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FROM BEING A WASTE TO THE BATHER AND COUNTRY, AND FOR MAKING IT

BENEFICIAL TO THE PUBLICK

Europe is in an energy crisis. There are lots of things that might be done, but most are slow or
expensive or painful or don’t accomplish much. But here’s a little daydream:

1. We use lots of energy to heat our homes.
2. We use lots of energy to heat water for showers.
3. Most of the heat in that water goes literally down the drain.
4. We could scavenge that heat by letting the water sit in the bottom of the shower for a

while.

This is fast and free and easy-ish. But is it significant? I get triggered by the phrase “every bit
helps”, which somehow manages to turn a tautology into an implied call to forsake reason.
The only way to know if this matters is to do the arithmetic.

So I decided to do it. I focused on the UK, because a fair number of UK-ians read this blog
and because there’s good data available (in English). I tried to answer two questions:

1. What’s the national impact if everyone does this?
2. What’s your personal impact if you do this?
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National impact

If everyone in the UK let their bathwater heat up their home before throwing it away, what
fraction of total UK energy could be saved? Below, I’ll estimate that, in winter:

29% of UK energy goes to domestic uses.
17.5% of domestic energy goes to heating water.
88.2% of the energy that goes into water heaters becomes heat in water.
50% of domestic hot water is used for showers and baths.
80% of the heat in water survives the trip from the water heater to the shower.
90% of the heat in that water currently goes down the drain.
75% of that heat is recoverable by letting it cool to room temperature.

If we multiply all these numbers together we get that 1.2% of total UK energy usage could
be saved in this way. I also estimated uncertainty ranges for each of the above numbers.
When multiplied together these give a range of 0.4% to 3.5%. ▸

So is 1.2% a lot? That's debatable, but it's probably as large as some of the common
suggestions for reducing energy, like turning off the lights when you leave the room, turning
off taps properly, or unplugging idle chargers. ▸

Personal impact

The second question is: Of all the energy you use to heat water when showering, what
fraction could you recover by letting the water accumulate and cool down? This follows from
four numbers.

88.2% of the energy that goes into water heaters becomes heat in water.
80% of the heat in water survives the trip from the water heater to the shower.
90% of the heat in that water currently goes down the drain.
75% of that heat is recoverable by letting it cool to room temperature.

Combining these suggests that 48% of the energy can be scavenged, with a range of 28% to
74%. So a reasonable heuristic is that letting your shower water heat your home saves as
much energy as cutting the length of your shower in half. ▸

It's also interesting to quantify things in terms of money. If we use the new (October 2022)
UK price caps, it costs something like £0.28 to heat the water for a bath or shower. So,
scavenging the heat would save around £0.13 each time. That's assuming you heat your water
with gas. If you heat your water with pricey electricity, you should triple those numbers. ▸

Should you do this?
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I render no judgment!

But here’s a thought: It’s OK to use energy for convenience. This is true even in a time of
crisis. After all, only a small fraction of the energy we use is necessary to stay alive. We
could live dirty and shivering in dark rooms, eating oats and only moving around on foot. But
no one does. So the question is how much energy you want to use for how much convenience.

But if you have an appetite for sacrifice—either for yourself or out of public spiritedness—
you should sacrifice efficiently. If you’re already trying to shorten your showers, and you
hate short showers, but you wouldn’t mind letting shower water sit around for a while, then
here’s some free utility.

Thoughts

Many animals—reindeer, penguins, wolves, otters, arctic foxes—use a strategy called
countercurrent exchange when circulating their blood. The idea is that hot blood goes out to
the extremities and then gets cooled by the air/ice/ground/water. To reduce the wasted energy,
veins with cool incoming blood are alongside arteries with hot outgoing blood. This means
that some of the heat in the outgoing blood is transferred to the incoming blood and so less
energy is sent out into the environment.

You can install a device in your home to do something similar—have your warm wastewater
heat up the cold incoming tapwater. This is called a drain-water heat recovery system. Here’s
an image from Wikipedia:
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The idea of these is brutally simple: Route the outgoing warm water so that it heats the
incoming tap water, reducing the amount of work for the water heater to do. These devices
have no moving parts, require zero effort to use, need little maintenance, and are fairly cheap
(on the order of a few hundred dollars). Typical estimates are that they would pay for
themselves in just a few years. However, they don’t yet seem to be in widespread use for
whatever reason.

In any case, there are a few downsides to the idea of collecting heat by letting water sit
around:
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1. It would be tricky to collect water with some showers:

 

It would be even harder with the totally-flat doorless monstrosities the world seems to
be lurching towards.

2. Does it sound unpleasant to stick your hand into cold dirty water to remove a drain
plug? In my experience, it’s even worse than it sounds. Use a stick or a chain.

3. It’s mildly unpleasant to stand in collecting water while showering. You could add a
platform but please do not do that—it’s frighteningly common for people to get hurt by
slipping in the shower and anything you add might increase the risk. (Better idea: Make
sure you have a high-friction surface in your shower, especially if you have anyone
young or old in the household.)

4. Extra moisture in the air might cause problems with things like mold. Use your
judgment. It’s probably fine as long as things don’t stay damp for long periods. For
many, extra humidity in the air would be welcome. (Maybe you can stop using that
ultrasonic humidifier.)

5. You’ll probably have to clean more often. Or—you know—have less limiting standards
of cleanliness.

6. Update: gumboid points out that evaporating water subtracts heat. If I have the math
right, a single liter of evaporating water pulls around 0.63 kWh of heat from the air.
This seems important! But I’m not sure how to think about it. If it displaces energy that
you would have otherwise spent on a humidifier, then it’s neutral or even maybe extra
savings. And showers probably already spike humidity to near saturation, so maybe you
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can get much of the heat with little extra evaporation. At a minimum, if you like dry air,
then it’s likely a bad idea to leave cold water sitting around overnight.

— § —

The rest of this post will detail how I came up with all the numbers I used above. As always,
I know the internet hivemind is smarter than me and I welcome any corrections.

Domestic energy

First of all what fraction of the UK’s energy is used in homes rather than say in businesses or
in transportation? The ECUK 2022 report (consumption data table C1) tells us that in 2021
the domestic sector in the UK used 41,115 kilo tonnes of oil equivalent (ktoe) out of a total
usage of 134,099 ktoe in all sectors. So the domestic sector consumes 30.7% of energy.

This figure was a bit lower pre-COVID: It had gradually declined from 32.8% in 2010 to
26.1% in 2019. It’s hard to say what exactly 2023 will look like—the situation is novel—but
I think the best guess is to revert the 2021 number a bit toward the pre-COVID environment.
So I’ll use 29%. I think it’s very likely to be in the range between 26% and 32%.

Domestic water

Next, what fraction of domestic energy is used for heating water? We can again consult the
ECUK 2022 report (end use table U2) to get that in 2021 domestic water used 7,359 ktoe out
of a total domestic usage of 41,019 ktoe. (This total is 96 ktoe different from table C1 for
reasons I don’t understand but I decided it wasn’t worth agonizing about a difference of
0.23%.) This means domestic water is 17.9% of domestic energy usage. In 2019 the same
calculation gives 17.6%. The data doesn’t go back further than 2017 when it was 17.3%.

This seems in line with research in the US that suggests 17%. So I think 17.5% is a pretty
good estimate. Since the number barely changed under COVID I suspect it won’t change
much in the future, so I’ll use an uncertainty range of 16.5% to 18.5%.

Putting this together with the number in the previous section we get that 29% × 17.5% =
5.1% of all UK energy usage is for hot water. You might hope that this means 5.1% of all UK
energy could be saved by scavenging the heat in bathwater. But that’s wrong for many
different reasons. I’ll cover them in the order they physically occur.

Water heater efficiency

Not all the energy that goes into hot water heaters actually goes into the water. In 2003, the
most common water heater in the UK was a standard gas boiler, which wastes a lot of hot
gas. These have an efficiency ranging from around 60% in older models to 80% in newer
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ones. But since 2005, any boiler that’s installed or replaced in England and Wales must by
law be a condensing boiler that tries to “condense” the gasses back into a liquid form so the
heat can be re-used. These typically have an efficiency of over 90%, with some
manufacturers claiming numbers as high as 98%.

In 2019, 73.8% of homes had a condensing boiler, 16.6% had some other kind of boiler, and
9.7% had no boiler. But condensing boilers are surely more common now: In 2016 they were
only 62.7% with 26.9% having another type of boiler. Extrapolating, we would expect that in
2022, 84.9% of homes would have a condensing boiler and 6.2% some other kind of boiler.
That feels slightly aggressive, so I’ll only go half as far and call it 79% of homes with a
condensing boiler and 11% with another boiler.

I'll assume an average efficiency of 90% for condensing boilers and 75% for other boilers,
and ignore the no-boiler homes. As a lower-bound, I'll assume no change from 2019, that
condensing boilers are 90% efficient and other boilers are only 60% efficient. As an upper-
bound, I'll use the full extrapolation over time, put condensing boilers at 95% and other
boilers at 80%. Using all these gives a point estimate of 88.2%, with an uncertainty band of
84.5% to 94.0%. ▸

Incidentally, there are heat exchanger water heaters that are more than 100% efficient. A
company called Roper claims efficiency of around 129% but real-world tests suggest
something more like 106%. Fortunately—for my calculation if not the world—these still
seem to be pretty rare.

Water usage

Not all hot water is used for bathing—it’s also used in sinks, laundry, and dishwashers. Sadly,
I wasn’t able to find any reliable society-wide surveys on this. In the UK, the best I could
find was the 2011 report “Measurement of domestic hot water consumption in dwellings”,
which provides a full accounting of usage only in a single dwelling, where baths plus
showers made up a bit over 75% of energy usage. Parker et al. (2015) cite Lowenstein and
Hiller (1998) as finding showers and baths consume 51% and Henze et al. (2002) as finding
they used 59%.

One concern here is dishwasher usage. Dishwashing machines use less energy than washing
by hand. (Everyone who has a dishwasher but doesn’t use it—are you OK?) Something like
half of households in the United Kingdom (UK) own a dishwasher. This is just slightly less
than in the US, but maybe usage rates vary much more. Also, the above data was collected
more than 20 years ago.

So I’ll estimate that 50% of hot water is used for showers and baths. But I have high
uncertainty, so I’ll use a range of 35% to 80%.
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Delivered heat

Not all of the heat that is in water when it comes out of the water heater is still there when it
emerges in the shower or bath or sink.

There are two things to think about here. Firstly, how much water comes out of the tap before
the water gets hot? Well, that water used to be hot: You filled the pipe with hot water the last
time you showered, and all the heat was lost while the water was sitting there. Second, even
when water is flowing, heat is lost in transit.

Parker et al. (2015) estimate that around 20% of the heat in water ends up wasted in this way.
This seems a bit high to me for several reasons: The fraction of wasted water is smaller with
showers than with washing hands since you’re using a larger volume. And the boilers now
common in UK households tend to be closer to the destination to minimize these losses. I’ll
use 80% as the percentage of delivered heat, with uncertainty from 70% to 90%.

Currently recovered energy

Some of the heat in your water already ends up as heat in the air in your home. (Notice how
the bathroom gets hot when you shower?) That’s a positive thing, but energy that’s already
saved can’t be saved again, so we need to account for this.

Hinchcliffe (2012) estimates that around 90% of the heat that comes out of the shower
ultimately goes down the drain. Common sense suggests the number would be lower with
baths since the water spends so much longer between the pipes. I couldn’t find any clear
estimates, but in any case, people in the UK take showers much more often than baths. So I’ll
use 85% with a range of 75% to 95%.

Recoverable energy

You might think that we’re done. But no!

You can’t recover all the heat in your water. The water that flows into your water heater is
(presumably) colder than your home. But your shower water stops giving you heat back once
it has cooled to air temperature, not tap water temperature. So the fraction of recoverable
heat is

(Shower temperature - room temperature) / (Shower temperature - tap temperature).

The 2011 report “Measurement of domestic hot water consumption in dwellings”, suggests
that tap water in the UK is typically around 12 °C. in winter. This 2013 report found the
mean indoor temperature was around 18.5 °C in UK households in winter. People like to
bathe in water that’s slightly above body temperature, so I’ll conservatively estimate 38 °C.
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Comments at substack. 

(It’s better for your skin if it’s just lukewarm.) For a lower-bound, I’ll use 36 °C showers, 20
°C room temp, and 10 °C incoming water, while for an upper-bound, I’ll use 40 °C showers,
16 °C room temp, and 14 °C incoming water.

All this leads to a point estimate of 75% of heat being recoverable, with a range of 62% to
92%. ▸

You might be thinking: Doesn’t much of the heat that’s lost from water to pipes end up in the
home? That’s surely true, but it doesn’t matter for our calculation. Regardless of if that
energy is getting wasted or saved now, getting more heat out of bathwater won’t change
anything.

This difference between air temperature and tapwater temperature is one subtle way that
toilets use energy—cold water steals heat from the environment. But this isn't a huge amount:
Assuming a 6.5-degree temperature difference and 5 liters of water used to flush it ends up at
0.038 kWh. That's not a lot—even at the current (very high) energy price caps in the UK, it
would cost at most something like 1 penny per flush. (In principle this might save you money
on air conditioning in summer, but few homes in the UK have air conditioning.) ▸

Personal consumption

Let’s say you take a full bath using 80 l of water. Or, you take an (average) 8-minute shower
using (an average ) 8-liters per minute. How much energy does that use?

We just need a few facts. The specific heat of water is 0.001163 kWh / (kg × degree). Let's
assume that your tap water is 12 °C, you bathe with 38 °C water, and your water heater is
90% efficient. It happens that 1 l of water weighs 1 kg (thank you metric system). Then some
simple arithmetic gives us that the shower/bath uses around 2.7 kWh. ▸
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Also about obsessive investigation

How much does a CT scan affect life expectancy?

You're probably aware that if you get a CT scan, that exposes you to a fair of radiation. But I've always
wondered—how much should I care about that? So here's an attempt at a rough estimate. As always, I
think the right way to quantify things is in terms of...

Blocked persons and letters of marque

Article I, Section 8, Clause 11 of the US Constitution reads: "The Congress shall have Power to declare War,
grant Letters of Marque and Reprisal, and make Rules concerning Captures on Land and Water;" What
are these Letters of Marque and Reprisal? Essentially: Permission for private citizens to carry out...
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Aspartame: Once more unto the breach

Look, I get it. Diet Coke tastes sweet because it has aspartame in it. Aspartame is a weird synthetic
molecule that’s 200 times sweeter than sucrose. Half of the world’s aspartame is made by Ajinomoto of
Tokyo—the same company that first brought us MSG back in 1909.

Diet Coke probably isn't a cognitive performance enhancer

"Very ambitious and successful and competitive and rich person loves Diet Coke" has been in the news
recently, and friend of the blog Aaron Bergman proposes a theory as to why. Spelled out in more detail, it
goes like this: 1. There are nine essential amino acids, one of which...

Why nuclear weapons aren't getting bigger

The Little Boy bomb detonated over Hiroshima in 1945 was a fission weapon where a critical mass of
uranium-235 created a chain reaction of atoms splitting into lighter atoms, releasing energy and
neutrons. While such weapons are very destructive, they are “inefficient” in that as the bomb starts to
explode,...

So you want to invent a nuclear weapon

1. You’re in the mood for destruction. One day, you hear about this phenomenon of “radiation” where
matter gives off energy. You think—perhaps you can harness this property of nature to make a big boom.
Apparently matter is made of discrete objects called atoms, which have nuclei made up of...

A breakdown of the data on the homeless crisis across the U.S.

Is the US in the midst of a homelessness crisis? Many people think so, but that's largely based on based
on anecdotes. What does the data say? At a glance, this doesn't look very crisisy. Since 2015, things have
gone up by less than three percent. Still, I think there...

The main thing about P2P meth is that there's so much of it

Sam Quinones was recently on Econtalk and in the Atlantic talking about methamphetamines and
homelessness. He points out that “old” meth was made from ephedrine and that “new” meth is made
from a chemical called Phenylacetone or P2P. He suggests that new meth might be chemically different
in a way...

Two conspiracy theories about cola

Our first conspiracy theory has all the best qualities: 1. It sounds insane. 2. At first, the facts seem to
support it. 3. Later, the facts lead to disquieting reevaluations of the medical system. So here's the
conspiracy: "Cola has so much sugar in it that you'd throw up from...

The big alcohol study that didn't happen: My primal scream of rage

What does drinking do to your health? We can say two things with confidence: 1. Drinking is associated
with lots of health problems. 2. Heavy drinking is bad for you. Here's a graph of some associations.
Someone who averages 10 drinks per day is 50x more likely to get cirrhosis...

A review of early split-brain experiments

What happens if you cut your cortex in half? When this was first tried on animals, the answer seemed to
be not much. But starting in the late 1950s, a series of experiments found that very weird things happen
under careful testing. These experiments are fascinating for their implications into...

Alcohol, health, and the ruthless logic of the Asian flush
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Say you’re an evil scientist. One day at work you discover a protein that crosses the blood-brain barrier
and causes crippling migraine headaches if someone’s attention drifts while driving. Despite being evil,
you’re a loving parent with a kid learning to drive. Like everyone else, your kid is completely addicted...

Napoleon's failure in Russia as an analogy for T-cell based viral immunity

In June of 1812 Napoleon assembled the largest European army in history and invaded Russia. After
months of bloody fighting, the French finally arrived in Moscow in September, surprised to find the city
mostly abandoned. That night, remaining Russians set fires across the city, eventually burning most of it
to...

What happens if you drink acetone?

Question: Should you drink acetone? Answer: No. But, out of interest, what if you did? This question is
asked repeatedly on the web, with with many answers smugly stating that even tiny amounts of acetone
will instantly kill you, you idiot. But they provide no evidence. Fact #1: Acetone bottles...
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