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Abstract: This paper investigates a nurse led, energy conservation behavioral intervention, in hospi-
tal wards of an NHS (National Health Service) community hospital (Trust). The information based
intervention was adapted from “Operation TLC”, developed by environmental behavioral change
charity Global Action Plan, and St Bartholomew’s Health NHS Trust, London. For this study, three
identical older persons’ acute-care wards in terms of patient type, nursing levels, layout, electrical
fittings (lighting & small power), elevation and orientation (one control ward and two intervention
wards) were evaluated over a nine-month period. The paper demonstrates a co-dependent relation-
ship between the quantitative data from the electricity and light monitors on the wards with the
qualitative data gathered from staff comfort surveys and focus groups, and Trust policies. Our results
show a 13% reduction in electricity consumption, primarily from preventing nursing staff in the
intervention group from using prohibited secondary space heaters at night during the heating season
and the introduction of a “quiet time” in the intervention group. During quiet time lights in the
intervention group were turned off for an hour after lunch to encourage rest for patients to provide
time for nursing staff to complete administrative tasks. Electricity reductions achieved during the
intervention period were observed to continue into the 3-month post intervention period but at a
reduced level.

Keywords: hospital; energy behavioral change; indoor environment; patients; nursing staff

1. Introduction

The Climate Change Act 2008, imposed a mandatory target for the UK to reduce its
greenhouse gases by 80% by 2050 from a 1990 baseline [1]. Alongside increasing concerns
about the effects of a changing climate on our health and care system [2,3], the National
Health Service (NHS) in England has publically committed to reduce its carbon footprint
(scopes 1, 2 and 3) by 34% by 2020 from a 2007 baseline [4]. The NHS England’s 2015
carbon footprint was 22.8 million tonnes of carbon dioxide equivalent (MtCO2e) with
energy accounting for 20% of the footprint or 4.6 MtCO2e [5]. In 2015/16, NHS Trusts
in England spent over £570 million on energy and consumed over 10,983,151 megawatt
hours (MWh) of energy [6]. To help facilitate energy reduction and put climate change
mitigation at the heart of the health service, the Department of Health (DoH) published
Health Technical Memorandum (HTM) EnCO2de 2015 [7]. EnCO2de 2015 provides advice
and guidance to healthcare organizations on how to consider the implications of energy
use and carbon reduction whilst putting patients first [7].
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Behavior change features more prominently in EnCO2de 2015 than in previous ver-
sions with the publication acknowledging the importance of staff behavior change and
motivation on the impact of healthcare organizations’ ability to save energy, particularly
where energy savings are not the main priority of staff [7].

The Carbon Trust [8] states that a well implemented staff engagement scheme can
lead to energy savings of between 5–10%. Since the beginning of the financial year 2012/13,
forty eight NHS general acute-care hospitals have reported implementing a staff centered
energy conservation initiative. However, only eight could provide an estimated cost saving
from their initiative, which ranged between 1–5% of total energy cost [9] although none of
these savings were verified.

Operation TLC is an energy behavior change programme developed by Global Action
Plan (GAP), an environmental behavioral change charity and St Bartholomew’s Health NHS
Trust. Operation TLC stands for Turn equipment off, Light out & Control temperatures
and was developed to deliver an improved experience for staff and patients, improved
environments and cost efficiencies in NHS organizations (Trusts) [10]. Whilst energy
behavior change in households has been considerably studied [11,12], energy behavior
change in organizations has been studied to a lesser extent [13] and energy behavior change
in healthcare has been scarcely studied at all [14]. Furthermore, very little research has
been undertaken on the performance outcomes of behavior change interventions [15],
particularly in healthcare organizations [9] making it difficult to calculate the effectiveness
of these interventions [16].

A thorough literature review on ‘energy in healthcare’ highlighted a number of aca-
demic publications on the topic [9,11]. These articles predominately focus on direct hospital
energy usage from reported healthcare accounts [17–19], identification of the highest en-
ergy use activities and equipment within hospitals [20–22] and, retrofitting and designing
sustainable healthcare buildings [7,14,22,23]. There are a number of academic publications
that report on the topic of ‘pro-environmental behavior in hospitals’ [14,24]. Whilst some
of this work may be utilized in an energy behavior change intervention, a thorough review
of relevant literature on ‘employee energy behavior change’, ‘energy employee engage-
ment’ and ‘employee-centered energy conservation interventions in hospitals, healthcare
and NHS’ revealed only two direct academic publications on the topic. The first publi-
cation by Morgenstern et al. [9] discusses the “applicability, potentials and limitations of
employee-centered energy conservation interventions in English hospitals” and the second
publication by Manika et al. [11] discusses the “effects of an energy saving intervention
in two hospitals”. This paper investigates the effects of running a nurse led behavioral
intervention on energy conservation in a NHS community hospital in the South of England.
The hypothesis is that through raised awareness, behavior change o front line nursing staff
can reduce the energy demands of they operate in. The aim is to inform NHS building
managers, environmental consultants and social scientists on the effectiveness of running a
low-cost, easy-to-implement nurse led behavior change intervention aimed at reducing
energy consumption in a NHS hospital whilst putting patients first.

This study forms part of a wider project which uses qualitative (staff comfort surveys
and staff focus groups) and quantitative (energy consumption, air temperature, relative
humidity, noise, carbon dioxide, artificial lighting, window movements and patient bed
movements) data collection methods to measure the potential sustainability (financial,
environmental and social) benefits for patients, staff and the organization of running an
energy behavior change intervention [25,26]. The intervention is adapted from Operation
TLC to older persons’ acute-care wards in an NHS community hospital.

Energy behavior change interventions comprise a variety of approaches often used
in combination with each other including information, feedback, setting goals and re-
wards [27]. Information based energy behavior change interventions are the most popular
form of intervention [27] and are more effective when the information is tailored to the
specific audience, particularly when the behavior change is relatively convenient and not
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costly in terms of money, time or effort [28]. However, these type of campaigns usually
only result in modest behavioral change [28] and associated modest savings [29].

Feedback at both the individual and group level is often used as an approach to encour-
age energy conservation behaviors in both domestic and non-domestic settings [27,30,31]
and has the greatest success when delivered in a simple way as close to the behavior change
intervention as possible [29,32]. In non-domestic settings comparative feedback was found
to encourage greater energy savings than individual feedback [32–34]. Nolan et al. [35]
found that significant energy savings were achieved when staff were given information
about energy conservation behavior of others in the intervention group.

In both domestic and non-domestic settings energy behavior change was found
to diminish when feedback stopped, so continued engagement is required to maintain
energy conservation [36,37]. In non-domestic settings, engagement in feedback was found
to diminish over time [33], although energy savings took longer to take hold [27,38].
Some studies found benefits from combining feedback with setting challenging, but still
achievable goals, in both domestic and non-domestic settings [30,39]. The use of incentives
or rewards is sometimes used as an approach to encourage behavior change. Studies
found that incentives usually fell into two categories, (1) financial rewards such as cash,
bonuses, prizes or (2) social rewards such as goal-setting, points or public praise [40].
Handgraaf et al. [41] found rewards that were given publically outperformed rewards that
were given privately, and that social rewards outperformed financial rewards. The studies
concluded that incentives or rewards were successful at delivering energy savings but the
savings were short lived [40].

In non-domestic settings, the key factors which influence energy conservation include
organizational, contextual and social factors [9,13,29,42]. The complex interactions be-
tween these factors [43] have the potential to both provide leverage to encourage energy
efficient behaviors and create barriers to hinder energy efficiency behaviors [42]. Orga-
nizational factors include organizational culture, policies and practices. Siero et al. [32]
and Mulville et al. [27] found it was more effective to focus on workplace culture and
practices than the attitude of the employees involved in the intervention. As a captive
audience, employees are subject to organization policy and practices [29]. Energy con-
servation polices are more acceptable when they promote energy efficiency rather than
restrict behaviors [28] and are directed to staff who value the environment or feel obliged
to reduce energy use [44]. Policies must be communicated well to avoid confusion about
the contents and desired policy outcome [45]. Senior management commitment [46,47] and
active engagement of middle managers [13] are an essential part of organizational culture
to deliver energy behavior change.

Differing priorities, objectives and a narrow professional focus may be a barrier to
running an energy behavior change initiative [48], particularly if energy conservation
priority is perceived to be counterproductive to other primary objectives [14,47,49]. In
healthcare organizations, energy conservation is a low priority for healthcare professionals
and in some cases is perceived as being in conflict with their main priority of delivering
excellent patient care [9,14]. Similarly, workload and resources [50] may also be barriers to
energy conservation, particularly where workloads are high and/or resources are low [9,14].
Contextual factors include lack or limited control over their environment [34,40,48,51,52],
power consuming equipment [24,27,42] and direct financial accountability [14,47,49] lead-
ing to staff feeling disconnected with energy conservation at work [27]. Consequently,
collaboration between all stakeholders in an organization is essential [14,53]. Menzes et al. [54]
found a direct relationship between perceived behavioral control and energy use, in that people
who had high perceived control saved more energy than those who did not, although in later
studies Mulville et al. [27] found this relationship was not as significant as previously expected.

Social factors include social or group norms, knowledge and values. There is evidence
that social or group norms may motivate employees to save energy [40,49], particularly
when the employees seek praise or reward [55], when encouraged by peers [40,49] and
their actions are visible to peers [49]. However, if the culture of the social or group norm is
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anti-environmental then this may discourage energy conservation [49]. Studies have also
shown that social or group norms can create separation between personal and professional
values and actions, which may lead to cognitive dissonance [24,48,56]. Festinger’s [57]
cognitive dissonance is the conflict between opposing elements, in this case a person’s
values and the group’s norm.

Ignorance or lack of knowledge has been found to be a barrier to pro-environmental be-
havior [24,58] with some organizations relying on employees’ self-policing pro-environmental
behavior based on assumed knowledge that in practice may be lacking [59,60]. Tudor et al. [61]
found that employee attitude, particularly in relation to the value placed on the environ-
ment and job satisfaction affected behavior change interventions. Likewise, Morgenstern,
Raslan, et al. [9] found that energy managers believed participation in energy behavior
change interventions was strongly linked to the attitude of individual employees.

Most studies have concluded that whilst an individual’s attitudes, beliefs and ap-
proach may be transferrable to the workplace [27], a study by Menzes et al. [54] found that
attitude did not significantly impact energy use, which confirms studies in non-domestic
settings that changes in habit may occur without a change in attitude [32,62]. Despite this,
organizations can make use of individuals’ personal pro-environmental values through
the use of green or environmental champions to encourage their peers to adopt energy
conservation [9,29,50].

2. Materials and Methods

For this paper, the quantitative electricity data gathered from current clamps on
the lighting and small power electrical distribution boards of the control and interven-
tion wards, and data from light monitors in the study wards was analyzed using R [63].
The studied wards, as in the case of the majority of NHS hospitals, have little or no
Internet-of-Things based automation. Furthermore, the funding mechanism used in the
NHS estate often utilizes complicated service contracts, which makes retrofitting sys-
tems potentially very expensive and a behavior change approach as per this study more
desirable in terms practical delivery. Ethics approval was granted for the study by the
Health Research Authority [25].

Michie et al. [64] concluded that a behavioural change intervention typically starts
with deciding what approach to take and then designing the specifics of the intervention
itself [64]. This study used an information based behaviour change approach, modelled
from an adapted version of Triandis’ Theory of Interpersonal Behaviour, shown in Figure 1.

Figure 1. Model of the behavior change approach used in a NHS community hospital adapted from
a revised version of Triandis’ Theory of Interpersonal Behavior reproduced in Chatterton, 66 day
training period [55].
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The model reflects that in non-domestic settings the key factors influencing energy
conservation include organizational, contextual and social factors [9,13,29,42] highlighted
in the literature review and the complex interactions between these factors [43]. Theoret-
ically, this study identified the social, organizational and contextual factors in the ward
environment affected by the energy behavior change intervention. Methodologically, this
study proposed a new model for running a behavior change intervention in hospitals.

The specifics of the intervention itself were based on an adapted version of GAP’s
Operation TLC energy behavior change intervention. Operation TLC focuses on delivering
an improved environment for patients and staff based around three primary actions Turn
off equipment, Lights out and Control temperatures and behind these three primary actions
lay up to twelve secondary actions, shown in Table 1.

Table 1. Operation TLC staff actions adapted for use in the intervention wards during the behavior
change study at the NHS community hospital participating in the study.

Primary Action Secondary Actions The Intervention

Turn off equipment
& unwanted noise

Turn off any unwanted
medical equipment where possible. Included

Turn off computers, monitors
and TVs that aren’t being used. Included

Lights out

Switch off lights in unoccupied rooms. Included
Open blinds and make the most of

natural light by switching main lights off. Included

Introduce quiet time for an hour after lunch. Included
Switch lights off at night. Included

Control
temperatures

Close the doors to patient rooms. Excluded
Close door when rooms aren’t occupied. Included
Close windows when the heating is on. Included

Control heating gradually. Excluded
Layer up if cold. Included

Encourage patients or visitors remain active. Included

Manika et al. [11] identified there is currently a research gap of linking an energy
behavior intervention to the respective hospital building, processes and interfaces with the
occupants. Consequently, GAP’s Operation TLC behavior change approach was adapted to
take into consideration the processes and interfaces of the occupants in the older-persons’
acute-care in-patient wards involved in this study, as shown in Table 1.

These changes included (1) the primary action ‘Turn off equipment’ was changed
to ‘Turn off equipment and unwanted noise’, as noise was reported by Royal College of
Nursing [65] as the primary concern for patients about the hospital environment. A study
by Park et al. [66] found that 86% of patients surveyed reported having “bad sleep” as a
direct consequence of noise on the ward.

As a community hospital with elderly and often vulnerable patients, the Operation
TLC champions took the decision to (2) remove the secondary action “Close the doors to
patient rooms” for safety reasons. Also, as staff in the intervention wards have no direct
control over the heating systems in their wards, the Operation TLC champions took the
decision to (3) remove the secondary action “Control heating gradually” to avoid the staff
feeling detached from their work space [48,51] and disconnected with energy conservation
at work [27]. The provision of accessible heating control is a clear recommendation in
such buildings.

To run a successful energy behavioral change intervention with nursing staff it is
essential that patient care is at the heart of the intervention [9] and energy savings is a
low-priority as it is sometimes perceived by the clinical staff as being in conflict with their
main priority of delivering excellent patient care [14]. Therefore, improving patient care
was promoted as the main outcome of the intervention and energy saving was referred to
as a secondary outcome.

Operation TLC is an information based energy behavior change intervention, which
is one of the most popular forms of behavior change interventions [27]. As evidence based
practice is popular amongst healthcare professionals [67], the information provided during
the intervention was based on evidence based academic research, which demonstrated the
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intervention actions will improve the health and wellbeing of the patients and staff in the
intervention wards.

To prevent environmental numbness from a lack of knowledge and resources [9,14,48,50,56]
staff on the intervention wards were provided with a collection of informative tools in-
cluding cards, posters, stickers and thermometers. To demonstrate the commitment of
the senior and middle management team [46,47] to the behavior change intervention and
to enthuse the ward staff to participate in it, a launch and Operation TLC training event
was organized for the staff away from the ward environment with refreshments and food.
The event was attended by the on-site senior and middle management team, together
with representatives from the hard facilities provider, the soft facilities provider, nurses,
healthcare support workers and housekeeping staff from the two intervention wards to
show both peer [48] and management involvement, and collaborative working across
stakeholder groups [14,53].

Refresher training and feedback sessions [26,29,30] were incorporated into monthly
scheduled intervention ward team briefs in order to overcome issues around workload
and resources [50]. During the feedback sessions staff were given social rewards, including
public praise as social rewards out performed financial rewards and awards that were
given publically out performed rewards that were given privately [41], as well as incentives
including promotional pens and “thank-you” heart chocolates.

It takes around sixty-six days for a behavior to become a habit [68], therefore the
behavior change intervention was actively run for three months (1 November 2017–
31 January 2018) and was then monitored for further three months post-intervention
(1 February–30 April 2018) to assess whether the behavior changes remained consistent or
tailed off after the intervention period.

The study took place across 2017–2018 in three identical older-persons’ acute-care
wards on the same patient type, nursing levels, layout, electrical fittings (lighting & small
power), elevation and orientation (East façade), in a NHS community hospital in the South
of England. Small power in the context of this study refers to unfixed equipment and
appliances plugged into the electrical network of the building. The wards accommodate
older person in-patients requiring acute care, containing both male and female patients
(approximately 50:50 split) aged over 65, some of which (on average 27.5%) have mental
health conditions such as dementia and Alzheimer’s. These figures were obtained from the
Trust’s management information reporting system [69], accessed on 1 August 2018. Two of
the greatest current challenges for the NHS, outside of COVID-19, are the growth of mental
health illness in society [70] and an ageing population [71], so these wards are significant
in terms of NHS patient demographics.

Each ward comprised of four single patient rooms and two 4-bed patient bays; a
total of twelve patients on each ward; with a total floorspace area of 393 m2 (patient areas
207 m2, corridor 100 m2, other rooms 85 m2). A schematic of the floorplan of a single room
and 4-bed patient bay showing the location of the monitors used during the wider project
is shown in Figure 2.

Staffing levels were identical on the three wards, comprising ten nursing staff (1 ward
manager, 1 ward supervisor, 4 nurses and 4 healthcare support workers) on each ward;
a total of 30 nursing staff were involved in the wider project. The occupancy level of the
wards was high throughout the study period (as is the case with most NHS wards). It is
to be expected that shared services such as lighting and small power would effectively be
independent of ward occupancy within normal upper and lower bounds.

Table 2 shows the sensors used to collect quantitative data for the identified energy
factors. The monitoring approach is outlined in the following subsections. Additional
methods and monitoring detail relating to the wider study is available via [26].
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Table 2. Energy sensor specifications (accuracy, resolution, sampling rate) for electricity and lights.

Parameter Sensor Measurement

Electricity
(small power
& lighting)

Split core LEM AC current AT-B10
[72] attached to a MadgeTech Volt101A

data logger

Accuracy ± 1.5%,
Resolution ± 0.5%

Single measurement every minute

Lights

Unbranded silicon photodiodes,
calibrated against a class 1 LICOR

cosine corrected silicon photodiode
[73], each attached to a

MadgeTech Volt101A data logger

Accuracy ± 1.5%,
Resolution ± 0.5%

Single measurement every minute

Figure 2. Study single room (TOP) and 4-bed patient bay layout (BOTTOM) and location of measuring
equipment used on an older persons’ community hospital patient bay to measure the environment
over the study (1 August 2017–30 April 2018). WA1 to WA5 = window accelerometers, BA1 to
BA4 = bed accelerometers, T-RH 1 to T-RH 4 = air temperature and relative humidity monitors.

The study measured electricity use via a set of three LEM split core current clamps
(0–50 A, 0–10 V DC output) [72] attached to a MadgeTech Volt101A data logger. A set
of current clamps and logger was fixed to the 3-phase electricity supply on the lighting
distribution board and the small power distribution board for each of the three wards. The
loggers were set to single measurement with a sampling frequency of every minute.
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Morgenstern, Li, et al. [47] reported that the electrical and heating layout in hospitals
does not always correspond with the ward layout, making it extremely challenging to
measure the impact of the running the intervention on energy usage at ward level. Whilst
the wards have independent electricity supplies for lighting and small power they share a
common heating system, therefore the wider project was unable to quantitatively measure
the impact of the behavior change intervention on gas consumption.

Nine unbranded silicon photodiodes, calibrated against a class 1 LICOR cosine cor-
rected silicon photodiode [73], each attached to a MadgeTech Volt101A data logger, were
used to quantitatively measure if the lights were “on”, “dimmed” or “off” located on top
of a wall-mounted cupboard on the wall furthest from the windows in each of the four-bed
patient bays. The loggers were set to single measurements with a sampling frequency of
every minute.

As the light sensors do not distinguish between daylight and artificial light, this
approach is only valid for the winter months and will over-predict the ‘lights on’ values
during the summer months when daylight lux levels exceed that produced from artificial
lighting. Consequently, the data for the period before the intervention was disregarded from
the study. However, as the intervention was run during the winter months this approach was
suitable for analyzing the light data in the periods during and after the intervention.

Ethics approval was granted for the study by the Health Research Authority, ‘Sustain-
ability benefits of behavioral change in NHS Trusts’, IRAS 223344, REC 17/HRA/1897. No
personal data was collected from patients, the level of patient information was limited to
defining if a studied patient bay was male or female. Nurses provided written consent for
participation in the qualitative aspect of the study.

3. Results
3.1. Electricity

Figure 3, shows the electricity consumption (kWh/day) for (a) lighting and (b) small
power for the study periods before, during and after the intervention for the control and
intervention study groups. The error bars shown represent one standard deviation.

Figure 3. Mean electricity consumption per day (kWh/day) for (a) lighting (b) small power,
comparing the control and intervention study groups for the study periods before (1 September–
31 October 2017), during (1 November 2017–31 January 2018) and after (1 February–30 April 2018)
the behavior change intervention. 1 Standard Deviation of the mean is shown.

Before the intervention, the control group used a mean of 51.7 kWh (σ = 5.7, n = 61 days)
of electricity for lighting per day and the intervention group used 48.0 kWh (σ = 4.4) per
day, a difference of 3.7 kWh per day. The number of fixed light fittings in each ward is
identical and therefore the kWh per day would be expected to be the same during the prior
period. Observed differences may be due to a combination of (i) faulty compact florescent
tubes which have yet to be changed and/or (ii) the removal of some tubes in some areas to
reduce lighting intensity creating asymmetry between the wards.



Energies 2021, 14, 6523 9 of 17

During the intervention, the control group used 53.9 kWh (σ = 6.2, n = 92 days) of
electricity for lighting per day and the intervention group used 50.0 kWh (σ = 3.8) per
day, a difference of 3.9 kWh per day. After the intervention, the control group used
54.9 kWh (σ = 7.9, n = 89 days) of electricity for lighting per day and the intervention group
used 48.3 kWh (σ = 6.5) per day, a difference of 6.6 kWh per day. Taking a difference of
differences (DoD) approach, none of these observed changes between the control and
intervention groups can be considered as significant.

Before the intervention, the control group used a mean of 21.9 kWh (σ = 2.0) of
electricity for small power per day and the intervention group used 23.3 kWh (σ = 2.8) per
day, the intervention group being higher by 1.4 kWh per day. During the intervention,
the control group used 20.5 kWh (σ = 1.9) of electricity for small power per day and the
intervention group used 16.9 kWh (σ = 2.0) per day, the intervention group being lower
by 3.6 kWh per day. After the intervention, the control group used 19.7 kWh (σ = 2.0) of
electricity for small power per day and the intervention group used 16.9 kWh (σ = 2.2) per
day, the intervention group being lower by 2.8 kWh per day.

Again taking a difference of differences approach, for small power for the control
group, the mean changes by −1.4 kWh (σ = 2.8) between the before and intervention
periods and −2.2 kWh (σ = 2.8) between before and after periods. In contrast, for the
intervention group, the mean changes by −6.4 kWh (σ = 3.4) between the before and
intervention periods and −6.4 kWh (σ = 3.4) between before and after periods. A Mann
Whitney U-test (95% confidence) showed that this is a statistically significant difference.

The descriptive analysis of electricity used for (a) lighting and (b) small power showed
the intervention produced (a) 2% saving in electricity for lighting relative to the control
during the intervention and 10% saving after the intervention relative to the control, and
(b) 29% saving in electricity for small power during the intervention relative to the control
and a 16% saving after the intervention relative to the control. The control and intervention
wards values during the prior period are taken as the reference.

Figure 4 shows the mean daily profiles for (a) lighting and (b) small power for the
study periods before, during and after the intervention for the control and intervention
study groups. The intervention group had a lower power demand for lighting than the
control group across each study period but the difference between the control group and
the intervention group appears to have increased following the implementation of the
behavior change intervention.

Before the intervention, the intervention group had a higher power demand for small
power than the control group and a lower power demand for small power than the control
group during and after the intervention.

Figure 4a shows a dip in lighting power demand in the intervention group in the study
period during and after the intervention, which coincides with the secondary Operation
TLC action of “Introduce a quiet time for an hour after lunch” that was scheduled to occur
daily between 13:30:00–14:30:00 (see arrow (i)). Another distinctive feature, shown in
Figure 4, is the markedly higher power demand for (b) small power for several hours in
the control group over the night-time period during the intervention when compared to
the intervention group, which is explored further in the discussion (see arrow (ii)).

When the electricity consumption for lighting and small power is combined, Figure 5
shows that before the intervention, both the control and intervention groups used 72 kWh
of total electricity use per day for lighting and small power. Both during and after the
intervention, the control group used 77 kWh of total electricity use per day for lighting and
small power and the intervention group used 67 kWh per day, a difference of 10 kWh per
day. Morgenstern [74] has shown that lighting loads are the dominant electrical demand in
UK hospital acute care wards, which is also seen here. Energy benchmarking of UK acute
care hospital wards shows small power and lighting loads varying between 7 and 15 W/m2

over a 24 h period [47]. For the 393 m2 control ward, the 77 kWh per day corresponds to an
average of 8 W/m2. The DETR guide “ECG72, Energy consumption in hospitals” (1999)
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provides appropriate benchmarks [75] for lighting of 4.6 W/m2 and 1.6 W/m2 for small
power, which together at 6.2 W/m2 is close to the observed values.

Figure 4. Average daily electricity profile for (a) lighting and (b) small power, comparing the
control (RED) and intervention (BLUE) study groups for the study periods before (1 September–
31 October 2017), during (1 November 2017–31 January 2018) and after (1 February–30 April 2018)
the behavior change intervention. Data shown as the average power for each minute of the day over
the 3 month period.

Figure 5. Combined electricity consumption per day (kWh/day) for lighting and small power,
comparing the control and intervention study groups for the study periods before (1 September–
31 October 2017), during (1 November 2017–31 January 2018) and after (1 February–30 April 2018)
the behavior change intervention. 1 Standard Deviation of the mean is shown.

This study resulted in a combined electricity (lighting and small power), and associ-
ated carbon dioxide emissions and financial saving of 13% in both the study periods during
(1 November 2017 to 31 January 2018) and after (1 February 2018 to 30 April 2018) the be-
havior change intervention, when compared to the control group. For the two intervention
wards participating in this study this equated to total saving of 620 kWh (1.6 kWh/m2)
and 226 kgCO2e for the during and after study periods (6 months). The carbon factors
used were 2018 company reporting figures as provided by the UK Government.

A Mann Whitney U-test showed a significant difference between the mean electricity
consumption (kWh) of the control and intervention groups both during the intervention
(p-value ≤ 2 × 10−16) and after the intervention (p-value ≤ 2 × 10−16), which confirms the
findings did not occur due to random error. A Mann Whitney U-test with a confidence level
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of 95% was used as the outcome variable (electricity consumption kWh) was numerical
with a non-normal distribution and two non-paired samples (control, intervention).

3.2. Lighting

As the light sensors do not distinguish between natural and artificial light, this ap-
proach is only valid for winter months and will over-predict the artificial “lights on” values
during the summer months. Consequently, the data for the benchmark period before the
intervention was disregarded from the study. However, as the intervention was run during
the winter months this approach was suitable for analyzing the light data in the periods
during and after the intervention.

Table 3 shows a summary of the total hours of “lights on” values classified into the
main categories of interest for analysis, namely by the study periods of during and after
the intervention and by study group, namely control and intervention groups.

Table 3. Summary table showing the count of “lights on” hours, comparing the control and inter-
vention study groups for the study periods during (1 November 2017–31 January 2018) and after
(1 February–30 April 2018) the behavior change intervention.

Study Period Study Group Total Hours of
“Lights on” Values

Number of Days
in Period

Hours of “Lights
on” Ward Per Day

During Control 1853 92 10
During Intervention 1644 92 9
After Control 1083 89 6
After Intervention 998 89 5

Consequently, this study produced an 11% reduction in hours of “lights on” values
during the behavior change intervention and an 8% reduction after the behavior change
intervention, when compared to the control group. This equates to an average saving of
one hour of artificial lighting per ward per day in the intervention group when compared
to the control group, in the study periods during and after the intervention, as per the
intervention’s stated aim.

The results of the Pearson’s Chi-square statistical analysis showed there was a statisti-
cally significant difference between control and the intervention groups both during the
intervention (p-value ≤ 2 × 10−16) and after the intervention (p-value ≤ 2 × 10−16), which
confirms the findings did not occur due to random error. The Pearson’s Chi-square test
was chosen as the data (binary on/off) is categorical with two non-paired samples (control,
intervention) of over 20 units.

4. Discussion

The descriptive analysis of electricity used for lighting showed the intervention pro-
duced a 2% saving in electricity for lighting during the intervention and 10% saving after
the intervention. The results of the Mann Whitney U-test show a significant difference
between the mean power demand data (kW) for lighting of the control and intervention
groups both during the intervention (p-value ≤ 2 × 10−16) and after the intervention
(p-value ≤ 2 × 10−16), which confirms the findings did not occur due to random error.

The results showed that both study groups used more electricity for lighting during
the intervention than before the intervention, which as expected negatively correlates
with the total hours of sunshine during these periods. Before the intervention (August,
September, October) there was a total of 424 h of sunshine and during the intervention
(November, December, January) there was a total of 194.5 h of sunshine [76].

The Met Office [76] reported a total of 330.6 h of sunshine for the period after the
intervention (February, March, April), which is consistent with the findings from the
intervention group that less electricity was used for lighting after the intervention than
during the intervention. However, the control group used more electricity for lighting
after study period than it had in either of the two previous study periods, which is not
consistent with the reported hours of sunshine by the Met Office.
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The descriptive analysis of electricity used for small power showed the intervention
produced a 29% saving in electricity for small power during the intervention and 16%
saving after the intervention. The results of the Mann Whitney U-test show significant
difference between the mean power demand data (kW) for small power of the control
and intervention groups both during the intervention (p-value ≤ 2 × 10−16) and after
the intervention (p-value ≤ 2 × 10−16), which confirms the findings did not occur due to
random error.

In both domestic and non-domestic settings energy behavior change was found
to diminish when feedback stopped [37,38], which mirrors the findings here from the
intervention group for the electricity for small power and electricity for lighting.

In relation to electricity for lighting, the behavior change took up to a month to take
effect in the intervention group. The effect of the behavior change (reduction in electricity
for lighting) then continued to increase for three months, peaking one month after the
feedback stopped showing a delay in the effect. The effect of the behavior change then
appeared to diminish over the following two months, although a reduction in electricity
for lighting was still present.

In relation to electricity for small power, the effect of the behavior change (reduction
in electricity for small power) took effect immediately and was sustained for four months,
peaking one month after the feedback stopped. The effect of the behavior change then
diminished over the following month and had appeared to have stopped by the sixth
month. This study produced a total electricity (lighting and small power), and associated
carbon dioxide emissions and financial saving of 13% in both the study periods during
(1 November 2017 to 31 January 2018) and after (1 February 2018 to 30 April 2018) the
behavior change intervention. For the two intervention wards participating in this study
this equated to total saving of 620 kWh (1.6 kWh/m2) and 226 kgCO2e for the during and
after study periods (6 months).

There was a distinct rise in power demand for small power during the intervention
period in the control group for approximately 4 h during the night time; starting around
22:00:00 and ending around 02:00:00. This appears to be due to the use of electrical
equipment, such as portable space heaters in the control group that was not used in the
intervention group. Use of electrical space heaters is a common practice with nursing staff,
albeit prohibited in the Trust’s Energy Policy, due the risk of fire on the wards. Whilst this
study did not directly target the use of space heaters, one of the actions in the behavior
change intervention was to ‘Turn off equipment’, which included space heaters. This
highlights the potential tension between thermal comfort and energy saving, which was
out of scope for this study.

The descriptive analysis from the light sensors showed that the intervention group
switched lights on for 11% less hours than the control group during the intervention
and 8% less after the intervention, which fits the findings from the literature review that
energy behavior change was found to diminish when feedback stopped [36,37]. The results
of the Pearson’s Chi-square statistical analysis showed there is a statistically significant
difference between the control and the intervention groups both during the intervention
(p-value ≤ 2 × 10−16) and after the intervention (p-value ≤ 2 × 10−16), which confirms the
findings did not occur due to random error. These savings equate to an average saving of
one hour per ward per day in the intervention group compared to the control group in the
study periods during and after the intervention, which is consistent with the Operation
TLC secondary action of “Implement quiet time for an hour after lunch”.

The finding for the light data (11% saving) during the intervention is higher than
the findings for the electricity data for lighting (2% saving). An explanation for this may
be the total reported hours of sunshine, which are significantly lower (194.5 h) during
the intervention (due to time of year) than the other study periods [76]. Whilst the light
data is specific to the patient rooms on the ward participating in the study, the electricity
for lighting (kWh) also includes lighting in the other areas of the study wards, including
corridors, offices and staff rooms, which may have been left on by staff in the other ward
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areas as a result of limited sunshine during this period. After the intervention the results
from the light data and electricity for lighting (kWh) continue to show a positive reduction,
and the amount for the light data (8% saving) is consistent when compared to the electricity
for lighting data (9% saving). Again, this may reflect the increase in hours of sunshine
(330.6 h) for this study period, which may have resulted in staff turning lights off in the
other areas of the ward.

From feedback during the staff focus groups, the staff in both the control and inter-
vention groups felt the lighting on the study wards was too bright when the artificial lights
were on and too dark when the blinds were closed during the day time for adaption to
summer over-heating. This confirmed there was scope to turn lights off in the wards, which
was supported by the results from the quantitative data.

From the comfort surveys, the control and intervention group reported the highest
percentage in the ‘neither bright nor dim’ score during and after the intervention study
periods, which show that lighting was not a significant concern for staff on the wards. This
implies that the staff on the intervention ward turned lights off as a result of the behavior
change intervention to improve the environment for their patients.

5. Conclusions

This study produced a total electricity (lighting and small power), and associated
carbon dioxide emissions and financial saving of 13% in both the study periods during
(1 November 2017 to 31 January 2018) and after (1 February 2018 to 30 April 2018) the
behavior change intervention.

The descriptive analysis from the light sensors showed that the intervention group
switched lights on for 11% less hours than the control group during the intervention and
8% less after the intervention. This equates to an average saving of one hour per ward per
day in the intervention group compared to the control group in the study periods during
and after the intervention, which is consistent with the Operation TLC secondary action
of “Implement quiet time for an hour after lunch”. This is confirmed by the daily power
profiles for electricity from lighting, which show a distinctive dip in power demand after
lunchtime in the intervention group but not in the control group. It should be noted that
the lifetime of CFL lighting can be impacted by cycling on and off [77], the impact of which
was not considered here.

The study also showed that the nursing staff in the intervention group not only had a
heightened awareness of energy use as a result of the evidence based information provided
during the intervention but were also found to actively implement the Trust Energy Policy
when compared to the control, particularly in relation to the prohibited use of space heating
on the wards. The use of portable electrical heaters was evident in the control wards, which
from a health and safety and energy perspective should be addressed. In October 2020, the
NHS published its “Delivering a ‘Net Zero’ National Health Service” report [78] which
outlined its delivery plan. Amongst the proposals are the embedding of sustainability
across the NHS and a changing of the NHS Constitution to make sustainability a key
responsibility of all staff. This directly links to several aspects of this study, but the use
of electrical heaters in particular. Whilst intervention effects were observed to continue
after the intervention period there was a gradual reduction in scale. This indicates such an
intervention has a limited time effect and needs to be repeated to sustain impact and fully
embed change in practices.

In conclusion, the contribution to existing knowledge resulting from this case study
is threefold. Substantively, this study has identified that running the energy behavior
change intervention in a NHS community hospital produced a total electricity (lighting and
small power) saving of 13%. Theoretically, this study identified the social, organizational
and contextual factors in the ward environment affected by the energy behavior change
intervention. Methodologically, this study proposed a new model for running a behavior
change intervention in hospitals.
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