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Abstract—To meet future challenges related to climate 

change and the ongoing energy transition, the 

implementation of new energy technology will be needed 

worldwide. The industry counts on new talents and content 

for this to happen, which in turn motivates the education in 

the energy field to be developed. However, the resources 

available for creating new education are often poor. This puts 

a lot of stress on the education system, including higher 

education. Especially those educational programs that 

require specific environments, technologies, and equipment 

for practical learning, are dependent on adequate economical 

support. Consequently, various innovative ways of 

supporting education are therefore more than welcome. In 

this work, we show how the result of an energy storage 

project can be used to support engineering education. Within 

the same project, the Project-Based Learning (PBL) 

pedagogy has been implemented for several students in their 

final studying year. The energy storage project focused on 

here aims to build up various demos on energy storage 

technologies that will be available for students and research 

personnel in the Vaasa region, Finland. The project is 

discussed briefly as a whole, whereafter the demo on Phase 

Change Materials (PCM) is presented more thoroughly. 

 

Index Terms—engineering education, project work, project-

based learning, demos, energy storage technologies, phase 

change material 

 

I.   INTRODUCTION 

The Higher Education (HE) sector has during the last 

decades been subjected to various mechanisms to make it 

more cost-effective and productive. Based on numerous 

discussions in the social, political, and economic arenas, 

the reshaping of HE has been a focus for improving the 

welfare of the states. Governments have consequently 

utilized multiple approaches to increase the quality and 

improve the performance of their HE system. One method 

has been to introduce the performance-based financing 

(PBF) model to regulate the financial resources of the HE 

sector. In many European countries, PBF mechanisms are 

utilized to fund the HE sector [1]. This means that the state 

allocates funding for the universities based on several 

indicators, achievements, and performance outcomes. The 

universities in Finland are likewise funded by a PBF model, 

which is based on the success of various performance 

criteria. Performance-based elements have been part of the 

Finnish university system since the early 1990s [2]. A 

study on how the funding structure has influenced the 

Finnish universities between the years 1994 and 2005 has 

been conducted [3]. Here, it was demonstrated that the 

funding schemes had influenced the Finnish universities in 

different ways. Some universities had focused on 

traditional research, others had emphasized applied 

research, and a third group had focused on education 

functions. Furthermore, a major finding in the study was 

that the university research performance had been 

weakened during that period, probably due to the increased 

teaching load and the research moving towards applied 

sciences, etc. The Universities of Applied Sciences (UASs) 

in Finland faced a change in their funding structure from a 

cost-based funding scheme to a PBF model during the 

period 2012 - 2018. This revision increased the 

productivity and efficiency of the UASs, but the change 

also emphasized the importance of gaining increased 

external funding [4]. The present financing models (2021 

- 2024) for the Finnish universities and UASs are publicly 

available. For the universities, 42% of the core funding is 

based on indicators from education (including degrees), 34% 

from research (e.g. publications), and 24% from other 

education and science policy considerations (e.g. strategic 

funding) [5]. Within the research category, competed 

external financing (e.g. Academy of Finland and Business 

Finland) is included as an indicator and consists of 12%. 

This shows that funding from external sources is a crucial 

part of the overall governmental resource allocation model 

in Finland. 

A. Projects and Project Work, and Their Implication in 

Higher Education  

A project can be defined as a process that will result in 

a service, a novel product, or an action. For a project to be 

regarded as a success, several key factors need to be 

fulfilled. In short, the project needs to be performed on 

time, the budget needs to be kept and the promised 

outcome needs to be delivered. Hence, the definition of 
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scope, risk assessment, project scheduling, budgeting, and 

maintaining momentum are all essential elements for a 

balanced and lucrative project [6]. There are both benefits 

and drawbacks to running a project. On one hand, projects 

can enable additional personnel or other resources for 

studying original ideas that would never be possible under 

normal circumstances. On the other hand, since projects 

often are time scheduled, the continuing of the work done 

after the project end can be unsure or the project outcome 

is not possible to implement because of lack of resources 

after the project period. Even so, governments, 

municipalities, private organizations, and educational 

institutes are regularly involved in various projects to 

address all the challenges and issues that society is facing 

today.  

 

Figure 1. The distribution of research financing at Finnish universities 
between the years 2011 - 2019, data from [14]. 

Different kinds of externally financed projects are 

routine within universities, also in Finland. Through these 

funding instruments, research is conducted, cooperation 

between various partners is initiated and novel products 

are developed. Consequently, the majority of research 

groups are therefore nowadays continuously applying for 

new projects and these will function as a means for 

financing post-doctoral research, but also for 

scholarships/salaries for Ph.D. students. During the 1990s, 

the external financing within the universities in Finland 

showed significant growth [3]. The importance of external 

funding has continued to apply during the last years. Table 

I shows the amount and sources of external financing for 

research at universities and UASs in Finland during 2016. 

From these data, it is evident that external financing tools 

are important within the universities and the UASs. For the 

universities, the Academy of Finland (44.6%) and 

Business Finland (former Tekes) (15.9%), are contributing 

to a larger part of external research funds. On the other 

hand, the UASs are gaining a large share of funds from 

Ministries and municipalities (36.4%) but also from EU 

structural funds (32.1%). The volume of funds from EU 

structural funds within the universities is minimal (2.2%). 

Fig. 1 displays the distribution of gained research funding 

for the universities in Finland during the years 2011 - 2019. 

The total received research financing has increased during 

the last years and was about EUR 1400 million in 2019. 

The volume of external financing is marginally higher than 

the base financing. 

In a study performed on six countries in Europe, it was 

concluded that project-funding has increased from the 

1980s and forward and is the second-largest allocation 

instrument for public research funding [7]. Although 

external grants are generally gratefully acknowledged in 

research, dilemmas might arise. The drawbacks of project 

funding on research have been studied [8]. The authors 

have analyzed and compared two different types of 

research funding, prizes and grants, and have looked at 

how these funds are affecting the epistemic properties of 

academic research. The results show that research grants, 

which often are selected from project proposals, are less 

flexible and have larger constraints on epistemic 

innovation than prizes that are awards with no explicit plan 

of how to use the money.  

TABLE I.  SOURCES OF RESEARCH FINANCING AT UNIVERSITIES AND 

UNIVERSITIES OF APPLIED SCIENCE IN FINLAND 2016, MODIFIED FROM 

[9] 

  

 

Unit 

Universities Universities 

of applied 

science 

Direct base financing M € 626 65 

Own financing M € 20 0 

    

External financing,  M € 648 77 

of which     

Academy of Finland % 44.6  0.9 

Tekes1 % 15.9 10.5 

Ministries, 
municipalities, and 

other domestic, public 

funding 

% 8.5 36.4 

Funds; Domestic and 

foreign 

% 8.8 5.1 

Companies; domestic 
and foreign 

% 8.5 9.4 

EU research funds % 9.6 4.9 

EU structural funds % 2.2 32.1 

Other foreign funding % 2.0 0.6 

    

Research funding, total M € 1,294 142 

1 Tekes – the Finnish Funding Agency for Technology and Innovation. 

Changed its name to Business Finland in 2018. 

 

Project courses or students assisting in projects are 

regularly utilized in all stages of education. Project-based 

learning (PBL) is a student-centered educational tool that 

familiarizes the students with real-life problems in a 

process that culminates in an end product  [10]. With this 

method, students are believed to gain a deeper conceptual 

knowledge, be more active, have a higher learner 
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motivation, and develop skills in both teamwork and 

leadership. Especially in the engineering curricula, 

projects have been employed by the universities to move 

towards the industry and their current problems. 

Implementations of PBL in engineering courses have been 

demonstrated in several studies and the results are 

regarded as successful [11]–[13]. Hence, learning through 

project work, independent of being an employed research 

assistant, project worker, or an unemployed student 

working in the project, is enormously rewarding.  

External-funded projects, often with a strict plan as well 

as a budget and a schedule, might find their way into 

higher education and teaching. On one hand, higher 

education is obliged to offer the latest knowledge, 

technologies, and equipment for the graduates. On the 

other hand, the education sector is cost-sensitive, and the 

affordance within the HE is often governed by previous 

degrees and publications [3]. The time limit of projects 

might pose a problem for the education sector since 

educational programs are ongoing activities and are 

required to be like that to contribute to the high and secure 

quality within higher education. Thus, different ways of 

using project work as a tool for supporting education can 

be explored. 

B. Industry and Engineering Education Intertwined 

The industry, as the major future workplace for 

Bachelor ś and Master ś of technology (BSc and MSc 

(Tech)) graduates, has historically had a large impact on 

engineering education, and it still does. However, there 

have been some concerns raised that the knowledge of 

engineering graduates is not meeting the expectations of 

employers in the industry [15]. It is clear that an engineer 

is expected to possess strong basic skills in mathematics, 

physics, and chemistry [16] as well as some level of 

science-based specialization within a field of technology. 

In addition, personal skills (transferable skills), such as 

team working; problem-solving; self-learning; 

information technology (IT), numeracy and 

communication skills are highly appreciated competencies 

from an employer ś point of view [17]. By analyzing two 

major surveys done on chemical engineering students [17], 

it was shown that the personal skills needed for 

employment often are insufficient, both perceived by the 

graduates themselves and by the employers. A review on 

how employability can be developed in engineering 

education has been presented [18]. Analysis of studies 

published between 2007 and 2017 demonstrates that 

technical competence is needed to overcome engineering 

problems and that professional skills including teamwork 

ability, project management competence, and social and 

political skills are highly welcome in industrial 

environments. How these two factors can be balanced and 

integrated is also further discussed in the review. 

One way of accomplishing industry-university 

cooperation is through an “experience-led learning 

engineering degree”, a concept that refers to the ability of 

the universities to teach the graduates several skills 

important for the industry, including operational, technical, 

and business skills [19].  A study has been conducted 

based on case studies from several universities in England 

regarding possible change drivers for improving 

experience-led learning experiences [20]. The results show 

that the different natures of the universities often dictate 

the fallout of the changes. However, several factors are 

crucial for implementing successful cooperation between 

the industry and higher education. These cover having 

academic staff with industrial experience, collaboration 

with engineers in the industry, and leadership from senior 

management, and the importance of these factors cannot 

enough be emphasized. Other successful tools for 

enhancing the relationship between academia and industry 

include different forms of industrial training, that is 

external internship programs [21], professional work 

placement and engineering research projects [22], and 

work-related learning [23]. Furthermore, as previously 

stated, different types of project-based learning 

approaches are essential in the interaction between the 

universities and the industry [11]–[13].  

 

Figure 2. The relationship between research, engineering education, and 
industry, and the central role the universities possess in such 

cooperation. 

In Finland, industry and engineering education have a 

long cooperation history. From the 18th century and 

forward, especially after industrialization, industrial 

stakeholders have collaborated well with research and 

natural sciences. This has contributed to a symbiotic 

relationship of funding opportunities, traineeships as well 

as completed Bachelor ś and Master ś theses [24].  

Students at technical universities in Finland usually collect 

some of their credits from industrial training, and this 

portion is generally larger within the UASs than within the 

universities. Hence, the academia and the industry are 

keen on finding common goals, both regarding improving 

the necessary transferable skills amongst the graduates, 

but also from a regional point of view, by offering the 

students imperative knowledge that is of interest for both 

regional companies as well as for the educational 

programs. With this approach, the region would be 

ensured with enough competence to drive the society in 

the right direction. Fig. 2 displays how industry, 

engineering education, and research performed at 
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universities can be interconnected in an environment that 

may be region-specific. 

C. Laboratory and Demonstrations in Engineering 

Education 

In the history of engineering education, there have been 

five major shifts that have emerged during the last 100 

years [25]. These shifts are emphasis on engineering 

science; outcome-based accreditation; emphasis on 

engineering design; applying education learning and 

social-behavioral sciences research, and emphasis on 

information and computational technologies. Throughout 

these changes, the importance of practical and laboratory 

experiences has remained valid and strong. Still today, 

laboratory work has a central role in engineering education. 

Sometimes, due to reduced funding or financial resources, 

demonstrations are considered a good alternative to 

laboratory experiments [26], [27] or even a complete 

learning option compared to full-scale laboratory 

experiences [28]. The value of physical laboratories in 

science and engineering education is well recognized, and 

the competence learned from laboratory work and 

demonstrations are proposed to be multiple. The students 

learn how to solve a problem, to work in a team, and to 

communicate [17], but they also learn about unanticipated 

events and delays within experiments and get familiar with 

troubleshooting of machinery [29]. Fig. 3 summarizes 

several skills that can be learned from work in laboratories. 

Engineering laboratories can be divided into three basic 

categories; developmental, research, and educational [30]. 

In this current work, the focus has been on setting up demo 

learning environments for educational and research 

purposes, intending to provide students and research 

personnel with competence in understanding the concept 

of different energy storage technologies. This study is a 

two-fold implementation of a project into the engineering 

curricula. Firstly, the project outcome will be a long-

lasting element in the engineering education curricula. 

Secondly, the project has offered the students the 

possibility to work on a project within their engineering 

studies. 

 
Figure 3. Competence learned from laboratory work. 

D. The Ostrobothnia Region in Finland 

In the west of Finland, beside the coast, resides 

Ostrobothnia with Vaasa as the main capital of the region. 

Ostrobothnia is often mentioned as the leading Energy 

Technology hub in the Nordic countries due to the 

possession of a vast amount of energy-based companies. 

Over 160 companies, with a workforce of about 25% of 

the employees of the Finnish energy sector, are based in 

the area [31]. Several large international companies, such 

as Wärtsilä, Hitachi Energy, and Danfoss Drives are all 

part of the flourishing environment in this energy sector. 

The potential of Ostrobothnia to utilize renewable sources 

in primary energy production has been discussed [32] and 

it is proposed that the region has a high potential for 

utilizing renewable energy sources (RES), in particular 

biomass, solar energy, and wind power. Biomass-to-

energy (usually called bioenergy) is the main RES in 

Finland, and although the biomass potential is not as great 

in Ostrobothnia as in the central and eastern regions of 

Finland, a large amount of the energy demand of 

Ostrobothnia could be met by utilizing biomass from the 

region. There is high potential for solar energy in 

Ostrobothnia, especially during the summer months as it is 

one of the sunniest regions in Finland with over 1900 

hours of sunshine annually. The long coastline of the 

region provides favorable conditions for wind power. As 

seen in Table II, a significant share (17%) of Finnish wind 

power capacity is operating in Ostrobothnia, and the 

region has the second largest number of planned wind 

power projects. It is thus clear that the region accounts for 

a large share of Finnish wind power capacity compared to 

its size, which is only about 2.6% of the area of Finland. 

The intermittent nature of wind and solar energy 

generation creates a challenge in matching the supply and 

demand of energy. The energy system requires more 

flexibility to integrate these variable RES, which energy 

storage can provide for, by storing energy when there is 

excess generation and discharging energy when there is a 

deficit. Possible storage technologies for this are batteries 

and storage of gas, via power-to-gas solutions (e.g. 

hydrogen). 

TABLE II.  INSTALLED AND PLANNED WIND POWER IN OSTROBOTHNIA 

AND FINLAND [33]–[35] 

 

Nominal power 
of operating 

wind turbines 

(MW) 

Nominal power 

of planned wind 

turbines (MW) 

Land area 

(km2) 

Ostrobothnia 433 N/A 7 752 

Finland 2 586 21 408 303 892 

 

Ostrobothnia's 
fractional share 17% N/A 2.6% 

 

Thermal energy storage (TES) is a technology that 

involves heating or cooling a storage medium so that the 

stored energy can later be utilized for heating or cooling 

[36]. There are three types of TES: sensible, latent, and 

thermochemical heat storage. Sensible heat storage relies 

on the specific heat capacity of a material, the heat that is 

stored when heating or cooling the storage medium. Latent 

heat storage relies on the latent heat absorbed or released 
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when a material undergoes a phase change and 

thermochemical heat storage relies on storing and 

releasing heat from materials through reversible chemical 

reactions [37]. Currently, sensible heat storage is a 

commercially available solution, with water being the 

cheapest and most commonly used storage medium [36]. 

Latent heat and thermochemical storage solutions are still 

mainly in the research and development phase. 

In Ostrobothnia, a significant amount of RES have been 

utilized so far, and their share in the energy mix of the 

region is set to increase in the future. Actors in 

Ostrobothnia have realized that there is a need for energy 

storage. In 2020, the utility companies EPV Energy Ltd 

and Vaasan Sähkö commissioned Finland’s largest TES in 

Vaskiluoto in Vaasa. The energy storage consists of two 

caverns with a total volume of 210 000 m3. The caverns 

were previously used to store oil but were repurposed into 

storing thermal energy by cleaning and filling them with 

water. The water in the thermal storage is heated up with 

water at 90 °C from the district heating grid of Vaasa and 

the TES has an energy capacity of 7–9 GWh and a 

charging/discharging capacity of 100 MW [38]. The recent 

commissioning of the sensible heat TES in Vaasa shows 

that TES is a technology relevant for the region. A large 

advantage TES has over electricity storage is cost. 

Sensible heat TES is about 100 times cheaper than 

electricity storage per unit of storage capacity [39]. Latent 

heat storage with PCMs does not have this cost advantage, 

it can be more expensive than sensible heat TES by a 

similar magnitude as electricity storage [36]. However, 

PCMs have the advantages of being able to store and 

release energy at almost constant temperature and having 

a higher energy storage density. PCMs can thus be useful 

for applications that require a constant temperature and/or 

a lower storage volume. 

The creation and use of a demo environment on PCMs 

in education can strengthen the knowledge of thermal 

energy storage for energy technology students at Åbo 

Akademi University (ÅAU), as well as other students 

interested in energy storage in the region. One of the most 

common applications of PCMs is in the building sector 

[40]. A demo environment on PCMs may thus prove 

especially beneficial for construction engineering students 

at Novia University of Applied Sciences in Vaasa.  Ref. 

[20] states that new teaching methodologies often require 

funding, appropriate learning environments, and 

supporting equipment and technologies. Hence, this work 

aims to demonstrate the accomplishment of a demo 

environment resulting from a project deliverable, which in 

the future will be considered a permanent element in the 

engineering curricula.  

II.   METHODOLOGY 

A. Background of the Educational Program and 

Justification 

The subject (cluster) of Process and Energy Technology 

at ÅAU in Finland is divided between two different cities, 

Turku and Vaasa. While the absolute majority of technical 

courses and the Academic staff reside in Turku in the south 

of Finland, the Laboratory of Energy Technology is 

located in Vaasa, about 330 km north of Turku. Hence, the 

2-year [MSc(Tech.)] degree program in chemical 

engineering (specialization in Energy technology) in 

Vaasa enables a continuation of education for already 

graduated Bachelors in Technology. Most of the students 

have a BSc exam from Novia University of Applied 

Sciences (Novia), also situated in Vaasa. Therefore, the 

regional universities of applied sciences are a natural 

development partner for the Energy technology unit.  

The subject of Energy technology in Vaasa is quite new 

(starting in 2011), and has to date around 30 enrolled 

students and has contributed to about 50 graduates. The 

need of developing new education, taking into account 

what kind of employee skills regional companies need in 

the future, begins to be more obvious.  A survey mapping 

appreciated skills of young engineers was earlier 

conducted by interviewing several different stakeholders 

within different energy companies in the Vaasa region [16]. 

The findings from the survey showed that the regional 

energy technology companies are looking for technically 

competent graduates, especially students with an 

understanding of energy systems, as well as persons with 

skills in electricity, IT, English, and international 

communication. Hence, the mutual interest of ÅAU and 

the regional companies within the energy sector is to 

educate technically competent persons in the field of 

energy technology. To be a relatively new and small 

subject physically distinct from the rest of the engineering 

program puts some constraints on the subject itself. The 

possibility to offer the students and the research personnel 

advanced and modern technical equipment and research 

facilities is not always optimal. Consequently, innovative 

strategies regarding financial support, access to various 

facilities, and cooperation between different organizations, 

are often required to fulfill the academic responsibilities 

the university possesses. Therefore, the implementation of 

an energy storage project, that could be beneficial for 

educational purposes, was conducted.  

In addition to ÅAU, there are several other universities 

with technical education programs in the Vaasa region. 

Some of these programs are physically converged in a 

building called Technobothnia, which aim is to contribute 

to a high-standard education and research in the field of 

technology [41]. To broaden the cooperation between the 

educational partners, and to address the important topic of 

energy storage in the region, the project “Energy storage 

in our future low carbon society” was launched and 

financing was granted by the European Regional 

Development Fund (ERDF) for 2018 - 2021 [42]. ÅAU, 

Novia, and Vaasa University of Applied Sciences (VAMK) 

are copartners in the project and the main aim was to build 

a demo environment on different energy storage 

technologies, that later would be open for educational 

purposes within the different universities, for researchers 

as well as for the industries in the region. In addition, since 

energy storage solutions have become more in focus 

during the last decade, there is a need to create a regional 

energy storage network and a platform of knowledge 

between the regional higher learning institutions and the 
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industry. To gain a larger understanding of the need for 

energy storage solutions of the industry in the region, a 

steering group consisting of several regional companies 

and university members, was gathered and inputs were 

collected. Based on several discussions within the project 

team and the steering group members the demos were 

selected based on different criteria:  

a) The input from industrial partners on important 

energy storage methods in the region;  

b) Input from universities on methods that could fit the 

engineering curricula;  

c) Taking into account the already available instruments 

in the Technobothnia building and the expertise within the 

different universities. 

B. The Case Study: A Demo Environment on Thermal 

Energy Storage 

Several different demos were selected within the frame 

of the project to introduce the concept of energy storage to 

engineering students. These included Pumped Hydro 

Storage (PHS), Compressed Air Energy Storage (CAES), 

battery technologies, flywheels, and TES methods. The 

project and the various demos have been previously briefly 

described in a project report [43]. As a form of 

conceptualization of TES, PCMs were selected since the 

research interest in PCMs and their potential applications 

have been increasing in recent years  [44]. Solid-liquid 

PCMs were chosen to be the materials of investigation in 

the demo environment since they are the most commonly 

used types of PCMs. Before a latent heat TES system is 

designed, the thermophysical properties of the chosen 

PCM, such as latent heat, specific heat capacity, and the 

melting temperature must be known. Hence, the 

Temperature-history (T-history) method was selected to 

be implemented as the demo environment, as it is used for 

finding out these properties in PCMs using only basic 

inexpensive laboratory equipment [45]. The T-history 

method is still being researched and various researchers 

are still developing the method [44]. 

The learning objectives of the PCM demo were defined 

at the beginning of the development process and the 

following targets were set: 

a) To illustrate the working principle of phase 

change material as an energy storage method 

b) To develop a demo environment open for 

research personnel, companies, and students 

c) To develop exercises and instructions for the 

experiment 

d) To have a demo that is easy to run and maintain, 

is portable, and will not exceed 3 hours 

e) To provide a safe environment for the students 

f) To provide guidelines for the responsible teacher 

so it would be easy to instruct students 

 

C. Description of the PCM Demo Environment 

The setup of the demo environment’s T-history method 

is largely based on the original method that was presented 

by [45]. In the method, several PCM samples can be 

analyzed simultaneously. Glass tubes are filled with PCM 

samples and one is filled with a reference whose 

thermophysical properties are well known. Water is used 

as the reference in this demo [44]. Thermocouples are 

placed in the center along the horizontal axis of the 

samples and the reference. The test tubes are placed in a 

water bath where they are heated to a uniform temperature 

above the melting point of the PCM, bringing the PCM 

samples into the liquid state. The test tubes are then 

removed from the water bath and exposed to an ambient 

temperature lower than the melting point of the PCM. The 

PCM samples and the reference cool down to a reference 

temperature below the melting point of the PCM, bringing 

the PCM samples back to the solid-state. The phase of the 

reference remains unchanged during the process. The 

temperature of the samples, the reference, and the ambient 

temperature are continuously recorded during the process 

and temperature-time (T-history) curves are obtained. On 

the condition of meeting some assumptions as described in 

[45], thermal energy balances can be formed for the 

samples and the reference. Since the thermophysical 

properties of water, the reference, are known, the T-history 

curves of the PCM samples and the reference can be used 

to evaluate the thermophysical properties of the PCM 

samples with the thermal energy balances. 

For the demo environment, instructions are provided for 

three different calculation methods for the T-history 

method. The first calculation method described is the one 

used by [45], except with the slight modification of the 

equations as in [46], to allow for differences in volumes of 

the reference and the samples. The second calculation 

method described [46], is an improvement of the first 

calculation method. The improvements include accounting 

for the sensible heat during the phase change period and 

using the inflection point of the derivative of the T-history 

curve to mark the end of the transition from the liquid to 

the solid phase for the PCM. The third method described 

is the time-delay method where the thermophysical 

properties are calculated using an enthalpy-temperature 

curve [47]. 

III. RESULTS AND DISCUSSION 

A. The Demo Environment at the Technobothnia 

Research and Education Center 

TABLE III.  THE DEMONSTRATION ENVIRONMENTS IN  

TECHNOBOTHNIA THAT ARE AVAILABLE FOR EDUCATIONAL AND 

RESEARCH PURPOSES 

 Energy Storage 

Method 

Responsible 

organizations 

 

Mechanical energy 

storage 

 

CAES 

Flywheel 
PHS 

 

NOVIA 

VAMK 
VAMK 

 

Thermal energy storage 

 

PCM 
Adsorption heat 

pump 

 

ÅAU 
VAMK; ÅAU 

 
Electrochemical energy 

storage 

 
Batteries 

 
VAMK 

 

It is crucial that there are possibilities for practical 

laboratory experiences for engineering students since 
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practical work enhances teamwork and communication 

skills, but also abilities that are necessary when planning 

experiments [17], [29]. To enable such an environment, a 

project regarding energy storage was executed within 

research and education by several educational institutions 

in Ostrobothnia. The demos in progress and the finalized 

demos in this project are shown in Table III. The demos 

on the flywheel, PHS, batteries, CAES and PCMs are 

finalized, while the demo demonstrating the function of 

the adsorption heat pump is still under construction. 

Before the project started, it was noted that there was a 

lack of knowledge and relevant courses in the field of 

energy storage within education in the region. Since 

Technobothnia is an existing learning environment for 

collaboration and research in Vaasa where various higher 

education institutions and partners collaborate, it was 

decided that a new form of demo environment could be 

developed there. To our knowledge, this type of demo 

environment on energy storage, open for several 

educational institutions and industrial partners, is quite 

rare, especially in the Nordic countries. 

B.  The PCM Demo Environment 

The setup of the PCM demo environment built at the 

Technobothnia is presented in Fig. 4. A more thorough 

description of the PCM demo can be found in [44]. As in 

the method in [45], a water bath is used for heating the 

PCM samples and the reference. The PCM materials that 

can be analyzed with the setup are limited to PCM 

materials with a melting point within the water bath’s 

temperature range of 25–99.9 °C. Type T thermocouples 

0.2 mm in diameter are wound around metal rods and 

inserted into the samples through rubber stoppers with 

holes. The purpose of the metal rods is to keep the 

thermocouples centered along the horizontal axis of the 

PCM samples. Temperature data from the thermocouples 

are acquired using a National Instruments NI 9212 data 

logger connected to a PC. The NI 9212 has eight channels, 

allowing for a maximum of 6 PCM samples to be analyzed 

simultaneously. The other two thermocouples are used for 

measuring the ambient temperature and the temperature of 

the reference [44]. 

 

Figure 4. The setup of the PCM demo environment [44]. 

Fter the PCM samples and the reference have been 

heated to a uniform temperature above the melting point 

of the PCM in the water bath, they are removed from the 

water bath and hung up on stands using clamps to be 

cooled down by ambient air, as observed in Fig. 4. One of 

the advantages of using the T-history setup as in [45], is 

the use of glass tubes. This makes the phase-change 

process visible when the measurement is taking place, 

which can enhance the learning experience for students. 

Instructions for the use of the demo environment have 

been prepared for students and responsible teachers. The 

instructions provide detailed steps for analyzing the 

thermophysical properties of PCMs using the T-history 

method, from initial preparations to the cleaning of 

equipment after finishing the measurements. Instructions 

for the data analysis to be carried out after the 

measurements using the calculation methods described in 

[45]–[47] are also provided. 

C. Implications of the Project and Project-based 

Learning in the Case Study 

Funding of HE is complex and depends on various 
criteria and achievements, set up by governments. These 
achievements include for example the number of degrees 
and publications produced, and external funding [5]. 
Although the government has the main responsibility for 
investments in education and research, external funding is 

of great importance, and it is estimated that about 40% of 
the universities income comes from external funding or 
other public sources in Finland [1]. Since externally 
financed projects are routine within the universities, the 
idea of utilizing project work as a tool to develop the 
engineering curricula is here presented. The ERDF, from 

which this energy storage project has received funding, 
belongs to the Structural Funds (SFs) operational 
programs. SFs are EU-based financing instruments that 
seek to support the partnerships between various HE 
institutions, businesses, and other stakeholders on a 
regional level. Implementation of received SFs projects 

from 2007 - 2010 within research and development in the 
University of Latvia has been analyzed [48]. Here it was 
concluded that both doctoral theses and the number of 
scientific publications increased, however, the 
commercialization of inventions was not fully optimized. 
SFs projects in Finland have been seen as tools to create a 

platform of collaboration and are essential in delivering 
the third mission in practice [49]. Especially in remote 
units in University consortia, that is, units that are 
physically diverged from their parent university, SF 
projects have been regarded as an imperative source of 
funding. In this study, a successful collaboration between 

three different HE institutions was encouraged with a 
common goal to create a demo environment on energy 
storage. Since the ÅA subject, Energy technology, is 
physically distinct from the main unit that resides in Turku, 
an SF project was utilized to promote regional 
development and collaboration with different stakeholders. 

As can be observed from Table I, the share of received 
capital from EU structural funds is small within the 
Finnish universities (2.2%) compared to the part within the 
UASs (32.1%). Thus, within the universities, there is still 
room for increasing the volume of funds received from EU 
structural funds. In addition to enhancing regional 
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development, these externally financed projects can 
support engineering education. As financial resources 
occasionally are inadequate and scarce in educational 
programs, additional investments and new ideas are 
therefore greatly appreciated.  

Within the current project, a survey has been conducted 

to map the need of the industry and academia regarding 

energy storage and to promote energy storage competence 

within the Vaasa region [43]. Based on questionnaires and 

interviews within both the academic and industrial sectors 

in the region, data were collected and the results were 

gathered. The results showed that battery technology was 

considered the most interesting mode of energy storage by 

the industrial stakeholders, although it was shown that 

other forms of storage were likewise appealing, such as 

sensible and latent TES. From the academic sector, 

suggestions were put forward on how to create a common 

platform for energy storage that could be beneficial for the 

industry and the educational institutions. One suggestion 

was that long-term projects could be implemented and that 

student involvement in company projects would be 

valuable in terms of reinforcing the cooperation between 

industry and academia.  

Ref. [50] has summarized several essential elements in 

the PBL methodology. These include finding a solution to 

a problem, the students working in teams (generally), the 

project being multidisciplinary and non-trivial, the project 

involving the development of a concrete artifact (e.g. a 

thesis), a culmination of the project in a written/oral report 

and the teacher staff taking a more advisory role than 

authoritarian [50]. From an educational point of view, the 

project-based learning approach has been widely used in 

both engineering and chemistry education [10], [51]. This 

methodology is applied when knowledge for real-world 

problems is desired and when increased motivation and 

engagement by students are wished for. The project used 

in this paper was externally financed by ERDF. In the 

study, several demo environments have been prepared, and 

most demos have been finalized to be used in engineering 

education and by research personnel (Table III). These 

demos are expected to be a permanent element in the future 

at the research facilities of Technobothnia. Some students 

involved in the project have been employed by the project, 

meaning that they needed to follow the project plan and 

the requirements therein. Other students made their 

contributions to the project as a part of their studies, such 

as a thesis or as a project course.  However, in both cases, 

as a result of PBL in this project, several engineering 

students have had the opportunity to work in settings that 

mimic authentic work situations. Teamwork has played a 

large role when planning some demos, as groups of 

students have collaborated in the planning- and 

implementing processes of the demos (e.g. CAES demo). 

Although the PCM demo has been planned and conducted 

by a single student, the demo is a result of several 

discussions and interactions with various stakeholders. 

Until now, the energy storage project as a whole has 

enabled project work experiences for both international 

students (European Project Semester (EPS)) and national 

students, undergraduate engineering students, and 

graduate engineering students (about 20) and work in the 

project on the demos has turned into several completed 

bachelor ś and master ś theses (about 5). Supplementary 

research work, in addition to work on the demos, has been 

conducted within the project. For example, students have 

performed investigations regarding the feasibility of using 

heat energy storage and Power to-X technologies in the 

region, as well as looked into energy storage in off-grid 

systems and the energy storage market from a Finnish 

point of view. 

Soft skills, or personal skills, are imperative within all 

fields of work situations. Working in projects brings out 

both the joys and the challenges that might occur during 

actual work processes. When planning the demo 

environments, the students have been faced with multiple 

open questions such as; which components and materials 

are appropriate for the demo, which technology is 

favorable to demonstrate the concept of energy storage, 

how to handle economical and budget issues, and how to 

solve problems such as breaking of components and 

instruments. Last, but not least, safety issues must always 

be assessed and the risks minimized. This has been 

accomplished by favoring harmless chemicals and 

utilizing protective clothes/goggles etc. Several of the 

valuable skills desired from an industrial point of view, 

including problem-solving and teamwork [17], [18], have 

been practiced by the students during work in this project. 

In all these circumstances, the students have been obliged 

to do a comprehensive literature search to answer several 

questions and search for technical parameters. This kind of 

research will help the students to understand the concept 

of the actual subject, but it also demonstrates how complex 

real-life problems might be. In the case of the PCM demo, 

an experimental method was chosen as means for 

demonstrating thermal heat energy storage. TES is of 

importance in the Ostrobothnia region, especially after the 

opening of Finland ś largest TES in Vaasa 2020 [38]. 

Furthermore, to take advantage of the competence and 

special interest within the ÅAU, the PCM was selected for 

demonstration purposes. The aims and requirements for 

the demo were in the beginning several. It was seen vital 

that the demo is safe for the students, that it is not 

exceeding three hours, that the method is efficiently 

describing phase change materials and TES, and that 

detailed instructions of the demo would be available. In 

terms of meeting these objectives, the PCM demo was 

planned and conducted, as previously described. Based on 

the final end product in the case study (the PCM demo), 

we conclude that the goals for the PCM demo have been 

accomplished. 

In literature, four different laboratory instruction styles 

can be identified in chemistry education; expository-, 

inquiry-, discovery- and problem-based instructions [52]. 

These styles differ in three aspects regarding procedure, 

approach, and outcome. Still today, the most popular style 

in laboratory courses is the expository (traditional) style, 

in which the outcome is predetermined, the approach is 

deductive and the procedure is given. Because of these 

characteristics, the expository style is also regularly 

criticized. One concern is that the students will not be 
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enough engaged in thinking, but rather routinely follow the 

guidelines [53]. One outcome of the PCM demo was to 

write an instruction guide for the experiment. These 

instructions would help responsible teachers/supervisors 

to demonstrate and teach about the energy storage method 

correctly. Since the demo was prepared for 

implementation in education within different educational 

institutions, it was decided that the instruction would be as 

detailed as possible. At the moment, the laboratory 

instructions are created in a traditional way. However, the 

laboratory instructions could be modified to be more 

inquiry- or discovery-based and many attempts of 

introducing new concepts into traditional laboratory 

activities have previously been demonstrated [54], [55]. 

IV. CONCLUSION 

This work describes how a project outcome can act as a 

supporting element in engineering education. Several 

demos on energy storage methods have been prepared and 

the majority of them have been finalized, including the 

demo on thermal energy storage using PCMs. Energy 

storage, as a tool to store excess energy produced by 

renewable sources, has gained a lot of interest in the last 

decades. As an example, the concept of energy storage has 

lately been emphasized in chemical engineering education 

in China in response to the urgent need to upgrade from 

traditional energy sources to renewable ones [56]. Hence, 

this demonstrates that increased expertise in such areas is 

necessary to support the development of new technical 

talents. Especially from a regional point of view, future 

engineering students must be familiar with various energy 

storage techniques, to take full advantage of the available 

resources in the specific region. Learning through practical 

work cannot be underestimated. Numerous essential skills, 

such as problem-solving skills and teamwork, are gained 

when students work in laboratory settings. This SF project 

has enabled setting up such an important environment and 

in the process; the project-based learning methodology has 

been utilized for several students in their final studying 

year by working in the project.  

V.   FUTURE WORK 

Although the project can be regarded as a success in 

terms of setting up demo environments and offering 

students to work in a project, there are still things to be 

improved upon and research to be conducted. To date, the 

only demo that has been implemented and tested in the 

engineering curricula is the demo on flywheels. To 

understand entirely the impact all the demos have on 

learning and understanding the energy storage concept, 

further emphasis should be on implementing the remaining 

demos in engineering education. Evaluation of the new 

settings by the students should be carried out, and the 

results analyzed thoroughly. However, this work presents 

the enabling of several demos on energy storage by work 

and financial support from an SF project. In the future, 

external financed projects might be a vital resource for 

other applications regarding higher education, including 

doctoral studies. 
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