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We are the Environment Agency. We protect and improve the environment. 

We help people and wildlife adapt to climate change and reduce its impacts, including 
flooding, drought, sea level rise and coastal erosion.  

We improve the quality of our water, land and air by tackling pollution. We work with 
businesses to help them comply with environmental regulations. A healthy and diverse 
environment enhances people's lives and contributes to economic growth. 

We can’t do this alone. We work as part of the Defra group (Department for Environment, 
Food & Rural Affairs), with the rest of government, local councils, businesses, civil society 
groups and local communities to create a better place for people and wildlife. 
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Research at the Environment Agency 
Scientific research and analysis underpins everything the Environment Agency does. It 
helps us to understand and manage the environment effectively. Our own experts work 
with leading scientific organisations, universities and other parts of the Defra group to 
bring the best knowledge to bear on the environmental problems that we face now and in 
the future. Our scientific work is published as summaries and reports, freely available to 
all.  
 
You can find out more about our current science programmes at 
https://www.gov.uk/government/organisations/environment-agency/about/research 
 
If you have any comments or questions about this report or the Environment Agency’s 
other scientific work, please contact research@environment-agency.gov.uk. 

 

Dr Robert Bradburne 
Chief Scientist 
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Foreword 
The Net Zero research programme is a programme of work managed by the Environment 
Agency Chief Scientist’s Group and funded by Defra. The aim is to use science and 
evidence to ensure that the environment is part of a sustainable and equitable transition to 
a low-carbon economy. Our strategic objective is to understand at different scales what 
different pathways to net zero mean for the environment, the sectors the Environment 
Agency regulates, and the communities in which we work. We are approaching this 
challenge from different directions, building a multidisciplinary picture to inform the 
organisation’s strategic planning, underpin its regulatory decisions, and influence a wider 
discussion in government and society on the interactions between achieving net zero and 
other environmental and social objectives. 

These short summaries were produced in 2024. This a fast-moving topic area and 
inevitably information is likely to go out of date, so these are a summary of information 
available at time of writing. The aim of the summaries is to provide an overview of the 
potential environmental impacts of different technologies, although it is noted that many of 
these challenges could be mitigated to varying degrees through effective management. 
They are intended to provide a broad overview, rather than specific detail, ideally aimed at 
those new to a subject or those wishing to gain additional knowledge in a quick and easy 
to use format. 
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1. Electrochemical batteries 

Background 
It is widely accepted that the transition to net zero will require increasing electrification of 
our energy system, with most electricity coming from intermittent renewable energy 
sources (e.g., wind, tidal and solar). As a result, there will be a need to store energy at 
times of high supply and low demand, to feed into the grid later when supply is low, and 
demand is high. Electrochemical batteries are well-suited to energy storage and release. 
Electrochemical batteries operate through oxidation-reduction reactions where an 
exchange of electrons takes place between chemical species, with cations being 
transferred from anode to cathode within varying electrolyte solutions. The type of 
electrolyte solution used, as well as the material the electrodes are made of, determines 
the battery’s properties (e.g., energy density, voltage etc.), applications, demand, and 
environmental impacts. Primary batteries are single use, designed for small domestic 
functions like powering clocks and remotes (typically disposable alkaline batteries), 
secondary batteries are rechargeable and service items with long lifespans such as cars, 
phones, and laptops. Secondary batteries allow for electrical energy to be transformed 
back into chemical energy when supplied with an electric current.  

Environmental and public health impacts 
The greatest impacts of batteries on environmental and human health occur while initially 
mining for battery metals and at the end of life during the disposal process. Metal mining 
(e.g., lithium, cadmium and nickel) involves high water demand, land degradation and can 
release gases such as sulphur dioxide into the atmosphere, which in large concentrations 
causes acid rain and human/animal asphyxiation. Mining for battery metals such as lithium 
and cobalt primarily takes place in China, Australia, and South American countries [9], and 
nickel in Southeast Asian countries [3]. With this said, mining does occur within the UK (a 
lithium mine in Cornwall is projected to be ready for operation in 2024 [2]). Although ores 
are often of higher quality and extraction is cheaper when outsourced overseas, the ability 
to monitor and regulate social and environmental impacts is compromised. During battery 
disposal, metal leaching and subsequent soil and groundwater contamination are possible, 
as well as the likelihood of chemical fires if batteries are physically damaged/improperly 
disposed of. In many cases, batteries are considered hazardous waste due to containing 
heavy metals and corrosive solutions and the handling of their disposal must follow waste 
management regulations [4]. Many mining and disposal facilities will be managed through 
appropriate environmental legislation. 
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Technology Notes  Environmental Issues  Management challenges  

Lithium-ion 500-2000 charge 
cycles. Lithium is 
light and has a high 
energy density. It is 
increasing in 
demand globally 
and is mined for 
predominantly in 
Australia, China and 
South America [9]. 
This is the favoured 
type of battery for 
electric vehicles. 

Lithium mining (lithium is a 
finite resource, its extraction 
threatens biodiversity in 
mining locations, causes land 
degradation, air pollution and 
water contamination). Water 
intensive [1]. When accidently 
placed in lead-acid battery 
recycling can lead to 
explosion. Likely offshoring of 
pollution. 

 

Mining locations and 
activities leading to possible 
losses of amenity and local 
biodiversity  

Contaminant emissions from 
mining of raw materials such 
as dust and rock, as well as 
key trace elements such as 
cadmium, copper, lead, 
lithium, manganese and 
nickel. 

Long-term disposal of end-
of-life articles and potential 
emissions such as landfill 
leachates 

Potential for incidents during 
storage, use, and disposal 
including fires as a result of 
combustible materials such 
as lithium [14].  

Lead-acid 300-500 charge 
cycles. Low energy 
density and short 
lifecycle. Less of a 
fire hazard than 
lithium-ion. 
 

Extraction and processing of 
lead and polypropylene (lead 
mining occurs in the UK as 
does the manufacturing of 
polypropylene, derived from 
hydrocarbon fuels). Impacts 
of lead-acid battery 
production per kg of battery 
are: GHGs - 0.9 kg CO2eq 
and fossil fuel - 0.3 kg oileq 
[10]. 

See lithium-ion above. 

Nickel-
cadmium 

2000-2500 charge 
cycles. Useful for 
uninterruptible 
power supply [4]. 
Large memory 
effect. 
 

Cadmium is a toxic heavy 
metal and nickel oxides are 
carcinogenic upon inhalation 
[6]. Cadmium is produced 
mainly as a biproduct mining 
other metals that have a 
higher concentration in the 

See lithium-ion above. 
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ore [7].  Nickel mining 
releases sulphur dioxide [10]. 

Likely offshoring of pollution. 

Alkaline 
batteries 

Normally single use 
batteries. The 
electrolyte (normally 
potassium 
hydroxide) has a pH 
of >7.  

Not often accepted at 
recycling plants. Single use. 

See lithium-ion above. 
Alkaline batteries may be 
more likely found in mixed 
municipal wastes. 

Sodium-ion 
 

Potential competitor 
for lithium-ion 
batteries. Sodium is 
heavier and has a 
lower energy 
density. Requires a 
less concentrated 
electrolyte solution. 
Good thermal 
sustainability - 
higher safety 
ratings. Sodium is 
more readily 
available than 
lithium.  CATL 
(largest lithium-ion 
battery company in 
world, Chinese) 
manufactures 
sodium-ion batteries 
with lithium-ion 
factory equipment 
(no need for new 
infrastructure). 

Salt mining (habitat 
destruction, biodiversity loss, 
groundwater contamination). 
Salt mining occurs worldwide, 
including the UK (Cheshire). 
Likely offshoring of pollution. 

See lithium-ion above. 

Redox Flow 15,000 – 20,000 
charge cycles. Can 
discharge fully. No 
memory effect. 
Made of vanadium 
(scarce and 
expensive metal) 
and a highly toxic 

Vanadium mining. Toxicity of 
sulphuric acid. Fossil fuel 
necessary for electrode oil-
based polymer.  Likely 
offshoring of pollution. 

See lithium-ion above. Note 
that sulphuric acid is a 
strong oxidizing agent which 
can lead to the combustion 
of surrounding materials.   



10 of 39 

Future science needs  
Lithium-ion batteries currently dominate the market for large-scale energy storage but are 
projected to be overtaken by sodium-ion batteries due to the growing cost and dwindling 
availability of lithium [1]. Organic redox flow batteries are projected to increase in use, 
inferred from large investments being made in their technology globally, although still far 
away from mainstream availability [15]. For electrochemical batteries, any air, water or soil 
contamination associated with emissions from mining and battery waste treatment and 
disposal would need to be managed to protect health and the environment, along with the 
fire hazards associated with battery transportation, storage and disposal. 

Bibliography 
[1] Agusdinata, D. B., Liu, W., Eakin, H. and Romero, H., 2018. ‘Socio-environmental 
impacts of lithium mineral extraction: towards a research agenda’. Environmental 
Research Letters, 13(12), p.123001. https://doi.org/10.1088/1748-9326/aae9b1 

electrolyte solution 
(mostly sulphuric 
acid). Electrodes 
made of an oil-
based polymer.  

Organic 
Redox Flow 
 

Similar qualities to 
regular redox flow 
battery but not 
currently 
technologically 
ready. Made of iron 
sulphate (cheap and 
plentiful waste 
product from mining) 
and anthraquinone 
disulfonic acid 
(carbon-based 
material) [11], [12]. 
Less than half the 
cost of regular redox 
flow. Completely 
recyclable.  Doped-
quinone organic 
redox battery in 
infancy [8]. 

Although iron-sulphate is a bi-
product of other mining 
efforts, it is still associated 
with mining’s environmental 
impacts. 

See lithium-ion above. 

https://doi.org/10.1088/1748-9326/aae9b1
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2. Thermal energy storage 

Background 
Throughout the net zero transition, it is accepted that the UK’s energy systems will 
become increasingly reliant on electricity produced by intermittent renewable energy 
sources like solar, wind and tidal. Daily and interseasonal fluctuations in supply and 
demand will need to be managed within the energy system through energy storage. 
Thermal energy storage is a mechanism of conserving excess energy from the grid within 
high energy density media that retain heat, contained in an insulated vessel or reservoir. It 
is particularly useful in managing fluctuations in supply and demand with intermittent 
renewable energy sources like solar, wind and tidal, which can occur both daily and 
interseasonally. Two main thermal energy storage mechanisms exist: sensible and latent. 
Sensible thermal energy storage methods use batteries made of materials such as sand, 
water, molten silicon, and molten salt to retain heat, remaining in one phase as heat 
accumulates and dispels, and temperature fluctuates. Latent energy storage utilises phase 
change materials (e.g., organic paraffins and fatty acids) where latent heat accumulates in 
the material without a change in temperature until sufficient energy is contributed for a 
phase change to occur (e.g., solid to liquid) [4]. 

Environmental and public health impacts 
Negative environmental and health impacts associated with thermal energy storage are 
limited. Generally, the potential impacts are with heat loss if a reservoir is not properly 
insulated, which can potentially affect surrounding ecosystems. With specific technologies 
such as sand batteries, there is the strategic sourcing of recycled sand; with molten 
silicon, the necessary use of thermophotovoltaic cells and their potential to leach metals 
after disposal. For thermal energy storage strategies that use water or air such as sand 
batteries, maximum efficiency is retained if the thermal energy is preserved and not 
converted to electricity (e.g., directly supplying hot water or powering steam engines), 
which can require below ground pipe installation with the potential for local biodiversity 
disturbance. Some facilities will require water to operate, with the quality and quantity of 
water managed to protect the surrounding environment from over abstraction and 
chemical leakages. 
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Technology  Notes  Environmental Issues  Management 
challenges  

Molten Salt Eutectic salt mixtures 
(sodium nitrate, 
potassium nitrate). 
Excess energy from 
renewables heats salt 
within a tank, 
discharges molten salt 
to a boiler, boiler fuels 
a steam turbine. 
Approx. 70% efficient. 
30-year lifecycle. 

Salt mining in seabed 
and salt caverns in the 
UK (disturbance to 
aquatic ecosystems, 
altering salinity levels 
and habitat destruction). 
Salt mining in salt 
caverns (water 
intensive). The energy 
and emissions 
associated with the 
industrial synthesis of 
sodium nitrate and 
potassium nitrate. 

Disposal of contaminated 
water. 

Impact of salt emissions 
such as from mining on 
ecosystems. 

Incident management 
following release of 
molten salts 

Water abstraction 

 
 

Sand Insulated steel silo 
filled with sand and 
heat transfer pipes. 
Long lifespan. Only 
worthwhile if used for 
direct heating and not 
energy conversion 
(district-scale 
infrastructure 
necessary, or onsite 
steam plant). 

Sourcing and 
transporting sand 
(upcycled sand from 
construction industry). 

Disturbance to 
ecosystems if 
underground piping 
network installation is 
necessary. 

Local environmental 
impacts associated with 
construction and 
demolition activities such 
as pipework, and the 
quarrying of sand. 
 

Phase 
Change 
Materials 
(PCM) 
(Latent Heat 
Storage) 

Directly integrated into 
building materials and 
infrastructure, most 
often to retain solar 
energy. Can be made 
of organics (paraffin, 
fatty acid), inorganics 
(salt hydrate, metal 
alloys), eutectics 
(organic/inorganic 
mixture) [4]. Low 
thermal conductivity of 
most effective PCMs 

Paraffin wax PCM 
apparatus are derived 
from crude oil. Fatty 
acid PCM apparatuses 
can contain palm oil. 
 

See molten salt above 
and electrochemical 
batteries in Section 1. 
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limits thermal energy 
storage efficiency [5]. 
 

Water in 
mines 

Naturally between 10 
and 25°C [1]. Makes 
use of flooded, 
abandoned mines. 
Water consistently 
warm from natural 
geothermal processes. 
¼ UK homes and 
businesses sited on 
former coalfields [3]. 
Water is usually 
pumped back into 
reservoir after use or 
can be pumped into 
pond/well or surface 
water once treated in 
combination with mine 
water management 
system.  

Potential source of 
methane (CH4) and 
hydrogen sulphide 
(H2S) emissions to air 
or dissolved in water. 

Potential instability in 
mine structure. Thermal 
pollution of surrounding 
aquifers. Potential 
contamination from 
mobilisation of heavy 
metals and other mining 
compounds into 
surrounding aquifers or 
surface water [7]. 

(if open loop system) 

Potential emissions to air 
and water from mine 
workings including 
contaminants and heat. 
For example, releases of 
toxic gases such as 
methane and hydrogen 
sulphide as a result of 
changing ground 
conditions [6]. 

Potential discharges of 
contaminated water from 
pumps and ponds.  

Water abstraction 

Potential for localised 
surface water and 
groundwater flooding. 

 
 

Molten 
Silicon 

Thermophotovoltaic 
cells used to convert 
incandescent radiation 
from the molten silicon 
into electricity. Can 
create electricity 
efficiently. Reduced 
containment size due 
to high energy density 
compared to molten 
salts and water. 

Potential metal leaching 
as thermophotovoltaic 
cell degrades (approx. 
25 years) 

Accidental releases of 
molten silicon. 

See also electrochemical 
batteries in Section 1. 

Aquifer 
thermal 
energy 
storage 
(ATES) / 
Borehole 
thermal 
energy 

ATES, (open loop) 
warm groundwater 
abstracted and used to 
warm buildings in 
winter and stored in 
aquifers in summer, 
cool groundwater used 
in summer and stored 

Temperature changes 
in groundwater, 
possible impacts on 
geochemistry and 
groundwater ecology, 
and potential impacts 
on nearby wetlands, 
springs, surface water 

Potential discharges of 
contaminated water from 
open loop systems 
including chemicals and 
heat. 

Water abstraction.  
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storage 
(BTES) 

in aquifers in winter. 
BTES, closed loop 
(using heat transfer 
fluids) systems. Can 
use heat pumps to 
concentrate heat.  

ecology and water 
sources. Possible 
mobilisation of 
contaminants in aquifer. 
Closed loop systems 
possible leakage of 
heat transfer fluids. 
Possible leakage of 
refrigerants into 
atmosphere from heat 
pumps. Sometimes 
noise disturbance.  

    

 
 

Future science needs   
The potential environmental and human health impacts of thermal batteries are low 
relative to other energy storage technologies. It is important however to consider their 
respective longevities alongside the sourcing of their constituent materials through life 
cycle analyses to ensure that all environmental issues from battery creation to end of life 
are considered. There is a potential need to manage the impacts of these systems on the 
sub-surface environment as well as to control releases to air, water or soil. There may also 
be a need to understand incidents involving molten materials like silicon or salt. 

Bibliography 
[1] BGS. (2021). Delivering geoenergy research infrastructure in Glasgow, British 
Geological Survey. [Online]. Available at: https://www.bgs.ac.uk/news/delivering-
geoenergy-research-infrastructure-in-glasgow/. (Accessed: February 17, 2023). 

[2] Brandon, N., Edge, J., Aunedi, M., Bruce, P., Chakrabarti, B., Esterle, T., Somerville, J. 
et al. (2016). ‘UK Research Needs in Grid Scale Energy Storage Technologies’, Energy 
Storage Research Network. https://ora.ox.ac.uk/objects/uuid:c0a1d73e-3783-4298-b16b-
d6108c241151 

[3] Coal Authority (2020). UK's First District Heating Scheme using Mine Water Energy 
now in development, GOV.UK [Online]. Available at: 
https://www.gov.uk/government/news/uks-first-district-heating-scheme-using-mine-water-
energy-now-in-development (Accessed: February 17, 2023). 

[4] Diaconu, B.M., Cruceru, M. and Anghelescu, L. (2022). ‘Phase Change Materials—
Applications and Systems Designs: A Literature Review’. Designs. 6(6). 
https://doi.org/10.3390/designs6060117 

https://www.bgs.ac.uk/news/delivering-geoenergy-research-infrastructure-in-glasgow/%23:%7E:text=Warm%20mine%20water%2C%20commonly%20between%2010%20and%2025%C2%B0C%2C,can%20be%20used%20to%20heat%20homes%20and%20offices
https://www.bgs.ac.uk/news/delivering-geoenergy-research-infrastructure-in-glasgow/%23:%7E:text=Warm%20mine%20water%2C%20commonly%20between%2010%20and%2025%C2%B0C%2C,can%20be%20used%20to%20heat%20homes%20and%20offices
https://ora.ox.ac.uk/objects/uuid:c0a1d73e-3783-4298-b16b-d6108c241151
https://ora.ox.ac.uk/objects/uuid:c0a1d73e-3783-4298-b16b-d6108c241151
https://www.gov.uk/government/news/uks-first-district-heating-scheme-using-mine-water-energy-now-in-development
https://www.gov.uk/government/news/uks-first-district-heating-scheme-using-mine-water-energy-now-in-development
https://doi.org/10.3390/designs6060117


17 of 39 

[5] Nomura, T., Okinaka, N. and Akiyama, T. (2010). ‘Technology of Latent Heat Storage 
for High Temperature Application: A Review’, ISIJ International, 50(9), p. 1229-1239. 
https://doi.org/10.2355/isijinternational.50.1229 

[6] Public Health England. (2018). Hydrogen sulphide: Incident management and 
toxicology, GOV.UK. GOV.UK. Available at: 
https://www.gov.uk/government/publications/hydrogen-sulphide-properties-incident-
management-and-toxicology (Accessed: February 23, 2023). 

[7] Environment Agency.(2021). Low carbon subsurface technologies: identifying potential 
environmental impacts. Chief Scientist’s Group report. Available at: Low carbon 
subsurface technologies: identifying potential environmental impacts 
(publishing.service.gov.uk) (Accessed: January 12, 2024) 

  

https://doi.org/10.2355/isijinternational.50.1229
https://www.gov.uk/government/publications/hydrogen-sulphide-properties-incident-management-and-toxicology
https://www.gov.uk/government/publications/hydrogen-sulphide-properties-incident-management-and-toxicology
https://assets.publishing.service.gov.uk/media/616fde548fa8f529840622d2/Low_carbon_subsurface_technologies_-_identifying_potential_environmental_impacts_-_report.pdf
https://assets.publishing.service.gov.uk/media/616fde548fa8f529840622d2/Low_carbon_subsurface_technologies_-_identifying_potential_environmental_impacts_-_report.pdf
https://assets.publishing.service.gov.uk/media/616fde548fa8f529840622d2/Low_carbon_subsurface_technologies_-_identifying_potential_environmental_impacts_-_report.pdf


18 of 39 

3. Direct air carbon capture technology 

Background 
Direct air carbon capture (DACC) technology is used to remove CO2 directly from the 
atmosphere. As CO2 concentrations are lower in ambient air than at point source emission 
locations, DACC requires more energy and is currently less efficient than standard carbon 
capture techniques (located at source, pre-/post-combustion). To ensure net negative 
emissions, DACC facilities must be powered by renewable energy. When combined with 
permanent storage of the CO2 in either a geological feature or durable product, this allows 
near-permanent withdrawal of CO2 from the atmosphere, known as direct air capture and 
storage (DACCS). DACCS can be used to move towards permanent offsetting of difficult-
to-decarbonise industries, such as shipping and aviation. Currently, most DACCS facilities 
are on a relatively small-scale, and all but two plants globally use the captured CO2 (e.g. 
for drink carbonation). Key concerns at present are that some techniques require high 
temperatures to operate, the technology has not been proven at scale and research has 
not been undertaken to assess which climates are suitable for DACCS (e.g. dry air, humid 
air, polluted air). There is also the risk that CO2 storage sites are not currently being 
developed at scale which, given design and permitting timescales, could become a pinch 
point for CO2 storage requirements. 

Environmental and public health impacts 
There are currently two main DACC methods: solvent-based (liquid DACC) and sorbent-
based (solid DACC), each of which have different environmental implications. The main 
implications are (1) land use, (2) energy use, (3) water use and (4) chemicals use. 
Ongoing research is focusing on new solvent and sorbents, but there are also emerging 
techniques based on different methods, such as electro-swing adsorption, membrane-
based DACC and liquid-solid phase separation. The different DACC technologies and 
associated potential environmental impacts are summarised in the table below.  

 

 

 

Technology Notes Environmental Issues Management 
challenges 

Solvent-
based (liquid 
DACC) 

Aqueous basic 
solution (e.g. 
potassium 

High temperature 
requirement means it is 
difficult to power by 

Chemical releases to 
air and water. 
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(TRL = 6*) hydroxide). 
Releases CO2 
through several 
units operating at 
high temperature 
(300-900°C). 

renewables (but potential 
for power by green 
hydrogen). Improvement of 
large-scale electric 
calcination technology 
(heating under low oxygen 
levels; currently TRL 3*) 
needed. 1-7 tonnes water 
required per tonne of CO2 
captured, and more in dry, 
hot environments. Solvent 
disposal/ regeneration. 
Release of solvent 
aerosols. Land use. 

Waste management 

Water abstraction. 

Sorbent-
based (solid 
DACC) 

(TRL = 7*) 

Solid adsorbent. 
Operates at 
ambient/low 
pressure (under 
vacuum) and 
medium 
temperature (80-
120°C). 

Potential to be powered by 
low-grade waste heat. 
Water requirements 
depend on specific 
technology (vary from net 
water production to 1.6 
tonnes water required per 
tonne of CO2 captured). 
Sorbent degradation 
products. Land use. 
Chemicals for sorbent 
manufacture. Disposal of 
sorbents. 

See liquid-DACC 
above.  

Electro-swing 
adsorption 
(TRL < 6*) 

Electrochemical 
cell. Solid 
electrode adsorbs 
CO2 during 
negative charge 
and releases it 
when positively 
charged. 

Impact of carrier molecules 
(quinones, 4,4’-bipyridine, 
thiolates) on environmental 
receptors and potential for 
“leakage”. Novel chemicals 
with limited knowledge of 
fate and hazard. Land use. 

See liquid-DACC 
above. 

Membrane-
based DACC 

(TRL < 6*) 

CO2 is separated 
from the air when 
permeated through 
specific 
membranes. 

Requires expensive 
(energy-intensive) 
compression of lots of 
ambient air. Land use. 

See liquid-DACC 
above. 
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*TRL=Technological Readiness Level; these have been sourced from [1], [2], and [3]. 

Future science needs 
As DACCS is currently at a relatively low technological readiness level (compared to other 
carbon capture and storage techniques), work is needed to improve understanding of 
potential future environmental impacts and increase understanding of any future 
management requirements.  
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Liquid-solid 
phase 
separation 

Uses isophorone 
diamine, is twice 
as fast as most 
existing technology 
and 99% efficient. 

Compound is reusable 
after reheating at 60°C. 
Land use 

See liquid-DACC 
above. 

https://www.iea.org/data-and-statistics/data-tools/etp-clean-energy-technology-guide?selectedSector=Direct+air+capture
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4. Energy storage 

Background 
With the continued shift towards renewable energy production comes increased need for 
energy storage, to ensure supply during so-called “dunkelflaute” periods (when renewable 
energy production is low). The energy in stored when supply exceeds demand (e.g. at 
night/in summer), and is released when demand exceeds supply (e.g. during the day/in 
winter) A variety of technologies are available, depending on the type of energy being 
stored (e.g. gaseous versus electricity), the time for which the energy is expected to be 
stored and the location. These include: battery energy storage systems (BESS), 
compressed air energy storage (CAES) and thermal energy storage (TES). Energy can be 
stored over a range of timescales, with different technologies being most suited to 
particular timescales. For example, batteries (especially lithium-ion) would be more 
suitable for less than daily variability (balancing the system over 0-4 hours), while 
underground hydrogen storage could help balance seasonal and multi-year variability in 
energy supply and demand. Estimates anticipate a need for 3-4 TWh storage capacity to 
balance inter-day variability, 10s of TWh capacity for seasonal balancing and 100 TWh for 
multi-year balancing [1], [2]. For CAES and TES, research is currently focused on 
technological innovation, and understanding environmental impacts is less well covered.  

Environmental and public health impacts 
The scale and pace of change is a key issue. For example, while lithium-ion batteries have 
been used for some time and management procedures developed for dealing with leaks, 
fires and handling of wastes, the scale-up of BESS facilities and the overall prevalence of 
batteries is likely to increase the importance of managing the environmental risks 
associated with these technologies. An overview of energy storage technologies, their 
potential environmental impact and management challenges are outlined in the table 
below. The main areas of environmental impact are: (1) potential leakage from the system 
(and impacts on air, land and water quality, as well as biodiversity), (2) chemicals/heavy 
metals and (3) water use.  

 

Technology Notes Environmental Issues Management 
challenges 

CAES Converts electricity into 
mechanical energy 
(pressure), which can 
then be converted back 
to electricity by 

Capturing and storing 
waste heat can improve 
their efficiency (circular 
economy). Reservoir 
instability. Water consumed 

Large volumes of 
compressed air 
could represent 
an explosion risk. 
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powering a turbine. 
Compressed air is often 
stored underground in a 
salt cavern. 

for salt cavern creation. 
High salt content of brine 
produced during salt cavern 
creation-need clear 
guidance on disposal or, 
ideally, a use for the brine 
(circular economy). 
Explosion risk from rapid 
decompression of the 
reservoir. Air quality and 
pollutant emissions from 
burning natural gas to 
power the turbine (CH4, 
SO2, NOx, particulates, 
CO).  

Potential 
emissions to air 
and water from 
the salt cavern 
including 
discharges of 
brine during 
construction and 
maintenance. 

Water 
abstraction.  

 

TES Uses heat to warm a 
medium (e.g. rock, 
water, molten salts), 
which can then be 
reversed to release the 
stored energy. Energy 
can either be released 
as heat into heat 
networks or can be 
released as electricity. 

Environmental impacts 
likely depend on chosen 
storage medium. Heat 
storage in water in former 
mines could have impacts 
on groundwater chemistry. 

See Section 2.  

Underground 
Pumped 
Storage 
Hydropower 

Converts electricity into 
gravitational potential 
energy, which can then 
be converted back into 
electricity. Usually 
consists of two 
reservoirs: an upper 
and lower reservoir. 
Potential for use of old 
mine systems. 

Land use change from 
reservoir construction and if 
upper reservoir dike fails-
impact on habitats, 
biodiversity and hydrology. 
Reservoir instability. 
Groundwater-reservoir 
water exchange, and 
chemical/pollutant impacts 
(e.g. ferrihydrite, goethite, 
schwertmannite). 

Chemical 
pollution of 
waters from 
storage locations 
and their 
movement 
between 
locations. 

Flood risk.  

BESS Lithium-ion is currently 
the most developed 
composition and is 
widely used. Other 
battery compositions 

Impact depends on 
composition. Impact from 
mining raw materials, 
through to battery use 
(chemical/metal leaching, 
issues associated with fire 

See Section 1.  
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Future science needs 

There is a wide range of potential environment impacts that should be considered as these 
new technologies are developed.  
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5. Hydrogen production 

Background 
Hydrogen can be burned as a fuel for transport (vehicles, shipping and aviation), used in 
industrial processes such as refining and power generation (heat and electricity). The 
process primarily produces water and fewer particulates compared to fossil fuels, although 
as with combustion of other fuels, nitrogen oxides are also produced, with subsequent 
impacts on air quality. This has led to the assertion that hydrogen is “one of the greenest 
forms of energy that we have” [3]. Hydrogen can also be reacted with oxygen in a fuel cell 
to produce electricity. In the UK, over 20 commercial hydrogen production plants have 
been proposed, most of which will be located within the industrial clusters (Teesside, 
Humberside and Merseyside). In addition to having the advantage of being a “clean” fuel, 
hydrogen is also valued due to its potential to decarbonise industrial processes and other 
areas such as shipping and aviation (which are seen as difficult to decarbonise). 
Production or output can also be increased or decreased with little notice, such as to 
compensate for fluctuations in the supply of renewable energy. Hydrogen transportation 
and storage is covered in Section 6 below.  

Environmental and public health impacts 
There are a number of different types of hydrogen production techniques, which are 
typically categorised by colour based on their production method. Blue hydrogen 
(produced from steam methane reforming of natural gas with CCS) is the most mature low 
carbon technology, although green hydrogen (from splitting of water using electrolysis 
powered by renewable electricity) is also well-developed. However, green hydrogen costs 
are at least double that of blue hydrogen at present [7]. Pink and turquoise hydrogen 
production methods are at earlier stages of development. An overview of their 
environmental impact and the potential management challenges for the different methods 
are outlined below. Leakage of hydrogen throughout its lifecycle (from production through 
to use) is of concern not only due to its high flammability, but also because it indirectly 
extends the atmospheric lifetime of methane, a greenhouse gas. There are several other 
methods of hydrogen production in development, many of which could contribute to a 
circular economy. These include hydrogen production from photo-pyrolysis of organic 
waste and hydrogen-rich gas from urine [2], [5].  
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Technology Notes Environmental Issues Management 
challenges 

Blue 
hydrogen 

From natural gas with 
CCS via. steam 
methane reforming. 
Expected to bridge the 
gap to green hydrogen. 

Nitramines and 
nitrosamines breakdown 
products-these are 
potentially carcinogenic, 
mutagenic and toxic [4], 
[6]. Water requirements 
(up to 24L/kg of hydrogen; 
[1]). 

Chemical 
emissions to air 
and water 

Water abstraction 

 

Green 
hydrogen 

Electrolysis of water – 
‘green’ when powered 
by renewable 
electricity. Uses solid 
oxide electolysers 
(large-scale) and 
alkaline 
electrolysers/polymer 
electrolyte membrane 
electrolysers (small-
scale). 

Water abstraction and 
water resources 
(cumulative impact of need 
for high purity deionised 
water; up to 30 L/kg of 
hydrogen). Potential to link 
with circular economy (e.g. 
use of industrial effluent). 
Land use change for 
renewable energy.  

Chemical and 
heat emissions to 
water 

Water abstraction 

 

Pink 
hydrogen 

Electrolysis: Uses 
advanced nuclear 
reactors and large-
scale hydrogen fuel 
cells to split water 
molecules and extract 
the hydrogen using 
electrolysis. Use of 
waste heat is being 
explored to increase 
the efficiency of solid 
oxide electrolysers. 

Thermochemical: 
requires high 
operational 
temperatures (e.g.  > 
500 °C) that can only 
be achieved using 
advanced nuclear 

Impact of uranium mining 
(in other countries). Water 
abstraction, temperature of 
water discharges. Use of 
waste heat from nuclear 
plant to increase 
electrolysis temperature 
can increase efficiency. 

 

Environmental 
management of 
nuclear-powered 
processes 
including 
emissions, 
wastes, and 
cooling. 

Water abstraction. 
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Future science needs 

The production method for hydrogen is likely to have different environmental impacts and 
require different management processes, which will need to be identified and considered 
as new plants are commissioned. There is also a potential for cumulative impacts where 
installations are likely to be co-located. 
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technologies (e.g. high 
temperature gas 
reactors, molten salt 
fast reactors). This 
method is not available 
with current nuclear 
power plants. 

Turquoise 
hydrogen 

Thermal decomposition 
of natural gas. For 
example, methane 
pyrolysis or cracking to 
produce black carbon, 
from which the carbon 
can be sequestered. 

Safe disposal of black 
carbon. Alternatively, black 
carbon can be sold 
(circular economy). 

Management of 
black carbon 
residues. 
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6. Hydrogen storage 

Background 
Hydrogen for fuel and industry has been stored underground in salt caverns for decades, 
including in Teesside since the 1970s. However, the anticipated scale-up of hydrogen 
production (10 GW by 2030, with at least half of this coming from ‘green’ hydrogen; [2], 
compared to 10-27 TWh produced at present, mostly from ‘grey’ hydrogen for use in the 
petrochemical sector; [1]) means that the numbers of such storage facilities could 
increase. The scale and pace of storage developments is a key management 
consideration. Research is currently focused on improving the safety and cost-
effectiveness of various storage methods, rather than on environmental impacts.  

Environmental and public health impacts 
An overview of the potential environmental impact of different storage technologies and 
the challenges in their management are outlined in the table. An emerging issue is 
hydrogen leakage from production through to use [6]. Fugitive hydrogen could indirectly 
extend the lifetime of methane in the atmosphere [3], negating some of the “clean” benefits 
of hydrogen.  

Technology Notes Environmental Issues Environment 
Agency Interest 

Transport to 
storage site 
(e.g. tankers, 
pipelines) 

Pipelines considered 
most feasible. Studies 
are ongoing to 
understand effect of 
hydrogen on existing 
pipework systems. 
Transport may take 
place close to existing 
or new infrastructure. 

Potential for accidents 
resulting in 
ignition/explosion. Fugitive 
emissions of hydrogen. 
Habitat/biodiversity 
disturbance due to 
construction of storage 
sites or pipelines. 

Fire and explosion 
resulting from 
major site 
incidents. 
 
Emissions to air 
including 
hydrogen leakage. 

Aboveground  
storage 

Short-term storage in 
new or existing gas 
infrastructure. This 
could include pipelines 
and storage tanks. 
Could be stored as 
compressed gaseous 
hydrogen or cryogenic 
liquid hydrogen. Also 
includes hydrogen fuel 
cells. 

Liquefaction has high 
energy requirements. New 
developments including 
storage would likely be 
large facilities to ensure 
supply. Such 
developments may impact 
local  biodiversity and 
reduce available land. 

See hydrogen 
transport above. 
 
Wastes generated 
by fuel cells.  
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Underground 
hydrogen 
storage 

Salt caverns can store 
hydrogen over short-to-
medium timescales 
(interseasonally; 
Heinemann et al., 
2018). Space created 
by pumping water 
through salt, which 
produces brine. 
 
Porous formations such 
as former onshore oil 
and gas wells (depleted 
hydrocarbon reservoirs) 
may also be used. 

Leakage in production, 
transport, during transfer 
into/out of the storage 
facility. Potential for impact 
on groundwater needs to 
be addressed during 
cavern/storage design. 
Reservoir instability. High 
water demand for cavern 
creation (~14m3 per m3 
cavern; typical cavern = 
300,000 m3). High salt 
content of brine produced 
during cavern creation-
need clear guidance on 
brine disposal or use 
(circular economy). 
Interactions with 
microorganisms or host 
rock and subsequent 
effects on nutrient cycles. 
Production of methane and 
hydrogen sulphide gas. 
Dust/particulates from 
cavern creation/drilling. 

See hydrogen 
transport above 
and also CAES in 
Section 4. 
 
 
 

Ammonia Ammonia can be used 
as a hydrogen storage 
medium but is also an 
energy source itself. 
Easier and cheaper to 
transport/store than 
pure hydrogen.  

Impact of nitrogen on 
habitats and biodiversity 
loss, if leaked. Human 
health impacts. Ammonia 
gas can mix with other 
gases to form particulate 
matter. 

Emissions to air 
and water of 
ammonia and 
other chemicals. 

Solid 
hydrogen 
storage 
systems 

Could involve 
adsorbents, metal 
hydrides or chemicals, 
all of which would have 
different energy 
requirements for 
converting to and from 
a solid. Current work is 
on absorption using 
metal hydrides and 
adsorption using metal 
organic frameworks. 

Sourcing of raw materials 
(e.g. manganese, 
magnesium) and 
associated environmental 
impacts (water use, 
leaching).  

Management of 
wastes produced 
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Future science needs 

Transport and storage of hydrogen presents new challenges, particularly in terms of 
hydrogen leakage (locations, magnitudes and monitoring techniques). There is also a 
potential for cumulative impacts where installations are likely to be co-located. 

References 
[1] BEIS, (2021). UK Hydrogen Strategy. Department for Business, Energy and Industrial 
Strategy, London, (pp. 120). 

 
[2] BEIS, (2022a). British Energy Security Strategy: Secure, clean and affordable British 
energy for the long-term. Department for Business, Energy and Industrial Strategy, London, 
(pp. 33). 

 
[3] BEIS (2022b). Fugitive hydrogen emissions in a future hydrogen economy. Department 
for Business, Energy and Industrial Strategy, London, (pp. 52).  
 
[4] Environment Agency (2023). Hydrogen Production: Introduction & Issues. Environment 
Agency, Bristol. 

 
[5] Heinemann, N., Booth, M. G., Haszeldine, R. S., Wilkinson, M., Scafidi, J. & Edlmann, 
K. (2018). Hydrogen storage in porous geological formations – onshore play opportunities 
in the midland valley (Scotland, UK). International Journal of Hydrogen Energy, 43, 20861-
20874.  https://doi.org/10.1016/j.ijhydene.2018.09.149  
 
 
[6] Warwick, N., Griffiths, P., Keeble, J., Archibald, A., Pyle, J. & Shine, K. (2022). 
Atmospheric implications of increased Hydrogen use. Department for Business, Energy and 
Industrial Strategy, (pp. 75).  
  

https://doi.org/10.1016/j.ijhydene.2018.09.149


31 of 39 

7. Heat pumps 

Background 
In 2022 it was estimated that 20% of the UK’s greenhouse gas emissions came from the 
heating and cooling of residences and commercial spaces. Of these emissions, 67% 
originated from fuel combustion in residential buildings (Department for Energy Security 
and Net Zero 2022). Heat pumps are being adopted to limit emissions from this sector. 
The UK government set a target to install 600,000 heat pumps a year by 2028 (HM 
Government 2020) as part of the UK Net Zero Goals (HM Government 2021). As such, the 
UK’s rate of heat pump installation is expected to rise rapidly over the next decade, with 
the market growing by 50% in 2021, and public investment of £12bn to incentivise building 
decarbonisation (Department for Energy Security and Net Zero 2023a).  

Heat pumps are a well-established technology that works by capturing heat from the air, 
ground or water using a heat exchanger. This heats a refrigerant gas which is then 
compressed to increase the temperature and then passed through another heat 
exchanger to heat a building. The process can be reversed to capture heat from inside a 
building and move it outside. Heat pumps are more energy efficient than fossil fuel boilers 
and can produce around three units of heat for every unit of electricity they use 
(Department for Energy Security and Net Zero 2023b). As renewable electricity supply 
increases in the UK energy mix, heat pumps can provide an increasing carbon saving. The 
necessary heat energy can be extracted from the air, ground, or a local water source 
including mine waters and deep geothermal (International Energy Agency 2022).  

However, there are challenges and uncertainties associated with heat pumps. These 
include the need for robust electrical grids, potential refrigerant leaks, changes in ground 
temperature, noise levels, and structure of the natural environment. This summary focuses 
on potential environmental and public health impacts from air source, water source and 
shallow ground source heat pumps. 

Environmental and public health impacts 
There are currently three main types of heat pumps that recover and supply thermal 
energy:  Air-Source Heat Pumps (ASHP), Ground-Source Heat Pumps (or Ground-Source 
Heating and Cooling Systems (GSHP/GSHC)), and Water Source Heat Pumps (WSHP). 
For all three technologies electricity is needed to power the compression system. This can 
be sourced through the national grid or generated locally through other means such as 
solar, also referred to as Solar-Assisted Heat Pumps (SAHP). Large-scale adoption of 
heat pumps might not eliminate the UK’s use of fossil fuels for heating and cooling but 
could decrease considerably the demands compared to continuing the use of traditional 
boiler heating (International Energy Agency 2022).  
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Commonly, chlorofluorocarbons (CFCs) and hydrofluorocarbons (HFCs) are used as 
refrigerants in cooling and heating systems. Both substances pose risks to the 
environment in the event of a leak. CFCs are known to contribute to stratospheric ozone 
depletion and are greenhouse gases (Tsai 2014).  Even HFCs, seen as a lower-impact 
replacement, have a global warming potential (GWP) 14,800 times higher than that of 
carbon dioxide over 100 years (Climate & Clean Air Coalition 2023). However, heat pumps 
have the potential to improve indoor and outdoor air quality by reducing the reliance on 
traditional fossil-fuelled heating (or cooling), which produces particulate matter. In turn, this 
is expected to reduce instances of respiratory issues, air-borne allergens, and emissions 
of greenhouse gasses (Lysenko and others 2024). 

A further concern is the cumulative effect of noise pollution from heat pumps and the effect 
of this noise on human health and local biodiversity. ASHP and WSHP noise ranges 
between 40 and 60 decibels (dB) and GSHP from 40 to 42 dB. At present the noise level 
restriction, set at 42 decibels, constrains the installation of ASHPs (Department for Energy 
Security and Net Zero 2023c). Increased noise can be mitigated through proper 
installation and maintenance. If a heat pump is at risk of flooding, it may need to be raised 
above ground level. A lack of flood resilience will increase the risk of heating and hot water 
outages during a flood, the overall cost due to flood damages, and slow the speed of 
recovery following a flood.  

GSHPs can either use closed-loop Ground Heat Exchangers (GHEs), buried horizontally 
or vertically, to extract geothermal energy (Sarbu and Sebarchievici 2014), or open-loop 
systems using water abstracted from a borehole which is then discharged after use. 
Installation, maintenance, and use of GSHP can have localised environmental impacts 
such as: land disturbance during borehole drilling, changes to subsurface temperatures, 
changes to permeability or the creation of preferential pathways, and the mobilisation of 
contaminants if drilling through areas of land contamination. In some instances, the drilling 
of these boreholes can disturb subsurface deposits of natural gas (BBC 2024, Williams 
and Aitkenhead 1991) creating risk of fire and explosion. For open-loop GSHP systems 
the water is usually reinjected into the ground (non-consumptive). However, reinjection 
can be a challenge in some geologies, in which case this becomes a consumptive use of 
water resources, and the water should be discharged appropriately. For these reasons, 
the local geology and hydrogeology of a potential site needs to be considered. 

Where there is a direct or indirect interface between heat pumps and the subsurface or 
water there can be an effect on temperatures. Numerical modelling carried out on behalf of 
the Environment Agency has indicated that ground temperature changes from GSHP for 
house-sized systems (10 kW) are likely to be small (Environment Agency 2024a).  
However, depending on the geology and hydrogeology, temperature changes could be 
more significant for larger (for example, > 200 kW) systems that might be required for a 
large building or heat network. Changing the ground temperature, particularly heating, 
influences pathogen growth and the physico-chemical conditions of groundwater: pH, 
electrical conductivity, dissolved oxygen, and reduction-oxidation potential (Environment 
Agency 2024a). This could impact water quality, and animals and plants in groundwater 
connected environments such as rivers or lakes (Environment Agency 2024). Although a 
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minor risk, in some cases changes in temperature the ground could also result in ground 
movement, such as swelling (uplift), sinkhole occurrence, land subsidence and emergence 
of groundwater springs. If left unmitigated these impacts can lead to limited building and 
infrastructure damage (Fleuchaus and Blum 2017). If GSHP are sited too close together, 
they could impact each other’s efficiency, as can the development of biofilms and 
mineralisation on GSHP equipment. Best practice for system sustainability suggests 
balancing the heating and cooling within the ground over a yearly cycle.   

WSHPs extract heat from bodies of water, such as lakes, rivers, or large ponds (Hepbasli 
and Kalinci 2009). They can be either closed-loop or open-loop. WSHPs also pose the risk 
of changing water temperature and quality resulting in impacts to aquatic plants and 
animals.  

Closed-loop GSHP and WSHP use fluids such as ethane1,2,diol (ethylene glycol) or other 
“antifreeze“ solutions, to transfer the heat from the environment. These substances can be 
toxic to humans and the environment if they leak or are mishandled. 

Technology Notes  Environmental Issues Management challenges 
Air-Source 
Heat Pumps 
(ASHPs) 

Extract heat from 
the ambient air. 
Operational even 
in temperatures as 
low as -20°C. 
 

Moderate energy 
demands. 
 
Refrigerant leaks can be 
harmful to the 
environment directly 
and due to their effect 
on stratospheric ozone 
depletion or greenhouse 
gas potential.  
 
Noise pollution during 
use, cumulative if in 
urban areas.  

Handling and preventing 
leaks from refrigerants.  
 
Noise limits.  

Closed-loop 
Ground-
Source Heat 
Pumps 
(GSHPs) 

Extract heat or 
cool energy from 
the ground. 
Can be installed in 
horizontal trenches 
(around 1 m deep) 
or vertical 
boreholes up to 
500 m deep. 
Borehole must be 
fully sealed.  

Moderate energy 
demands, higher 
efficiency than ASHPs.  
 
Refrigerant leaks can be 
harmful to the 
environment directly 
and due to their effect 
on stratospheric ozone 
depletion or greenhouse 
gas potential.  
 
Noise pollution during 
use, cumulative if in 
urban areas. 
 
Changes to soil and 
subsurface 

Handling and preventing 
leaks from refrigerants and 
heat transfer fluids.  
 
Noise limits. 
 
Drilling and construction 
impacts.  
 
Temperature impacts on 
environmental receptors 
and infrastructure (including 
other ground source heat 
pump systems).  
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Technology Notes  Environmental Issues Management challenges 
temperatures, resulting 
in changes to physico-
chemical parameters of 
ground and 
groundwater and 
mobilisation of 
contaminants. Possible 
impacts on connected 
environments, including 
aquatic settings.  
 
Risk of heat transfer 
fluid leaks into the 
ground and the 
subsequent risks to 
groundwater quality.  
 
Possible borehole 
instability, and effects 
on ground movement, 
permeability  
and infrastructure.  

Open-loop 
Ground-
Source Heat 
Pumps 
(GSHPs) 

Extract heat or 
cool energy from 
aquifers accessed 
via vertical 
boreholes. Water 
is abstracted, 
transfers it is heat 
by means of an 
evaporator and 
then reinjected.  

Moderate energy 
demands, higher 
efficiency than ASHPs.  
 
Refrigerant leaks can be 
harmful to the 
environment directly 
and due to their effect 
on stratospheric ozone 
depletion or greenhouse 
gas potential.  
 
Noise pollution during 
use, cumulative if in 
urban areas. 
 
Changes to soil and 
subsurface 
temperatures, resulting 
in changes to physical-
chemical parameters of 
groundwater. Possible 
impacts on groundwater 
connected 
environments, including 
aquatic settings. 
 

Handling and preventing 
leaks from refrigerants.  
 
Noise limits. 
 
Drilling and construction 
impacts.  
 
Temperature impacts on 
environmental receptors 
and infrastructure (including 
other ground source heat 
pump systems).  
 
Management of 
groundwater resources and 
possible discharges. 
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Technology Notes  Environmental Issues Management challenges 
Possible borehole 
instability, and effects 
on ground movement, 
permeability  
and infrastructure.  
 
Difficulties reinjecting 
water into aquifers could 
result in consumptive 
use of water resources 
and require disposal. 
 

Water 
Source Heat 
Pumps 
(WSHPs) 

Extract heat from a 
body of water 
(e.g., lakes, 
rivers), therefore 
requires proximity 
to water sources. 
Can be open-loop 
or closed-loop. 
 

Moderate energy 
demands.  
 
Refrigerant leaks can be 
harmful to the 
environment directly 
and due to their effect 
on stratospheric ozone 
depletion or greenhouse 
gas potential.  
 
Noise pollution during 
use, cumulative if in 
urban areas. 
  
Direct changes to water 
temperatures and 
physico-chemical 
parameters such as   
dissolved oxygen and 
REDOX potential, 
microorganisms and 
aquatic plants and 
animals.  
 
Risk of heat transfer 
fluid leaks in closed-
loop systems. 

Handling and preventing 
leaks from refrigerants (if 
closed loop, also heat 
transfer fluids).  
 
Noise limits. 
 
Temperature impacts on 
environmental receptors.  
 
Management of water 
resources and possible 
discharges. 
 
Flood risk near water 
courses. 
 

Solar-
Assisted 
Heat Pump 
(SAHPs) 

A combination of a 
heat pump 
and thermal solar 
panels and/or PV 
solar panels in a 
single integrated 
system. Solar 
thermal panels 
perform the 
function of the low 

Different risks 
depending on the kind 
of heat pump utilised. 
Metal leaching after the 
disposal of 
thermophotovoltaic 
cells.  

As above, in addition to 
management of 
thermophotovoltaic cells. 
 

https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_panel
https://en.wikipedia.org/wiki/Solar_panel
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Technology Notes  Environmental Issues Management challenges 
temperature heat 
source, and the 
heat produced is 
used to feed the 
heat pump's 
evaporator. 

Future science needs 
Environmental risks associated with heat pumps are either small or mitigated through 
environmental regulation and guidance. Both open-loop and closed-loop GSHP can result 
in temperature changes in the subsurface, and both GSHP and WSHP can affect the 
water environment, with impacts on water quality and surrounding ecology. However, 
GSHP can be designed to limit this impact by providing balanced heating and cooling. 
There are fewer concerns for ASHP, with impacts more likely to arise from noise pollution, 
refrigerant release and flood risk, however the larger numbers could result in cumulative 
impacts. Proper care and maintenance are required to mitigate the risk of refrigerant or 
heat transfer fluid leaks.  

Work by the Environment Agency (2024b) has used groundwater modelling to investigate 
how GSHP systems might alter the ground temperature around them and reviewed 
receptors that could be affected by these changes. The findings will assist the 
Environment Agency and other stakeholders in understanding areas where the 
environment is vulnerable to temperature variations caused by GSHP systems.  

Cumulative impacts of increased heat pump deployment in the UK are not well understood 
and could be difficult to quantify with no register of these systems. In addition, the there 
are questions about the environmental risks from refrigerants and thermal transfer fluids 
as their usage increases. 
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Would you like to find out more about us or 
your environment? 
Then call us on 

03708 506 506 (Monday to Friday, 8am to 6pm) 

Email: enquiries@environment-agency.gov.uk 

Or visit our website 

www.gov.uk/environment-agency 

incident hotline  
0800 807060 (24 hours) 

floodline  
0345 988 1188 (24 hours) 

Find out about call charges (https://www.gov.uk/call-charges) 

Environment first 
Are you viewing this onscreen? Please consider the environment and only print if 
absolutely necessary. If you are reading a paper copy, please don’t forget to reuse and 
recycle. 

mailto:enquiries@environment-agency.gov.uk
https://www.gov.uk/environment-agency
https://www.gov.uk/environment-agency
https://www.gov.uk/call-charges
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