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Rethinking Requirements

Engineering for

Sustainability

by Alessio Ferrari (CNR-ISTI) and Manlio Bacco (CNR-ISTI)

We present a new paradigm of requirements engineering

research for sustainability. This study proposes to go be-

yond stakeholders’ goals, and introduces the concepts of

drivers, barriers and impacts of technology in a certain do-

main. We collect information about these constructs in an

interview study with 30 experts on digitalisation in

forestry, agriculture, and rural areas.

Sustainability in system engineering has traditionally been in-

terpreted as the ability of a system to evolve and be maintained

in a cost-effective way, while managing technical debt. This

vision, which focuses only on the technical side of sustainabil-

ity, has been criticised by the Karlskrona Manifesto [1], edited

by a group of software engineering researchers to raise aware-

ness on the relationship of Information and Communications

Technology (ICT) solutions with ecological and social sys-

tems. The manifesto calls for a more systemic view of sustain-

ability during system design, and identifies requirements engi-

neering (RE) as the key area where system-level thinking can

be applied to escape the trap of solutionism and broaden the

perspective to reason on potential effects of technological

change from the social, ecologic, ethical, and economic view-

points.

The call to arms of the Karlskrona Manifesto triggered re-

search around the notion of sustainability requirements. These

are intended as quality goals that a system will fulfill to pro-

vide long-term benefits for its environment and members

therein, while minimising damage to other members and the

environment as a whole. Different RE approaches have been

proposed to elicit this particular type of requirement. Part of

them focus on energy-management aspects, and use different

combinations of RE practices – prototyping, design thinking,

goal modelling, etc. – specifically tailored to elicit require-

ments concerning the energy-efficiency of the system. Others

take a domain-agnostic perspective and propose general sets of

sustainability requirements patterns, interview scripts, as well

as guidelines to rethink the software process considering sus-

tainability as a main concern. However, existing strategies

lack the proper high-level view to deal with the societal and

long-term impacts of the transformation entailed by the intro-

duction of a new technological solution.

Our research, conducted within the framework of the H2020

DESIRA (Digitisation: Economic and Social Impacts in Rural

Area) project [L1], proposes to go beyond the concept of sys-

tem requirements and stakeholders’ goals and raise the degree

of abstraction by focusing on the notions of drivers, barriers,

and impacts that a system can have on the environment in

which it is deployed [2]. Drivers include goals of some stake-

holders, for example, the need to improve the quality of prod-

ucts or processes by certain actors, but also other higher-level

aspects, for example, the funding from institutions to support

specific technologies. Barriers are intended as elements pre-

venting the achievement of a specific goal, but are also more

structural impediments that hamper the introduction of the

digital technology as a whole in the given context. For exam-

ple, the difficulty of certain actors in interacting with the novel

technology, or the regulatory problems related to the use of a

certain technology that does not account for privacy issues.

The concept of impact is intended as the expected effect that

the digital technology can have from a sustainability stand-

point, and thus in mid- to long-term. The impact can be posi-

tive, as, e.g., reduction of manual labour, but also negative, for

example, due to the exclusion of subjects who cannot afford

the technology. The informal meta-model depicting the rela-

tionships between these concepts is reported in Figure 1.

To put this vision into practice, we interview 30 cross-discipli-

nary experts in the representative domain of rural areas, and

Figure�1:�Meta-model�representing�the�relationships�between�the�concepts�introduced�in�the�study.



we analyse the transcripts to identify common themes. As a re-

sult, we provide drivers, barriers, and positive or negative im-

pacts associated with the introduction of novel technical solu-

tions in rural areas. Our results show that typical barriers to the

adoption of ICT solutions are the lack of connectivity in rural

areas, but also fear and distrust towards technology. In addi-

tion, the cost of technology and regulatory issues, also related

to unclear data governance are relevant barriers.

The main drivers are economic, as technology can lead to cost

reduction, but also ecological and institutional, since technol-

ogy can improve monitoring as well as accountability. In this

regard, regulators can play a crucial role by means of funding

programs and norms. Positive impacts are the replacement of

repetitive labour and the possibility of exploiting economies of

scale. On the other hand, negative impacts are the higher de-

pendency on technology as well as the social exclusion of

some players that cannot cope with the change, at least not fast

enough. This work contributes with a paradigm shift in the

analysis of sustainability requirements, by introducing the

concepts of drivers, barriers, and impacts associated with the

adoption of technological solutions. Furthermore, our themes

represent a reliable snapshot of the situation in rural areas and

can be taken as a reference for the development of socio-tech-

nical systems in this domain.
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Ethics and Human Aspects

in Pandemic Management 

by Karin Rainer (AGES), Viktoria Fischer (AGES), Alois

Leidwein (AGES), and Georg Neubauer (AIT)

Digital solutions and support systems in pandemic man-

agement are the next step in enhancing current structures

and overcoming identified gaps in the current state of the

art. Currently, decision support systems are often rudimen-

tary and seldom include the ethical and user-centric needs

of the practitioners they are intended for. Thus, the

“ROADS to Health” approach can give new insights focus-

ing on requirements and pro-actively addressing and in-

cluding ethical as well as holistic human aspects for en-

hanced applicability and user acceptance.

Looking back, most European countries were inadequately

prepared for a pandemic of the dimension and manifestation of

COVID-19. The uncertain epidemiological – but also infra-

structural – information landscape made decision-making re-

garding public health strategy and targeted mitigation meas-

ures difficult, fluid, and highly disputed [1]. This also made it

clear that current digital support tools were barely apt to an-

swer the multiple, complex, and dynamic needs and require-

ments of the decision makers and of health authorities.

The often hard-learned lessons of the last years led to the con-

clusion that tailor-made systems and modules are required to

generate supporting information and insight for an enhanced,

evidence-based, and transparent decision support. Such a tool

must also consider the requirements of the end users. In addi-

tion, the perspective and compliance of the “subjects” in re-

gards to the measures and interventions (e.g., lockdowns) were

not sufficiently considered, and it became evident that they

need to be included in the development of future decision-sup-

port tools. Also, structured identification of specific require-

ments and pandemic parameters was clearly an important step

in the enhancement of pandemic management (see Figure 1).

Thus, the project “ROADS to Health”, a project funded under

the national KIRAS security research program, is focusing on

generating the basis for the matching of mitigation measures

and requirements for tackling pandemics/epidemics from dif-

ferent angles, and including a broad range of specific needs. In

this regard, epidemiologic, logistic, and strategic aspects, as

well as the definition of other pandemic parameters like inter-

ventions and resources like equipment, can be identified as a

relevant basis for a targeted intervention selection and meas-

ure matching following the current evidence.

Ethical aspects and holistic approaches to human needs like

usability and optimised user interface design are only two as-

pects of the broad range of requirements that have to be inte-

grated in an acceptable and actively used support system. After

an initial concept to enhance the pandemic management

(Rainer et al. 2021), it also became evident that international,

scientific "lessons learned" from the COVID-19 pandemic as

well as the active integration of stakeholders and end users and
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