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In the coming months, many aquarists will face the same problem; keeping their 
aquarium cool in the scorching heat of summer. Well, perhaps we won’t have to 

endure scorching heat but there will certainly be days when summer temperatures 
rise suffi ciently to cause our aquarium’s water temperature to increase too far above 

its normal level. This can threaten the wellbeing of all the inhabitants and so being 
prepared in advance can take a lot of the stress out of such a situation.

Keeping it

Cool
 by Campbell Robertson
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Why is temperature 
important?

Water temperatures on a coral 
reef are subject to significant 
fluctuations but these occur 
slowly, often on an annual 
cycle. While the temperature 
of surface water can increase 
quite dramatically by several 
degrees on a daily basis the 
warming only affects a thin 
surface layer. Below this, the 
fluctuations are minimal and 
this means that corals inhabit 
a relatively stable temperature 
environment. Although 
coral reefs are found in sea 
temperatures which range from 
20°C to 36°C (68 – 97°F) these 
would not be temperatures 
we would want to reproduce 
in an aquarium. Research has 
shown the optimal temperature 
range for coral reef growth falls 
between 23°C and 29°C (73 – 
84°F). The generally accepted 
temperature that reef aquaria 
should be maintained at is 
around 25°C (77°F). There are 
a number of reasons why a 
temperature at the lower end 
is better.

One of the most important 
factors is the availability 
of oxygen. The solubility 
of oxygen decreases as 
temperature increases. The 
difference may appear small, 
from just under 7ppm at 
25°C to 6ppm at 30°C, but as 
temperature increases, the 
metabolism of all the living 
creatures in the aquarium, 
including micro organisms, 
increases. This results in an 
increase in oxygen demand. 
The problem is exacerbated at 
night when the zooxanthellae 
in coral tissue become oxygen 
consumers rather than oxygen 
producers (having a refugium 
or algae reactor with a reverse 
lighting cycle can help in this 
respect). 

Observations in public aquaria 
have shown that temperature 
rises of a degree or more for a 
period of days beyond a coral’s 

Apart from in a very thin surface layer, a coral reef provides a very stable temperature environment. Photo by 
Francesco Ungaro (Pexels)

The data for part of the Great Barrier Reef shows a temperature range of almost 6 °C over the course of a year but 
temperature changes occur very slowly.
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normal temperature range, 
can cause bleaching. It has 
also been shown that corals 
are more susceptible to rapid 
tissue necrosis (RTN) at higher 
temperatures. 

If temperatures in an aquarium 
are maintained at a lower 
level it provides a safety buffer 
if the temperature rises. A 
temperature rise of a degree 
or two means you can still be 
within safe limits, especially if 
this is a temporary situation. If 
your aquarium temperature is 
already near the upper limits 
though, it could tip things into 
the disaster area.

The climate in the UK is 
predictably unpredictable 
but as a rule, we do not have 
to endure long spells of 
exceptionally hot weather. 
There are times when action 
needs to be taken to prevent 
water temperatures from 
rising to a level that could 

cause problems though. A 
search on the internet provides 
several suggestions on how to 
lower rising temperatures in 
an aquarium. Some of these 
made sense to me whilst others 
did not, so I decided to try 
and establish just which were 
the most efficient and cost 
effective.

Some simple physics

Before going further, it is 
worth looking at some of the 
basic physics which applies 
to heat and temperature as 
this will make our task easier. 
Heat is a form of energy and 
measured in joules (J) whilst 
temperature is a measure of 
the hotness or coldness of an 
object measured in degrees 
Celsius (°C). We can think of 
an aquarium as a body which 
contains a certain amount of 
heat energy. How much heat 
energy it contains will depend 
upon several factors – its mass, 

what it’s composed of and its 
temperature. If our aquarium 
absorbs energy its temperature 
rises and if it loses energy 
then its temperature will fall. 
So, the solution to lowering 
our aquarium’s temperature is 
simple, just remove some of its 
heat energy! 

Most of the mass of our aquaria 
is made up from water which 
has an interesting property. Of 
any liquid, it requires the largest 
amount of energy to change 
the temperature of each 
kilogram of mass by 1°C. This is 
called its specific heat capacity 
and you have to remove 
3850 J of energy to lower the 
temperature of 1kg of seawater 
by 1°C.

There are three states of matter: 
liquid, solid and gas. If we 
want to change the state of a 
substance then you either have 
to add or remove energy. For 
example, if you want to turn 

1kg of ice into 1kg of water 
(this happens at 0°C with no 
change in temperature) then 
it has to absorb 334 000 J of 
energy. To convert our kilogram 
of water into water vapour (gas) 
requires 2 264 000 J of energy. 
Fortunately, water does not 
have to be at its boiling point 
for this change to take place. 
When evaporation occurs 
some water molecules will gain 
sufficient kinetic energy to 
escape the attraction of other 
water molecules and become 
a gas. The relevance of all the 
above will become obvious 
when we start to look at ways in 
which we can keep our aquaria 
cool.

Where is the heat coming 
from?

Every time I look into the 
dry compartment below 
my aquarium, I find it a little 
frightening. There are so 
many plugs all connected 

Recreating the stable environment found on a coral reef provides a better environment within our aquaria. Photo by Pedro Fernandez (Flickr)
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to appliances which are 
consuming electricity! But 
these appliances also tend 
to produce heat to varying 
degrees: lighting, powerheads, 
return pumps, skimmer pumps, 
fluidiser pumps, ultra violet 
lamps etc. All will produce 
some heat in addition to their 
primary function. 

Some issues are easy to tackle. 
Open windows and doors to 
keep the room temperature 
as low as possible with a fan 
to keep the air in the room 
circulating. This helps to keep 
the humidity in the room 
lower, the relevance of which 
we’ll discuss later. Switching 
off unnecessary apparatus is 
helpful. When the weather is 
hot, I switch off my ultra violet 
steriliser providing there have 
been no recent introductions 
of livestock. Return pumps, 
powerheads and protein 
skimmers need to be kept 
running to maintain water 
movement and keep the water 
well oxygenated.

It is also worth pointing 
out that you should have 
accurate thermometers in the 
aquarium. I use two electronic 
thermometers which usually 
read within 0·1 or 0·2 °C of each 
other. Least accurate are those 
of the stick on, colour changing 
type.

Keeping things cool

There are some very simple 
steps that can be taken to 
prevent water temperature 
from rising too much. One 
suggestion I have seen on 
the internet is to paint your 
aquarium white (presumably 
not the front glass!). The 
reasoning behind this is that 
white surfaces are poor at 
absorbing heat in the form of 
infrared radiation. What is also 
true is that white surfaces are 
poor at radiating infrared whilst 
black surfaces are very good. If 
your aquarium is warmer than 
the surroundings then a matt, 

Placing a bottle of frozen water in your sump (in the water of course) provides an easy way of reducing water 
temperature.
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black surface is by far the best 
colour for losing heat. 

If you have a sump leave the 
doors to this open. This will 
have the effect of increasing 
evaporation from the water 
which is one of the best ways 
of removing heat energy. When 
you step out of a shower you 
feel cold, even in a warm room, 
as the water on your skin is 
removing heat from your body 
as it evaporates.

The frozen water method

A technique recommended 
by many is to float bottles of 
frozen water in the aquarium or 

sump. Very easy to do but how 
effective is it? I decided to do a 
few calculations.

Obviously, the volume of 
an aquarium can vary but I 
decided on a ‘standard tank’ 
with 500 litres of water. To 
make life simple I’m ignoring 
the rockwork, sand and tank 
itself as the water is the most 
important factor in its ability to 
hold heat.

So let’s assume we freeze a 1 
litre bottle of RO water down 
to –20 °C in a freezer. When 
placed in the aquarium (ideally 
in the sump rather than directly 
in the aquarium so currents of 

cold water are avoided which 
might expose the aquarium 
inhabitants to a sudden 
temperature change) the ice 
absorbs heat energy till its 
temperature rises to 0°C, it then 
absorbs heat energy to melt 
and then its temperature rises 
to that of your aquarium water 
which lets say is 26 C. We can 
calculate the energy this will 
remove from the water using 
the formulae below.

heat energy (Eh) = mass of water 
(m) × specific heat capacity (c) × 
temperature change (∆T)     for 
temperature rises

and

heat energy (Eh) = mass of water 
(m) × latent heat of fusion (l)     
for the melting of the ice

I’ve included the calculation 
but please feel free to skip and 
read on. To melt and raise the 
temperature of our frozen water 
to the aquarium’s temperature 
takes almost 500 000 J of 
energy. As a consequence, 
the aquarium water loses 
this amount of energy and its 
temperature will fall by 0⋅25 °C. 
This might not seem a lot but if 
you have a smaller aquarium or 
use several frozen bottles then 
a significant temperature fall 
can be achieved. 

The calculation above shows the temperature drop that could be achieved by placing a 1 litre bottle of frozen water in 500 litres of 
aquarium water.

 Keeping it Cool
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Remember that this is the 
maximum temperature drop 
you could expect. The aquarium 
itself, rock work, sand and any 
apparatus will also have to be 
cooled. You could safely place 
a frozen bottle of water in the 
sump, secure in the knowledge 
that the water temperature 
will not be reduced to an 
unacceptable level. Remember 
to avoid filling the bottle fully 
so as to leave room for the 
water to expand as it freezes.

Here is a table of the maximum 
temperature drop that could be 
achieved using a 2 litre bottle 
of frozen RO water placed 
in the sump. In practice, the 
temperature fall would be less.

Rather than using bottles of 
frozen water you could produce 
1 litre blocks of frozen seawater 
then float these directly in the 
sump. Freezing the seawater as 
ice cubes would increase the 
rate of melting and hence the 
rate of water cooling. For every 
litre of frozen seawater you add, 
remove a litre of tank water 
so that salinity is maintained. 
There are disadvantages to 
this method in that you have 
to be present to administer it 
and your water temperature 
is going to yo-yo a bit as it is 
rising before you take action to 
bring it back down again.

Evaporation to the rescue

As mentioned already, 
evaporating water requires 
a lot of energy so increasing 
the evaporation rate from 
your aquarium can be a 
wonderful way of reducing 
its temperature. Small fans 
are available which can be 
clipped onto the tank wall and 
directed at the water surface. 
The moving air increases 
evaporation and so cools the 
water. I decided to carry out a 
small experiment in order to 
find out what temperature drop 
could be achieved using this 
method.

A small experiment was set up to see how much water was evaporated by an aquarium cooler fan.

Maximum temperature drop that can be achieved placing a 2 litre bottle of 
frozen water at –20 °C in a sump and raised to a temperature of 25 °C

Aquarium volume Temperature drop

50 l 5 °C

100 l 2.5 °C

200 l 1.25 °C

500 l 0.5 °C
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A small basin of water had 
air blown over it from a fan 
assembly and the water was 
heated so that its temperature 
remained constant at 25°C 
during the test. The mass 
of water evaporated was 
measured (by weighing the 
container before and after) 
and repeated several times 
with the fan at different angles. 
The mass of water evaporated 
remained fairly consistent at 
about 0⋅05kg per hour. Doing 
some maths again showed that 
the energy removed from the 
water was just over 113 000 J. 
If applied to our standard tank 
of 500 litres it equates to a 
temperature drop of less than 
0·06 °C per hour! 

Perhaps it was worth trying the 

fan in a real-life situation on an 
aquarium. As I couldn’t measure 
the mass of water evaporated 
the temperature drop produced 
in an hour was measured with 
the heaters switched off. This 
was repeated several times and 
resulted in an average decrease 
in temperature of 0·4°C. With 
the heaters switched off the 
aquarium will cool anyway so 
the temperature fall in an hour 
was measured with the heaters 
switched off but without the 
fan. The average temperature 
decrease was again 0·4°C. The 
fan was unable to produce a 
significant temperature drop in 
an aquarium of this size. 

As the fan assembly was only 
a bank of four small computer 
fans it may be that the airflow 

was insufficient for a 500litre 
aquarium but may be suitable 
for a nano aquarium. Perhaps it 
was time to test a bigger fan!

A standard domestic fan 
was directed across the 
water surface. This created 
considerable rippling so 
things looked more promising. 
Over a 1 hour test period the 
temperature of the water was 
reduced by an average of 0·8°C. 
An added bonus of the stronger 
fan was that it was pushing 
surface water to the far side of 
the aquarium so producing an 
increased circulatory current 
which would enhance gas 
exchange.

Using a fan to increase 
evaporation can be very 

effective but considerable air 
movement is needed across the 
water surface to produce an 
appreciable cooling effect.

Aquarium chillers

There is a more sophisticated 
way of cooling an aquarium 
in hot weather and that is to 
use an aquarium chiller. These 
operate on the same principle 
as a domestic refrigerator 
and come in various sizes 
depending upon the cooling 
capacity required. Our 500 litre 
‘standard tank’ would require 
something like the D-D DC-750 
chiller which costs about £500 
and claims a cooling capacity 
of 750 W. That means it can 
remove 750 joules of energy 
from the water each second. 
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A domestic fan blowing air over the aquariums water surface can produce appreciable cooling.
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Using a little bit of maths again, 
we can calculate that it would 
lower the temperature of our 
500 litre aquarium by 1·36°C in 
an hour. Being thermostatically 
controlled the chiller would 
only cut in as the temperature 
rose and switch off when it 
fell thus keeping the water 
temperature more stable. Not 
all chillers have built in pumps 
so this may be an additional 
cost and create additional 
inconvenience in setting the 
chiller up. Where a long-term 
solution is required though, a 
chiller is an option well worth 
considering.

Taking control

An investment worth making 
is in a dual temperature 
controller. These come with a 
temperature probe and digital 
temperature readout. Coming 

with two power sockets, one 
socket controls the heater and 
the other socket controls any 
suitable cooling device, such 
as a fan, attached to it. The 
controller acts as a thermostat 
switching the heater and 
cooling device off and on at 
appropriate temperatures. In 
this way the water temperature 
is being kept at a more constant 
value rather than depending 
on the aquarist reacting to 
a temperature once it has 
increased. 

Conclusion

The results of my calculations 
did provide me with some 
answers. Which system you 
use to cool your aquarium is 
a matter of personal choice. 
Whilst high water temperatures 
can be a real threat to an 
aquarium’s inhabitants it is a 

situation which might only have 
to be addressed on a few days 
each year which is something 
you might want to take into 
account when reaching your 
decision. 
  It is also worth remembering 
that we usually go on 

Temperature controllers can operate both heating and cooling devices.

holiday during the warm 
summer months so having 
a system which will operate 
automatically when we are 
away from home means we can 
relax as we recline on a sun-bed 
by the pool!

Using equipment that produces as little heat as possible, such as LED 
lighting  can help (image J Clipperton)
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Aquarium chillers can be very effective but at a cost.A dehumidifier can enhance evaporative cooling by reducing the humidity 
of a room (image J Clipperton)
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