
 
 

School of Computing, Engineering, and the Built Environment 
Edinburgh Napier University 

 
 

PHD STUDENT PROJECT 
 
 

Funding and application details 
 
Funding status: Self-funded students only 
 
Application instructions:  
Detailed instructions are available at https://www.napier.ac.uk/research-and-
innovation/research-degrees/how-to-apply 
 
Prospective candidates are encouraged to contact the Director of Studies (see details 
below) to discuss the project and their suitability for it. 
 
 

Project details 
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Project Title: Optimising Work and Heat Exchange Networks Towards Improved 
Energy Efficiency In Hydrogen Industry 
 
Project description:  

Work and heat exchange networks (WHENs) have become increasingly important 
for industrial processes in the past few years. Growing research has distinctly 
shown that work and heat integration plays a critical role in reaching significant 
energy and cost savings while enhancing system energy efficiency and reducing 
environmental impacts. This is especially relevant for energy-intensive processes 
in oil refineries and cryogenic technology, such as the air separation, hydrogen 
liquefaction and production of liquefied natural gas (LNG). In LNG and hydrogen 
liquefaction plants, excessive energy consumption is associated with compressing 
and cooling streams at sub-ambient conditions. Besides, the continuous rise in 



global energy demand, highly volatile energy prices, and stricter environmental 
policies towards the reduction of carbon emissions, have also boosted the 
development of more efficient process integration techniques and work and heat 
recovery strategies for industrial processes. 
Within this framework, we are seeking an outstanding candidate to develop new 
mathematical modelling approaches for the cost-effective design and optimisation 
of WHENs. This PhD studentship project is aimed at (i) investigating fundamental 
work and heat recovery mechanisms at sub-ambient and ambient conditions; and, 
(ii) expanding previous knowledge to develop mathematical models for the 
systematic integration of work and heat in hydrogen industry. The models will be 
mainly based on mathematical programming techniques, including deterministic 
(e.g., global optimisation, multi-objective optimisation, games theory, etc.) and/or 
stochastic optimisation. The application of machine learning techniques will also 
be considered. The main objectives include developing improved energy efficiency 
solutions, reducing process costs, decreasing environmental impacts, evaluating 
riskier decision-making attitudes (uncertainty analysis), among others.  
This project is aligned with different UN Sustainable Development Goals. More 
specifically, the SDG 7 “Affordable and Clean Energy”; SDG 9 “Industry, Innovation 
and Infrastructure”; and, SDG 13 “Climate Action”. 
The PhD student will be supported through periodic meetings with the supervisory 
team, and trained on technical relevant skills such as writing research articles for 
publication and presenting at international conferences. Given the relevance of this 
project in the industrial context, the successful candidate is also expected to 
interact with industry. 
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Candidate characteristics 
 
Education:  

A second class honour degree or equivalent qualification in Mechanical 
Engineering or Chemical Engineering 

 



Subject knowledge: 
• Thermodynamics and Applied Mathematics 

 
Essential attributes: 

• Experience in fundamental research analysis skills 
• Competent in mathematical modelling using MATLAB 
• Knowledge of fundamental energy transfer processes 
• Good written and oral communication skills 
• Strong motivation with evidence of independent research skills relevant to the 

project 
• Good time management skills 

 
Desirable attributes: 

• Knowledge of mathematical programming in GAMS software 
• Experience using Engineering software tools and process simulators (Aspen 

Hysys, TRNSYS, etc.) 
 
 
 
 


