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Abstract
The coffee industry has long relied on third-party certification as their approach to sustainability, driven by customer demand 
and changing consumer behavior. Today, multiple forms of sustainability engagement have developed in the industry. This 
study uses a machine learning approach to analyze the engagement in sustainability initiatives of 100 firms active in the 
German market. Results reveal that company size and value chain position influence choice and engagement intensity in sus-
tainability initiatives. A complementary literature analysis on policy recommendations to promote sustainability engagement 
in the coffee industry revealed a fragmented and insufficiently granular picture to address the diverse needs of stakeholders. 
While company characteristics significantly influence their choice of sustainability initiatives, policymakers often adopt 
generic approaches that do not reflect these nuances. Future research could extend this approach to deepen understanding or 
validate findings of policies for sustainable transformation in the coffee sector to other critical crops.

Keywords  Sustainable coffee value chains · Sustainability initiatives · Sustainability policy · Web crawling · Machine 
learning

1  Introduction

Coffee is undergoing a sustainability crisis (Panhuysen and 
Pierrot 2020; Barreto Peixoto et al. 2023) due to the weak 
economic, social, and environmental practices of the indus-
try, leading to problems, such as low and volatile prices, 
child labor, inadequate living conditions, lack of access to 

education, nutrition, sanitation, water, health services, and 
deforestation (Pinstrup-Andersen and Cheng 2007; Hadiyan 
2021; SSC et al 2019; Bager and Lambin 2020). Moreover, 
climate change will progressively impact the yield in the 
future (Gebhart 2018; Wagner et al. 2021). Governments 
and industry players have sensed the situation’s urgency 
and begun to implement countermeasures, such as policies 
that hold value chain actors accountable for their environ-
mental and social impacts in the coffee sector (van Zanten 
and van Tulder 2018), e.g., the EU deforestation regula-
tion (EUDR; European Union 2023; European Commis-
sion 2023), the EU Corporate Sustainability Due Diligence 
Directive (CS3D; European Commission 2024). Further, 
regulations on sustainability reporting, such as the Corpo-
rate Sustainability Reporting Directive (CSRD) and the EU 
Taxonomy, will make transparent and detailed disclosures 
mandatory for larger companies (European Union 2022). 
The EU is postponing the implementation of the CRSD 
and CSDDD to ease the compliance burden on companies, 
especially small and medium size enterprises, by giving 
time to adjust to the rules and requirements. The changes 
proposed in the so-called “omnibus package” aim to sim-
plify requirements, reduce reporting scope and companies 
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affected significantly and to finalize updated sustainability 
reporting standards (European Commission 2025).

Customers are increasingly aware of and willing to pay 
for sustainability features in coffee for different reasons (van 
Loo et al. 2015; Ut-tha et al. 2021; Valenciano-Salazar et al. 
2021; Fuller et al. 2022). Therefore, the private sector heav-
ily invests in sustainability initiatives, with certification and 
verification constituting the largest share, approximately 
60% (Steemers 2016). In 2022, approximately 55% (not 
adjusted for multiple certifications) of global coffee pro-
duction was certified (CBI 2021). However, due to limited 
demand, only about a quarter of certified coffee is marketed 
as such, limiting the benefits to producers and especially 
smallholder farmers (CBI 2021; Bitzer et al. 2008; Bager 
and Lambin 2020; Panhuysen and Pierrot 2020). Further-
more, industry actors and scientists raise concerns about 
whether third-party certification increases sustainable prac-
tices in the coffee sector. Consequently, industry players 
have redefined what sustainability means to them and their 
stakeholders through innovative governance approaches and 
beyond rule-based approaches (Grabs 2017; Thorlakson 
et al. 2018; Grabs and Garrett 2023).

During this phase of realignment in the sector, goal-based 
governance initiatives (e.g., science-based targets initia-
tive (Grabs and Garrett 2023)) and firm-led initiatives (e.g., 
projects within local communities) have gained popular-
ity (Grabs 2017). Researchers have warned against solely 
focusing on higher quality and premium segments and rec-
ommend policymakers to shape markets. Thus, it is essential 
to critically study both the developments and shortcomings 
in this area (Grabs 2017; Bozzola et al. 2021).

This paper aims to fill that gap by providing an in-depth 
characterization of the sustainability initiatives applied in 
the coffee value chain, focusing on traceability (Sun et al. 
2017; Gaspar et al. 2022; Zhou et al. 2022).

It targets two main research questions:

•	 RQ 1: Which sustainability initiatives are applied within 
the coffee value chain, and how do company character-
istics influence these choices?

•	 RQ 2: Which policy recommendations can be derived for 
different types of companies?

This paper’s contributions are threefold. First, it analyzes the 
application of private and third-sector sustainability initia-
tives in the coffee sector at the firm level. Second, it derives 
policy recommendations for different company sizes and 
roles (Exporter, Trader, Roaster). Third, it applies an innova-
tive methodological approach to data collection and process-
ing through combining web crawling, content analysis, and 
machine learning. The focus is on a sample of companies 
operating in Germany, which ranks fifth in global coffee rev-
enues with an annual turnover of € 21 billion (Statista 2024).

2 � Methods

2.1 � Research procedure

The research procedure followed an iterative approach in 
five steps. First, we located sustainability initiatives and 
their stakeholders in the coffee value chain. It provided 
the basis for the machine learning approach conducted for 
research question 1. In the second step, a structured litera-
ture review following the PRISMA logic (Page et al. 2021) 
was conducted to identify measures and programs relevant 
for policymakers aiming to support the advancement of 
sustainability initiatives in the coffee value chain with 
target-group specific approaches in response to research 
question 2 (Fig. 1).

2.2 � Machine learning approach

The machine learning approach extracted information 
from publicly available data (cf. Sect. 2.1). Since compa-
nies communicate their sustainability initiatives through 
publicly available resources, such as reports and web-
sites (Bager and Lambin 2020), web crawling was selected 
as a practical and innovative approach to gathering infor-
mation. It allows the extraction of information from the 
Web for analysis (Khalil and Fakir 2017) and can pro-
cess multi-modal inputs (Ceri et al. 2013). Initiated by 
parsing the content of an initial uniform resource locator 
(URL), further linked URLs were subsequently processed 
to gather their contents (Manning et al. 2009). The maxi-
mum number of links from the initial URL that the crawler 
included was set to 15, according to empirical research and 
practitioners’ rule of thumb (Bozzola et al. 2021; Amazon 
Web Services 2023).

A total of 107 companies, 86 of which were exporters, 
11 traders, and 28 roasters, were sampled, focusing on the 
German coffee end-consumer market. In addition to the 
described web crawling using the tool Sitesucker (Version 
5.1.7), we manually extracted company characteristics and 
downloadable reports.

All inputs were merged into one document per com-
pany and analyzed. An unsupervised machine learning 
algorithm was employed to cluster the company data into 
groups. The implementation followed a four-step pro-
cess combined with two common ML implementation 
approaches, depicted in Fig. 2.

Our approach builds upon CRISP-ML  (Visengeri-
yeva et al. n.d.). Since the CRISP-ML does not contain 
a sampling step, it was added from the SEMMA method 
(Brocklebank et al. 1998) to form the complete process. 
The sampling was conducted using snowball sampling, 
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among roasters and traders listed in industry and scientific 
publications (Ferro and Groothuis 2024; Hutz-Adams and 
Muerlebach 2020; Grabs and Carodenuto 2021). Exporting 
companies, national and international coffee organizations, 
NGOs, and other sector-specific organizations and media 
were identified using another snowballing approach, anal-
ogous to Bager and Lambin (2020). Packaging companies, 
equipment sellers, and local producers without exporting 

businesses were excluded; the main company represented 
subsidiaries. The main part of the sampling was performed 
in June 2023. Data engineering includes selecting features, 
data cleaning, and feature engineering  (Visengeriyeva 
et al. n.d.). The term “feature” in the context of machine 
learning refers to “an attribute plus its value (e.g. mileage 
= 15.000)”  (Geron 2019). Features were defined through 
keywords to detect features within the textual content 

Fig. 1   Research procedure

Fig. 2   Implementation procedure
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through analysis. The overview of feature and related key 
words is provided in the annex (Fig. 5). The web crawling 
application yielded a pandas DataFrame, describing the 
distribution of features in the sample.

To facilitate the exertion of the machine learning algo-
rithm, data were scaled through consecutive normalization 
and standardization. We performed unsupervised clustering, 
which finds a structure in the data without a prior defini-
tion of classes. K-means clustering was chosen to allow for 
higher degrees of freedom in the model and a closer projec-
tion of the model structure to the data (Geron 2019; Jain 
et al. 1999) and as it is preferential to ensure a high degree 
of homogeneity within the clusters (Halkidi et al. 2001). 
The “elbow-method” was employed to determine the optimal 
number of clusters, resulting in four clusters (Kaloyanova 
2021).

2.3 � Literature review

The literature review followed a structured approach guided 
by predefined research questions. It addresses the second 
research question, which aims to elucidate how policy inter-
ventions can be more effectively tailored to specific groups 
of stakeholders within the coffee value chain. Three search 
strings (c.f. Fig. 3) were developed and validated for their 
efficacy in identifying relevant studies. The search strings 
were then subsequently applied in three different databases, 
Google Scholar, Scopus, and DuckDuckGo.

Results were checked for duplicates and the relevance 
of the article title and abstract. The eligibility criteria 
required the articles to be written in English and focus 

on a globally oriented geographical scope, i.e., they must 
not deal solely with a niche market or stakeholders not 
participating in global trade. The article was also required 
to make explicit recommendations to private or public 
decision-makers in the coffee value chain. In addition, it 
should be possible to derive specific policy recommenda-
tions for different actors in the coffee value chain, com-
pany sizes, sustainability initiatives, and traceability for 
at least one of the secondary research questions on policy 
recommendations. Evaluating criteria was subject to col-
laborative discussion among the authors when necessary, 
ensuring inter-rater reliability. Of the 39 papers initially 
reviewed, 24 met the inclusion criteria and were subjected 
to in-depth analysis. The selected publications were sys-
tematically analyzed against the backdrop of our research 
questions, employing a predefined analytical framework.

3 � Results

The following sections address the research questions 
regarding the types of sustainability initiatives, the influ-
ence of company characteristics on the choice of a sustain-
ability initiative, and whether clusters of companies can 
be built. The findings delineate sustainability initiatives 
within the coffee sector and how company characteristics 
influence their adoption and intensity. Further, findings 
from the literature review on sustainability policies in the 
coffee sector are presented.

Fig. 3   Literature research process
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3.1 � Coverage and intensity of sustainability 
initiatives

Table 1 summarizes the types and prevalence of different 
sustainability initiatives as identified by analyzing compa-
nies’ communication. Coverage of engagement was deter-
mined as the percentage of companies actively (at least once) 
communicating in a certain field of a sustainability initiative.

Results show that Third-Party Certification dominates, 
followed closely by Multi-stakeholder Initiatives. The rather 
young concept of (Collective) Goal-based Initiatives shows 
promise and Single-Origin Concepts and Direct Trade are 
still exotic among the initiatives.

Among the Direct Impact Initiatives identified, economic 
and social initiatives like Economic Support and Access to 
Finance are less represented, while ecological initiatives 
like Good Agricultural Practices & Extension Services and 
Diversification & Ecosystem have a high coverage. A full 
overview of the features and keywords can be found in the 
appendix (Fig. 5).

3.2 � Influence of companies’ characteristics

To determine the influence of company size (S, M, L, XL, 
XXL) and position in the value chain (Exporter, Trader, 
Roaster) on the intensity of engagement in sustainability 
initiatives, normalized data of 107 companies were mapped 
against each type of initiative. This includes 68 exporters 
from nine origin countries, 11 traders, and 28 roasters world-
wide (c.f. Fig. 4). Except for Olam, whose headquarters are 
in Singapore, all sampled traders have their headquarters in 
Europe.

Most roasters are headquartered in Germany, with few 
based in Italy, the US, The Netherlands, and Switzerland. 
The sample characteristics are summarized in Table 2.

Third-party Certification and Multi-stakeholder Initia-
tives are widely adopted across all company sizes. Larger 
firms tend to intensify their engagement with Third-party 
Certification, possibly due to their diverse producer net-
works and capacity to manage multiple certification 
schemes. Similarly, as company size increases, there is a 
trend toward greater participation in Multi-stakeholder Ini-
tiatives, likely attributed to larger firms having the resources 
for active engagement. Goal-based Initiatives are applied 
almost exclusively by very large firms with the manage-
ment capacities needed to prepare for (future) non-financial 
sustainability reporting requirements. Direct Impact Initia-
tives are found across all firm sizes, with a stronger focus 
on environmental aspects. Still, Direct Impact Initiative 
in the category of business and economic support gets the 
highest attention of companies sized XL or XXL. Roast-
ers exhibit a strong commitment to all sustainability aspects 
along the supply chain, which is more intense toward the 

consumer-facing end of the supply chain. Traders demon-
strate a comparably high involvement, especially in Trace-
ability and Third-Party Certification, which is among their 
main duties as supply chain connectors. Exporters display 
low engagement in sustainability initiatives overall, with 
exceptions in Third-Party Certification and Traceability.

3.3 � Clustering results

The clustering was performed to investigate patterns among 
companies that could be addressed jointly and yielded four 
distinct typologies of companies based on their different 
intensity of engagement in the 16 sustainability initiatives. 
Direct Trade and Corporate Certification show a low inten-
sity in all clusters. For the remaining features, the intensity 
is mixed throughout the groups. Cluster 2 has the highest 
intensity of all features, whereas Cluster 4 has the lowest 
intensity. Cluster 1 and 3 are in the middle, each with pri-
oritized topics.

Cluster 1: “Traceability Elite” ( N = 33 ): Dominated 
by 79% exporters, 18% roasters and 3% traders, of which a 
share of 42% are small companies. Half of the companies 
are selling specialty coffee only. The focus is on Traceability.

Cluster 2: “Conventional Giants” ( N = 14 ): Compris-
ing almost exclusively very large companies (93%), particu-
larly roasters (72%), engaging extensively across sustainabil-
ity initiatives, especially collective goal-based approaches 
but also third-party certification. Only a minor share of 14% 
of the companies are selling specialty coffee or organic cof-
fee, conventional produce is the priority.

Cluster 3: “Mixed Engagers” ( N = 14 ): Balanced mix 
of companies in terms of role, with a dominance of large 
and very large companies and a moderate engagement in 
sustainability initiatives, yet similarly high engagement in 
Third-party Certification as Cluster 2. 61 % of companies 
in this group offer both, conventional and organic coffee.

Cluster 4: “VSS (Voluntary Sustainability Standards) 
Base” ( N = 42 ): Largest cluster with a high share of export-
ers and small companies. The focus is on Third-party Cer-
tification, showing a second strategy pathway of exporters, 
as an alternative to Traceability for specialty coffee as in 
Cluster 1.

3.4 � Policy recommendations for the coffee sector

Out of 39 papers reviewed, 24 provided explicit recommen-
dations for public and private policies in the coffee sector. 
Specific recommendations regarding certain positions in the 
supply chain, company size, and type of sustainability ini-
tiative were rarely mentioned; thus, recommendations were 
derived in the “Discussion” section. Table 4 in “Annex” pro-
vides a summary of the studies. Seven main themes were 
identified among the papers mentioning explicit policy 
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recommendations, which structure the presentation of key 
findings in the following. The following Table 3 gives an 
overview of the literature that underpins each of the main 
themes.

Regulations and standards While regulations are man-
datory within national contexts, standards address sectors 
voluntarily from a global perspective. Evidence shows 
that considering national contexts in standard setting is 
equally important, as standards are often developed from 
an importing country’s perspective for diverse origin coun-
tries (Manning et al. 2012). Successful change is enabled by 
a joint vision of the political direction, shared benefits, and 

a balance of power between stakeholder groups (Vos et al. 
2022). VSS and other private regulations are considered 
bridge builders between public regulations in the absence of 
intergovernmental agreements and the second best alterna-
tive to public policy (Reinecke et al. 2012; Marx et al. 2024). 
Private standards support existing public regulations and 
promote accountable certification systems, while public ones 
encourage the search for more sustainable practices (Rayn-
olds et  al. 2007). Several factors need to be assured to 
advance sustainability in origin countries, including clear 
and transparent requirements, effective and accessible partic-
ipation structures, and hybrid forms of relational and hybrid 

Fig. 4   Supply Chain Positions: number of companies in sample

Table 2   Company cluster typologies

Cluster No. of 
companies in 
cluster

Company type composition Dominating company size Characteristics

1 33 79% Exporters, 18% roasters and 3% trad-
ers

42% Small companies Focus on specialty coffee and traceability

2 14 72% Roasters, 21% traders, 7% exporters 93% Very large companies Conventional produce is dominating, focus 
on collective goal-based initiatives

3 14 Balanced across all types 77% (Very) large companies Majority of companies offer conventional 
and organic coffee, focus on third-party 
certification

4 42 79% Exporters, 19% roasters, 2% traders 52% Small companies Focus on specialty coffee and third-party 
certification
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contracts (Giovannucci and Ponte 2005; Navarrete-Cruz and 
Birkenberg 2024). Compensation and incentive structures 
could go two ways: simply rewarding producers for meet-
ing the standards’ requirements or using complex, multidi-
mensional incentive structures to motivate implementation 
of sustainability approaches (Giovannucci and Ponte 2005; 
Navarrete-Cruz and Birkenberg 2024).

Sustainable sourcing and supply chain management are 
central for advancing sustainability efforts, directly impact-
ing coffee farmers’ living conditions and farming practices. 
Responsible sourcing encompasses interventions on prices 
and premiums, business practices, and direct support for 
producers; however, it must be tailored to the context to be 
truly beneficial (Cordes et al. 2021). Investments in physical 
and non-physical infrastructure are needed to ensure efficient 
business execution (Duşmăneanu and Jeschke 2024).

Public–private partnerships and multi-stakeholder col-
laboration are vital for sustainability, as they can fill gaps 
in public regulations or advance sustainability ambitions 
beyond the regulatory minimum (Reinecke et al. 2012). Col-
laborative approaches adapt more easily to market dynam-
ics, potentially resulting in higher efficiency than traditional 
“command and control” policies (Giovannucci et al. 2008). 
However, except for the organic regulation, private stand-
ards commonly remain independent from public regula-
tions. Competition among private labels arises from over-
laps and redundancies between standards, which need to be 
managed (Reinecke et al. 2012). Critics highlight the “soft 
law” character of private standards and their non-binding 
nature, however, the voluntary character of such initiatives 
brings together like-minded people or those sharing simi-
lar goals and challenges (Schuster and Mossig 2024). Both 
voluntary and public policies could focus on transparency 
regarding standards and requirements, involving stakehold-
ers from origin countries in the decision-making process, 
improving access to information and supplies, and lowering 
costs for participation of small farmers. Support systems for 

producers, including provision of financing and guidance to 
better production and farm management are needed to ensure 
long-term viability (Giovannucci and Ponte 2005; de Alba 
Verduzco et al. 2024).

Data for impact assessment and transparency are essen-
tial for trusted supply chains. Policy measures could encour-
age open data sharing via platform solutions and ensure their 
accessibility from farmer to consumer (Giovannucci et al. 
2008; Samper and Quinones-Ruiz 2017). Such approaches 
serve the threefold purpose of allowing farmers to monitor 
and improve their production, share knowledge, and sup-
port traceability efforts (Duşmăneanu and Jeschke 2024; 
Giovannucci and Ponte 2005). Besides traceability, also 
SDG KPIs can be tracked and made available for reporting 
purposes (Samper and Quinones-Ruiz 2017) or ease certi-
fication. On a higher level, data generated throughout the 
value chain allows for impact assessments at business and 
landscape level (Dietz et al. 2018a; Millard 2017) and to 
evaluate and compare sustainability initiatives, guide policy 
design, and set standards for private sustainability initiatives. 
Research indicates that VSS is insufficient to foster a tran-
sition to more sustainable coffee production, as trade-offs 
between different SDGs bias the perceived vs. the overall 
impact (Rubio-Jovel et al. 2023).

Global and national sustainability strategies need close 
alignment to effectively promote private standards and facili-
tate multi-stakeholder processes. This includes anchoring 
key stakeholders, such as buyers, roasters, and development 
agencies (Manning et al. 2012). As VSS are considered the 
second-best alternative without other strong private or pub-
lic regulations, policymakers could provide infrastructure 
and security to enable VSS to thrive by complementing or 
advancing the requirements of public regulations (Marx 
et al. 2024).

The integration of region-specific requirements and mul-
tiple perspectives into policy analysis and design (Raynolds 
2009) can enhance the efficiency in targeting global SDGs at 

Table 3   Overview on main themes identified for policy recommendations

Main theme References

Regulations and standards Manning et al. (2012), Vos et al. (2022), Reinecke et al. (2012), Marx et al. 
(2024), Raynolds et al. (2007), Giovannucci and Ponte (2005), and Navar-
rete-Cruz and Birkenberg (2024)

Sustainable sourcing and supply chain management Cordes et al. (2021) and Duşmăneanu and Jeschke (2024)
Public–private partnerships and multi-stakeholder collaboration Reinecke et al. (2012), Giovannucci et al. (2008), Schuster and Mossig (2024), 

Giovannucci and Ponte (2005), and de Alba Verduzco et al. (2024)
Data for impact assessment and transparency Giovannucci et al. (2008), Samper and Quinones-Ruiz (2017), Duşmăneanu 

and Jeschke (2024), Giovannucci and Ponte (2005), Dietz et al. (2018a), Mil-
lard (2017), and Rubio-Jovel et al. (2023)

Global and national sustainability strategies Manning et al. (2012) and Marx et al. (2024)
Infrastructure and capacity building in origin countries Cordes et al. (2021) and Sachs et al (2019)
Innovation and technology Lachenmeier et al. (2024)
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the national or even local level and help support other qual-
ity standards, e.g., geographic indication of origin (Samper 
and Quinones-Ruiz 2017).

Infrastructure and capacity building in origin countries are 
two key areas to be addressed by policymakers. Cross-national 
policy design, flanked by institutional and physical infrastruc-
ture as a basis for further measures, offers viable opportunities 
to increase sustainability along the entire value chain (Cordes 
et al. 2021). For example, Sachs et al (2019) propose National 
Coffee Sustainability Plans (NCSPs) individualized for each 
coffee-origin country’s goals, funded through a Global Cof-
fee Fund supported by industry, donors, national budgets, and 
private investments.

Innovation and technology are critical enablers for achiev-
ing sustainability goals, and policymakers could review 
regulations to promote circularity approaches and product 
innovation. For example, the EU’s novel food regulations 
limit utilizing coffee by-products, avoiding the larger-scale 
utilization of novel ingredients (Lachenmeier et al. 2024).

4 � Discussion

The results of this study for Germany, as one important cof-
fee market, provide information regarding applied sustain-
ability initiatives. However, the literature review yielded 
only generic insights regarding policy recommendations for 
specific types of companies. In the following, we discuss 
the findings.

4.1 � Diverse initiatives, shared goals

Our analysis showed Third-Party Certification and Multi-
Stakeholder Initiatives dominate sustainability efforts across 
all company sizes, however, increasing company size tends to 
relate with intensified engagement. Company size can thus be 
considered an important influence on sustainability engage-
ment, suggesting that increased resources and capacity lead to 
more comprehensive sustainability efforts. Corporate certifica-
tion initiatives are common for large and very large players and 
subject to company organization (Bager and Lambin 2020). 
Such initiatives could be monitored for consistency in stand-
ards, and holistically addressing the entire value chain (Alva-
rez et al. 2010). Collective rule-based initiatives are usually 
represented as Multi-stakeholder Initiatives and could focus 
on involving a majority stakeholders from different supply 
chain areas. Besides supporting farmers within their supplier 
networks, companies could consider pre-competitive contri-
butions to public goods benefiting a broad range of farmers, 
such as research for new varieties. In contrast, Goal-based 
Initiatives are promising but still niche and almost exclusively 
applied by very large firms, that possess the necessary man-
agement capacities and are preparing for (future) non-financial 
sustainability reporting requirements. Goal-based Initiatives 

can thus be considered size-dependent and possibly indicate a 
gap in sustainability practices between large and smaller com-
panies. Direct Trade Initiatives are also younger initiatives but 
still niche while Single-Origin Initiatives remain exotic. Direct 
Impact Initiatives show a varied focus across firm sizes, with 
a stronger focus on environmental aspects. However, policies 
are required that push for even stronger efforts, e.g., increasing 
GHG emissions or waste and by-product efforts. The largest 
companies give the greatest attention to business and economic 
support within Direct Impact Initiatives, suggesting a more 
comprehensive approach by bigger players.

4.2 � From smallholders to giants: customizing 
policies

Depending on the company size companies face different 
challenges and their effect on the individual entity but have a 
common base of root causes that policymakers could address. 
Small companies lack the (financial) power and leverage to 
make changes independently. They could build partnerships 
and cooperations to strengthen their position, facilitate knowl-
edge sharing, and reduce power imbalances (Duşmăneanu and 
Jeschke 2024; Marx et al. 2024). Setting up (digital) platforms 
to facilitate the building of trade relationships and knowledge 
sharing is another means to empower small companies across 
different physical locations (Samper and Quinones-Ruiz 2017; 
Lachenmeier et al. 2024). Medium-sized companies might 
appear to be “stuck in the middle”, yet their position offers a 
good vantage point for developing a targeted positioning and 
niche offering due to their flexibility to work both upstream 
and downstream. This highlights the importance of sustain-
ability-driven business model innovation to help companies 
overcome such stalemate (Lachenmeier et al. 2024). Particu-
larly in the field of Direct Impact Initiatives, partnering with 
larger and very large companies allows medium-sized play-
ers to excel in their individual outreach and overcome limita-
tions (Bager and Lambin 2020). Large and very large compa-
nies are dominating the coffee value chain through their size 
and financial capacity (Cordes et al. 2021) and have, there-
fore, the strongest lever to trigger changes  (Giovannucci and 
Ponte 2005; Venus et al. 2024). Public policy could continue 
bailing large and very large companies in for the sustainable 
transformation of their supply chain. Research is needed on 
incentivizing firms to adopt these practices (Marx et al. 2024).

4.3 � From farm to roaster: role‑based policy 
solutions

Depending on the position in the value chain, policy meas-
ures need to address the obstacles preventing companies from 
intensifying their sustainability engagement. At farm level, 
encouraging implementation of best management practices, 
both in business and agriculture, could increase efficiency and 
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productivity. By that, land use change can be avoided, and the 
sovereignty of farmers increases (Millard 2017). Farmers usu-
ally attempt to comply with different standards on the market 
to align their production with multiple consumer preferences, 
but should keep a sensitive trade-off between business opportu-
nity and certification cost in mind due to consumers’ increasing 
“label fatigue” (Dietz et al. 2018b). Standards that have a strong 
democratic base and are coordinated through NGOs, e.g., Fair-
trade, should be preferred over corporate certifications, e.g., 
Nespresso AAA, that reflect buyers’ interests (Raynolds et al. 
2007). Public policy could focus on setting frameworks that fos-
ter equitable participation of farms of all sizes in key decisions 
over standard setting and monitoring procedures (Giovannucci 
and Ponte 2005), ensure sufficient financial means to drive sus-
tainable transformation, considering minimum prices or pub-
lic–private partnerships (Sachs et al 2019; de Alba Verduzco 
et al. 2024), and foster adoption of innovation and technology 
for supply chain transparency (Bager and Lambin 2020; Marx 
et al. 2024). Third-party certifications and multi-stakeholder 
initiatives are suited to accommodate this across all company 
sizes, while direct impact approaches can address specific 
requirements complementarily and context-specific. Export-
ers display the lowest engagement intensity in sustainability 
initiatives, focusing only on the minimum requirements set by 
third-party certification and traceability. Traders show a slightly 
higher intensity of engagement. Both groups have the most 
proximity to the origin of coffee production. Therefore, they 
could partner with other players along the supply chain to pro-
mote sustainable sourcing practices, emphasizing transparency 
and traceability (Cordes et al. 2021). This includes rethinking 
the governance structures that are imposed to ensure farmers’ 
interests are reflected through equal representation (Raynolds 
2009) and ensuring better understanding and buy-in into self-
imposed goals, allowing the adaptation of global targets to 
local realities (Schuster and Mossig 2024). Roasters are the 
value chain link often getting the most attention through their 
immediate interaction with consumers through brands. There-
fore, their high involvement in sustainability is a logical conse-
quence. However, roasters often lack the direct link upstream 
until the farm level, which impedes credible storytelling about 
their initiative and assessment of the overall impact. Focusing 
on sustainability initiatives that allow for physical traceability 
of products, engagement in direct impact initiatives, and con-
ducting impact assessments to ensure holistic changes, together 
with consumer education, are key to strengthening the role of 
roasters in the coffee value chain (Raynolds et al. 2007; Rei-
necke et al. 2012). Positioning brands through origin-centric 
approaches, rather than standard-focused, can create real oppor-
tunities for authentic differentiation for all, as they are more 
scalable than, e.g., direct trade approaches and can co-exist with 
other forms of certification (Samper and Quinones-Ruiz 2017). 
To summarize, the key focus for all value chain players should 
be on strengthening collaboration and building partnerships, 

making governance more inclusive with shared responsibilities 
and participation, and reducing barriers to research, innovation, 
and technology.

4.4 � The promise of clustering for policy design

Clustering of companies with similar sustainability engage-
ment typologies may allow efficient yet, tailored policy 
recommendations to advance sustainability efforts. For 
example, for Traceability-focused exporters (Cluster 1), 
digital tools are essential for enhancing sustainability and 
origin approaches. Conventional Giants/Roasters (Cluster 2) 
should align innovations with sustainability goals, with pub-
lic policies applying pressure for change. Mixed Engagers 
(Cluster 3) need effective certification schemes to encourage 
larger companies to commit to fair pricing. Lastly, VSS Fin-
est, smaller companies prioritizing premiums for farmers, 
require collaboration and investment with producers, larger 
firms, and public entities to advance sustainability.

5 � Conclusion

The findings of our study reveal a structural gap between 
the current global policy landscape and the heterogeneous 
needs of actors in the coffee sector. While sustainability ini-
tiatives are growing, they often lack the granularity to man-
age the complexity related to differences in company size, 
resources, and strategic priorities. This misalignment cur-
rently constitutes an obstacle to adoption and effectiveness, 
but at the same time presents an opportunity for renovation 
of the industry. The evolving interplay between public and 
private standards, combined with advances in traceability 
and transparency technologies, offers a promising founda-
tion for more targeted and impactful measures. Our work 
provides a practical basis for differentiated policy design, 
by identifying distinct company clusters with shared prefer-
ences for sustainability approaches. Tailoring the offering 
of sustainability initiatives to companies’ needs bears the 
potential to enhance engagement and outcomes, compared 
to imposing a one-size-fits-all approach. Beyond the coffee 
sector, this analytical approach could be applied to other 
agricultural commodities with complex global value chains, 
where sector-wide goals often struggle to account for on-
the-ground diversity, such as cocoa or exotic fruits. Future 
research could build on these findings by validating cluster 
patterns with richer datasets, incorporating economic per-
formance indicators, and triangulating with empirical evi-
dence to assess policy outcomes. Such efforts would not only 
strengthen the evidence base for sustainability governance 
in coffee but also contribute to broader debates on how to 
align global frameworks with the diverse realities of industry 
actors, ultimately advancing both equity and effectiveness in 
sustainable commodity trade in coffee and beyond.
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Appendix

See Fig. 5 and Table 4.

Fig. 5   Features and key word mapping
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