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Overview 
Anthropogenically-induced climate change is one of 

the grand challenges facing humanity1. Mitigating the 

effects of this challenge could take many forms 

including carbon capture and storage as highlighted by 

the recent IPCC report2. One recently explored 

avenue involves utilising the residues from various 

essential industrial processes to capture carbon 

dioxide from the atmosphere. Iron and steel slag – the 

by-product of steelmaking – has been the main focus 

of this line of research to date. Weathering of 

unstable calcium silicate minerals in the slag causes the 

calcium to react with atmospheric CO2 to form solid 

calcium carbonate (calcite) (e.g.2). Weathering of a 

slag heap from a former steelworks at Consett in 

County Durham has resulted in precipitation of an 

alkaline carbonate leachate, with estimated 

precipitation rates of up to 259 g/m2 per day – a 

significant volume of atmospheric CO2 can therefore 

being captured3-6. 

Various other industrial residues, e.g. from 

papermaking and lime manufacture (Fig. 1), also have 

the potential to capture atmospheric CO2 as, like 

steel slag, they are also composed of minerals which 

are unstable at earth surface conditions and react with 

atmospheric CO2 to achieve a more stable form 

(e.g.3). As well as modern production, these materials 

have been generated for many decades and, prior to 

the introduction of environmental regulations, the 

residues were typically dumped in the landscape 

surrounding the factories and mills. 

 

 

 

 

Figure 1: Remains of the limekilns at Cults (upper panel); 

exposure through a deposit of limekiln slag with areas of 

carbonation (white material). 
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As a result, these legacy/heritage post-industrial sites 

are not only static industrial archaeology that should 

be preserved but also have the potential to add value 

through carbon capture. 

The processes of carbon capture by alkaline residues 

at heritage industrial sites are not currently well 

known. However, if this knowledge gap is bridged 

then such heritage sites could potentially be harnessed 

in the fight against anthropogenically-induced climate 

change. 

Aim and Importance 

The aim of this PhD project is to characterise the 

chemical and physical properties of alkaline residues at 

heritage industrial sites so as to understand the 

process(es) and rates of CO2 capture and to allow 

quantification of the potential of heritage industrial 

sites for CO2 capture. 

As highlighted by the recent IPCC report1, we need 

all means necessary to mitigate climate change and 

this project feeds into the agenda of keeping global 

temperature rise below 1.5 °C. 

 
Methodology 

 
The best places to address the aim of this project are 

two case study sites – one comprising waste from 

lime manufacture and the other from papermaking. 

Cults Lime Works near Cupar in Fife was the last 

commercially operating lime works in Scotland, 

following a long history of smaller scale lime working 

in clamp kilns7. The ruins of various buildings within 

the complex are extant, while dumps of the residue 

(limekiln slag, Fig. 1) have been identified within the 

wider site. Initial inspection shows extensive 

carbonation of this material, either as solid crusts or a 

sludge.  

The Allander/Ellangowan Paper Mill in Milngavie, 

Glasgow, was in operation from the mid-19th century, 

leaving behind a fine powdery alkaline residue. This is 

generally highly carbonated but not uniformly so, 

reflecting the varying ages of the dumped waste, as 

suggested by the OS map representation of the 

various lobes of prograding material (Fig. 2) and by 

1930s photographs of the waste dump8.  

Both sites are readily accessible and offer excellent 

case study sites to study the processes of CO2 

capture by these industrial residue types, which are 

common worldwide. There are excellent 

opportunities to work with local groups: the 

supervisory team has strong links with the owner of 

the Cults site while the Milngavie Heritage Centre is 

already working with co-supervisor Bishop and has 

considerable interest in elucidating these more hidden 

aspects of the paperworks’ history.  

The first phase of the project will involve survey of 

each site, comprising drone photography in winter, 

construction of a digital elevation model, and 

integration of these datasets with historical aerial 

photograph and map evidence to reconstruct the site 

histories.  

 

Figure 2: 1930s photograph of the paper mill sludge 

deposits at Milngavie, from Thomas (1930)8. 

Analysis of the physical and chemical properties of the 

samples will form the second phase of the project. 

Optical and scanning electron microscopy will show 

the structure and morphology of the samples while 

µCT analysis will be used to examine the samples 

‘internally’ to investigate the 3D structure of 

carbonation of the residues. The mineralogy of the 

samples will be determined using X-Ray Diffraction 

while major and trace element chemistry will be 

determined using SEM-EDX, ICP-OES/MS and LA-ICP-

MS. C and O stable isotope analysis will be conducted 

to distinguish atmospheric CO2 capture from 

potential later biogenic input when the residues may 

have interacted with the soil. Application of these 

different analytical methods to a range of samples, as 

well as capturing spatial heterogeneity within 

individual samples, will show the progression of the 

chemical reactions of CO2 capture by the residues 

through time. At Milngavie, there is the possibility of 

dating the deposits using a well-dated record of 

atmospheric industrial lead (Pb) pollution from the 

nearby Loch Lomond9. This Pb-based dating approach 

has already been successfully used to date nearby mill 

dam sediments and industrial deposits10,11. There will 

be scope for a knowledgeable candidate to bring their 

experience of other analytical techniques to help 

achieve the projects goals. 

Integration of these datasets on the physical and 

chemical properties will give an understanding of the 

processes of CO2 capture with these industrial 

residues and how they evolve through time since the 

residues were dumped in the landscape. This will then 

be combined with the site survey data to quantify the 

potential of such heritage industrial sites to capture 

atmospheric CO2 and contribute to mitigating 

anthropogenic climate change in future. This broader 



 

  

integrative phase of the project will also bring in 

world expert knowledge from project partners HES 

for a desk-based survey of other alkaline industrial 

waste sites in Scotland. Using this survey, the total 

CO2 draw-down by industrial waste sites will be 

estimated.  

 
Timeline 

 
Year 1: literature review on alkaline industrial 

residues and CO2 capture; drone/DEM surveys of 

case study sites; inspection of historical maps and 

reconstruction of site histories; drilling and sampling 

of residues and carbonate deposits; thin section 

making and microscope analysis. 

Year 2: XRD; SEM & EDX analysis; µCT; C and O 

stable isotope analysis. 

Year 3: ICP-OES/MS & LA-ICP-MS analysis; Pb isotope 

analysis; completion of any other outstanding 

analytical work; integration of results, including first-

order estimation of the total CO2 draw-down by 

industrial waste sites; thesis/manuscript writing. 

Year 3.5 (6 months): completion of thesis; manuscript 

writing. 

 

The schedule will also include presentation at UK and 

international conferences. The timeline is subject to 

variation, and we anticipate significant input from the 

student as the project evolves. 

 
Training & Skills 

 
This project will equip the student a range of 

analytical and transferable skills which are desirable 

for careers in research or industry. 

Research Methods 

Fieldwork at the case study sites will be conducted 

with the supervisory team, including partners from 

HES and local site collaborators. Full training will be 

given in all of the laboratory techniques to be used in 

the project, mainly at the University of Glasgow but 

also in collaboration with some external facilities. 

Researcher Development 

Technical & personal skills development will be 

undertaken with guidance from doctoral advisors and 

within the framework of the DTP Researcher 

Development Statement. Researcher developmental 

training will be provided by IAPETUS2 and 

supplemented by the University of Glasgow. The 

School of Geographical and Earth Sciences at the 

University of Glasgow (GES) has a large research 

research student cohort (currently ~60 PhD students) 

that will provide peer-support throughout the 

research program. The scholar will participate in 

GES’s annual progression assessment and post-

graduate research conference, providing an 

opportunity to present their research to 

postgraduates and staff within the School, and to also 

learn about the research conducted by their fellow 

postgraduate peers. Additionally, skills in NERC’s 

‘most wanted’ list for PhD student training12 will be 

developed, including in multi-disciplinarity, data 

management, numeracy, and fieldwork, in addition to 

principles and practice of various other laboratory 

analytical techniques such as stable isotope 

geochemistry. Training and experience in national and 

international conference presentations, and 

preparation and submission of papers to international 

peer-reviewed journals will also be provided. At all 

stages, the student will liaise with national agencies 

concerned with industrial heritage and history (HES) 

and legacy pollution issues (SEPA).  
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Further Information 

 
The principle supervisor can be contacted at: 

john.macdonald.3@glasgow.ac.uk; 01413305558.  
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