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Abstract 

Background The share of renewable energy feeding the European grid has been growing over the years, even 
though the intermittency of some renewable energy sources can induce electric grid instability. Energy storage 
has proven to be an effective way of reducing grid instability. Various solutions for large-scale energy storage are 
being researched nowadays. This study focusses on the innovative low-head pumped hydro storage (LH PHS) tech-
nology, a large-scale energy storage scheme suitable for shallow seas (5 – 30 m depth). Implementation of renew-
able energy technologies, such as wind farms in Europe, Asia and North America, has faced public opposition which 
has delayed or even cancelled the implementation of renewable energy projects. Literature about public perception 
of projects highlights the importance of involving stakeholders from the early stages of project planning. Consider-
ing this, the present study aims to collect stakeholder opinions (via an online survey) to determine what is necessary 
for a smooth implementation of LH PHS in the North Sea, both from technical and policy points of view.

Results Stakeholders from commercial parties, government authorities and local groups recognized the poten-
tial of LH PHS as a means to increase the share of renewable energies within the European power grid. Economics, 
bureaucratic burden, and structural safety have emerged as primary aspects of concern respecting the implementa-
tion of LH PHS. The impression of the respondents is that a low-head pumped hydro station would not have negative 
effects on their organizations. Furthermore, most of the engineering firms participating in the study communicated 
that their knowledge and resources could be involved in the construction of such an energy storage facility.

Conclusion As identified stakeholder concerns such as economics and structural safety are currently being 
researched, effective communication of the findings of this research is paramount to keep stakeholders informed 
of the ongoing progress. Two-way communication between researchers and stakeholders is recommended 
to enhance public acceptance of future technologies. Furthermore, is it advisable to undertake an examination 
of the available energy policies relevant to LH PHS.

Keywords Pumped hydro storage, Social acceptance, Stakeholder analysis, Stakeholder opinions, Energy storage, 
Energy policy
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Background
The European Union aims to achieve climate neutral-
ity by 2050 [1]. Renewable energy generation has been 
increasing over the last years, partially as a result of more 
ambitious climate goals and partially due to its reduc-
tions in cost [2]. Amongst available technologies for 
renewable energy production, wind and solar power have 
become especially widespread, with a promising path of 
market penetration within and outside of Europe [3].

However, renewable energy generation is variable and 
unpredictable throughout the day and within the annual 
meteorological cycle [4, 5]. The intermittency of wind 
and sun availability translates into electricity generation 
unpredictability, which poses difficulties for matching 
demand and generation. Such mismatch makes an elec-
tric power system unstable. This, in turn, could result 
in failure to supply electricity when necessary, or, in the 
worst case, power blackouts. Additionally, the synchro-
nous generators of conventional power plants (coal, oil, 
nuclear, gas, hydro) are able to provide inertia, frequency 
and voltage stability to the energy grid due to the large 
rotatory masses of their generators and their ability to 
increase or reduce their power generation to match 
demand for power [6]. This dispatchable power has his-
torically ensured the flexibility of the power system, and 
has been necessary to cope with the uncertainty and vari-
ability of electric demand and generation [7]. However, 
nowadays power electronic interfaced devices can pro-
vide inertia, frequency and voltage stability without the 
use of large rotatory masses [8].

The introduction of stochastic renewable energy 
sources such as wind and solar power reduces the flex-
ibility of the energy grid and thus grid stability is at risk 
[7, 9]. As an example, Johnson et al. [10] determined via 
simulation that removal of nuclear power plants in the 
electric grid of Texas, for a 30% renewable energy gen-
eration scenario, required the activation of coal and natu-
ral gas-combined-cycle plants to maintain stable system 
inertia. It is clear that intermittent and fluctuating renew-
able energy generation requires the support of other 
technologies [11]. Large-scale energy storage presents 
itself as a great alternative since it both increases energy 
storage and the hydraulic synchronous generators can 
provide inertia to the system [11–13].

Nowadays, the most common and proven energy stor-
age technology applied at utility grid scale is pumped 
hydro storage [13]. It utilizes the natural elevation dif-
ferences present in mountainous regions to store sur-
plus grid electricity generation as potential energy, by 
pumping water to an elevated reservoir. When the elec-
tric demand exceeds that available in the grid, the stored 
water can be released to a lower reservoir, driving tur-
bines to generate electricity in the process. Rogner and 

Troja [14] estimated that 94% of worldwide energy stor-
age is carried out using pumped hydro storage (PHS) 
technologies. Furthermore, they showed that PHS is an 
economically and technologically viable solution for 
reducing peak loads and storing wind and solar energy 
to ensure power quality. However, lowland regions across 
the globe will for a foreseeable time in future remain 
unable to benefit from the grid stabilization services of 
PHS; European countries such as coastal Belgium, Den-
mark, the Netherlands and the northern part of Germany 
cannot make use of conventional pumped hydro storage. 
This challenge has led to the ambition to provide stor-
age capacity even for flat topographies, where low-head 
pumped hydro storage (LH PHS) technology is a promis-
ing option [15], especially at sites where geology does not 
make underground PHS [16] or compressed air energy 
storage feasible. LH PHS technology employs the same 
principle as mountainous PHS; however, there are no 
mountain reservoirs. Instead, a large impermeable dike 
forming a circular reservoir should be built in a shallow 
sea (depth between 5 and 30 m), resulting in the creation 
of an enclosed salt water body on the inner side of the 
dike. When there is surplus grid electricity generation, 
it is used to pump salt water out of the interior of the 
reservoir, reducing its volume and, consequently, lower-
ing its water surface elevation. This action creates a head 
difference relative to the sea surface. When electricity is 
needed (demand for electrical power in the grid exceed 
generation), salt water from the sea flows downward into 
the reservoir, driving turbines to produce electricity [12, 
15, 17]. For mountainous PHS, the head difference is cre-
ated by the large height difference between the lower and 
upper reservoir (hundreds of meters of head) whereas for 
LH PHS the head difference is created by the action of 
pumping out the reservoir and thus lowering its water 
level (tens of meters of head). For the sake of clarity, Fig. 1 
shows a schematic of a LH PHS plant. Conceptually, LH 
PHS requires more space than PHS because of the larger 
discharges used for operation. As space is occupied 
for human use purposes, any planning, permitting and 
implementation requires careful interaction with stake-
holders and society at large. Failure to include relevant 
parties and stakeholders has been proven to add hurdles 
and roadblocks to implementation of major infrastruc-
ture projects in the past, not only in the energy sector, as 
demonstrated in the following paragraph [18–20].

Experience from previous renewable energy technolo-
gies showed that wind projects have encountered opposi-
tion from local inhabitants during and after construction 
of wind parks [21–25]. Solar power has also faced simi-
lar issues. Jobert et  al. [26] recommend the inclusion 
of stakeholders in the planning stage of wind and solar 
power plants to increase acceptability of the technologies 
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within communities. Likewise, interviews carried out 
at the coast of Mutriku (Vasque Country, Spain) for a 
coastal wave energy plant found that information about 
the project and participation of the local residents is a 
key for acceptance [27]. Similarly, so-called mega-pro-
jects have been followed by opposition and contestation 
[28]: within the Stuttgart 21 project, citizens demon-
strated against the demolition of 100-year old tress and 

after being forced out aggressively by the police, these 
works were put on hold. Issues included insufficient 
transparency during stakeholder negotiations. Addition-
ally, not much room for project modification was given, 
so the stakeholder participation was merely used as a way 
of sharing the project as it was planned [29]. Considering 
these lessons, a LH PHS project must involve stakehold-
ers beginning at the early stages of its research to include 

Fig. 1 Schematic of a LH PHS plant showing a top view and a cross section view. The cross section view shows how the water level in the inner 
reservoir decreases when pumping and how it increases when turbining. Notice that the available head is the difference between the sea water 
height and the inner reservoir’s water height
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non-technical considerations within the design that 
increase acceptability for the general public. Along this 
line, an acceptance study was carried out on Guernsey 
island (located in the English Channel) before the instal-
lation of an offshore wind farm. That study found that the 
use of local resources for the construction and then local 
consumption of renewable energy enhanced community 
acceptance of offshore wind parks. The study also found a 
variation of acceptance depending on the location of the 
future wind farm [30].

The above examples of (mega-)projects and their stake-
holder relations have largely motivated this work that, for 
the first time, investigates future stakeholder opinions in 
response to the novel LH PHS technology, at a stage long 
before the implementation phase. The LH PHS technol-
ogy is currently under scientific and commercial develop-
ment, though still at an early stage. This work however 
aims to start stakeholder communication at the earliest 
possible stage within the technology evolution time-
line and thus, engagement has been initiated while the 
technology is still being researched. Due to the innova-
tive nature of LH PHS technology, there isn’t any avail-
able literature on questionnaires or stakeholder meetings 
incorporating stakeholder opinions towards this specific 
technology, yet. The overall objective of this work is to 
gauge opinions, interest and objections of stakeholders 
with respect to novel LH PHS energy storage develop-
ment in the North Sea.

The primary objective of this work is to examine stake-
holder opinions regarding LH PHS development in the 
North Sea. The specific objectives include:

• To identify challenges, hurdles and obstacles for the 
implementation of LH PHS that potential stakehold-
ers may have.

• To elaborate on risk factors perceived by stakehold-
ers.

• To investigate potential redlines with respect to the 
location of LH PHS.

• To identify what research topics stakeholders are 
most concerned about.

• To investigate if companies have the resources and 
knowledge for manufacturing a LH PHS plant.

The stakeholder opinions can be turned into design 
requirements which, as shown from previous literature 
described in this section, increases future stakeholder 
acceptance. Furthermore, the stakeholder concerns 
must be addressed, and regular two-way communication 
between project developers and stakeholders must be 
maintained over time.

Methods
A sequence of tasks was required to obtain data through 
a stakeholder survey; these are described in the present 
chapter. The work is started by describing the process by 
which stakeholders, i.e. questionnaire participants, were 
identified and contacted. Next, the development of a 
questionnaire along with its goals is described.

The questionnaire included both quantitative and 
qualitative questions and it was available online for the 
contacted stakeholders. Additionally, the access link to 
the online questionnaire was published through mul-
tiple advertisement campaigns on social media, which 
led to additional non-targeted participants who found 
the survey (ALPHEUS LinkedIn page,1 ALPHEUS twit-
ter account2 and ALPHEUS webpage3). The stakeholder 
survey ran from the 15th of November of 2021 until 
the 23rd of March of 2022. All survey questions and 
anonymized answers are publicly available here: 0.24355/
dbbs.084–202301101711-0.

Stakeholder identification
A stakeholder analysis starts with a dedicated stake-
holder identification process. To that end, a clear defini-
tion of the term stakeholder was derived. Freeman [31] 
was the first author to define a stakeholder approach 
with his book “Stakeholder Management: A Stakeholder 
Approach” [31]. He defined stakeholders as “any group 
or individual who can affect or is affected by the achieve-
ment of the organization’s objectives”. He received much 
criticism for his broad definition of “stakeholder” and 
since then, several other authors have provided differ-
ent definitions for “stakeholder” [32–35]. The definition 
of “stakeholder” is adjusted for each specific analysis. 
Thus, the present study defines a stakeholder as: “any 
person, group or organization that is directly or indi-
rectly affected by the development of a low-head pumped 
hydro storage plant in the North Sea”. With this defini-
tion the spatial focus is put on the North Sea. This site 
is chosen due to its shallow depth which shows potential 
for LH PHS [15, 17, 36]. Furthermore, the installation of 
a large amount of offshore wind power [37] shows addi-
tional potential for the development of LH PHS [15].

A large LH PHS project could potentially affect a large 
number of groups and individuals. To limit the amount of 
identified stakeholders [38], the focus of this work is nar-
rowed to three different stakeholder subgroups, as a sub-
entity of the previous stakeholder definition. These are:

1 lnk.tu-bs.de/0FgQqk.
2 https:// twitt er. com/ Alphe usH20 20/ status/ 14787 49873 87272 3973.
3 https:// alphe us- h2020. eu/.

https://twitter.com/AlpheusH2020/status/1478749873872723973
https://alpheus-h2020.eu/
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1. Commercial parties interested in potential LH PHS 
sites (energy distribution companies, turbine manu-
facturers, etc.): individuals in this group are those 
possessing the technical expertise required for the 
design, construction and grid integration of a LH 
PHS plant. Furthermore, they could be affected by 
economic benefits and know-how from participation 
in such a project.

2. Government authorities/policy and decision makers 
on spatial planning and permits: individuals in this 
group are those in charge of drafting and approv-
ing legislation that could impact the development of 
a LH PHS project. It also includes individuals that 
would oversee the approval processes for the con-
struction and operation of a LH PHS project.

3. Local coastal communities and their interest groups 
(fisheries, nature protection groups, tourism associa-
tions, etc.): individuals in this group are those habitu-
ating or having regular non-business activities along 
the coast and nearshore area of the North Sea.

For the purpose of clarity, the aforementioned terms 
will be referred to as follows for the remainder of this 
manuscript: (1) “commercial parties”, (2) “government 
authorities”, (3) “local groups”.

Limiting the identification of stakeholders may cause 
omission of important ones [39]. However, the three 
identified subgroups provide a large range of stakehold-
ers, including the most relevant stakeholders for a LH 
PHS project. As per the overall objective of this study and 
bearing in mind the emerging character of LH PHS, the 
chosen approach allows a more fine-tuned response of 
relevant stakeholders at the stage of development that LH 
PHS technology has currently reached.

Since there is no universal procedure for stakeholder 
identification, this process has been conducted in vari-
ous ways in previous literature [32, 40, 41]. Based on 
existing methods (use of expert opinions, focus groups, 
semi-structured interviews, snowball sampling [42]), the 
procedure for stakeholder identification in the present 
analysis was carried out via the following steps:

1. An initial “draft list” was developed by a selection 
panel of experts and scientists (from the ALPHEUS 
project consortium) involved in the development of 
LH PHS technology. The list included 53 different 
stakeholders, grouped into different sectors such as 
civil engineering, manufacturing, energy generation, 
energy distribution, government, etc.

2. The original “draft list” was enlarged with the identi-
fication of more stakeholders into a so-called “initial 
stakeholder list”. Enlarging the original list was car-
ried out by the research team. The chosen approach, 

i.e., identification of additional stakeholders by only 
the research team, could imply some kind of bias 
that was dealt with, separately. To that end, the “ini-
tial stakeholder list” was distributed to other experts 
within the ALPHEUS project consortium. This devel-
opment group consisted of other experts from vari-
ous nationalities and educational backgrounds. These 
multidisciplinary and multinational aspects of the 
control group approving the updated initial stake-
holder list ensured having a stakeholder list with 
multiple entry points and thus reduced bias from the 
initial group elaborating the list. Completion of step 
2 yielded an “initial stakeholder list” with 177 stake-
holders, an increase of 334% over the draft list.

3. It could be argued that the stakeholder list after 
step 2 is still biased by the development group and 
its knowledge of LH PHS technology. Therefore, 
to reduce the remaining bias, two further actions 
were taken to limit the bias that may still exist. On 
the one hand, the stakeholder questionnaire (see 
Sect.  Description of the questionnaire) was shared 
via the social media pages of the development group 
(see Sect. "Methods"). The goal of this first action was 
to reach as many interested stakeholders through 
shared networks and interest networks as possible 
using the power of social media [43–45]. To avoid 
responses by bots, those respondents following the 
public access link to the were required to fill in a 
CAPTCHA [46]. Additionally, the respondents of the 
questionnaire were checked to see if they fit within 
the three different target subgroups (i.e. commercial 
parties, government authorities and local groups). If 
not, they were not included in the analysis. On the 
other hand, the identified stakeholders were given 
the opportunity to suggest other stakeholders during 
completion of the questionnaire. This technique is 
known as the snowball technique, first developed by 
Goodman [47] and then used by many other authors 
[48, 49]. Then, when those stakeholders were not on 
the “initial stakeholder list” they were added to it and 
the questionnaire was sent to them. Social media 
sharing and the snowball technique increased the 
number of contacted stakeholders to 190, an increase 
of 7.34% (13 more stakeholders).

Description of the questionnaire
Considering the novelty of the LH PHS technology, it 
is expected that many stakeholders are not yet familiar 
with LH PHS, thus the questionnaire started with infor-
mation in the form of text and figures outlining the LH 
PHS technology. It was estimated this information would 
take around 3–5  min to read. Next, the questions of 
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the questionnaire followed. It was estimated that each 
respondent would need around 15–20  min to complete 
all the questions.

The questionnaire was developed for the three different 
stakeholder subgroups (i.e. commercial parties, govern-
ment authorities and local groups). Recognizing that not 
all questions are relevant to every stakeholder subgroup, 
specific questions were directed to each subgroup while 
maintaining a majority of questions common to all three 
subgroups. A mixed-methods approach including both 
quantitative and qualitative questions is used. Quan-
titative questions allow the researchers to rank stake-
holder concerns and preferences, allowing for statistical 
analysis and thus ranking of criteria, whereas qualitative 
questions can reveal unexpected feedback and allows 
respondents to avoid being biased by readily-available 
answers given by researchers as in quantitative questions. 
Considering the novelty of LH PHS, the researchers want 
to gather undisturbed/unbiased replies with the aim of 
not leaving out any aspect of concern or any knowledge 
the respondents can give and qualitative questions allow 
for that.

The initial questions of the questionnaire pertained 
to socio-demographic characteristics of the respond-
ents. They could identify themselves with any of the 
three stakeholder subgroups, indicate their country of 
residence and indicate the respondent’s position within 
the company or organization they represented in the 
questionnaire. Additionally, questions were included to 
analyze their degree of knowledge of similar technolo-
gies to LH PHS such as traditional high-head PHS. This 
could indicate if stakeholders need more information to 
form an opinion about the technology or if they already 

possess sufficient knowledge. This is because LH PHS 
grows out of traditional PHS, so if they are unfamiliar 
with traditional PHS, understanding LH PHS will be 
harder. In addition, the respondents can state whether or 
not they are currently involved in renewable energy pro-
jects and/or if they are familiar with renewable energy 
(RE) technologies.

Then, questions followed that aimed to gather stake-
holder opinions.

Table  1 showcases the qualitative questions included 
in the survey. To ease reading, the quantitative questions 
are displayed in the results section. However, we remind 
the reader that all questions can be seen in the original 
dataset: 0.24355/dbbs.084–202301101711-0.

Within the quantitative questions, Likert scales with 
ranges of 1–5 and 1–7 are used to gather stakeholder 
opinions that can rapidly be statistically analyzed. These 
questions can provide a quick insight into what stake-
holders prefer on average (by calculating the average 
between 1 and 5 or 1 and 7) and about the similarity 
among replies (standard deviation). Multiple choice ques-
tions allow for fast stakeholder opinion gathering in cases 
when ranking is not favorable, for example the “not in my 
backyard” (NIMBY) type question (see Fig.  5). There is 
no conclusive research about when to use Likert scales 
a range of 1–5 vs. 1–7 [50], even though Weijters et  al. 
[51] recommended 1–5 scales for the general public and 
1–7 for the educated public. For this piece of research, a 
scale of 1–7 was used where more detailed answers were 
desired, i.e. for evaluation of importance of LH PHS and 
for ranking multiple statements (the 1–5 scale could have 
also been used for the former, but the addition of the 1–7 
scale gives more room to different answers and thus more 

Table 1 List of all the qualitative questions included in the questionnaire

Question Question asked to

Can you name any other "moderately important" to "very important" aspects for imple-
mentation other than the ones mentioned above?

Commercial parties, Government authorities and Local groups

Which challenges would you expect during the planning and implementation phase? Commercial parties, Government authorities

What advantages/drawbacks do you see in improving the storage capacity? [Advan-
tages]

Commercial parties

What advantages/drawbacks do you see in improving the storage capacity? [Draw-
backs]

Commercial parties

What advantages/drawbacks do you see in improving the transmission capacity? 
[Advantages]

Commercial parties

What advantages/drawbacks do you see in improving the transmission capacity? 
[Drawbacks]

Commercial parties

What alternatives do you see for the storage of renewable energy generated 
in the coastal regions?

Commercial parties, Government authorities and Local groups

What prospect fields of research would you like to see regarding “seawater low-head 
pumped hydro storage system feeding energy into the European grid”?

Commercial parties

Any other comments/questions? Commercial parties, Government authorities and Local groups
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probability of having statistical differentiation among the 
chosen statement for later ranking). The 1–5 scale was 
used for indicating agreement and importance as well as 
for ranking aspects of concern. Agreement could have 
been evaluated on a 1–3 scale (disagree, neutral, agree) 
but the 1–5 scale gives more room for indicating strong 
(dis)agreement, something the researchers evaluated as 
necessary. For ranking aspects of concern, the 1–7 scale 
could have been used as well, however the lesser amount 
of aspects to rank, allowed the simpler use of the 1–5 
scale.

The distribution, presentation and recording/data col-
lection of responses was carried out with the Limesur-
vey™ software. This software has some convenient 
features for conducting questionnaires, such as present-
ing the pre-defined answers of the quantitative questions 
in a random order to avoid order bias (primacy effects) 
[52]. Survey participants were able to access the sur-
vey online via a link that was sent to them (stakehold-
ers included in the so-called “initial stakeholder list”; 
see Sect. Stakeholder identification) and additionally via 
a public link shared through social media (Sect.  "Meth-
ods"). Once the data collection was finished, Limesur-
vey™ [53] allows data to be exported in several formats 
[54].

Data analysis
The analysis of the data was done using Python 3.9 
(quantitative data) and MAXQDA [55] (qualitative data). 
Python was used to generate plots and calculate the 
mean, median, standard deviation (SD) and first quantile 
of the respondent’s answers for the 1–5 and 1–7 Likert 
scales. In the present study the mean is used as the statis-
tical term for ranking the responses. The median is used 
as a secondary way of ranking answers. For instance, if 
different answers rank differently in terms of mean and 
median, it means that the mean could be largely affected 
by extreme values. This can also partially be seen with the 
standard deviation (SD, where a larger SD implies a larger 
variety of responses chosen by the respondents, whereas 
a smaller SD indicates that all respondents’ answers were 
similar). Finally, the 1st quartile (Q1) is used as an addi-
tional measure of answer dispersion. If the median and 
1st quartile coincide, we know that at least 75% of the 
answers were similar (this will generally coincide with 
low values of SD).

The open-ended questions were analyzed using the 
MAXQDA software, which allows for coding of the data 
and then visualization and statistics of the codes. There 
are no universal procedures for analyzing qualitative 
data, even though several authors have given their rec-
ommendations on how to proceed [56–58], it is recom-
mended to adjust existing methods to each individual 

research question [59]. Within the qualitative analysis, 
each qualitative question was analyzed individually, con-
sidering the most recurrent codes. The codes emerged 
from an inductive approach, meaning that the research-
ers first read the data without any pre-conceived codes in 
order to induct the codes from the given responses. This 
is due to the novelty of the technology and the research-
ers’ conviction that they could learn something unex-
pected from the respondents. The codes emerged from 
existing words in the text and then they were put in com-
mon. After discussion, the codes were fixed and answers 
that fitted each code were identified [60]. In addition, 
relationships between responses to different questions, 
including quantitative ones, are also highlighted.

Results
The survey was eventually completed by 29 respondents. 
It was completed by commercial parties (16 respond-
ents), local groups’ representatives (8 respondents) and 
government authorities’ representatives (5 respondents). 
The majority of the respondents reside in Germany (12 
respondents), then The Netherlands (8 respondents), 
France (3) and Italy, Sweden, Indonesia, Norway, Aus-
tria and Mexico (each having 1 respondent). Most of the 
respondents occupy positions of responsibility within 
their company/organization such as managers, senior 
engineers and heads of department (22 out of 29, i.e. 76% 
of the respondents). This is advantageous for reliability in 
gathering technical expertise, aligning with the specific 
objectives. However, the research objective “To inves-
tigate potential redlines respecting location of LH PHS” 
would benefit from a larger sample of non-technical 
respondents.

The following answers confirmed the acquaintance of 
the respondents with the knowledge field of LH PHS. 
First, for the multiple choice question “Are you familiar 
with high-head pumped hydro storage technology?”, 76% 
of the respondents (22) chose “Yes, I am aware of its use 
for energy storage” as an answer, 17% “Yes, I heard about 
it” and just 2 stakeholders from the local groups sub-
group were not familiar with it, having chosen “No, but 
I know other large-scale storage technologies” and “No, 
I am not familiar with how the energy system works” as 
answers to the posed question. Second, two thirds of the 
respondents within the subgroups “commercial parties” 
and “government authorities” answered “Yes” to the fol-
lowing question: “Does the institution you represent have 
experience with similar projects? (for example, pumped 
hydro storage, any kind of hydropower, motor electron-
ics, new grid connections…)”. Keeping these respondent’s 
characteristics in mind, the quantitative and qualitative 
data is analyzed in the following sections.
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Quantitative data analysis
To the question “Do you see low-head Pumped Hydro 
Storage as an interesting technology to solve the prob-
lem of large-scale energy storage?”, 76% chose either an 
answer of “6 – Quite interesting” or “7—Interesting” (all 
answers are presented in Fig.  2). Just one respondent 
from the local groups responded “1 – Not interesting at 
all”. This shows that overall, respondents are very positive 
about the LH PHS technology, which could in turn indi-
cate future acceptance.

Respecting implementation of LH PHS, the aspect 
that concerns all respondents the most is economics, 
then effect on the environment, bureaucracy, landscape 
effects, and constructability (the actual question text 
together with the possible ranking replies are included 
in the caption of Table 2; this is valid for all quantitative 
questions presented in this section.). Table 2 shows that 
the mean ranking of “Economics” is the highest (4.43), 
with also the lowest standard deviation (0.623), mean-
ing that respondents gave similar grades (i.e. importance) 
to the “economics” factor. “Effect on the environment” 
ranks in second position overall. However, it would rank 
first according to the median. This, together with its 
large SD (0.914) shows that there is a large spread among 
responses. Grouping the responses by stakeholder type 
shows that commercial parties considered “Economics” 
to be a more influential factor, ranking “Affection to envi-
ronment” as the second-most important concern. On the 
other hand, for government authorities and local groups 

“Affection to environment” is the most important factor. 
Government authorities ranked “Economics” as the third 
most important concern whereas local groups ranked 
it in second place. The concern about “bureaucracy” 
received a large spread of responses among all respond-
ents and stakeholder subgroups. It ranks in second place 
for the government authorities subgroup with a mean of 
4.60 (SD = 0.800), and third place for both commercial 
parties and local groups with means of 3.75 (SD = 1.35) 
and 4.00 (SD = 1.20) respectively. “Landscape affection” 
and “Constructability” are the least important concerns. 
For the commercial parties, “Landscape affection” was 
ranked last overall, while for both government authorities 

Fig. 2 All respondents’ answers to the question “Do you see low-head Pumped Hydro Storage as an interesting technology to solve the problem 
of large scale energy storage?”. The possible answers were: “7 – Interesting”, “6 – Quite interesting”, “5 – Somewhat interesting”, “4—Neutral”, “3 – 
Somewhat not interesting”, “2—Almost not interesting”, “1 – Not interesting at all” and “No answer”. The x-axis indicates how many times each answer 
was chosen. Q1 = 6, median = 6, mean = 5.9, SD = 1.34

Table 2 All respondent’s answer to the question: What 
aspects would concern you the most when thinking about 
the implementation of low-head Pumped Hydro Storage? 
(1–5 question: 1—Not important at all, 2 – Slightly important, 
3 – Moderately important, 4 – Important, 5 – Very important). 
Aspects are displayed from top to bottom coinciding with more 
and less concern respectively

Answer text Mean SD Median 1st quartile

Economics 4.43 0.623 4.50 4.00

Affection to environment 4.31 0.914 5.00 4.00

Bureaucracy 3.96 1.267 4.50 3.00

Landscape affection 3.59 0.891 4.00 3.00

Constructability 3.50 0.982 3.50 3.00
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and local groups “Constructability” was ranked last. 
There is therefore a clear difference between the com-
panies and government authorities subgroups. Whereas 
companies are more concerned about the profitability of 
the project, government authorities seem much less wor-
ried about that, and more about environmental affection 
and bureaucratic matters. The local groups take a middle 
position, being mainly concerned about environmental 
affection and secondly about costs. This could indicate 
that different stakeholder subgroups may have different 
criteria for acceptance of the technology, according to 
their interests.

Respondents also had the opportunity to indicate any 
other aspects they would consider important for imple-
mentation of a LH PHS plant. With this, the aspects of 
concern they could express were not restricted to the 
ones presented in Table 2. Respondents once more high-
lighted the importance of sustainability and economics. 
Additionally, other relevant concerns came up; these are: 
renewable energy integration within the European grid, 
feasibility of the technology, maintenance of the plant, 
structural integrity, land use and public acceptance. 
Further analysis of these responses is done in the begin-
ning of the following section as a part of the qualitative 
analysis.

The survey then asked respondents to give a first opin-
ion about important technological or logistical charac-
teristics respecting the implementation location of a LH 
PHS plant (See Table  3). Table  3 shows that half of the 
respondents ranked with at least a “4 – Important” the 
first three characteristics (median = 4.00). However, when 
calculating the mean, “Proximity to the existing grid” 
ranked as the most important concern (mean of 4.14, 
SD = 0.776). When analyzing the results per stakeholder 
subgroup, their replies lead to another relevant finding. 
Commercial parties and local groups, ranked “Proximity 

to the existing electricity grid” in 1st place. This would, in 
case of implementation, reduce the cost of connections 
and ensure lower grid losses. However, the government 
authorities’ subgroup ranked “Proximity to the existing 
grid” in 2nd place and they considered “Integration in 
an existing offshore wind park” to be the most important 
concern for implementation. This indicates that govern-
ment authorities have seen potential for using the LH 
PHS technology as a way of providing large-scale energy 
storage in the offshore wind projects being developed in 
the North Sea. “Distance from the shoreline” ranked in 
second place overall as well as for companies and local 
groups, being in 3rd place for government authori-
ties. Finally, “Distance to shipping routes” didn’t receive 
much attention. The general guidelines against interrupt-
ing shipping routes should be followed, but no further 
actions appear necessary from this analysis. The omis-
sion of choosing this answer may however also have to 
do with the overall composition of the stakeholder group 
that finished the survey, as any representatives from ship-
ping-related companies participated in the survey.

To understand respondents concerns in a more quan-
titative way, they were asked to rank a series of state-
ments on a Likert (1–7) scale from not important at all 
to extremely important. The result can be seen in Table 4 
below.

RE integration ranks highest overall (at least 76% of 
the respondents rated “PHS is able to introduce more 
RE into the grid” as very important or extremely impor-
tant), this is related to the previous question where 
government authorities were interested in integration 
of LH PHS into existing offshore wind parks. “Inunda-
tion of the surrounding coastal areas after dike breach-
ing” ranked second. PHS and LH PHS plants consist of 
a single or two reservoirs from and into which volumes 
of water are pumped. Dams or ring dikes are required 
to contain these volumes, inherently posing a hazard in 
those cases where safe conditions are exceeded and the 
dike breaches or fails. In case of failure of dams, dikes or 
closures of water containments, such as the Upper Taum 
Sauk, Missouri, USA [61], Gangneung dam, South Korea 
[62], or even glacially-evolved lake dams [63], dam break 
waves are frequently observed, simulated or researched. 
Learnings from those cases can be applied for modelling 
of dike failure of a LH PHS located in the sea. Respect-
ing LH PHS, preliminary studies such as [15, 36], showed 
that casualties could happen for the event of dike breach 
if the LH PHS plant were located in the Markermeer (a 
large lake in the Netherlands). However, there is no clear 
evidence of how a dike breach of a LH PHS situated in 
the North Sea will affect the adjacent coast. Therefore, 
research is needed to ensure safety in the event of a dike 
breach. Furthermore, it must be properly disseminated 

Table 3 All respondent’s answer to—QUESTION: According 
to you, which is the degree of importance of the following 
characteristics when choosing for a location of a low-head 
pumped hydro storage station? (1–5 question: 1—Not important 
at all, 2 – Slightly important, 3 – Moderately important, 4 – 
Important, 5 – Very important). Characteristics are displayed 
from top to bottom coinciding with more and less importance 
respectively

Answer text Mean SD Median 1st quartile

Proximity to the existing grid 4.14 0.776 4.00 4.00

Distance from shoreline 3.76 0.816 4.00 3.00

Integration in an existing 
offshore wind park

3.57 1.015 4.00 3.00

Distance to shipping routes 3.04 1.239 3.00 2.00
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to stakeholders as failure to ensure that coastal safety is 
expected to significantly decrease public acceptance. Fish 
migration and fish friendliness are the aspects ranked 
next in importance. Waters and Aggidis [64] found a 3.6% 
mortality rate for adult salmon and sea trout smolts using 
computer modelling of fish migration and movement pat-
terns for the Swansea Bay Lagoon project. This could be 
considered not good enough by stakeholders, especially 
for local groups, which ranked “Fishes could die in the 
pump-turbine operation” as the second-most important 
statement with an average ranking of 6.00 (SD = 1.32). 
Fish screens are an attractive technology for reducing 
and attempting to eliminate fish mortality [64]. Based on 
the respondent’s interest in fish friendliness, it is recom-
mended to study aspects including what is a tolerable fish 
mortality rate, differentiating what species shouldn’t be 
affected at all, etc. Inclusion of local coastal communi-
ties as well as individuals involved in the fishing industry 
and fish conservation matters is recommended. The next 
most important statement was “Negative effects on the 
bottom ecosystem”, which is related with the “effect on 
the environment” concern from Table 2. Again, respond-
ents show large interest in being as harmless to the envi-
ronment as possible. This is in line with the development 
of a LH PHS project that aims to reduce  CO2 emissions. 
Next in the list of ranked statements from Table  4, we 
have “Large initial investment costs”. This is seen to be 
important (again a relation with Table 2, where “Econom-
ics” was the most important concern) for respondents. 
However, in this case Table  4 shows that respondents 
have rated environmental issues higher than costs of 

construction, which could mean that stakeholders would 
assume high construction costs as long as the structure is 
profitable in the long term. In any case, this could change 
when actual costs of LH PHS plants are determined. 
Finally, statements related with construction were ranked 
next followed by least important statements such as 
effects on tourism and the innovative aspect of the tech-
nology, comparable to the results of Table 2.

To comprehend how commercial parties perceive the 
impact of a LH PHS plant project on their operations, 
the question “Based on the current information, the com-
pany I represent will be negatively affected by a project of 
a low-head pumped hydro station” was asked (see Fig. 3).

These companies feel that they will not be negatively 
affected by a LH PHS project. Additionally, they feel 
that they have the resources/knowledge necessary to be 
involved in a LH PHS project (see Fig. 4). This is one of 
the advantages of this kind of technology, that most of 
its parts have been already developed in dike construc-
tion, pump station construction or tidal power plants. 
This creates extra business opportunities for manufactur-
ers, designers, investors and project developers currently 
working in the previously mentioned industries. Further-
more, these results may increase this subgroup’s future 
acceptance of LH PHS.

In connection with the possible answer “distance from 
the shoreline” to the question’s response outlined in 
Table 3, an additional question was then directed to the 
local groups and the government authorities subgroups. 
In this question they were asked about the so-called atti-
tude “Not In My Back Yard (NIMBY)” [65]. The question 

Table 4 All respondents’ answers to—QUESTION: Please indicate if you consider the following statements irrelevant or important. 
(1–7 question: 1—Not important at all, 2 – Not very important, 3 – Somewhat unimportant, 4 – Neither important nor unimportant, 
5 – Somewhat important, 6—Very important, 7 – Extremely important). Statements are displayed from top to bottom coinciding with 
more and less importance respectively

Answer text Mean SD Median 1st quartile

PHS is able to introduce more RE into the grid 6.07 0.785 6.00 6.00

Inundation of the surrounding coastal areas after dike breaching 6.00 1.363 6.00 6.00

LH PHS station interferes w/ fish migration area 5.75 1.184 6.00 5.75

Fishes could die in the pump-turbine operation 5.72 1.171 6.00 5.00

Negative affection bottom ecosystem 5.68 1.283 6.00 5.00

Large initial investment costs 5.56 1.133 6.00 5.00

installation depth 10-40 m 5.52 0.895 6.00 5.00

landscape affection of the LH PHS structure 5.14 1.358 5.00 5.00

mountain valleys won’t be flooded nor river flows disturbed 5.14 1.224 5.00 5.00

innovative aspect of LH PHS 5.11 1.113 5.00 4.00

Job creation 4.97 1.377 5.00 4.00

Possible negative affection to the tourism industry 4.48 1.316 5.00 3.00

LH PHS does not use freshwater 4.14 1.795 4.00 3.00

Possible positive affection to the tourism industry 4.10 1.494 4.00 3.00
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is presented in Fig.  5. Two (15,4%) respondents did not 
know what to answer and one (7.7%) respondent decided 
not to answer the question. These answers are within the 
local groups subgroup. All respondents within the gov-
ernment authorities’ subgroup were positive about hav-
ing a LH PHS plant installed close to the coast. Therefore, 
so far, and in contrast with previous infrastructure pro-
jects that have seen implementation [66–68] there are 
no negative answers regarding the location of a LH PHS 
plant close to the shore. In any case, it is important to 
mention that recent literature considers the NIMBY issue 
to be very simplistic when considering acceptance [27].

Qualitative data analysis
As explained in the previous section, the first question 
analyzed in the present section is the open answer from 
Table  2: “What aspects would concern you the most 

when thinking about the implementation of low-head 
Pumped Hydro Storage?” Stakeholders had the opportu-
nity to “name any other "moderately important" to "very 
important" aspects for implementation”, thus providing 
additional concern beyond those listed in Table  2. The 
coded questions showed that stakeholders were mostly 
interested in sustainability aspects (21% of the answers 
were coded as “sustainability”), already included in the 
original quantitative question as “Affection to environ-
ment”. Almost all answers categorized as “sustainabil-
ity” were very general, not adding unexpected concerns. 
Only one stakeholder answered “Wadden Sea National 
Park stands against implementation, Natura 2000 as 
well”, drawing a red-line with respect to where to locate 
LH PHS. “Natura 2000 is a network of core breeding and 
resting sites for rare and threatened species” [69], some 
of which are located within the North Sea (area of study 

Fig. 3 Commercial parties subgroup answers to the question “Based on the current information, the company/institution I represent will be 
negatively affected by a project of a low-head pumped hydro station”. The possible answers were: "5—strongly agree", "4—agree", "3—neither 
agree nor disagree", "2—disagree", "1—strongly disagree", “No answer”. This question was only presented only to the commercial parties’ stakeholder 
subgroup. Q1 = 2, median = 1, mean = 1.44, SD = 0.704

Fig. 4 Commercial parties subgroup answers to the question “Based on the current information, the company/institution I represent 
has the resources and/or knowledge to be involved in a project of a low-head pumped hydro station”. The possible answers were: "5—strongly 
agree", "4—agree", "3—neither agree nor disagree", "2—disagree", "1—strongly disagree", “No answer”. This question was only presented only to the 
commercial parties’ stakeholder subgroup. Q1 = 2, median = 1, mean = 4.0, SD = 1.12
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of the present analysis). Even though the competence of 
permitting construction in a Natura 2000 area does not 
belong to this stakeholder, it is clear that strong opposi-
tion will arise if construction is planned within it. If con-
struction in a Natura 2000 area were to occur, adequate 
environmental plans must be presented that show that 
construction of a LH PHS is an improvement in the gen-
eral sustainability of an area when compared to the origi-
nal state of the protected area [15]. Much can be learned 
from existing knowledge on the implementation of off-
shore wind farms where extensive Environmental Impact 
Assessment (EIA) [70] is required [71, 72]. As EIAs are 
generally time consuming and expensive, most likely the 
assessments are even more demanding in Natura 2000 
areas and thus may be avoided after all due to the extra 
bureaucratic work involved. The second-most mentioned 
category was “technology” (16%), but answers were too 
general (“technology” and “maintainability technology”) 
to draw any conclusion from them. Most of the responses 
were either already in the original wording of the quan-
titative question (answers: “constructability”, “affec-
tion to environment”, “economics”, “landscape affection” 
and “bureaucracy”), or very general (“Nature conserva-
tion”, “Plant/unit governing stability” and “Government 

financing of the project” to name a few) to provide any 
significant insights. However, one response (from the 
companies subgroup) put the focus on a singular aspect 
of the constructability: “Water level Lake and pore pres-
sure soil and groundwater. If lake is at high level or at low 
level makes much difference on soil water mechanics”. 
When analyzing the different kinds of dike ring struc-
tures for the LH PHS reservoir, the pore pressures within 
the surrounding soil should be considered. A preliminary 
analysis was done by van Adrichem [73], concluding that 
it did not have significant effects on dike stability. How-
ever, considering that the cited work is a student’s master 
thesis, further research is recommended to confirm the 
findings.

Based on the respondent’s familiarity with similar tech-
nologies to LH PHS and the fact that commercial par-
ties believe their expertise could be used to develop a 
LH PHS project, the following question gains relevance: 
“Which challenges would you expect during the plan-
ning and implementation phase?”. Most of the responses 
focus on bureaucratic or political procedures (23%), 
such as “Preparation of the implementation plan with 
regard to the legal requirements for approval.”, “Acquire 
the appropriate permits and licenses considering the 

Fig. 5 Government authorities and local groups stakeholder subgroups’ answer to the question: “Would you be willing to have a low-head Pumped 
Hydro Power station in the coastal area next to your residence/work/usual beach?”. Each answer option provided to the stakeholders is displayed 
in y-axis of the figure, with the number of times respondents selected each option shown on the x-axis. The horizontal grey bar represents 
the frequency of each answer choice selected by the respondents
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unavailability of (environmental impact) data” or “Will 
to implement pumped storage of different systems to be 
able to balance the volatility of increasing wind and solar 
energy”. Then again, this time ranking in second place, 
the economics aspect was highlighted by the stakehold-
ers (19%). In relation with this, in the previous question 
we saw that a stakeholder stated “Government financing 
of the project”. Governments can make a large impact 
on the development of energy projects, as was the case 
for offshore wind power in the United Kingdom [74] and 
China [75]. Recently, this technology has been shown to 
be competitive with other energy generation technolo-
gies even without subsidies in the markets of the Neth-
erlands and Germany [76]. These results suggest that if 
the political will exists to implement LH PHS, the eco-
nomic aspect could be eased, as was the case for offshore 
wind. The third most important issue is related to stake-
holder acceptance (15%): “Consequences of environmen-
tal legislation and stakeholder acceptance”. Huijts et  al. 
[77] discuss multiple factors that increase stakeholder 
acceptance (knowledge, costs, risk and benefits, moral 
evaluations, hedonic goals, experience, trust, and fairness 
of the procedure, amongst others). The current analysis 
of stakeholder opinions could be considered an effort to 
increase stakeholder acceptance, considering the sur-
vey increases the knowledge of the stakeholders about 
LH PHS. Additionally, the survey is a tool for including 
stakeholder feedback in the LH PHS design from the 
stage of early technological development.

Furthermore, the questionnaire also included four 
open-ended questions related to stakeholder views on 
advantages and disadvantages of increasing the energy 
storage capacity or increasing the energy transmission 
capacity in the European grid. The goal was to identify 
particular differences in each of the alternatives used for 
improving wind energy penetration within the grid [78–
82]. The stakeholders coincided that both alternatives’ 
most important advantage is the increase in the renew-
able energy penetration within the grid. This advantage 
was clearer for energy storage (11 coded answers, 79%) 
than for improvement in transmission capacity (8 coded 
answers, 67%). The advantages for both methods stated 
by the respondents were generally very similar, mostly 
related with increase of renewable energy penetration 
into the grid. However, the disadvantages noted by the 
respondents showed some marked differences. Respect-
ing the improvement of the storage capacity, the main 
disadvantage for respondents is the required use of land: 
“large scale storage often comes with giant projects” 
and “10–20  m pumping high is quite low, therefore a 
huge basin is needed (extremely costly)” were answers 
that show concerns with the overall dimensions of the 
civil structure. Additionally, electricity production and 

construction costs of the project could again be a disad-
vantage, according to the respondents: “Energy vs invest-
ing ratio could be low.”. For the increase of transmission 
capacity methods, mainly “costs” were identified as 
the major disadvantage. Therefore, no significant new 
insights have been gained from this question.

To help identify competing technologies that might 
divert investment from LH PHS technology, the ques-
tion “What alternatives do you see for the storage of 
renewable energy generated in the coastal regions?” 
was presented to the respondents. “Batteries” (24%) and 
“hydrogen” (20%) were the most mentioned technolo-
gies. Furthermore, one respondent detailed the storage 
scales for batteries and hydrogen: “short-term storage 
with battery systems” or “seasonal storage could be done 
via hydrogen”. Hydrogen could compete with large scale 
seasonal storage, however the conversion from electric-
ity into hydrogen and then again into electricity has a 
low round-trip efficiency (around 54% [83]) compared 
to conventional PHS systems (around 80% [13]) which 
is similar to the roundtrip efficiency the current devel-
opment team for LH PHS aims to achieve (around 80%). 
Nevertheless, LH PHS could still be used together with 
hydrogen. Hydrogen storage could be relevant when the 
hydrogen can be used directly as a fuel, but LH PHS may 
have an advantage for electricity storage because of its 
high efficiency. Other interesting technologies were also 
mentioned such as “Buoyancy Energy Storage Technol-
ogy”, which is a novel technology that uses the buoyant 
force of a submerged balloon to generate electricity. The 
balloon is pushed to the lower depths of the sea when 
there is available electricity and then released to gen-
erate electricity. Hunt et  al. [84] states that this kind of 
technology is interesting for weekly storage, putting it 
between the batteries and large-scale storage such as 
PHS. Besides, this technology needs great water depths 
to be cost effective (3000 m – 6000 m) so its location is 
constrained to deep seas. This does not coincide with the 
locations of bottom-fixed offshore wind installed to date, 
so does not allow for energy storage at the locations of 
current offshore wind hubs, something LH PHS is capa-
ble of due to its installation depth range (5–30 m) [15]; 
however, buoyancy energy storage technology might 
become an option for offshore wind installations using 
floating foundations in deeper waters [85, 86]. According 
to both the respondents and literature, LH PHS could be 
located close to offshore wind farms. Considering its abil-
ity to store electrical energy at large scale (at timescales 
of hours to weeks), LH PHS has a unique market space. 
Additionally, it can be integrated into a system with other 
storage methods such as the above-mentioned options.

An additional specific objective of this work was to 
find new research topics, derived from the stakeholder 
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answers. This was allowed by the question ‘What pros-
pect fields of research would you like to see regarding 
“seawater low-head pumped hydro storage system feed-
ing energy into the European grid”?’. Several relevant and 
novel research topics where suggested, mainly in line 
with the rest of the stakeholder concerns in the fields of 
constructability, economics and environmental impact. 
Many of the answers are very general: “Environmental 
impact and fish mortality”, “hazard to people and prop-
erty”, “Social acceptability”, “Marine works strategies to 
reduce costs”, “Pump technology or pump as turbine”, 
“turbine designs”, “Best possible integration while incor-
porating the least possible impact on the ecosystem.”. As 
these are very general propositions, ongoing research 
already fits into these proposed areas. Nevertheless, some 
respondents were more specific and replied: “Elabora-
tion of a catalog of suitable sites”, “The effects of fluctuat-
ing mass of water on the surrounding area.”, “Soil water 
mechanics especially with low level lakes.”, “the joint 
operation with and impact on the efficiency of wind parks 
and solar parks” and “Effect of such a system on the elec-
tricity prices/profitability of such a system”. To the knowl-
edge of the author collective, the four last topics are not 
yet being studied elsewhere. Some of the potential future 
research suggestions indicated by the responses refer to 
the design of the system. Stakeholders apparently want to 
see, and remain very curious about, images with approxi-
mate dimensions, expected costs, generation capacity, 
etc. These topics remain subjects of ongoing research and 
thus, research results are not yet robust enough to inform 
stakeholders.

To finish the questionnaire, the last open-ended ques-
tion was “Any other comments/questions?”. However, not 
many respondents (4 out of 29, 14%) gave an answer, and 
those obtained were not relevant to the goals of the anal-
ysis. This could indicate that the survey sufficiently pro-
vided the opportunity for stakeholders to express their 
thoughts and opinions.

Discussion
This section includes reflections on how the question-
naire, respondents and results may have influenced the 
findings presented in this piece of research. First of all, 
despite the researchers’ efforts to describe the LH PHS 
technology in the beginning of the questionnaire, and 
due to the novelty of the technology, it is possible that 
stakeholders did not have a clear idea of how LH PHS 
works, as they do for instance with conventional PHS. 
This could lead to less specific feedback to the open-
ended questions. In fact, many of the replies were too 
general (i.e. “technology”, “Social acceptability”, “tur-
bine designs”, etc.) so no significant information could 
be obtained from such replies. From our analysis, we 

could see a relationship between less interest and limited 
knowledge of PHS. This is in line with what Itaoka et al. 
[87] found. They found that, in general, public acceptabil-
ity of carbon capture and storage (CCS) increased with 
greater knowledge about the CCS technology. Azman 
et  al. [88] found a similar positive relationship between 
knowledge and acceptance in his study. However, other 
authors [89, 90] argue that increasing knowledge does 
not necessarily increase acceptance so the first sentence 
has to be considered carefully.

Another reason for the general (and short) open-
ended replies could be an excessive questionnaire length. 
However, Porter [91] and Kost and Correa da Rosa [92] 
showed that survey length is not a critical aspect for 
causing so-called survey fatigue. Factors such as multi-
ple contacts (with tentative respondents), incentives and 
survey salience (interest of stakeholders in LH PHS) are 
more relevant. To investigate this, future surveys could 
be shorter in length.

One limitation of this study is the fact that it includes 
feedback from 29 respondents. As stated at the beginning 
of Chapter 3, 75% of the respondents occupy positions of 
importance within their organizations, which serves to 
gather reliable technical feedback. However, it is true that 
the quantitative data, specially that from questions which 
are asked to specific stakeholder groups, may have little 
data to perform a reliable statistical analysis. Therefore, 
these should be considered carefully.

Most of the respondents reside in Germany. This coun-
try manages a large part of the North Sea’s territory and 
therefore their answers are significant for this research. 
However, the study may benefit from a larger sam-
ple from other North Sea countries. Furthermore, two 
respondents are from outside of Europe (Indonesia and 
Mexico) and their answers were considered relevant for 
this study. The reasoning behind this is twofold. First, it 
is because they are from the commercial parties stake-
holder subgroup. Therefore, the in-depth location-based 
question (see Fig. 5) was not asked to them. Second, the 
researchers recognize the value of gathering technical 
feedback independently from their geographic region, 
considering more important whether or not they have 
knowledge about the PHS technology, as was the case for 
the non-European respondents. Additionally, the Mexi-
can respondent had previous experience working with 
hydropower projects, which could make their technical 
answers more relevant compared to respondents that did 
not know about PHS nor had previous experience with 
hydropower even though their geographic region was 
within European territory.

One important bias of the gathered responses could 
arise from the fact that the commercial parties stake-
holder subgroup accounted for more than 50% of the 
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total respondents. As demonstrated in the results of 
various quantitative questions in the previous section, 
the ranking of the answers differs for each stakeholder 
subgroup, suggesting that a higher number of responses 
from the local groups and government authorities 
stakeholder subgroups could generate slightly different 
results. The influence on results is only expected to be 
minor because as already shown in the previous sec-
tion, it is not the case that the first ranked answer for 
one of the stakeholder subgroups is the least important 
one for another subgroup. In any case, given the early 
stage of technology development, the feedback from 
technical respondents is valuable for the research ques-
tions of this research.

As expected by the researchers, the qualitative ques-
tions showed unexpected feedback to the question 
“Which challenges would you expect during the planning 
and implementation phase?”. Mainly technical replies 
were anticipated, but the respondents’ main expected 
challenge for implementation of LH PHS was about pre-
paring licenses and the follow-up permitting processes. 
Table  2 showed that when considered as a concern, the 
bureaucratic aspects rank lower than economics or envi-
ronmental affection. However, in an open question about 
challenges, the respondents decided to highlight the 
bureaucratic processes. This difference may be due to the 
absence of specific questions addressing these consid-
erations. Studying the development of legal licenses or 
particularities about the permitting process was not con-
sidered in the research questions, however the mention-
ing of this by respondents opens up additional research 
topics about the bureaucratic processes involved in per-
mitting and approving construction and operation of a 
LH PHS. As none of the stakeholders provided specific 
feedback about what parts of the legislation could be 
most cumbersome to deal with, future research is recom-
mended to discover these. Previous literature shows that 
Helm (2014) [93] identified three issues for the European 
energy market: 1) different energy prices for each Euro-
pean Union (EU) Member State (MS), 2) 27 different 
national energy policies (a different one for each MS) and 
3) lack of energy interconnections. He concluded that 
“Europe’s energy and climate policies are going nowhere” 
since they drive up prices, drive down competitiveness, 
and do not have a substantial impact on mitigating cli-
mate change. Tol [94] also found that the EU policy leads 
to a high cost/benefit ratio. These results also coincide 
with those from [95]. Regarding energy policy, Polzin 
et  al. [96] found that feed-in-tariffs (FIT), auctions and 
renewable portfolio standards are the most effective 
policy instruments for mobilizing funding of renew-
able energies. We recommend further investigation of 
available energy policies for LH PHS and put a focus on 

the role that FIT and auctions could have in LH PHS 
development.

The results obtained in this study apply to the North 
Sea. In general, literature states that different solutions 
are needed for different geographic, historical, politi-
cal, and social structures across different countries and 
regions [97]. Particularly, the technical aspects to be 
considered (water depth, soil conditions or environ-
mental forces, to name a few) in a sea other than the 
North Sea are different and thus feedback from techni-
cal experts regarding technical issues may vary along 
with their technical concerns for acceptance. Further-
more, trust in those responsible for a project varies per 
country. Liu et  al. [98] found that for similar renewable 
energy projects in both China and the Netherlands, trust 
in agents in charge of projects (being different for each 
country) correlated with high acceptance. Lastly, Huijts 
et  al. [77] found that people who have more experience 
with solar and wind renewable energy production facili-
ties show higher acceptance than those who do not. This 
suggests that countries with less renewables deployment 
that those surrounding the North Sea, will show less 
acceptance towards LH PHS. Therefore, the stakeholder 
opinions and recommendations of this study cannot be 
directly applied to locations other than the North Sea.

Finally, we would like to state that the results obtained 
may vary as more information about LH PHS is discov-
ered and shared. Furthermore, we expect public opposi-
tion to be stronger in the implementation phase of the 
project in comparison with the early research stages, 
where we currently are. Therefore, stakeholder opinions 
should be gathered continuously over time.

Conclusions
The present study represents a starting point for assess-
ing stakeholder opinions with respect to LH PHS. We 
identified the stakeholders’ views of the main chal-
lenges and risks facing implementation of LH PHS. The 
stakeholders did not identify any red lines concerning 
proposed locations of a LH PHS plant. Additionally, com-
panies reported to have the knowledge and resources for 
developing a LH PHS plant in the North Sea. Finally, pos-
sible future research topics of interests for stakeholders 
were also identified.

Based on the survey responses, economic and techno-
logical feasibility as well as environmental impact are the 
biggest challenges for implementation. Due to the inno-
vative character of the LH PHS technology, its economic 
and technological feasibility, which are still a large uncer-
tainty in this new field, should be further investigated [12, 
15]. A potential risk that concerns respondents in respect 
to technological feasibility is the flood risk and structural 
damage that a dike breach could cause along neighboring 
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coastlines. Special attention should be placed on this 
safety aspect when designing a LH PHS plant. The envi-
ronmental impact concern grows from the large struc-
ture footprint necessary for increasing grid-storage 
capacity and the risk of causing a negative effect on its 
surroundings. From the results presented here, we expect 
that locating a LH PHS plant within a nature conserva-
tion area will lead to great public opposition and there-
fore, from a public acceptance point of view, these areas 
must be avoided. We found no other stakeholder require-
ments with respect to the location of these plants, sug-
gesting that the NIMBY phenomenon is not a major issue 
at this early stage.

A share of 69% of the respondents from the commer-
cial parties subgroup considered that their institution has 
the resources and/or knowledge to be involved in a LH 
PHS project. This presents opportunities for actual con-
struction of the LH PHS with current available design, 
manufacturing and construction methods. Companies do 
not have to invest a large amount of resources into gen-
erating new methods since LH PHS is a technology that 
grows out of existing technologies such as tidal power 
and pumped hydro energy storage [15]. This could indi-
cate continued future acceptance of the technology from 
the commercial parties stakeholder subgroup.

The suggested research topics indicated by the stake-
holders are based on the stakeholder concerns (economic 
and technological feasibility, environmental impact and 
public acceptance). Starting with the economics and con-
structability of a LH PHS station, research into pump-
turbine technology was specifically highlighted by the 
respondents. Equally, they indicated the importance 
of water dynamics around the reservoir of a LH PHS 
plant, particularly the constantly varying inner reservoir 
water level. In this respect, research about water pres-
sures inside the dike is also of interest to respondents. 
Additionally, respondents want to be presented concep-
tual designs of a LH PHS storage plant; this will be an 
important step in involving stakeholders as visuals will 
be a more powerful tool to convey messages to techni-
cal or general stakeholders than written descriptions. 
Environmental impact analyses were also of interest, but 
respondents did not specify any specific research topics 
in this respect. Energy policy and public acceptance were 
two other research fields suggested for pursuit in future 
research activities. Acceptance must be monitored as the 
LH PHS technology grows, keeping stakeholders updated 
about the latest research findings.

We conclude that LH PHS presents itself as an inter-
esting option for increasing the energy storage capac-
ity of the European grid, which will enhance future 
project acceptance. In any case, stakeholder opinions 
must be monitored as the LH PHS technology grows, and 

stakeholders must be updated about the latest research 
findings.
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