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Ranking of Countries
to Enter the Green Economy

W Iceland, Denmark and the Netherlands are the
countries most prepared for a low-carbon future,
according to a new report.

Other countries making up the top 10 of the Green
Future Index 2022 are the United Kingdom, Norway,

Finland, France, Germany, Sweden and South Korea.
It measures how countries are reducing their carbon
emissions, developing clean energy and innovating in
green sectors. The research also looks at environmental
protection and government climate policies.

Figure 6: The Green Future Index country rankings, 2021-2022

The Green Future Index 2022 ranks 76 economies on
their readiness for a low-carbon future. Image: MIT
Technology Review Insights

Green leaders

Europe leads the table, with 16 countries in the top 20.
Iceland, in the number one spot, is one of two
European countries which generated more electricity
from renewable sources than it consumed. Of this,
80% went to heating and cooling, more than three
times the European Union’s average of 23%.
Improved climate policies have pushed some
countries ahead, the Green Future Index 2022 finds.
For example, the UK, which has moved from 17th
to fourth place since last year’s ranking, has been
“aggressive” in clean energy investing.

South Korea, Japan and the United States are all new
entrants to the top 20. The index attributes this, in
part, to their green intellectual property. South Korea,
for example, is a world-leader in green patents, the
authors say. Progress has also been made in redirecting
infrastructure spending to clean energy projects.
Climate change poses an urgent threat demanding
decisive action. Communities around the world are
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already experiencing increased climate impacts, from
droughts to floods to rising seas. The World Economic
Forum's Global Risks Report continues to rank these
environmental threats at the top of the list.

To limit global temperature rise to well below 2°C
and as close as possible to 1.5°C above pre-industrial
levels, it is essential that businesses, policy-makers,
and civil society advance comprehensive near- and
long-term climate actions in line with the goals of the
Paris Agreement on climate change.

This includes the Alliance of CEO Climate Leaders,
a global network of business leaders from various
industries developing cost-effective solutions to
transitioning to a low-carbon, climate-resilient
economy. CEOs use their position and influence with
policy-makers and corporate partners to accelerate
the transition and realize the economic benefits of
delivering a safer climate.

Costa Rica, Singapore and New Zealand are among
countries that have fallen down the rankings. In
Costa Rica’s case, this may be related to “significant
challenges” in implementing climate policy, the
report suggests.

Surce: www.weforum.org &
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In order to reduce its carbon footprint, the steel
industry is testing new technologies that don’t rely on
fossil fuels.
undark.org/

By Marcello Rossi

In the city of Woburn, Massachusetts, a suburb just
north of Boston, a cadre of engineers and scientists
in white coats inspected an orderly stack of brick-
sized, gunmetal-gray steel ingots on a desk inside a
neon-illuminated lab space.

What they were looking at was a batch of steel
created using an innovative manufacturing method,
one that Boston Metal, a company that spun out
a decade ago from MIT, hopes will dramatically
reshape the way the alloy has been made for
centuries. By using electricity to separate iron
from its ore, the firm claims it can make steel
without releasing carbon dioxide, offering a path to
cleaning up one of the world’s worst industries for
greenhouse gas emissions.

An essential input for engineering and construction,
steel is one of the most popular industrial materials
in the world, with more than 2 billion tons produced
annually. This abundance, however, comes at
a steep price for the environment. Steelmaking
accounts for 7 to 11 percent of global greenhouse-
gas emissions, making it one of the largest
industrial sources of atmospheric pollution. And
because production could rise by a third by 2050,
this environmental burden could grow.

One alternative technology being tested replaces
coke with hydrogen. In Sweden, Hybrit — a joint
venture between the steelmaker SSAB, the energy
supplier Vattenfall, and LKAB, an iron ore producer
— 1is piloting a process that aims to repurpose an
existing system called direct reduced iron. The
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The Big Race
to Produce
Green Steel

process uses coke from fossil fuels to extract oxygen
from iron ore pellets, leaving a porous iron pellet
called sponge iron.

The Hybrit method instead extracts the oxygen using
fossil-free hydrogen gas. The gas is created through
electrolysis, a technique that uses an eclectric current
— in this case, from a fossil-free energy source —
to separate water into hydrogen and oxygen. (Most
pure hydrogen today is'made with methane, which
produces CO2 when burned.) The. resulting sponge
iron then goes into an electric arc furnace, where it’s
eventually refined into steel. The process releases
only water vapor as a byproduct.

“This technology has been known for a while, but
it’s only been done in the lab so far,” said Mikael
Nordlander, head of industry decarbonization at
Vattenfall. “What we are doing here is to see if it can
work at [the] industrial level.”

Last August, Hybrit reached its first milepost: SSAB,
which produces and sells the end product, delivered
its first batch of fossil-free steel to the automaker
Volvo, which used it in vehicle prototypes. It is also
planning a plant for commercial-scale production,
which it aims to complete by 2026.

Another Swedish venture, H2 Green  Steel, is
developing a similar commercial-scale hydrogen
steel plant with the help of $105 million raised
from private investors and companies including
Mercedes-Benz, Scania, and IMAS Foundation, an
organization linked to Ikea. The company plans to
begin production by 2024 and produce 5 million tons
of zero-emissions steel annually by the end of the
decade. Other companies testing hydrogen-powered
steelmaking include ArcelorMittal, Thyssenkrupp,
and Salzgitter AG in Germany; Posco in South Korea;

and Voestalpine in Austria.

Electricity can also be used to reduce iron ore.
Boston Metal, for example, has developed a
process called molten oxide electrolysis, in which
a current moves through a cell containing iron
ore. As electricity travels between both ends of
the cell and heats up the ore, oxygen bubbles up
(and can be collected), while iron ore is reduced
into liquid iron that pools at the bottom of the
cell and is periodically tapped. The purified iron
is then mixed with carbon and other ingredients.
“What we do is basically swapping carbon for
electricity as a reducing agent,” explained Adam
Rauwerdink, the company’s senior vice president
of business development. “This allows us to make
very high-quality steel using way less energy and
in fewer steps than conventional steelmaking.”
As long as power comes from fossil-free sources,
he added, the process generates no carbon
emissions.

He said the company, which currently runs three pilot
lines at its Woburn facility, is working to bring its
laboratory concept to the market, using $50 million
raised last year from an investor group including
Breakthrough Energy Ventures, backed by Bill Gates,
and the German carmaker BMW. A commercial-scale
demonstration plant is expected to be up and running
by 2025.

“I feel all these solutions have their place, depending
on location, resource availability, and targeted
product,” said Sridhar Seetharaman, a professor of
materials science and engineering at Arizona State
University. “However I do not think for now any
one alone will give you a silver bullet to meet the
demand.”

Although greener steelmaking processes appear to be
gaining momentum, there remain a number of serious
challenges to confront. Chief among them is the
massive expansion in renewable energy infrastructure
that an industry-wide shift to these new methods
would entail, said Thomas Koch Blank, senior
principal at the Colorado-based nonprofit Rocky
Mountain Institute. He estimates that the world would
need up to three times the currently installed solar and
wind energy sources to electrify the existing primary
steel production.

Another barrier.is cost. Switching to electricity or
hydrogen would require vast.amounts of capital
spending to erect new plants and retrofit old ones.
In the case of the clean hydrogen method, the price
tag for steel will increase largely because steel

producers are located close to low-cost coking coal
rather than low-cost hydrogen, pointed out Koch
Blank. “These upfront costs will likely drive up the
price of both steel and the end products, at least in
the beginning.”

According to Rissman, the analyst in San Francisco,
legislation on both the supply and the demand
side could help offset those higher costs and
encourage more investment in greener technologies.
Governments, he said, could incentivize the use of
low-carbon steel for building and infrastructure by
requiring state-funded projects to use low-carbon
versions of designated construction materials.
They could also enforce policies that make it more
expensive to buy from countries where rules on
emissions are less stringent. That will help domestic
producers “stay competitive” as the market for clean
steel “grows and new production processes achieve
economies of scale,” said Rissman.

Perhaps the biggest roadblock is China, where about
90 percent of steel production is achieved using blast
furnaces. In September 2020, President Xi Jinping
announced that the country aims to become carbon
neutral by 2060. In a bid to reduce pollution from
domestic steel mills, which account for roughly 15
percent of the nation’s overall carbon emissions,
Beijing has also pledged to achieve peak steel
emissions by 2030. Even so, 18 new blast-furnace
projects were announced in China just in the first
six months of 2021, according to the Helsinki-based
research group Center for Research on Energy and
Clean Air.

Steel is one of the most important and challenging
industries to decarbonize, said Rissman, so global
coordination on it would help greatly.

Back in Boston, Rauwerdink, surveying Boston
Metal’s factory lines, agreed. “It’s a fantastic
challenge that we’re up against,” he said. But, he
added, “We are showing that solutions exist — and

work.”
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