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Abstract: Hydrogen is a key element of our everyday life.

It is an irreplaceable feedstock for the production of fertilis-

ers, fuels, and chemicals. From a scientific point of view,

hydrogen can additionally play a major role in future en-

ergy systems and help to decarbonise the sectors indus-

try, heat and power generation as well as transport and

mobility. Thus, it can contribute to the energy transition

and the reduction of greenhouse gas emissions at a large

scale and consequently help to mitigate climate change. It

is, therefore, a key building block to reach the remarkably

challenging goals recently stated in the European Green

Deal. Therefore, the overarching question is whether hy-

drogen can measure up to the great expectations raised

and how creating public awareness and education can con-

tribute in achieving a social license to operate for emerging

new technological developments in this context. Education

is not solely an instrument for academic excellence but also

a powerful tool to raise public awareness with regard to the

development of new technologies. While the main goal

of the pyrolysis project is to research sustainable means

of hydrogen production, the project also considers its role

within the community as a positive side effect. To safe-

guard and promote the scientific social licence to operate,

an educational programme will be additionally developed

to raise civic awareness and grant access to the develop-

ments made in the project in a learning lab, which will have

open access for schools and the general public.
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Bildungskonzept zur Bürgersensibilisierung

technologischer Fortschritte für eine nachhaltige

Gesellschaft – Einführung eines Konzepts für interaktives

gesellschaftliches Lernen zu Wasserstoff und Kohlenstoff

Zusammenfassung: Wasserstoff ist ein Schlüsselelement

unseres täglichen Lebens. Er ist ein unersetzlicher Rohstoff

für dieHerstellungvonDüngemitteln, KraftstoffenundChe-

mikalien. Auswissenschaftlicher Sicht kannWasserstoff zu-

dem eine wichtige Rolle in zukünftigen Energiesystemen

spielen und zur Dekarbonisierung der Sektoren Industrie,

Wärme- und Stromerzeugung sowie Verkehr und Mobilität

beitragen. Damit kann er einen Beitrag zur Energiewende

und zur Reduktion der Treibhausgasemissionen in großem

Umfang leisten und somit helfen, den Klimawandel abzu-

mildern. Wasserstoff ist daher ein wichtiger Baustein, um

die bemerkenswert anspruchsvollen Ziele zu erreichen, die

kürzlich imeuropäischenGreenDeal festgelegtwurden.Die

übergreifende Frage ist daher, ob Wasserstoff den großen

Erwartungen gerecht werden kann und wie die Schaffung

eines öffentlichen Bewusstseins und Bildung dazu beitra-

gen können, eine gesellschaftliche Lizenz für neue techno-

logische Entwicklungen in diesem Kontext zu erhalten. Bil-

dung ist nicht nur ein Instrument für akademische Exzel-

lenz, sondern auch ein mächtiges Werkzeug zur Sensibili-

sierung der Öffentlichkeit im Hinblick auf die Entwicklung

neuer Technologien. Das Hauptziel des Pyrolyseprojekts ist

die Erforschung nachhaltiger Mittel zur Wasserstofferzeu-

gung, darüber hinaus betrachtet das Projekt als positiven

Nebeneffekt auch die Rolle innerhalbderGemeinschaft. Zur

Sicherung und Förderung der wissenschaftlichen Zustim-

mung innerhalb einer breiten Öffentlichkeit wird ein Bil-

dungsprogramm entwickelt, um das öffentliche Bewusst-

sein zu schärfen und Zugang zu den Entwicklungen des

Projekts in einem Lernlabor zu ermöglichen, das für Schu-

len und die allgemeine Öffentlichkeit offen zugänglich ist.
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1. Introduction

In July 1955 Dwight Eisenhower, president of the United

States of America, publicly announced the intent to launch

artificial satellites into space. Only some days later the So-

viet Union responded by declaring the exact same target

for the near future. The following years are known as the

‘space race’ that ultimately peaked on July 20, 1969, when

the US Apollo 11 mission successfully landed on the moon

and Neil Armstrong left the first human footprint in the lu-

nar soil.

When the Soviet Union launched the Sputnik in 1957, it

brought about great panic in the US on both governmental

and societal fronts. The result of this saw the US congress

passing the National Defense Education Act (NDEA). The

act itself presented a package of one billion dollars to ad-

vance high-quality teaching and learning in science, math-

ematics, and languages. This had a profound impact on ed-

ucation curricula, which continued to develop and provide

action for excellent schooling in the subsequent decades.

Although the ‘space race’ itself was an extraordinary era

of technological advancement, the side effects of such en-

deavours show the connectivity and innovation develop-

ments that are created as either a direct or indirect result.

Education is not solely an instrument for academic ex-

cellence but also a powerful tool to raise public awareness

with regard to the development of new technologies. The

main goal of the pyrolysis project is to research sustainable

means of hydrogen production. As a positive side effect,

the project also considers its role within the community.

To safeguard and promote the scientific social licence to

operate, an educational programme will be developed to

raise civic awareness andgrant access to thedevelopments

made in the project in a learning lab, which will have open

access for schools and the general public.

Recently an enormous hype related to hydrogen has

made its way from the scientific community to the general

public. Unfortunately, a great contribution to this lively dis-

cussion comes from outside the scientific community re-

sulting in many misconceptions related to the production,

distribution, and application of hydrogen. While politically

hydrogen is viewed as a magic panacea to tackle the cli-

mate crises, the energy crises, future industrial production,

and futuremobility needs right off the reel, others are afraid

of its application due to the low explosibility limit. In fact,

many questions related to the production and application

of hydrogen have to be addressed and properly answered

on a scientific level in order to ensure the implementation

of environmentally sustainable and economically feasible

solutions in the context of a future resilient industry, infras-

tructure, and society.

Although mostly unknown to the majority of people,

even today hydrogen is a key element of our everyday life.

It is an irreplaceable feedstock for the production of fertilis-

ers, fuels, and chemicals. From a scientific point of view,

hydrogen can additionally play a major role in future en-

ergy systems and help to decarbonise the sectors indus-

try, heat and power generation as well as transport and

mobility. Thus, it can contribute to the energy transition

and the reduction of greenhouse gas emissions at a large

scale and consequently help to mitigate climate change. It

is, therefore, a key building block to reach the remarkably

challenging goals recently stated in the European Green

Deal. Besides specific questions related to the distribution

of hydrogenand its individual futureapplications, however,

two inevitable questions need to be answered first: (1) How

can hydrogen beproduced sustainablywith aminimal CO2-

footprint at largescalesand (2)what is the timeframe for the

implementation of this technology at a reasonable scale to

actually have an impact on theaforementioned key sustain-

ability issues? In other words, can hydrogenmeasure up to

the great expectations raised and how can creating public

awareness and education contribute in achieving a social

license to operate for emerging new technological devel-

opments in this context?

2. Present and Future Role of Hydrogen
—A Short Overview

Presently hydrogen is almost exclusively used as a feed-

stock in the chemical and petro-chemical industry to pro-

duce other materials due to its properties. The annual con-

sumption of hydrogen in the European Union is close to

11mio. metric tons, corresponding to an energy amount of

roughly 325TWh (Fig. 1). Most of the hydrogen is used in

the petro-chemical industry for hydrotreating of crude oil to

remove sulphur and other contaminants as well as hydro-

cracking to convert heavy fuel oil components into usable

products (e.g. fuels). In the chemical industry, hydrogen is

mainly used in the Haber-Bosch process for the production

of ammonia that is predominantly converted to fertilisers.

A smaller share of hydrogen (about 10%) is used for the

production of methanol, which acts as a platform chemi-

cal for the subsequent production of many other products

[1]. All other fields of application (e.g. metallurgy, produc-

tion of glass, mobility, production of semiconductors) are

presently of minor importance but have great potential in

the near future.

Fig. 2 summarises future applications of hydrogen addi-

tionally including the areas of mobility and transport, high

quality heat for industry and buildings, the coupling with

the gas grid, and further applications as feedstock in the

(petro-)chemical industry and for metallurgical processes

(Fig. 2). The annual demand of hydrogen in the European

Union is estimated to increase to roughly 70mio. metric

tons by 2050. This corresponds to roughly 2250TWh of en-

ergy, which is almost one tenth of the total primary energy

demand today.

In 2015, the European Union emitted about 3500mio.

metric tons of CO2 into the atmosphere. In order to keep

global warming well below 2°C above preindustrial levels

(2 degree scenario—2DS), energy-related CO2 emissions in

the European Union must be reduced to less than 770mio.

metric tons by 2050 [2]. In a reference technology scenario

(RTS), considering present commitments by countries to
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Fig. 1: Useofhydrogen in the
EuropeanUnion in2015. (Re-
drawnusingdata from[3])

Fig. 2: Futureapplicationsofhydrogen

limit emissions and improve energy efficiency, theEU’sCO2

emissionswill be reduced by roughly 1700mio. metric tons

by 2050. According to the Hydrogen Roadmap Europe [3]

the use of hydrogen can contribute an additional reduction

of roughly 560mio. metric tons of CO2 by 2050. There-

fore, hydrogen can potentially close up to 50% of the gap

between theRTS and the2DS.Yet, this substantial contribu-

tion of hydrogen to the reduction of CO2 emissions can only

be achieved if hydrogen can be produced (1) with aminimal

CO2-footprint and (2) at large scales.

2.1 Hydrogen Production—State of the Art

The large amounts of hydrogen used today are almost ex-

clusively produced from fossil resources: 48% fromnatural

gas, 30% from crude oil, and 18% from coal. Only about 4%

of hydrogen is produced by electrolysis, of which only one

fourth is produced by water electrolysis—the main share is

generated as a by-product from chlor-alkali-electrolysis [4].

At present, the large scale production of hydrogen is

done by converting fossil hydrocarbons into a synthesis

gas by partial oxidation or steam methane reforming. This

autothermal process is explained here by using methane

(CH4), the main component of natural gas, as an exam-

ple. The main chemical reaction for the steam methane

reforming is endotherm with a standard reaction enthalpy

of 206.2kJ per mol of methane:

CH4 +H2O↔ CO + 3H2 ΔH0
R
= 206.2kJ/mol

The required energy for this reaction is normally gener-

ated by partial oxidation of natural gas according to:

2CH4 +O2 ↔ 2CO + 4H2 ΔH0
R = −71kJ/mol

In order to increase the hydrogen yield, the resulting CO

in the synthesis gas will be further processed according to

the water-gas shift reaction in a subsequent process step:

CO +H2O↔ CO2 +H2 ΔH0
R = −41.2kJ/mol

The resulting CO2 is separated from the product gas and

released into the atmosphere. As a result, for each kilogram

of hydrogen, roughly 12kg of CO2 are emitted [5]. Conse-

quently, this production route can only deliver hydrogen

with a reduced carbon footprint if the resulting CO2 is not

emitted but captured.

2.2 Possible Future Pathways for the Production

of Hydrogen—State of the Art

Asshownabove, the futurehydrogenproductionhas to rely

on technology with a minimal CO2-footprint. Fig. 3 sum-

marises possible future pathways that are currently under

further investigationanddevelopment. These technologies

rely on different resources, are based on different conver-

sion technologies, and require different methods to reduce

the overall CO2-footprint of the process. The main princi-

ples and technological aspects will be briefly outlined.
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Fig. 3: Pathways tohydrogenproductionwith reducedCO2-footprint

2.2.1 Hydrogen From Water Via Electrolysis

Hydrogen is generally referred to as ‘green hydrogen’ if

it is produced from water by electrolysis using renewable

electrical energy. Theoretically the decomposition of wa-

ter into hydrogen and oxygen requires 39.4kWh for one

kilogram of hydrogen at standard temperature and pres-

sure. In principle, threedifferent technologieswithdifferent

technological readiness levels (TRL) and specifications can

be distinguished: Alkaline, high-pressure water electroly-

sis (AE), polymer electrolyte membrane electrolysis (PEM),

and solid oxide electrolyser cell (SOEC). Alkalinehigh-pres-

sure electrolysis has the highest TRL followed by PEM (cur-

rently at demonstration scale of several MWs), while SOEC

is only available at smaller (pilot) scale.

Further developments are supposed to increase the ef-

ficiency of electrolysis by up to 80% by 2050, which results

in a specific energy consumption of roughly 50kWh per

kilogram of hydrogen. Consequently, the production of

the forecasted hydrogen demand of the European Union

(70mio. metric tons) would require roughly 3500TWh of

electrical energy.

The presently available energy mix in the European

Union has a CO2-footprint of roughly 450g CO2/kWhel [6].

As a result, the production of 1kg of hydrogen by wa-

ter electrolysis would result in CO2 emissions in excess

of 22kg; almost twice as much as from steam methane

reforming. Due to the relatively high specific energy con-

sumption for hydrogen production by water electrolysis,

the required electrical energy has to be exclusively avail-

able from renewable sources.

The amount of renewable electrical energy produced in

theEuropeanUnion in2019, was roughly1470TWh, already

~37% of the total electrical energy requirement. Although

the share of renewable electrical energywill still increase in

thecomingdecades, it isquiteobvious that thevast amount

of energy required for theproduction of green hydrogen via

electrolysis will not be readily available. Thus, the contri-

bution of electrolysis to hydrogen production is, and will

remain, limited.

2.2.2 Hydrogen From Biomass

Inbiogas plants, organicmaterial can be converted intobio-

gas by fermentation. The resulting biogas is mainly com-

posed of methane (50 to 80%) and CO2 that can be con-

verted to hydrogen in a subsequent reforming step. Thus,

biomass can be used to produce hydrogen with a reduced

CO2-footprint. While the fermentation of biomass to bio-

gas is a state-of-the-art technology, the reforming of bio-

gas is still under development and is not industrially scaled

yet [7]. An alternative is the gasification of biomass in the

presence of water vapour that results in a hydrogen-rich

gas. This synthetic gas can be used directly as a reduction

agent (e.g. in the steel production) or further processed

to a hydrogen product via the water gas-shift reaction and

subsequent removal of CO2.

When using biomass as a feedstock for hydrogen pro-

duction, the CO2 emissions are not considered, since they

are incorporated into the plants directly from the atmo-

sphere. Only a small CO2-footprint (originating from pro-

duction and transport of the biomass as well as the con-

version infrastructure and utilities) can be attributed to the

resulting hydrogen. However, the unfavourable ratio of

hydrogen to carbon in biomass, in combination with their

finite availability and current use, limits their contribution

to hydrogen with a reduced CO2-footprint.

2.2.3 Hydrogen From Fossil Resources With

Subsequent Carbon Capture and Storage

As already mentioned above, hydrogen with a reduced

CO2-footprint can be produced from fossil resources via

steam reforming or partial oxidation combined with a sub-

sequent capture and storage of carbon. In addition to the

high availability of fossil resources, the technological readi-

ness and scalability of this approach are amajor benefit and

would allow the production of hydrogenwith reduced CO2-

footprint at large scales. Yet, the options for a permanent

storage of large quantities of CO2 are presently limited due

tomajor concerns, especially related the long-termstability

of such storage facilities. Most promising storage options

are based on the injection of CO2 in depleted oil or gas de-

posits, mainly off-shore [8]. Although some projects for
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carbon storage are presently under development in the Eu-

ropean Union, a large storage capacity will not be available

in the near future.

2.2.4 Hydrogen From Fossil Resources by

Pyrolysis

An alternative production route based on fossil resources

that has recently attracted attention is methane pyrolysis.

Here, methane (CH4) is decomposed into its components,

hydrogen and carbon, at temperatures of roughly above

800°C in the absence of oxygen. Hence, the process has no

direct CO2 emissions but delivers solid carbon, a valuable

product [9]. The main chemical reaction for the decompo-

sition of methane is endotherm with a standard reaction

enthalpy of 74.9kJ per mol of methane:

CH4 ↔ C + 2H2 ΔH0
R = 74.9kJ/mol

This corresponds to an energy input of 18.6MJ for one

kilogram of hydrogen at standard temperature and pres-

sure, which is only 13% compared to water electrolysis.

The decomposition of methane can be accomplished

thermally or assisted by certain catalysts, which generally

allows for a lowerprocess temperature. At labscalevarious

technologies have been studied: numerous plasma reactor

technologies, moving bed or fluidised bed reactors as well

as liquid salts or metal-based melts. The results indicate

that the specific energy input for methane decomposition

at industrial scale is roughly only one fourth compared to

water electrolysis. If the energy can be supplied from re-

newable resources, the hydrogen production via methane

pyrolysis has a relatively small CO2-footprint [10].

As stated above, methane pyrolysis delivers solid car-

bon as a valuable product. Depending on the process tech-

nology as well as process parameters, different allotropes

of carbon may form. The type and quality of the resulting

carbon govern the valorisation options. Potential large vol-

ume applications of solid carbon include the use of carbon

in agriculture and the construction industry. Furthermore,

the carbon can be used in special products (e.g. electrodes)

or high-tech applications like supercapacitors or graphene.

The valorisation of the solid carbon also contributes to the

reduction of hydrogen production costs. A sustainable hy-

drogen production by methane pyrolysis, however, needs

to be based on the complete and reasonable utilisation of

carbon in sustainable applications. Additionally, some ap-

plications show the potential of a positive contribution to

mitigate climate change.

Presently, the main disadvantage of methane pyroly-

sis is the low technology readiness level of existing tech-

nologies. Additionally, the scalability and long-term stabil-

ity of these technologies is not yet sufficient for a large-

scale industrial application for the production of hydro-

gen. TheMontanuniversität Leoben presentlyworks on the

evaluation of different technologies with respect to scala-

bility and stability of the process in order to further develop

a promising technology to pilot and demo scale. Addition-

ally, further developments focus on a minimal overall ma-

terial footprint of the pyrolysis technology as well as com-

plete valorisation of the carbon product in sustainable ap-

plications.

2.3 Conclusion for Future Hydrogen Production

at Large Scale

Although the availability of renewable electrical energywill

still increase in the coming decades, only a limited amount

will be accessible for the production of hydrogen by water

electrolysis, since electrical energy will additionally be re-

quired for other emerging technologieswitha reducedCO2-

footprint (e.g. electromobility). Consequently, the avail-

able energy has to be used efficiently until the enormous

amounts for the production of hydrogen by water electrol-

ysis at sufficiently large scale can be supplied. The py-

rolysis of natural gas can act as a bridging technology to

supply hydrogen with a reduced CO2-footprint, in parallel

to water electrolysis where a surplus of renewable electri-

cal energy is available. The resulting carbon is a valuable

second product that can additionally contribute to mitigate

climate change. Furthermore, the existing gas infrastruc-

ture and availability enable the supply of hydrogen using

decentralised pyrolysis units connected to the gas gird. Fu-

ture developments could also enable the use of biogas as

a precursor for pyrolysis, which would result in a technol-

ogy with a negative CO2-footprint.

Although the pyrolysis of natural gas has become a po-

tential candidate for hydrogen production at large scale in

the scientific community, the awareness in thegeneral pub-

lic is highly limited. Since the pyrolysis of natural gas is

based on fossil resources, a certain opposition to this tech-

nology still exists, even though theCO2-footprint of the pro-

duced hydrogen is by far lower than that of steammethane

reforming. Additionally, further understanding of the sus-

tainability potential of certain applications of solid carbon

needs to be disseminated to further gain societal support

for the implementationof this technology in thenear future.

The aforementioned research fields related to hydrogen

are an essential part of the sustainability strategy of the

Montanuniversität Leoben. As part of this long-term strat-

egy, the efforts are accordingly aimed at the systematic in-

tegration of sustainability principles both in the organisa-

tional structure, in the teaching and learning culture, and

in the 3rd mission in order to make a significant contribu-

tion to the achievement of the United Nations (UN) Agenda

2030. In order to come closer to this goal, holistic aware-

ness raising and the active collaboration of the knowledge

triangle of education, (industrial) research, and society are

required. Mora et al. (2018) state that Higher Education

Institutions (HEIs) play a pivotal role in education for sus-

tainability as they contribute to theproduction anddissemi-

nation of knowledge, values, skills, and subsequently com-

petencies for the next generations. In Sect. 3 below, the

possibilities of raising awareness in engineering education

is discussed in more detail [11].
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3. Awareness Raising for a Sustainable
Society

Nowadays, in our fast-pacedworld professional education,

teaching, and learning must continuously be realigned to

recent developments, trends, or requirements by consid-

ering a multitude of internal as well as external influenc-

ing factors. In order to ensure the shift towards a transfor-

mational society, the continuous adaptation of educational

initiatives is essential [12]. Moreover, the transitions them-

selves are becoming more differentiated, individual, and

risky within the framework of a transformational society.

Individualisation and de-standardisation of educational ini-

tiatives are the keywords of today’s society. In general,

transformative learning processes are needed to be able

to professionally accompany the social changes and shifts

within these transformation processes. The main aim of

the transformative learning approach is the evolution of the

ability toact—both individuallyandcollectively—fromboth

a social and political perspective. This implies a change, or

further development, of changes in all situations in life. In

particular, Mezirow refers to the respective learning out-

comes and investigates the question of how learning can

lead to a transformation of previous attitudes, judgements,

opinions, views, and more in adults to develop into a criti-

cal, autonomous individual capable of acting and judging.

Hence, the statement ‘dare to use your own mind’ will be-

come an active shaper of society [13].

In this context, learning and educational processes are

becoming increasingly important, and therefore, a closer

look at learning and educational processes is required

within transitions. In line with current trends, the new

learning pathway will provide new platforms of experience

for all people [12, 13].

The individual management of transitions and the de-

sign of a lifelong adaptation are determined by individual

learning processes and institutional frameworks and are,

thus, integrated into the process of lifelong learning. In

this context, lifelong learning describes the expectations

of people to deal with learning and educational processes

throughout their entire life course due to social changes in

the knowledge society, based on keywords, e.g., industrial-

isation 4.0, the half-life of knowledge, andmore, and there-

fore, the associated need for action. By focusing on the EU

definition, lifelong learning can be understood as “any pur-

poseful learning activity aimed at the continuous improve-

ment of knowledge, skills, and competences” [14]. Accord-

ingly, lifelong learning can be considered as an opportunity

and a challenge for all people. Self-management and or-

ganisation of each individual is the basic competence. Life-

long learning is defined as an overall process of learning in

terms of time, content, and space [15]. Lifelong learning is

focusedon theentire life spanand isno longer limited to the

separate stages (e.g., childhood, youth). Learning is a life-

long process, not only the short-term acquisition of new

knowledge but also the longer-term engagement with the

world. Learning is embedded in life and, thus, also in the bi-

ography. The focus is on individual learning in the courseof

life. Secondly, the concept of lifelong learning refers to all

learning processes within and outside educational institu-

tions. Thus, learning does not only take place in traditional

educational institutions but also in other places of learning

and in different formal, non-formal, and informal learning

settings. Lifelong learning encompasses all kinds of sub-

jects/objects as well as the development of skills and the

change in self-perception and perception of the world [14].

For the pedagogical practice, this consequently implies the

orientation toward the design of professional educational

offers for the entire life course as well as the fit between

lifelong learning and learning offers. The concept focuses

on people as ‘individual educational subjects’ with specific

life situations, expectations, and goals (participants-orien-

tation, life-world orientation, and more) [14, 16, 17].

3.1 The Concept of Circular Education

To ensure the necessity of implementing the lifelong learn-

ing approach, the authors of this article have developed the

circular education approach for awareness raising with re-

gard to pyrolysis, as shown in the diagram below (Fig. 4),

in order to achieve the awareness raising concepts for all

social as well as individual areas of life.

According to the circular education approach, the life

span is divided into a total of 4 dimensions and ranges

from earliest childhood to high adulthood. Due to the

increasingly blurred boundaries between life stages and

ages, these 4 areas are to be understood as dimensions

with fluid transitions and not every person passes through

each dimension, these can also be skipped or dealt with at

a later time. The first dimension covers the period from

early childhood to the end of basic education. Within the

second dimension is higher education and all related edu-

cational formats. Gainful employment and its educational

activities are located in the third dimension. The fourth di-

mension includes all adult education activities, regardless

of whether formally, non-formally, or informally acquired.

A professional and successful design of educational ac-

tivities requires that essential core aspects be included in

planning, implementation, and evaluation. These frame-

work conditions are examined in more detail below.

3.1.1 Development of Educational Services for

Raising Awareness on Pyrolysis

Here, the authors propose a concept regarding the devel-

opment of educational services for raising awareness on

pyrolysis (Fig. 5).

Fig. 4: Conceptof circular edu-
cation (VETVocationalEduca-
tion&Training)

I 
(Pre)School 
educa�on

II 
Ter�ary

educa�on

III 
VET

IV 
Andragogy
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application

Target group 
and needs

Learning 
objectives

Learning 
content

Teaching and 
learning 
methods

Learning 
loca�on and 

media

Lecturers and 
course 

instructors

Fig. 5: Conceptofeducational services

By referring to the concept for the planning of educa-

tional services, the following seven aspects should be con-

sidered in the conceptualisation of educational initiatives

[18–21]. Woschank and Pacher summarise the conditions

for successful learning as follows [22]:

The area of application focuses on the learning content

and their applicability and usability towards practical ap-

plication. The subsequent practical usage of educational

services for pyrolysis can be facilitated by pre-structur-

ing and determining specific requirements of the institu-

tional environment and the subjective factors, e.g., the

wishes or expectations of the target group as well.

The target group includes prospective participants who

can be defined by certain group characteristics (stu-

dents, professionals, and more). Yet, these target

groups need to be constructed by using a set of specific

categories. In addition to socio-cultural, demographic,

and economic factors, educational attainment, motiva-

tion and learning requirements are also very important.

Furthermore, the learning concept should include the

lifeworld orientation as well as the learning behaviour

of future participants.

Learning objectives are defined as an interface between

external requirements and internal content design.

Learning objectives provide information about why

these contents are essential to know from a lecturer’s

perspective. Learning objectives can be structured in

terms of time, content, and methods within the frame-

work of micro-didactic planning. On the basis of these

objectives, learning outcomes should be formulated to

outlinewhat participants should be able to knowor to do

after a course. In order to ensure the learning success

of the participants, the educational services must be

aligned to one or more learning objective and learning

outcome.

According to the concept of constructive alignment, the

predefined learning objectives and learning outcomes

serve as the basis for the further selection of the learn-

ing content. The selection of relevant learning content

is based on didactical decisions, which can be consid-

ered as a compensatory and iterative process. Hereby,

Siebert further refers to the term “didactical reduction”

[22]. The content should be specifically selected for the

participant and situation and, therefore, also adapted to-

ward the wishes, interests, and expectations of the par-

ticipants. This is necessary because individual as well

as collective characteristics are essential for the entire

learning success. Further decisions and questions in the

planning process, for example the learning location,me-

dia, teaching, and learning methods, are based on the

previous definition of the content.

Teaching and learning methods define the type of lec-

ture (e.g., seminar, interactive lesson, and more), the

timeframe of the educational service, and the number

of hours per lecture. For example, some participants

prefer shorter weekly dates, while others prefer to block

events. The choice of methods strongly depends on the

objectives, the content, and participant-orientations.

Learning locations are visited for a limited period to

learn—consciously or subconsciously. The learning lo-

cations, their design, and the entire learning organisa-

tionmake a significant contribution to learning success.

Premises should be functional and coordinated with the

methods and are part of the macro-didactic planning.

There are again differences and preferences depending

on participants, lecturers, and even institutions in the

design of these places.

The selection of lecturers must be based on specific

premises, like pedagogical, social, didactic, profes-

sional, and interpersonal competencies and qualifi-

cations. Previous knowledge or experience with the

respective target group could also be an important suc-

cess factor. Lecturers are considered as a very important

component regarding the learning success and overall

subjective satisfaction of the seminar participants [23].

3.1.2 Example: Interactive Societal Learning

Concept

AsFig. 6 illustrates, the interactivesocietal learningconcept

for the lab is intended to be intergenerational and freely ac-

cessible. The labshouldhavebothashowroomandaspace

for experimentation opportunities. In the showroom, the

respective processes with explanations should be adapted

to the respective target group and provided with different

colours so that all visitors, children, students as well as

adults can orientate themselves evenwithout guided tours.

A separate area should be equipped for the experimental

opportunities and again be adapted to the respective target

group and its characteristics. One part of this area should

be freely accessible to all visitors, another should be guided

by trained personnel. Furthermore, the interactive societal

learning concept should also be a platform for active ex-

change, such as panel discussions, lectures, or events of
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Pyrolysis Educa�on

Society
Awareness raising

Fig. 7: Awareness raising

any kind around the topic of hydrogen and sustainability.

Thus, the interactive societal learning concept should be

available as a learning and experience space for the entire

society and should, thus, make a significant contribution to

raising awareness regarding the further development to-

wards a sustainable society.

4. Conclusions

The research and development of new technologies is an

indispensable factor for sustainable economic and societal

growth. The distance between knowledge transfer out-

side of the scientific community, however, creates a gap

of understanding within the general population. In order to

bridge that gap and strengthen the social licence to oper-

ate, the amalgamation of technological and wider society

educational learning approaches unite to form a holistic

front (Fig. 7). As a central element of the European Pillar of

Social Rights, the teaching of relevant and up-to-date skills

and knowledge is indispensable [24]. Thus, top notch ed-

ucation must be made available to all people to actively

and self-confidently make a significant contribution as cit-

izens regarding further developments and the sustainable

handling in and with our planet and natural resources.
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