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BIOENERGY
A graphic introduction 

What is it?          Why use it?          What are the problems?          What are the solutions?
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in our daily lives, we 
do many things that 

requre energy.

introduction...

FOR MORE THAN 100 
YEARS MOST OF THIS 
ENERGY HAS COME 
FROM BURNING 
FOSSIL FUELS.

GOING ON 
HOLIDAY...

taking a 
bath...

watching 
tv...

cooking 
dinner...

driving to 
work...

talking 
to 

friends...

coal

NATURAL GAS.

oil

but where do 
these fuels 
come from?

millions of years ago, plants grew 
using energy from the sun and 

carbon dioxide—just as they do today.

when they 
died and 

decomposed, 
the carbon in 
their tissues 
was buried...

...their buried  
tissues turned 
into peat, then 

coal in a 
process that 
took up to 
300 million 

years!

a similar 
process took 
place in the 
oceans, with 
microscopic 

plants forming 
oil and gas.

millions of years 
later, we find the 
coal, oil and gas 
and dig or drill 

for it.

fossil fuels are less expensive 
than other forms of energy, 
they are very energy dense, 
easy to store and widely 
available. so what’s the 
problem with them?

t 
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r 
e 
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they have local 
environmental impacts...

...as we use them up they 
become more expensive. 

they’re not renewable...

...like the 
poor air 
quality we 
see in cities 
worldwide.

the greenhouse gases 
released by their 
combustion cause 
climate change. 

this is
the most 
serious 
problem 

with fossil 
fuels, and is 
something we 

have to
address
now. 
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what is climate change?

our fossil fuel 
cycle is all one 

way. we release the 
carbon that has 
been under the 

ground for millions 
of years...

...and we’re not 
taking it back in.

when the sun’s energy 
reaches the earth, some 
of it is trapped by gases 
in the atmosphere. these 

are known as greenhouse 
gases. the heat they 

trap raises the 
temperature of 

the whole planet. 
without them, the 
earth woulld be 
too cold for 

humans to survive.

carbon 
dioxide 

(co2) is one 
of these 

greenhouse 
gases.

others are: 
methane (ch4), 

nitrous oxide (n20), 
chlorofluorocarbons 

(cfcs).

when humans release more of these 
greenhouse gases into the atmosphere 

through burning fossil fuels, it warms the 
atmosphere faster than the natural world 

(and human society) can adapt.

this warming 
melts ice 

caps, raising 
sea levels...

...causes stronger storms...

...floods...

...droughts...

...and in the future has the potential to 
displace whole communities.

note that “global warming” means that
the average temperature of the planet will increase, but due 
to complexities in the earth’s systems the effects will be very 

uneven, with extreme weather events of all sorts. this is why we 
tend to refer to it as “climate change”.

in 2015, 195 nations came together 
to commit to stopping global 

temperature from rising more than 
2°c, with an ambition to limit it to 

no more than 1.5°c.

the idea of a ‘carbon budget’ 
had arisen — the basic idea is 

this: coal mines, and oil and gas 
facilities already in production 

contain enough carbon to carry 
us well past two degrees. we have 

to limit the amount we emit
each year to keep
within  budget.

it is clear
that we have to stop 
using fossil fuels. 

but if we stop
using fossil fuels, what 

are our options?

I recognised 
oxygen, carbon 
dioxide and the 
natural carbon 

cycle.

I discovered carbon dioxide is 
a greenhouse gas which keeps 

the earth warm.

I discovered humans 
were increasing 
carbon dioxide 

levels.

I saw levels of 
carbon dioxide 

in the atmosphere 
rapidly rising.

I informed 
governments that 
this would be a 

problem.

joseph priestley, 1772

john tyndall, 1860s svante arrhenius, 1890s

charles keeling, 1958

james hansen, 1988
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we can try to 
avoid using lots 

of energy, but this 
means we will have 
to change the way 

we live.

there are 
various 

ways to use 
less energy:

demand 
reduction

energy 
efficiency

we can be more
efficient in the way we use 
energy — designing better 

technologies and using them 
in better systems.

but sometimes 
efficiencies can 
have unexpected 
consequences.

turn 
lights 
out

a small increase in 
energy use can 
dramatically 
improve 
quality of 
life.

sustainable

secure affordable

new technologies have 
increased the efficiency of 
fuel use in cars. this makes 
cars cheaper to run, which 
means more people buy them, 

and drive them further, 
consuming more fuel.

this is called 
the “rebound 

effect”and means 
that reducing 

energy use through 
efficiencies may be 
more difficult than 

it seems.

so for much of the 
world, using less energy 

isn’t an option.

we will 
still need 

to get our 
energy from 
somewhere.

it is 
a fact 
that all 

energy use has 
an impact—on the 

environment, on the 
way we live...

can we 
sustain

our modern 
world by 

moving from a 
one-way fuel cycle 

to something more 
circular?

the complete picture of our energy future will 
probably involve lots of different technologies 

that will have to work together. 

...and in the 
rest of this 
comic it’s 

the one we’re 
going to 
focus on.

n.b. nuclear is a replacement for 
fossil fuels, but is not renewable.

HOW CAN WE CHANGE THE ENERGY SYSTEM?

drive 
less

developed 
countries 
waste and 

consume too 
much energy 
and need to 

reduce demand. 

however, 
developing 
countries 

need energy 
to lift them 

out of 
poverty.

replacements for fossil 
fuels must satisfy a 

number of requirements:

bioenergy is just 
one of these...

SUSTAINABILITY 
SECURITY 

AFFORDABILITY
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what is bioenergy?

bioenergy is energy 
made available 
from biomass. ok - so 

what’s 
biomass?

forestry 
products 
— usually 

lower value.

farming 
leftovers: pits, 
husks, straw, 
animal fat 
byproducts 
from food 
processing.

some are 
produced in 

the uk...

algae (the 
stuff that 
grows on 
ponds) = 

microalgae...
and seaweed = 
macroalgae

the energy 
in all of 

these things 
comes 

from solar 
energy.

it’s as 
though 

plants and 
wastes are 
storing 
energy 
for us.

it is
expected that 

these resources 
together will 
contribute

we can collect 
the energy 
and use it 
in different 

forms...

wood chips
and pellets burned 
in a power station 
for electricity...

liquid fuels 
and gas for 
transport and 

heating...

wood chips 
and pellets 

used in boilers 
in houses for 

heating...

it’s perhaps easier to think of 
the forms of fuels produced: 
solid fuels like pellets, liquid 

fuels (oils and transport 
fuels), and biogas.

none of this is new—
bioenergy is ancient 

technology.
in fact,

we’ve been 
using it for 
hundreds of 
thousands of 

years.

ancient civilisations like 
rome used bioenergy—large 
parts of southern england 

were planted with hazel 
to make charcoal for 

smelting iron...

victorians 
used 

whale oil 
in street 
lamps...

during world war II 
many cars ran on gas 

made from wood!

the largest 
use of 

bioenergy is 
still burning 
wood for 
cooking 

and heating 
(mainly in 
developing 
countries).

industrial waste 
and sewage, e.g. 
black liquor 

from the 
paper industry, 
sawdust, waste 
wood from 

demolition and 
construction.

our 
biodegradeable 
rubbish (food/

paper/cardboard/
wood, waste edible 
oils) - in the uk, 
this is a huge 

resource, much of 
which currently 
goes to landfill.

energy crops 
(plants grown 
just for energy 
or transport 
fuels — sugar 
cane, sugar 
beet, rapeseed, 

soya)

...some are 
imported.

of our 
energy by
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what can bioenergy be used for?

if we use 
bioenergy 

properly, we 
can have the 
benefits of 
fossil fuels 

without 
causing 
climate 
change.

in the same way as 
fossil fuels, bioenergy 

is very versatile. 

unlike other 
renewable 

energy sources, 
we can use 
biomass to 

generate not 
only electricity 
and heat, but 
also a range 

of other useful 
end products.

electricity 
biomass can be 
used as fuel in 

power stations to 
power turbines 

to generate 
electricity. unlike 
solar or wind 

energy, this is not 
dependent on the 

weather.

heat  
biomass is burned in 

highly efficient boilers 
to produce heat for 

domestic or commercial 
use. heat really seems to 
be the ‘forgotten energy’ 
- and “bioheat” is seen as 
very important for the 

future.

combined heat and power 
efficient small-scale production of 
both electricity and heat in one unit. 
in hot countries, it can be integrated 

into cooling systems.

transport fuels 
bioenergy can 

provide electricity 
for electric 

vehicles, or liquid 
fuels like biodiesel 
and bioethanol, 
and even biogas.

did you know 
that your car 

is already using 
biofuel? in the 
uk, petrol and 

diesel contain up 
to 5% bioethanol, 

and 10% mixes 
could be rolled 

out soon.

 
Land remediation 

and nutrient 
recovery 

researchers are 
exploring ways to 
absorb harmful 

contaminants from 
land by growing 
energy crops on 
them. this way we 

can reclaim the land 
either for bioenergy 

or other uses.

anaerobic digestion can help improve 
nitrogen and phosphorus recovery and 
recycling — currently we are running 
out of phosphorus, and nitrogen can 

be ‘energy-intensive’ to make.

bioproducts and 
bioplastics 

made through 
processes based 
on biomass. these 
store carbon and 
reduce the need 
for plastic made 
from fossil fuels.

the biorefinery concept 
in the same way as an oil refinery 
turns oil into many chemicals and 

products, a biorefinery does
this with biomass.

new research is finding ways to run processes that use waste from 
one process as a feedstock for another, improving efficiency.

with all 
these 

choices, 
what is the 

highest 
priority? 

this is likely to 
be different in 

different places, 
depending 
on other 
resources.

a country that is very 
windy might generate 
a lot of electricity 

from turbines, and use 
bioenergy for transport 

fuels instead. 

remember, bioenergy is just one 
part of the “energy mix” - but you 
may be surprised to know that 
in the uk, it provides a whopping 
70% of energy generated from 

renewable sources*

*electricity, transport fuels and heat combined
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how is bioenergy generated?

the technologies used to 
turn biomass into energy 
have in some cases been 
around for a long time.

the way we generate 
electricity from 

bioenergy could be said 
to be victorian.

biomass 
fed into a 
boiler.

it is 
burned 

and used 
to turn 

water into 
steam.

the steam is used to 
turn a turbine to 

generate electricity 
which is then 

distributed around 
the country.

but it’s a bit 
unfair to 

call what we 
have today 
a victorian 
technology!

the basic 
concept 
might be 
the same...

...but in the
same way that a 

super-car of the 21st 
century bears little 
resemblance to its 
victorian original, 

today’s energy 
technologies are 
highly advanced... and new

research, for 
example in 

the supergen 
bioenergy hub, is 
constantly making 

improvements.

current 
technologies 

include:

direct energy 
generation —

burning biomass 
– combustion to 

produce
electricity and heat.

fuels production—
pyrolysis, gasification 

and anaerobic 
digestion.

1. pyrolysis 
this is the heating of 
biomass without air. 

temperatures are lower 
than in combustion. a 
liquid is produced that 
can be used for fuel or 

chemical production.

gases such as methane 
and hydrogen are 

captured for use as fuels. 
a by-product is a stable 
form of carbon called 
‘biochar’ which can be 
used as a soil improver.

biomass such as wood can be very 
simply burned with minimal technology 
required. much of the developing world 

still uses bioenergy in this way.

on the other hand, 
giant state-of-the-
art power stations 
burn biomass to 

generate electricity 
on a huge scale. 

2. gasification 
biomass is heated with 
limited air to produce 
a fuel called “syngas” 

which can be used as an 
alternative to natural gas 
or upgraded to produce 

liquid fuels.

perhaps one day, it could 
be injected into our 

natural gas network for 
heating and cooking — or 
converted to hydrogen.

the biomass is sometimes pre-treated before it is burned 
— either being turned into pellets (easier to handle), 
washed (to remove contaminants), or ’torrefied’ (mild 

roasting) - to make a more consistent fuel.

3. anaerobic digestion 
bacteria are used to 
digest wastes such as 
manure, sewage or 

even the leftovers from 
last night’s meal. this 
produces a fuel gas 
called biogas (mainly 
methane). by-products 

include fertilisers.

while bioenergy technology is not yet 
as efficient as fossil-fuel technology, 

it is catching up quickly.

these are all called “bio-
conversion” processes.

*electricity, transport fuels and heat combined
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what are the benefits of using bioenergy?

2. it can directly replace fossil 
fuels, meaning less requirement 
for new infrastructure—and 
it can immediately reduce the 
need for fossil fuels in areas 
with high energy demand like 
heavy industry and transport.

1. it’s abundant 
and renewable 
(if managed 
correctly)

3. because there are many 
sources of bioenergy, 

which can be managed in 
many different ways, it can 
help with energy security, 

flexibility, and affordability.

4. bioenergy can provide 
products like bioplastics 

and biochar which 
further reduce our 

reliance on fossil fuels.

5. unlike solar and wind 
energy, biomass can be easily 

stored and transported, 
meaning it can respond to 

changes in demand.

6. planting energy crops 
can help farmers diversify, 
and can have a positive 
impact on biodiversity.

8. bioenergy with carbon 
capture and storage (beccs).  
this is where so-called “net 
negative carbon emissions” 

can be achieved by capturing 
the carbon dioxide given off 

during combustion and burying 
it underground. in this way, we 
can actually remove carbon 
dioxide from the atmosphere!

7. in remote areas, it 
may not be viable for 
communities to get 
on the energy grid. 

bioenergy can provide 
power that runs on 

local resources, 
providing jobs and 
empowering local 

communities.

the benefits 
above seem quite 
straightforward, 
but now we move 

onto an issue 
which is more 
ambiguous...

this is critical for 
meeting climate change 
targets even though 
the system hasn’t been 
tested yet at full scale.

storage reservoir 
for carbon dioxide

CCS pipeline
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bioenergy – does it help us avoid causing climate change?
we can

be confident 
using 

bioenergy as 
it is “carbon 
neutral”, so- no way!

I’ve heard 
that 

bioenergy is 
worse than 

burning 
coal!

yeah — we 
reckon there 
is a “carbon 
debt” when 
you use 

bioenergy!

huh? 
what 

does that 
mean?

oh dear. the 
terms “carbon 
neutral” and 

“carbon debt” 
try to express 

complex 
processes 
simply...

...but they’ve 
probably 

caused more 
confusion and 

misunderstanding 
than they’ve 

avoided!

it’s 
tough, 
but 

so 
here’s a 
lump of 
coal...

...and here’s 
some biomass —
let’s say, straw.

it’s true that 
at the moment 
you burn them, 

they both 
release carbon 
dioxide into the 
atmosphere...

...which 
causes 
climate 
change.

it’s also true
that more carbon 
dioxide is released 
from straw than 
from coal, to get 
the same amount 

of energy.

the key
point is that 
that straw 
absorbed 
carbon 

dioxide when 
the crop 

grew.

so, in theory,
the carbon dioxide 
absorbed when the 
crop grew balances 

out the carbon 
dioxide released when 

the crop is burnt.

overall,
you don’t 
add to the 
amount 
in the 

atmosphere.

this is
what people 
mean when 
they say 

bioenergy 
is carbon 
neutral.

it’s different for 
coal, which was 
formed from 

fossilised plants 
millions of years 
ago, as we saw 
at the beginning.

when you burn 
it, you release 
carbon that 

had been locked 
underground for 
millions of years.

you say
“in theory” 
bioenergy 
is carbon 
neutral — 

what about 
in reality?

yeah — is 
it always 
carbon 
neutral?

well, no, only in 
certain situations. 
this is where it gets 

complicated!

it’s tough, 
but let 

me try to 
explain.

f 300 million years g
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when crops or trees have been 
grown long-term to produce 

bioenergy, usually the bioenergy 
is carbon neutral, because 

growth and harvesting reach a 
carbon balance point.

we’ve used
the straw from 
our farm to 
heat buildings 
in the local 

community for 
years!

I’ve managed 
the coppice 
trees in my 

forest to supply 
fuel all my life, 
like my parents 
did before me...

but when you change 
the way you manage 
crops or forests 
to produce more 
bioenergy than 

before, this disturbs 
the carbon balance.

hey — I
could sustainably 
harvest a lot more 
trees to produce 

more fuel!

and I could
use more of my straw 
to make fuel, instead 
of ploughing it back 

into the soil!

for a period - whilst 
out of balance - 

more carbon dioxide 
is released into the 
atmosphere than is 

absorbed by the crop 
or the forest.

after a while, provided you 
don’t harvest more biomass 
than the land can support, 
the crop or forest finds a 
new carbon balance point.

that’s
what people 
mean when 
they say 

bioenergy 
involves a 
“carbon 
debt”.

depending
on what the type

of crop or forest 
is, and what you do 
to change it, you 

might get back into 
carbon balance

at once...

...or it 
might take 
decades... …or even 

longer! 
it’s really 
variable!the bioenergy produced 

is now “carbon neutral” 
and you can start making 
up for the extra carbon 
dioxide that was released.

then there are even some cases where 
producing more bioenergy gives you a 

“carbon bonus” rather than a “carbon debt”.

I could improve
this piece of poor unused land 

by planting a crop or forest and 
producing some fuel*.

*because the growing crop also absorbs more carbon dioxide.

so, should 
we use more 
bioenergy —
or shouldn’t 

we?

are there 
safe amounts 
or types of 
bioenergy we 

can use?  
can we get it 

right?

well, these are 
questions that are 
being researched by 
scientists like those 

in the supergen 
bioenergy hub.

basically, we
have to use biomass
types that maximise 
the carbon benefits 

and minimise the debts 
to ensure we reduce 

greenhouse
gas emissions.
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bioenergy — some problems, some solutions

it’s fair to
say that in some 

quarters bioenergy 
has a bad image. 
it’s an image that 
isn’t completely 
deserved, but the 
public have some 
valid concerns.

part of the 
problem is that 

bioenergy is not as 
obvious as solar 
or wind in the 

landscape, making 
it harder to trace 

its impact...

many 
people are 
sceptical 
of the 

word ‘bio’...

and because 
there is a great 

variety of 
biomass sources, 
it’s difficult to 
consider them 
all under one 

heading

researchers
in the supergen 
bioenergy hub 
are doing a lot 
of work to build 
greater awareness 
and increase our 
understanding. 

bioenergy is a global issue. biomass 
used in one country may be grown 
in another. we need regulations so 
that we can be sure that importing 
biomass doesn’t lead to negative 

impacts in other countries.

there is also the risk that if there 
are no measures to support 

internationally-agreed sustainability 
criteria for forest management, use 

of forest biomass could lead to 
increased greenhouse gas emissions.

in the us, 90% of landowners 
follow ‘best management 

practices’ to protect water 
quality, habitat conservation etc..

...loggers 
have specialist 

certification and 
training….

...mills that export 
pellets require 
them to come 

from sustainably 
managed sources.

...and consumers of 
pellets in the uk are 
audited by regulators 
to ensure they meet 

sustainability criteria.

the uk is in fact a 
pioneer in improving 

sustainability reporting:

however, if the global economy 
keeps growing and demand rises, 
our use of all energy sources 

will increase dramatically.

we can only produce a certain 
amount of sustainable biomass. 
if other countries decide to 
make use of bioenergy on a 

large scale, there clearly won’t 
be enough to go around.

we’ll have to 
make some tough 
decisions about 

how best to use it...

...and these decisions 
may change as our 
technologies evolve.

im
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there is lots of competition 
for prime agricultural land.

in some places 
only the poorer 
quality land will 
be available for 

bioenergy, in which 
case productivity 

might suffer.

a solution might be 
to breed energy crops 

that can cope with these 
poorer conditions.

ensuring that 
bioenergy 
crops and 
plantations 

provide benefits 
for local 
biodiversity 
is vitally 
important.

also, “continuous cover 
forestry” and other agricultural 
practices provide variety in crop 
species and timing of harvesting.

miscanthus and coppices 
have been shown to 

improve biodiversity of 
flowers, insects and birds.

this creates a “forest mosaic” 
- great for biodiversity.

energy crops such as miscanthus 
and coppices are “low input” 

crops, requiring fewer fertilisers 
and pesticides than food crops.

if they are positioned carefully, 
they can protect water systems 
from pollutants running off 

agricultural land.

we also need to understand the 
impact of taking things out of 
the enviornment. for example, 

is it ok to remove all the straw 
from agricultural land?

bioenergy is a direct 
replacement for fossil 

fuels as we’ve seen.

it is claimed to be a cost-
effective way of reducing 
greenhouse gas emissions.

however 
it is less 

‘energy dense’, 
meaning you 
have to use 

more of it to 
get the same 
energy out.

it’s less 
uniform, 
requiring 
diverse 

technologies 
for 

processing it.

it has to be stored in large 
quantities — and these 

volumes require more trains, 
trucks and conveyors.

it sometimes has to be 
processed before use 
in power generation 

or transport.

all of this can make it more 
expensive than fossil fuels. 
if it wasn’t for the carbon 
savings, it wouldn’t compete.
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bioenergy — what about trees?

but if we
burn trees to 

produce energy, 
we’ll end up 

cutting them all 
down!

well, that 
would 
be a 

disaster... 

...but 
it just 
would 
not 

happen.year 1 — first 
trees planted.

year 2 — first 
group grows, next 

group planted.

...and so on until 
the 1st planting 

reaches full size.

first planting harvested, and 
the cycle begins again.

you have
to look at the 
overall picture: 
you don’t just 
grown one 

tree. you grow 
millions, and 
harvest them 
sustainably.

as we saw
earlier, when 

wood has been 
harvested from 
forests as part 
of continous 
management, 

there would be a 
carbon balance 

over time.

carbon 
capture

solar 
energy 

generation

diverse 
habitats

carbon 
storage

soil 
improvement

few issues
are more emotive
than the use of
trees as a fuel....

the negative 
impacts

are obvious.

noisy
chainsaws and 
machinery...

damage to 
remaining 

trees...

damage to 
the soil...

gaps in
forest and 

ugly clearfell 
sites...

loss of
habitat for plants 

and animals – short-
term and sometimes

long-term...
 

risks of
deforestation...

the negative
impacts of not felling 
trees are not always 

so obvious.

fewer rural 
jobs...

greater risks
of damage to 

trees from fires or 
storms (because 

trees are crowded 
close together)...

some tree,
plant or animal 

species may struggle 
because they depend 
on some felling for 

their habitats...

trees get
felled somewhere else 
instead, where there are 
fewer controls [on 

forest management]…

…or we have
to use other sources 

of energy and materials 
instead of using harvested 
wood – like coal, oil, steel 

and concrete...

lack of income
from the forest encourages 

deforestation to grow 
crops to earn money...
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however, we’ve also
seen that the situation is 

very different if we greatly 
increase the amount of 
wood we harvest from 

forests. 

this leads to a 
‘carbon debt’ - 

which can be big 
when more whole 
trees are harvested 

for bioenergy. 

but this 
isn’t the 
whole 
story:

usually, the wood
from harvested trees is 
used to make all sorts 
of other products… 

paper, card, packaging

energy

furniture

food 
products

fencing

in particular, 
bioenergy 

companies can’t 
afford to burn 

high value timber.

this is used 
instead for 

construction 
materials.

in fact, building things out of wood is a 
very effective way of locking up carbon, 

keeping it out of the atmosphere.

buildings

bioenergy companies get 
the lower value materials 

(branches) or where sawdust 
or pulp is produced which is 

surplus to local needs.

sometimes they can get trees 
that have been killed by disease, 

or poor quality stems.

but generally they do not have 
access to this material (because 
it can be expensive to extract).

to sum up, harvested
wood should be used for the 
“best possible” end products—
of which use for energy may 

be one option.

there are
risks (for example

the ‘carbon debt’) - we 
need to manage these 

risks to make sure 
energy from wood 
is not part of the 

problem—and can make 
a useful contribution 

to future energy 
solutions.

we’ve
worked some 
of this out 
but there’s 
still some 
way to go.

use of some
of these products 
can avoid increased 

greenhouse gas emissions 
compared to using 

alternative materials—
metal, bricks, plastics...

...helping to
cancel out some 
of the ‘carbon 
debt’ that arises 
when you harvest 
more trees than 

before.

pine 
weevil
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bioenergy — emissions

unlike renewables such as 
solar and wind, all bioenergy 
processes generate emissions.

whether it is 
smoke from an 

open fire...

...exhaust from an internal 
combustion engine...

...or the emissions 
resulting from the 

production of 
electricity in state-of-
the-art power plants.

in some countries, women and children using 
traditional cookstoves are exposed to particulates, 

nitrogen dioxide and carbon monoxide...

...resulting in over 
4 million deaths 
per year… more 
than malaria, tb 

and hiv combined!

black carbon (soot) is a ‘climate 
forcing’ that adds to the effect 

of greenhouse gases.  it also rises 
into the atmosphere and falls on 
glaciers, changing their albedo 
and thus accelerating melting.

now, new clean burning 
cookstoves are having a 
huge positive impact on 

health and climate.

just as with 
fossil fuels, 
the emissions 

from bioenergy 
processes have 

a negative 
impact on air 

quality, which is 
being addressed 
through new 
technologies:

acid rain 
nox (nitric 

oxide + nitrogen 
dioxide) and sox 
(sulphur dioxide 

+ sulphur 
trioxide) cause 

acid rain. 

smog 
historically this was the result of 
burning coal on open fires (sox 
and soot). today, it is caused by 
power stations, car exhausts and 
smaller-scale wood burners (nox, 
sox, carbon monoxide, polycyclic 

aromatic compounds (pahs), 
volatile organic compounds 

(vocs) - these are all hazards to 
respiratory health.

climate forcing 
some emissions have a warming 
effect, some actually have a 

cooling effect.

warming

carbon 
dioxide (co2)

nitrous 
oxide (arises 
when we use 

nitrogen based 
fertilisers) - 
300x more 

powerful than 
co2

methane (from 
anaerobic 
digestion 

plants) - we 
need to make 

sure they don’t 
leak. 25x more 

powerful 
than CO2

cooling

sulphur 
dioxide

particulates 
like black 

carbon (soot) 
cause ‘global 

dimming’ 
masking 

the effect 
of global 

warming– this 
could be a 
problem as 
we begin to 
improve air 

quality.

luckily, large bioenery facilities already have 
technologies fitted to abate these emissions. 

it is more difficult to control emissions 
from smaller-scale devices and transport, 

but technologies and regulations are 
acting to reduce them.

supergen bioenergy hub researchers 
are investigating advanced options like 

using plasmas to reduce particulates and 
developing cheap, robust control methods.

(however, unlike 
fossil fuels, there is 
little sox in biomass 

emissions, and 
nox from large-
scale combustion 
is usually lower 

(compared to coal).

what i’d like to know 
is: does burning 
biomass result in 

less pollution than 
burning fossil fuels?

generally, yes. but it depends on what 
biomass you use and how you use it. it is 
likely to reduce carbon dioxide emissions, 
but we will need to regulate to make sure 

other emissions don’t increase.

research in the supergen 
bioenergy hub to treat things 

like waste wood can help 
reduce these emissions.

in the future, a good 
solution might be to use 
biomass in power stations 
to generate electricity to 

power electric cars.

it’s much easier to fit a giant 
power station with emissions 

reduction technologies 
than it is to do this with 

thousands of cars.

and moving to electric 
cars would improve urban 
air quality dramatically.

on the other hand, liquid 
biofuels are one of the 
few options we have for 

decarbonising transport in 
the short-term.
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bioenergy — land use change

biomass production changes the way land is used, and this can have positive and 
negative impacts - depending on where you start and where you finish.

if you start with a food crop:
 
x high chemical fertiliser inputs 
x often low biodiversity 
x negative impacts on water quality 
x soil degradation 
x loss of carbon stored in soil

convert to a food crop used for energy:
 
x same environmental impacts from cultivation 
x loss of prime agricultural land 
x could displace food production elsewhere

convert to grasses (like miscanthus) or 
woody crops (like willow) used for energy:
 
ü improvements in biodiversity (in some cases) 
ü lower fertiliser use (in some cases) 
ü potential to increase carbon stored in soil 
x loss of prime agricultural land 
x could displace food production elsewhere

convert to agroforestry (a mixture 
of energy and food crops):
 
ü fewer fertilisers 
ü improves soil quality 
ü protects waterways 
ü increases biodiversity 
ü increases carbon stored in soil

convert to grasses (like miscanthus) or 
woody crops (like willow) used for energy:
 
ü protects soils from erosion 
ü improved biodiversity 
x increased use of fertilisers

if you start with “marginal land” (abandoned 
or degraded agricultural land):
 
x low biodiversity 
x soil erosion 

convert to forest for wood products and bioenergy:
 
ü decreased soil erosion 
ü large increase in carbon stored in soil 
ü protects waterways and water quality 
ü larger increase in biodiversity

as well as the above, we also have to be careful 
that a change in one place doesn’t cause a 
change somewhere else — often far away.

this is termed ‘indirect land use change (iluc).

go on, 
shoo! you’re 
not wanted 
around here 
any more!

hey! over here! 
good new grazing 

land!
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bioenergy — food vs fuel

there is a risk that using land to 
produce biomass for fuel might 

result in conflict with use of land 
for producing food. 

some environmental organisations 
have warned that growing crops 

for fuel risks exacerbating 
poverty in the global south.

however, it may be a mistake 
to think of ‘food vs fuel’ in 
these black and white terms.

many crops have multiple uses, 
and farmers routinely grow 

crops other than food — for 
fuel, fibre, livestock feed, starch 

for chemicals production.

the proportion of a crop grown for food 
will change from year to year, depending on a 
complex mix of factors including global prices.

farming also provides lots of other 
services (when done right) - it’s not 

just about providing one thing.

land has been managed 
for wood fuel for 
hundreds of years...

...we don’t 
tend to 

appreciate 
this as 

we’ve more 
recently been 
relying on 
fossil fuels.

it’s clear that ‘food 
vs fuel’ is a major 
oversimplification...

but it does
serve to highlight 

the danger of 
overconsumption

of resources.

and shows 
that a lot 
depends 
on how 

we manage 
bioenergy.

here at the supergen
bioenergy hub, we take all these 

issues very seriously. our research 
is all about asking difficult and 

awkward questions...

...in order to 
understand what 
the impact of 
our choices 

will be.

let’s look
at one of 

the methods 
we use to 

think through 
problems and 
come up with 
solutions.

fuel food fibre livestock feed

year 1 year 2

starch

cultural 
traditions

water 
qualityrecreation

soil quality

biodiversity
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future #1—where we fail to act

one way is to bring 
people together to 

come up with different 
stories or visions of 

the future.

each story looks 
at different ways 

bioenergy might be 
implemented, and 
what this might 

mean.

these visions
are not “predictions” 
— they are thought 

experiments.

in the first
vision, we look at a 
future where we fail 

to take climate change 
seriously, and uptake 
of all the renewable 
energy technologies 
happens too slowly. 

it’s a story of
“too little, too 

late”, or “business as 
usual”. this is where 
we’re heading if we 
don’t get our act 

together!

how 
can we 
afford 
this?

how can we get 
the data we need to 
make a decision?

will it 
create 
jobs?

how is it 
going to 
work?

we’re 
concerned 

about 
local air 
quality.

growing demand for 
energy and resources.

fossil fuel use 
continues with 
little abatement.

including use of 
unconventional 

sources, such as shale 
gas from fracking and 

oil from tar sands.

governments
focus more 
on economic 
growth with 

little regard for 
climate change 

agreements.

they fail 
to invest in 
renewable 
energy 

technologies.

they also get
rid of regulations 
designed to prevent 
negative impacts of 

technologies.
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in a situation like this, it would be 
incredibly difficult to tackle the 

challenge of climate change by moving 
away from fossil fuels.

costs of
dealing with 

climate change 
impacts would 

rocket.

there would
be land and 

resource grabs 
by the rich.

energy security 
would become 
a problem as 
states compete 
for scarce 
resources.

haphazard attempts to 
introduce replacements for 
fossil fuels would not be 
likely to address long-term 

sustainability.

authorities 
would be 
unlikely to  

work across 
borders 

to prevent  
one region 
harming 

another by
its actions.

climate change 
accelerates, leading to 
unpredictable weather, 

affecting water availability 
and making crops 

vulnerable to disease.

mobility becomes more difficult 
as oil resources become scarce 

and prices rocket.

there might be 
increases in 

conflicts and 
tensions over land.

the impact of 
flooding events 

would be worsened 
due to deforestation. 

nutrient exhaustion, 
soil degradation 

and desertification 
would occur as a 
result of competing 
pressures for land 
— food, fuel, fibres, 

livestock feed.

at the same time as 
all these problems, 

fossil fuels would be 
becoming unaffordable.

in this situation, it is easy 
to see how a panicky rush 
for alternatives to fossil 

fuels could cause conflict.

only the 
strongest 

would benefit—
temporarily.

so delaying 
the pursuit of 
alternatives 

to fossil fuels 
could risk our 
future energy 
security and 
affordability.
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future #2—centralised, large-scale bioenergy

the problems 
when we muddle 
through without 
careful planning 

seem pretty 
obvious...

...so what 
might happen if 
bioenergy were 
implemented in a 
thorough, well 
maintained way, 

with a focus on 
creating a high-
tech, large-scale 

bioenergy
future?

would we 
avoid the 
problems 
we’ve just 

seen?

we could
use a bioenergy 

with carbon 
capture and 

storage system 
(beccs) to 

extract carbon 
dioxide from 

the atmosphere, 
making it much 
more likely that 
carbon emissions 

reductions
could be
achieved. 

but is this 
realistic?

all climate 
scenarios where

we keep below 2°c 
rely on beccs* 

because it seems like 
the most plausible 

solution to 
removing carbon 
dioxide from the 

atmosphere.

it also opens up a world 
of possibilites where 

bioenergy can be used on 
a gigantic scale as part 

of many different systems.

climate targets are 
respected, meaning a quick 
phase-out of fossil fuels.

huge investments in 
renewables and research.

global information 
campaign to ensure 
public support for 
new energy policies.

millions of 
trees planted 
— the most 
efficient way 

to capture and 
store carbon...

although enormous areas 
of land might be needed 
just for beccs systems.

many new jobs created in 
construction, development 
and maintenance of new 

technology systems.

beccs requires
large infrastructure like 
giant power stations that 
can be fitted with carbon 

capture technology.

beccs can be located 
near a cluster of large 
industrial sites, making 
it easier to install a 

common carbon dioxide 
transport pipeline.

the carbon
dioxide can be stored 
in depleted oil and 
gas reservoirs. this 
technology is well-
proven, so could be 
implemented quickly

— at a cost. 

beccs will
of course be 

very costly, but 
less costly than 
the alternatives 
to meet carbon 
reductions and 
climate change 

targets.

* see page 8
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in this vision, 
another new 
technology 
brought 
online is 
synthetic 
biology.

for example, 
algae represent a 
promising future 
energy source 
since all they 

need to grow is 
carbon dioxide and 

sunlight.

however, 
they grow 
slowly in 

comparison 
to other 
microbes.

synthetic biology refers 
to the understanding and 
mapping of the genetics 
of microbes to try and 

improve a specific process. 

in this vision, new low cost 
forms of bioenergy are 

sourced from algae grown at 
enhanced speed — high-value 
chemicals are also recovered.

highly-regulated centralised 
energy system.

state-of-the art power stations with 
high-performance emissions capture.

aviation uses a mixture 
of biofuels with 

some fossil fuels still, 
but these are offset 
by carbon savings 

elsewhere.

bioenergy used for electricity 
production — to power electric 
cars, improving urban air quality.

industrial symbiosis — situating large 
industries together so one uses the waste 

products of another, e.g. waste heat.

beccs on a huge scale enables ‘net zero 
carbon emissions’ or even ‘net negative carbon 
emissions’ - even though some fossil fuels are  
still in use in heavy industry, like steel-making.

another
new

system is the 
“hydrogen 
economy”, 

where hydrogen 
is used as a 
convenient, 

flexible energy 
carrier that 
doesn’t emit 

carbon dioxide 
at the point

of use.

hydrogen is mostly 
made from fossil fuels 
at present, but in our 

future vision, it is 
created directly from 

biomass via gasification 
in a biorefinery.

at present this would 
generate a low yield, 
but in this future, new 
technology has been 
developed to make it 

more efficient.

hydrogen can be used 
in stationary fuel cells 
to power all manner 

of technologies.

using hydrogen as 
a transport fuel 
produces only 

water vapour as an 
exhaust, eliminating 

air quality problems 
in urban areas.
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future #3–a decentralised bioenergy future

so a system of 
providing energy 
that is centralised 
and large-scale 
might work. it 
would certainly 
enable beccs to 
become a reality.

but might this
be too ambitious? 
beccs is untested at 
full-scale (although 

the different 
components of the 
process have been).

beccs might be 
counter-productive. it 
implies that we have a 
‘get out of jail’ card 
and can continue on 
our present course, 

relying on the promise 
of being able to 

remove carbon dioxide 
from the atmosphere

in the future.

so what are 
the options 

available if we 
focus on a 
more small-
scale, less 
centralised 
approach?

so beccs
is not available. this 
drastically reduces 
our choices. we 

have no option but 
to make very quick 
reductions in energy 

demand.

I’m pretty sure we need to do that 
regardless — energy demand reduction 

is the quickest, lowest-cost way to
make a difference — whatever

course we take.

but this will change the way 
we live. we’ll need to fully 

implement a circular economy 
based on getting the best use 
out of products before we

use them for energy.

renewables 
enthusiastically 

adopted by 
communities.

zero-waste cities become common 
- with waste being recycled 

and energy being recovered via 
anaerobic digestion, gasification and 
combined heat and power options.

investments in 
public transport.

communities work with 
governments and regional 

authorities (like city 
councils) to deliver huge 

reductions in  energy demand, 
and get involved in planning 

their own energy future.

renewables 
enable a more 
‘decentralised’ 

society.

electricity is provided by 
a variety of low carbon 

options. the intermittency of 
sun and wind is no longer a 
problem, due to advances in 
battery power for effective 

energy storage.

bioenergy is used 
for aviation and 

shipping.

in a world of 
massive demand 
reduction, there 
is less need for 
movement of 

goods.

particularly as a 
large fraction 

of shipping in the 
early 21st century 
involved moving 

fossil fuels around.

for essential trade 
(including movement 
of biomass around 
the world), shipping 
is still important and 
powered by bioenergy, 
in combination with 
other renewables.

kytoonsflettner 
rotors
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since use of fossil fuels is no 
longer viable, biofuels are 

the only option for aviation.

new designs for aircraft 
are introduced — perhaps 
incorporating airship and 

future energy technologies.
in this vision, 
it is likely that 

air travel 
would be 

expensive and 
unaffordable 

for most.

local energy 
generation 
becomes 
important. 

biomass is used by local communities 
rather than in large-scale power plants, 
with countries taking charge of their 
own resources rather than trading.

bioenergy used for 
heat generation in 
heavy industry such 

as steel-making.

use of bioenergy sourced 
locally for heat and power, 

with emissions control 
technologies in place.

communities become 
empowered by ownership of 

their energy and waste.

buildings are made of wood — a 
very efficient way of locking up 
carbon. this is a high priority.

transport in order of preference:

1. walking 
2. cycling 
3. trams and trolley buses 
4. trains 
5. buses (fuelled by biogas) 
6. electric cars in share schemes

some think such a decentralised system 
might offer the biggest benefits to the 
poor and the global south. wherever 
it is implemented, it would be based on 

strong networks and communities.

however, it’s likely that cost will be 
a big issue in establishing such a 

‘decentralised’, community-scale system.

stories or visions like these are useful in helping 
us understand the impact of the transition to 
renewable energy technologies, and its impact 
on families and communites. these visions are 

only sketches - a realistic future might combine 
many of the points we’ve covered.

it’s the choices that we make now that 
will determine what future we have.
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so we can
see that it really 

matters how 
bioenergy is used 
— the choices we 

make.

bioenergy — summary
remember, 

bioenergy is 
never going to 
be used on its 

own. 

remember also that 
all forms of energy 
have an impact. we 
have to weigh the 

pros and cons using 
the best available 

information...

it’s one part of the energy mix. 
dropping a technology just 

because it’s not effective in some 
cases is not an option — we need 

them all.

...which comes 
from research — 
both in industry 
and universities.

those aspects of our 
thought expermiments which 
are unclear prompt us to 
do more research, to move 
towards a better system.

an ideal bioenergy system could 
be relied upon for as long as we 

need it — far into the future.

to do that, we 
have to think of 
the whole system 
— which energy 

sources are most 
appropriate?

such a system 
would provide 

controllable energy 
to complement 

intermittent energy 
from sun and wind.

it would not 
just be cost 
effective, but 

the lowest-cost 
way for us to 
decarbonise.

it would have a 
positive impact on 
wider sustainable 

development goals.

production 
would keep 
pace with 

consumption.

it would 
avoid 

harmful 
environmental 
and social 

effects 
elswhere.

it would keep levels of 
carbon dioxide in the 
atmosphere in balance.

we don’t 
know

for sure what 
is going to 
happen in the 
transition to 
a low carbon 

future.

we may use
a lot of bioenergy 
or we might end up 

relying more on other 
low-carbon options. 
it all depends on how 
we plan things, what 
decisions we make,

and the costs. 

but the researchers
in the supergen bioenergy 
hub are working hard to 
ensure that we develop the 
technologies enough to 
have the options available 
and ensure the biomass we 

use is sustainable.

I think if we can
create something approaching the 
system above, it could be critical 

to our future prosperity.

bioenergy is not 
“bad” or “good” —
context and details 

are everything.

if you are
interested to find 
out more, visit the 
supergen bioenergy 

hub website — 
details opposite.



suggestions for teachers and students

Think about the issues covered in this comic. Bioenergy is a 
complex subject and more research is needed, so there may not 
be clear answers to some of the issues raised (yet). That makes 
it a great subject for testing your discussion and debating skills!

Topics for classroom debate:

Given what you’ve learned in this graphic novel, do you think we 
should use bioenergy more in the future?
 
What are the key issues you think we need to research?

The terms ‘carbon balance’, ‘carbon debt’ and ‘carbon bonus’ are 
difficult to communicate - how would you explain them to a friend 
or relative who has never heard these terms?

Are the visions of the future realistic? What would your future 
look like if you designed it?

How important do you think it is to actually try to remove carbon 
dioxide from the atmosphere (e.g. through carbon capture and 
storage)? Is this idea realistic? 

further reading and resources

For more information and to contact the Supergen Bioenergy Hub, please visit our website:  

www.supergen-bioenergy.net
The Supergen Bioenergy Hub works with academia, industry, government and societal stakeholders to develop sustainable bioenergy systems that 
support the UK’s transition to an affordable, resilient, low-carbon energy future.
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