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I. Scientific excellence 
The triboelectric effect has been exploited to harvest environmental energy in triboelectric 
nanogenerators. One limitation to these is that they require a perpetually dry environment to 
function properly. However, the recent demonstration of droplet-based triboelectrification [1], 
a direct droplet-to-surface interaction, paves the way towards simple, efficient water based 
energy harvester. The proposed PhD programme will push the current boundaries in material 
science, electronics and microfluidics to explore the droplet-based triboelectric effect for rain 
energy harvesting applications. 

 
II. Clear aim and hypothesis 

This project, using droplet-generated triboelectricity, aims to demonstrate scalable, low-cost, 
efficient rain energy harvester that can be employed for a variety of purposes from miniature 
harvesting device for autonomous systems to roof-tops and windows large scale panel harvester 
for home energy supply. It is hypothesised that water droplets directly originated or stored from 
rain, running on a (super)-hydrophobic surface can be used as very efficiency promotors of 
triboelectric ‘clean’ energy to be collected using an interconnected array of electrodes. 

 
III. Methodology and innovations 

A simple set of electrodes deposited on the surface theoretically suffice to collect the triboelectric 
energy. In this project, several designs of electrodes and their interconnectivity will be evaluated in 
parallel with electronics design for energy management and storage. Low-cost fabrication material 
and method will be considered to produce the harvester surface. The harvester efficiency will be 
evaluated against electrode material and design as well the surface material. The droplets could be 
formed directly on the surface of the harvester or stored in small volume for release in self- 
propelled Laplace pressure driven droplet actuation devices. 

 
The successful candidate will join the Microengineering and Microfluidics Research Group, a 
multidisciplinary group with a track record of prototype design and manufacture. The group has 
extensive experience in digital microfluidics and droplet-surface interaction. General innovation in 
energy harvesting technologies will be sought by pushing forward the current knowledge of 
surface science, nanofabrication, electronic energy management and microfluidics. It is believed 
that the highly publishable outcomes that this topical project can generate could also result in 
short term product commercialisation. 
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IV. Strategic relevance 
This project seeks to investigate novel, clean, renewal energy source that our connected lifestyle 
crucially needs. In addition, demonstrating simple, rapid and low-cost fabrication will minimise the 
impact resulting from potential damage or destruction resulting from violent adverse weather 
while reducing the production environmental cost. 

 
V. Interdisciplinarity and fit with relevant DTA programme 

The PhD programme, located at the intersection of material and surface science, microfluidics and 
electronics, will focus on pushing the current technology boundaries to propose novel renewable 
energy harvesting solutions within the remit of the ‘Energy’ DTA programme. 
 
Reference 
[1] Z. H. Lin et al. (2014). Advanced Materials, 26(27), 4690-4696. 

Lay summary (max 200 words) to be used for reference as part of the selection process where 
non-specialists are involved 
Triboelectricity is the well-known effect by which two surfaces can accumulate static electrical charges by 
contacting each other. Many kids will probably have experienced this phenomenon with party balloons, 
when previously rubbed to their hair, appearing to be able to stick to the ceiling. When rubbed together 
the balloon and the hair will acquire and accumulate opposite charges, one material ripping off electrons 
from the other. The accumulation of static charges at the surface of the balloon generates an 
electrostatic force allowing it to stick to the ceiling. 

 
Interestingly, droplets rolling on water-repellent surfaces, just like the balloon in the example, are able to 
generate and accumulate charges. Taking advantage of this ability, we propose to use bespoke surfaces 
encompassing a network of electrodes to harvest energy from the rain (relatively abundant in the UK), a 
clean, renewable source. The aim of the project is to demonstrate a low-cost rain energy harvester that can 
be applied to power different scale systems, from small autonomous devices (e.g. drones) to large scale 
structures (e.g. buildings). This PhD programme addresses the environmental concerns that our modern 
energy consumption represents. Success will tackle the challenge that sustaining our lifestyle while 
preserving our world represents. 
Industrial/Employer placement opportunity please include details, where known, of any external 
placement opportunities or collaborations available to the student as part of the project 
The student will have all latitude and will even be encouraged and supported to liaise with specialist 
industry in the view of nurturing collaboration. 
International placement opportunity please include details, where known, of any potential 
international placement opportunities or collaborations available to the student as part of the 
project 
The student will be welcomed and supported to liaise with international contact to foster new scientific 
collaboration 
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Scientific, economic and societal impact of the project 

The multidisciplinary research programme will address, among others fields, material and surface science, 
microfluidics and electronics. The successful programme will lead towards significant novel understanding 
in droplet/surface interaction, energy gathering and storage, which all have important implication in a 
number of topical fields outside the energy realm, from aeronautics to microfluidics and lab-on-a-chip 
application. 

 
If successful, the droplet-based technology for a rain energy harvester has the potential to generate 
fruitful commercial industrial property with the promising prospective of short term product 
commercialisation. The market for such product would have ramification in any non-arid country and 
could especially be a marketing hit in country with abundant precipitation and across the UK where the 
rain occurrence is proverbial. 

 
In our modern society constant amount of energy is required for our day to day life. To answer the 
environmental challenge that our energy consumption represents, seeking novel, clean, renewable energy 
source is a requirement. The success of the PhD programme in proposing new, environmental energy 
harvesting techniques will tackle the vital challenge that sustaining our lifestyle while preserving our world 
represents. 
Additional admissions requirements: please state if there are any specific admissions 
requirements for this project i.e. subject specific degree qualifications or disciplines, relevant 
skills, experience etc 
For this cross-disciplinary project, we are looking for candidate with a strong general scientific knowledge 
that can demonstrate their ability to ‘think outside the box’. The successful candidate will have a high 
grade (2:1 or First) master degree in a relevant subject (e.g. physics, electronics and/or engineering) and 
will be ready to learn new skill outside his comfort zone. Ideally the candidate will have previous hands-on 
experience in laboratory experimental work and will have solid notion in chemistry and material science. 

 


