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What is seasonal energy storage?
Seasonal energy storage is a multi-faceted technologypossibly involvin nel r
(hydrogen,ammonia,methane,etc.),conversion technologies (‘Power-to-X' dependlng on the carri
storage mediums (tanks,salt caverns,etc.).

Can seasonal energy storage decarbonize the energy system?
Here we outline the role and potential of seasonal energy storage to decarbonize the energy system. Energy
storage is becoming an important element for integrating variable renewable energy towards a decarbonized
energy system - traditionally including the electricity sector but also heat and transport through
sector-coupling.

Which storage system enables seasonal compensation?

In this case,the optimal storage system to enable seasonal compensation is the PtGdue to the low energy
losses of the HS,whereas the battery and the thermal storage system are used for shorter
compensation,where their higher round-trip efficiency is rewarded.

Can seasonal energy storage be economically viable?

To accommodate the use of this variable energy throughout the year the grid may benefit from economically
viable seasonal energy storageto shift energy from one season to another. Storage of this nature is expected
to have output durations from 500 to 1000 hours or more.

Can seasonal pumped hydropower storage provide long-term energy storage?

Seasonal pumped hydropower storage (SPHS) can provide long-term energy storageat a relatively low-cost
and co-benefits in the form of freshwater storage capacity. We present the first estimate of the global

(C) 2025 Solar Energy Resources 1/10 Web: https://www.gebroedersducaat.nl



SEASONAL ENERGY STORAGE

ALLOCATION SOLAR

assessment of SPHS potential,using a novel plant-siting methodology based on high-resolution topographical
and hydrological data.

A capacity allocation ratio planning strategy
considering that hydropower assists in local
consumption of renewable energy sources is
suggested. Considering the uncertainty of wind and
photovoltaic, the wind-solar-pumped-storage
hybrid-energy system capacity allocation model is
simulated and analyzed based on the collected
data.

o This paper is dedicated for solving the allocation

ity l L problem of hybrid photovoltaic distributed

; 'e /Il generation and battery energy storage systems
) integration in the standard IEEE 33-bus and IEEE
69-bus
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The proposed framework includes three parts:

community setup, allocation options for energy
storage, and operational cost optimization. First, the

community is setup by considering the physical

oo oowen  wes limitations of the network, such as households
cannot connect to energy storage devices
exceeding a given geographical distance. Seasonal
energy
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The energy hub (EH) concept has been developed
as an integral part of the MEC to provide the local
generation, conversion, storage, and transfer of
various energy types [2].Recently, EHs have gained
a great deal of attention in terms of establishing an
optimal framework regarding planning, operation,

control, and trading [3].Furthermore, a search for
??7?

The optimal allocation of energy storage capacity is
an important issue for integrated energy systems
(IES). To reduce the impact of volatility and
intermittency of renewable energy sources, the
impact of volatility needs to be smoothed out by
rational allocation of energy storage. and studies
the influence of seasonal changes of energy

The potential of seasonal pumped&
nbsp;hydropower& nbsp;storage (SPHS) plant to
fulfil future energy storage requirements is vast in
mountainous regions. Here the authors show that
SPHS costs vary
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The analysis shows that this method has strong

Mir\‘!} ’ scheduling ability of energy storage allocation in
;_E. 7[ ‘j’ multi-regional integrated energy system under the
: [ : background of stepped carbon trading, and can
e accurately evaluate the dynamic supply-demand

relationship between load demand and model,
reduce carbon emissions, improve system operation
system and

There are several technologies and methods for

— —
= energy storage. Readers are encouraged to refer to
"QOOkWh A g previous studies [16], [17], [18] for detailed
SSZ discussions on the storage methods.
E—— Electro-chemical technologies allow electrical and
p— [!M\ W chemical energy to be converted in a minute or

shorter time frame [19].Batteries are the most
well-known electrochemical energy ??7?

Energy storage capacity allocation for distribution
grid applications considering the influence of
ambient temperature. Yuhan Wu, Yuhan Wu.

further optimises the charging/discharging strategies
of the EV charging station in typical seasonal
operating scenarios and improves the profitability of
EV charging station operators effectively.
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Energy storage at all timescales, including the
seasonal scale, plays a pivotal role in enabling
increased penetration levels of wind and solar
photovoltaic energy sources in power systems.
Grid-integrated seasonal energy storage can

reshape seasonal fluctuations of variable and
uncertain power generation by 2017 Energy and
i Environmental Science HOT articles

L This paper presents a novel approach to addressing
i 91 37 " the challenges associated with energy storage
== et capacity allocation in high-permeability wind and
‘E ik S\ solar distribution networks. The proposed method is
= a two-phase distributed robust energy storage
capacity allocation method, which aims to regulate
T ‘ p 1] the stochasticity and volatility of net energy output.
| Firstly, an ???
il
() M = The results show that the scheduling method
=) L: | | '8 considering seasonal carbon trading mechanism
E e E—
%’é ¢ : —— and electricity-carbon quota energy sharing can
\\y/ %-E ,,%: optimize the allocation of resources such as
o 8 electricity and carbon quota among the systems,
| and reduce the cost of the system by 6.04 % and
i ",m‘% carbon emission by 4.27 %. A seasonal hydrogen
; ) 21t M- energy storage

i
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Seasonal energy storage system consisting of
borehole coupled with collectors and heat pumps.
The integrated energy system was optimized over a
year of planning and scheduling. joint planning
along with a fair cost allocation of shared energy
storage becomes a promising solution to boosting
the economic benefits and energy utilization

While short-term energy storage (hours or days) is
sufficient in some regions, the seasonal variations of
VRES in some other regions require seasonal
energy storage to increase the share of VRES [6].
Diverse energy storage technologies and scales
have been studied [7]. Battery Energy Storage
Systems (BESS) and thermal energy storage (TES)
have

5-year seasonal average of cumulative
non-intermittent generation outages on monthly
peak day. Includes forced, planned, and
maintenance outage types. Source: GADS. High
Outages-35.3 -46.4 -36 5-year seasonal max of

«««««««««« cumulative non-intermittent generation outages on
single highest peak day corresponding to each

® month.
L
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Traditionally, the studies on allocating energy
storages are mainly from the perspective of system
steady state. In order to facilitate the connection of
renewable sources, a probabilistic approach for
energy storage allocation in distribution networks is
introduced in [4], where the genetic algorithm is
adopted to evaluate the uncertainty of system
components.

Seasonal thermal energy storage (STES) gained
attention in the past years to solve the problem of
seasonal variation of solar production [8].The use of
STES technologies allows to store the thermal
energy collected during summer to meet the peaks
of thermal demand during winter season [9].This
allows to increase the solar fraction because great
amounts of solar ???

Thermal Energy Storage (TES) systems are pivotal
in advancing net-zero energy transitions, particularly
in the energy sector, which is a major contributor to
climate change due to carbon emissions. In
electrical vehicles (EVs), TES systems enhance
battery performance and regulate cabin
temperatures, thus improving energy efficiency and
extending vehicle range. ???
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Utility-Scale ESS solutions The ecological success of an organism depends
! critically on the acquisition and allocation of

- ] resources for survival, growth and reproduction
I .
Gadgil and Bossert 1970) seasonal and annuall
4& T B (Gadg ) y

fluctuating environments, organisms have
developed several strategies for energy acquisition
and allocation (Stearns 1989).Somatic growth,
energy storage, and reproduction ???

- Advances in thermal energy storage would lead to
rzawn i L increased energy savings, higher performing and
siv L8 //l more affordable heat pumps, flexibility for shedding
. ~—- o \ and shifting building loads, and improved thermal

comfort of occupants.

v
i Advancements in hydrogen storage, production, and
< i1 transportation have intensified research on

e hydrogen energy systems [6].Hydrogen is poised to
satisfy long-term industrial demands and represent
an important energy carrier to decarbonize the
electricity industry [7].Optimized hydrogen storage
scenarios show significantly lower costs and
address ??7?
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Against the backdrop of the global energy transition,
wind power generation has seen rapid development.
However, the intermittent and fluctuating nature of

wind power poses a challenge to the stability of grid
operation. To solve this problem, a solution based
on a hybrid energy storage system is proposed. The
[ ] o hybrid energy storage system is characterized by
fast ???

Seasonal thermal energy storage in smart energy
systems: district-level applications and modelling
approaches. Renew. Sustain. Distributionally robust
dispatching of multi-community integrated energy
system considering energy sharing and profit
allocation. Appl. Energy, 321 (2022) Sep.
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To ensure adequate energy stores are available for
W overwinter, many fish have adapted seasonal
“ | '!’[UEW[‘B patterns that favour allocating energy towards
ﬁ AR storage prior to winter, with larger fish having more
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Seasonal variation in solar energy resources in

Hong Kong is displayed in Fig. 2 (b), As shown in
Fig. 15 (a), under the optimal energy storage
allocation with three energy storage priorities, the
annual electricity demand reduction is respectively
N 6.89, 2.96,
\ 5

v
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