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ABSTRACT

The National Health Service (NHS) in the UK, is one of the largest organisations in Europe and indeed the world. It therefore has

a significant ecological footprint. As a result there are key corporate, financial and environmental targets that the organisation

is expected to meet as a means of reducing resource consumption. Using a case study approach, this manuscript examines

best practice examples for the uptake of low-carbon strategies for energy conservation. These strategies included sustainable

procurement, use of renewable energy technologies, supply chain management, use of building management systems, renegotiating

energy contracts, undertaking energy audits, and behaviour change, to realise significant financial, as well as energy and carbon

savings. A key focus was management of water resources, including the use of recycling and recovery of heat. The implications

of the findings for building ecological and financial resilience within the organisation are also discussed.
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1. INTRODUCTION

Due to increasing global challenges (e.g. rising popula-

tions, urbanisation, economic recessions, climate change

and resource security), there is a growing need to develop

governance strategies for more sustainable resource man-

agement.[1–7] Within this overarching context, there is an

increasing realisation of the need for enhanced sustainabil-

ity within the healthcare sector.[8–12] For example, climate

change is one of the biggest threats facing the United King-

dom (UK) and globally.[3, 6, 12, 13] Changing weather patterns

are predicted to have significant implications for how the

public health and social care systems in the UK operate.[14]

According to Appleby and Naylor,[11] over the next 50 years,

health and social care could become one of the largest sectors

of the economy and consume the majority of government

spending. It is likely to account for around £1 trillion of

around £4.8 trillion by 2062, up from around £0.1 trillion of

£1.5 trillion in 2016.[15]

The National Health Service (NHS) employs around 2 mil-

lion staff and caters to a population of 52 million, or around

3 million per week, across the UK.[16] According to the Sus-

tainable Development Unit (SDU),[16] the vision for the NHS
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is to have “a low carbon quality healthcare environment that

is sustainable, resilient, and safeguards high quality patient

care”. A sustainable health service will use more efficient

facilities, lower carbon processes, and less energy intensive

care pathways. A significant proportion of healthcare deliv-

ery – including prevention, diagnosis, treatment, long term

care, and rehabilitation – is likely to move closer to the home.

Thus shifting the clinical care pathways away from acute,

primary care and mental health facilities, into more disperse

household settings.[12] This will support the trend of mov-

ing as much treatment and professional care as possible to

prevention and empowerment.

Using a case study approach of energy conservation, this

study set out to understand how best the NHS could move

towards this more low-carbon approach, and to identify some

of the key challenges in the process.

2. ENERGY MANAGEMENT IN THE HEALTH-

CARE ORGANISATIONS

Electricity can account for over 50% of a hospital’s energy

costs and with the increased use of specialist medical equip-

ment that generally relies on electricity, consumption is set

to increase.[17] Lighting can account for over 20% of the

total energy use or over 35% of the electricity used in a

typical hospital. Good lighting design can reduce costs, de-

creasing internal heat gains and the need for air conditioning.

The European Energy Performance of Buildings Directive

(EPBD) promotes improvement in the energy performance

of buildings.[18] It requires hospitals with floor areas over

1,000 m2 to produce and display Energy Performance Cer-

tificates (EPCs) in a prominent and public location.

Energy management in the NHS

Healthcare buildings in England consume over £410 mil-

lion worth of energy annually,[16] and are also responsible

for substantially contributing to climate change through the

release of 3.8 million tonnes of carbon every year. Energy

usage constitutes an increasingly area of spend for the NHS.

The estimated combined UK health, public health and social

care carbon footprint is 32 million tonnes (MtCO2e).[6] It

is responsible for 25% of all public sector greenhouse gas

emissions in England and is one of the most energy intensive

organisations in the UK, spending £75 million on its annual

energy bills.[19] According to SDU[20] there are three key

factors that influence these emissions, primarily procurement

of pharmaceuticals and medical instruments, as well as travel

and energy usage in buildings. A more sustainable approach

is therefore crucial to meet targets and mitigate against the

impacts of expanding provision of healthcare.[21]

There are a number of corporate, financial and environ-

mental drivers for the NHS to engage with the sustainabil-

ity agenda.[12, 22] For example, the Public Services (Social

Value) Act (2012) requires all commissioners of public ser-

vices to take into account economic, social and environmen-

tal value, not just price, when buying goods and services. Un-

der the Act, Clinical Commissioning Groups (CCGs) must

take these factors into consideration as part of the competi-

tive commissioning process to drive through innovation and

carbon reduction, and to ensure value for money. Sustain-

able development and carbon management are corporate re-

sponsibilities in the NHS and are integral to the governance

processes for achieving compliance and high quality health-

care.[12] The Climate Change Act sets out a target of a 34%

reduction in carbon emissions by 2020, from a 1990 baseline,

and also provides incentives through the Carbon Reduction

Commitment (CRC) (an emissions trading scheme).[23] NHS

organisations have a commitment to meet a 10% reduction by

2015 and the mandatory governmental targets for emission

reductions of 34% by 2020 and 80% by 2050. Since 2008,

all NHS sites over 1,000 m2 are legally mandated to display

EPCs, under the provisions of the Energy Performance of

Buildings Regulations 2007.[16] The NHS was expected to

achieve efficiency savings of around £15 – 20 billion sav-

ings during the period of Government’s financial spending

review of 2011 – 2014.[24] They are mandated to include

sustainability and climate change in their annual reporting

to Monitor (the Independent Regulator of NHS Foundation

Trusts) and the Department of Health (DH). In light of the

progress made between 1990 – 2013, the NHS still has a

28% reduction to meet if it is to achieve its 2020 target.[12]

The Green Investment Bank suggests that energy efficiency

measures could reduce energy costs by around 20% per an-

num (giving a saving of £150 million). The measures would

also reduce greenhouse gas emissions by 25%, by 2015, well

above the NHS’s 10% target.[19]

3. METHODS

The study was undertaken in two main phases:

First, the aim was to gain an understanding of trends in en-

ergy consumption patterns within the UK healthcare sector.

The NHS is the key stakeholder within the sector and so this

was chosen as the main focus. Data on energy consump-

tion were obtained via the publically available database, the

Estates Return Information Collection (ERIC). ERIC is the

official dataset of performance by the NHS estates and facili-

ties departments, based on annual returns to the Department

of Health by these entities. Data over a five year period from

2008/9 – 2012/3 were collected from the database for anal-

ysis. This period was chosen as it provides the most recent

data and also represents a long enough period to evaluate
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any key trends. Data on electricity, gas, oil and coal con-

sumed were collected as these related to energy consumption

at the sites. In addition, costs for each year were also col-

lected for the period under review. As the data were from

different hospital sources and years, the data for 2008/9 and

2009/10 were in Giga Joules (GJ), while those in 2010/11

and 2011/12 were in kilo Watt hours (kWh). Therefore to

ensure consistency, all of the units were changed to kWh.

The annual totals for each factor (i.e. electricity, coal and

costs, etc.), were simply totalled, in order to compare the

energy consumption with the associated costs.

Second, a review of both the academic and industry literature

was undertaken. Following on from the first phase which

identified trends in energy consumption, this phase sought to

identify and examine best practice examples that have been

able to show a demonstrable reduction in energy consump-

tion. It was limited to the period 2008 – 2014, in order to

provide up to date information, and also to map unto the

period of the data from the ERIC returns. An initial search

of the academic sources (e.g. ScienceDirect), was under-

taken, using key words such as “healthcare organizations”,

“energy management”, “energy conservation”, “UK” and

“NHS”. However, while there were some studies on energy

conservation within organisations (e.g.,[25, 26] there were no

relevant studies found related to the healthcare sector, partic-

ularly in the UK. Therefore the focus was shifted to the grey

literature, with an emphasis on sources related to the UK

health and social care sector, such as the NHS (including the

Sustainable Development Unit – SDU), as well as relevant

government agencies (e.g. the Department of Energy and

Climate Change – DECC, the Waste and Resources Action

Programme – WRAP). In addition, the websites of hospitals

known to the authors that have developed energy conserva-

tion initiatives, for example which have won awards, were

also searched. Again the focus was on energy conservation

initiatives within the healthcare sector, particularly in the

UK. While the focus was on the UK, other relevant countries

there were also searched. Google was primarily used for the

generic searches, while the names of the hospitals were used

for the more specific sites known to the authors. The key

words for the generic search were similar to those used for

the academic search. The materials were read and the aim

of the content analysis was not only to identify any relevant

initiatives, but the strategies employed to implement them

and key environmental and economic measures of success.

4. RESULTS

4.1 Energy consumption within the NHS

As shown in Figure 1, the overall energy consumption has

reduced significantly since 2008/9. Gas is by far the key

source of energy, accounting for up to 95% in 2008/9, and

on average approximately 67%, between 2010/13.

Figure 1. Key sources of energy within the NHS between

2008/9 – 2012/13

Figure 2 demonstrates that similarly to energy consumption,

during the period of study, the related costs fell dramatically

between 2008/9 and 2009/10. However, since 2009/10, costs

have risen sharply, to reach near to previous levels.

Figure 2. Changes in costs of energy consumption within

the NHS between 2008/9 – 2012/13

4.2 Strategies for conserving energy in healthcare

Messelbeck and Whaley[27] argued that improving the envi-

ronmental impact of the health care industry should start with

the health care delivery institutions, with an emphasis on the

supply chain and considering the role of environmental man-

agement systems such as ISO 14001 throughout the entire

chain. SDU[17] notes that reduction in energy usage could

be achieved through reducing unnecessary usage, through

technological approaches and behaviour change, increasing

energy efficiency and increasing the use of low carbon en-

ergy. Carbon Trust[17] outlines a number of areas for focus:

(1) water and the related energy costs within healthcare facil-

ities can be significant. Conservation of water, through for
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example, recycling of water or the heat from steam-heated

laundries, or heat recovery through heat exchangers, reduces

the pumping requirement, which saves energy and reduces

carbon emissions; (2) use of combined heat and power (CHP)

can reduce energy bills by around 20%-30%, provided the

unit is designed to meet the building’s seasonal demands

for electricity and heating; (3) Setting appropriate tempera-

tures and ensuring that heating equipment and controls are

operated and managed correctly; (4) it is possible to save

up to 30% on heating costs through the implementation of

some simple energy saving measures such as encouraging

staff to report when it is too hot or too cold, zoning (i.e. dif-

ferent timings and temperatures in different areas of a site),

checking for damp in surfaces, implementing staff awareness

campaigns, keeping external doors open only when neces-

sary, regular servicing of boilers and pipe works, as well as

using upgraded controls (e.g. compensators), a “dead band”

– a wide gap between the temperatures at which heating and

cooling cut in, and water saving devices (e.g. tap restrictors);

(5) use of a Building Energy Management System (BMS or

BEMS), which enables control and monitoring of building

services performance (including heating, ventilation and air

conditioning), can reduce total energy costs by 10% or more.

4.2.1 Energy conservation initiatives in healthcare

As demonstrated in Table 1, healthcare sites in the UK have

been able to develop initiatives to realise significant reduc-

tions in energy consumption. These have led to significant

reductions in carbon emissions as well as financial savings.

Table 1. Case studies of energy efficiency mechanisms employed by UK healthcare facilities

NHS Organisation Savings 

Rotherham NHS Foundation Trust 
30% reduction in energy, or £4,600 per 40 beds over 10 years and a reduction in 

maintenance of more than 80% 

Birmingham Heartlands and Solihull NHS Trust £688,000 and 1.627 tonnes of carbon emissions, annually 

Pilgrim Hospital 40%-50% reduction in carbon emissions 

Princess Alexandra Hospital £80,000 

Freeman Hospital £17,000/annum 

Barts Health NHS Trust 
Reduced lighting being left on by 40%, saving £13,714/annum, and doors being left 

open by 18%, saving £7,801 

East Midlands NHS 
Total annual potential carbon savings of 96,013 kg CO2e, with energy saving potential 

of 380,864 kWh. Financial saving potential of between £77,259-163,921 

 

4.2.2 Strategies for successful implementation of energy

conservation

The healthcare sites surveyed employed a range of strategies

in order to reduce their energy consumption, including the

use of sustainable procurement, use of energy conservation

technologies and staff engagement.

Behaviour change: Barts Health NHS Trust in London,

worked in conjunction with charity, Global Action Plan to

develop “nudge” activities for staff to reduce energy con-

sumption.[28] They activities included targeted educational

programmes, to switch off equipment and lights when not

in use. It was realised that simply focusing on energy con-

servation was not enough, thus the benefits of improving the

patient experience were also incorporated. In addition to the

environmental and economic savings, patient experience also

improved with fewer reports of disturbance.

Sustainable procurement: Rotherham employed a sustain-

able procurement system, known as Forward Commitment

Procurement (FCP), to purchase more energy efficient light-

ing. FCP enables organisations to manage their supply chains

by engaging with their suppliers and providing credible in-

formation about their future requirements and purchases.

Through this dialogue it is possible for suppliers to deliver

what is needed, when it is needed, at a price that is affordable.

Energy Star[30] states that healthcare facilities in the USA

spend around £4.2B annually on energy management. Most

do not have a strategic master energy plan, use commission-

ing of existing buildings or follow the Green Guide for Health

Care to monitor their baseline energy performance and only

28% of those sampled performed an annual energy audit.

However, for-profit hospitals, medical offices, and nursing

homes could increase their earnings per share a penny by

reducing energy costs by 5%. As a result of this potential,

hospitals have sought to conduct energy audits (40%), set

energy budget and performance targets and monitoring them

annually, participating in the programme Energy Star, and

renegotiate their energy contracts in the retail markets, as

ways of saving money.[30, 31]

Technological approaches: Many NHS organisations em-

ployed technological approaches. These approaches sought

to either reduce energy usage, generate renewable sources

of energy or a combination of the two. The East Midlands

NHS organisations employed the use of various energy con-
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servation technologies including, automatic meter reading

and voltage optimisation. In addition, two electric vehicles

were also trialled. Sustainable procurement of feed supplies

was also trialled at one site. Workshops were also hosted

to provide training for staff and enable networking oppor-

tunities. The financial savings potential was based on four

different scenarios of the Feed-In-Tariff (FITs) rates at the

time of the project.[29, 32, 33] FITs are an incentive scheme

introduced by UK Government in 2010, to encourage the

uptake of renewable energy technologies.[34] Similarly to in

the East Midlands, the Birmingham Heartlands and Solihull

NHS Trust utilised a CHP system as a means of generating its

own electricity. While Pilgrim Hospital used biomass boilers

to also serve as a renewable source of energy, rather than

depending solely on fossil fuels. Alternatively, the Princess

Alexandra Hospital installed light emitting diode (LED) light-

ing throughout the hospital as a means of reducing its energy

consumption. Freeman Hospital, sought to link its ventilation

system to a building management system and passive infrared

(PIR) detectors. Thus Freeman Hospital was able to auto-

mate and control its ventilation system and by extension the

energy used. According to Energy Star,[30] in the USA, tech-

nologically focused approaches have included using LED

exit signs, and electronic ballast and energy-efficient lamps

(75%), buying Energy Star-certified products (55%), upgrad-

ing building control systems (53%) and implementing energy

conservation programs (49%). However, challenges in the

USA have included limitations in finance, aging buildings

and lack of an immediate return on investment on capital

projects such as fuel cells, and photovoltaic or solar thermal

systems. Some of these challenges are also being faced in

the UK.[29, 33]

5. DISCUSSION

The health and social care sector in the UK has a signifi-

cant ecological footprint. As a result, it faces increasingly

stringent financial and environmental targets to encourage

the development of more sustainable clinical care pathways,

with reduced resource consumption and greenhouse gas emis-

sions.[6, 12, 19] Figures 1 and 2 illustrated increased energy

consumption, coupled with sharply rising costs. These in-

creased prices are most likely linked to sharp rises in global

oil and gas prices during the period of 2011/13. Gas ac-

counted for around 2/3 of the sources of energy. The use of

more low carbon approaches, including energy conservation

can play a key role in minimising the sector’s contribution

to climate change, help its organisations to become more

energy cost-resilient, and support the enhancement of the

health and wellbeing of the society.[16, 19, 35]

This study has identified that for a more low carbon approach

to be realised, it is important that a range of options be

employed (Carbon Trust, 2010). These include sustainable

procurement, use of renewable energy technologies, supply

chain management, use of building management systems,

renegotiating energy contracts, undertaking energy audits, as

well as behaviour change strategies aimed at staff engage-

ment. A key factor to focus on was the management of water

resources (including the use of recycling and recovery of

heat), as heating of water is evidently a major consumer of

energy in the sector.

However, the development of a more sustainable approach

is not without challenges. While there are examples of best

practice across the sector and indeed outside of the UK, there

is often limited awareness and not enough collaboration.

There is a need therefore for greater collaboration between

stakeholders and sharing of this best practice information. In

this way, more effective energy management systems could

be put in place from the stage of commissioning buildings

and services, through to their use. For example, Peterman

et al. (2014) posit the need for government led interorgani-

sational alliance networks. Such networks are comprised of

government agencies, trade associations, private entities and

government funded research laboratories, which serve as a

platform to leverage stakeholders, share best practice, strate-

gise, validate new technologies and promote new publically

funded research.

Similarly to HFM and ASHE,[31] the NHS faces significant

funding shortages and an aging building stock. These fac-

tors are limiting investment in “large scale” capital energy

projects. A related point is that the East Midlands’ Carbon

Reduction project coincided with Government’s review of

FITs. A key measure in the review was substantial cuts to

the FITs income rates (with subsequent doubling of payback

periods), together with changes to eligibility. This served to

discourage most of the NHS organisations involved in the

project from progressing to the installation stage.[29, 33] Thus

Government policies and changes in these play a crucial role

in the uptake of renewable technologies.

It is important to incorporate energy conservation within

overarching strategic plans of sites and to ensure that there

is commitment from senior management in the form of re-

sources (i.e. finance and personnel), if conservation strategies

are to be effective. Implementation of large scale conser-

vation strategies, such as the development of technologies

should be seen as an investment which while they may not

always realise significant short term financial savings, can

as demonstrated with time, achieve significant financial and

carbon savings. Pressure to reduce costs and meet health

services targets means that too often environmental manage-
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ment decisions within the NHS tend to be made looking at

short-term gain, on a small-scale project basis, rather than

long-term. This therefore leads to hesitancy in investment

and limitations in success.

At a wider level, it is crucial that in the implementation of

conservation strategies, that the safety and wellbeing of pa-

tients and staff be maintained. Thus consideration should

be given to the likely impacts on ventilation and indoor air

quality, increased CO2 levels (which may affect ability to

concentrate and mood, cause drowsiness) and increased air-

borne pathogen levels. Reduced electric heating capability

would reduce the rate of hot water production, possibly de-

laying procedures by increasing the time required to sterilise

or autoclave equipment, etc. In an emergency, or at times of

high demand, electrically heated tap water might fail to reach

the temperature required to kill pathogens such as Legionella

reliably. Clinical staff should also be consulted regarding the

desirability of reducing light levels in diagnostic areas, ther-

mal comfort and ventilation levels, as these may pose risks to

health and wellbeing, or affect the operational capabilities of

the hospital. The risks posed should be assessed on a site by

site basis and a multi-disciplinary approach taken to quantify

and mitigate unintended consequences.

The development and implementation of more sustainable

approaches can lead not only to environmental compliance,

but also to costs savings.[11] Indeed, the SDU[12] argues that

reduction in energy usage would contribute to reducing car-

bon emissions and energy costs and demand. This would

help to future-proof both the infrastructure and provide the

opportunity to transform service delivery within the sector.

Efforts should be spread across building energy use, travel

and procurement of goods and service.[12] This would enable

the development of a more sustainable health service that

uses more efficient facilities, low-carbon processes and less

energy intensive care pathways.[16] Adoption of low-carbon

approaches can provide a physical representation of the com-

mitment that healthcare organisations make to operate in

more sustainable ways, sending a strong message to service

users, patients, staff, visitors and other stakeholders, and

providing a symbol for the local community. Furthermore,

having a visual, working example of sustainability in the built

environment could inspire other public sector organisations

and partners to do likewise.

6. CONCLUSIONS

The size and the related resource demands of the health and

social care sector in the UK are substantial, and these factors

are anticipated to rise in coming years.[12] This is there-

fore expected to have an impact on resource consumption,

especially energy. As argued by the SDU,[12] use of more

low carbon approaches can contribute to reduced emissions

and energy bills, coupled with increased low carbon energy

within the healthcare sector in the UK. In this way, healthcare

organisations could reduce their impacts on the environment,

realise financial savings, and comply with their financial and

environmental targets.

However, the NHS is a complex system, and care must be

taken to ensure that minimising energy consumption does not

negatively impact upon public health. In addition, changes

in processes and practices have to be set within the con-

text of a huge organisation, whose primary role is to deliver

healthcare to millions of patients, and which has increasingly

stringent financial and strategic pressures. Notwithstand-

ing these issues, the use of low-carbon approaches such as

renewable energy technologies, can deliver cost savings, a

reduced carbon footprint, allow statutory and compliance

obligations to be met, and improve energy resilience.[6, 37]

Indeed, these adaptation actions could improve the resilience

of both healthcare services and the communities served by

them. They could also feed into national adaptation plans

through for example, joint health and wellbeing strategies

(JHWS), joint strategic needs assessments (JSNA) and Com-

missioning Plans.[14]

Within the coming decades, the UK and indeed the world

face potentially significant and disastrous impacts as a result

of changes to climate. These are expected to affect all sectors

of society, as well as the manner in which it interacts with

its communities and vice versa. Healthcare organisations

work at the very heart of the communities which they serve.

As a result, they are uniquely placed to lead by example

and inspire others to also act as good corporate citizens and

use innovation to improve performance and service delivery.

This study has identified examples of best practice and also

highlighted issues to be addressed. If effectively put into

practice these approaches could potentially help NHS organ-

isations to build their ecological and financial resilience, and

also support the enhancement of the health and wellbeing

of society. Given the wide footprint of the sector, the wider

adoption of these measures could assist in its adaptation and

mitigation strategies to climate change, through not only re-

duced impacts on the environment during service provision,

but also enhanced provision and contribution to economic

growth. Ultimately, a sustainable health service will lead to

more efficient use of resources and more sustainable clinical

care pathways.
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