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Abstract— Information and communication technology has 

been hailed for playing a crucial role in achieving the UN 

sustainable development goals. That notwithstanding, the 

realization of this agenda depends on the convergence of 

sustainable use and deployment of ICT with strong commitment 

from local and global partnerships and corporations. Thus, to 

achieve the 17 UN SDGs, local efforts and realities must be 

incorporated. Like many other countries, the Finnish government 

has set an ambitious goal to be a carbon-neutral nation by 2035. 

However, research on how such an ambitious target could be 

achieved is lacking. As such, the overarching objective of this 

study was to suggest a pathway for building a Green ICT 

Ecosystem. We reflect on our experience in building a green ICT 

ecosystem with the involvement of key ICT ecosystem 

stakeholders to adopt Green ICT practices. The lessons learned 

from creating a green IC ecosystem showed the importance of 

understanding stakeholders' diverse needs and challenges and 

consolidating numerous Green ICT approaches and strategies. We 

proposed a framework to serve as a guide for replication in other 

countries. To the best of our knowledge, this framework will likely 

be the first study to provide a blueprint for creating a Green ICT 

ecosystem to advance the convergence of ICT and stakeholder 

collaboration in archiving sustainable development.  

Keywords— Sustainability, Green ICT Ecosystem, Ecosystem 

Orchestration, Stakeholder engagement, Co-design  

I. INTRODUCTION  

The consequence of the climate crisis poses an 
unprecedented danger to humanity and our common planet [1]. 
As such, countries and organizations, including the information 
and communication technology (ICT) sector across the globe, 
are facing enormous pressures from international bodies, 
pressure groups, and consumers to consider the effects of their 
activities while doing business [2]. ICT and software businesses 
are increasingly becoming an important backbone for many 
nations’ sustainable development. However, the effects of ICT 
could be either positive or negative and the effects can be 

immediate, enabling, or structural, as proposed by Duboc et al. 
[3]. Authors in [4]–[6] opined that, the immediate effect refers 
to the increase or reduction of emissions and energy in relation 
to the physical existence of the ICT product or service (e.g., 
production, operation, use, repair, and disposal of ICT hardware 
and software). Enabling effect refers to any changes that may 
arise or be induced due to the use or operation of ICT software 
or devices. Thus, the effects do not arise directly from the use of 
ICT but rather the side effects. Similarly, structural effects are 
macro-level indirect consequences resulting from systemic and 
behavioral adaptation to the ICT services as a part of everyday 
life and business processes/culture. 

TABLE I.   EXAMPLES OF ICT POSITIVE AND NEGATIVE ENVIRONMENTAL 

IMPACT 

    Order of 

effect 

Positive ICT impacts Negative ICT impacts 

 First Order 

(Immediate) 

According to [7], 

technological advancement 
through ICT can can 

reduce CO2 emmissions. 

For example, the use of 
ICT in smart cities through 

process and material 

optimization could reduce 

greenhouse gas emissions  

ICT devices consume 

enormous amounts of 
energy. For example, in 

2020, the data center 

industry consumed around 
196 to 400 terawatt-hours 

(TWh). This is equivalent 

to 1% to 2% of worldwide 

annual data center energy 

consumption [8] 

Second 

Order 

(Enabling) 

ICT tools can enable 

sustainable consumption by 
automatically calculating 

the carbon footprints of 

companies and individuals 
and presenting it in a more 

simple, personal and 

motivating manner [9]. For 
instance, smart lighting in 

smart homes enables 

efficient usage of electricity 

ICT components combined 

with other products may 
make waste disposal and 

recycle more difficult. For 

example, bank credit cards 
equipped with smart chips 

Third Order 

(Systemic) 

Emerging technologies like 

ChatGPT could be used to 

ChatGPT may have an 

unanticipated negative 



 

 

    Order of 

effect 

Positive ICT impacts Negative ICT impacts 

provide virtual health 

assistance to patients [10]. 
For instance, the 

technology can be used to 

provide personalized 
activities to change 

people’s behavior and 

adopt a sustainable lifestyle 
and usage of technological 

devices 

effect. For instance, it may 

increase the chances of 
cybercriminals generating 

sophisticated and highly 

personalized messages 
instead of mass messages, 

leading to high usage of 

energy. 

 

As a result of the impacts of ICT on the environment, 
businesses, and society at large, green ICT has gained popularity 
among scholars, practitioners, and policymakers [11]. However, 
for organizations especially small and medium sized enterprises 
(SMEs) to adopt green ICT practices, all stakeholders in the ICT 
ecosystem must collaborate to ensure sustainable design, 
production, usage, repair, recycling and disposal of ICT 
products and services. Hence, the aim of this paper is to 
empirically demonstrate how to bring ICT stakeholders together 
and create sustainability awareness to minimize ICT’s negative 
impacts and drive positive externalities on the environment, 
economy, and society [12].   

As emphasized in the UN sustainable development goal 
(SDG) 17, the realization of all 16 SDGs depends on the strong 
commitment to local and global partnerships and cooperation 
enabled by deploying information and communication 
technologies [3]. At the international and national levels, GICT 
has become a new policy focus area for many developed and 
developing countries in making their economic growth agenda 
and human activities more sustainable. Thus, in many countries, 
environmental protection, and green energy [6] have been on the 
agenda of policymakers and businesses alike. For example, 
Finland is among the pioneering countries to set an ambitious 
climate-neutral policy and strategy by 2035 for the ICT sector 
[13]. Despite the acknowledgment of the importance of ICT in 
sustainability transition, the sector itself contributes its fair share 
of environmental problems and energy consumption which is 
estimated to be 4-10% of the global energy consumption [9], 
[11], [13]. Given the multifaceted and complexity of the 
sustainability environment as well as the multiple players 
involved in the ICT and software value chain from design, 
development, and manufacturing to sales, procurement, repair, 
reuse, and recycling, it is imperative to consider the various 
stakeholders when addressing the issue of GICT because of the 
interdependencies and interrelationships among ICT and 
software producers, developers and procurers that together form 
an ecosystem. 

The ecosystem concept, as used in ecology, depicts the 
symbiotic relationship between living organisms and their 
environment [14], and has become widely used among 
practitioners and scholars [15]. James Moore first introduced the 
term business ecosystem [16] and has since taken different 
shapes and forms and been applied in many fields. To that end, 
Diga and May described the ICT ecosystem as including "the 
policies, strategies, processes, information, technologies, 
applications and stakeholders that together make up a 
technology environment. Most importantly, an ICT ecosystem 
includes people – diverse individuals who create, buy, sell, 

regulate, manage, and use technology" [17]. These diverse 
stakeholders constitute the backbone of the ICT ecosystem, as 
they are mainly responsible for the output of the ecosystem. 
Following Fransman’s studies on the new ICT ecosystem [18], 
stakeholders in the ICT ecosystem are classified under five main 
groups: ICT equipment producers, network operators who 
connect these devices, platforms, content and applications 
providers, as well as knowledge providers such as research 
institutions and government bodies, users and final consumers. 
Hence, through the co-design process, we ask the following 
research question: RQ: How can ICT stakeholders be aware of 
the sustainability effects of their actions and adopt green ICT 
practices? As such, this paper makes a contribution to the body 
of knowledge by proposing a blueprint for creating a Green ICT 
ecosystem to advance the convergence of ICT and stakeholder 
collaboration in archiving sustainable development. 

The rest of this paper is arranged as follows. Section 2 covers 
the background and related research work on the promotion and 
adoption of green ICT practices. Section 3 presents the 
foundation of the Green ICT ecosystem project and the approach 
adopted. Section 4 details the outcome of how the co-design 
framework was applied in creating the Finnish GICT ecosystem. 
Section 5 talks about lessons learned. Section 6 summarizes the 
conclusions and gives suggestions for future works. 

II. BACKGROUND 

For better or for worse, emerging technologies such as  
artificial intelligence, robots, automation, machine learning, 
virtual reality, extended reality, metaverse, blockchain and 
recently chat generative pre-trained transformer (ChatGPT) is 
taking over most part of our daily activities [18]. Similarly, 
organizations of all sizes are racing towards becoming the first 
to own and utilize such technologies. As a result, digital 
technologies which was once touted as the savior to our 
deteriorating climate, is now contributing to the environmental 
and social decay. Hence, GICT seeks to address this problematic 
role of ICT [9]. Although in recently, studies have promoted the 
sustainability awareness of ICT’s impacts, there has been 
limited consideration on how to orchestrate a coordinated ICT 
organizations effort to adopting GICT practices. As mentioned 
in the study conducted by [19], organization’s decision to adopt 
GICT initiatives often depends on cost, legal and ethical factors. 

The Finnish Ministry of Transport and Communications 
published Climate and Environmental Strategy for the ICT 
Sector in March 2021. This strategy was prepared by a group of 
representatives from industry and academia under the guidance 
of the ministry. The strategy does not give exact solutions but 
shows what needs to be done and who could take responsibility 
for the actions. The strategy gives propositions on how to (or 
what to) promote ecologically sustainable ways of creating 
digital solutions, how to use digital solutions in a more 
environmentally friendly way, and how to utilize the circular 
economy in the field of ICT. This not only nationally but also 
internationally pioneering strategy addresses six main areas and 
their objectives and measures to consider. These are listed 
below. 



 

 

A. Climate and environmental friendliness of ICT 

infrastructure 

This category contains the elements related to the 
infrastructures, including communication networks as well as 
computing facilities. The needed actions include improvement 
of energy efficiencies through technical improvements as well 
as through sharing of resources, the use of zero-carbon energy 
sources, and the use of the possible waste heat. There exist many 
possibilities both in network infrastructures as well as in data 
centers to improve the climate impacts. 

B. Climate and environmental friendliness of the data 

economy 

This category focuses on ICT services, especially the role of 
software in implementing these services. The software solutions 
will be looked at from both footprint as well as handprint 
perspectives. In some sense, this part has created a lot of interest 
among Finnish ICT companies but has proven to be much more 
complex than the infrastructure category. 

C. Sustainable material flows and the circular economy 

This category focuses on the resource consumption and 
circulation of the resources used for ICT solutions. One could 
think that this is only focusing on the devices and infrastructures, 
but this also considers the longevity of the ICT services as each 
ICT service has some included human resources. 

D. Knowledge base expansion and development of measuring 

One of the key challenges in Green ICT is the lack of suitable 
metrics for following the effects of the development. This 
category focuses on the expansion of the knowledge base on 
metrics and possible impacts of the solutions. For example, the 
knowledge on lifecycle impacts as well as rebound effects is 
considered in this category. 

E. Increasing consumer awareness and competence 

This category focuses on the impacts of increased 
awareness. Although this category emphasizes the consumers 
and their behavior, the work also contains awareness and 
knowledge building in companies, as it was observed that many 
of the companies did not have a proper understanding of the 
topic. Training of the practitioners is one of the main activities 
of our Green ICT ecosystem reported in this paper. 

F. Utilizing emerging technologies and responding to 

challenges 

The strategy recognizes the future possibilities the new 
emerging technologies may provide in the sense of their 
handprint as well as their own environmental footprint. 

III. THE GREEN ICT ECOSYSTEM PROJECT APPROACH 

Green ICT ecosystem project is a national funded project 
with the purpose of a) identifying interested ICT companies, b) 
gathering them to a series of webinars/workshops, c) educating 
them on the challenges and possibilities of Green ICT and d) 
engaging them to the development of the environment and 
climate-friendly solutions. Thus, the overarching objective of 
the Green ICT ecosystem project is to orchestrate and co-design 
a sustainable ICT ecosystem that provides ICT and software 
developers, sellers, and buyers the opportunity to learn about 
sustainability, be aware of the impacts of their activities on 
sustainability and share best practices. To achieve this, we had 
to involve the ICT stakeholders and end-users as an integral part 
of the ecosystem orchestration and design process. Hence, the 
research team adopted a co-design approach to engaging 
stakeholders in the Green ICT ecosystem development process. 
To this end, the research team consisted of three project partners: 
an academic institution, a non-profit organization specializing in 
information and digitalization, and a leading professional 
society in the field of information and communications 
technologies. In this section, we aim to describe how we co-
designed the Green ICT ecosystem and engaged the key 
stakeholders. 

To create sustainability awareness and promote the adoption 
of sustainability practices among ICT and software-related 
organizations, we employed the Participatory Research (PR) 
method [20] [21], from the project’s onset to directly engage 
stakeholders in co-designing a Green ICT ecosystem. To ensure 
that ICT and software-related organizations get access to best 
sustainability practices and adopt them without the feeling of 
coercion, the Green ICT ecosystem project made the 
engagement of ICT and software developers, producers, 
procurers, and government agencies (see table 2), an essential 
element to co-designing a sustainable ecosystem. In addition to 
creating sustainability awareness among these stakeholders, the 
project aimed to design a platform for the ecosystem where the 
ICT ecosystem stakeholders collaborate, share ideas and get 
expert services on how to implement their digitalization and ICT 
sustainability initiatives and measure the impacts. 

Research in participatory design literature [21] [22], has 
highlighted generative techniques where the needs, challenges, 
opportunities and design requirements alternatives are elicited 
through stakeholder engagement and co-creation and co-design 
techniques [23]. These techniques empower participants to 
engage and actively contribute to addressing a community-
identified need or developing an artifact for their own good [24] 
[22]

 



 

 

TABLE II.  PARTICIPATORY ACTIVITIES TOWARDS BUILDING A GREEN ICT ECOSYSTEM 

Mode of Engagement 

and event date 

Number of 

participants 

Topics Purpose  Stakeholders Framework 

phase 

webinar 09.10.2021 135 Green ICT - 

Sustainable ICT 
development 

An introductory webinar for anyone 

interested in Sustainable ICT development 
and especially the environmental issues of 

ICT 

ICT producers, 

network operators, 
knowledge 

providers, users and 

public procurers 

Situation 

Awareness 

webinar and panel 
discussion 21.10.2021 

35 How to sell 
climate wise 

digital services 

Webinar for ICT service producers 
showcasing three current solutions in the 

Finnish marketplace. Afterwards an expert 

panel discussed topics raised by 
participants 

ICT producers, 
network operators, 

public procurers and 

other ICT and 
software consumers 

Engagement 

webinar and panel 

discussion 28.10.2021 

85 How to make 

climate and 
environmentally 

friendly ICT-

procurements 

Webinar for private and public procurers 

on the circular economy, social issues of 
raw material acquisition in ICT, and Green 

Public Procurement framework. Afterward 

a panel discussion on topics raised by the 
participants 

public procurers Engagement 

webinar 19.11.2021 154 Many faces of 

data - on the 
sustainability of 

the data economy 

An introductory webinar on the 

sustainability of using data in business 

ICT producers, 

network operators, 
knowledge 

providers, users and 

public procurers 

Sensing 

webinar and panel 

discussion 24.11.2021 

58 How to produce 

added value 

through 
environmentally 

friendly products 

in B2B and B2C 
markets 

Webinar for ICT producers on how to 

market and sell environmentally friendly 

products. Afterward panelists discussed 
participant questions 

ICT and software 

producers 

Engagement 

webinar and panel 

discussion 1.12.2021 

63 Climate, 

sustainable 
development, and 

responsibility in 

ICT procurement 

Webinar for ICT procurers representing 

solutions for sustainable ICT from the 
current Finnish market, aimed for 

procurers and procurement consultants, 

with a panel on participant questions 
afterwards 

public procurers and 

other ICT 
consumers 

Engagement 

webinar and panel 

discussion 8.12.2021 

62 Sustainable 

software 
development 

Webinar on the basics of climate and 

environmentally friendly practices in 
software development and coding 

practices. After which participants' 

questions were addressed by an expert 
panel 

ICT producers, 

network operators, 
knowledge 

providers, users and 

public procurers 

Engagement 

webinar and panel 

discussion 12.1.2022 

119 The future 

markets and 
trends in GICT 

A webinar and an expert panel about 

future scenarios on climate and 
environmentally friendly ICT development 

ICT producers, 

network operators, 
knowledge 

providers, users and 

public procurers 

Engagement 

webinar 11.5.2022 85 Sustainable 
coding 

Webinar about practical ways to design 
and develop climate friendly software. In 

cooperation with Code from Finland NGO 

ICT producers, 
network operators, 

knowledge 
providers, users and 

public procurers 

Co-design 

webinar and workshop 

1.6.2022 

89 Green ICT 

ecosystem kick-

off 

Workshop on charting the producer and 

procurer needs from the Green ICT 

ecosystem 

ICT producers, 

network operators, 

knowledge 

providers, users and 

public procurers 

Co-design 

webinar 3.6.2022 46 How paperless 

office and support 

activities save cost 
and the 

environment 

A webinar on how to move to eInvoice, 

eLogistics and other paperless services and 

how the transition improves economic and 
environmental sustainability 

ICT producers, 

network operators, 

knowledge 
providers, users and 

public procurers 

Engagement 

webinar 13.10.2022 51 How GICT 
improves business 

Webinar on funding and a case study 
presentation on Green R&D projects 

ICT producers, 
network operators, 

knowledge 

providers 

Sensing 

webinar  and workshop 

20.10.2022 

52 R&D cooperation 

between 

universities and 
companies 

Webinar on public R&D-funding 

opportunities. Workshop about research 

needs of corporations and universities, 
charting common topics 

ICT producers, 

network operators, 

knowledge 
providers 

Sensing 

workshop 30.11.2022 82 Green coding 

workshops 

Three workshops, one on measuring the 

impact of code, one about energy saving 

optimization of code and one on taking 

climate into account while testing software 

ICT producers, 

network operators, 

knowledge 

providers, users and 

public procurers 

Co-design 



 

 

Mode of Engagement 

and event date 

Number of 

participants 

Topics Purpose  Stakeholders Framework 

phase 

webinar and workshop 

13.12.2022 

78 Tools for green 

procurement 

A webinar on current tools for climate and 

environmentally sustainable ICT-
procurements from academia, consultants 

and public sector. Workshop on applying 

the tools in everyday practice 

ICT producers, 

network operators, 
public procurers and 

other ICT and 

software consumers 

Co-design 

webinar 14.12.2022 64 How to 
compensate 

greenhouse gas 

emissions the 
right way, without 

greenwashing 

Webinar on economically, 
environmentally and socially sustainable 

ways to compensate for GHG-emissions. 

In cooperation with Code from Finland 
NGO 

ICT producers, 
network operators, 

public procurers and 

other ICT and 
software consumers 

Co-design 

 

IV. CO-DESIGN APPROACH 

To date, research into GICT has failed to create a framework 

that is supported with empirical case study on how to create 

a GICT ecosystem for ICT stakeholders to learn and adopt 

sustainability practices in the operations. The importance of 

involving ICT ecosystem players such as software 

developers, manufacturers, suppliers, procurers, and 

policymakers in creating a green ICT ecosystem cannot be 

overemphasized. This is because ecosystem stakeholders 

have a deep understanding of their challenges and the kind of 

support needed to adopt GICT practices in their 

organizations. For most organizations, their challenge is not 

on whether or not to adopt GICT, but instead, how to do it 

[25]. The GICT ecosystem is one that is complex due to the 

dependencies and interconnectedness of stakeholders. As 

such, without such a framework, determining how to design 

and build a GICT ecosystem to trigger ecosystem-wide 

realization of potential opportunities and minimization of 

ICT’s negative impacts becomes problematic. To ensure that 

stakeholders’ concerns are considered throughout the 

ecosystem design process, the GICT ecosystem co-design 

framework involved five stages: situation awareness, 

sensing, engagement, co-design, and roll-out and monitoring. 

In the subsequent paragraphs, we present the blueprint for 

creating a green ICT ecosystem (Figure 1) and a summary of 

activities that informed our proposed framework. 

 

Fig. 1. Blueprint for creating a green ICT ecosystem  

A. Situation Awareness 

The situational awareness stage aims to support the 
ecosystem orchestrators, thus the research team, to familiarize 
and understand the current state-of-the-art [26]. This included 
understanding the motivations, challenges, and needs of ICT 
and software-related businesses in adopting Green ICT 

practices and initiatives. Conducting situational awareness 
may involve exploring different research methods, such as 
ethnographic, where the research team observes the Green 
ICT practices and initiatives at the organizations’ premises. 
Another method could be, for example, interviewing 
stakeholders in the ICT ecosystem to gain an in-depth 
understanding of their current practices, challenges, and needs 
[27]. However, the above methods require a longer time and 
resources to get a sizable sample. Hence, due to limited 
resources and time, the research employed at first a survey as 
a research method to understand the challenges and needs and 
later in the design process phase, interviews were conducted 
to deepen understanding from the survey. This stage is 
essential as it is the base for a productive Green ICT 
ecosystem co-design experience. 

B. Sensing 

The next stage after gathering information on the current 
situation of the ICT sector in the Uusimaa region was to make 
sense of the data and identify key thematic challenges that the 
GICT ecosystem should address. Excerpts from the survey 
results which was published in [1] revealed the lack of trained 
employees on sustainability practices in organizations, lack of 
sustainability awareness, or even accessibility to GICT best 
practices as shown in figure 2. For instance, in the survey, we 
asked respondents whether employees in their organizations 
are trained in using equipment following GICT principles. 
Interestingly, 77% of the 35 respondents said, "we do not train 
our staff in the use of equipment in accordance with GICT." 
Moreso, we identified the lack of budget allocation for GICT 
transformation as another challenge when 86% of the 35 
respondents stated that "we do not take Green ICT into 
account when budgeting." The results enabled the research 
team to frame and formulate a clear value proposition and 
presented it through workshops and webinars on the need to 
build a GICT ecosystem to eliminate the barriers and help 
organizations be aware of their sustainability impact and how 
to adopt sustainable practices. 

 

Fig. 2. ICT organization´s challenges to adopt GICT practices. 



 

 

C. Engagement 

Following the sensing phase is what we termed 
engagement. Here, the aim is to engage with ICT 
sustainability practitioners to lead discussions and share their 
experiences and best practices on how organizations are 
embarking on their sustainability transformation journey. To 
effectively achieve this goal, the research team collectively 
used their professional and personal contacts to identify [28] 
which experts to invite. Next, the team organized in a total of 
seven webinar sessions: four for the manufacturers and 
producers of ICT and software products, two tailored towards 
the procurers of ICT and software products, and the last one 
aimed at all stakeholders, including the producers and 
procurers. At the end of each expert presentation during the 
webinars, stakeholders were given the opportunity to ask the 
experts some questions, which took the form of informal 
interviews and panel discussions. The aim is to ensure that key 
relevant stakeholders’ needs and recommendations [29], are 
considered iteratively throughout the ecosystem design 
process. 

D. Co-design 

In the co-design phase, the aim is to co-design a digital 
platform architecture as shown in figure 3. The platform 
serves as a touching point through which stakeholders will be 
connected and collaborate to co-create value. Discussions 
were held among the research team, and it was decided that 
the ecosystem platform should have a web portal where all the 
activities of the stakeholders concerning green ICT will take 
place. 

 

Fig. 3. Architecture for the Finnish green ICT ecosystem platform 

As shown in figure 3, the forum represents the discussion 
room where paid members of the ecosystem will share their 
ideas, ask questions, get personalized assistance, and support 
each other. News is the place where announcements about 
new tools, updates and important upcoming event are shared 
with ecosystem stakeholders. Under tools, ecosystem 
members can access all the tools and materials for assessing 
the sustainability impact of their activities and to measure their 
carbon footprints. The tools are targeted at two broad 
categories of stakeholders: public procurers and ICT and 
software organizations. It is aimed at enabling procurers of 
ICT and software services to add environmental criteria to 

procurements activities. Furthermore, the tools will provide 
ICT and software organizations the opportunity to evaluate 
their sustainability readiness. Organizations need to answer 
few questions to evaluate their sustainability readiness. By 
completing the pre-evaluation questionnaire, organization will 
discover their sustainability readiness score, and suggested 
areas of improvement. The tool will also provide a base for a 
development plan. The design process of this self-assessment 
tool is described the subsequent paragraph. Research area of 
the platform represents the freely available materials for both 
paid and unpaid ecosystem members. Thus, organizations 
who do not belong to the ecosystem can still access limited 
materials and tools to help them with their sustainability 
transition. 

Integral to the design process of the digital platform was 
the need to develop self-assessment tools for ICT and software 
organizations to evaluate their sustainability readiness in their 
business operations and processes. To develop the tools, a 
service design framework known as the double diamond 
process [30] was adopted (figure 4), which involves four 
phases: understand, brainstorm, test, and implement. 

 

Fig. 4. Double diamond process for service design 

The service design process engaged stakeholders to find 
the best alternatives and requirements elicitation for the tools. 
Among the group of stakeholders were the research team, a 
service design company, and five ICT companies selected 
from the target group to participate in the co-design process. 
Ultimately, five workshops were arranged in this phase to 
enable brainstorming and knowledge sharing in requirements 
gathering and co-designing the tools. Next, the five ICT 
companies were engaged at four different stages to develop 
the tools for the platform. 

• Understanding: This stage involved engaging with the 
pilot service design companies to understand their 
thoughts and needs for the self-assessment tool. The 
main goal was to get the companies’ understanding of 
sustainability issues and how they plan to develop the 
tools in a more sustainable manner. We employed 
techniques such as persona scenario exercise [31] to 
develop an understanding of service design 
companies’ experiences and how they intend to build 
the tools. This technique has proven to be useful in 
requirements elicitation and design activities within 
software engineering [32]. Since the GICT ecosystem 
has sustainability as the core focus, everything 
associated with it, from design to implementation, 
ought to have a sustainability flavor. 

• Brainstorming: Next was to go through a tentative 
draft of the tool together with the companies and 

 



 

 

collect their thoughts and ideas. At this point, many 
alternatives exist for the selection of appropriate tools 
which will best serve the needs of the GICT 
ecosystem. We employed brainstorming and a 
creative prototyping exercise whereby participants 
sketched a physical manifestation of the tools to be 
developed. The goal here is to enable the companies 
to conceptualize their ideas or artifacts that illustrate 
how the tools will operate in the digital platform. In 
this way, both the research team and the service 
designers can harness their expertise to co-design the 
tools for the ecosystem. 

• Testing: After two rounds of discussion with the 
companies, a tool prototype was created. The 
prototype, which consists of three sets of questions, 
was tested by the pilot company representatives. They 
gave their answers concerning their current situation 
and practices. 

• Implementing: The final stage with the companies is 
about giving them a development plan based on their 
answers given in the third stage. This is what the final 
tool is planned to do automatically. Giving these plans 
to the pilot companies will increase the motivation 
and engagement of these companies in the ecosystem. 

E. Implementation 

Finally, this stage is where you activate the actual 
members who have shown genuine commitment to be part of 
the ecosystem, identified through engagement and co-design. 
In the case of the Uusimaa GICT ecosystem, ecosystem 
members are categorized into paid and non-paid members. We 
have planned GICT interventions and activities that address 
the needs of each category of stakeholders. Non-paid 
subscribers get basic access to the ecosystem platform where 
we gather authentic publicly available GICT best practices, 
trends and tools into one place for easy accessibility and 
consumption. Paid subscribers on the other hand get the 
opportunity to access tailored services and guidelines on their 
GICT needs. At this implementation stage, the platform 
orchestrators must maintain and commit to open feedback 
channels with ecosystem members to build trust and ensure 
evolvability and adaptability of the ecosystem when 
stakeholder needs change. 

V. DISCUSSION 

Building a GICT ecosystem is essential for helping 
companies at various levels of sustainability learn about best 
practices and strategies to implement their green ICT 
activities. While evidence of successful green ICT practices 
exist, majority of these best practices can be found in big 
companies with huge resources and investment into research 
and development activities dedicated for sustainability 
initiatives. Furthermore, a large percentage of SMEs including 
big corporations, are unaware of the second and third order 
negative effects of their actions and could be operating in silos 
on what they perceive as green ICT initiatives. To accelerate 
the adoption of green ICT principles among ICT and software 
related organizations, incorporation of collective participation 
and co-design method may facilitate green design, production, 
usage and disposal of ICT products and services. 

Based on our GICT co-design experience, we argue that 
involving stakeholders in designing ecosystems throughout 
the development processes ensures trust, shared 

understanding, commitment, and participation in the co-
design process. From the results, it was evident that 
understanding the needs and challenges of ICT stakeholders 
in adopting sustainability practices forms a strong foundation 
for building a GICT ecosystem. For instance, during the 
ecosystem development process, one of the main concerns of 
the research team was the fact that participating companies 
were at different levels of sustainability adoption with 
different needs and challenges. As such, understanding the 
stakeholder engagement dynamics [33] from situation 
awareness analysis to implementation to provide a clear value 
proposition that meets the needs of the majority of 
stakeholders was critical to ensure trust, commitment, 
participation, and engagement. 

Following the experiences we gathered from the project, 
we encourage GICT researchers and policy makers to involve 
diverse stakeholders with different needs and challenges in the 
co-design process. Diversity in ideas enriches discussions and 
ensures that all possible requirements are gathered for a 
successful GICT ecosystem. At the same time, this requires 
ecosystem orchestrators to possess adequate management 
skills and strategies to synthesize all the different needs and 
sometimes conflicting ideas into a compelling value 
proposition for the benefit of the ecosystem. 

As ecosystems are made up of stakeholders, we observed 
the importance and effectiveness of using multiple forms of 
engagement [34] such as: 1) one-way announcements, i.e., 
seminars for dissemination of information, and 2) two-way 
conversations via webinar as a web platform, questionnaires, 
and interviews; and 3) collaboration in workshops, 
participatory mapping, and modeling, or deliberative 
committees in which key stakeholders can have the influence 
to fulfill their needs and preferences. Using different 
engagement models at different stages of the ecosystem 
creation processes ensured participation and efficient 
requirement elicitation from stakeholders. 

A. Lessons learned from the Finnish Green ICT ecosystem 

• Diversity of the company understanding: Companies 
have very different awareness and understanding of 
GICT. Some companies are just starting to consider 
green approaches, while others have worked on these 
topics for years. Thus, one should start from the very 
basics and possibly use the more advanced companies 
as examples. 

• Based on the diversity of stakeholders in the ICT 
ecosystems as well as the differences in sustainability 
maturity level among the companies, the use of co-
design strategies in building the GICT ecosystem 
includes the lived experience and best practices from 
leading organization to generate ideas for SMEs who 
are now starting their sustainability transition journey. 

• Need for consolidation of the knowledge and 
approaches: Although companies have started to work 
on the topic and have experience, in most cases, the 
approaches of one company cannot directly be utilized 
by another company as the knowledge is very context 
specific. One easily gets to a situation where apples are 
compared with bananas. However, workshops are a 
very good way to work on these company-specific 
solutions. 



 

 

• Finally, another lesson learnt from this project is the 
emphasis on creating sustainability awareness among 
ICT ecosystem stakeholders, sharing GICT best 
practices, while allowing for flexibility for 
stakeholders define what GICT means to them and to 
customize the best practices to their organizational 
needs. 

B. Replication of the green ICT ecosystem 

Building the GICT ecosystem is essential for harnessing 
international, national, and organizational-level strategies for 
reducing the negative impacts of human-induced activities. 
While evidence of successful campaigns exists [9] [35] [36] 
[37], many of these strategies are implemented in silos and not 
through ecosystem co-design approaches. Over the past two 
years, we found that engagement with and among ICT 
ecosystem stakeholders involved has been crucial to the 
success of building the GICT ecosystem. Although 
stakeholders are on different levels of their sustainability 
journey with specific interests in why they would like to join 
the ecosystem, together, they used their experiences, 
expertise, and incentives to support the overall objective of 
developing the GICT ecosystem. 

C. Limitations of the GICT ecosystem framework 

Despite the benefits of our proposed framework and being 
the first of its kind, we acknowledge some potential 
limitations. Firstly, it has only been applied to a single project 
based on the Uusimaa region in Finland. To mitigate this 
limitation, the research team plans to apply the framework by 
replicating a similar GICT ecosystem in other parts of Finland. 
Hopefully, other researchers could test this framework in their 
various country of residence. Furthermore, the framework 
assumes that ICT stakeholders everywhere in the world will 
be willing and committed to in-depth participation in 
designing and building a GICT ecosystem. For example, the 
needs and challenges of ICT stakeholders and their levels in 
sustainability adoption can vary. These differences could be 
even wider between ICT stakeholders in advanced countries 
and those in developing countries. This limitation could be 
minimized by ensuring that diverse stakeholders are selected 
to participate in the co-design process both at the local or inter-
regional levels. Finally, we acknowledge that the 
implementation of our framework requires time, money and 
commitment of stakeholders. For example, it took about two 
years to go through all five stages of the framework to ensure 
that ICT sustainability issues are properly discussed and 
disseminated to whip stakeholders' motivation and interest. 
However, we are confident that having our proposed 
framework as a guide could potentially reduce the time and 
cost needed to replicate similar ecosystem. 

VI. CONCLUSION 

In conclusion, co-designing a GICT ecosystem provides 
an opportunity to leverage the ideas, expertise, insights, and 
experiences of multiple stakeholders in the ICT ecosystem to 
make a giant stride toward sustainability. From the theoretical 
perspective, this paper contributes to the literature on 
stakeholder engagement explicitly in the context of exploring 
the roots of the engagement in green ICT ecosystem services 
at intra and inter-organizational levels of innovations and 
practices [38]. For policymakers, researchers, practitioners, 
and ecosystem orchestrators seeking to replicate a similar 
GICT ecosystem and promote sustainability practices among 
ICT and software-related organizations, this GICT Co-design 

Framework could serve as a guide on engaging stakeholders’ 
inputs in ecosystem emergence. Our proposed Framework 
contributes to the literature on stakeholder engagement in 
achieving sustainable development by answering the “how to” 
puzzle of making the ICT sector sustainable to drive the 
overall sustainability of other sectors. The GICT network is 
working actively in Finland and is tackling many of the 
challenges presented in the national climate and 
environmental strategy of the ICT sector. This kind of active 
GICT ecosystem enables sharing of knowledge and increases 
the awareness of ICT companies as companies acknowledge 
that they cannot solve sustainability challenges alone. For 
future research, the framework could be validated by applying 
to other sectors across the country and beyond the borders of 
Finland to increase its generalizability and applicability. 
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