
Estonia, the most northerly of the three Baltic 
States, is not a country one would consider 
appropriate for the construction of a pumped 

storage plant. With an average elevation of just 50 m, 
the country does not have the topogaphy for the devel-
opoment of such storage technology. It does, however, 
have suitable geology for an underground pumped 
hydro project, using the Baltic Sea as the upper reser-
voir, and creating the lower reservoir and powerhouse 
in high strength crystalline bedrock, which exists from 
depths of 200 m downwards.  

Siitam describes the project as a model for regions 
that lack the geographical prerequisites such as moun-
tains or major rivers for conventional pumped storage 
projects. Instead of using height differences on the sur-
face of the earth this project finds the height difference 
underground, he explained. “We are pioneers,” said 
Siitam. “Small nations like Estonia have to be innova-
tive. We have the same challenges as others but not the 
same tools,” he added. 

After more than ten years of study and planning, the 
Estonian 500 MW underground pumped-hydro  (UPH) 
scheme, which is being developed by Energiasalv, a 
consortium of three local companies, has reached the 
final stages of development prior to construction. The 
project was declared a project of common interest by 

the the EU in 2012 and in 2015 received funding from 
the Connecting Europe Facility of the EU towards the 
cost of the initial studies. Between 2015 and 2019 an 
initial environmental impact assessment (EIA) as well 
as development plans were prepared, leading to the 
award of a so-called ‘superficies licence’, which 
grants the developer the rights for a period of 50 years 
to use an area of the Baltic sea for the development of 
the project’s intake structure. Geological investiga-
tions by the engineering bureau Steiger were complet-
ed last year and the full EIA and the Front-End 
Engineering Design (FEED), which were carried out 
by local consultants Skepast and Puhkim and a con-
sortium led by Fichtner, respectively, were completed 
in February of this year, with the developer expected 
to secure the final permits and close financing in the 
third quarter of this year. Tendering for the various 
civil works contracts, as well as for the supply of the 
electro-mechanical equipment, is expected to be 
launched in the final quarter of this year and complet-
ed in early 2022, paving the way for the start of con-
struction in spring of next year. Construction of the 
vertical shafts is scheduled to be completed by late 
2023 with the construction of the intake structure and 
the underground works to begin in 2024 for fully com-
missioning by the end of 2028. 
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Pioneering 500 MW pumped storage 
scheme advances in Estonia  

Energiasalv is set to develop the world’s first underground pumped hydro plant in northwest Estonia; the technology has been studied in the 
Netherlands and the USA, but not implemented.  The 500 MW Underground Pumped Hydro (UPH) project, with an initial storage capacity of 

6 GWh over 12 hours, is planned to be commissioned by the end of 2028. Martin Burdett interviewed the CEO of Energiasalv, Peep Siitam 
about the project, which is predicated on a unique hybrid business model combining granite mining and power storage services.

Fig, 2, Working principle of the underground pumped hydro project.

Fig. 1. Location 
of the scheme 
and its future 
interconnections.

Fig. 4. 3D model of the powerhouse, transformer cavern, and 
tunnels.

Fig. 3. 3D model showing the layout of the downstream 
waterways.
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The project, which is to be built at a site near the 
northern port of Paldiski on the Pakri Peninsula, about 
50 km north of the Estonian capital Tallinn, will com-
prise offshore and onshore structures. The intake struc-
ture will be built offshore, on an artificial island that 
will be created using the material excavated from the 
drilling of the vertical shafts. The underground struc-
ture, as planned in the first phase, will have a total vol-
ume of 5.5 ¥ 106 m3, comprising a lower reservoir, the 
powerhouse, transformer hall and operational areas. 
The lower reservoir will be formed through the con-
struction, at a depth of 600 m, of a total of ten caverns 
(six with a length of 400 m and three that are 300 m-
long) providing a combined water storage capacity of 
4.5 ¥ 106 m3. The powerhouse, at a depth of 730 m, is 
designed to be equipped with three Francis turbines 
each with a rated power of 174 MW so around 520 
MW in total. A total of six vertical shafts will be 
drilled for a pressure shaft, a surge shaft, two for 
access to the underground facilities, one for ventila-
tion, and one for cabling. 

Unique hybrid business model 
It is a pioneering project in many respects. Beyond its 
current designation as the world’s first PHES pumped 
storage project, the project will be the first pure mar-
ket-based power sector investment in the Baltics and 
the first to be developed without any subsidies. It will 
be based on a unique hybrid business model, combin-
ing deep granite mining and power storage services. 
The multiple revenue sources provided by synergies 
between the mining and power-storage aspects of the 
project are critical to its financial viability, and thus to 
its competitiveness compared with other storage tech-
nologies in increasingly volatile and fast-evolving 
power market conditions, Siitam said. 

Estonia and its near neighbours will increasingly 
need the flexibility and power that the project can 
offer, to ensure security of supply and balance market 
volatility as dispatchable thermal power capacity is 
replaced by growing volumes of intermittent renew-
ables. This will have implications for security of sup-

ply. Estonia, for example, is set to become increasing-
ly dependent on electricity imports as much of its oil 
shale-firing thermal capacity, which currently acc -
ounts for around 80 per cent of national generating 
capacity, will be decommissioned to meet EU and 
international climate change emission targets. The clo-
sure of oil shale-fired capacity from this year has 
already seen significant growth in wind and biomass 
generation in recent years, with renewable energy 
expected to generate up to 50 per cent of national 
demand by 2030. “There are generally two challenges 
in the clean energy transition: ensuring affordable, 
competitive market-based solutions, and reducing the 
need for environmental resources. Our project 
addresses both of these challenges,” Siitam said. 

The business case for energy storage in the Baltics 
and across the Nordic market has strengthened over 
the last few years, Siitam continued, as a result of 
growing price volatility owing to increasing variable 
generation from intermittent renewables and the rise in 
CO2 prices. “When we started this project more than 
ten years ago, the market conditions were very differ-
ent. There was not even a chance to have such a pro-
ject on the market,” he explained. “About 18 months 
ago the rise in the CO2 price in the Baltic market start-
ed to make it really interesting for storage solutions”, 
Siitam explained. “It is a similar situation in the Scan -
dinavian market as can be seen for day-ahead trading 
in January 2020 and 2021 in SE3, which is the biggest 
Swedish trading area in Nordpool Spot, and between 
Finland and Estonia in the month of January for the 
last three years”, he added. 

“We will buy from and sell to the Day-Ahead Market 
of Nordpool Spot,” he said. Energiasalv has not ruled 
out the provision of system services, but admits that 
with uncertainty about the future market conditions, 
including the decoupling of the Baltics market from 
BRELL (Belarus, Russia, Estonia, Latvia and 
Lithuania) from 2026, it has not considered system 
services in its modelling. The power system of the 
Baltic States which includes Estonia, Latvia, Lithuania 
(Baltic Integrated Power System) currently operates in 
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Drilling work at the site during geotechnical studies.

Fig. 6. FI-EE day-
ahead prices on 
NordPool Spot for 
January 2019, 2020 
and 2021. 
Source: NordPool Spot

Fig. 5. SE3 day-
ahead prices on 
Nordpool Spot for 
January 2020 vs 
January 2021. 
Source: NordPool 
Spot.
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parallel with the Integrated/Unified Power System 
(IPS/UPS) of Russia and Belarus. The Russian power 
system ensures primary power reserves for the fre-
quency regulation and the secure system operation 
within the BRELL ring. “It may be that system ser-
vices will be our market too, but as Estonia and the 
Baltics in general are desynchronizing from BRELL 
there will probably be a system services market avail-
able for all participants but we do not know the terms 
and conditions of this market. We have never consid-
ered this as our main market. We are 100 per cent mar-
ket oriented and our business model is based on the 
day-ahead market and also to a lesser extent on intra-
day, which is a smaller market with less advantageous 
prices,” he explained. 

Developing a pure market-based project brings with 
it numerous challenges, admitted Siitam:  “The biggest 
challenge we have is in terms of financing. The official 
policy of the EU is that all power projects must be 
market-based, but when it comes to the banks, for 
example the European Investment Bank (EIB), the 
Nordic Investment Bank (NIB) or the European Bank 
for Reconstruction and Development (EBRD), let 
alone the commercial banks, they do not have the 
experience or the appetite for these types of projects. I 
cannot blame them, as such projects are subject to 
administrative risks and governments can ruin the 
market”.   

“As such public or state involvement is really impor-
tant”, Siitam continued, “at present we are holding 
important discussions with the state over the terms of 
a loan. If we can find an arrangement, then some 
banks, for example the NIB and EBRD, may be will-
ing to finance such a project; but in a first stage the 
involvement of the state is really important”.  

In addition to the state loan, investors will look to 
raise debt financing from commercial banks, as well as 
financing from credit export agencies for the delivery 
of the electro-mechanical part of the project, he added.   

The importance of geology 
The specific characteristics of the site and under-
ground nature of the project, combined with its unique 
business model, provide numerous cost and environ-

mental benefits over alternative energy storage solu-
tions, according to Siitam. “There were two reasons 
why we chose this site. First, the depth of the sea, 
which is a geographical characteristic, and second, the 
local geology. The geology is of course critical to the 
feasibility of the project, he said. “This kind of storage 
is all about geology. You don’t need mountains but you 
do need really good geology and the site has very high 
compressed strength rock. In addition, the geology 
allows for the production of high quality construction 
aggregates, which is a really important part of our 
business model”, he explained. 

The project’s feasibility is in many ways predicated 
on the revenues that it will generate from the sale of 
the crystalline bedrock that will be excavated, to cre-
ate the underground caverns. The high-quality aggre-
gates are expected to replace similar construction 
materials that Estonia currently imports, and are pro-
jected to generate revenues of €150 million, equating 
to about 25 per cent of the project’s current estimated 
total capex of €620 million. The revenues generated 
from the mining of this material will allow for loans to 
be serviced before commissioning.  

The geology also strengthens the already strong eco-
nomic case for the project, according to Siitam. 
Calculations carried out by Energiasalv show that the 
Estonian 500 MW PHES project would have the low-
est levelized cost of storage (LCOS) compared with 
various other potential greenfield on-grid and off-grid 
storage solutions in the region. Its estimated LCOS (a 
metric for the ‘all-in’ cost to design, construct, and uti-
lize storage technologies over the course of their use-
ful economic life cycle) of €32/MWh is lower than 
€37/MWh for conventional pumped storage and 50 
per cent lower than a 100 MW/400 MWh battery ener-
gy storage system (BESS) at €66/MWh. All figures in 
the LCOS comparison assume the most optimistic 
learning curves for the technologies. Today the LCOS 
of storage technologies in question are far higher than 
€100/MWh, he said. “We can definitely compete with 
other storage solutions. These are our calculations, but 
our project compares favourably with other technolo-
gies and with analysis carried out for example by 
Lazard,” he stressed. The LCOS estimates include an 
input cost for purchased power of €7/MWh.  

32 Hydropower & Dams    Issue Two, 2021

Fig. 8. Levelized cost of storage for various types of systems,, 
showing that underground pumped hydro has the lowest.

Fig. 7. Above, 
planned finance 
structure; and, 
below, levelized 
cost of storage in 
€/MWh. 
Source: Energiasalv.
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The price for purchasing power on the market is impor-
tant for the competitiveness of such projects, said Siitam. 
“It is important when comparing off-grid and on-grid 
solutions. The higher the purchase price for on grid stor-
age the more competitive off-grid solutions become. 
Everybody has their own idea about future power 
prices. For example Fingrid (the Finnish grid operator) 
recently conducted a study on power generation alter-
natives to 2035 looking at various combinations of only 
volatile generation (intermittent renewables) or volatile 
generation with nuclear. The scenarios are all very dif-
ferent, but one common theme is a rise in price volatil-
ity. A system based only on intermittent generation and 
storage will lead to really low purchase prices, but with 
the same amount or even increasing volumes of nucle-
ar power on the market, it will mean a higher purchase 
price and less storage on the market, but still greater 
volatility than we have today. That is important when 
choosing whether to enter the storage market or not, but 
we are confident when compared with other storage 
technologies that we would be first or almost first on 
the storage market”, he added. 

Another advantage is the developer’s ability to  expand 
the storage capacity of the project easily at an extremely 
low cost. “We consider this first stage of 6 GWh as an 
initial phase, and we can expand this plant at extremely 
low cost simply because the cost of additional caverns 
would be almost covered by the sale of the aggregates 
from the material actually excavated”, he said. Likewise, 
if required, the project could be commissioned earlier 
with lower storage capacity. “This 6 GWh/12 hours 
capacity is a Plan A (a first stage) but we can also start 
with lower storage capacity in the first stage. The earli-
est date for commissioning would be the end of 2026 but 
this would be with 4 hours of storage capacity rather than 
12 hours. What I like about this arrangement is that we 
are free to choose which way we want to go, and can 
adapt plans depending on how the market evolves”. 

There are also numerous country specific benefits. 
From an energy perspective it would lead to most 
notably greater security of supply from increased domes-
tic generation, as well as allowing the integration of fur-
ther intermittent renewables, generating a projected €50 
million per year in reduced costs of electricity produc-
tion and €55 million in reduced electricity costs for 
Estonian consumers up to the year 2050. From an envi-
ronmental point of view, the first stage would result in an 
estimated CO2 emission avoidance of more than 16 ¥ 106 

t by 2050, which at 2020 CO2 prices of €20/t, would 
equate to savings of more than €400 million over 
approximately the next 20 years. In addition, the project 
would generate many economic benefits for Estonia, 
including the creation of a new natural resource from the 
mining of both the limestone, which is found in the sed-
imentary topsoil, and the deeper crystalline bedrock.  

“Estonia does not have its own crystalline aggregates 
because of the depth of these resources and so we will 
make use of this bedrock”, said Siitam. “Definitely com-
pared with existing limestone aggregates there is no 
doubt that the resource efficiency will improve, and 
compared with limestone quarries of course there is no 
land waste, which is also important”, he added. Another 
important aspect is that it would generate a projected 
€600 million in revenue for construction companies, 
240 direct jobs, €80 million in income from workers’ 
taxes during construction, and an estimated €1.5 million 
in value added per person yearly. 

“This project, this technology, is all about creating 
value between different economic interests and through 

building synergies”, Siitam pointed out. This is reflected 
in the shareholders’ composition: Sunly, a long-standing 
renewable energy developer in the Baltics; Alexela, the 
largest fuel retailer in Estonia, which is part of a diversi-
fied family-owned industrial group, which includes 
chemicals and mining, and Vool, a civil works engineer-
ing group focused on construction, mining and energy.  

“Why are we the first ones? We have to be innovative 
and in this case we are achieving this through building 
synergies. It is not just talk, it is really the essence of the 
project to find synergies between different sectors and, 
in this case, between mining and the power market. I 
really believe that this concept could be used in other 
places in the world too, but in each case you have to find 
local solutions and that means involving people from 
multiple sectors with overlapping interests”, Siitam 
concluded.                                                                   ◊ 
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A rock sample 
taken during the 
geotechnical 
investigations.
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