GreenDB: Toward a Product-by-Product Sustainability Database
Sebastian Jäger

Jessica Greene
Max Jakob
Ruben Korenke

arXiv:2205.02908v1 [cs.LG] 5 May 2022

sebastian.jaeger@bht-berlin.de
Berliner Hochschule für Technik
Berlin, Germany

Ecosia GmbH
Berlin, Germany

Tilman Santarius

Felix Bießmann

Technical University of Berlin
Einstein Center Digital Future
Berlin, Germany

Berliner Hochschule für Technik
Einstein Center Digital Future
Berlin, Germany

ABSTRACT

1

The production, shipping, usage, and disposal of consumer goods
have a substantial impact on greenhouse gas emissions and the
depletion of resources. Modern retail platforms rely heavily on
Machine Learning (ML) for their search and recommender systems.
Thus, ML can potentially support efforts towards more sustainable
consumption patterns, for example, by accounting for sustainability
aspects in product search or recommendations. However, leveraging
ML potential for reaching sustainability goals requires data on sustainability. Unfortunately, no open and publicly available database
integrates sustainability information on a product-by-product basis.
In this work, we present the GreenDB, which fills this gap. Based on
search logs of millions of users, we prioritize which products users
care about most. The GreenDB schema extends the well-known
schema.org Product definition and can be readily integrated into
existing product catalogs to improve sustainability information
available for search and recommendation experiences. We present
our proof of concept implementation of a scraping system that
creates the GreenDB dataset.

Climate change is one of the most important challenges of our
generation. For the average citizen in western civilizations, fighting climate change requires, next to many other efforts, primarily
one thing: People have to change their consumption behavior! The
increasing demand for consumer goods and their implications for
globalized supply chains, shipping, and disposal are major factors in
increased greenhouse gas emissions [11, 15] and the depletion of resources. With every purchase decision made, people can decide for
– or against – more sustainable consumption behavior. While many
consumers would like to choose sustainable options [6, 10, 16] at
the point of sale, the relevant information is not available. This is
at odds with research efforts invested by major retailers into improving the data quality of their product catalogs as well as search
and recommendation experiences. Leveraging Machine Learning
(ML) for enriching product catalogs is the focus of scientists at
these companies [3, 4], and there are attempts to take into account
sustainability information and user preferences into recommender
systems [14]. Our research and discussions with researchers, managers, and engineers of the largest German online retailers have
demonstrated that the most important factor hindering the integration of sustainability aspects in their shopping sites indeed is the
availability of trustworthy sustainability data. In this study, we set
out to tackle this challenge and present a first release of what we
refer to as GreenDB.
This work is not the first open data initiative of sustainable
information. Some sustainability labels provide lists of certified
products publicly1 . However, these mostly contain product categories that do not play a role in consumers’ everyday lives and are
often not machine-readable. Some large retailers present products’
sustainable information for marketing purposes. However, those
companies have commercial interests, which raises concerns about
the data’s trustworthiness. To summarize, we could not find a trustworthy and comprehensive resource of sustainability information
on a product-by-product basis.
In this paper, we propose a schema, which extends the widely
adopted schema.org definition, and a proof of concept implementation of a scraping system that creates the GreenDB. To infer
sustainability information for products, we rely on sustainability
labels that certify these. In the end, we show details about the first
public available GreenDB dataset.
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INTRODUCTION

example, European Product Database for Energy Labelling (EPREL) or Blue Angle
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RELATED WORK

Some available product datasets are more or less similar to what
we do:
(1)
(2)
(3)
(4)

Products-10K - Large Scale Product Recognition Dataset [1]
Amazon Review Data (2018) [8]
Flipkart Products competition on Kaggle2
Otto Group Product Classification Challenge competition on
Kaggle3

Since it is designed for an image recognition task, the Products10K dataset differs most from the GreenDB. It consists of roughly
150, 000 images of about 10, 000 different products and their categories. The goal is to predict products’ categories based on their
images. [1]
The dataset published for the Otto Group Product Classification
Challenge is tabular. It has 93 features for more than 200, 000 products. The target class is similar to Products-10K to distinguish the
products between categories.
As its name suggests, the Amazon Review Data (2018) focuses
on products reviews. However, it also contains product attributes
such as color or size and offers many product categories. Since the
dataset spans from 1996 to 2018, the amount of data is enormous
(about 34𝐺𝐵). [8]
Flipkart Products is most similar to GreenDB. It is a tabular
dataset with 20, 000 products and 15 columns. These attributes
are partially very similar to ours, e.g., product_name, product_url,
retail_price, description, and brand.
However, all mentioned datasets have in common that they do
not integrate products’ sustainability information, which is our
main focus.

3

METHODOLOGY

To create the GreenDB, we need to solve two main problems. Firstly,
the collection of products and their attributes, and secondly, we
need sustainability information. For this, we leverage that some
large online retailers present products’ sustainability information,
e.g., materials the product is made of, the energy consumption of
electronic devices, and, most importantly, sustainability labels that
certify the product. We exploit that the number of sustainability
labels is much smaller than the number of available products. This
allows us to infer sustainability information for a large number of
products by evaluating a relatively small number of sustainability
labels.
Sustainability label evaluation. The International Organization
for Standardization (ISO) 14020 series defines principles and three
types for voluntary sustainability labels, two of which are relevant
for this work. Type I requires a third-party verification (ISO 2018) [?
], and Type II are self-declarations without independent verification
(ISO 2016) [? ]. In the following, we refer to them as sustainability
labels if their type does not matter, third-party labels for Type I, and
private labels for Type II.
We use the Sustainability Standards Comparison Tool (SSCT) for
evaluating third-party labels. Its development was initially initiated
by the German government. SSCT evaluates both the (third-party)

labels’ aspects and their implementation systems, leading to three
scores (0 − 100) that represent their evaluation in the dimensions
of credibility, environment, and socio-economic. [12]

3.1

GreenDB schema

The GreenDB schema is highly inspired by Schema.org’s Product 4
definition. Schema.org is a community activity to create definitions
for structured data on the Internet. The table Products, shown in Table 1, extends this and introduces the attribute Sustainability-Labels,
a set of foreign keys referencing the table Sustainability Labels,
shown in Table 2. This reference allows inferring sustainability
information for the given product. However, all other properties
from Schema.org Product are still valid. Table Sustainability Labels
(see Table 2) represents sustainability labels and their SSCT evaluation scores. As a starting point, we use the website Siegelklarheit 5 ,
which applies SSCT to third-party labels and present their results
publicly.

3.2

Scraping system
blocking
synchronous
subscription on
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<DATA>
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Figure 1: GreenDB’s scraping system. Sketch of the main
components and their communication paths.
To implement a robust and extensible scraping system that can be
used to regularly get new products or versions of existing products,
we use the framework scrapy 6 . It respects the websites’ robot.txt
rules and rate limits. Since many modern websites use JavaScript
to load their content asynchronously while scrolling through their
page, we use splash7 to render the JavaScript and, if necessary,
interact with the websites.
After downloading the websites’ HTML, we save them into a
database. This reduces the number of requests to the web servers
since we cache the necessary (unstructured) information and can reuse them at any time. For increasing the scraping system’s resilience
and internal communications, we use RQ 8 (Redis Queue). RQ makes
it easy to use non-blocking and asynchronous message queues.
The sending component (e.g., step two or four in Figure 1) adds
(unstructured) information to a specified queue, and, on the other
hand, workers can subscribe to these queues (e.g., step three or
4 https://schema.org/Product
5 https://www.siegelklarheit.de
6 https://scrapy.org

2 https://www.kaggle.com/PromptCloudHQ/flipkart-products

7 https://splash.readthedocs.io/en/stable/

3 https://www.kaggle.com/c/otto-group-product-classification-challenge/

8 https://python-rq.org/
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GTIN

Name

Description

Manufacturer

Category

Sustainability-Labels

4250805445834

RAIKOU Sweatjacke (...)

Sweatjacke Unisex (...)

RAIKOU

JACKET

[MIG_OEKO_TEX]

Table 1: Products. Representations of products that follow Schema.org’s Product definition. The attribute Sustainability-Labels
is an extension and models that the product is certified by a set of Sustainability Labels (or does not have certificates).
Sustainability-LabelID

Name

Description

MIG_OEKO_TEX

OEKO-TEX Made in Green

Nachverfolgbares Produktsiegel (...)

Cred.

Env.

Socio-Eco.

76

80

80

Table 2: Sustainability Labels. Representations of sustainability labels and their SSCT evaluation scores as presented on Siegelklarheit. Abbreviations: Cred. stands for Credibility, Env. for Environment, and Socio-Eco. for Socio-Economic.

six in Figure 1), receive the information and handle it. Since RQ
executes the workers in fail-safe environments, errors do not break
the scraping system, and the information is not lost.
Currently, there are two workers: a) a worker that simply caches
the HTML files in a PostgreSQL9 database and b) a worker responsible for extracting product attributes and sustainability information from those HTML files and, finally, creates new entries in
the GreenDB. An increasing number of retailers are supporting
schema.org attributes [9]. We use the library extruct10 to extract
general product information. Since sustainability information is not
part of schema.org’s Product definition yet, we use BeautifulSoup11
to parse the websites’ HTML and extract sustainability labels.
The code of our scraping system is available on GitHub: https:
//github.com/calgo-lab/green-db.

4

GREENDB

The first public release of our GreenDB dataset [7] is available on
Zenodo: https://zenodo.org/record/6078039.
Fashion and electronics are the most important categories. We use
hundreds of millions of German product search queries from a large
search engine (about 6% of all search queries). We manually labeled
the 200 most frequent search queries and found fashion (19%) and
electronics (17%) are the most important categories. This roughly
reflects their revenue on the German online market in recent years
[2].
We test our proof of concept implementation (see Section 3.2)
based on these two product categories and two of the top three
largest German online stores: OTTO 12 and Zalando13 [13]. Both
present products’ sustainability information for a wide range of
products. Zalando advertises about 48.000 fashion products and
Otto about 15.000 fashion and 1.000 electronic products as sustainable.

4.1

Data scope

Between February 17th and March 6th, we started our scraping
system (described in Section 3.2) six times. Multiple runs help to
increase the number of products eventually integrated into the
9 https://www.postgresql.org
10 https://github.com/scrapinghub/extruct
11 https://www.crummy.com/software/BeautifulSoup/bs4/doc/
12 https://www.otto.de
13 https://www.zalando.de/

GreenDB because it is possible that errors, e.g., connection problems, blocked requests, or malformed HTML, lead to invalid products and, therefore, they are not available in the GreenDB. Based
on manually examining both websites, we came up with 26 product categories (18 fashion and 8 electronics categories). For better
accessibility for other researchers, we plan to use an open product
taxonomy in future releases.
To bootstrap the sustainability labels table, we used all thirdparty labels available on Siegelklarheit. We iteratively added all
found but not yet integrated third-party labels into the database.
This, finally, led to 142 third-party labels, where 34 of them are
already evaluated by Siegelklarheit.

4.2

Data volume and distribution

The GreenDB dataset [7] consists of more than 17, 000 unique products. If a product is assigned to different categories on the online
store, it is represented as multiple rows. For this reason, the total
number of rows in the products file is larger, i.e., more than 21, 000.
In the following, percentage values refer to the number of unique
products if not stated otherwise. The products are roughly equally
distributed from Zalando (∼ 48%) and Otto (∼ 52%). Since Zalando
specializes in fashion products, all electronics products (277) are
from OTTO.
Interestingly, the total number of as sustainable advertised products on the online store’s website strongly differs from the actual
scraped products. One reason for this is the partially very finegrained category filters. We, at first, focused on the largest product
categories and did not integrate niche products.
Surprisingly, more than two-thirds (∼ 67%) of the products have
private labels, e.g., "made with recycled materials" or "energy-saving
device". In detail, these are ∼ 59% of OTTO’s and ∼ 76% of Zalando’s
products. Figure 2 visually presents the data’s nested distribution.
For private labels, we use OTHER as a representation of products advertised as sustainable. For transparency and to enable researchers
to handle those products by themselves, e.g., by evaluating that
information separately, we kept these products GreenDB dataset.

5

CONCLUSION AND FUTURE WORK

In this paper, we present the GreenDB, a sustainability database
on a product-by-product basis. Firstly, we discussed our approach,
which uses sustainability labels to infer sustainability information
for products. The schema we propose extends the product definition from schema.org and allows us to model that sustainability
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Products
OTTO

Zalando

Private Label
5301
59% of OTTO
31% of Products

Private Label
6261
76% of Zalando
36% of Products

Third-Party Label
3638
41% of OTTO
21% of Products

Third-Party Label
1958
24% of Zalando
11% of Products

Figure 2: GreenDB dataset distribution. The nested rectangles represent the fractions of products depending on the
attributes merchant and sustainability labels. Sustainability labels are grouped depending on whether they are thirdparty or private labels.

labels can certify products. We then discussed our proof of concept
implementation of a scraping system, which finds products and fills
the GreenDB. Lastly, we present the first publicly available release
of the GreenDB dataset.
In future work, we plan to integrate other product categories
and their sustainability labels. Further, we plan to integrate nonGerman markets, and as mentioned above, we are investigating the
usage of an open product taxonomy to increase the accessibility
for other researchers.
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