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Launching Climate Transition Super Materials: The pathway to Net Zero requires the 

deployment of a wide range of new climate technologies. The growth in these technologies 

will, in turn, be dependent on a wide range of critical minerals and specialty materials. 

There has been a great deal of focus on modelling the demand for core energy transition 

materials such as copper, aluminum, lithium, nickel and cobalt. However, there is in fact a 

broader range of materials with demand exposure to not only the energy transition, but the 

climate transition. In this new report series, we expand on the concept of assessing the role 

of critical minerals in the energy transition, to outlining a framework for assessing 

investment opportunities under the broader concept of Climate Transition Super Materials. 

Boron – the 5th Element of Decarbonisation: Boron is one of the most versatile 

elements in the world. As a result, it has diversified exposure across several key climate 

technologies. Neodymium ferro boron (NdFeB) permanent magnets will be in high demand 

from Hybrid Electric Vehicles (HEV) and Electric Vehicles (EV). Compared to induction 

motors, permanent magnet motors are smaller and lighter, and have higher efficiency and 

torque density. Boron is also used in the chassis, brakes, glass, battery, and airbag of an 

EV. Boron is critical for insulation materials and therefore plays a vital role in reducing 

energy use and carbon emissions in buildings and industry. In agriculture, boron is an 

essential micronutrient for plant growth. It increases the nutrition and yield of crops, which 

supports sustainable farming and reduces agricultural deforestation and emissions. In 

renewables applications, boron is required in the drive-trains and blades of wind turbines, 

glass in solar PV module cells, as well as in nuclear reactors and hydrogen fuel cells. 

Boron is a high impact, cross cutting super material: We have developed a 

proprietary Super Materials Demand Model to compare the attractiveness of materials. This 

is made up of two equally weighted components: 1) The Production-Demand Index 

captures the scale to which production must increase to meet demand from climate 

technologies; and 2) The Technology Concentration Index captures how cross-cutting 

in climate technologies the minerals are. Our modelling finds that under a high growth 

scenario aligned to the IEA’s NZE, demand for boron could be 10x greater than current 

levels by 2050 with, by this time, over 90% of demand coming from climate technologies. 

Overall, by 2050 cumulative demand for boron under a decarbonizing world could reach 

54,000 kt under a low growth scenario and 92,100kt under a high growth scenario. 

Each step towards Net Zero will see demand for boron outstretch supply. While 

under the low growth scenario, supply just about meets demand, under the high growth 

scenario, demand outgrows supply in 2024 and by as much as 30% in 2028. Moreover, 

the supply of boron is heavily concentrated in two countries and any supply squeeze may 

be exacerbated due to long project lead times for new boron mines, which is higher than 

the global average mine. RIO and ORE have boron exposure. RIO has a substantial 480 

ktpa of production with a potential additional production of 160 ktpa as part of the Jadar 

project (B2O3 units). We also identify other uncovered Boron miners within the report.  
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Key charts 

Figure 1: IEA projects exponential growth of super materials to 

fuel climate transition technologies (index – 2021 = 1) 

Figure 2: Boron reserves have very high geographic 

concentration in Turkey 

Source: Credit Suisse estimates, IEA Source: Eti Maden, Credit Suisse estimates 

Figure 3:  Boron is a high impact, cross cutting material, with 

demand above current production across wide applications 

Figure 4: Annual boron demand in 2050 may be between 4-10x 

demand today under CS Super Materials scenarios 

Source: Credit Suisse estimates Source: Credit Suisse estimates 

Figure 5: Under high growth, boron demand outgrows supply 

within 3 years, and then substantially up to 2030… 

Figure 6: …and any supply squeeze may be exacerbated due 

to long new project lead times (years) 

Source: ABR, Roskill, Rio Tinto, Eti Maden, Credit Suisse estimates Source: Company data, IEA, S&P Global (2020), S&P Global (2019a) 
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Executive Summary 

Society is in the midst of a major climate transition to lower carbon technologies and clean 

energy. Climate technologies, particularly solar and wind, and enabling infrastructure, such as 

electricity transmission and distribution, are significantly more mineral intensive vs fossil fuel 

energy, with production of some materials required to increase at least 4x according to Net Zero 

modelling by the IEA and World Bank. This creates significant investment opportunities. 

In this new report series, we expand on the concept of assessing the role of critical 

minerals in the energy transition, to outlining a framework for assessing all investment 

opportunities under the concept of Climate Transition Super Materials. We aim to address 

materials critical for enabling emissions reductions in all sectors and climate technologies, from 

sustainable agriculture and yield enhancement, building and industrial energy efficiency to light-

weighting and decarbonising transport. Crucially, this expanded concept of Climate Transition 

will also include materials crucial for capturing or removing carbon from the atmosphere. 

We initiate with boron, the 5th Element in the periodic table. It is a hard-built, nonmetallic, 

heat-resistant element that transmits electricity under high temperatures. Boron does not exist 

in nature by itself. It occurs naturally as borates, inorganic salts that contain boron and oxygen. 

It is one of the most versatile elements in the world, with applications in glass, fiberglass, 

ceramics, wood protection, pesticides, metallurgy, detergents, and, crucially, in decarbonisation. 

Boron has major applications under Net Zero which could create a 10x increase in 

demand: Boron has major applications under a Net Zero world. We model that under a high 

growth scenario, demand for boron could be 10x greater than current levels by 2050 with, by 

this time, over 90% of demand coming from decarbonisation technologies, including 

renewables, EVs, fertilisers and insulation for building energy efficiency. 

Boron is used in the fiberglass of wind turbines and in the magnets for the motors, with 

more used in bigger offshore wind turbines than smaller onshore wind. Around 450 t/GW of 

boron is used in the fiberglass blades and with an additional 7,528 GW of wind needed under 

Net Zero, boron use in renewables may increase from 69kt in 2020 to 120kt in 2030. By 2050, 

the cumulative demand for boron in renewables accumulates to 3,450kt under Net Zero. 

EV uptake drives further demand: Neodymium ferro boron (NdFeB) permanent magnets will 

be in high demand from EVs, using 0.01-0.03kg of boron per vehicle and, up to 46kg of boron 

can be used in the high-strength steel of an EV, which produces weight-efficiency benefits. By 

2025, it is expected that 16.5m EVs will be built primarily using boron-laden magnets. At that 

time, global EV sales will make up 20%+ of total under IEA NZE 2050. This share will go 

beyond 50% in 2030, and reach 90% in 2040. Under our high growth scenario, annual boron 

demand in EVs rises from 25.47kt in 2020 to 608kt in 2030 and reaches 2,052kt by 2050. 

Boron used in insulation increases the energy efficiency of buildings: Boron is used in 

fiberglass insulation, trapping air to reduce heat. With buildings accounting for 39% of global 

GHG emissions, under IEA NZE the building sector will undergo massive transformation. From 

2030, all new buildings are zero carbon, by 2040 50% of existing buildings are retrofitted to 

meet zero carbon standards and by 2050 this increases to 85%. To achieve this transformation 

the retrofitting of residential and commercial buildings with energy efficient measures doubles 

from 1% to 2% per year. As a result, the demand for boron in insulation increases 51% from 

117kt in 2020 to 177kt in 2030 and triples by 2050. 

Boron is a super material, an essential micronutrient, which if used in fertilizers can 

increase agricultural yields and decrease emissions: Boron is an essential micronutrient 

required by plants, and soil deficiencies impact plant yields and nutritional values. Liquid 

fertilisers are typically about 10% boron, and boron application rates range from 0.5 to 3 lbs of 

boron per acre in soil applications. Boron in agriculture is ~15% of total end use demand, and 

we model a market level annual growth rate of 4% on the low end and 12% on the high end. 

Therefore, in our high growth scenario demand almost triples from 150kt in 2020 to 437kt by 

2030. For the low growth scenario we use the historical 4% CAGR and demand increases to 

215kt by 2030 and 491kt by 2050. 
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Climate Transition Super Materials 

Society is in the midst of a major climate transition to lower carbon technologies and clean 

energy. The efforts of an ever-expanding number of countries, industries and companies to 

reduce emissions to Net Zero requires the deployment of a wide range of new climate 

technologies. The growth in the technologies critical for this climate transition will, in turn, be 

dependent on a wide range of critical minerals and specialty materials.  

Low-carbon technologies, particularly solar and wind, and enabling infrastructure, such as 

electricity transmission and distribution, are significantly more mineral intensive vs fossil fuel 

technologies. A typical EV requires 6x the mineral inputs of a conventional car, and an onshore 

wind plant requires 9x more mineral resources than a gas-fired power plant (IEA). Since 2010, 

the average amount of minerals needed for a new unit of power generation capacity has 

increased by 50% (as renewables have risen).  

Under a Net Zero scenario, production of graphite, lithium, and nickel will need to be 

significantly ramped up by more than 8-11x by 2050 - from 2021 levels - to meet demand from 

climate technologies. Moreover, these projections do not include the associated infrastructure 

needed to support the deployment of technologies. According to IEA and World Bank modelling, 

today’s supply and investment plans for many critical minerals fall well short of what is needed 

to support the much needed and accelerated deployment of these technologies.  

This, of course, creates risks and opportunities for investors. There has been a great deal of 

focus on modelling the demand for core energy transition materials such as copper, aluminum, 

lithium, nickel and cobalt. However, there is in fact a broader range of materials with demand 

exposure not to only the energy transition, but the climate transition. In this new report series, 

we expand on the concept of assessing the role of critical minerals in the energy transition, to 

outlining a framework for assessing all investment opportunities under the concept of Climate 

Transition Super Materials. 

This will, for example, include materials critical for enabling emissions reductions in all sectors 

necessary for reaching Net Zero, from fertilisers and technologies which will increase 

agricultural yields, building and industrial energy efficiency to light-weighting and decarbonising 

transport. Crucially, this expanded concept will also include materials crucial for capturing or 

removing carbon from the atmosphere, thereby assessing bio or geo-based materials with 

unique carbon sequestering properties.  

What is included in our framework? 

Demand opportunity from decarbonisation: Building on modelling work undertaken by 

the World Bank to assess demand growth for critical minerals, we have developed a 

Climate Super Materials Demand Model that captures a broader range of low carbon 

technologies. This is made up of two equally weighted components: 1) The Production-

Demand Index captures the scale to which production must increase to meet demand 

from energy technologies and includes by relative and absolute demand; and 2) The 

Technology Concentration Index captures how cross-cutting or concentrated in the 

decarbonisation technologies the minerals are in the model. Finally, we also review the 

extent to which efficiency improvements could impact demand. 

Supply-demand dynamic: Here, more traditional supply metrics are incorporated such as 

reserves and production and committed mine production vs primary demand. However, we 

also consider this in the context of the average lead times from discovery to production, to 

see how much actual production could lag growing demand. Finally, we also assess the 

geographic concentration of production. For example, in the cases of lithium, cobalt and 

rare earth elements, the world’s top three producers control well over three-quarters of 

global output (IEA).  

Circular economy: Recycling relieves the pressure on primary supply. For bulk metals, 

recycling practices are well established, but this is not yet the case for many climate 

transition materials such as lithium and rare earth elements. Emerging waste streams from 
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clean energy technologies (e.g., batteries and wind turbines) can change this. The amount 

of EV batteries reaching the end of their first life is expected to surge after 2030, at a time 

when mineral demand is set to still be growing rapidly (World Bank). We therefore also 

assess Super Materials on both current End of Life Recycling Rates and the percentage of 

New Product made using Secondary Materials recovered.  

Impact intensity of production: Finally, we consider a broad range of environmental 

factors to consider the relative attractiveness of different materials based on the impact of 

production and refining methods. This includes the global warming potential of the 

production, such as through assessment of Cradle to Gate Emissions and Emissions 

Intensity per Tonnes of Production. Energy intensity of production through assessment of 

Energy Share in Mining Cash Cost and Electricity Cost in Total Refining. Finally we review 

water consumption and pollution, biodiversity and waste risks.   

Figure 7: Growth in demand to 2040 by clean energy 

technologies for critical minerals by scenario (Mt) 

Figure 8: Growth of selected metals & minerals under the IEA’s 

Net Zero by 2050 (Index - 2021 = 1) 

Source: IEA, Credit Suisse estimates Source: Credit Suisse Super Materials Demand Model, IEA NZE Scenario 

Figure 9: Cumulative GWP to 2050 from "Cradle to Gate" of renewables and energy storage vs fossil fuels under a 2DS 

Source: World Bank, Credit Suisse estimates. NB: Global Warming Potential (GWP); Cradle to Gate includes mineral extraction, processing and operation 
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How we model the demand opportunity 

To support our Climate Transition Super Materials series, we have built a supporting Climate 

Super Materials Demand Model. The model takes material usage, technology deployment and 

policy inputs to calculate the demand for different super materials by climate technologies in 

2050. The core inputs to the model include: 

Technology: the required climate technology deployment under the IEA Net Zero (NZE) 

scenario, and the absolute emissions reduced from the deployment of the technology. 

Material usage: estimates the minerals required for each low emissions technology from a 

broad literature review. 

To understand the demand profile and compare the opportunity between materials, we have 

adapted the methodology used in the World Bank report Minerals for Climate Action, with the 

key difference being that the model incorporates a broader range of climate technologies. We 

use two indices to size the demand opportunity. These are the Production-Demand Index and 

the Technology Concentration Index, both of which are calculated using the CS model. 

The Production-Demand Index captures the scale to which production must increase to 

meet demand from energy technologies and includes relative and absolute demand.  

The Technology Concentration Index captures how cross-cutting and concentrated in 

the decarbonisation technologies the minerals are in the model.  

We graph the two outputs along a matrix to show the comparison and relative attractiveness of 

different Super Materials. In addition to Boron, as part of this initiation report, we also graph six 

other prominent Super Materials to show the context, including aluminium, copper, graphite, 

nickel, silver and lithium. 

Figure 10: CS Climate Super Materials Demand Model Schematic 

Source: Credit Suisse, World Bank 
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As a result of the indices, we create a demand opportunity matrix with four quadrants, see 

Figure 11. Materials that fall in the same quadrant share similar demand profiles, including: 

1. Medium-Impact Materials: Materials that fall in quadrant 1 have lower demand from

decarbonisation. These minerals feature in only a small range of decarbonisation

applications and the anticipated increases in demand is a smaller percentage of 2020

production levels. This is not to say that these minerals are not important to the

deployment of particular sub-technologies.

2. High-Impact Materials: Materials that fall in quadrant 2 are important because,

although they only feature in a small number of technologies, their level of future

demand is much greater than 2020 production levels. However, changes to the

technologies used may have big implications for overall levels of demand. They are

predominantly (but not exclusively) materials used in energy storage technologies.

3. High-Impact, Cross-Cutting Materials: Materials that fall in quadrant 3 are critical

because the demand from 2020 production levels increases significantly, yet their use

is also widespread across a variety of technologies, like aluminium and copper.

4. Cross-Cutting Materials: The materials in quadrant 4 are important because while

their overall demand from energy technologies relative to production (in percentage) is

not as dramatic as that for materials in quadrants 2 or 3, they are used across a wide

variety of technologies and are not dependent on one specific technology. Therefore,

the demand for these minerals will exist no matter which technologies or sub-

technologies are deployed and win market share.

Figure 11: Demand opportunity matrix structure 

Source: World Bank, Credit Suisse 
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Boron: the 5th Element of Decarbonisation 

Intro to our first Super Material: Boron 101 

What is Boron? Boron (B) is the fifth element in the periodic table. It is a hard-built, 

nonmetallic, heat-resistant element that transmits electricity under high temperatures. 

Boron does not exist in nature by itself. It occurs naturally as borates, inorganic salts that 

contain boron and oxygen. Boron is primarily used in chemical compounds including boric 

acid, borax, and boric oxide. Boron can be found naturally in plants, soil, seawater, air, and 

in our body and our diet. It is one of the most versatile elements in the world, with 

applications in glass, fiberglass, insulation, ceramics, wood protection, fertilisers, pesticides, 

metallurgy, automotive, detergents, among others. 

Figure 12: Boron lump Figure 13: Boron, California operations of U.S. Borax 

Source: Goodfellow Source: U.S. Borax, part of Rio Tinto 

General uses of Boron: Around half of global boron demand is from glass products. 

Glass wool produced from glass fibres is made into in various forms like blankets and pipes. 

It is used for heat and sound insulation on wall surfaces, stairs, in air conditioners, and 

heating systems. Borosilicate glass is made with silica and 5-20% boric oxide. It is 

resistant to heat, chemicals, and scratches, and is used in cookware, laboratory glassware, 

lighting, display screens, medical devices, and even for space exploration. Alkali-free 

borosilicate glass is used in all thin film transistor liquid crystal display (TFT LCD) substrate 

glass. The two other major sectors of boron use are ceramics and agriculture. With the 

addition of boron products to ceramics, a new structure is formed that is more resistant to 

physical impact and chemicals. Borates are typically used in glazes for tiles for walls and 

floors, and kitchen utensils/tableware. 

Key climate transition technology exposures: Boron has diversified exposure across a 

range of key decarbonisation technologies and end-markets. Neodymium ferro boron 

(NdFeB) permanent magnets will be in high demand from Hybrid Electric Vehicles (HEV) 

and Electric Vehicles (EV). Compared to induction motors, permanent magnet motors are 

smaller and lighter, and have higher efficiency and torque density. Boron is also used in the 

chassis, brakes, glass, battery, and airbag of an EV. Boron is critical for insulation 

materials and therefore plays an important role in reducing energy use and carbon emissions 

in buildings and industry. In agriculture, boron is an essential micronutrient for plant growth. 

It increases the nutrition and yield of crops, which supports sustainable farming and reduces 

agricultural deforestation and emissions. Finally, in renewables applications, boron is 

required in the drive-trains and blades of wind turbines, glass in solar PV module cells, as 

well as in nuclear reactors and hydrogen fuel cells. 
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Impact intensity of production: How boron is mined varies and has clear implications for 

its overall environmental impact. Open pit mines (operated by the largest players Eti Maden 

and Rio Tinto) can expose metallic dust and radioactive elements, and produce large 

volumes of tailings. ABR’s Fort Cady Project utilises in-situ mining technology, which 

involves the circulation of fluid instead of the transport of rock, causing less surface 

disturbance or noise, dust or vibration. However, the pregnant leach solution may contain 

concentrations of metals and sulfuric acid, posing a risk to surrounding water sources if not 

managed effectively. On emissions intensity, positively, we see efforts to transition to 

renewable energy / energy-neutral processes at mining operations. Water use and 

biodiversity impacts have to be closely monitored given that some key boron reserves are in 

areas of high water stress and/or biodiversity sensitivity. While hazardous waste handling is 

an ongoing challenge, Rio Tinto and Eti Maden started producing lithium from waste at their 

boron operations, which will reduce the storage areas required and create a secondary 

revenue contribution. 

Figure 14: World boron demand by end use sector Figure 15: Boric acid market demand by geography 

Source: Eti Maden, Credit Suisse Source: Ioneer and Maia Research, Credit Suisse 
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Climate Transition Technology Exposures 

EVs 

Boron essential for the dominant permanent magnet: Neodymium ferro boron 

(NdFeB) permanent magnets will be in high demand from Hybrid Electric Vehicles (HEV) 

and Electric Vehicles (EV), regardless of which battery technology wins within the EV 

thematic. NdFeB is the dominant magnet; compared to induction motors, permanent 

magnet motors are smaller and lighter, and have higher efficiency and torque density. 

According to Roskill, NdFeB magnets offer the best performance and optimisation potential 

among permanent magnets in electric motors. The main drawback is cost, given the use of 

rare earth elements.  

Boron also critical for safety features and fuel efficiency: 4x stronger than normal 

high-strength steel, boron steel in cars provides extra safety protection without adding extra 

weight that enables energy efficiency safety designs. It is typically used as strengthening 

components such as around door frames, in reclining seats and bumper reinforcements. 

Boron is also used in brake pads. Boron mixed brake pads produce higher friction 

coefficient than commercial brake pads, which means boron mixed brake pads provide 

better braking capability. Boron formulations are also more stable than their commercial 

counterparts at different friction heat levels. Remarkably, we also find that in airbags, the 

electronic sensor activates the ignition of boron and potassium nitrate at the time of impact, 

and boron is there to ensure immediate inflation. 

The unsung hero of EVs: Borosilicate glass can be used in the exterior (windows, 

windshields, sun roofs) and interior (anti-reflective displays, touchscreens) of a vehicle, due 

to its high mechanical strength, chemical durability, thermal resistance and transparency. 

Borate compounds are widely used in commercial Li-ion batteries to improve both anodes 

and electrolytes for better performance and safety. Together with borate chemicals used in 

electrical capacitors including as cleaning agents, boron enables electric and hybrid electric 

vehicle technologies. 

How much Boron is needed in an EV? Permanent magnet motors require 0.01-0.03kg 

of boron per vehicle. Overall it is estimated that there is 46kg of boron in the high strength 

steel of an EV, plus use in capacitors, thermal and acoustic insulation fibreglass, body 

panels, lubricants, polymer additives and Li-ion battery, leading to a total of 46-50kg of 

boron per vehicle. In HEVs and EVs, boron-laden permanent magnets are used in steering, 

transmission, and braking systems (typically 160–200g), door and window systems (67–

85g), and entertainment systems (40–50g). EVs and other growth areas are just 25% of 

the magnet market today with growth positioned to increase significantly. By 2025, it is 

expected that 16.5m EVs will be built primarily using boron-laden magnets. At that time, 

global EV sales will make up 20%+ of the total under the Net Zero emissions by 2050 

(NZE) scenario. This share will go beyond 50% in 2030, and reach 90% in 2040. 
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Figure 16: Global EV sales share under different policy scenarios (%) 

Source: IEA, Credit Suisse 

Figure 17: Key neodymium magnet market segments Figure 18: The expected proportion of annual neodymium 

magnet production consumed by EVs 

Source: ABR, Credit Suisse Source: ABR, Credit Suisse 
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Renewables 

Boron is also a renewables diversification strategy: Boron is required in drive trains 

and blades of wind turbines, glass in solar PV module cells, and in nuclear reactors. In solar 

thermal heating applications, borosilicate glass is used to focus and capture solar energy. 

Textile fiberglass of wind turbine blades is made with borates, and they are part of the 

magnets used in turbine generator systems. In nuclear power plants, boron carbide and 

borates are used for control rods, corrosion inhibition and emergency shutdown systems. 

Supporting the hydrogen economy, boron is an important component of sodium 

borohydride fuel cells that store hydrogen. 

How much Boron is used in renewables? For the blades of wind turbines, 70-75% of 

weight is fiberglass with 5-7% of boron weight. For a 3MW high speed land turbine, 

~1275 kg of boron is used in blades, whereas for a 15MW low speed offshore turbine, 

~6375 kg of boron is used. Boron is also a component of magnets. For these two types of 

turbines, ~0.24 kg and ~117 kg of boron is used in magnets respectively. In regard to 

solar, boron content is much smaller at 0.0008 kg/MW. In the NZE scenario, solar PV 

capacity grows the fastest (from <1,000 now to 14,000+ GW in 2050), followed by wind 

(from <1,000 now to 8,000+ GW in 2050). 

Figure 19: Electrical capacity under Sustainable Development (SDS) Scenario (GW) 

Source: IEA, Credit Suisse estimates 

Figure 20: Electrical capacity under Net Zero Emissions by 2050 (NZE) scenario (GW) 

Source: IEA, Credit Suisse estimates 
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Sustainable agriculture 

Boron is an essential micronutrient required by plants. Used in crop production, it 

maintains a balance between sugar and starch, enables proper cell wall formation and seed 

reproduction. Boron directly affects the structure of seed and fruit, enabling a higher 

agricultural yield. An example of a specialty boron fertiliser is Mosaic’s Aspire product that 

delivers quick-release sodium borate and gradual-release calcium borate at the root level, 

providing season-long nutrient availability throughout the plants life cycle. Plants vary 

considerably in their boron requirement and tolerance to boron supply. Corn, cotton, 

soybean, alfalfa and canola are examples of crops that have significant demand for boron. 

Boron deficiency in soil is having an impact on plant yields and nutritional value:  

Boron deficiency affects the yield of 132 crops in at least 80 countries over the past 

decades (Plant and Soil). Studies show that adequate supply of boron reduces the 

incidence of empty grains and enhances the yield by up to 5.5% in barley (Australian 

Journal of Crop Science), increases spike length and plant pigment content, lowers the 

chances of sterility in wheat (Journal of the Saudi Society of Agricultural Sciences) and 

improves the quality and shelf life of tomato (Bangladesh Journal of Agricultural Research). 

Application of Boron shown to improve yields: Rio Tinto references several peer-

reviewed studies across different types of crops in different locations. In 2018-19, a 1kg 

B/ha addition increased seed cotton yield by 8% in Brazil. At the Cuu Long Delta Rice 

Research Institute, Mekong Delta, Vietnam applying 1.5kg B/ha led to an average rice grain 

yield increase of 10%. In Jilin, China in 2011, after 400g/mu water soluble boron fertiliser 

was spread in the soil, corn yield increased by 7.9%/8.3% as compared with use of mixed 

fertiliser containing/not containing zinc. 

Boron-enhanced SOP a potential game changer: In 2020, ABR commissioned the 

University of Connecticut to test the effect its boron-enriched SOP (sulfate of potash) 

specialty fertiliser has on the growth and yield of broccoli and tomato. These vegetables are 

chosen for the trial because (1) they both require boron and potassium, (2) broccoli has 

similar properties to other cruciferous crops like cauliflower, cabbage, and that (3) 92% of 

broccoli and 90% of tomatoes in the US are grown in California, where the Fort Cady mine 

is located. ABR submitted four different SOP+B blends for use in the trial. Notably broccoli 

yields more than double when ABR’s boron-enriched SOP was applied. The results for 

tomato are less clear, but indicated that there may be a linear relationship between boron 

ratio and the effect on yield. Further tomato crop trials will be conducted. We note that the 

window between deficiency and toxicity for boron is very narrow, with one study showing 

that the optimal range is 0.5-5mg/kg hot water-extractable boron for most species. 

Recommended boron fertilisation rates generally range from 0.25-3kg/ha. 

SOP-B may become critical in tackling chloride deficiency and reduced soil quality: 

On every continent, crop yields and food quality are diminished due to insufficient boron 

concentrations in the soil. With a growing population and less arable land available, 

increasing food yields will be vitally important for meeting climate change goals. At the same 

time, the harvested areas of chloride-intolerant crops has increase substantially over the last 

15 years, increasing from approx. 45 to 70mha. Compared to Muriate of Potash (MOP), 

SOP returns higher yields and is chloride free. California accounts for 35% of US SOP 

demand due to the significant areas of chloride-sensitive specialist crops. Therefore, we 

expect SOP-based fertilisers will play a growing role in sustainable agriculture. Boron-

enhanced SOP, only adds to that thematic opportunity.  

Small but fast growing component of the global fertilizer market: Eti Maden’s total 

sales in 2019 was $820mn. Given it accounted for 56% of world boron market share and 

that the agriculture segment was 15% total, we estimate that the world agricultural boron 

market was worth ~$220mn. The global fertiliser market as a whole was valued at $156bn 

in 2019, implying boron products only take a very small part of the market at this stage.  

However, we expect the consumption of borates in the agriculture sector to increase 
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substantially with some market analysts estimating a CAGR of as high as 12% by 2025, as 

crop productivity becomes increasingly essential given reduced soil quality across the globe. 

How much Boron is used in fertilisers? Liquid fertilisers are typically about 10% boron, 

but boron content differs among products. Common boron application rates range from 0.5 

to 3 lbs of boron per acre in soil applications while foliar rates range from 0.09 to 0.4 lbs of 

boron per acre. Boron in agriculture is ~15% of total end use demand, and we model a 

market level annual growth rate of 4% on the low end and 12% on the high end based a 

range of soundings from industry and company contacts. 

Figure 21: Global micronutrients market expected to grow at faster than traditional seed and crop protection markets ($bn) 

Source: ABR, Compass Minerals, Credit Suisse 

Figure 22: California, US and Mexico SOP estimated demand, vs. ABR supply (tpa) 

Source: Context (US based fertiliser market consultant), Credit Suisse estimates 
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Building energy efficiency - insulation 

Boron an essential enabler of insulation technologies: Fibreglass insulation, or glass 

wool, traps air in its fibre network to reduce heat transfer. Borate is a fluxing agent in 

fibreglass manufacturing, used to lower the melting temperature for glass to be drawn into 

fine fibres that can resist moisture and compression. In the manufacturing process, borates 

help control the relationship between temperature, melt viscosity and surface tension. 

Borates also raise the infrared absorption of glass fibres, enhancing the insulation function.  

Boron also enables cellulose insulation due to flaming prevention: Another type of 

insulation, cellulose insulation, is made of organic materials like wood and cotton. Borates 

play a role here to make highly flammable cellulosic materials flame-retardant. When 

applied to cellulose materials, boric acid prevents smoldering and promotes the formation of 

char, which reduces air oxidation. Borax pentahydrate and borax decahydrate are 

particularly effective at preventing flaming combustion. Fibreglass and cellulose are among 

the commonly used building insulation materials. 

Therefore critical for lowering emissions in buildings: With buildings accounting for 

39% of global GHG emissions, consisting of Building Operations (28%) and Building 

Materials & Construction (11%). Heating, ventilation, and air conditioning (HVAC) 

represents 30% of emissions in commercial buildings and 38% of emissions in residential 

buildings. Direct and indirect emissions from electricity and commercial heat used in 

buildings rose to 10 GtCO2 in 2019, the highest level ever recorded. Several factors 

contributed, including heating and cooling, and more extreme weather events. It is 

estimated that improved energy efficiency in buildings can reduce energy use by 50% and, 

in turn, operating costs by 30%. 

US - Increased levels of insulation is one of the key measures that deliver energy 

and dollar savings year after year. America’s residential and commercial buildings 

collectively cost well over $400 billion a year to heat, cool, light and power – accounting for 

35% of U.S. carbon emissions, 40% of the nation’s energy use, and 75% of electricity 

use. And yet, buildings waste at least 30% of the energy they consume. The Building 

Energy Codes have become more stringent over time in the country, establishing minimum 

energy efficiency requirements for new construction and renovations.  

EU - has shown the way on building energy efficiency: In the EU GHG emissions 

from buildings show a decreasing trend since 2005. This is the result of the 

implementation of higher standards for new buildings, and measures to increase energy 

efficiency in existing buildings, such as through changing of heating systems, thermal 

insulation and more efficient heating systems. 

China the next growth market for building energy efficiency: Green, energy-efficient 

building construction and renovation is also a pillar of green development in China. Energy 

conservation standard for newly built urban buildings has been enhanced during 2016-

2020. Over this period, energy efficiency levels in 514 and 185 million square metres of 

floor space in civic and public buildings respectively had been improved. By end-2020, the 

floorage of energy-efficient buildings in China had surpassed 23.8 billion square metres, 

accounting for 63% of the total floor space of urban civic buildings. 

How much Boron is in insulation? Boron in insulation is ~16% of total end use demand, 

and we model a market level annual growth rate of 2% on the low end and 4% (based on 

IEA NZE retro fit rate projections) on the high end. 6260 mg of boron is found per kg of 

glass wool. For cellulose insulation, ~15% by volume is boric acid, borax, or ammonium 

sulfate. 
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Climate Transition Framework - Boron 

Below is the summary of our assessment of Boron within our CS Climate Transition Super 

Materials framework. We explore the results in further detail in the following sections. A 

complete description of each of the assessment elements and methodology can be found in the 

Appendix. 

Figure 23: Boron Climate Transition Assessment 

Factor Value Comment 

1. Demand Opportunity in decarbonisation

Production-Demand Index 0.75 High impact, cross cutting material.  

Critical because the demand from 2020 production levels increases significantly and can 

be used across a variety of technologies, similar to aluminium and copper. Technology Concentration Index 0.53 

Efficiency improvements Depends on product 
Boron is used in the production of high-efficiency, fire resistant insulation and buildings 

materials. Limited data in other technologies. 

2. Supply-Demand dynamic

Reserves and production 1,211 Mt B2O3 / 367 Mt of B in known reserves and 2.43 Mt B203 / 0.75 Mt of B was produced in 2020 

Rate of supply 

Ratio of committed mines: Demand 

In 2020, the estimated ratio of demand to supply was 0.5. Under the low growth scenario, demand and committed supply are 

well matched with the ratio increases to 0.97 in 2024 and 1.03 in 2028. Whereas under the high growth scenario, demand 

outgrows supply increasing to 1.13 in 2024 and 1.29 in 2028. 

Production lead times 22 years 
Due to the limited new boron mines, the sample size is small. Rio’s Jadar project in Serbia 

expected to take 22 years, 5 years longer than the global mining average. See Figure 33.  

Geographic concentration of 

production  

~50% in Turkey 

~30% in US 

The supply of Boron is heavily concentrated in two countries. Of known reserves, 73% 

exist in Turkey and the remaining 23% is located in nine countries.  

3. Circular Economy

End of life recycling rates No data 
The recyclability of boron depends on the recyclability of the end product. Glass containers 

for food and beverages are 100% recyclable, NdFeB magnets can be recycled. 

Recycled content rates No data 

4. Impact Intensity of Production

Absolute emissions impact 
Orocobre: 17.7 ktCO2e 

(scope 1 & 2) 
Ioneer’s Rhyolite Ridge will produce lithium carbonate, lithium hydroxide and boric acid 

using off-grid, energy-neutral processes with “minimal” CO2 emissions. 

Rio Tinto is working with renewable energy technology company Heliogen to explore the 

use of heat from the sun to generate and store energy to power the boron mine. Its Jadar 

project expects sourcing certified green power exclusively. 

Emissions intensity of production Orocobre: 0.44 tCO2e/t 

Energy intensity / cost Orocobre: 4.02 GJ/t 

Water intensity of production 
ABR: 4.5-5.6 m3/t 

Orocobre: 3.11m3/t 

Water intensity depends on the asset. For Rio’s US Borates, the asset seems sensitive to 

water performance given the location is rated “extremely high” risk by WRI Water Risk 

Atlas’ baseline water stress. 

Ioneer recycles >50% of its process water, and has “extremely low” water use. 

Water pollution 
Limited information. Rio Tinto’s Jadar project in Serbia will process wastewater to Class II standard, the same quality as the 

Drina and Jadar rivers, using ultrafiltration (reverse osmosis and ion exchange). 

Biodiversity Limited information. Rio’s boron operations in Death Valley is one of the company’s priority biodiversity assets worldwide. 

Waste 
Low risk waste streams 

Orocobre: total waste ~110 t 

Orocobre does not require tailings facilities as it utilizes evaporation ponds. Of its waste 

streams, 61% is recyclable, 16% is hazardous, and 4% is not recyclable.  

Rio’s boron tailings are “low” hazard risk and is looking to recover lithium from its boron 

tailings. 

Source: Credit Suisse 
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Demand opportunity in decarbonisation 

Using our CS Super Materials demand model, we have modelled the future demand for boron 

to 2050. Our modelling draws references from both a high growth scenario under Net Zero, 

where boron is widely used across all of its decarbonisation applications, and a low growth 

scenario in which boron is used in renewables for wind and in EVs for permanent magnets, but 

to a lesser extent seeing growth across insulation and agriculture.  

Boron has major applications under a Net Zero world and, under the CS Super Materials 

demand model, is classified as a high impact, cross cutting material. Under a high growth 

scenario, demand for boron could be 10x greater than current levels by 2050 with, by this time, 

over 90% of demand coming from decarbonisation technologies, including renewables, EVs, 

fertilisers for sustainable agriculture and insulation for building energy efficiency. 

Renewables: Boron is used in the construction of the blades in fiber glass and in the 

magnets for the motors, with more boron used in bigger offshore wind turbines than 

smaller onshore wind. Under our high case we assume maximum deployment of 7,500 GW 

of onshore and offshore wind under the IEA NZE scenario, resulting in boron use in 

renewables increasing from 69kt in 2020 to 120kt in 2030. By 2050, the cumulative 

demand for boron in renewables accumulates to 3,450kt. Under our low case we show the 

level of demand with smaller deployment in offshore wind, which translates to slightly lower 

demand in 2030 of 118kt and a cumulative demand of 3,300kt by 2050. 

Building energy efficiency: Under the IEA NZE scenario, it states that the building sector 

will undergo massive transformation where, from 2030 all new buildings are zero carbon, 

by 2040 50% of existing buildings are retrofitted to meet zero carbon standards and by 

2050 that number increases to 85%. To achieve this transformation, the retrofitting of 

residential and commercial buildings with energy efficient measures doubles from 1% to 

2% per year. In our model, we apply the doubling of the retrofitting rate to the growth in 

insulation in our high case. This results in demand for boron in insulation increasing 53% 

from 117kt in 2020 to 177kt in 2030 and tripling by 2050 at 373kt. Whereas in our low 

case we assume growth in insulation end use market continues to grow at historical levels.   

Electric Vehicles: Under IEA NZE, the share of EVs in new car sales increases from 4% 

in 2020 to 64% in 2030 and reaches 100% in 2050. A small amount of boron is used in 

the permanent magnet, whereas boron used in ultra-high-strength steel is ~ 46kg per 

vehicle, which delivers safety, weight and efficiency benefits to EVs. There is very limited 

information regarding boron steel usage in EVs and ICEs, however Tesla and Hyundai use 

boron steel in their EVs and together have 19% of the market. Therefore, we use this to 

model the future demand for boron in EVs by assuming that the market share of EVs with 

boron steel increases at 2% per year in our high case and 1% in our low case. Under our 

high growth scenario, annual boron demand in EVs rises from 25.47kt in 2020 in 0.9m 

EVs to 608kt in 2030 in 26m EVs and reaches 2,052kt by 2050 in 81m EVs. Under the 

low growth scenario, demand reaches 450kt in 2030 and 1,180kt by 2050. 

Fertilisers: The IEA does not specifically address the role of smart agriculture under a 

changing climate and Net Zero. To model the future demand for boron in fertilisers, we 

consulted company and industry contact, which expected a CAGR of 12% due to the yield 

benefits. We use this as our high growth scenario and as a result demand almost triples 

from 150kt in 2020 to 437kt by 2030 and 4,212kt by 2050. For the low growth scenario 

we use the historical 4% CAGR, which sees demand increases to 215kt by 2030 and 

491kt by 2050. 

Non decarbonisation demand: All other boron demand or non-decarbonisation demand 

is assumed to grow at 2% CAGR to 2050, rising from 392kt in 2020 to 478kt in 2030 

and 711kt in 2050. 

Overall cumulative demand for boron under a decarbonizing world could reach 54,000 kt under 

a low growth scenario and 92,100kt under a high growth scenario by 2050. 
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Figure 24: Boron demand – high case – annual boron demand reaches 1,850 kt in 2030 and 7,680kt in 2050 

Source: Credit Suisse 

Figure 25: Boron demand – low case – annual boron demand reaches 1,680 kt in 2030 and 3,080kt in 2050 

Source: Credit Suisse 

Figure 26: Annual boron demand in 2050 may be between 4-

10x demand today 

Figure 27: Share of demand from decarbonisation markets 

increase from 48% to 90% under the high case in 2050 

Source: Credit Suisse Source: Credit Suisse 
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As outlined previously, we compare the demand opportunity of Super Materials in this series 

using the combination of the Production-Demand Index and the Technology Concentration 

Index using our CS Super Materials model. Overall, Boron scores 0.75 on the production–

demand index and 0.53 on the technology concentration index, placing it in quadrant 3, as a 

high impact, cross cutting material. 

Production-Demand Index: Boron scores 0.75 on the production-demand index. 

Underpinning the score is the relative increase in demand from decarbonisation applications. 

As we model both a high growth and low growth scenario for boron, we take the midpoint 

to assess performance under the production-demand index. As a result, the relative 

increase in demand in 2050 is 5.8x greater than production in 2020.  

Technology Concentration Index: Boron scores 0.53 on this index. This is driven by its 

involvement in decarbonistion solutions that contribute 33% of emission reduction under 

Net Zero. However, boron demand is mainly concentrated in smart agriculture (63%) under 

the high growth scenario and in EVs (56%) under the low growth scenario. 

Under our low growth scenario, Boron falls into quadrant 4. The implication is that while Boron 

is required across a range of climate technologies, the relative increase in demand is not as high. 

The significance of this is that demand for boron, or materials that fall in quadrant 3, will exist no 

matter what combination of technologies are deployed. Therefore, either way, boron will be 

essential for the climate transition to Net Zero, however, it also has the potential for high upside 

demand depending on technology penetration rates and government policy.  

Figure 28: Production-Demand and Technology Concentration Index 

Source: Credit Suisse 
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Supply-demand dynamic 

High concentration of supply in Turkey: Turkey has 73% of the world’s boron reserves. 

Boron mines production, operation and marketing activities are carried out by state-owned 

Eti Maden in Turkey. 95% of the company’s refined boron products are exported. In 2019, 

Eti Maden met 56% of boron demand in the world. Rio Tinto’s Boron operations in Mojave 

Desert, California supply ~30% of global demand for refined borates (90% of US supply). 

These two companies combined represent over 80% of total sales. 

But starting to attract increased exploration and production: In the next few years, 

new production operated by Australia-listed miners American Pacific Borates (ABR) and 

ioneer is expected in California (from 2021) and Nevada (from 2023) respectively. ABR’s 

planned production will initially meet ~2% of global demand for borates, increasing to ~6% 

at full production (~408 ktpa). The Rhyolite Ridge lithium-boron project in Nevada owned 

by ioneer forecast boric acid production of 170 ktpa. This year Rio Tinto committed $2.4bn 

for the Jadar lithium-borates project in Serbia, one of the world’s largest greenfield lithium 

projects. First saleable production is expected to be in 2026, and full production in 2029 

with 160 ktpa of boric acid production. 

Figure 29: Boron reserves by country (2018) Figure 30: Boron reserves and annual production 

Source: Eti Maden, Credit Suisse estimates Source ABR, Roskill, Rio Tinto, Eti Maden, USGS, Credit Suisse estimates 

Figure 31: Boron supply curve against demand estimate Figure 32: Boric Acid pricing expectation (US$/t) 

Source: ABR, Roskill, Rio Tinto, Eti Maden, Credit Suisse Source: Argus, Credit Suisse 
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Figure 33: Market tightness can appear much more quickly than new projects due to 

high lead times on average but particularly in Boron 

Source: Company data, IEA, S&P Global (2020), S&P Global (2019a) and Schodde (2017). NB: Global average 

values are based on the top 35 mining projects that came online between 2010 and 2019 

Figure 34: Boron mining production is highly geographically concentrated vs Copper 

and analysis of project pipeline indicates that this may increase 

Source: Credit Suisse estimates, IEA, ABR, Roskill, Rio Tinto, Eti Maden 
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Circular economy potential 

The recyclability of boron depends on the recyclability of the end product. Glass containers for 

food and beverages are 100% recyclable, but other types of glass such as windows, ovenware, 

Pyrex (borosilicate glass), crystal are not due to different manufacturing processes. Companies 

like Knauf Insulation are exploring ways to recycle glass mineral wool, such as making it into 

glass cullet which could be again fed into the manufacturing process. The company’s target is 

to take back 25% of the scrap generated from customers’ job sites by 2025 and to recycle 

insulation from demolition. At disposal, hazardous chemicals like boron trifluoride and boron 

trichloride require special handling. 

An Environmental Science & Technology paper assessed the life-cycle environmental footprint 

of NdFeB magnet-to-magnet recycling by measuring the environmental inputs and outputs from 

relevant industries and compared the results with production from “virgin” materials. It was found 

that magnet-to-magnet recycling lowers environmental impacts by 64–96%. With magnet-to-

magnet recycling, key processes/inputs that contribute most of the total impacts are (1) 

hydrogen mixing and milling (2) sintering and annealing (3) electroplating (4) (especially fossil 

fuel) electricity use, and (5) nickel for coating. 

Impact intensity 

Rio Tinto operates its open pit boron mine in California, now the state’s largest open pit 

mine. It began as an underground mine in 1872. 80+ minerals are found at this 

geologically unique site, including the four boron-based minerals in largest demand by 

industry: Tincal, kernite, ulexite, and colemanite. Borates mining here relies on a 

combination of drilling, blasting, and shovelling to collect ore, which is then hauled to 

crushing machines. Then the ore pieces are transported to refinery centres. Refining steps 

include dissolving, settling, crystallising, filtering, and drying. 

Orocobre’s Borax Argentina has operated in the Salta-Jujuy region for decades and its 

operations include two open pit mines (in Tincalayu and Sijes), concentrators, and refining 

capacity. The Tincalayu mine is an open cut mine where tincal ore is mined. The Sijes mine 

comprises an open cut mine where hydroboracite ore is mined and a concentrator where 

the ore is processed into a variety of hydroboracite mineral concentrates. The concentrates 

are either sold directly or used to produce boric acid. 

Figure 35: Borax Argentina 

Source: Orocobre 
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Open pit = higher impact: In terms of environmental impact, crushed rocks can expose 

radioactive elements, asbestos-like minerals, and metallic dust. During separation, residual 

rock slurries, which are mixtures of pulverised rock and liquid, are produced as tailings. 

Toxic elements can leak into bedrock if not properly contained. Open pit mining produces 

large volumes of mining waste, which increase the vulnerability of environments to soil 

erosion and pollution. Other possible consequences include destruction of ecosystems, 

landslides, and water/air pollution. 

ABR’s Fort Cady Project is located in the southeastern desert region of San Bernardino 

County, California. Fort Cady is a rare and large colemanite deposit and is the largest 

known conventional contained borate occurrence in the world not owned by Rio Tinto or Eti 

Maden. The facility employs in-situ mining technology. The recovery of boron from the 

colemanite mineral would be done by injecting a weak acid solution into the ore body. The 

acid would react with the alkaline nature of the ore body to recover a mixture of borate 

product and calcium chloride. Borate crystals would then be precipitated from the chemical 

solution. 

In-situ has lower impact: Given in-situ recovery mining involves the circulation of fluid 

instead of the transport of rock, there is little surface disturbance or noise, dust or vibration 

that can result from open cut or underground mining. However, the fluids remaining after 

the leaching process may contain high concentrations of metals and radioactive isotopes, 

posing a risk to ground and surface water sources. 

Figure 36: In-situ recovery mining process 

Source: Government of South Australia 

Emissions and energy intensity 

Rio Tinto is working with renewable energy technology company Heliogen to explore the 

use of heat from the sun to generate and store energy to power the boron mine. From 

2022, Heliogen’s system will supplement existing energy sources and reduce carbon 

emissions at the mine by up to 7%. Large-scale use of this technology can potentially 

reduce emissions by up to 24%. Previously, Rio Tinto has already reduced energy use and 

GHG emissions by >5% per tonne of produce through site design improvements and 

maintenance.  

Orocobre’s Borax Argentina operations, the only South America-based boron producer, 

the main source of GHG emissions is scope 1 emissions from the use of intermediate fuel 

oil at Tincalayu. Diesel use at Tincalayu and Sijes, as well as natural gas at Campo Quijano, 

are also important. Scope 1 emissions are much larger than scope 2 and 3 combined. 

Combined scope 1 and 2 intensity for all Borax products in 2021 is 0.44 tCO2e/t, same 
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as 2020. Targets for FY22/25/30 are 0.44/0.42/0.42 respectively. Process heat 

intensity is 4.02 GJ/t for 2021. 

Ioneer’s Rhyolite Ridge will produce lithium carbonate, lithium hydroxide and boric acid 

using off-grid, energy-neutral processes with “minimal” CO2 emissions from heat and 

electricity generation. The planned processing facility includes a sulfuric acid plant and 

related steam turbine, which will allow the firm to produce sufficient electricity to power its 

entire operation. 

Water intensity 

At Borax Argentina, 3.11m3 of water was used per tonne across its mix of Borax 

products. FY22/25/30 targets are 2.95/2.89/2.80, respectively. Groundwater and 

surface water extraction together account for the majority of total use, with slightly higher 

surface water extraction. Total water use is ~0.13 GL in 2021. 

At Rio Tinto’s US borates & lithium operations combined, 2020 water withdrawal is 

comprised of 1.5 GL of groundwater and 2.6 GL of municipal water. Total water 

withdrawal is 4.1 GL. The Boron asset seems to be particular sensitive to water 

performance given the location is rated “extremely high” risk by WRI Water Risk Atlas’ 

baseline water stress. The company also noted that mining and processing borates requires 

significant amounts of water, which increases the priority of water recycling. 

For Rio Tinto’s Jadar project in Serbia, pre-feasibility study indicated that average water 

demand is 6-18 litres per second, i.e., 1.3 litres per kg of product. ~70% of raw water is 

expected to come from recycled sources or treated mine water. 

Water use associated with ioneer’s production of materials is described as “extremely low” 

compared to other lithium producers that utilise brine extraction and solar evaporation. Over 

50% of its process water will be recycled. Rhyolite Ridge expects to use 30x less water per 

tonne of lithium than its US peer. 

Biodiversity 

Rio Tinto’s boron operations in Death Valley is one of the company’s 12 priority 

biodiversity assets worldwide, with 10 sq km of areas protected under offset measures (it is 

one of three priority biodiversity assets with non-zero protected areas). While a monitoring 

programme is in place as part of the action plan designed to address biodiversity impacts, 

the programme has not been independently reviewed at the site. In terms of biodiversity 

sensitivity, the asset ranks around average out of ~150 sites of the company globally that 

are in, or close to areas of high biodiversity value. 

Orocobre conducted Environmental Impact Assessments of all three Borax facilities 

across 2016-18. Sites at Sijes and Tincalayu are located in the Andes Reserve in Province 

of Salta while the Sijes is also located in a Vicuña Reserve. The company said it observed 

increased vegetation cover at Campo Quijano in FY20, after the closure of a section of 

land to grazing animals. A vehicle collision accident with a vicuña was also reported. 

Waste 

Orocobre said its Borax Argentina operations do not require tailings storage facilities. It is 

the boric acid plant at Campo Quijano that utilises evaporation ponds and waste dumps to 

store excess process water and solid waste. In FY20, Borax Argentina generated ~150 t 

of waste, of which 43%/29%/23%/5% are hazardous/organic/recyclable/non-recyclable 

respectively. In FY21, amount of hazardous waste decreased substantially while recyclable 

waste increased. Total waste was at ~110 t. Target is to continuously increase recyclable 

waste while reducing hazardous waste. 

All of Rio Tinto’s boron tailings dams are categorised as “low” hazard risk based on the 

consequence of failure and none have failed to be confirmed as stable/experienced notable 
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stability concerns. A closure plan has been set for the dams and impacts of climate change 

have been considered, according to the company. 

The Serbia Jadar mine of Rio Tinto is expected to generate 57 million tonnes of waste over 

its life. The compares to the largest mine in the Balkans generating 150 million tonnes of 

deposited waste. There is indication of ~30% of filtered industrial residue being used to 

refill the underground mine once mining in an area is completed. 

Lithium in boron tailings: Rio Tinto began producing battery-grade lithium from waste 

rock at its Boron operations this year. The demonstration plant was set up to extract value 

out of waste piles from nearly 100 years of mining at the site. Lithium is used to make EV 

batteries and other high-tech equipment. Subject to feasibility assessment, the short term 

plan is to achieve production scale of >5,000 tonnes/year capacity (enough to make 

batteries for ~70,000 EVs). Eti Maden also opened its lithium carbonate production plant 

last year to produce lithium from liquid waste generated during refined boron processing. 

Turkey currently meets all its lithium demand through imports, and full operation of the 

plant is expected to meet half of the country’s total lithium needs. 
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Stock Exposures 

Figure 37: Stock exposures summary 

Source: Company data, Credit Suisse estimates 

Figure 38: Stock exposures financials (as at 1 Dec 2021) 

Source: Credit Suisse HOLT®, Credit Suisse Research, Refinitiv Eikon 

Company RIC Production per year, 

current/ expected within 

10 years (kt boric acid)

Boron exposure

Rio Tinto RIO.AX 1137 US Borax mine in Boron, California supplies ~30% of the world's refined borates. 

Committed $2.4bn for the Jadar lithium-borates project in Serbia

American Pacific Borates ABR.AX 408 Focused on advancing its Fort Cady Integrated Boron Facility in Southern California, 

US

ioneer INR.AX 192 Rhyolite Ridge is a large, shallow lithium-boron deposit located in Southern Nevada, 

US

Orocobre ORE.AX 41 Orocobre acquired Borax Argentina, a long established boron minerals producer in 

2012 from Rio Tinto

Jadar Resources JDR.AX Beyond 10 years The Rekovac project is located within the Vardar zone in Serbia, an emerging Tier 

1 lithium and borate jurisdiction

Balkan Mining and Minerals BMM.AX Beyond 10 years Rekovac lithium-borate project spinned out from Jadar Resources, with Jadar 

retaining a stake

Erin Ventures EV.V Beyond 10 years Recently secured financing to move forward with its Piskanja borate project in 

Serbia, partnering with Temas Resources

Temas Resources Corp TMAS.CD Beyond 10 years Joint development agreement with Erin Ventures

Empire Metals Corp EP.V Beyond 10 years Explores the Fox Creek area in Canada for the potential to extract a number of 

elements including boron

Sociedad Quimica y Minera 

de Chile S.A.

SQM 15 Extracts brines rich in boron (and potassium, lithium, sulfate) at the Salar de 

Atacama, Chile

Indo Borax and Chemicals IBCH.BO Not reported Operates a Boric Acid and Borax plant in Pithampur, Madhya Pradesh, India

Tibet Mineral Development 000762.SZ Not reported Mines Zabuye Salt Lake in Tibet, China

Lithium & Boron Technology LBTI.PK 15 Manufactures boric acid in China, with exclusive right to process brine from 

Dachaidan Lake, China

2021 2022 2021 2022 2021
3-yr 

growth
2021

3-yr 

growth
Quality Momentum Valuation

ESG 

Score

ESG 

Momentum

RIO.AX Rio Tinto O 101.84 5.3 8.1 3.1 4.4 38% 0% 58% -1% 47 12 86 81 -4%

ABR.AX American Pacific NR 0.55 na na na na na na na na na na na na na

INR.AX Ioneer NR 0.98 na na na na na na na na na na na 11 -45%

ORE.AX Orocobre Ltd U 4.56 na 31.1 25.1 14.4 239% 98% na na 20 99 52 51 41%

JDR.AX Jadar Resources NR 0.03 na na na na na na na na na na na na na

BMM.AX Balkan Mining and Minerals NR 0.01 na na na na na na na na na na na na na

EV.V Erin Ventures NR 0.01 na na na na na na na na na na na na na

TMAS.CD Temas Resources Corp NR 0.01 na na na na na na na na na na na na na

EP.V Empire Metals NR 0.02 na na na na na na na na na na na na na

SQM SQM NR 17.03 37.5 21.5 17.1 11.2 43% 27% 72% 38% 31 95 19 72 10%

IBCH.BO Indo Borax NR 0.06 na na na na na na na na na na na na na

000762.SZ Tibet Mineral Development NC 4.89 168.1 104.3 na na na na na na 23 100 4 na na

LBTI.PK Lithium & Boron Technology NR 0.30 na na na na na na na na na na na na na

PE (x)

RIC Company Rating

Market 

Cap 

(US$ Bn)

EV/EBITDA Sales growth EBITDA growth Key HOLT metrics ESG (Refinitiv)
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APPENDIX - Climate Transition Super Materials Framework 

Figure 39: Climate transition super materials framework 

Factor Units Method Explanation 

1. Demand Opportunity in decarbonisation

Production-Demand 

Index 
0-1

Compares the relative and absolute increases in demand 

between 2021 and 2050. Scoring 1 means highest growth in 

demand and scoring 0 means low growth in demand. For 

more information see pg 7-8. 

Captures the scale to which production must scale up to 

meet demand from energy technologies and includes by 

relative and absolute demand. 

Technology 

Concentration Index 
0-1

Compares the use of the material across decarbonisation 

technologies. A value of 1 is given to the most cross-cutting 

material, namely copper, with all other materials index to 

copper. For more information see pg 7. 

Captures how cross-cutting or concentrated in the 

decarbonisation technologies the minerals are in the model. 

Efficiency 

improvements 
% 

What efficiency improvements are expected in key 

technologies 

To understand how R&D and technical developments in end 

use markets may affect future demand forecasts for the 

material. 

2. Supply-Demand dynamic

Reserves and 

production 
tonnes Tonnes of material produced in 2020 and known reserves To understand the current supply context 

Rate of supply % Ratio of committed mine production and primary demand Indicator of over or under supply for the material 

Production lead 

times 
years Global average lead times from discovery to production 

Captures how much actual production could lag growing 

demand. 

Geographic 

concentration of 

production 

% Percentage breakdown of production Supply concentration risk, disruption 

3. Circular Economy

End of life recycling 

rates 
% 

The percentage of material that is recovered at the end of a 

products life and recycled into new material 
To understand how recycling of the material may interact 

with demand and whether the material is exposed to the 

circular economy thematic. 
Recycled content 

rates 
% 

The percentage of a new product that is made using 

secondary (recycled) material 

4. Impact Intensity of Production

Absolute emissions 

impact 
MtCO2e 

Total cumulative emissions from Cradle to Gate for end 

market technologies  

To understand the total impact of the use of the material in 

decarbonisation and global warming potential. 

Emissions intensity of 

production  

tCO2e/ 

tonne 

Emissions intensity of material production, where possible 

breakdown by Mining and processing 

Energy intensity / 

cost 
GJ/tonne Energy intensity/cost in mining and/or refining 

Water intensity of 

production  
m3 / tonne Water used in production 

To understand the significance of water usage in production 

and whether the material is exposed to the access to water 

and/or water scarcity thematic 
Water pollution 

kgP-eq/kg 

CTUeco/kg 

Freshwater eutrophication potential 

Freshwater ecotoxicity 

Biodiversity N/A Qualitative assessment of the known biodiversity impacts of mining and/or producing the material 

Waste tonnes/yr Tailings per mined output 

To understand the waste streams and whether the material 

is exposed to the circular economy and/or pollution 

thematics. 

Source: Credit Suisse 
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Companies Mentioned (Price as of 06-Dec-2021) 
American Pacific (ABR.AX, A$2.09) 
Empire Metals (EP.V, C$0.26) 
Erin Ventures (EV.V, C$0.1) 
Indo Borax (IBCH.BO, Rs127.25) 
Ioneer (INR.AX, A$0.575) 
Jadar Resources (JDR.AX, A$0.055) 
Mosaic Co. (MOS.N, $34.41) 
Orocobre Ltd (ORE.AX, A$8.52) 
Rio Tinto (RIO.AX, A$93.82) 
Rio Tinto (RIO.L, 4578.5p) 
SQM (SQM.N, $57.57) 
SmartHeat (LBTI.PK, $0.05) 
Tibet Mineral Development Co Ltd (000762.SZ, Rmb56.13) 
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