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Cement hides in plain sight—it’s used to build everything from roads and buildings to dams and
basement floors. But there’s a climate threat lurking in those ubiquitous gray slabs. Cement
production accounts for more than 7% of global carbon dioxide emissions—more than sectors
like aviation, shipping, or landfills.

Humans have been making cement, in one form or another, for thousands of years. Ancient
Romans used volcanic ash, crushed lime, and seawater to build the aqueducts and iconic
structures like the Pantheon. The modern version of hydraulic cement—the sort that hardens
when mixed with water and allowed to dry—dates back to the early 19th century. Derived from
widely available materials, it’s cheap and easy to make. Today, cement is one of the most-used
materials on the planet, with about 4 billion metric tons produced annually.

Industrial-scale cement is a multifaceted climate conundrum. Making it is energy intensive: the
inside of a traditional cement kiln is hotter than lava in an erupting volcano. Reaching those
temperatures typically requires burning fossil fuels like coal. There’s also a specific set of
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Cured Sublime Cement can be formed in a variety Non-carbonate minerals
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Sublime silicates (top dish) and lime (bottom dish) are the two main reactive components for making Sublime Cement.

Over the course of the past several years, the startup has gone from making batches of cement
that could fit in the palm of your hand to starting up a pilot facility that can produce around 100
tons each year. While it’s still tiny compared with traditional cement plants, which can churn
out a million tons or more annually, the pilot line represents the first crucial step to proving that
electrochemistry can stand up to the challenge of producing one of the world’s most important
building materials.

By the end of the decade, Sublime plans to have a full-scale manufacturing facility up and
running that’s capable of producing a million tons of material each year. But traditional large-
scale cement plants can cost over a billion dollars to build and outfit. Competing with
established industry players will require Sublime to scale fast while raising the additional
funding it will need to support that growth. The end of 0% interest rates makes such a task
increasingly difficult for any business, but especially for one producing a commodity like
cement. And in a high-stakes, low-margin industry like construction, Sublime will need to
persuade builders to use its material in the first place.
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To make cement today, a mixture often containing limestone, sand, and clay is ground up and
baked in kilns at temperatures of up to 1,500 °C (just over 2,700 °F). The heat kicks off
reactions, transforming limestone to lime and combining that with silicon dioxide in the sand
and clay. Those reactions are complex, but in most cases the crucial final product is a mixture of
a few silicon, calcium, and oxygen compounds that allow the cement, after it’s mixed with water
(and sand and gravel are added), to harden into concrete, a sturdy building material.

Humans use more concrete, by weight, than any other material except water. Cement is the

glue that holds that material together, accounting for about 10% of its volume.

Roughly 40% of the greenhouse-gas emissions associated
Related Story with cement production come from fossil fuels that generate
the heat required. This is a common problem across heavy
industry: fossil fuels have become ingrained in production
processes because of their low cost, says Rebecca Dell, head
of the industry group at the nonprofit research group
ClimateWorks. However, lower-cost renewables are coming

to the grid, opening the door for more industrial sectors to

Inside a high-tech cement
laboratory switch to electricity.

Scientists at startup Sublime

Systems want to fix one of our It’s possible to use electric kilns to make cement, and some
biggest climate nightmares. major industry players, like Cemex, are working to pilot the
technology to cut emissions from heat demand. These electric
kilns, if powered by renewable electricity, could provide a potential pathway to cutting cement’s

climate impacts.

But that does nothing to remedy the other sources of emissions from cement production: the
roughly 60% that come not from heat but from the chemical reactions required to transform the
starting materials into the building material.

Most cement starts with limestone, a sedimentary rock that contains calcium, oxygen, and
carbon. In cement kilns, limestone is turned into lime by means of reactions that peel away
carbon dioxide, which is usually released into the atmosphere. Limestone is about half carbon
dioxide by mass, so those emissions can add up. That means fully decarbonizing the cement
industry might require a more radical reinvention. This is where Sublime comes in.

“Cement doesn’t really get the pizzazz that I think it deserves,” says Leah Ellis, Sublime’s
cofounder and CEO. She speaks quickly, as if running short on time, thoughts pouring out and
conveyed with a slight Canadian accent. As she explains the intricacies of cement chemistry,
her eyes shine behind bubblegum-pink glasses.
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MIT professor Yet-Ming Chiang and Leah Ellis, CEO of Sublime Systems, cofounded the company in 2020.

BOB O'CONNOR

Ellis didn’t always plan on getting into the building materials business. After growing up in
Canada, she completed her graduate work under the famed battery pioneer Jeff Dahn. She then
struck out for MIT to work with Yet-Ming Chiang, another major figure in battery research and
a serial entrepreneur. Chiang has founded several energy storage ventures, including A123
Systems, 24M, and Form Energy, and is now a cofounder of Sublime Systems with Ellis.

When Ellis first arrived at MIT, it was Chiang who floated a different idea for her potential
research there. She recalls him ushering her into his office and, to her surprise, asking if she
was bored with batteries. “And I thought it was a trick question,” she says, “because he’s
obviously a famous battery scientist.” But Chiang had an idea for making cement in a new way,
using a tool from the battery-science tool kit: electrochemistry.

At full capacity, the pilot line would take a week to
make enough cement to supply a single concrete
truck.

Instead of burning fossil fuels to heat up cement kilns, Chiang suggested, there might be a way
to spark the necessary chemical reactions to make cement using electricity.

The team later discovered that a device called an electrolyzer might be useful in such a
process. Electrolyzers are devices that use electricity to kick off chemical reactions. They’re
usually used to split water into its components, producing hydrogen and oxygen. But
electrolyzers can work with other chemical reactions too, like generating acids and bases—the
potential key to a new cement production process.
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By 2019, Ellis and her fellow researchers had discovered a method with potential to fulfill
Chiang’s initial idea. They found that an electrolyzer could be used to form a pH gradient in a
tank, with dissolved limestone on the acidic end and hydrated lime on the other. That lime
could then be combined with reactive silica to form the same compounds formed by traditional

cement.

After some additional technical development and industry analysis, the pair decided to spin out
the research into a company with Ellis at the helm. Chiang says, “It didn’t take very long before
I recognized that there was both a starting idea and also a person to carry it.”

BOB O'CONNOR BOB O'CONNOR

A Sublime employee removes the company’s reactive silica product from its equipment as part of an R&D-scale
production process.

BOB O'CONNOR BOB O'CONNOR

6 0f 13 1/3/24, 10:10


https://www.pnas.org/doi/full/10.1073/pnas.1821673116
https://www.pnas.org/doi/full/10.1073/pnas.1821673116
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024

Cracking the problem of cement, one of climate’s h... https://www.technologyreview.com/2024/01/03/108...

MIT Technology Review SUBSCRIBE

Ul UIL PLUL Spaty @iy aiiaigon 1UUSiity LULL IV WU LIS 1L LIRS ULl ULIL SIUL UL UIL 1UULL §U
ground-up rocks, and out of those on the other comes hydrated lime, one of the main
ingredients in Sublime’s cement.

The results of various experiments and trial runs sit nearby, in five-gallon buckets stacked on
metal racks. When Corbett and a colleague crack the lid on one, the hydrated lime inside is an
unassuming white powder, chalky and slightly clumped together like baking soda in a box that’s
been left open for too long.

It would be difficult to use what’s in these buckets to build anything: at full capacity, the pilot
line would take about a week to make enough cement to supply a single concrete truck. And it
takes three to four truckloads of cement to pour the foundation for just one average single-
family home in the US.

Instead, the startup is making material to send to potential partners, running tests on cement
blocks, and, crucially, helping design the next facilities. Those, which will be significantly larger,
could be the final step in proving that Sublime’s process can work in the cement industry.

Sublime Systems isn’t the only player trying to green up the gray glue. Early efforts to cut
emissions from cement have largely focused on efficiency, says Radhika Lalit, the initiative
director for industry at the Climate Imperative Foundation, who formerly worked in the
industry group at the Rocky Mountain Institute, a nonprofit research agency. For example,
adding fillers called supplementary cementitious materials, which can react with the active
ingredients in cement, can help cut down on total emissions without affecting the properties of
the concrete.

This strategy only works up to a certain point, Lalit points
Related Story out: after that, these fillers will begin to degrade the strength
7 and lifetime of cement.

There are other ways to add materials to cement to cut
climate impacts. The Canadian company CarbonCure

Technologies, for example, has developed technology to inject

rbon dioxide in ment mixtures. Accordin,
The climate solution beneath carbon dioxide into cement tures. According to

your feet CarbonCure, the gas can then react with the mixture and
Building materials can have mineralize, locking it away from the atmosphere and adding
outsize climate impacts, and to the material’s strength. CarbonCure is working with
cleaning them up will require major

carbon removal companies like Heirloom Carbon

innovation. . . .
Technologies to demonstrate the possibility of using concrete

for long-term carbon dioxide storage.
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their emissions so that making the industry cleaner doesn’t require replacing them entirely.

Adding carbon capture technology to existing infrastructure could mean a longer lifetime for
conventional equipment, a major benefit for recently built plants that are often designed to run
for 30 to 50 years. But carbon capture is still largely unproven in heavy industry: existing
methods often aren’t able to capture all emissions, and the few existing large-scale units have
faced delays, Lalit says.

To be on track for net-zero goals, the cement industry would need to add carbon capture
facilities to between 33 and 45 existing cement plants by 2030, according to RMI. The first such
industrial-scale facility at a cement plant is scheduled to come online this year.

This could be expensive: a carbon capture system could cost as much as $120 per metric ton of

carbon dioxide removed, which Ellis says would roughly double the final cost of cement at

current prices.

The cost is one reason Sublime and a number of other startups are eschewing carbon capture
and aiming to cut cement’s carbon footprint using more radical formulas.

One of the other best-funded cement startups is Brimstone, a California-based group with what
it calls a carbon-negative process for making cement. This means that the product ends up
pulling more carbon dioxide out of the atmosphere than it emits, says Cody Finke, Brimstone’s
CEO.

H
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containing material tnat acts like a sponge, S0aKing up carbon daioxide Irom tne air and
mineralizing it.

There are still emissions associated with making Brimstone’s cement, largely related to the heat
required. But they can be effectively canceled out with the mineral process, Finke explains,
especially since the company plans to use electric kilns. If those are powered by electricity from
the average US power grid, the startup claims, its material would wind up removing more
carbon dioxide than it produces—about 130 kilograms more per ton of cement.

The reason Brimstone is sticking to this high-temperature process, despite its associated energy
needs and emissions, is that it’s producing a cement with a chemical formula that dominates
the industry today. Portland cement, which has been around since the early 1800s, is likely what
you think of when you think of cement. It is known for producing predictable and strong
concrete. However, there’s a catch: making it necessitates ultra-high heat, because a key
ingredient of the cement—alite—can only form at temperatures over 1,250 °C.

“A cement startup is probably one of the most
difficult ones you canimagine. Not only is it
technically difficult, but it’s very capital intensive ...
Andit’s not sexy.”

Leah Ellis, Sublime’s cofounder and CEO

Originally, Sublime planned to make Portland cement as well. “For something as low-cost as
cement, we thought you'd need to produce what the market is used to using,” Chiang says. But
the temperature requirements pushed Sublime to reconsider as it began making its product at
larger scales: “There was this 200-year-old invention that we were inventing around.”

So the team went hunting and discovered that there are other pathways to the chemical bonds
that give concrete made with Portland cement its strength. Sublime’s material takes one of
these alternative routes: rather than alite, it uses lime and reactive silicates to react with water
to form the final material.

The choice of cement chemistry might seem like a minor quibble. But in a high-stakes industry
like construction, it could be a key deciding factor in which startups win large contracts and

T e L T 73 T T e T e T e R . 1)

90f13 1/3/24, 10:10


https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024
https://www.technologyreview.com/subscribe?itm_source=nav-button&itm_medium=onsite&itm_campaign=subscribe-BAU&utm_source=the_download&utm_medium=email&utm_campaign=the_download.unpaid.engagement&utm_term=&utm_content=01-03-2024

Cracking the problem of cement, one of climate’s h... https://www.technologyreview.com/2024/01/03/108...

MIT Technology Review SUBSCRIBE

required for large building projects. Modern cement facilities can typically produce over a
million tons of cement each year, while Sublime’s pilot can make about 100 tons per year. It’s
basically “a cement plant for ants,” Ellis says.

A Sublime employee sets up a cement bag, ready to fill it with the company’s cement before shipping it out to
customers.

BOB O'CONNOR

Sublime has its sights set on scaling, and quickly. The next stage for the startup is a
demonstration commercial facility producing tens of thousands of tons of material each year,
which should come online in early 2026. “That’s the size where you’re no longer invisible to the
cement world,” Ellis says.

After that would come a full-scale commercial plant capable of the million-ton annual
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society, and efforts to change it—despite the tremendous challenges they face—are critical to
cleaning up the future of construction. T

DEEP DIVE

CLIMATE CHANGE AND ENERGY

The University of
California has all but
dropped carbon
What’s coming next for fusion offsets—and thinks
research you should, too
Ayear ago, scientists generated net energy with a It uncovered systemic problems
fusion reactor. This is what's happened since then. with offset markets and

recommended that the public
university system focus on cutting
its direct emissions instead.

By Casey Crownhart

By James Temple
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