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Abstract

Tropical fishkeeping is a popular practice in societies across the globe and involves

recreating and sustaining an entire ecosystem in an aquarium within a domestic set-

ting. The process invariably has an environmental impact, yet an assessment of this

impact has previously been limited to the ecological consequences of harvesting fish

from the wild or the release of non-native fish species. Provided here are the first

estimates of carbon dioxide equivalent (CO2eq) emissions produced from running a

tropical aquarium across multiple countries in Northern Europe (France, Poland and

the UK), along with water consumption. Estimates were produced in silico and are

discussed in the context of freshwater and marine aquariums, calculated using exam-

ple aquarium sizes of 50, 200 and 400 l. Using estimates from the UK, depending

on size and running conditions, a tropical aquarium produces an estimated

85.3–635.2 kg of CO2eq per year, equating to 1.6%–12.4% of the UK annual average

household CO2 emissions, and uses 156–31,200 l of water per year, equating to

0.2%–30.1% of the UK annual average household water usage. Despite this, compari-

son with the CO2eq of an average-size dog (127–1592 kg of CO2eq per year) or cat

(121–251 kg of CO2eq per year), estimated from meat consumption alone, demon-

strates that ornamental fishkeeping can be a more environmentally conscious pet

choice. In addition, the majority of CO2eq produced from tropical fishkeeping is gen-

erated from the energy consumption of aquarium equipment and as more national

electricity grids begin to decarbonize, this estimate should decrease.
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1 | INTRODUCTION

As we enter further into the Anthropocene, an epoch characterized

by the environmental impact of human activities, the consequences of

global warming are set to worsen (Arnell et al., 2019). The World Eco-

nomic Forum (WEF)'s assessment of global risks ranked climate action

failure, biodiversity loss and water crisis among their top five risks

(World Economic Forum, 2020). The threat of climate change has

been particularly transformative for aquatic ecosystems, so much so

that in September 2020, 111 aquatic societies, representing 80,000

scientists globally, issued a statement outlining the dire situation

aquatic ecosystems face under climate change and the need for imme-

diate action (Bonar, 2021). In addition to climate change, aquatic eco-

systems face a barrage of other anthropogenic pressures, including a
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conflict with growing human populations over water resources, with

processes such as water abstraction (Benejam et al., 2010) and dam-

ming (Barrella & Petrere, 2003) impacting the diversity of aquatic

communities. This is a conflict that will only worsen under future cli-

mate change scenarios (Vicente-Serrano et al., 2020). Trying to pre-

vent these impacts is therefore a priority for those who value aquatic

systems, many of whom demonstrate how much they value these

environments by recreating them in their own homes in the form of

aquariums. Yet paradoxically, keeping an aquarium could be contribut-

ing to the degradation of those very ecosystems they aim to recreate.

The adaptive behaviour of individuals has been highlighted as an

important element in curbing the negative impacts of climate change

(van Valkengoed & Steg, 2019), especially as many governments

across the world have acted gradually in response to climate change

and have not been transformative enough in their response to prevent

irreversible climate thresholds from being crossed (Head et al., 2014).

Understanding how individual lifestyle choices contribute to climate

change is therefore of great importance because without that infor-

mation, action and adaptive behaviour cannot be achieved.

Ornamental fishkeeping has a rich history and is considered to be

one of the most popular hobbies globally (Novák et al., 2020). In the

UK, 4 million households, or 14% of the population, own a pet fish

(The Ornamental Aquatic Trade Association, 2020) and it is estimated

that 70% of those that keep fish have a tropical freshwater aquarium

(The Ornamental Aquatic Trade Association, 2012). With tropical fish-

keeping being such a large and ubiquitous societal phenomenon, it is

going to have environmental impact. The ecological impact of orna-

mental fish has, to some extent, been examined previously, including

the risk of them being released into the wild and becoming invasive

(Chang et al., 2009; Gertzen et al., 2008; Marra, 2019; Papavlasopou-

lou et al., 2013), the impact their harvesting has on their home ecosys-

tems (Friedlander, 2001; Gerstner et al., 2006; Thornhill, 2012) as well

as their beneficial role as a low-quantity, high-value fishery (Biondo &

Burki, 2020; King, 2019; Teitelbaum et al., 2010). However, despite

the exploration of some ecological impacts of fishkeeping, there has

been no assessment of the environmental impact of tropical fishkeep-

ing in terms of carbon emissions and water usage.

Assessments into the carbon dioxide equivalent (CO2eq) emis-

sions of cats and dogs have been undertaken (MacKenzie &

Cho, 2020; Martens et al., 2019; Reijnders & Soret, 2003) and have

produced results demonstrating that owning a cat or dog increases

your environmental footprint through substantially increased CO2eq

emissions, mainly caused by their consumption of meat. The lack of

such studies in fish means that many millions of fishkeepers world-

wide do not know the possible impact that they are having on the

environment. In the present study, the environmental impact of tropi-

cal aquariums, both freshwater and marine, is assessed through the

lens of carbon emissions and water use, exploring energy demand

(from heating, lighting and waterflow) as well as the carbon emissions

linked with abiotic (water and salt) and biotic (livestock and feed)

inputs. These estimates will provide an insight into how large an envi-

ronmental impact fishkeeping is having, while also highlighting areas

in which the environmental impact of fishkeeping can be minimized.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

An ethical statement relating to animal welfare is not applicable in this

instance because there were no animals used in this study.

2.2 | Energy

The estimates of electrical energy use to heat an aquarium were cal-

culated using the following equation:

Q¼U�A�ΔT� t

where Q is the heat transfer rate in joules (J) and the estimate for the

amount of electrical energy required to heat a tropical aquarium. The

estimates of Q were divided by 3,600,000 to convert them to kWh.

U is the heat transfer coefficient, with the value of 6 W/m2K used for

a single pane of glass (Gläser, 2008). A is the surface area of a cube

aquarium of the given volume in m2, and for the aquariums used here

A was 0.8143 m2 (50 l), 2.052 m2 (200 l) and 3.257 m2 (400 l). In the

absence of data on the volumes of the aquariums owned by the public,

the aquarium volumes for each of the scenarios were based on the vol-

ume filtering range of a popular aquarium supplier. ΔT is the tempera-

ture difference between the water and its surroundings in Kelvin (K). It

is recommended that a tropical marine aquarium should be kept

between 24 and 28�C (Bulk Reef Supply, 2016), with similar tempera-

ture guidelines given for tropical freshwater aquariums (Aqueon, 2023)

as some fish, such as discus, require temperatures up to 30�C. Given an

average room temperature of 20�C (Yohanis & Mondol, 2010), ΔT was

therefore set at 4 and 10 K. Finally, t is the time in seconds, which in

the examples used here was 1 year (rounded to 31,540,000 s).

When calculating the energy use for aquarium lighting, a range of

8–12 h was used, based on recommendations to fishkeepers, with

12 h of light being the maximum daylight on the equator, and live

corals and plants surviving on the lower estimate of 8 h of light

(Gay, 2023a). Energy use estimates also considered the number of

lighting units required for the different aquarium sizes. A larger aquar-

ium will require more lighting units, which was reflected in the

50, 200 and 400 l aquarium scenarios factoring in one, two and three

lighting units, respectively. Lighting units were based on typical 30 W

light-emitting diodes (LEDs) aquarium lights, consuming 30 W per

hour, which are suitable for fish, planted and coral aquariums. Lights

of this description are common in tropical fishkeeping and include

models such as the Fluval AquaSky LED 2.0 (30 W), the Fluval Plant

3.0 LED (32 W), the HIPARGERO LED Aquarium Light (30 W) and the

Arcadia Blade Slim LED Aquarium Light (26 W), although lower and

higher wattage lights are available.

Energy use estimates for water flow were based on the following

scenarios: a 5 W internal filter for the 50 l aquarium, a 12 W internal

filter for the 200 l aquarium and a 55 W sump pump for the 400 l

aquarium, as well as a 1.2 W aerator for the 50 l aquarium, a 4.5 W
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aerator for the 200 l aquarium and a 18 W protein skimmer for the

400 l aquarium, and, finally, a 4 W circulation pump in the 200 l

aquarium and a 7 W circulation pump in the 400 l aquarium. The com-

bined wattage sums to 6.2, 20.5 and 37 W for the 50, 200 and 400 l

aquariums, respectively. Estimates were also based on continuous use

as water flow is rarely intermittent. The scenarios outlined here are

typical of many aquarium set-ups, with internal filters being a more

popular choice in smaller aquariums and larger aquariums often con-

taining a sump due to the greater turnover of water required. It is rec-

ognized, however, that these are some scenarios to demonstrate the

increased wattage required for larger tanks, but other set-ups will be

present in the real world.

In the process of calculating the energy consumption required to

heat an aquarium, several assumptions were made. The first is that

there is a consistent energy differential between the aquarium and

the room it is in, although in most instances the aquarium will warm

the room, thus reducing the temperature difference and therefore

also reducing the energy required. The second assumption is that the

room temperature remains at 20�C, although there will be instances

where the central heating in a home will not be running, such as dur-

ing the night or when the house is empty, and therefore the tempera-

ture differentials experienced in temperate climates, especially in

winter, can be much greater. It can also be the case that room temper-

ature will exceed 20�C in a temperate climate in the summer. The

third assumption is that the heat transfer coefficient between the

aquarium and the room is based solely on that of a single pane of

glass, but aquariums are also often in cabinets, which will reduce the

heat transfer coefficient from that of glass alone. The fourth

assumption is that estimates are based on the surface area of a cube,

whereas many aquariums are rectangular, which will increase their

surface area and thus increase the amount of heat lost. Many salt-

water aquariums also have a sump system, which involves water

being drained from the main aquarium and pumped through another

smaller aquarium, often containing filter media, which will increase

the loss of heat and thus increase energy demand. The fifth assump-

tion is that heater efficiency is 100%, but in a real system not all

electrical energy units are transferred to units of heat. Finally, heat

given off other equipment such as lights, UV clarifiers and pumps

will also heat the water to some extent and therefore reduce energy

consumption.

Once the energy requirements were calculated they were con-

verted into CO2eq using the 2022 CO2eq estimates per kWh for

France, Poland and the UK (Nowtricity, 2023) in conjunction with

CO2eq time series estimates between 2000 and 2022 (Ember, 2023)

and predicted CO2eq for 2040 (Ian Tiseo, 2023).

Energy consumption from a real-world system came from a 380 l

marine aquarium containing a sump and running the following equip-

ment: one heater, two 30 W LED lights, one 8 W LED light, one pro-

tein skimmer, one return pump, two wavemakers and one UV

sterilization unit. The lights were on a 9 h cycle, apart from the 8 W

LED light, which was run constantly in the refugium, and the heater

was set at 24�C. Energy use was measured using a Tapo smart plug.

Measurements were taken over a 15-day period in February 2023.

2.3 | Abiotic inputs

The first abiotic input assessed was water consumption. Estimates of

recommended water change frequency and quantity for an aquarium

differ between sources, but range from 6% to 25% of the aquarium

volume per week (Maidenhead Aquatics, 2023; Tetra, 2023), and

this range was used for the water consumption estimates here. A

second water estimate was also included, based on the use of a

reverse osmosis (RO) system, where for every 1 l of RO water, the

system produces around 5 l of reject water (US Environmental Pro-

tection Agency, 2023). To calculate the amount of RO reject water,

water consumption was therefore multiplied by five. To calculate the

CO2eq for water consumption, the UK conversion factor of 149 kg of

CO2eq per million litres (UK Government, 2022) was used.

In addition to water, another abiotic input to marine aquariums is

salt. During water changes, salt must be added to the new freshwater

to maintain a specific gravity of 1.012–1.025 (Barrington, 2021;

Gay, 2023b). The amount of salt required was calculated using the

parameters of a water temperature of 26�C, salt mix impurity of 5 and

target specific gravity of 1.025, along with the water volumes calcu-

lated previously based on 6%–25% water change per week (Arain,

2023). The CO2eq associated with the freight of salt was then calcu-

lated based on a leading marine salt supplier who acquired their salt

from the Red Sea. The supplier pumps seawater into evaporation

lagoons where the salt is later extracted and then shipped to aquari-

ums globally. A crude calculation of shipment-incurred CO2eq was

then calculated based on the emissions incurred for ship freight from

the Red Sea Gateway Terminal (Jeddah), Saudi Arabia to London, UK,

of 0.03 kg of CO2 per kg of freight (Carbon Care, 2023).

2.4 | Biotic inputs

Estimating the CO2eq from biotic inputs begins with the transport of

the ornamental fish. The blue-green chromis (Chromis viridis) was used

as an example. The blue-green chromis is one of the most popular

ornamental marine fish and is heavily imported from South-East Asia,

such as Indonesia (Biondo, 2017; Rhyne et al., 2012). If fish were

transported from Jakarta's Soekarno-Hatta International Airport to

London Heathrow, UK (not including transport to and from the air-

port), a 5 kg package will accumulate an estimated 50.93 kg of CO2eq

(Freightos, 2022). The addition of livestock does not reoccur in a

properly operated aquarium, and so the CO2eq incurred should be

spread over the lifetime of the livestock. Blue-green chromis have a

life expectancy in captivity of around 10 years (Yang, 2020), therefore

the estimate of CO2eq for the blue-green chromis should be divided

by 10.

As well as livestock, feed is another biotic input into aquariums.

Understanding the impact of fish feed is difficult because it is so

diverse (e.g., flake, pellets, live, frozen), coming from multiple sources

(e.g., fish meal, invertebrates and algae) and given at different frequen-

cies and quantities depending on species, aquarium size and user. Esti-

mates of CO2eq produced by fish feed are probably best
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characterized in food production aquaculture, where 1.69 kg of

CO2eq is attributed to the production of 1 kg of fish meal, the main

component in many ornamental fish feeds (Thévenot et al., 2018). For

this study, it was assumed that in a year 100, 50 and 30 g of fish feed

would be adequate for the 400, 200 and 50 l aquariums, respectively,

based on the weight of commercially available fish feed packages and

personal experience.

3 | RESULTS

3.1 | Energy

Heating water to a tropical level in a temperate environment resulted

in the largest consumption of electrical energy when compared to

lighting and water flow, as reflected in its CO2eq emissions (Table 1).

Aquarium size also impacted the amount of electrical energy a set-up

used due to varying demands for heating, lighting and water flow

(Figure 1). How the aquarium was operated, in terms of temperature

and light regime, also substantially impacted the amount of energy

used, even when it was operating within the suggested parameters of

24–30�C water temperature and 8–12 h of light. A real-world exam-

ple of energy consumption from a marine aquarium is also given

(Supporting Information Figure S1), demonstrating the validity of the

estimates used here, with a peak energy consumption over a 15-day

period of 4.34 kWh per day. The mean energy consumption over this

15-day period was 4.05 kWh per day, which equates to 1479.44 kWh

per year, which is within the 1271.7–2430 kWh estimated energy

range provided here for the 400 l aquarium (Table 1). Finally, the

CO2eq for heating an aquarium was compared over three northern

European countries. This not only demonstrates the nonlinear

increase in CO2eq as aquarium size increases, but also that the impact

of heating an aquarium varies between countries due to differing

levels of decarbonization in their electricity grids. In addition, the pro-

duction of CO2eq per kWh of energy generated has also changed over

time in these countries (Figures 1 and 2).

3.2 | Abiotic inputs

CO2eq emissions from abiotic inputs were a lot smaller than those

from the energy demands of aquarium equipment, including water

and salt inputs for marine aquariums. However, water consump-

tion was highly variable in terms of tank size, use of RO and the

quantity of water included in weekly water changes (6%–25%)

(Table 1). The freight of marine salt taken from the Red Sea con-

tributed a small amount of CO2eq emissions when compared to

the CO2eq produced from the energy demands of aquarium equip-

ment, but it was still larger than the CO2eq emissions attributed to

the supply of water.

TABLE 1 Use of energy, water (tap water and reject RO water), salt, livestock and feed with associated kilograms of CO2eq per year
(kg CO2eq/year) for small (50 l), medium (200 l) and large 400 l aquariums

Parameter Range Small (50 l) Medium (200 l) Large (400 l)

Energy

Temperature (kWh/year) 24–30�C 171.2–428.1 431.5–1078.7 684.8–1712.1

Light (kWh/year) 8–12 h 87.6–131.4 175.2–262.8 262.8–394.2

Waterflow (kWh/year) Constant 54.3 179.6 324.1

Total (kWh/year) 313.1–613.8 786.3–1521.1 1271.7–2430

Total (kg CO2eq/year) 79.8–156.5 200.5–387.9 324.3–619.8

Abiotic inputs

Water (l/year) 6%–25% water change per week 156–650 624–2600 1248–5200

Total (kg CO2eq/year) 0.02–0.10 0.09–0.39 0.19–0.77

Reject RO water (l/year) 6%–25% water change per week 780–3250 3120–13,000 6240–26,000

Total (kg CO2eq/year) 0.12–0.48 0.46–1.94 0.93–3.87

Salt (kg/year) Specific gravity 1.025 6.26–26.1 25.05–104.39 50.11–208.78

Total (kg CO2eq/year) 0.19–0.78 0.75–3.13 1.50–6.26

Biotic inputs

Livestock – – –

Total (kg CO2eq/year) 5.1 5.1 5.1

Feed (kg/year) Constant 0.03 0.05 0.10

Total (kg CO2eq/year) 0.04 0.08 0.17

Grand total emissions

Total (kg CO2eq/year) (using RO and salt) 85.3–162.9 206.9–398.1 332.0–635.2

Note: CO2eq estimates are based on electricity consumption in the UK. RO, reverse osmosis. Bold entries are all totals.
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3.3 | Biotic inputs

The CO2eq produced from biotic inputs primarily came from the air-

freight of the livestock in the aquarium, with feed producing much

smaller CO2eq (Table 1). However, when compared to the CO2eq pro-

duced from the energy demands of aquarium equipment, the CO2eq

associated with both livestock and feed was small (Table 1).

4 | DISCUSSION

The aim of this work was to identify the environmental impact of

keeping ornamental tropical fish in an aquarium through in silico

experimentation, focusing on common environmental metrics such as

CO2eq and water use. Such an assessment has not been previously

undertaken and this work therefore provides a valuable insight into

the practice of tropical fishkeeping. Such insights are vital in reducing

environmental impact into the future and trying to mitigate the

anthropogenic pressures that are causing mass ecological degradation

across the globe, including climate change and overexploitation of

water resources. The examples used here focused on northern Europe

and common aquarium set-ups, and assessed the impact of the energy

needed to run an aquarium, as well as biotic and abiotic inputs.

4.1 | Energy

Despite the assumptions used to produce energy consumption esti-

mates, these estimates were remarkably close to real-world examples

from the UK (Supporting Information Figure S1) and therefore provide

a good framework for assessing energy consumption. Energy use in a

tropical aquarium in the form of electricity was highlighted as the

main source of CO2eq and thus environmental impact, with heat being

the largest consumer, which can be expected when trying to sustain a

miniature tropical ecosystem in a glass box in a nontropical domestic

environment. Despite the high energy usage of heating tropical aquar-

ium water, the process of heating that water does have the possible

beneficial side effect of acting as an electric radiator, providing a sec-

ondary benefit of heating a space, with electrification of home heating

highlighted as a low-carbon solution in climate change action plans

(Carroll et al., 2020).

Lighting, out of all the aquarium equipment, is likely to be on for

the shortest period, yet despite this, and depending on the aquarium

set-up, it can be the second-largest consumer of electrical energy

(Table 1). Here, scenarios were constructed based on light units suit-

able for corals and planted aquariums, as well as the associated

recommended lighting periods. However, the length of light, intensity

of that light, and the number of lighting units added to an aquarium

can depend on several factors, including aesthetics, algal growth, but

mainly whether or not the aquarium contains photosynthetic organ-

isms (e.g., plants or coral). For example, the energy requirements

would be far less for a fish-only aquarium, as the intensity of light

could be lower and light periods could be shorter without detrimental

impact. Over the last decade there has been a positive shift in the

aquarium light market away from halogen lights and towards the

lower-energy LED light equivalents used in the scenarios here.

F IGURE 2 Carbon dioxide equivalent (CO2eq) produced yearly in
the running of a 200 l aquarium (heating, lighting and waterflow;
mean of estimates found in Table 1) between 2000 and 2022 in three

northern European countries. Energy usage is based on current
aquarium equipment. , France; , France (predicted); , Poland; ,
Poland (predicted); , UK; , UK (predicted)

F IGURE 1 Carbon dioxide equivalent (CO2eq) produced per kWh
yearly in the process of heating different sized aquariums in three
northern European countries whose electricity grids have gone
through varying levels of decarbonization. Bold lines are estimates for
heating aquarium water at 7�C above room temperature, upper and
lower bounds are for heating aquarium water 10�C and 4�C above
room temperature, respectively. , France; , Poland; , UK
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The final source of energy demand explored here was water flow,

which incorporates filtration and aeration. Water flow is important in

both freshwater and marine aquariums for oxygenation, circulation

and waste management. Filtration is intrinsically linked with water

flow in an aquarium, as it normally involves water passing over differ-

ent types of mechanical, biological and chemical filtration either in an

internal filter or in a sump. Aeration plays a key role in oxygenation in

freshwater and marine aquariums, and also in the removal of waste,

especially in marine aquariums, in the form of protein skimmers.

Unlike heating and lighting in an aquarium, equipment relating to

water flow typically runs continuously, which contributes to its rela-

tively high, and often unappreciated, demand for energy (Table 1).

4.2 | Abiotic inputs

Energy is not the only resource used in a tropical aquarium, with

water also being vital. To prevent the build up of fish waste and its

by-products, such as ammonia, nitrates and nitrites, water from the

aquarium must be regularly replaced with new water, a process

referred to as a water change. Unconditioned tap water is not recom-

mended for aquarium water changes due to the presence of additives

such as chlorine, and also impurities such as ammonia, nitrates, phos-

phates and heavy metals, which can be detrimental to fish and inver-

tebrates. Water from an RO system is the gold standard, in which tap

water is forced through a series of filters and a membrane to remove

impurities. This practice is largely used with marine fishkeeping, and

not freshwater tropical fishkeeping, where instead of RO, tap water is

often just conditioned with a declinator. Most RO systems produce

reject water in the filtering process, which causes a large inflation of

water consumption (Table 1). Increased water consumption not only

uses up a valuable resource, but also contributes to CO2eq, as it takes

energy to supply households with water. In marine aquariums,

aquarium-grade salt must be added to any freshwater which enters

the aquarium, and as aquarium size and water change volumes get

larger, more salt is required. However, because salt will be transported

by sea rather than by air, the CO2eq associated with its transport is

relatively low (Table 1), even when it originates from areas such as the

Red Sea.

4.3 | Biotic inputs

The final set of inputs into an aquarium are biotic, with the most fun-

damental of these being the ornamental fish themselves. In the UK,

90% of ornamental marine fish are wild caught from the tropics (The

Ornamental Aquatic Trade Association, 2020) due to the difficulties

of captive breeding, and this has CO2eq emissions associated with

their transport. Indonesia is as a major exporter of ornamental marine

fish to Europe, having exported 3,353,983 kg of ornamental marine

fish between 2015 and 2019 (Akmal et al., 2020), but other hotspots

include Sri Lanka and the Philippines (Biondo, 2017). The blue-green

chromis was used as an example of the CO2eq emissions that can be

accumulated by the transport of fish, but this is a marine fish and the

supply of freshwater fish is very different. Only 5% of ornamental

freshwater fish are wild caught, in stark contrast with ornamental

marine fish, but they make up 77% of air freight compared to the 23%

of marine fish, with many captive-bred freshwater fish imported from

the tropics (The Ornamental Aquatic Trade Association, 2020). Some

of the largest exporters of ornamental freshwater fish include

Singapore, Israel, Japan and Indonesia (The Ornamental Aquatic Trade

Association, 2018). Imports from these countries accumulate substan-

tial freight airmiles. For example, a 5 kg package containing some of

the UK's most sold fish, guppies (The Ornamental Aquatic Trade

Association, 2020), sent from Singapore Changi Airport to London

Heathrow will accumulate an estimated 60.38 kg of CO2eq

(Freightos, 2022), even more than the wild-caught blue-green chromis

example given earlier. In addition to this, the lifespan of a guppy is far

lower, at only 1–2 years (Page, 2021), and therefore the lifetime car-

bon emissions are greater.

A consistent livestock CO2eq amount is assumed across different

aquarium sizes, as if all fish had been shipped together (Table 1). How-

ever, it could be that larger tanks contain a greater diversity of fish

from multiple different locations across the globe and could therefore

have a higher associated CO2eq, but this has not been assessed. Hav-

ing a better understanding of the CO2eq linked with aquarium fish is

an area that requires greater research, as it is likely more heavily

stocked aquariums will incur larger CO2eq, as would more diverse

communities of fish within an aquarium. In addition to this, CO2eq

emissions from parts of the supply chain other than transport will also

increase the estimated CO2eq, but currently this area lacks research.

Not only this, but consumers often do not know where their livestock

originates from, and this lack of information means that they cannot

make informed decisions based on environmental impact.

4.4 | Minimizing environmental impacts

Other sectors similar to ornamental fishkeeping, such as aquaponics,

have previously demonstrated sustainable practices to minimize the

environmental impacts of their operations, focusing on energy, water

and feed (Love et al., 2014), but such principles have not been

strongly advocated in the fishkeeping hobby. At a local level, invest-

ment in renewable electricity in homes, such as solar photovoltaics

(PV), is a solution to reducing the impact of tropical fishkeeping. A

typical 350 W solar panel will produce 256 kWh/year on average in

northern European countries such as the UK (Howell, 2023). Using

the upper estimate of energy consumption of a 200 l aquarium

(1521.1 kWh/year), six solar panels would be needed to offset this

energy demand. Using lifecycle assessments of solar PV, which esti-

mate 0.037 kg of CO2eq/year for a roof-mounted solar PV system

(Gibon, 2022), this would reduce CO2eq from 387.9 kg/year using the

grid to 56.3 kg/year, an 85% decrease. A well-insulated house will also

reduce the temperature differential between the aquarium and the

room it is kept in, which will reduce the energy demand required to

heat the aquarium. Changes in fishkeeping practices can also cut
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emissions, such as keeping the aquarium at the minimum suggested

temperature and light threshold. Even placing water flow equipment

on timers to have short breaks in their usage could reduce emissions,

with alternatives including locally sourced aquarium plants for

oxygenation.

Many freshwater fish are captively bred and the captive breeding

of marine fish is a growing sector (The Ornamental Aquatic Trade

Association, 2020), but this is not an indication that the air miles asso-

ciated with fishkeeping could decrease, as most captively bred are still

imported from the tropics. Reductions in CO2eq can be achieved by

buying fish from local breeders, rather than importing them. Indeed, a

recent study found that almost 90% of hobbyists surveyed had bred

fish (Pountney, 2023), primarily freshwater, which demonstrates that

utilizing networks of other local hobbyists can provide a environmen-

tally friendly alternative to imported fish. If fish are going to be

imported, such as marine fish that are not easily bred by hobbyists,

better packaging can allow for reductions in CO2eq as most of the

freight weight is water rather than livestock (The Ornamental Aquatic

Trade Association, 2021).

To reduce the high water demand, tropical fishkeepers can keep

track of important water parameters such as pH, ammonia and

nitrates using inexpensive commercial kits that can inform the fre-

quency and quantity of water change required, and not just relying on

arbitrary guides, which may often be excessive. Rather than using the

gold standard of RO purified water, for some less-sensitive freshwater

tropical fish tap water conditioned with chemicals to remove impuri-

ties such as phosphates may be suitable, thus avoiding large volumes

of reject water, which can make up over 80% of the total water con-

sumption in such a system. The suitability of this method will depend

on local water quality. The demand for water from an aquarium will

also have the greatest impact when water resources in a region are

low, such as summer droughts, and so another environmentally con-

scious choice would be to reduce the volume of water changes during

the summer months.

Storing and utilizing the greywater produced from an aquarium is

another solution to reduce waste. For freshwater tropical aquariums,

this is far easier, as water from the aquarium can be repurposed for

garden irrigation or flushing toilets. The same is also true of reject

water produced from an RO system, which has even greater utility

because it has not been in contact with the aquarium and the biologi-

cal communities within it, making it suitable for applications such as in

washing machines or dishwashers.

4.5 | Contextualization

Based on these estimates for heating, lighting and water movement in

aquariums, it is possible to calculate total electrical energy consump-

tion (Table 1), highlighting that energy requirements increase with

aquarium size and by aquarium operation scenarios. The estimates

given here, based on the UK, show that a tropical aquarium's emis-

sions can range from 85.3 to 162.9 kg of CO2eq per year for a 50 l

aquarium and 206.9–398.1 kg of CO2eq per year for a 200 l aquarium

to 332.0–635.2 kg of CO2eq per year for a 400 l aquarium. To put this

into perspective, an average-size dog is responsible for 127–1592 kg

of CO2eq per year based on their consumption of meat alone

(Martens et al., 2019), let alone other documented emissions such as

drives to local parks (MacKenzie & Cho, 2020). Similarly, based on

meat consumption alone, cats are responsible for 121–251 kg of

CO2eq per year (Martens et al., 2019). This demonstrates that fish can

be a more environmentally conscious pet option than cats and dogs.

The tropical fishkeeping CO2eq estimates calculated in this study

would account for 1.6%–12.4% of the UK annual mean household

CO2 emissions (5110 kg) (Büchs & Schnepf, 2013), which highlights

that the practice can still substantially contribute to carbon emissions.

However, the main source of CO2eq from keeping tropical fish comes

from the electricity required to heat, light and move water in the

aquarium, and this is a far easier element to decarbonize than emis-

sions from meat production in the case of cats and dogs. For example,

the UK continues to decarbonize its electricity grid, thus emissions

produced by tropical fishkeeping will substantially reduce in the future

(Figure 2). It should also be highlighted that the impact of keeping

tropical fish will vary between countries due to the varying extent of

decarbonization of national electricity grids (Figure 1), and so keeping

tropical fish in France is less impactful than keeping them in the UK or

Poland, for example.

The estimates provided here also show that water is another

resource that is used in large quantities for tropical fishkeeping, using

156–3900, 624–15,600 and 1248–31,200 l per year for a 50, 200

and 400 l aquariums, respectively, giving an overall water usage range

of 156–31,200 l per year. The per household consumption of water in

the UK is 103,660 l per year (Abu-Bakar et al., 2021), therefore an

aquarium could use 0.2%–30.1% of total water use. This is a large pro-

portion of household water consumption, especially as drought events

are expected to increase across Europe and other regions of the world

under almost all climate change scenarios (Grillakis, 2019), as typified

by the 2022 summer drought in Europe, which widely affected river

discharges, making water an increasingly valuable and scarce com-

modity not only for drinking but also for the generation of hydroelec-

tric power, power plant cooling systems and crop yields (European

Comission, 2022). In addition, the consumption of water generates

wastewater and in the UK, like many countries, wastewater systems

are over capacity due to growing populations (Manning et al., 2016)

and a variable climate (Hughes et al., 2021). Additional sources of

wastewater can increase the pressure on mechanisms such as com-

bined sewer overflows, making the release of untreated wastewater

into rivers and the sea more likely, thus generating a negative environ-

mental impact.

4.6 | Summary

Overall, these results show that ornamental fishkeeping can have low

environmental impacts when it comes to energy and water consump-

tion when compared to other pets such as cats and dogs, especially

when you consider that an entire ecosystem is being created and
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sustained within living spaces. However, the environmental impacts

can also be substantial depending on aquarium size, how it is run and

even what country it is in. There are thus still improvements that can be

made to ensure the environmental sustainability of the hobby, which

will continue to improve as national energy grids start to decarbonize.

Reducing the environmental impact of high water consumption will not

come easily and will require ingenuity at the level of the individual.
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