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Intro

• Ensuring sustainable access to clean energy and water is 
essential for public health and aligns with UN goals 3, 6, 7, 
11 and 13.

• In the UK, healthcare facilities are major consumers of 
both,  contributing  significantly  to  environmental  impact. 
Improving efficiency in energy and water use is vital for 
sustainability and cost savings.

• Advancing  technologies—particularly  intelligent  building 
management  systems,  IoT,  cloud-based  tools,  and  AI- 
driven    optimisation—are    delivering    measurable 
improvements in reducing waste, emissions, and resource 
use. This talk will take a deeper dive into progress and 
opportunities in these areas.



• Motivation: Net Zero, Sustainability and Digitalisation
• Net Zero Innovation & NZIIC
• Deeper Dive into Digital and AI (CNNs, SNNs, LLMs, … etc)
• Examples:

• Smart Infrastructure
• Smart Manufacturing
• Smart Refuelling
• Smart Recycling

• Final Thoughts



- Energy is fundamental to grow and sustain life on earth.
- But we can also see conflict over territory and dwindling 

fuel resources, geopolitical upheaval, rising global 
temperatures, with increasingly dense toxic smog 
around cities, more frequent occurrence of extreme 
weather events and rising toxic waste problems;

- There are abundances (of food, clothing, plastics …) in 
the developed world, with significant shortfalls in the 
less developed world.

- These are some of the rising costs and problems 
associated with our traditional ways of life in the last 
centuries: positive change is needed.

Sustainability and Net Zero: Why?



- There are 17 UN Sustainable Development Goals:
- End poverty, hunger and discrimination
- Sustainable and Clean Energy, Food & Water 

Resources and Sanitation
- Towards an equitable Society
- Access to well-paid, decent work
- Access to Good Education
- Build resilient infrastructure, promote inclusive 

and sustainable industrialization, and foster 
innovation

- Climate Action

Where do we want to Go?



Re-Industrialise for a Smarter, 
Cleaner World



Net Zero: Innovation
“Decarbonising heat will rely on deep 
retrofits for millions of homes and some 
mixture of electric heat pumps, hydrogen 
boilers and district heating depending on 
local circumstances.

“Decarbonising industry and 
transportation will rely on carbon capture, 
hydrogen and other alternative fuels, and 
electrification depending on local 
circumstances.

Eliminating emissions from buildings is 
one of the most difficult challenges facing 
the energy sector and requires significant 
technological and behavioural innovation.”

In June 2019, the Government 
amended the Climate Change 
Act from 80% to 100% GHG 
emissions reduction – or Net 
Zero – by 2050.
Because of the need for greater 
intermittent renewable 
penetration, Net Zero pathways 
have a greater
requirement for system 
balancing. This can be achieved 
through supply side flexibility, 
demand side flexibility and 
energy storage in various forms.



Teesside University & NZIIC

• Teesside University is a public 
university with its main campus in 
Middlesbrough, North Yorkshire in 
North East England.

• In June 2023 a new £13M Net Zero
Industry Innovation Centre was 
opened, to help meet the needs of 
decarbonisation of our local industry 
cluster.

• The UK (and currently World’s)
Largest CCUS Project is underway. 
We also have the UK’s largest 
Hydrogen Hub

• Largest growing Net Zero industry
base and innovation zone in UK, 
and the fastest growing regional 
digital sector in UK.



Digitalization: A Net Zero Enabler

3IR (Digital 
Revolution)

Infrastructure 
Digitization

A.I.

Microprocessors 
Automation / Robotics 
Flexible Manufacturing 
Internet

4G / 5G / 6G / IoT /
WEB 3.0 / IPv6 / Diffserv / 
TSN / IPSEC / Cybersecurity
/ DLT / Blockchain

(Deep) Machine Learning 
Advanced Mathematics/Statistics 
Predictive Analytics
Optimization / Decision Support 
Generative AI / LLMs

Big 
Data!



AI & Automation

“Artificial intelligence (AI) refers to the simulation of 
human intelligence in machines that are 
programmed to think and learn like humans. These 
systems can perform tasks that typically require 
human intelligence, such as learning, problem- 
solving, perception, and decision-making.

AI encompasses a wide range of technologies, 
including machine learning, natural language 
processing, and computer vision, and is used in 
various applications, from personal assistants to 
self-driving cars.”



Modern AI



Powering Future Industries: Smart Energy



Smart Infrastructure



Smart Apps for Building Energy Control



Smart Marine Infrastructure

𝑃𝑃𝑃𝑃𝐻𝐻𝐻𝐻 (𝑡𝑡𝑡𝑡) = 𝑘𝑘𝑘𝑘(𝐽𝐽𝐽𝐽𝐻𝐻𝐻𝐻 (𝑡𝑡𝑡𝑡)) ∗ 𝐽𝐽𝐽𝐽𝐻𝐻𝐻𝐻 (𝑡𝑡𝑡𝑡) ∗ �𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐 (𝑡𝑡𝑡𝑡)



Smart Marine Infrastructure



Smart Solar Integration



Smart HCVAC in Buildings

• Energy efficiency solutions for buildings - Electrical Energy 
Efficiency/District Cooling Efficiency and Renewables Integration

• The purpose of the project is to develop 
(increase    TRL),    configure    and 
demonstrate   an   IoT-based   energy 
management system in large-scale pilots 
involving  multiple  buildings,  renewable 
technologies  and  District  Cooling  Plant 
(DCP) in Abu Dhabi, Singapore and Saudi.

• The  principal  goal  is  to  improve  energy 
and asset efficiency and leverage direct 
and indirect cost reductions, and to enable 
better  integration  of  local  renewable 
resources  (Solar,  Wind)  in  real-world 
practical situations.



Smart HCVAC in Buildings



CNN-Based Smart Cooling in 
Buildings



SNN-Based Automation in Buildings

Event Rule-
based

CNN LSTM RNN GRU SNN BO-STDP-SNN
(our proposed 

model)

Occupant
enters room

800 250 180 190 170 60 50

Temperature
exceeds 

threshold

900 280 200 210 190 70 60

Appliance
left ON

850 300 210 220 200 65 45



Smart Manufacturing



Predictive Analytics and LLMs for 
Manufacturing Efficiency



Industrial Application 
(BSW, Carlisle)



Smart Recycling



Interactive Learning Environment 
for Cobots (JARVIS)



Smart EV Battery Recycling

• Deployment of advanced IoT technologies, 
standardized cloud-based tracking and analytics
framework for batteries;

• Provision of vendor-independent upstream battery
health assessment and recycling decision support 
framework for handling EoL EV (and other) batteries.

• Upstream tech platform prototyping in NZIIC, 
downstream processing in Devon.



Disassembly and Thermally-Aware 
Fast/Safe Deep Discharge



Smart Refuelling



Smart Controls for Electrified 
Marine Propulsion



Smart Controls for Industrial 
Dual-Fuel Combustion



Automated Analytics for Non-Linear 
Plant Modeling

𝐺𝐺𝐺𝐺 𝑠𝑠𝑠𝑠 =
𝐾𝐾𝐾𝐾 1 + 𝑧𝑧𝑧𝑧𝑠𝑠𝑠𝑠 𝑒𝑒𝑒𝑒−𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

1 + 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠

Combustor, heat exchanger, 
and fryer HT dynamics are 
non-linear – but can be locally 
linearized

K, p, d and z vary with local operating point: the global 
system model has averaged nearer the lower efficiency 
end during the measurement period.



• Efficiency and HT lags (local linear model properties) are 
now a function of the CH4 / H2 blend δ, with 0 ≤ δ  ≤ 1, as 
well as fuel flow and air/fuel ratio.

• Maximal fuel/air efficiency points automatically mapped 
as convex surface dependent upon commanded 
combustion mixture temp and fuel blend, and partitioned 
using clustering techniques.

• Gain-scheduled PI regulators synthesis for 
primary/secondary air flow, H2 and CH4 flow.

Automated Digital Control Design 
for Non-Linear Plant



Regulatory Responses (δ = {0.0; 0.5; 1.0})

𝐾𝐾𝐾𝐾𝑠𝑠𝑠𝑠 =
𝐾𝐾𝐾𝐾 𝜆𝜆𝜆𝜆 + 𝑑𝑑𝑑𝑑 2

𝜏𝜏𝜏𝜏 + 𝑑𝑑𝑑𝑑

𝐭𝐭𝐭𝐭𝐬𝐬𝐬𝐬 =  𝐝𝐝𝐝𝐝 + 𝟔𝟔𝟔𝟔. 𝟔𝟔𝟔𝟔 𝛌𝛌𝛌𝛌 = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬

• Type 1 Carbon emissions drop to 
effectively zero for 100% Hydrogen

• In terms of SOx and NOx emissions, 
the introduction of H2 has no impact 
on the former as there is no increase 
in sulfur content in the combustor; 
negligible increase in the latter.



Everyone here today can strive towards positive change, embrace science 
and education, and help to innovate a clean, sustainable digital future!

• Digitalization, informatics and 
decarbonisation are redefining industry and 
society and delivering impactful change.

• We are on the verge of transformative 
technology use becoming standard in 
intelligent buildings, which can make 
significant gains in supporting 
decarbonisation, recycling and improved 
sustainability across facilities.

• The technology on its own will not do much 
– planning is key, and people, skills, and 
education are all important factors too!



Thank you
For further details, please contact:

Prof Michael Short
Teesside University, Acting Associate Dean (R&KE) 

m.short@tees.ac.uk

mailto:m.short@tees.ac.uk
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