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Executive Summary
The production of commodities (fuels, metals, chemicals, construction materials, agricultural products) accounts for
roughly 20% of global greenhouse gas (GHG) emissions, as well as generating a number of other environmental, social and
governance (ESG)-related impacts such as biodiversity, water, and workers’ rights. Although an individual unit of any given
commodity might have a significantly different intrinsic or “embedded” ESG profile depending on how it is produced,
today’s commodity markets tend not to differentiate between commodities based on their origin or environmental
footprints.
Even with increased environmental monitoring and new data technologies, ESG data on commodities are typically siloed
in disconnected systems and do not flow to the broader commodity market complex where it’s estimated $20 trillion USD
are transacted.1 This resulting “ESG information gap” leads to an inability to productize or price ESG factors in commodity
markets and ultimately leads to market failure, with two major implications. First, commodity buyers do not have data to
differentiate commodities and inform sustainable purchasing choices – despite the growing impetus from shareholders,
consumers, and regulators. Second, future price signals for traded commodities do not account for ESG factors related
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to the generation of said commodity production. As a result, investment in innovative technologies and more sustainable
production is not rewarded or even possible.
Building on proven, digital migrations in other economic sectors, the Commodity Genome ProjectTM (CGP) defines a
common description framework that helps close this ESG information gap. The description framework describes the
ESG profile for any given unit of commodity production. It is open-source and extensible.
In the case of CGP, the description framework is simply a set of categories. These categories (e.g., “originates from”)
help organize the various properties (e.g., “Grasberg gold mine, Indonesia”) of a given commodity. It defines the
relationships between such properties, and provides the basic, interoperable building block of a networked data
infrastructure for commodity markets. It acts as a common language for describing both the physical properties of a
commodity and also its ESG profile. The language can be used to establish industry benchmarks and define sustainable
production practices, empowering market participants to share, register, transact, and retire ESG-oriented information,
certifications, and other derived assets.
By helping to remove impediments to data interchange, the CGP empowers supply chains and markets to differentiate
and value commodities according to how they are produced, driving capital towards commodities which reflect desirable
ESG-oriented attributes like those outlined in the UN’s Sustainable Development Goals (e.g., Responsible Consumption and
Production, Climate Action, Clean Water, Decent Work). Initially, this creates a necessary bifurcation in commodities
markets. As new ESG-inclusive assets are standardized, liquidity around each will grow. This enables new price signals,
benchmarks, next generation “smart” contract-enabled commodities, supported by advances in environmental
monitoring systems, new certification organizations, and sustainability reporting frameworks. Taken together, this digital
ESG value chain can collectively spur the data-driven transformation of global commodities markets.
For clarity, the CGP description framework is extensible well beyond markets, providing a foundation for the evolution of
accounting, reporting, regulation, and policy. The specific focus of this paper is commodity market evolution.

Commodities are not created equally
Commodities are at the base of global supply chains and the foundation for every sector of the economy.
Global trade in commodities helped fuel the First Industrial Revolution, in an era when raw materials and natural
resources seemed infinite, and commodities were considered equivalent and fungible regardless of origin. Information, if
any, was scarce.
As a result, commodity markets evolved to treat commodities as if they were created equally -- maximizing volume by
exchanging highly standardised, interchangeable goods -- with no regard for how they were produced, exchanging little
information beyond delivery timeframes, price, and certain physical specifications.
In reality, commodities are not created equally.
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●

●

The environmental and societal “footprint” of a given ton of steel or concrete, a bushel of corn, a barrel of oil, or any
other commodity, can vary significantly depending on labour, land, energy, water, chemical, and other production
inputs.
For example, innovations in steel and concrete manufacturing can reduce CO2 emissions up to 80%, optimised
irrigation practices and planting dates can reduce the amount of water needed for corn production by 40%, and the
“GHG-intensity” of a barrel of crude oil can be 12-fold higher depending on its origin and on controls on “upstream”
emissions during exploration, production, processing, and transport to refinery2.

FIGURE 1.
Commodities are not created equally: for example, consider vastly different ESG footprints in
aluminium production

The ESG information gap: markets cannot price what they do not see
Despite a proliferation of environmental monitoring, new sensory technologies (IoT), advances in data ingestion and
processing (AI/ML), and a surge in satellite capacity, outdated, disconnected infrastructure prevents the free flow of this
information across complex, non-linear supply chains and onward to markets and consumers.
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This creates a “negative” domino effect:
●

●
●
●
●

In the absence of quantitative information that can be integrated into pricing and procurement decisions, a ton
of certified aluminium, steel or concrete, a bushel of corn, a barrel of crude oil, or any other commodity is priced
in markets regardless of how it was produced, and its ESG performance profile3 (see Figure 2).
Without price signals for ESG factors in commodity markets, they cannot support forward looking views (via
instruments like futures and benchmarks) which are necessary for long-term capital commitments
The absence of long-term commitments thus inhibits large-scale capital investments in ESG innovations
Ultimately, without clear market signals that differentiate commodities, progress towards climate and other ESG
goals will be insufficient to support stated ambitions and timelines
Efforts to launch “sustainable” or “green” commodity variants will likely remain fragmented and siloed within
individual supply chains – as bespoke “one-off agreements” between individual producers and buyers.
Economists consider a market failure, inhibiting environmental externalities from being appropriately “priced
into” market functions.4
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Price premiums are emerging for responsibly sourced commodities sourcing in an integrated supply chain, for example, BMW’s
purchase of “solar aluminium”
4
Jaffe et al. (2004) A tale of two market failures, Resources for the Future
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FIGURE 2.
Markets do not know whether the aluminium in their soda can, airplane, automobile or laptop was
produced using fossil fuel electricity versus renewable power.

The full aluminium production chain extends from bauxite mining to end-product manufacturing, use, and recycling, with
each stage a source (or potential avoidance) of GHG emissions. And although operational data from individual processing
segments may be collected, unless the supply chain is vertically integrated, a consumer will likely not know if the
aluminium in their soda can or automobile was produced using conventional carbon anode-based smelting versus
oxygen-based electrolysis or other low/zero emission technology, or whether the shipments were made using
conventional fuels or biofuels.5

Closing the gap through data
5

There has been a proliferation of consumer and B2B ecolabels and sustainability certifications to promote responsible practices in
production of aluminium, lumber, palm oil, and many other commodities. Where supply chains are integrated, responsible sourcing
is possible and becoming more common. For example, BMW recently contracted for aluminium manufactured using solar electricity.
For more typical, complex supply chains, broad market adoption of ecolabel programs has been limited by reliance on qualitative
information rather than quantitative metrics, analog versus digital data processes, and a lack of integrated financial incentives for
producers, data suppliers, and standards/certification organisations.
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Commodity markets are primed to evolve so that they can efficiently place economic value on delivery and “consumption”
of ESG performance at scale:
● Companies in every sector, financial institutions, investors, and consumers are seeking responsible sourcing to align
with corporate sustainability and climate commitments.6
● With the advent of data-driven digital networks, combined with advances in remote sensing, satellite measurements,
AI, Big Data analytics, Industrial Internet of Things, monitoring, reporting, and verification (MRV) methodologies and
3rd party certifications, the data and tools necessary to measure the ESG performance of commodities across their
lifecycle, from point of origin is increasingly possible
● There is a growing convergence around accepted taxonomy, rating systems, and standards that define commodity
ESG performance (examples include SASB & GRI).
» The same fundamental elements were needed in the growth of physical commodity markets such as standards
for quality, time, location, transaction method, and guarantees of delivery and payment.
● Digitized, encrypted certifications of ESG performance can now be registered and transacted at scale using new
digital market platforms (Cohen and Prell, 2020).
To understand the role of a description framework for commodity and related ESG data, we must first understand how
physical commodities transact. Each commodity has a standard unit of measure (a barrel, a bushel, a ton, an MMBtu, etc.)
that is a transactable, deliverable product with defined properties (gravity, water content, sulphur content, etc) related to
the specified physical product. For each physical commodity that trades in global markets, there is a methodology7 that
defines a given product commodity product like crude oil8 or corn9. Current commodities do not incorporate a digital
approach despite the proliferation of data noted in Figure 2 above and there are currently no standardized
specifications/schemas for commodity data, digital representations of physical commodities and/or ESG attributes
associated with underlying commodities.
To envision the foundational role of a standard description framework for data in the digital evolution of commodity
markets, we can look to prior innovations that supported the evolution of physical markets. In the case of physical goods,
the intermodal shipping container supported interoperability across ocean, rail and road transportation. It is an integral
part of what is now called “globalization”.
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In the U.S. at the start of 2020, ESG criteria and sustainable investment strategies were incorporated into one-third - $17.1 trillion of all assets under professional management, and one-half - $12 trillion - in institutional investments. Thousands of companies with
over $11 trillion in annual revenue, and hundreds of cities and regional governments, universities, and other organizations
collectively covering nearly 70% of global GDP have pledged to achieve “net-zero” by 2050 or sooner (Race to Zero). More than
25% of assets under management globally are being invested based on the premise that ESG performance embedded into
corporate strategies correlates with improved long-term returns (McKinsey & Company, 2017) “From why to why not: Sustainable
investing as the new normal”; Eccles, R.G. and Kimenko, S. (2019). “The Investor Revolution”, Harvard Business Review, May–June
2019, pp 106–116; MSCI “2020 ESG trends to watch”, “Quantifying ESG Performance”
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S&P Platts Global: Specifications Guide for Americas Crude Oil
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CME Group: Chapter 10 Corn Futures
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FIGURE 3.
A simple, standardized box defined as 20 feet long, 8 feet high and 8 feet wide, became a standard
way to organise the movement of goods -- and reshaped nearly every aspect of the global economy.

If we carry the analogy from the physical to a digital context, a description framework provides a standardized way to
organize data across the global supply chain with a particular emphasis on the most opaque portion of the global supply
chain where raw and semi-refined commodities are extracted/produced, transported and refined. This is also the same
portion of the supply chain that is the basis for products transacted in global commodity markets.
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FIGURE 4.
A common description framework provides a standardized way to organize commodity data

Figure 5, below, further illustrates how standardised information enables an ESG-oriented market structure for
commodities to allow complex supply chains, commodity traders, investors, and other market participants to:
1. Price and differentiate commodities based on their ESG-oriented attributes in physical spot and environmental
markets; and
2. Create price benchmarks and price signals for multi-dimensional ESG-oriented attributes that can drive capital
deployment at scale based on future price expectations

8

FIGURE 5.
A common description framework accelerates the launch of new ESG products while enabling
market interoperability

The Commodity Genome Project: an extensible, open-source description
framework to describe any given unit of commodity production, including its ESG
profile
The CGP is being created as a public good and contribution to the global commons. Project participants will collaborate
in creating new digital ESG-oriented commodities and market price signals to redirect capital to regenerative and
sustainable production of commodities across multiple sectors and throughout global supply chains.
Our goal is an exponential increase in the adoption of sustainable commodity standards in global supply chains by 2030.
This will address some of the trillions of dollars in annual costs from environmental impacts associated with primary
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production and processing sectors, by enabling clear comparisons of commodities’ ESG footprints, by reducing
transaction costs, and by ensuring environmental integrity in product information.10
The CGP draws from the same principles that made the Music Genome the spark that transformed business models in the
music industry . Information about music (metadata, “emotive” attributes, etc.) combined with the actual music in a
single format enabled a standardized classification system. A reference architecture provided a common framework for
all future search and discovery mechanisms and eventually enabled greater scale in tagging of assets via machine
learning and AI.
Together with technology improvements in recording, data capture and storage, and computing power, these advances
led to the evolution of the music business away from transaction and asset ownership to digital stores (e.g., iTunes),
subscription and data driven revenue models such as Pandora and EchoNest (Spotify), as well as new services via mobile
devices, live event integration, and a slew of other innovations.
In the example below (Figure 6) a description framework (e.g., duration, recording artist, title) provides a common
structure for detailing a musical asset’s various properties (e.g., 9 mins 22 seconds; Miles Davis; So What).
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Trucost (2013) study estimated US$7.3 trillion in annual costs from primary production and processing sectors. That estimate
would likely be higher if the study was replicated today.
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FIGURE 6.
A common description framework for commodities is analogous to the metadata fields that
describe a musical asset (e.g., duration, recording artist, title etc.).

In setting up the metadata and attribute architecture for commodities, the aim is to pave the way for scale and choice in
ways that unlock new value for commodity buyers and sellers. Similar to the metadata underlying a song and its “emotive”
attributes, a MMBtu of natural gas produced at a given well, for example, can be differentiated by its fundamental physical
characteristics (e.g., well pad ID, date/time, gas composition, energy content), plus a calculation of fugitive methane
emissions (See Figure 7).
Like music, establishing the reference data architecture for commodity markets has multiple benefits, for example:
● Sets the table for broad adoption and scale
● Deploys uniform data schemas that sit neatly next to each other,
● Creates market value centered around the data underlying physical commodities
Acceleration: Delivering an Accessible Description Framework for Immediate, Global Application:
As stated earlier, the initial goal of the CGP is to encourage the capture and exchange of non-traditional attributes about
commodities with the expectation that markets will leverage these data to better reflect investor interests, especially
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with regard to ESG-oriented performance. Recognizing that markets and marketplaces already exist, and that there are
already standards in place for data interchange in support of these, the CGP approach is to not offer new data
interchange formats, nor new standards, but to provide a means to augment existing systems or to allow alternatives to
appear in areas unsupported by current markets.

FIGURE 7.
A common description framework for commodities is comparable to the metadata fields that
describe:

To that end, the CGP is a description framework, rather than a concrete syntax. The description framework is an ‘upper’ or
‘hub’ description framework, acting as an ‘inter-lingua’ between systems and standards11, supporting the natural evolution
in the understanding of the entities, data and relationships that need to be captured to support commodity markets. It is
a relatively small initial set of entities and relationships, but even so, it can model complex flows, such as tracking the
entire history of commodities, from production to sale.
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Some of the inputs to the CGP are: goodrelations, fibo, lme, schema.org, dbpedia, fpml and productdescription framework. Our expectation is
to increasingly align with these ontologies, as CGP is extended
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FIGURE 8.
A simplified and non-exhaustive visual of the common description framework supported by the
project. To access the full assets, please visit our GitHub.

It should be noted that the CGP does not mandate that all of this data be captured and exchanged: it is a set of concepts
and relationships which can be used if and when the data and attributes are available and disclosable. Also, as noted, the
CGP is not mandating a particular data interchange format (such as XML or JSON), but rather focuses on information
exchange, not data exchange.
This fits into trends in data processing. Traditionally, rigid schemas were developed and encoded in relational databases
using ETL (Extract, Transform, Load) to bring data into a ‘closed’ system. This model has difficulty scaling and is often
seen as an impediment to progress with every schema change requiring retooling12. As data volumes increase and
interoperability between systems (and companies) becomes increasingly important, the model of ‘open’ or ‘late bound’
systems is coming to the fore. These systems rely upon an ELT model, where data is collected in volume, and then
transformed as needed to support processing ‘on the edge’. This model also enables market participants to upgrade or
change their internal data systems in their own time, avoiding the challenge of concerted action or coordinated upgrades.
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Many data warehouse projects have run into issues of both scale and flexibility.
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It also supports federation and data privacy better than traditional models, which improves both the means and impetus
to share data, and will also enable new levels of trust around data to emerge by creating an ecosystem around it, as seen
by recent efforts around climate data13.

FIGURE 9.
A common description framework plays a central role in enabling data to flow between the key
actors across the commodity market ecosystem

Ultimately, by providing a mechanism for interchange, the CGP will allow a natural evolution of markets from being
relatively ignorant of non-traditional attributes, to fully encompassing non-traditional attributes and derivatives of the
attributes. CGP will act as a catalyst for the change and will evolve with the ecosystem.
It is expected that producers will be able to adopt the CGP as a starting point for defining and exposing data attributes.
The CGP description framework and associated documentation will be/is made freely available (on GitHub), with the
expectation that concrete schemas, SDKs, and other tools will appear over time.

A number of elements of the CGP aimed at maximizing functionality and trust are summarised below:
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Spherical Analytics, a Context Labs Company (2019) Data Provenance Part 3: Trust
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1- “Genetic Code”
The process begins at the base code and substrate layer to enable a private sector convention to systematically map and
classify the “genetic” markers (genotypes and phenotypes in CGP taxonomy14) of commodities using a common digital
language understandable across the commodity market ecosystem (both humans and machines). Each stage in the
lifecycle of a given commodity’s production -- extraction, processing, aggregation, shipping and distribution – would be
addressed in an individual module.
2- Standards
Standards to define data requirements and specifications for digital representations of physical commodities, how those
assets can be assembled, transacted, and used in markets to differentiate commodities based on the environmental
impacts and other ESG performance attributes. Where possible, standards will conform to other established frameworks,
e.g., ISO Life Cycle Assessment standards (ISO 14040, 14044).
3- Digital ESG Assets
Digital representations of physical commodities, i.e., tokenized and other ESG-oriented attributes including GHG emission
intensity and atmospheric CO2 removal, will be automated, registered, tracked, transacted, and reported under accepted
data integrity principles and climate and sustainability accounting frameworks.
4- Interoperability
Interoperable digital transaction platforms are transforming many information ecosystems, e.g., Open Banking, the Apple
App Store, the Apache Software Foundation, Health Information Exchanges. The CGP will be a bridge between energy,
commodity, and climate markets and allow cross-jurisdictional trading while avoiding double counting. To enable free
flow of data, the CGP will function as a market network under a common open data architecture, a common data schema,
and interoperable data protocols to govern how high volumes of investment-grade ESG performance data and other
relevant information are collected, structured, recorded, processed, and transacted across the commodity market
ecosystem.
5- Reliability
A formatted, automated digital asset that can record the complete attributional profile of any commodity including
physical characteristics (e.g., production/processing facility ID, production date, energy/chemical composition), primary
production data, supplemental environmental monitoring, calculated environmental impact metrics, and applied
standards, certifications, and audits.
6- Security
14

For example, the “phenotype” of a specific ton of steel would include its fundamental properties (e.g., type, coating, form, grade,
yield strength, ductility, standards, manufacturing facility, production date, primary/secondary production). For the same ton, the
“genotype” would include environmental attributes arising from its particular production pathway (e.g., emissions of NOx/SOx,
PM2.5, CO2, water emissions and consumption, solid waste, energy consumption, recycled content).
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Processes will be established for encryption along with other methods to create, validate, and register immutable
datasets and products. CGP architecture will combine Distributed Ledger Technology (DLT) frameworks with
cryptographic spatial domains for climate accounting purposes. Network registries and traceable data using context
graphs will manage heterogeneous tokens and data assets.
7- Market and Compliance Utility
Digital assets should be capable of being listed, encumbered, sold, collateralized, transferred, cancelled/retired or
otherwise disposed of on a DTP in an immutable format by asset owners and independently verified by trusted entities.
ESG-oriented claims would be reported to a reporting system with open-source data portals and data sets that can be
accessed by the public.
8- Scalability
Build flexibility in the system so that services and operations can be extended across different networks and platforms to
match the demands of global commodity markets….
9- Collaboration
The CGP will be co-designed and maintained by market ecosystem participants, royalty free, engaged at the intersection
of climate policy, enterprise systems governance, and data science to drive development and administration of the base
genetic code of commodity impacts.
10- Advocacy
The CGP will work with industry, policymakers, and other stakeholders to promote innovation, standards, transparency,
and data and contractual best practices in the global CGP ecosystem.
11- Evolution
The CGP will be a living standard that will be updated and refined based on market input and technology and scientific
advances.

Next Steps
In this spirit, the authors will work with partners on further development of the CGP including in the near-term, creating
an organizational and governance framework, establishing taxonomy and standardised definitions, establishing data
integrity requirements, establishing participant processes (e.g., 3rd party certifications, digital MRV), compensation
frameworks, initiating pilot demonstration projects, and publishing updates.
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