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NOTATION 

The following abbreviations are used: 

 

GHG Greenhouse gases CO Carbon monoxide 

OEM Original equipment 
manufacturer UHC Unburnt hydrocarbons 

LDV Light-duty passenger vehicle NOx Nitrous oxide 

CO2 Carbon dioxide PTC Positive temperature coefficient 
heater 

OTR On-the-road transportation CSC Constant speed certification 
cycle 

BEV Battery electric vehicle H2P Heat-to-power 
MHEV Mild-hybrid electric vehicle HGV Heavy goods vehicles 
PHEV Plug-in hybrid electric vehicle RC Rankine cycle 
APC UK Advanced Propulsion Centre IBC Inverted Brayton cycle 
WHR Waste heat recovery AM Additive manufacturing 
ICE Internal combustion engine TEG Thermoelectric generator 
AHP Analytical hierarchy process FE Fuel economy 
ORC Organic Rankine cycle BSFC Brake-specific fuel consumption 
PCM Phase-change material OPM Option performance matrix 
GA Genetic algorithm BCR Benefit-to-cost ratio 
FHEV Full hybrid electric vehicle SL Single fluid loop ORC 
SoC Battery state-of-charge DL Dual fluid loop ORC 
HV High voltage WLTP World light vehicle test procedure 

PE Power electronics EHX Exhaust gas heat exchanger 

HVAC Heating, ventilation and air 
conditioning SOP Single operating point ICE 

deployment strategy 

DOH Degree of hybridisation T-S Temperature-entropy diagram 

H2H Heat-to-heat PCR ORC power-to-cooling ratio 

EHRS Exhaust heat recovery system WCAC Water-cooled air cooler 

UDDS Urban dynamometer driving 
schedule ESS Energy storage system 

PEEM Power electronics and electric 
motor ASG Active shutter grille 

TES Thermal energy storage APP Accelerator pedal position 

SHS Sensible heat storage MC2 University of Bath Material and 
Chemical Characterisation Group 

HC Hydrocarbons DSC Differential scanning calorimetry 

LHS Latent heat storage CAD Computer-aided design 

GWP Global warming potential index JLR Jaguar Land Rover 

  LCA Lifecycle assessment 
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5 Use the knowledge developed in objectives (3) and (4) to identify areas that 

require additional validation. Design and conduct an experiment to provide further 

understanding of system behaviour; 

6 Apply the findings of (5) to improve the fidelity of the WHR simulation tools 

and provide a better estimation of real-world energy saving. 

3 SCOPE OF THESIS 

The main body of work of this thesis is organised into chapters 2 to 8. A final 9th 

chapter synthesises the conclusions presented throughout the thesis and 

recommends areas for additional work. An overview of each chapter is presented 

below: 

Chapter 2 reviews the current waste heat recovery technological landscape to 

identify state-of-the-art technologies applicable to HEV powertrain architectures. 

Novel concepts and their working principles are presented. A brief overview of 

hybrid vehicle architectures is presented alongside a high-level analysis of waste 

heat sources in modern powertrains to assess the impact of hybridisation on energy 

recovery. Current shortcomings of the methods used to evaluate the fuel economy 

impact of WHR are also highlighted. 

Chapter 3 compares the technologies presented in chapter 2 to select the most 

promising candidates for further work. 

The Analytical Hierarchy Process (AHP) decision-making workflow is employed to 

perform pair-wise comparisons of each candidate technology with respect to a 

number of selection criteria. Relative cost estimations are incorporated to identify the 

two best performers on a cost-to-benefit basis: the organic Rankine cycle (ORC) 

power generation system and phase-change material (PCM) thermal storage. 

Chapter 4 outlines two concepts to be investigated for an MHEV and PHEV 

application, respectively. 

The experimental data required to assess a novel PCM-enhanced ORC waste heat 

recovery strategy is identified. 







CHAPTER 2 
Literature review 
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5 The studies in (3) and (4) provided key insights on the potential of each 

technology, but largely failed to fully consider the impact of vehicle 

integration on claimed performance metrics. EHRS studies give 

simulated/experimental fuel economy figures but do not include the 

effect of increased engine backpressure and mass on the overall energy 

balance at a vehicle level. Most heat-to-power publications focus on 

steady-state thermal efficiency improvement, which fails to capture the 

effect of thermal fluctuations and vehicle integration on energy 

efficiency over a drive cycle. This realisation highlights the importance 

of vehicle-level transient analysis in evaluating the real-world potential of 

WHR system. 



CHAPTER 3 
Waste heat recovery technology comparison and selection 



































CHAPTER 4 
Concept development 



































99 

2 Exhaust gas temperature and mass flow vary with respect to engine 

speed and load. Therefore, both parameters are constantly changing 

over time and the exhaust gas thermal power available for waste heat 

recovery varies as well; 

3 The temperature of the exhaust gas heat exchanger dictates the mass 

flow rate of the ORC working fluid. Exhaust power fluctuations lead to 

changes in EHX temperature, which result in poor energy recovery 

efficiency. Two strategies were identified for EHX temperature 

stabilisation: (i) reducing exhaust gas thermal power fluctuations or (ii) 

increasing the thermal inertia of the system; 

4 The strategies identified above enabled the development of two new 

waste heat recovery concepts: 

4.1 Coupling the ORC to a series PHEV architecture with a single-

operating-point ICE deployment strategy to eliminate variations in 

exhaust gas thermal power; 

4.2 Embedding a PCM thermal buffering layer into the exhaust gas 

heat exchanger of an ORC in a conventional MHEV. 



CHAPTER 5 
Series PHEV concept modelling and analysis 










































































































































































































































































































































































































































