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W. Deng, D. J. Backhouse, F. Kabir, R. Janani, M. Bigharaz, P. A. Bingham* A. 
Wardlow, M. Marshall and R. Ireson** discuss how biomass ash could help 
deliver decarbonisation to the glass industry.

Current glass manufacturing 
practices use a combination of man-
made and mined raw materials with 

minimal variability in composition, and 
commercial glass compositions have 
remained largely unchanged for the past 
50 years. 

However, as an energy-intensive 
industry, global commercial glass 
manufacture is a key sector that consumes 
220TWh/yr of energy and emits 50-
60MT/yr of CO2. 

In 2015, the Paris Agreement set a target 
to reduce greenhouse gas emissions by 
at least 40% by 2030 and 80% by 2050 
compared to 1990 levels, which places 
enormous commitments on the so-called 
Foundation Industries, which includes 
the glass sector. 

The UK is already playing its part in 
delivering the Paris Agreement through 
its domestic climate framework. 

In 2015 the UK Government and 
British Glass published their Glass 
Decarbonisation Roadmaps to 2050 to 
help coordinate and support achievement 
of decarbonisation goals within the glass 
sector. Both Roadmaps highlight glass 
batch reformulation as one enabler for 
the glass industry to reduce its energy 
consumption and CO2 emissions. 

Low cost, energy-saving, emissions-
reducing, recycled and alternative 
raw materials are all considered to be 
materials that could help to achieve this 
in an economically viable way. 

In contrast to the burdens and 
challenges of achieving decarbonisation, 
these changes in the industrial 
environment also provide new 
opportunities to explore and establish 
new approaches and new technologies, 
with the potential for symbiotic win-
win relationships with other sectors. For 
example, the energy generation sector 
is in the process of switching fuel from Continued>>

� Location of UK Biomass energy facilities in operation or under construction.
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coal to biomass to generate electricity 
in response to the UK’s decarbonisation 
policies. According to the Ofgem 2016-
17 Biomass Sustainability report adjusted 
to reflect specific data omissions and 
other data sources, in 2016-17 the total 
consumption of biomass by dedicated 
biomass facilities and cement kilns in the 
UK (excluding imports) was 5.8 MT. The 
UK now has >20 biomass power plants 
(fuels include recycled wood, virgin 
wood, straw, poultry litter and sewage 
sludge) and the urgent need to replace 
fossil fuels with renewable energy sources 
has led to proposals for a further 37 UK 
biomass power plants (Fig. 1), which will 
generate >2 MT / year of biomass ash. The 
majority of this biomass ash is currently 
sent to landfill or used in low-value 
applications such as construction filler 
materials. Biomass ash management and 
valorisation is thus an escalating issue. 

Decarbonisation
In this article we describe how, from 
the perspective of the glass industry, 
biomass ash could represent an excellent 
opportunity for introducing a new raw 
material capable of delivering step-
changes towards decarbonising the glass 
industry. Yet this approach is actually a 
reboot of ancient technology. 

At the turn of the 1st millenium A.D., 
the Roman Empire produced large 
amounts of worked glass through a 
two-stage system. Primary glass centres 
close to sites of valuable raw materials 
were used to produce large amounts 
of ‘raw glass’, i.e. glass cullet. This raw 
glass was then transported to local glass 
production centres, which remelted 
and worked the raw glass to produce 
glassware for local consumption. The 
raw glass was produced from lime-rich 
sand and natron, an evaporite which is a 
mixture of Na2CO3·10H2O and NaHCO3, 
accompanied by smaller amounts of NaCl 
and Na2SO4. The main sources of natron 
were at Wadi Natrun and al-Barnuj, Egypt. 
However, from the 7th to the 9th century 
A.D., the availability of Egyptian natron 
declined. This was partly due to increased 
demand for natron, not only for glass 
production but also for the production 
of medicines and detergents. Political 
upheaval arose in the natron-producing 
region, with multiple invasions by foreign 
powers and a prolonged civil war (811 - 
832 A.D.). The volatility of the natron 
supply necessitated a change in flux 
material by glass producers. The choice 
of flux was governed by the availability 
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� Table 1 shows analysed chemical compositions (weight %) of 8 different biomass ashes.

Component	 1	 2	 3	 4	 5	 6	 7	 8

Na2O	 0.73	 1.82	 0.90	 0.92	 1.54	 0.52	 0.64	 0.97

MgO	 13.41	 6.21	 5.90	 11.79	 4.40	 1.59	 9.88	 5.44

Al2O3	 1.92	 0.68	 1.59	 6.43	 0.93	 0.88	 1.40	 10.60

SiO2	 7.51	 3.34	 40.98	 22.05	 3.16	 58.88	 6.07	 28.01

P2O5	 7.17	 6.99	 7.05	 8.24	 4.38	 1.62	 17.83	 3.32

SO3	 1.40	 7.08	 1.39	 1.16	 2.53	 1.28	 0.95	 1.98

K2O	 21.56	 18.55	 7.52	 8.46	 27.43	 6.74	 13.64	 5.73

CaO	 18.72	 31.35	 11.39	 17.95	 30.55	 4.16	 21.93	 11.21

TiO2	 0.76	 0.17	 0.36	 1.58	 0.22	 0.27	 0.45	 2.00

MnO	 0.13	 0.05	 0.08	 0.18	 0.11	 0.06	 0.11	 0.25

Fe2O3	 5.47	 1.42	 2.64	 10.86	 1.51	 2.36	 3.81	 14.63

CuO	 0.02	 0.01	 0.01	 0.03	 0.02	 0.01	 0.04	 0.04

Rb2O	 0.01	 0.03	 0.01	 0.01	 0.01	 0.01	 0.82	 0.01

SrO	 0.06	 0.06	 0.02	 0.04	 0.04	 0.01	 0.06	 0.03

Cl	 0.03	 2.72	 1.34	 0.03	 4.56	 1.85	 0.14	 0.13

Cr2O3	 0	 0	 0.01	 0.01	 0.01	 0.01	 0.02	 0.03

NiO	 0	 0	 0	 0.01	 0	 0.01	 0	 0.01

ZnO	 0	 0	 0	 0.02	 0	 0	 0	 0.01

ZrO2	 0	 0	 0	 0.02	 0	 0	 0	 0.01

LOI	 21.11	 19.52	 18.81	 10.21	 18.60	 19.75	 22.21	 15.59

of local materials. In the Levant and Near 
East, ashes from halophytic plants from 
the Salicornia and Salsola genera were 
used, whereas in northern Europe wood 
ashes were used, primarily beech (Fagus) 
ash. These wood ash glasses are known 
as ‘Waldglas’, (‘Forest Glass’). Wood ash 
glasses were found in the Carolingian 
Empire from as early as 800 A.D, and their 
industrial manufacture continued into 
the 18th Century.

Production declined after this time due 
to a combination of factors: (i) increased 
demand for glass products (one tonne 
of glass requires 250 tonnes of wood to 
produce); (ii) the move from wood-fired 
to coal-fired furnaces, which drastically 
reduced the availability of wood ash; 
and (iii) increasingly strict quality and 
consistency requirements for glass 
products, which was difficult to achieve 
given the variability of the wood ash.  

A further cause of this change is 
also put forward: as the industry 
became increasingly mechanised, the 
composition of the glass needed to 
be controlled more tightly due to the 

inability of machines to match the 
adaptability of human glassblowers to 
changes in glass viscosity.

Alternative raw material
In 2016, a primary study of alternative raw 
materials for soda-lime-silica container 
and float glass manufacture (funded by 
Innovate UK) was successfully delivered 
by some of the present authors, and 
biomass ash was identified as a promising 
alternative raw material for energy and 
emissions reduction in the glass industry. 

Following this achievement, further 
successful funding bids to Innovate 
UK and BEIS in 2018 have enabled two 
parallel 2-year projects to go forward. 

The main purpose of these projects is 
to explore and develop the use of a broad 
range of biomass ashes as raw materials 
to reduce energy consumption and 
environmental impact of several different 
types of glass and ceramic product 
including amber, green and colourless 
container glasses, float glass, mineral 

� Fig 2 Laboratory-manufactured amber, green and colourless glass samples produced from reformulated 

commercial container glass batches with biomass ash.
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wool and heavy clay ceramics. 
Two classifi cations of ash (bottom ash and fl y ash) are 

typically generated during the combustion of biomass fuels. 
Bottom ashes are produced in the combustion chamber and are 
composed of sand particles, mainly quartz, often mixed with 
mineral impurities contained in the biomass. Biomass fl y ashes 
(BFA) are the fi nest fraction of the ashes. They are separated 
from the stream of gases outside the combustion chamber by 
specially designed systems to avoid their emission. Overall, 
the quantity and quality of ashes produced during biomass 
combustion are strongly infl uenced by the characteristics of the 
biomass fuel source as well as the combustion technology and 
operating conditions of the process. 

Chemical composition
In terms of chemical composition, biomass ashes represent 
a number of means to help decarbonise the glass industry, 
including: (i) substantial contents of glassmaking ‘fl uxes’ 
such as alkali and alkaline earth elements; (ii) low carbonate 
contents – unlike the carbonate raw materials currently used, 
some biomass ashes contain little carbon, reducing raw material 
CO2 emissions; and (iii) biomass ash has substantial amorphous 
content unlike crystalline raw materials such as sand or 
carbonates, and thereby melting energies could be reduced as 
the energy input to drive fusion reactions will be reduced. It 
has previously been concluded that glass furnace power could 
be reduced by 40kW for every 1°C in furnace temperature 
reduction.

Table 1 shows chemical compositions and Loss-on-Ignition 
(LOI) values for several different types of biomass ash, retrieved 
from. The major components vary from ash to ash, but in 
general, CaO, K2O, SiO2 are the major oxides, in addition to 
moderate levels of MgO, P2O5 and Fe2O3. CaO and SiO2 are two of 
the three primary constituents of container glass and fl oat glass 
(along with Na2O), which means that biomass ashes could be 
used in replacement for sand and limestone in industrial glasses. 
In addition, the introduction of K2O in replacement for Na2O 
could have a two-fold benefi t: reduction in the amount of high-
value soda ash required for each batch; and the exploitation 
of the mixed-alkali effect which could lead to reduced glass 
melting temperatures and hence, lower energy demands. 
Fe2O3 is used in the production of green and amber container 
glasses as a colourant. Overall, biomass ashes contain a variety 
of components with value for the production of commercial 
glasses. Another issue that must be overcome is the effects of 
impurities from ashes on the glass properties and quality, as 
some impurities, such as transition metal colourants or volatile 
elements may cause diffi culties in glass production practice.

Sheffi eld Hallam University and Glass Technology Services, 
together with partners from across the supply chain, are working 
to solve or mitigate such issues. 

By overcoming them, considerable amounts of biomass ash 
(2 MT/yr) could be diverted from low-value applications and 
valorised as raw materials in glass manufacture (Fig. 2). This 
exciting development will enable an ancient technology to be 
‘rebooted’ in the present, thereby helping to solve some of the 
most pressing environmental and societal problems facing the 
modern world. �

*Materials and Engineering Research Institute, Faculty of
Science, Technology and Arts, Sheffi eld Hallam University, UK.
**Glass Technology Services, Sheffi eld, UK.
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