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Introduction

Generative Al enters
the sustainability transition

Since 2018, investors have invested $793m in young companies that deploy ‘generative Al' for sustainability
purposes. Generative Al is a form of artificial intelligence that is able to create, based on instructions, all kinds of
content ranging from text to 3D designs, and it can even compose entirely new materials. The flip side to potential
sustainability gains delivered by the use of generative Al is, however, that Al technology is highly energy

intensive.

Developments around artificial intelligence have moved forward rapidly since the high-profile launch of the super-smart
chatbot ChatGPT in late 2022. Major tech companies have been falling over each ever since, introducing new Al models that
generate increasingly better answers to increasingly complex questions and create impressive image and video materials
based on written instructions.

While the entertainment value of generative Al and possible productivity gains are getting most of the attention, there are also
potential applications of Al in the area of sustainability, which is a perspective that we cannot afford to ignore given the
painful effects of global warming that are already being felt in many areas across our planet. The new technology may
complement things like legislation and regulations, financing and behavioural change.

The rise of generative Al is a textbook case of a ‘twin transition’, i.e. the digital transition and the sustainability transition that
are unfolding simultaneously and are mutually impacting. Companies in a more advanced state of digitalisation, for example,
perform better when it comes to sustainability. Scientific literature has also highlighted that Al positively contributes to
achieving the Sustainable Development Goals defined by the United Nations, and then specifically the ones relating to climate
change, natural ecosystems and sustainable industry, where Al is being harnessed to achieve 50 out of the 55 sub-goals. At
the same time, however, Al has also turned out to have the opposite effect for 18 of these sub-goals, sometimes even while
also working towards achieving a sub-goal, which is down to various factors, including the large amount of energy needed to
develop and operate Al models.

This report explores various sustainability-related applications of generative Al by looking at the level of investment in start-
ups and scale-ups operating in this domain. Generative Al applications have, for example, already been firmly adopted to
generate business reports and analyses of climate risk and climate impact. Various software companies are exploiting the
linguistic talents of Al to convert large volumes of business data into clear reports and insights. Another prominent
manifestation of Al are the virtual assistants that are able to engage in natural dialogue and answer questions about
sustainability issues and furnish users with advice based on a wide range of data. Combined, these activities have attracted
$258m in investment since 2018.

In addition, generative Al can be used to accelerate the design of new materials and proteins, with specific applications and
benefits. Examples include green fuels, materials optimised for a longer service life and recyclability, or enzymes that can
degrade plastics. Where research into these kinds of new molecules always used to be a highly time-consuming affair with a



https://www.sciencedirect.com/science/article/pii/S0040162522007934
https://www.nature.com/articles/s41467-019-14108-y#Sec7
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lot of trial and error, generative Al can help speed it up considerably. Investors have thus far invested $85m in young

companies operating in this domain.

One use of Al that is only just starting to emerge is the use of Al as a designer or engineer. The technology can, for example,
help personalise clothing so that it better ties in with market demand, thus reducing the negative environmental impact of the
huge quantities of unsold, i.e. unnecessarily produced, garments. There are also opportunities in the built environment,
including the use of Al to optimise buildings for energy efficiency and use of materials. Current design methods are expected
to increasingly be enriched with generative Al capability.

However, the development of generative Al comes at a price. It is technology that works based on large volumes of data, and
the associated learning process, or ‘training’, requires a lot of computing power. Training GPT 3.0, which is one of the
predecessors to the current models behind ChatGPT, produced 502 metric tons of carbon emissions, which equals the
combined annual emissions of 251 Dutch petrol cars. The constant stream of questions for the model to process also requires
considerable computing power and energy consumption. While the applications outlined above are not used on the same scale
as the hugely popular chatbot, it is still important to carefully weigh the positive and negative impacts of developing and using
generative Al

The first chapter will explore the interface between Al and sustainability by looking at scientific research and the level of
investment in start-ups and scale-ups worldwide. The second chapter will go into the various sustainability opportunities of
generative Al in particular, while also reviewing the volume of investment and providing relevant examples. Various ABN
AMRO industry experts will shed light on the developments they are seeing in their respective industries and they have
specific tips for entrepreneurs.
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1. The interface between Al and sustainability

Artificial intelligence opens doors to a wide range of useful applications. That is why companies, govern-
ments and investors are closely monitoring the Al innovations that are coming out of universities and tech
firms. Stakeholders are increasingly looking for ways in which Al can positively contribute to action on chal-
lenging and complex issues such as climate change and biodiversity loss. At the same time, the technology
itself also comes with challenges, such as its substantial energy and resource consumption.

Artificial intelligence (Al)
Al encompasses all sorts of technologies that mimic human intelligence and
skills. Examples of common Al applications include facial recognition to
unlock devices, automated product recommendations in online shops and Machine learning
smart traffic lights to direct traffic flows.

Deep learning
Machine learning
A central concept within Al is ‘machine learning’, which basically means Bz
computer programmes that are able to learn based on data. The machine is
able to extrapolate patterns from the data and capture those patterns in a
formula known as a model. Such a model can subsequently be put to work to

help us make sense of new data.

Based on a large set of images of objects, along with the names of those

objects, a machine learning model can be ‘trained’ to recognise these objects in other images. It learns the complex patterns
of every kind of object simply by ‘seeing’ a lot of examples of it. This eliminates the need for specific instructions such as ‘if
the object is red and round, it's a tomato’. In fact, there are so many different kinds of objects that formulating rules based on
which each object can be recognised would be a sheer impossible task from the outset. After all, an apple can also be red and
round.

The ability to recognise patterns in data that are difficult to capture in rules is also useful when it comes to making predictions
on things such as what series or films a certain viewer might like or how much demand for a certain product would be
expected. Machine learning can also be used for optimisation purposes, such as in product pricing to set a price that is not too
high and does not make the product unnecessarily cheap either, or for traffic flow management to minimise emissions.

Deep learning

Most of today’s Al applications use deep learning, which is a form of machine learning that ‘loosely” mimics how the human
brain works. Used to analyse huge quantities of data, it is particularly well suited to process complex data such as visual
materials and language.

Generative Al

The tremendous analytical power of deep learning can, however, also be harnessed to gain the kind of deep ‘understanding’ of
data that enables a model to generate entirely new data itself based on what it has learnt. This new data can be text, but also
visual materials, videos, 3D models, voices, music, computer code and structured data sets. These kinds of applications are
often referred to as ‘generative Al".




1. The interface between Al and sustainability

Al affects Sustainable Development Goals in various ways

Artificial intelligence in a broader sense, i.e. not just generative Al, is seen by many experts as being part of the
solution to major issues around the climate, the environment and biodiversity. In October 2023, the United Nations
announced the creation of a special Al advisory body consisting of 39 experts who will be formulating
recommendations on the kind of international governance that is needed to steer Al in the right direction, as well as
on the risks and challenges involved in the technology and ways in which Al can help achieve the Sustainable
Development Goals (SDGs). This latter issue is also one that international partnerships such as Al for the Planet are
working on, as well as companies and hundreds of scientists.

These efforts did by no means come out of the blue. In a 2020 article published in the scientific journal Nature,

researchers presented an extensive overview of the scientific evidence that had been gathered by that time on the
connections between Al and the various SDGs, both in the form of positive and negative contributions to the
achievement of the goals. While the connections seem to be predominantly positive, the researchers do point out
that extensive further research is needed and that there is likely to be a bias towards positive research results in

publications.

Enabling and inhibiting effects

Looking at the SDGs that relate to the climate, natural ecosystems and sustainable industry, what stands out here
too is that current scientific literature finds positive contributions towards the majority of sub-goals: 50 out of the 55.
These positive impacts include the use of Al to power smart power grids with a role for renewable energy and to
optimise production processes. Al is also deemed to be a promising prospect for the monitoring of natural
ecosystems and the prediction of climate trends. One thing that is clear, however, is that the capabilities of
generative Al, such as the capability to develop new more eco-friendly materials, are covered only to a limited degree
in the literature reviewed. This is due to the fact that this technology only entered the scene fairly recently. The
literature does, however, provide examples of virtual assistants that can give advice on sustainability-related issues.
Generative Al is ideally suited to power such virtual assistants.

For 18 of the sub-goals, Al was found to be an inhibitor. Examples include the power consumption and the associated
greenhouse gas emissions by data centres hosting Al applications and the risk of smart systems intended to monitor
fish populations or forests ultimately leading to overfishing or deforestation.


https://www.aifortheplanet.org/en/content/about-us
https://www.nature.com/articles/s41467-019-14108-y#Sec7
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Figure 1. Academic research points to Al's predominantly positive contribution towards ‘green’
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1 From Vinesa et al. (2020), The role of artificial intelligence in achieving the Sustainable Development Goals
2. Measured as a percentage of the sub-goals under the SDG for which Al is either an enabler or inhibitor, which the researchers corrected based on the kind of proof
they found in earlier literature.

Investors show enthusiasm, dampened by cooling economy

Over the past few years, the interface between artificial intelligence and sustainability not only attracted attention

from the academic world, it also got investors interested. In 2021, when the tech market showed enormous growth

after the initial shock caused by the COVID-19 pandemic, investors worldwide invested $25.2bn in sustainable

Al start-ups, figures from data collection platform Net Zero Insights show. In 2022, this investment dropped to

$21.4bn due to rising interest rates and a generally more unfavourable investment climate, and 2023 did not prove

immune to these dynamics either. On 1 December 2023, total investment stood at $18.5bn.


https://www.nature.com/articles/s41467-019-14108-y#Sec7
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Falling investment in sustainable Al start-ups after peak in 2021
Total investment (in USD) in sustainable Al start-ups

25
20

2018 2019 2020 2021 2022 2023

Janneke Niessen's venture capital firm CapitalT invests in software start-ups with a potential to contribute positively
to the world. She sees Al as creating various opportunities for sustainability. ‘The first application is on the level of
monitoring and forecasting. One of the companies we are working with is Vaayu, a software firm that uses Al to help
retailers map and subsequently cut their emissions. Niessen also sees potential for Al when it comes to improving
existing systems and processes. ‘“You can make buildings more energy efficient by analysing the available data and
implementing optimisations based on that data. At data centres, for example, Al can help reduce the amount of
energy used to cool servers! Google is just one company that has already successfully applied this principle at its
data centres, where a fully autonomous Al system runs all the cooling systems, which has already brought energy

consumption down by 30%. Finally, Niessen sees a role for Al that can be used to invent entirely new things, such as
alternative energy sources or carriers.

With 25% of start-ups working on ‘Affordable and clean energy’ (SDG 7), there is a strong emphasis on the ener-
gy transition. A close second are climate-resilient and sustainable urban living environments, with roughly 21% of
companies focusing on ‘Sustainable cities and communities’ (SDG 11). Additionally, ‘Responsible consumption and
production’ (SDG 12) and 'Zero hunger’ (SDG 2) play an essential role, with 19% and 16% of start-ups respectively

contributing to the achievement of these goals. Actually, all start-ups in the Net Zero Insights database are contribut-
ing to SDG 13, ‘Climate action’.

Most sustainable Al start-ups focus both on the climate and the energy transition
Number of Al start-ups targeting the following SDGs

7. Affordable and clean enerq)y | ——
11. Sustainable cities and communities | —|
12. Responsible consumption and production | "
2.Zero hunger | E——
9. Industry, innovation and infrastructure  (IEEEEE———||—|
15. Lifeon land | —
6. Clean water and sanitation  (HEEE—_—_G_

14. Life below water |

Sustainable development goal

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Number of organisations

n=3905. All companies target SDG 13 (Climate action).

Niessen is not convinced, however, that the battle can be won with technology alone. ‘It all starts with behavioural
change, she says. ‘In recent years, consumers have become accustomed to cheap and readily available goods and

services. This is a mindset we have to do something about, because humans are the biggest inhibitors in the
sustainability transition!
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Europe has turned out to be fertile breeding ground for sustainable Al start-ups. Since 2018, a total of $14.3bn has been
invested in these kinds of start-ups. Within Europe, German start-ups attracted most of the investment in this domain ($4.94bn
in total), followed by French ($3.09bn) and British companies ($2.59bn). Other European countries such as Sweden, Denmark
and Spain also received considerable slices of the investment pie.

Globally, North America leads the way with $61.7bn in investment raised. Europe comes second, and Asia follows with $6.5bn.
On other continents, such as Oceania, South America and Africa, investment is considerably lower in comparison.

Geographic spread of sustainable Al start-ups

W North America B South America M Africa M Europe ™ Asia M Oceania D Total investment (USD) o Number of companies

The environmental impact of Al

As pointed out by various researchers and other experts, the development and use of Al models requires a great deal
of computing power. All that computing power is delivered by state-of-the-art servers that consume a lot of electricity
and, depending on the local electricity mix, consequently also cause greenhouse gas emissions. During hot spells,
the amount of water needed to cool these servers can increase significantly. Manufacturing these servers is also
highly energy intensive and relies heavily on scarce resources, the extraction of which involves substantial damage to
the environment.

The complexity of generative Al translates to extensive environmental impact. While the exact estimates vary,
researchers have calculated that training GPT-3, one of the predecessors to the current models behind ChatGPT,
required roughly 1,287 megawatt hours of electricity, which is just as much as 460 Dutch households consume in a
year.® The associated carbon emissions totalled 502 tonnes, which equals the annual emissions of 251 Dutch petrol

cars.* The subsequent use of the models actually consumes even more energy, as it takes around 564 megawatt
hours of electricity to process the hundreds of millions of questions that people fire at ChatGPT every day.

3 Based on an average annual consumption of 2,800 kilowatt hours per family Nibud .
4 Based on an average of 9,994 kilometres per year in a car (Climate Neutral Group).


https://arxiv.org/abs/2211.02001
https://www.euronews.com/next/2023/10/10/demand-for-ai-could-mean-technology-consumes-same-energy-as-a-country-analysis-shows
https://www.euronews.com/next/2023/10/10/demand-for-ai-could-mean-technology-consumes-same-energy-as-a-country-analysis-shows
https://login.microsoftonline.com/common/DeviceAuthTls/reprocess
https://www.climateneutralgroup.com/nieuws/wat-is-1-ton-co2/
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Even though developers are increasingly trying to make Al models ‘leaner’
and therefore more energy efficient, and servers and data centres are also
becoming more and more energy efficient, the world must be prepared for a
sharp rise in power consumption by generative Al. Large language models,
image generators and other generative Al models could be consuming as
much electricity as a country the size of the Netherlands by 2027: 85 to 134
terawatt hours.

How the positive environmental impacts of the technology relate to the
negative environmental impacts is difficult to say. Given that the IT industry
relies heavily on electricity, the impacts hinge largely on, for example, how
quickly we manage to decarbonise electricity and whether clean energy can
be deployed effectively. Solar and wind power generation is irregular, for
example, meaning that ways to store this energy will be essential in order
to make the most of this form of green energy 24 hours a day. It is also
important that the life span of servers be extended to the maximum degree
possible, up to a point where replacement with a new, more energy-efficient

device is justified, and that (partial) reuse be encouraged.

Just like any other digital service ranging from email to streaming, generative Al has an ecological footprint. How-
ever, the next generation of Al models consumes so much energy that users would do well to make a more careful
cost-benefit analysis. This will not be a logical step for everyone, as the environmental costs of IT services that are
‘running in a cloud somewhere’ are not as close to home as the direct energy consumption in an office building, in
a factory or by a fleet of cars. And yet, given the growing availability of services driven by generative Al, companies
should carefully determine when they consider the use of generative Al justified, i.e. for what purpose and to what
extent.

In 2022, environmental impact was a factor that nearly half (48%) of companies took into account in their IT service
and system procurement. This puts some much-needed urgency and extra momentum behind the recent emergence
of ‘green IT' that is seeing a wide range of stakeholders launch efforts to contain the ecological footprint of their IT.



https://www.euronews.com/next/2023/10/10/demand-for-ai-could-mean-technology-consumes-same-energy-as-a-country-analysis-shows
https://www.euronews.com/next/2023/10/10/demand-for-ai-could-mean-technology-consumes-same-energy-as-a-country-analysis-shows
https://longreads.cbs.nl/ict-kennis-en-economie-2023/ict-gebruik-bij-bedrijven/?zoom_highlight=milieu

2. Sustainability-related applications
of generative Al

Since 2018, investors have invested $793m in start-ups that apply generative Al in a sustainable service.
While this is still only a fraction of the €86.3bn invested in all sustainable Al start-ups combined over the

same period, the role of generative Al is very likely to grow over the coming years.

Generative Al's creative capabilities can support the transition to a more sustainable world in various ways. Roughly
speaking, generative Al can be harnessed for sustainability in two ways. It can be used to make data and knowl-
edge on sustainability accessible and easily applicable, and used to create completely new materials, products and
designs.

Investment in generative Al start-up is still a small slice of total investment in Al start-ups
Investment in start-ups over the 2018-2023 period

Products and

Sustainability designs
insights and
advice

Investment in Al $86.3bn Investment in generative Al $793m /
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Investment in start-ups by segment, in millions of dollars

Molecules and
materials (14%3)

. Fashion and
Proteins (71.4) Buildings (18)  models (13.4)

Biotechnology
and material
science (85.7)

Product formulae
(373)

Operational
advice (30.8)

Synthetic data
Y Products and

Sustainabili:‘y designs (404.4)
insights an
advice (303.4)

Reports and
analyses (227.3)

The main category of ‘Biotechnology and material science” does not include companies that are solely in the business of developing
new medicines and therapies.

Sustainability reports and insights

A helping hand in analysing data would not go amiss as new laws and regulations such as the Corporate Sustainabil-
ity Reporting Directive (CSRD) require major organisations to report on things such as their climate impact, climate
risks and how they are mitigating these risks. In turn, investors, customers and industry regulators have to somehow
make sense of all the data that went into these reports. Over the past few years, countless start-ups have popped up
that help companies calculate greenhouse gas emissions from their own operations and across their supply chains,
presenting the associated insights in clearly laid-out dashboards. Another route that many start-ups and scale-ups
have opted to go down is that of providing an insight into how developments such as climate change, biodiversity
loss and extreme weather conditions may impact on organisations.




AN

2. Sustainability-related applications of generative Al

Great momentum behind generative Al

Although generative Al has been around for a while, it suddenly burst into the public consciousness in late 2022 with the
launch of ChatGPT, a super-smart chatbot that is able to answer a wide variety of questions. It was a massive departure from
the chatbots we were used to seeing at that time. Where people’s only experiences with a chatbot generally came in the form
of frustrating interactions with virtual customer service agents, the chatbot developed by OpenAl, which received billions in
investments from Microsoft and is meanwhile preparing a $86bn IPO, offers unprecedented adaptability. ChatGPT's huge range
of capabilities goes from explaining historical events and discussing physical phenomena to writing poems and generating
recipes. ChatGPT is powered by a so-called ‘large language model’ (LLM), an Al model trained based on vast volumes of text.

Ever since ChatGPT entered the scene, we have seen a steady stream of new language model releases, with Google and
Facebook parent company Meta being just two of the tech giants to release their own. All kinds of image and video generators
have also hit the market in the meantime, including DALL-E (also by OpenAl), Stable Diffusion and Midjourney. Like ChatGPT,
these tools use text as their input. By entering a ‘prompt’, i.e. a written instruction, users can tell the model what exactly they
want to make.

Some generative Al models are made available in a way that lets third parties easily integrate them into their own services. In
some cases, availability is limited to paid access to model output and the computing power needed to produce that output,
while in other cases it is completely open source and the underlying code and training data are publicly available as well.
Access to code and training data lets users adapt models to specific contexts. This has, within a very short time span, already
led to large numbers of start-ups and scale-ups building their business models on foundation models developed elsewhere.

Looking for useful applications amid the hype
Technology consultancy Gartner recently placed generative Al Peak of inflated
on the peak of the so-called ‘hype cycle’, meaning that expectations
expectations are inflated beyond what is realistic right now, E
while the market will soon realise that this technology will not productivity
deliver everything it was initially expected to deliver. That said,
it is still worthwhile to look at generative Al-based services
that are already available today. After all, the ‘trough of

disillusionment’ is followed by the ‘slope of enlightenment’, Innovation trigger Trough of
disillusionment

which is when truly valuable uses will take shape.

The peak of the hype is also, or precisely, when companies start looking for ways to integrate the technology into their
operations. Niessen of venture capital firm CapitalT has also seen this at the companies she deals with. ‘Everyone has jumped
onto the generative Al bandwagon, but they're still looking for ways to use it: what would be an application that would truly
create value?’ According to Niessen, the challenge for entrepreneurs is always to stay relevant. ‘Just like when mobile phones
were introduced, | expected generative Al to have a massive impact,” she says. ‘Companies that do not join the change will

probably not survive.’

A recent McKinsey survey of board members at major companies showed that a third of respondents are using the technology
in at least one business function. Managers see the greatest potential for generative Al in marketing and sales, where it can
generate personalised customer communications and marketing materials, as well as in product development.



https://www.mckinsey.com/capabilities/quantumblack/our-insights/the-state-of-ai-in-2023-generative-ais-breakout-year
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The use of generative Al is a logical addition to the services provided by these companies, as large language
models (LLMs) are able to analyse huge amounts of information and explain it in plain English. Investors have
invested around $227m into this since 2018, with a large chunk of that amount going to Persefoni. This American
company develops software that lets companies measure and report on their emissions, and recently launched an
intelligent assistant called PersefoniGPT that captures complex data in plain English and proactively identifies risks
and opportunities. A German start-up called Briink offers a software solution that makes it easy for organisations to
convert structured and unstructured ESG data into reports.

Other companies are helping organisations identify how changing weather and climate conditions will affect their
operations. One of them is Tomorrow.io, which launched a smart chat assistant called Gale that produces weather
forecasts based on its own satellite data and explains the possible adverse effects of that weather. Sust Global is a
platform for climate risk analysis that deploys generative Al to make information concrete to a level where it makes it
easier for companies to decide on the right response. In their own words, this start-up provides ‘actionable business
intelligence’.

Concrete operational advice

There are also applications of generative Al in a more operational environment. Bearing Al, for example, offers
shipping companies not only a dashboard that allows them to monitor their emissions, but also an Al model that
generates concrete operating strategies to help them decarbonise their fleet.

Digital Green is a non-profit organisation that has developed a chatbot that makes it easy for small farmers in

developing countries that are increasingly affected by climate change and water scarcity to get advice. Their chatbot
runs on OpenAl technology and has been trained based specifically on call centre logs of previous advice interactions
with farmers, training videos and feedback from farmers.

Lexx Technologies has built a digital assistant for engineers in the aviation, shipping, manufacturing and wind power

industries. It gives interactive advice on repairs and machine settings to ensure optimum use of materials and
energy. Vanti strives for more efficient production processes and less waste in industry. Using a chat interface, Vanti
gives staff at manufacturing companies low-threshold access to data on production and possible defects, so that
problems can be solved before faulty products are produced and machines have to be shut down.


https://www.persefoni.com
http://Albert%20Heijn
https://www.tomorrow.io/
https://www.sustglobal.com/
https://bearing.ai/
https://farmerchat.digitalgreen.org/
https://www.lexxtechnologies.com/
https://www.vanti.ai/

stainability-related applications of generative Al

Jan de Ruyter, Agricultural Sector Banker: ‘As the world population continues to grow
and demand for food rises, there is a greater need for sustainable and efficient agricultural
practices than ever before. This sector is moving towards a data-driven approach, where
data is shared via satellites, weather drones and sensors, and subsequently analysed. It
empowers farmers to make better-informed decisions on their crops, such as on the best
time to sow, plant, water, fertilise and harvest. This level of precision enables more
targeted and efficient use of resources.

Generative Al can help capture the information from and advice based on this data in an easy-to-understand format, such as a
Q&A with a specialist chatbot to discuss, for example, the most sustainable strategies for a specific farmer. Such a ‘virtual
adviser’ can also help share knowledge on regenerative agriculture, which is a natural way to improve soil quality and
biodiversity. Farmers who have just switched to regenerative agriculture are sometimes still surprised by how their soil
responds. When that happens, it is very helpful to be able to get advice easily, and it will also be conducive to scaling up this
form of farming.

The current transition towards ‘greener’ pesticides will also benefit from generative Al. Developing these kinds of pesticides
takes time, and it involves extensive testing before they can be put on the market. If you can select potentially suitable
substances at an earlier stage, you can cut the process considerably.’

Tip for farmers
‘I'm seeing a lot of innovation in agriculture and horticulture. In order to join these developments, farmers have to be open to

them and be willing to learn fast. In fact, an added benefit to a data-driven approach is that it can not only improve your
operations, but also help you be transparent on what you do.’

Boosting data quality and generating synthetic data

While data being available and usable is not always a given, it is key if we want to produce solid reports that will

help us get a grip on climate risks. Various companies are therefore using generative Al to enrich data, improve the
quality of that data or link data sets. There are also parties that specialise in so-called ‘synthetic data’. One such party
is RWI Synthetics, which makes virtual replicas of cities and offers users the opportunity to explore the effects of
climate change or sustainability interventions. To do so, they generate a broad array of data that does not include any
specifics on actual residents, but does provide a perfect reflection of the composition of the population.

Austrian firm Blackshark.ai is even working on a digital twin of our planet, which can be used to monitor
deforestation, predict the effects of climate change and facilitate precision farming. Generative Al has a role in
enriching data collected using satellites, drones and sensors to produce a realistic reflection of reality. Blackshark
received the lion's share ($35m) of the total amount of $45m invested in this market segment.

Accelerated new material development

The creative power of generative Al can, however, be used on a far more fundamental level as well, namely in
the development of new materials. This is a complex field. It is the exact molecular composition of a material that
determines properties such as hardness, solubility and flammability.


https://rwisynthetics.com/
https://blackshark.ai/
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Chemical reactions between atoms, i.e. the smallest possible particles, can produce entirely new molecules that
are suited to a certain application. This opens up a vast array of possibilities with respect to sustainability, such as
materials that can be broken down without toxic by-products or materials that bind CO, more effectively.

Using generative Al puts real momentum behind the journey of discovery for these kinds of valuable innovations.
Ploughing through all possible combinations of substances in a trial-and-error process in a lab is practically
impossible, and even making computer simulations of those combinations is not a very efficient way to do it either.
‘The use of generative Al, however, allows us to turn the process around, says Bernd Ensing. As an assistant
professor of Computational Chemistry at the University of Amsterdam, Ensing develops algorithms and software
that help understand the properties of molecules and reactions between atoms. ‘You simply start by entering the
properties you want the material to have and then the model will present new promising molecules. It used to be
that you would mainly know what didn't work very well, and then what you had to do was endlessly try things out in
the lab!

David Kemps, Manufacturing Sector Banker: ‘Artificial intelligence in a broader sense has already made inroads into the
industry, where it is currently used mainly for ‘predictive maintenance’ to prevent machine

downtime caused by having to consider all kinds of data to schedule a service or decide

when spare parts need to be shipped in. Other Al-powered applications include quality

control during the manufacturing process and optimisation of machine settings. It all adds

up to machines that run better and optimum use of energy and resources.

Generative Al is set to add value on another level. It will produce large numbers of new
formulas for materials, each with different properties and potential sustainability gains. Examples include new metal alloys,
plastic blends and composite materials that are less energy intensive to produce or contain more organic material.

| already know of manufacturing companies with a database of materials that they use to give their customers advice on what
material to use for a specific product, rather than merely supplying materials. The need for such an advisory function is likely
to grow as generative Al is used more.’

Tips for entrepreneurs in the manufacturing industry

‘While the manufacturing industry will mainly be a user of these new materials, it is important that companies anticipate
these developments. While institutes such as the Netherlands Organisation for Applied Scientific Research (TNO) are
conducting research in the area of new materials, it will be up to the industry to find smart applications of these materials.

This is how they are a link to the broader market and in a position to put innovations into practice.’

An ambitious party in the materials creation domain is Orbital Materials. Ever since its founding in 2022, this British
company has been working on a model intended specifically for the design of materials that can boost sustainability
and health, including sustainable aviation fuel and filters that remove specific toxins out of water. Orbital Materials
has now also made the step from design to actual product development. The first product they have in the pipeline
is a device that absorbs CO, from the air, which Ensing says is an innovation that is particularly relevant in the current
@
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time given the search for ways to put greenhouse gases to good use. ‘They could be used to reinforce concrete, for
example, and to create polymers for the production of soft drink bottles. Further down the line, the company sees
potential in the design of lightweight metals for cars and materials that can further add to the range of 3D printing
applications.

Gartner predicts that by 2025 over 30% of new materials will be discovered by generative Al. Even so, the number
of start-ups that is actually working on this is still limited. Apart from Orbital Materials, there are two American
companies active in this field, Multiscale Technologies and Aionics. The latter focuses exclusively on designing new
chemicals for batteries. The two companies have raised a total of $14.7m between them.

Proteins for eco-friendly production processes and substances
Investors have shown greater interest in 3
companies that design entirely new proteins.
These new proteins can be manipulated to
perform new functions, such as break down
plastics, decontaminate water and help protect
crops against certain diseases. A company called |
Cradle from the Netherlands has automated

part of the research process using a machine
learning model that has processed a large data
set to master the connections between specific
protein structures and their functions. With this
knowledge and based on instructions as to the
required functions, the model is able to generate
new proteins virtually, following which the actual
manipulated proteins can be lab tested for
effectiveness for the intended purpose.

Cradle is thus propelling developments in the

area of biomanufacturing, where biological
processes are harnessed for the production of food, fuels, medicines and textiles. Moulds, for example, can produce
milk without a cow in sight, and microbes are able to make useful chemical substances from alternative, non-fossil
resources. Custom-designed proteins basically work like a ‘factory’ in these organisms. McKinsey estimates that
around 60% of all materials could be produced in this way.

The Delft-based company received a $24m investment in November 2023. Having raised a total of $30m, they have
surpassed similar companies such as Profluent from the United States and Biomatter from Lithuania in terms of
investment received. Investors have invested around $71m into this niche since 2018.

Development of sustainable food

On the back of a growing global population and rising prosperity, global consumption of animal proteins is going up
by roughly 1% every year. Owing to the environmental impact of dairy and meat production, it is important to make
these products more sustainable. Switching to a more plant-based diet is also a way to bring down greenhouse
gas emissions and water use, which requires alternatives to meat and dairy products. In fact, these alternatives
have been on supermarket shelves for many years now, but a critical mass has thus far not developed behind a
fundamentally different diet. Generative Al's creative capabilities are already deployed in developing healthy new
foodstuffs and recipes that may end up winning doubters over to a more sustainable diet.


https://www.dezeen.com/2023/08/14/orbital-materials-aitopia/
https://www.gartner.com/en/topics/generative-ai
https://www.cradle.bio/#overview
https://www.mckinsey.com/industries/life-sciences/our-insights/the-bio-revolution-innovations-transforming-economies-societies-and-our-lives
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Rob Morren, Food Sector Banker: ‘The use of Al at often rather traditional food
production companies is slowly gaining momentum. Reasons behind companies turning to
this technology include the ability to reduce products’ time to market, more efficient
operations while still guaranteeing predictable quality, and a deeper understanding of
consumer preferences. Major multinationals are leading the way. Unilever is one of them,
experimenting with Al for better temperature control in the freezers used to store their ice
cream stock. The technology helps keep the temperature at the exact point where the ice
cream retains its quality and the freezer operates at its most energy efficient. Here, too, Al
delivers clear sustainability gains.

Although generative Al is still in its infancy, it undeniably offers many opportunities in the area of product development. It
helps developers quickly find their way around tens of thousands of ingredients, discover new flavour combinations and create
specific flavours. As a result, products can be taken to market much faster. Existing products can also be optimised by
replacing ingredients with other, more sustainable ingredients without noticeably compromising on the product’s flavour and
bite.

Tips for entrepreneurs in the food industry
‘In order to start using technologies such as generative Al, it is key that food production companies begin by formulating a

clear research question and setting the strategic goals they are looking to achieve, such as making products and processes
more sustainable, quicker, tastier, cheaper and more robust. Next, the thing is to find the right technology partners. Developing
and deploying generative Al requires specialist knowledge and is difficult to scale up on your own. That's why having a strong
partner is so essential.’

Promising ‘Al-based, plant-powered deliciousness’, Chilean company NotCo has developed plant-based chicken,
milk and burger meat substitutes, as well as other substitutes. These innovations are produced by their in-house

developed Al platform called Giuseppe, which is able to suggest a combination of plant-based ingredients for a
substitute to an animal-based product that offers similar flavour and texture. One example is the suggestion to
combine pineapple and cabbage in a formula that is supposed to approximate real milk, which they did ultimately
end up doing in their NotMilk product. In late 2022, NotCo raised €70m from investors to make Giuseppe instantly
available to other companies as well.

Belgian-based Foodpairing has already put a similar proposition on the market, albeit one that is not exclusively
geared towards creating convincing meat and dairy substitutes. They believe in generative Al as a catalyst for
‘groundbreaking innovations’ in the food industry, and their ambition is to drive such innovations with their flavour,
ingredient and recipe database, and the Al models developed based on all that data. One of the results is a model
that is not only able to suggest flavour combinations for new vegan products, for example, but can also predict buyer
intent.

The handful of start-ups that have turned to generative Al in developing new foodstuffs raised around €372m from
investors over the 2018-2023 period, driven mainly by the large investments that NotCo received. It seems likely that
more and more parties in the food production domain will end up adding generative Al models to their data-driven
services.

For Ai Palette, a company out of Singapore, it was a logical next step. Where they initially focused on identifying
upcoming food trends based on data, they now also provide their customers with the opportunity to develop new
food and drink concepts based on these trends.

®


https://notco.com
https://www.foodpairing.com/
https://www.aipalette.com/
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Personalised clothing and accessories

Mass production in the fashion industry is still the status quo for the time being, as the supply of clothing
considerably exceeds demand, causing 30% of new garments to go unsold and end up in rubbish dumps. This figure
is even more shocking when you consider that clothing manufacturing worldwide accounts for 10% of all greenhouse
gas emissions and has a serious adverse impact on biodiversity due to the use of harmful substances.

Apart from driving innovations in the area of sustainable materials, generative Al can also help cut the fashion
industry’'s ecological footprint in other ways. Various start-ups have emerged that are using generative Al to better
align production with the market and prevent so much clothing from going unsold, such as Fashable from Portugal
and Designovel from Korea. Yoona has developed an Al model that generates clothing designs using knowledge of
consumer preferences. This German start-up is also developing technology that can turn these designs into three-
dimensional models so that fewer physical prototypes will have to be made in the design process.

Dutch start-up Lalaland Al, on the other hand, actually specialises in Al-generated fashion models. Since the models
are extremely lifelike and the underlying software is able to generate many different body types, it becomes easier
for designers to see beforehand what garment designs should look like in different sizes, thus reducing the number
of samples needed to get to the best possible design and increasing the chances of the garment being suited to
different body types once it has hit the market.

For now, these kinds of services are intended to help designers, and not so much for use on the consumer side.
Since 2018, companies in this segment have raised a total of around $13m between them. Ultimately, generative Al
will pave the way towards a new paradigm where consumers can have fully personalised products created based on
their preferences, so that they will be buying clothes that are their exact size, true to their personal style and in line
with their comfort needs.

Henk Hofstede, Retail Sector Banker: ‘Our most recent study shows that half of all
retailers are already using Al, mainly to cut costs, work more efficiently and adopt a more
personalised approach to shoppers. They are using it, for example, to predict customer
behaviour and make personal recommendations and offers to their customers. Chatbots and
virtual assistants are also used to ensure faster and more efficient customer
communications.

Generative Al can help bring about the transition from fast fashion to slow fashion, mainly by using it during the design phase.
A lot of clothes on the market today are produced primarily to serve a large market quickly, whereby durability is not really a
concern. Allowing consumers to personalise clothes and accessories can lead to people being emotionally attached to clothing
for a longer time. | also see potential in generative Al for the creation of new fabrics with certain sustainability properties,
such as better wear resistance to make products last longer. That is where the biggest impact could be.

What is also important is to ensure that a garment or accessory can be reused at the end of its service life, or recycled into a
new material. | call that ‘flow fashion’. This can be a factor in the material design process by considering a material’s
biodegradability or recyclability. Generative Al can then be used to combine these kinds of requirements, along with functional
and aesthetic requirements, to come up with the most sustainable material possible. These Al applications can, of course, also
be used in designing other non-food products such as furniture, electrical appliances and vehicles such as bicycles and cars.’

Tips for entrepreneurs in the retail and fashion industry:
‘There's no getting away from these kinds of technological developments. Do make sure you get informed on the innovations

hitting the market, even if they still seem far off from being implemented on a large scale. It would be a good idea to team up
with a partner who is further down the line when it comes to digital innovations. | say this because our study shows that a lack
of knowledge available within one’s own organisation is the biggest barrier to actively getting started with Al. Recruiting staff
with the right skills is a challenge, especially for smaller companies.’



https://sharecloth.com/apparel-overproduction
https://www.fashable.ai/
https://www.designovel.com/index_en.html
https://www.yoona.ai/
https://lalaland.ai/

2. Sustainability-related applications of generative Al

The design process of building optimisation

Buildings produce roughly 40% of all greenhouse gas emissions, with 27% of those emissions coming from energy
consumption. It would make a lot of sense, therefore, not only to look at functional requirements for things such as
daylighting and minimum floor area per apartment when designing a building, but also to optimise building designs
for energy efficiency. Errors made during the design process lead to additional work during the construction phase,
which in turn results in a great deal of unnecessary material use and waste. It is estimated that as much as 30% of
all new construction materials are ultimately thrown away as waste.

Even though the promise of generative Al is indeed also buzzing in the world of project development, the focus in
this market has so far mainly been on ‘generative design’. Contrary to generative Al, generative design does not
involve a model that is trained based on large numbers of examples. Instead, an algorithm gets to work within
predefined frameworks, such as the legal minimum ceiling height, the maximum environmental sound levels and
the CO, restrictions that any construction project has to abide by. Based on all these requirements, the algorithm
generates hundreds or perhaps even thousands of building designs.

Dutch software vendor OMRT has decided to stick with this method for the time being. ‘Tight frameworks are
extremely important in our field, says OMRT CEO Jasper Spiegeler. ‘That way you know that whatever you generate
stays within the rules and is possible. Errors only ever lead to delays in project development. He can, however,
imagine using generative Al as ‘a layer around predefined parameters’ to boost creativity within practical and legal
frameworks. Spiegeler also sees potential in generative Al for optimal urban planning or creative integration of
buildings into the built environment.

Augmenta is already using generative Al for building design. They are working on a cloud platform that is intended

to support an increasingly wide range of design functions. An Al model that automatically generates a plan for the
laying of power cables is now available to a limited number of initial users and will in the future come with generative
models that specialise in pipework, mechanical installations and entire building structures. A challenge here is the
limited amount of data available to train Al models. With this in mind, Augmenta has created a data set itself, filled
with designs of non-existent buildings generated based on legal and regulatory requirements and other parameters.

Young enterprises that are operating in this market segment have raised a total of around €18m from investors since
2018. While this is still a rather modest amount, generative Al is likely to increasingly be added to current design

processes.



https://www.frontiersin.org/articles/10.3389/fenrg.2020.576462/full
https://www.augmenta.ai/

stainability-related applications of generative Al

Leontien de Waal, Construction Sector Banker: ‘Al is used in a myriad of ways in the
construction industry. It can help with early detection of stock issues and run automated
checks of things such as the solidness of certain fixings. In practice, you will even see
drones flying about to inspect roofs and underneath bridges, collecting visual materials that
are subsequently input into smart software that can determine when parts need
maintenance or replacing.

Generative design is also used on an increasing scale as a valuable tool in the design of

energy-efficient buildings and parts. Various established parties are already using it,

including architects, construction firms and even carpentry factories. | believe that

generative Al clears the way for even more innovation and creativity. What would an Al model come up with when you ask it,
for example, to design a building that would still be functional if the area around it were to be flooded? It may also lead to
smart design of parts that are easy to dismantle when a building has to be demolished, which contributes to circularity.

Additionally, | see great potential in all those new construction materials that can be discovered much faster using this
technology, such as alternatives to concrete that are less energy intensive to produce. Bio-based construction is also a trend
these days, where organic materials replace traditional materials that are not eco-friendly.’

Tips for entrepreneurs in the construction industry:
‘If you, as an entrepreneur, want to be able to join these kinds of trends, you will first have to boost the digital literacy of your

employees. Even seasoned ‘techies’ at a company are sometimes wary of trying out ‘yet another new software application’. Try
to ensure that your employees keep an open mind.’




Guidance for entrepreneurs

Take clear business objectives as your starting point

A clear business objective, or a specific problem that the objective addresses, is the best starting point for an
innovation process. This also goes for companies that want to explore the value that generative Al can create. The
potential benefits are wide ranging, including the sustainability cases presented in this report. The technology can
also create value in other areas, as it can be used to boost process efficiency, improve customer service, increase
employee satisfaction and create new business models.

Start with support applications

Even though generative Al can deliver impressive results, it is still advisable to start with what are known as
augmentation applications, i.e. applications where users are supported by Al, but the Al system does not operate
fully autonomously. This is because generative Al models may produce inaccuracies, which are sometimes referred
to as ‘hallucinations’, or provide an incomplete picture, meaning that it is important to involve a human perspective to
assess the quality of output.

Invest in training

Generative Al differs from ‘traditional’ Al in that it is very easy for users to interact with directly. By entering simple
text instructions, users can tell the Al model exactly what they want it to generate. Effective and responsible use of
these generative Al programmes hinges on the employees who use them having the right training. It is key that they
know exactly what the Al programmes can and cannot do, and what the associated opportunities and risks are.

Don’t forget about privacy and compliance

While laws and regulations focused specifically on artificial intelligence are still being developed, the initial contours
of such legislation, including the EU Al Act, are beginning to take shape: companies developing and applying Al must
be aware of the risks of Al applications and have processes in place to mitigate these risks. Transparency on the use
of Al and the underlying data is also key, which is something that is already required with respect to personal data
under the General Data Protection Regulation (GDPR). You would be well advised to address all these topics off the
bat when developing an Al application or engaging with a technology provider.

Consider the ‘greenness’ of solutions

Generative Al applications come with a relatively large ecological footprint. While this is no reason for companies to
rule out using Al applications altogether, it may be a reason to carefully assess for what purposes the use of energy-
intensive technologies would or would not be justified. The ‘greenness’ of a solution can also be something to
discuss with technology vendors. What are they doing, for example, to minimise the negative environmental impact

of their software? The Dutch National Sustainable Digitisation Coalition is a public-private partnership where parties
develop and share knowledge on these kinds of topics.

Team up with knowledge partners

The academic world is seeing widespread investment in research into and development of new Al applications.
Given that such applications are not always easy to commercialise, we are seeing more and more partnerships crop
up that are intended to narrow the gap between research and practice. One example on the interface of Al and
sustainability is Al for Sustainable Molecules and Materials, which is an initiative by the University of Amsterdam.

These types of initiatives and partnerships can help companies progress in shaping their vision and they can boost
innovation. Specialist tech consultants can also be of value.


https://coalitieduurzamedigitalisering.nl/
https://ai4science-amsterdam.github.io/ai4smm_rpa/
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