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Preface
I have sincere concerns that modern civilization is on its way to destroy
our beautiful blue and green planet. Already, the quality of life is endangered by the extreme exploitation of our earth.
It is the obligation of everyone in this world to contribute to a change.
We all share the responsibility of bringing about a cleaner environment and a more sustainable society, in order to preserve this planet
for future generations, our children and grandchildren.
I have deep respect for the pioneers who initiate changes. Without
them, we wouldn’t have such promising technologies as wind and solar
energy, electric cars, and smart grids. At the same time, questions haunt
me. Such as how to power a society that never sleeps when there is no
wind or sun. Or how sustainable and durable batteries in electric cars
really are. And how batteries could provide economically substantial
carbon-free storage power to the electricity grid in the long run. The
answers to these questions will help the transition towards a more sustainable way of life, which is my first and foremost motivation for writing this monograph.
The second driver is the observation that there is insufficient awareness in scientific and engineering circles of the capabilities of pumped
hydro storage. There is hardly any mention of its enabling force in the
transition to a sustainable decarbonized electricity supply. It is surprising that the Dutch community of energy specialists “Watt Connects”,
with more than 1,000 members, is ignorant of the potential of hydro
storage.
My academic fire was kindled by the eminent scientists Professor
Gert Jan Kramer (Utrecht University) and Professor Han Vrijling
(Delft University of Technology). Both inspired me years ago to document decades of research and development of an underground largescale hydro storage project.
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My academic motivation is not just to obtain a PhD degree. I earned
one from the very same alma mater some 45 years ago. But, by writing
about this challenging and inspiring subject, I hope to bring the realization of this innovative project closer. As this monograph shows, its
technology is proven, its economics is sound and its funding is within
reach. Underground pumped hydro storage is not only a flatland solution for a flat country. It is also a smart way of using the underground
to preserve the surface of our dear earth – anywhere in the world.
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1 Introduction

This monograph discusses the technical and economic potential of
underground pumped hydro storage (U-PHS) for the transition to a
low-carbon energy system.
Energy storage will play a key role in enabling the further deployment
of variable renewable power sources, such as electricity from wind and
sun. U-PHS has been proposed for many decades and it is, as this thesis
will make clear, a valuable addition to the available energy storage technologies. It is remarkable how infrequently U-PHS is mentioned in the
literature. This study intends to remedy this and give U-PHS the place
it deserves.
This monograph illustrates the potential of U-PHS through a Dutch
case study (in Part Two). Therefore, special emphasis is on the Dutch
energy transition and its European context.

1 · 1 Elevations in a flat country
The eventual transition from fossil fuels to a carbon-neutral power
system is widely seen as a necessity. This insight came only gradually
and the arguments for it have shifted over time. From the middle of
the 20th century, the depletion of natural resources, pollution and population growth were discussed, as marked by the report “ The Limits
to Growth” (Meadows, et al., 1972). Though not all conclusions of this
study were accepted at the time, it contributed to the awareness of the
need for drastic changes in human behaviour. The effects of fossil
fuels on the global climate became gradually clear during the subsequent decades.
From 1988 onwards, the IPCC (Intergovernmental Panel on Climate
Change) has provided scientific guidance on climate change and its
environmental, economic and societal impacts. Based on its findings,
the UNFCCC (United Nations Framework Convention on Climate
Change) was established in 1992 with the objective of the “stabilization of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate
system” (United Nations, 1992).
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