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In 2019, The EMA Magazine explored energy management across organisations,
with contributions from professionals working at the forefront of the

discipline. Among them was Jude Hughes, then Environment and Energy
Manager at the National Institute of Biological Standards and Control
(NIBSC). Now Energy Manager at the Natural History Museum, Jude returns
for our 50th edition to revisit the theme in a markedly different setting.

Few workplaces are as distinctive. Surrounded by
dinosaurs, world-leading scientists and a shared mission

to protect the planet, the Natural History Museum is
where preserving the past and safeguarding the future
converge. In this article, Jude reflects on the realities .
of managing energy in one of the world’s most
iconic buildings, balancing the demands of heritage
conservation with the urgency of climate action.
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Jude Pattemore (nee Hughes), Energy Manager at Natural History Museum

Energy Management at the

Natural History Museum

Few institutions combine scientific
ambition, global cultural reach

and architectural grandeur like the
Natural History Museum (NHM). As
both a world leading science centre
and one of Europe’s most visited
museums, NHM holds more than
80 million specimens spanning
billions of years: from meteorites
and microfossils to whales, plants
and minerals. Its purpose is both
timeless and urgent: to understand
the natural world, to share that
knowledge widely and to mobilise
people everywhere to act for the
planet.

Its South Kensington estate in
London reflects this dual identity.
The historic building, designed
by Alfred Waterhouse and often
described as the “cathedral to

nature’, stands alongside newer
laboratory and collection spaces,
chilled and conditioned storage,
and the Museum’s critical energy
infrastructure. Behind the public
galleries lies an intricate engineered
landscape: conservation labs,
molecular biology suites, cold
rooms, specimen preparation
studios, digitisation facilities and the
newly upgraded South Kensington
Energy Centre. Each space has its
own environmental requirements,
temperature, humidity, air quality
and lighting. All depending on
robust building services.

I work within the Estates Operations
Team, a great team to be part

of, responsible for keeping the
entire environment running
smoothly, safely and resiliently.

The team’s remit spans statutory
compliance, the management of
outsourced specialist contracts,
and the operation of both primary
side energy systems (generation,
distribution, central plant, utilities)
and secondary side services (heating
ventilation air conditioning [HVAC]
equipment, controls, local systems),
across the South Kensington,

Tring and Wandsworth sites. This
work enables everything the
Museum does: scientific discovery,
public programmes, major
exhibitions, digital production and
the safeguarding of one of the
world’s most important scientific
collections.

My key focus is on energy
management, to reduce energy
consumption, carbon emissions and

The EMA Magazine

A

THE EMA MAGAZINE + ISSUE 1/2026 = iy




R

INDUSTRY FOCUS

THE EMA MAGAZINE « ISSUE 1/2026 i T,

operational costs across the NHM’s
multi site estate. | am responsible
for undertaking and delivering

the Heat Decarbonisation Plans
(HDP) for sites at South Kensington
and Tring, optimising the Energy
Centres at South Kensington, Tring
and Wandsworth, and embedding
efficiency practices across all sites.
The mission is to ensure that the
energy systems underpinning NHM'’s
buildings protect the collections,
support science and help the
Museum achieve its goal of Net
Zero by 2035. Our buildings are

as much a part of the collection

as our specimens; without stable,
engineered environments, nothing
else can function.

Q: What does energy
management mean at NHM?

Energy management at NHM is

a relatively new but strategically
essential role created to unite
environmental ambition with the
realities of running a complex
scientific and cultural estate. The
Museum'’s energy use is significant;
for instance, in 2025 electricity
consumption was 15,289 MWh and
gas consumption was 42,678 MWh,
due to our current onsite generation

Hope Whale Hintze Hrfz.ll

of electricity from the CHP. This
powers HVAC systems for collection
care, labs, visitor spaces and digital
infrastructure, and its carbon
footprint is a major environmental
consideration.

NHM'’s commitment is clear: the

UK Government aims for national
Net Zero by 2050, NHM aims to
reach Net Zero by 2035. This means
drastically reducing reliance on
fossil fuels, decarbonising heating
systems, improving energy
efficiency and transforming how the
Museum procures and consumes
energy. My role was introduced

to coordinate this effort, support
investment decisions and ensure
energy considerations are built into
projects to implement the heat
decarbonisation plans.

This role also connects directly
with NHM'’s public mission.

Its new immersive cinematic
experience, “Our Story with David
Attenborough’, is a clear example.
Visitors travel through billions of
years of Earth’s history, witnessing
the rise of humanity and its impact,
culminating in a powerful sense of
shared responsibility. As Sir David’s
narration reminds us:

“The future of
the natural world
-on which we all
depend -
is in our hands.”

It's an amazing experience which
helps inform the public to recognise
the urgency of acting on climate
change, and to understand
humanity’s power to reverse harm.
The Museum seeks not only to
reduce its own environmental
footprint but to inspire its five
million annual visitors to do the
same.

Q.' Have the NHM strategies
been adapted to include focus
on Net Zero policy?

NHM was the first Museum in the
world to set a science based carbon
reduction target aligned with the
Paris Agreement’s 1.5°C trajectory.

In 2024, | implemented work on the
South Kensington HDP, which was
funded through a £100k Salix grant,
and assessed the entire heating and
cooling infrastructure of the estate.
It identified opportunities to replace




.

inefficient plant, integrate heat
pumps, improve control strategies
and reduce greenhouse gas
emissions. It set out how NHM can
phase out fossil fuel reliance while
maintaining the extremely stable
environmental conditions required
for scientific collections.

These commitments are
incorporated into the corporate
governance, with progress reported
to senior managers and the Director,
aligning the NHM Strategy and
informing corporate objectives

for departmental planning and
investment.

Q: How does NHM deal with
energy management?

The appointment of a dedicated
Energy Manager formalised this
work, providing a central lead for
elements, such as infrastructure
review and improvements, energy
production and procurement,
decarbonisation and energy
reduction.

A core principle is that the collection
environments come first. The
Museum cares for over 80 million
specimens; these include items
stored in alcohol, cryogenic samples,
palaeontology archives, herbarium
sheets, entomology drawers and
mineral collections. Many require
strict conditions to prevent
deterioration, and even small
fluctuations can create irreversible
damage.

This means that saving energy
must always be balanced with
environmental risk. Energy
management at NHM is therefore
integrated into conservation
science, preventive care and
building services engineering.

We often face challenging
conditions such as maintaining
stable temperature and relative

Fern Diplodocus Urban Nature Project

humidity in museum spaces

that were never designed for
controlled environments, while also
managing essential building fabric
improvements like roof renovations
and the installation of secondary
glazing. These works make it difficult
to keep conditions consistent, so
much of the challenge that our NHM
Project Team face lies in maintaining
control and carefully planning how
best to protect the collection, while
the building is being upgraded.

In support of this, the Museum

has already implemented
improvements:

« The recently launched

Urban Nature Project, which is
transforming the gardens at South
Kensington to enhance biodiversity

and promote nature, includes new
buildings designed to enhance
energy efficiency and incorporate
heat pump technology.

« Significant refurbishment of the
Ornithology Building at Tring, which
houses one of the largest and most
comprehensive bird collections

in the world, includes fabric
improvements, a new roof, and
building cladding and glazing.

« Installation of renewable
technology, although difficult on
historic building, we have a 87 kWp
Solar PV roof installation powering
the building at Tring, and a 63

kWop array providing power to our
Palaeontology Building at South
Kensington.

« Essential upgrades to the Building
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Management System (BMS)
have been rolled out to our sites;
enabling improved controls,
enhancing system reliability and
providing smarter, more energy
efficient building control.

+ Replacing thousands of old,
inefficient lights in the Museum'’s
galleries with modern, energy-
efficient LED versions, reducing
energy use and offering lighting
uniformity and temperature
consistency; thereby improving
visitor experience.

Q: What areas of everyday
business at NHM are most
challenging in terms of energy
management?

Energy management at NHM faces

several inherent challenges:

Listed Buildings and Heritage
Constraints

Working within Grade | listed
structures and historic buildings

limits what can be adapted. Wall
insulation, secondary glazing,

airflow routes and plant access
must all be designed around strict
conservation rules. For example,
as part of our HDP work at Tring,
in Hertfordshire, we're currently
planning for secondary glazing in
the Rothchild Museum, which was
built in 1889. When developing
these plans, in a listed building, in
the heart of a conservation area,
we needed to ensure the work
preserves the building’s historic
character, uses reversible and
visually discreet methods, and
complies with any heritage consent
requirements.

Replacing Inefficient Equipment
in Historic Spaces

Behind the scenes at the Museum,
the hundreds of plantrooms are
compact, labyrinthine-like and
historically constrained. Installing
new equipment,
such as
chillers, fans

or air handling
equipment
requires
meticulous
sequencing and
engineering
ingenuity.

The challenge

of integrating
new technology
into historic
buildings,
where nothing
is ever as
straightforward
as the drawings
suggest. For
example, when
installing

the new CHP
engine, it was
deconstructed

into manageable sections, each
piece winched through a narrow
access route, and then rebuild
in-situ; almost like assembling
industrial scale flat pack furniture
inside a listed space. Similarly,
installing large energy efficiency
fans on the Darwin Centre roof
requires detailed planning around
safe lifting methods and restricted
access. These projects highlight the
constant problem solving needed
when modern energy solutions
meet old, inflexible architecture,
something many energy managers
will recognise.

Our historic buildings have been
adapted repeatedly over time; often
housing collections or research labs
in buildings not originally designed
for such purposes. Achieving stable
environmental conditions and
optimising energy requirements

in such spaces requires deep
integration between conservation,
engineering and operations.

Data Collection, Accuracy and
Reporting

Reliable, granular data is the
benchmark for effective energy
management, but it is challenging
to achieve across a complex estate
with mixed-age meters, sensors

and controls. Fragmented metering
can make it difficult to pinpoint
inefficiencies, so we've trialled a new
metering platform ideal for historic
buildings. The new system will

give us simple, reliable data using

a long-range, low-power approach
that can be used in places traditional
systems can't reach.

Q: How is energy management
viewed by the organisation’s
stakeholders?

Across the Museum’s many
stakeholders, such as Estates
Operations, Project Managers,
Contractors, Sustainability, Curators,




Conservators, Scientists and
Leadership, the management of our
energy and infrastructure is viewed
as a collaborative mission.

What's important to me is to foster a
strong culture of collaboration. Key
contracts are aligned behind shared
goals: environmental stability,
carbon reduction, operational
resilience and efficient delivery.

We regularly review with our
stakeholder’s building performance
for key environmental parameters,
for maintaining our collection
environments, such as relative
humidity and temperature control
of our heating and cooling systems.
These cross departmental reviews
discuss conservation needs, and
joint planning for upgrades and
outages.

Working with our key suppliers, | see
them approach the work not merely
as a contract but as a professional
contribution to safeguarding our
heritage buildings and historic
infrastructure. They say working

at the NHM isn't like working
anywhere else, it's a unique privilege
to support such an institution.

"The appointment of
a dedicated Energy

Manager provides
a central lead for
elements, such as

infrastructure reviews
and improvements,
energy production

and procurement,

decarbonisation and

energy reduction."

Everyone
understands
why the
details
matter and
how energy
management
integrates
with this.

As such, the
management
of our energy
is ateam
effort, every department, every
contractor, every engineer plays a
part in making this Museum greener
and more resilient.

Q: can you describe an energy
management project that
reflects the organisation's
principles when it comes to
energy management and
environment?

The aptly named “Project
Chrysalis” was the Museum'’s most
transformative energy infrastructure
project, which comprised of a £14m
investment, that was completed

in June 2024. 1 manage, the now
operational and modernised

Energy Centre, which delivers a fully
integrated tri-generation
scheme that provides our
South Kensington site with
power, heat and cooling.

The scheme incorporates
upgrades to some of the
existing equipment that
supports our continuous
heat demand and provides
a reliable source to maintain
our collections. Equipment
replacements include:

« A new 2.0 MW Combined
Heat and Power (CHP)
engine, producing electricity
for the whole South
Kensington site.

- A new second 750 kW

CHP Enginé Enérgy Centre

absorption chiller, which makes
efficient use of the excess heat
produced from our CHP.

But we've taken the opportunity to
install new technologies as well and
we're working to transition over to
more efficient equipment such as:

- Anew 1 MW electric chiller, where
we were on the edge of maintaining
our important collection spaces,
particularly in peak summer months.
The addition of this electric chiller
gives us greater resilience and
control over our environments.

« Heat pump technology was
installed as part of the project; with
one air source heat pump on our
roof space and three water source
heat pumps installed in our Energy
Centre. The heat pumps provide a
low carbon, energy efficient way to
deliver heating and cooling, and for
us to start reducing fossil fuel use, it
supports our objectives of long term
decarbonisation of the estate.

- We've improved the controls,
safety, monitoring and automation
with the addition of a SCADA
system specifically for the Energy
Centre. It operates to a cascade
system with strategies in place to
meet electrical output and thermal
demand. It is designed to minimise
electricity imported from the grid
and maximise the heat generated by
the CHP.
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All these components work in
synergy to provide a highly efficient
solution for our energy needs; this
combination significantly increases
efficiency and starts to reduce our
reliance on external electricity and
high carbon heat sources. It gives
time for new emerging technologies
to develop and for the NHM to

plan a longer term transition away
from fossil fuels, including the
development of decarbonisation
plans.

Q: What s in the pipeline for
the future?

We're developing business cases

for energy proposals, including
those investigated as part of our
HDPs, to help shape a pipeline

of energy projects that advance
decarbonisation and implement
energy efficient equipment, such as:

1. Demand Reduction & Efficiency
Upgrades

These upgrades span across our
South Kensington and Tring sites,
ensuring estate wide benefits.

« Energy efficient fan replacements
to reduce energy and improve
control

« Pipework insulation upgrades
to reduce thermal losses in our
plantrooms

« BMS improvements for smarter
scheduling, tighter controls and
better environmental stability

- Secondary glazing in approved
areas to improve building
performance

« Pump and valve replacements to
enable lower temperature, variable
flow heating systems

2. Heat Pump Expansion
We're exploring the next phases
of integrating heat pump
technology. Heat pumps offer
us a highly efficient, simplified
infrastructure, with improved

controls. As well as providing a
low carbon alternative to the more
traditional gas boilers we currently
have in place on our sites. This
technology will help to reduce

our fossil fuel use and significantly
cut emissions. For our historic
buildings, their stable output
supports precise environmental
conditions, particularly valuable for
sensitive collections and reducing
maintenance requirements.

3. Long Term Transformation
at Thames Valley Science Park
(TVSP)

The Museum is building a state

of the art collections, research

and digitisation centre at Thames

Valley. This purpose built facility

will house 28 million specimens.

This will relieve pressure on

South Kensington and enable the

development of new public spaces

and galleries there. The new site will

include:

- High

performance

environmental
storage

+ Molecular

biology labs

- Digitisation

suites

+ Conservation

facilities

 Cryogenic

storage capacity

TVSP will allow
the Museum
to consolidate
complex
environmental
loadsinto a
more efficient,
purpose built
building,
reducing long
term energy
intensity and

improving resilience. It's an exciting
step forward for the Natural History
Museum and the development of
our estate.

Our energy work protects more than
buildings; it protects the world’s
natural archive. When we stabilise
environments, we safeguard
millions of irreplaceable specimens,
preserving what we've inherited
while transforming how we operate.

Author’s profile:

Dedicated and globally minded,
Jude brings expertise and
environmental commitment to her
work at one of the world’s most
cherished museums. Achieving
Chartered Energy Manager status
during lockdown marked a key
milestone. Her six years of world
travel shaped her global perspective
and inspired her focus on reducing
environmental harm, further
strengthened through support of a
leading primate charity.

Juae Pattemore - Hintze Hall
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In 2016, James Tierman, then Group Energy and Environment Manager at Unite — =
Students, offered a glimpse into how the organisation approached energy y @

ergy Management
at Unite Students: It's Up to u.

management. That same year, as Unite Students marked its 25th anniversary,
it sharpened its mission around giving every resident a 'home for success; a
statement that evolved into a structured sustainability journey, from early
electricity savings and ESOS integration to student engagement initiatives,
and ultimately a coordinated master plan.

il
| }.:Ja_rf!'///.’ i

The EMA Magazine | November 2016

INDUSTRY INTERVIEW

Looking Back

This follow up interview explores how those milestones
shaped Unite Students’ dual focus on sustainable
behaviourand sustainable buildings. It examines lessons
learned from early pilots, the evolution of technology
trialsand the ongoing challenge of balancing efficiency
with student experience across a diverse estate.
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James Tiernan, Head of Sustainability at Unite Students

Energy Management at Unite

Students: It’'s Up To uS...10 Years On

FROM STRATEGY TO IMPACT:
WHAT HAS CHANGED SINCE?
Q.’ How has the ‘Up to uS’ strategy
evolved since its launch and what
lessons from those early years
remain most relevant today?
Building on the ambition set out
in 2016, in 2022 we published our
Net Zero Carbon Pathway, setting
out our ambition and approach to
transitioning to net zero carbon.
This included ambitious carbon,
energy efficiency and renewable
energy targets. Given the impact
of the Covid19 pandemic and the
acquisition of a major competitor,
Liberty Living, 2019 was set as

our base year, and that'’s the

point against which we now track
progress.

By the end of 2024, we'd achieved

almost 10% reduction in overall
energy consumption compared

to 2019, as of the end of last year
this has risen to a 15% reduction.
Carbon emissions have also

fallen significantly, both on a
market-basis due to purchase of
renewable energy certificates and
use of corporate power purchase
agreements, and on a location-basis
reflecting the energy reduction
achieved, ongoing electrification of
gas sites and grid decarbonisation.

Q.’ Which initiatives have exceeded
expectations and which have
underperformed?

The majority of our estate uses

direct electric space and hot

water heating, and so an obvious
opportunity is improving control.
We've worked with building controls

since the 1990s, and over the last
few years have been replacing

first and second generation run-
timer thermostats with new smart,
networked controllers. These have
delivered significant reductions in
heating energy use, but also provide
a wealth of other benefits including
environmental and behavioural
data to help understand energy
use, water leak detection and water
hygiene monitoring.

While heat pumps remain key to
our strategy for moving away from
gas use, with our first installation
completed in 2016, rollout has been
slower than we originally envisaged
due to technical and supply

chain challenges - it's also more
challenging commercially compared
to other energy reduction measures
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that offer significant operational
cost savings like LED and heating
controls.

Q.’ What do you know now, that
you didn’t then?

The biggest change is probably
around data and monitoring, with
the rise of IOT technology and smart
monitoring driving down cost and
increasing granularity when it comes
to getting a picture of where, how
and when energy is used in our
buildings to help prioritise and plan
interventions, improve ownership
among our building management
teams, and to monitor and verify
the savings actually achieved vs
expectations.

SUSTAINABLE BEHAVIOUR:
WHAT HAS CHANGED IN
PRACTICE?

In 2016, you wrote about how Unite

Students is embedding [

sustainability into
student life through
engagement,
technology and
volunteer support, with
the ultimate long-term
ambition to instil lasting
sustainable living habits
that endure beyond
university, creating a
legacy of responsible
alumni behaviour and
extending impact beyond Unite
Students’ direct operations.

Q.’ What have been the biggest
operational or cultural barriers to
delivery?

Our student residents are the
ultimate end users of energy in

our buildings and while Gen Z and
Gen A are very aware of climate
change, its only human nature

that their actual behaviour doesn’t
always reflect what they know they
should and shouldn’t do. Helping to

educate and prepare students on
how to keep warm and comfortable
in an energy and carbon efficient
manner, especially those who may
not be used to the UK climate, is

a constant challenge. Particularly
when that message is jostling for
attention alongside a range of other
business communications and all
the distractions of modern student
life. Culturally, it can also be hard

to balance a customer-first service
model with the need to educate
and sometimes challenge residents
on sustainable living habits. There

is no simple answer to this, and so
we work with colleagues in Brand
and Marketing, Operations, Resident
Experience and Communications to
weave sustainability related themes,
messages and info into existing
channels to cut through and have a
meaningful impact.

Q.’ How effective are dashboards,
pledges and gamification in
reducing energy use?

Given the wide range of factors
that influence a building’s energy
consumption, it's almost impossible
to directly link engagement activity
to any observable change in
consumption. While technological
developments since 2016
theoretically give us more options
than ever to communicate and
engage with students, they are

also bombarded with more alerts,

messages and notifications than
ever, and trying to stand out in the
noise or compete against big tech’s
efforts to grab people’s attention is
really hard. This is another reason
for combining sustainability
messaging with our routine student
communications and engagement,
letting our in-house experts work
out how and when to get those
messages across rather than create
sustainability-specific channels.

Q.‘ What role do peer-to-peer and
student volunteers play versus top-
down messaging?

A few years ago we combined

all of our student volunteer
champion roles into a paid Resident
Ambassador programme. These
Resident Ambassadors work closely
with our operations teams to run
events and activity for residents

in our properties,
including a number
of sustainability
themed events
every year. For the
25/26 academic
year, we appointed
108 Resident
Ambassadors, across
94% of our eligible
properties — this is
the most we've ever
employed, so we
hope to achieve an
even greater impact this year. Just
like the integration of sustainability
within routine communications,
this approach aims to normalise
sustainability, strength engagement
as it's peer-led and ensures
messages are delivered consistently
and get the right level of focus.

SUSTAINABLE BUILDINGS:
WHAT HAS CHANGED IN
PRACTICE?

In 2016, you wrote that cutting
energy and carbon was not




simply about lowering heating or
lighting, since student comfort
had to remain central. The estate’s
diversity, with most sites using

local electric heating and emersion
systems, meant no single solution
worked everywhere. At the time,
ESOS compliance was being
combined with EPC updates to
build a core dataset and detailed
site surveys were being delivered to
create Building Water and Energy
Efficiency Plans (BWEEPs).

These informed a master plan

to prioritise investments and
meet carbon targets. Alongside
this, a number of pilots were

run to explore synergies

with renewables, demand
management and storage.

Q.’ What insights proved most
valuable in shaping the BWEEP
programme?

Data from the BWEEPS around
the type of energy efficiency

opportunities that were relevant =

to each site, as well as the likely
cost and benefits, provided an
essential foundation for the
development of our 2022 Net
Zero Carbon Pathway. It gave us
confidence that the levels of energy
and carbon reduction we were
aiming for were achievable, albeit
still very ambitious! As we move
into 2026, we're working towards
publishing a new Climate Transition
Plan with updated targets beyond
2030, and again asset level data will
be key to prioritising and planning
capital investment, operational

management and portfolio strategy.

This time we'll be working with
supply chain partners - collecting,
collating and modelling the data to
inform our long term plans, but the
principle is the same.

Q.' What lessons did pilots teach
you, and how did they influence

subsequent technology adoption?
| think the biggest lesson was the
importance of really understanding
our buildings, and the specific
opportunities that are most
relevant to each. The variation

and sometimes seemingly

small differences between one

site and another often had a
significant impact on how different
technologies perform, and so
selecting pilot locations and taking

account of any particular aspects of
that site is really important before
making assumptions about how that
technology may perform on another
site.

Q.’ What has worked well and why?
Space heating is our biggest single
energy load, and is also critical to
our resident experience, so it’s all
about balance — meeting residents
expectations in the most efficient
way possible. There are now a
growing number of IOT based
heating controls systems. In addition
to optimising heating controls,
these systems provide a retrofittable
building energy management
solution that is well suited to the

-

decentralised building services often
found in student accommodation.

It brings a host of other business
benefits including hot water control
and temperature monitoring,
in-room data like noise, humidity,
occupancy and light levels,

water leak detection and energy
consumption monitoring. | think
ultimately that’s the key to success

- ensuring that energy efficiency
interventions do more than just save
kWh'’s and bring tangible wider
business benefit.

Q.’ What would Unite
Students do differently if
starting today?

Probably the biggest step
forward in the last few years
has been in working more
closely with colleagues in our
Estates and Facilities teams
and helping them to take
more responsibility for day-to-
day energy efficiency in our
buildings. Their primary focus
is looking after our student
residents and buildings - but
the energy crisis has brought
the opportunity to be more
collaborative into sharper focus.
Over the last few years we've seen
more engagement than ever with
these teams. It would have been
great if we could have achieved this
earlier in our journey, but sometimes
the timing just needs to be right!

Author’s profile:

James Tiernan joined Unite Students
with a background as a sustainability
consultant in the construction and
real estate sectors, having previously
served in the Corps of Royal
Engineer. James has developed and
leads Unite’s focus on energy and
environmental management since
2012 and was central in developing
Unite’s wider sustainability strategy
and net zero carbon ambition.
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