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Are we powering our way into a 
climate crisis?

Мore free environmental science resources аt: www.ScienceJournalForKids.org

Abstract

Introduction
The world is heating up around us because humans are 
releasing greenhouse gases into the atmosphere, and 
have been doing so for some time. A huge chunk of these 
greenhouse gases comes from making electricity. Most 
power plants run on fossil fuels such as coal or gas. Fossil 
fuels contain high amounts of carbon. When they are 
burned it is released as carbon dioxide (CO2) - a very potent 
greenhouse gas.

And because a warming world creates a lot of problems 
for a lot of people (among them droughts and famines, 
as well as dying forests and coral reefs), most countries in 
the world have recently come to a climate agreement and 
vowed to work together to reduce their carbon emissions. 
Representatives from nearly every nation signed the 
agreement in Paris in 2015. The goal was to stabilize global 
average temperatures to 1.5 - 2 degrees Celsius above the 
level that they were before the industrial revolution. (This 
was when humans started to use lots of machinery and burn 
lots of fossil fuels. Global average temperatures since then 

have increased by about 0.9°C.) The 1.5 - 2 degrees limit 
was not picked at random. Science suggests that it is the 
threshold for a climate tipping point.

Do you own lots of things that run on electricity? Now think 
about all the things for which the electricity use is hidden… 
Clothes, food, houses (and more) don’t need to be plugged 
in, but they still need a lot of electricity to be made. Our 
modern world depends on electricity, so it’s no surprise 
that we use a lot of energy to create it. Unfortunately, most 
electricity is still made from fossil fuels, which release tons of 

greenhouse gases into the atmosphere - heating it, and our 
planet, up. We wanted to know how many current or future 
power plants we could run whilst complying with the Paris 
climate agreement, which set a worldwide goal for limiting 
greenhouse gases. The answer is tough: at our current 
rate, we’re already missing our goal! And that doesn’t even 
include all the power plants planned for the future. 

Authors:
Alexander Pfeiffer, Cameron 
Hepburn, Adrien Vogt-Schilb and 
Ben Caldecott
Associate Editors: 
Gogi Kalka & Madeleine Corcoran

Figure 1: Most power plants are fired by coal, 
such as this one. Coal contains a lot of carbon, 
which is released in the form of CO2, a potent 
greenhouse gas.
Photo credit: Pibwl on wikimedia.org
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Methods
To do this, first we calculated how many greenhouse 
gas emissions it would take to increase global average 
temperature by 2°C above pre-industrial levels. This is our 
total carbon budget, i.e. the amount of emissions not to 
exceed if we want to reach our climate goal. By looking 
at what percentage of total emissions power plants have 
emitted in the past, and what they currently produce 
(roughly 38% of total emissions), we calculated the carbon 
budget for electricity production.

Then, we tried to find every single power plant on our planet 
(from various databases) and looked up or estimated how 
much they ran and at what capacity (for instance at full 
capacity = 100% at full power all the time); what fuel they 
ran on; and their expected lifetimes (most power plants run 
for several decades).

We used this data to estimate how many carbon emissions 
these existing power plants will release over the next 40 
years. (CO2 stays in the atmosphere for much longer than 
40 years, in fact it sticks around for thousands of years - and 
continues to heat up our planet.)

Finally, we looked at future emissions from planned power 
plants or those currently being built. We then compared all 
three numbers to see what impact these emissions might 
have on our climate.

Not all fuels were created equal

There are various fuels, or energy sources, that we use to 
create electricity. One group of fuels is known as fossil fuel 
and they contain carbon in varying amounts. When burned, 
they release carbon in the form of emissions. The most 
carbon-dense fossil fuels are coal and oil, followed by natural 
gas. All three of them are contributing to climate change. 
However, there are energy sources that don’t release carbon 
when they generate energy: renewables are climate friendly. 
These are things such as solar (where energy is captured 
from the sun); hydropower (where energy is captured from 
moving water); and wind power. These renewable energy 
sources produce the least greenhouse emissions.

Figure 2:
Wind turbines 
are a renewable 
power source. They 
generate electricity by 
capturing energy from 
the wind.

Photo credit: 
Kwerdenker on 
wikimedia.org

Results
Past, current and future carbon emissions of all existing 
power plants amount to about 300 gigatons (or Gt) of 
CO2 over the next 40 - 50 years. (1 gigaton = 1 billion tons)

However, we calculated that the amount of carbon emissions 
from power generation that would keep temperature below 
2°C warming is about 240 GtCO2.

We are therefore already committed to releasing 25% 
more carbon emissions than we should if we continue with 
“business as usual” (which means leaving everything as it 
currently is). 

Most (about 71%) of this carbon comes from coal power 
plants, and most of these (64%) are located in Asia.

Higher temperatures increases would likely have very grave 
consequences that could not be reversed.

We wanted to know what this meant for global electricity 
production. If we keep using fossil fuels to create electricity 

at the same rate as we do now, can we stay below this 
2°C threshold? And what about if we take into account 
predictions for how new power plants will be powered in 
the future? 
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Discussion
If we don’t change course in the way we make power we 
will run into big climate trouble: Temperatures are likely to 
increase well over 2°C above pre-industrial levels, with dire 
consequences for humans and many other creatures on this 
planet.

economists predict that roughly 7.2 trillion US dollars will be 
invested globally to build new power plants and the systems 
that support them in the next 10 years. If we do not act, many 
of them are likely to be powered by coal, the most carbon 
intensive of all fossil fuels. However, there is some good news: 
2016 was the first year in which more power plants were built 
that use renewable energy than those that use fossil fuels. 
Since then, power plants that use renewable sources of energy 
are increasing in number.

If we want to stay true to our climate agreement and avoid a 
climate catastrophe, we need to lower the carbon emissions 
from current and future power plants. We could do this by 
reducing the rate at which they run (by about 20%), or by 
shutting some of them off early (ideally starting with the 
dirtiest coal power plants). We could also switch to fuel that is 
less carbon intensive (which means it releases fewer carbon 
emissions per unit of power produced). Switching to natural 
gas might be a first step if it means that a coal or oil power 
plant is shut down, but this by itself is not enough: ultimately 
we need to switch entirely to renewable energy sources. 
We could also try to make some power plants more energy 
efficient or invest in technology that can suck CO2 out of the 
atmosphere. What’s more, we should seriously reconsider 
what kind of power plants we will build in the future.

Adding all power plants planned for the future and the 
ones already under construction into the mix would release 
another 270 GtCO2 (i.e. roughly the same amount of carbon 
emissions that come from all of our current power plants).

Can we continue with “business as usual” if we want to keep 
global warming below 2°C? In what year did we or will we 
reach the limit? 

Using electricity (or just owning and buying stuff which 
required a lot of electricity to be produced) impacts our 
climate massively. How then can we minimize this impact? 
The most important step is to ask your electricity provider 
if they offer electricity from renewable energy sources. 
Where electricity cannot be made from renewable 
energy sources, it is important to reduce your electricity 
consumption so that less carbon is released.

For example, you could... 

●  buy and own less stuff 

●  reuse and repair things and borrow instead of buy

●  turn off appliances that are not in use

●  invest in energy efficient appliances 

What else can you think of that would help reduce your 
impact on the climate?
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Conclusion

Figure 3: Historic, current and future carbon 
emissions from all currently operating power 
plants (dark gray) or those planned for the 
future or under construction (light gray). The 
red line shows the maximum emissions we 
can release if we want to keep global warming 
below 2°C.
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Glossary of Key Terms

Carbon budget: the amount of carbon emissions allocated for a certain activity (like generating electricity) or the amount of 
carbon allocated for a certain climate goal, such as no more than 2°C of warming across the world. 

Carbon emissions: see greenhouse gas emissions

Carbon intensive: a term for fuels (or activities) that release a high amount of carbon emissions (or greenhouse gases). The 
most carbon intensive fuels are coal and oil. The least carbon intensive are solar power (energy from the sun) and wind (energy 
captured using wind turbines). 

Climate agreement: This phrase refers to the most recent agreement made in Paris in 2015. Nearly all countries of the world 
came together to agree on targets to help limit the impacts of human caused climate change. 

Fossil fuels: Fuels like coal, natural gas, or heating oil or gasoline. Fossil fuels are really made out of fossils: that is dead plants 
or animals that have been compressed under lots of soil and rocks for a long period of time. They contain lots of carbon, which 
then is released into the atmosphere in the form of CO2 when the fossil fuels are burned. 

Greenhouse gas emissions: (also called carbon emissions, because the main greenhouse gas is CO2) Gases that are mostly 
released into the atmosphere by humans burning fossil fuels. The more potent a greenhouse gas, the more it heats up the 
atmosphere. It’s called greenhouse gas because when the gas enters the atmosphere, it traps heat like in a greenhouse, which 
then bounces back to the ground and heats up our planet. This effect is also called global climate change, or global warming, 
because it leads to increasing average global temperatures over time.

Industrial Revolution: refers to the time period from about 1760 to 1830 when humans switched from manual labor to using 
machines. Steam power was developed (the steam engines were powered by burning coal) to run new machines and factories 
were built for the first time.

Pre-industrial level: this usually refers to the CO2 concentrations that were in the atmosphere before humans started using 
fossil fuels to run their machines and power plants. The concentration of CO2 and other greenhouse gases in the atmosphere 
before the industrial revolution was much lower than it is now because we have burned a lot of fossil fuels and released those 
greenhouse gases into the atmosphere since then.

Renewables: energy sources like wind, wave and solar power that don’t run out (unlike fossil fuels), and are generally much 
more climate friendly than fossil fuels. 

Tipping point: a critical point in a situation, process, or system beyond which a significant and often unstoppable effect or 
change takes place.
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What warming threshold did nations agree to at the Paris climate agreement? 

Why is this an important number?

What are our chances of staying under that threshold in the power sector? (Back your answer 
up with numbers.) 

What changes can we make to our current or future power plants to keep emissions within the 
allocated carbon budget?

Which fuels or energy sources are the most carbon intensive and which are the least?

It certainly won’t be cheap to retire coal power plants or switch to less carbon intensive energy 
sources. Why do we think it’s still worth it?

What can you personally do to reduce your electricity consumption?

Check your understanding
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