiene, better bios-
ecurity, and the widespread vaccination of animals. Climate change is not 
expected to reverse this downward trend, though a 10 to 15 per cent 
increase in cases across Europe is possible by the 2080s under a very high 
warming scenario. In Australia, spiritual home of the barbecue, a more 
serious climate impact is likely. Here, an extra 4,000–7,000 cases of food 
poisoning per year by the middle of the century are predicted, and in 
South Australia, incidences of Salmonella may rise by more than 50 per 
cent [16].

With air-conditioned barns and carefully controlled atmospheres, most 
commercial chicken farms in the developed world might be expected to be 
at low risk from high temperatures and other direct climate change impacts 
[19]. Certainly, these systems are designed to protect the birds from 
weather extremes, giving as close to optimal conditions as possible to 
ensure maximum growth. Heat waves in the summer mean a rise in energy 
costs for cooling and ventilation, but warmer winters may cut winter heat-
ing bills. As climate change intensifies, it is the severity of the heat waves, 
and the risks of heat stress both in the barns and during transport, that 
represent one of the biggest threats—the 2003 European heat wave killed 
an estimated four million broiler chickens in France alone [20].

Today’s commercial meat chicken is genetically distinct from those 
bred in the 1990s and before. It consumes a lot of feed, grows much faster 
and has a smaller heart relative to its body weight. It is therefore more 
sensitive to high temperatures and more susceptible to heart failure [21]. 
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At the high stocking densities of commercial barns, the birds produce a lot 
of heat, and this needs to be actively managed. If the excess warmth is not 
efficiently removed, then the first signs of heat stress will quickly appear.

Initially a heat-stressed chicken will increase its water consumption, 
direct more blood supply to its comb, and try to move away from other 
birds. It may seek out cooler surfaces and areas where there is greater air-
flow. Given room it will open its wings and try to expose more of its 
feather-free skin to the air. If it is still too hot the chicken will begin to 
pant and so shed more heat via evaporation. As the temperature rises still 
higher, so the rate of panting quickens and the bird becomes lethargic. 
With no respite it will die. Chickens like it warm—they have an internal 
temperature of 41 degrees Celsius—but an increase of 4 degrees Celsius 
or more above this is fatal [22].

As well as temperature, the humidity of the atmosphere in the broiler 
houses is a big risk factor. As humidity rises, the ability of the birds to 
cool themselves through evaporation falls. Damp and soiled bedding can 
exacerbate this humidity problem and lead to dangerous increases in 
ammonia in the barn air [23]. Even mild heat stress over an extended 
period is a serious economic issue for the farmer, as well as being a major 
animal welfare one. Heat-stressed chickens will eat less, have lower feed 
conversion efficiency, and so grow more slowly [24]. Their immune sys-
tems will also be suppressed, making them more susceptible to infection 
and disease.

The perfect storm of broiler heat stress impacts comes when high stock-
ing densities combine with very hot weather and inadequate air- 
conditioning. Closely confined chickens are up to 40 per cent less efficient 
at shedding heat, and if the capacity of the barn’s cooling and ventilation 
systems is exceeded, dangerous heating will occur. Farmers tend to plan 
their stocking densities months in advance, and so an unexpectedly intense 
summer heat wave may overwhelm the standard cooling systems they have 
in place [22].

The last leg of a meat chicken’s life—that from barn to slaughter-
house—adds further heat exposure risks. An estimated 1.8 million (2 in 
every 1,000) birds die in transit in the UK each year, with occasionally very 
high losses of more than 15 per cent reported. Heat stress plays a major 
role, with a pronounced peak in mortality during the summer months. 
Most birds are transported to slaughter in closely packed containers con-
sisting either of loose crates or of modular stacks of metal drawers. Limited 
ventilation and space to move means the birds have less ability to keep 
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themselves cool. As daily maximum outside temperatures rise above 17 
degrees Celsius, so mortality rates tend to rise. Even in the low 20s Celsius, 
the mortality rate may double and above that it can increase more than 
sixfold [25].

Thankfully, large-scale chicken death incidents due to heat waves have 
tended to become less frequent in the developed world, with the use of 
improved barn designs, modern ventilation systems and improved trans-
port practices. Tragedies still occur though, such as the loss of 50,000 
chickens in North Carolina when power was lost for just one hour during 
the heat wave of 2011 [26] and the more than 6,000 birds that perished 
on a single farm in southern England in 2012 due to overstocking and 
inadequate ventilation during hot weather [27].

Often less apparent than these direct effects of extreme heat have been 
the effects of severe weather events on poultry feed. With feed being so 
reliant on staple crop ingredients like soy and wheat, severe weather events 
like droughts and heat waves can lead to shortages in supply and so sharp 
spikes in prices [28]. For chicken farmers in the developed world then, 
future climate change, and especially higher temperatures, poses risks to 
the welfare of their flocks and to productivity, as well as to feed and 
energy costs.

In the developing world the risks may be much greater. Here, access to 
modern housing and air-conditioning systems is often more limited. In 
some rural areas power supplies may be unreliable or non-existent. For 
commercial poultry farmers in already-hot regions of Africa and Asia, con-
cern is growing that climate change and more intense heat waves will 
increasingly threaten livelihoods and the welfare of birds and humans 
alike [29].

Many smallholders in rural areas use chickens as an extra source of pro-
tein and income to supplement their normal farming. Their birds are more 
likely to be free ranging and the housing to have no active cooling and 
ventilation. Most chickens will scavenge for food rather than being given 
feed, and in general, their growth rates are low compared to birds on com-
mercial farms. They are also more prone to disease, parasites, and to being 
attacked by predators [19]. During periods of intense heat, free-range 
chickens will usually respond by seeking shade. However, if this shade- 
retreat is for prolonged periods and no additional feed is supplied, then 
their nutrition may suffer. In some areas changing precipitation and 
higher temperatures may also combine to reduce the availability of food 
that can be scavenged by the chickens as they roam. With food and income 
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from chickens often providing the final safety net from poverty for rural 
smallholders, avoiding reduced productivity and increased mortality due 
to the impacts of climate change can yield big social benefits.

* * *

Achieving climate-smart chicken production inevitably requires context- 
specific approaches. For large commercial units in the UK and other devel-
oped nations, planning ahead for extremes of heat and ensuring that 
housing, transport and management practices are fit for purpose are at the 
core. While close attention to forecasts and severe weather warnings can 
help give a few days to check cooling and ventilation before a heat wave 
hits, longer term planning for lower stocking densities in the summer 
months may be much more effective. Output from the farms may be 
lower, but they can better avoid the heat stress risks caused by too many 
chickens and very high temperatures coinciding. Some farmers already 
thin out their numbers in expectation of hot weather to allow the remain-
ing birds to keep cool. Many have improved the insulation and thermal 
performance of their barns, taking account of its positioning in the land-
scape and how reflective the roof materials are [30]. Good insulation has 
the multiple benefits of lowering heating costs in winter, buffering extreme 
outside heat in summer, and reducing condensation and damp-related 
issues inside the barns.

Making use of natural shade from trees may also be beneficial during 
the hottest days—this is especially true for free-range systems where the 
birds need areas of shade they can retreat to in the heat of the day. So too 
can using narrow barns (to aid ventilation air flow) and ensuring that air 
intakes for ventilation and cooling are located in the best locations (such 
as shaded walls) to draw in cool air.

The features of the landscape surrounding the chicken farm can play a 
much wider role in just how climate-smart it is. Poorly maintained access 
roads, inadequate manure storage and leaky grain silos all make the farm 
more vulnerable to storms and intense rainfall events—flooding having 
the potential to block roads, spoil feed, and cause pollution of streams and 
rivers through surface runoff. To limit the plumes of ammonia gas emitted 
from commercial broiler farms, good manure management is key. This 
involves regular cleaning of the sheds and treatment of soiled bedding to 
make it more acidic (so reducing how much ammonia is lost to the air). 
Strategic planting of tree ‘capture belts’ downwind of the broiler sheds can 
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also be an effective way to intercept the ammonia carried on the wind. In 
some cases this type of ‘poultry agroforestry’ has the potential to boost 
tree growth, and so carbon uptake, of the farm too [31].

Building design and location features can therefore help reduce the 
overall amount of mechanical cooling and ventilation required, but in 
commercial systems some kind of air-conditioning system will still be 
needed. During hot weather an effective ventilation system keeps the air 
over the chickens moving, taking with it heat and moisture that could 
otherwise build up and cause heat stress problems. It means that, when 
the birds pant, their evaporative cooling is much more effective with the 
feeling of wind chill from the air movement also serving to make the birds 
more comfortable.

Many older barns do not have such active cooling systems and rely 
more on natural ventilation via openings along the length of the barn. In 
very hot weather internal fans that circulate the air more can help make the 
birds feel more comfortable, though these fans do not provide new air 
from outside and so risk a dangerous build-up of moisture, carbon dioxide 
and ammonia in the barn’s atmosphere [22].

To make the most of the benefits of evaporative cooling, misting sprays 
are sometimes used. These can be a very effective way of avoiding the 
panting response of the birds to high temperatures, and so keeping feed-
ing and growth rates going strong. The downside of these water spray 
systems is that, at very high temperatures, they can actually make things 
worse—raising the humidity to a level where the birds cannot cool them-
selves at all. Most commercial farms now use alarm systems that warn 
when cooling and ventilation equipment fail, or when temperature and 
humidity are approaching dangerous levels. The alarms either trigger 
automatic back-up cooling or warn the farmer to start up failsafe plans 
(like the use of generators during a power cut) [22].

Day to day, good practice during hot weather periods depends very 
much on the expertise of the commercial chicken farmer. For instance, 
leaving the ventilation system running all night may seem a waste of money 
and energy, but then these costs may pay big dividends in terms of greater 
comfort and survival rates of the birds during the heat of the following 
day. Likewise, reducing or completely removing feed during the hottest 
hours of the day could reduce growth rates, but may also limit overheating 
in the birds and the numbers which then succumb to heat stress [22].

The capture and onward transport of broiler chickens to the slaughter-
house can be a very stressful experience and, as we’ve seen, there remains 

 D. REAY



117

a real danger of heat stress during this final stage of the chicken’s life. 
Rapid capture and transport coinciding with the coolest part of the day 
helps reduce heat stress risks, and postponing things until the weather 
cools and the birds are in a less stressed state can also pay big dividends. 
During transport, ensuring proper ventilation, drinking water and ade-
quate space are a must, as is avoiding the travel modules and their vehicle 
being left standing in direct sunlight.

All of these responses have the potential to yield greater resilience to 
extreme weather, can reduce heat stress risks and mortality rates, and so 
boost productivity. Through better hen welfare, the energy and feed 
inputs—representing the largest part of a broiler chicken’s carbon foot-
print—will  also be more efficient. Implementing some of the technical 
solutions, like mechanical ventilation and super-insulated housing, requires 
significant upfront costs, and so, the availability of finance is important. 
More crucially, informed planning and practices to deal with increasing 
heat stress risks require good training and ready access to advice on 
weather forecasts and best practice.

For millions of rural smallholders around the world, chickens represent 
an opportunity to boost incomes and the overall resilience of households. 
In Nyando—a largely rural district of Kenya—keeping chickens has actu-
ally become a cornerstone of climate-smart activities for many families 
[32]. The average household keeps 30 birds that largely scavenge for their 
food and are indigenous to the area (and so can thrive even with minimal 
feed and healthcare). An increasing number of women in these house-
holds are now farming a crossbred type of chicken that matures faster than 
the indigenous ones (they reach market weight in one-third of the time). 
Combined with training on the construction and maintenance of better 
housing, provision of feed, and more disease control and treatment, the 
scheme is already proving a success. This innovative ‘climate-smart 
chicken’ initiative is enabling the women of Nyando to build more resil-
ience into their livelihoods even as the threats to their other crops from 
climate change increase—the chickens represent a feathered form of 
household savings and insurance against times of heavy crop losses, with 
the manure they produce being a valuable fertiliser to boot.

So, the climate future of the world’s chicken dinners appears safe, albeit 
one where the welfare of the birds and safety of their meat requires 
renewed attention. A bigger question is to what extent the staggering 
growth in chicken meat consumption in the twentieth century will con-
tinue through the twenty-first. The push for more sustainable diets is 
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certainly gaining momentum, with very high-carbon meats like beef and 
lamb sitting right in the emissions reduction bullseye. Vegetarianism and 
veganism may be gaining ground, but there’s little sign that we’ll be turn-
ing our backs on the finger-licking delights of chicken any time soon.
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