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Basalt Rebar
Overview
Concrete structures (buildings, bridges, roads for example) are in the main constructed using a steel rebar to make the concrete several more times resistant to failure. Concrete is great at handling stress in the form of compression but is prone to failure when exerted to tensile stress, rebar is able to react well to tensile stress and as a result strengthens the concrete mix.
Steel rebar however does have a weakness, it is susceptible to corrosion from chemicals, acids and alkalis which in turn can produce issues within the concrete in the form of cracking or failure.
Basalt is a volcanic rock found throughout the world, it has a variety of uses within the construction industry, one new use of basalt rock now being exploited is the production of basalt rebar. In 2013, Erik Kiilumen explored the use of basalt fibres at the Nuvokas Corporation, Michigan, USA to produce a basalt fibre reinforced rebar (BFRR), by 2015 Basalt Technologies (UK) Ltd had started producing a range of downstream products for the construction industry from Continuous Basalt Fibre (CBF), one of these products was Bastech, a basalt rebar made from mixing CBF with an inert resin. CBF is made by smelting basalt rock and then pulling it through a pultrusion line to produce basalt fibres (13 to 19 microns in diameter), these are then twisted and “wetted” with a resin to produce a basalt rebar rod ranging from 4mm to 32mm (outer diameter).
Basalt rebar photo.
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Basalt rebar has many advantages over steel rebar, which I will cover later in the assignment, but it’s over riding success compared to steel is that it is naturally resistant to acids, alkali, micro-organisms & rust. This means that the concrete structures it is placed within will not succumb to the same issues as when using steel rebar in situations where chemicals, acids & alkalis are present.
To quote the Handbook of Natural Fibres (1)
“The Basalt fibre industry is a new material industry and a new resource industry”, we appear to have only scratched the surface with regard to the potential of basalt products and their benefit to industry and the environment compared to the use of steel products.
This assignment will therefore analyse the innovation hurdles faced by both the basalt rebar industry aswell as Basalt Technologies (UK) Ltd. 

The principal drivers for the innovation

The original driver for this innovation was to find a material which could be used to manufacture a rebar for use in concrete where the concrete could potentially be exposed to chemicals, acids and alkalis and where the potential risk of concrete failure could be increased, this was principally in Maritime environments and in construction. I suspect however that the original driver for this innovation will be superseded by the additional benefits of this material, 4-5 times lighter in weight than steel, 2 times stronger in actual strength than steel, reduced total CO2 production & whole life benefit is at 60% less than steel, produces no toxic or harmful gas emissions & very little waste during the production process  and has the potential to reduce the total concrete cover around the rebar by 20%.

The alternatives to steel rebar that were available at the time were epoxy coated steel rebar or galvanised steel rebar, neither of which were failsafe within the described specific environment, stainless steel was also available but is a very much more expensive product to produce / purchase, therefore a “rust free” alternative at a similar cost to steel rebar was the principal driver to the innovation taking place.

The production of basalt fibres is not new, in the 1920’s Paul Dhe, Paris, France, received a U.S patent for the production of basalt fibres, this was then largely forgotten (with the exception of the US Military in 1945 and followed by the Soviet Union Military up until it declassified in 1995) and with the development and subsequent use of “Glass fibres”.

If we look at the work completed by P.F Drucker – Innovation and Entrepreneurship (2) he explores Systematic Innovation which is the “purposeful and organised search for changes” which, I feel identifies with the original driver for the innovation, “what material can we use that will not rust?”. Looking further into the Seven Sources for Innovation opportunity, I think “Process Need” fits perfectly, “starts with the job to be done” and “it perfects a process that already exists (steel rebar in concrete), replaces a link which is weak (steel rebar) and redesigns an existing old process around newly available knowledge (basalt rebar) to produce a product which is now “fit for purpose”.


The barriers and risks faced by the company in developing the innovation

Basalt rebar represents a tiny fraction of the total quantity of rebar produced throughout the world, (200kt basalt rebar production forecast for 2025 vs over 400Mt of steel rebar currently produced) and yet the biggest barrier faced by this new industry is the acceptance of the product within the construction industry to be considered a construction material.

As with any new product it needs to be tested and conform to the correct specifications, rebar is no different, and there are plenty of rebar specification codes to conform to, for example ACI 440 (USA) and BS 8666 (UK), Basalt Technologies have found this to be one of their primary and most expensive barriers to being able to get designers to specify basalt rebar within the construction of concrete structures. They have found the construction industry very conservative in approach using basalt rebar to such an extent that Basalt Technologies started to design structures themselves placing risk against their own Professional Indemnity policy, which in itself was not easy to obtain. This is potentially the greatest risk to this innovation succeeding, if designers continue to ignore this product and it simply becomes a “fad” the companies future and indeed the industries future will become at risk of failure.

For a product which solves an age-old problem within concrete structures and has many other advantages, it is a surprise that the construction industry hasn’t fully embraced basalt rebar, or maybe it is the marketing strategy? Nigel F Piercy in his book “Market-led Strategic Change” (3) he discusses the four aspects of a value-based marketing strategy, I don’t believe either “brand marketing” or “relationship marketing” are applicable at this stage of the young life of this product but I do see how “transactional marketing” could be used? “Why are you not using this product when it’s saving the planet??” (CO2 reduction). However I would take the approach of a “value-based marketing strategy” whereby all of the benefits are sold to the customer with potential costs savings for the customer worked out and written down for simply using basalt rebar in the construction of their concrete structure.

By removing the barriers for designers not specifying basalt rebar (risk vs cost reduction/needs of society) the risk of this innovation succeeding greatly increases.


The key determinants in the process of committing to develop the innovation

Although Paul Dhe had secured a US patent for the production of basalt fibres in the 1920’s it wasn’t until 1984 that the world’s first commercial continuous basalt fibre (CBF) operation was established in Kiev, Ukraine, this was the first determinant, a commercial process to produce CBF. The second, and probably the most important, was that the technology to produce CBF was declassified by the Russians in 1995 and released to the world after being one of the Soviet Union’s top kept military secrets (5). This allowed additional manufacturing facilities to be established around the world and increase the availability of CBF to the newly established basalt product manufacturing industry. The third determinant, and most important to Basalt Technologies (UK) Ltd, was the establishment of their own basalt downstream production plant within the UK, and finally the fourth will be the construction of their own CBF manufacturing plant in the UK (the company currently imports CBF from a facility in Uzbekistan but will also start importing from a brand new “state of the art” facility in the UAE), the cost of utilities within the UK currently prohibits this happening.



The process and technologies which the company used to carry this development forward

CBF is a product produced by a single step extraction method from molten basalt rock, although the process is simple in technological terms the equipment required to pultrude the molten basalt is expensive (platinum-rhodium bushings used in the pultrusion process are in excess of $1M each and last 3 to 5 months before needing to be replaced).
The process involves crushing and washing a raw feed of 5mm to 20mm basalt rock which is introduced to the first initial smelt zone, the charged basalt is then melted in the furnace at a temperature of between 1400 to 1600 degrees Celsius.
Molten basalt is then pultruded through a pultrusion line of die holes within bushings to produce a basalt filament, as the filaments cool a sizing agent is applied and the filaments are moved to speed-controlled fibre stretching equipment and then onto winding equipment where the fibre is spooled (CBF) (6). The entire process does not produce any toxic or harmful gases and produces very little waste from the smelting process.
Basalt rebar is manufactured with CBF by continuous basalt roving, a bundle of continuous unidirectional complex fibres, these externally look like a rod with continuous spiral ribbing formed by winding with  basalt braid moistened with a high-strength polymer compound (7)

The principal technology which the basalt industry has used to drive the use of basalt rebar forward has been the strive to produce every decreasing low carbon concrete’s, with the ultimate goal of producing a zero-carbon concrete. The concrete and cement sector accounts for 7% of the worlds carbon emissions, and with the forecast use of concrete to grow by as much as 38% by 2050 the problem only increases. There are many initiatives within the cement industry to reduce CO2 production and the same goes for concrete industry, the production low carbon concrete is key, the CO2 benefits of basalt rebar will help to drive this innovation and inspire the further innovative uses of basalt in the future.

The extent to which the development relied on resources external to the company and the ways in which the deployment of these resources was managed

Basalt Technologies is completely reliant on external resources to provide the basic building blocks (CBF) to be able to make basalt rebar. It currently imports CBF from Basalt co. in Uzbekistan and will start to import CBF from the Arab Basalt Fibre Company, a new facility in the UAE shortly.
How does the management team at Basalt Technologies manage these two suppliers? Through a close working relationship! I had phoned Malcolm Newton (Director at Basalt Technologies) to talk to him about the product, only to find that both Yuri (Director at Basalt Technologies) and himself were at the new facility in the UAE bringing it on-line along side the staff at the Arab Basalt Fibre Company, they have in fact been the technology provider for this new facility.

Just like the production of CBF, Basalt Technologies do not produce or lay concrete, to drive the use of basalt rebar they have had to partner with companies that do, they are presently partnering with Skanska (Construction Engineering company) and Tarmac (Concrete producer) to produce and lay a low carbon concrete at junction 6, M42. Previously in 2020 they had partnered with Par Harbour Authority and TRS to replace the Sea wall service road at Par Harbour.
  

How management overview of the development was maintained

In terms of managing the innovation, production and control of the basalt rebar product Basalt Technologies have had complete control, once they have secured the CBF everything else is then manufactured in their own factory in the UK. The focus had initially been to produce basalt rebar but has now moved onto further downstream basalt products, at each stage of this development the management have been implicitly involved within the process.

The extent to which this innovation process represents best practice

The initial innovation process clearly started as a “Process need” innovation opportunity (P F Drucker – Innovation and Entrepreneurship) it started with “the job to be done” and was “task focussed rather than situation focussed” and then followed the “innovation funnel” model as described in Joe Tidd / John Bessant – Managing Innovation (8). If we take in turn each element of the innovation funnel from low risk to high risk we can demonstrate that examples of the process in each.

 “Outline concept” was being the decision to make rebar out of a material that was not susceptible to chemicals, acids or alkalis, “Detailed design” how to get a rock into a position where it can be made into a useable product. “Testing” extensive lab and then “live” trials, Skanska, for example, started a trial in 2021 and due to end in 2025 where they have laid a “low carbon reinforced (basalt rebar) concrete slab Junction 6, M42, which is currently being heavily trafficked by construction vehicles. Finally, “Launch”, Basalt Technologies have completed a project at Par Harbour, Cornwall in 2020 where they used basalt rebar in the concrete to replace the Sea wall service road.

The above demonstrates that the innovation followed an innovation process(s) and has successfully launched a product which is being used for what it was originally intended to be used for in the form of a rebar that is not susceptible to chemicals, acids or alkalis that can be used in a concrete structure in a Marine environment, by definition then is this best practice? In my working environment “Best practice” is often interpreted that this is what we “must do” and we “should not deviate from” the best practice described, I feel Basalt Technologies followed a process to make a product, basalt rebar, but could they have improved the process? I feel they could if you consider the barriers described earlier in the assignment and how these potentially might have overcome these, therefore I feel the innovation process was not “Best practice”, it followed a process that has produced a great innovative product.



Summary and conclusion
In summary Basalt rebar is an exceptional product in its own right, it delivers on what it set out to originally do and to be used in all the environments previously described, but I believe it is the additional benefits which will allow it to continually develop and innovate and all of these, whilst having significant benefits on their own, will ultimately be measured on their CO2 / Carbon reduction benefit and therefore this is how its success will be measured.
The current world, having been told for many years, that we (humans ) are destroying our world has now finally woken up to the fact that we need to change what we do to preserve the world for future generations. This is classic Peter F Drucker – Innovation and Entrepreneurship in terms of Changes in Perception, everyone now wants to be ethical, sustainable and have the “feel good factor” in “doing our bit for the environment”, the glass is definitely “half empty”, the world is at a point where change is not an option it is essential. Industry is no different, however there is also a financial implication to industry in the issue of “Carbon credits” and the cost of these and any ability to offset that cost, reducing CO2 emissions is now not just “a target we’d like to achieve” but an immediate way of reducing costs to be incurred by any manufacturing business. This why I believe basalt rebar will become a “game changer” within the construction industry when it eventually is able to evaluate all the CO2 reduction benefits.
I’ll explain what I mean, if we take each of the previously described benefits in turn we can see there is a CO2 benefit alongside the main benefit.
· Basalt rebar is 4 to 5 times the weight of steel, a manual handling benefit as most reinforcement is put together by hand, but a reduced weight means less vehicle movements to transport rebar to site, you can get more on a lorry! Less movements = CO2 reduction.
· Basalt rebar is 2 times as strong as steel, able to with stand greater tensile stresses than steel and therefore diameter of rebar could be reduced. Reduced diameter = less raw materials, less power, less transport = CO2 reduction.
· Production process, very little waste to dispose of from smelting basalt, energy required is 8kWh/kg less than steel = energy cost saving and CO2 reduction of 60%.
· No harmful or toxic gases produced, health and environmental benefit but also no expensive gas scrubber required, no capital cost (steel construction) or operating costs (energy) = CO2 benefit.
· Concrete coverage of rebar reduced by 20%, cost reduction in amount of concrete used, reduced concrete = reduced production of aggregates & cement (CO2 producer) and reduced use of watering (purchase/pumping) = reduced CO2
I’m convinced if we calculated all of these benefits in terms of a CO2 benefit when using basalt rebar within a concrete structure the construction industry would make the connection that using basalt rebar will ultimately reduce costs and have a positive environmental effect when constructing concrete structures.
Reviewing the whole innovation process for the original innovation has been covered in the previous section, although I do think there is an opportunity to improve the innovation process as the business moves forward in developing new products, for example, textiles, Basalt Technologies are now making a basalt cloth or even a replacement for Carbon fibre products.
In conclusion the company has come a long way in a relatively short time, it has the technical “know-how” to innovate new products, with a little help from Paul Trott’s “Interactive model of innovation” (4) (diagram below) in particular the combination of the “Needs in society” (CO2 reduction) and “Latest sciences and technology” (manufacturing advances), there is an opportunity to use this model to help give structure to drive the business to continue to innovate new basalt products and grow the business into a world leader of the production of basalt products. 

Interactive model of Innovation
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