
Cost of inter-seasonal energy storage

What is seasonal thermal energy storage (STES)?

Analysis of relations between technical and economic parameters. Revelation of economic competitiveness of

STES against existing heating options. Seasonal thermal energy storage (STES) holds great promise for

storing summer heat for winter use. It allows renewable resources to meet the seasonal heat demand without

resorting to fossil-based back up.

 

Does seasonal thermal energy storage provide economic competitiveness against existing heating options?

Revelation of economic competitiveness of STES against existing heating options. Seasonal thermal energy

storage (STES) holds great promise for storing summer heat for winter use. It allows renewable resources to

meet the seasonal heat demand without resorting to fossil-based back up. This paper presents a

techno-economic literature review of STES.

 

Why is seasonal energy storage important?

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.

 

Is thermal energy storage economically viable?

The economic viability is assessed in terms of the levelized cost of heat (LCOH),storage volume cost,and

storage capacity cost. The results show that the tank and pit thermal energy storage exhibits relatively

balanced and better performances in both technical and economic characteristics.

 

How much does energy storage cost?

The energy storage cost varies from 4.6 to 50 US$MWh -1without including dams in cascade and from 1.8 to

50 US$MWh -1 when including them (Fig. 2b,c,respectively). The water stored in a SPHS plant also benefits

the dams downstream (in cascade).

 

How much does natural gas storage cost?

Assuming a cost for natural gas storage of 1 US$ mcf -1 27 and an electricity generation efficiency of 50%,

the cost of energy storage with natural gas is ~6.8 US$ MWh -1. This value is higher than the energy storage

with SPHS in mountainous regions with cascade around the world (Fig. 2c).

We assess the cost competitiveness of three specific storage technologies including pumped hydro,

compressed air, and hydrogen seasonal storage and explore the conditions (cost, ...

Underground hydrogen storage has the advantages of a large energy storage scale, long storage period, low

energy storage cost, and high security, which can meet the energy storage demand of up to several months and

can achieve TWh-level energy storage [9]. Therefore, co-planning short-term and seasonal energy storage

accompanying with RES is of ...
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The requirement for long term, large energy capacity storage with low utilisation is what makes seasonal

storage an economic challenge. If sufficient value can be accessed through a seasonal price swing, the

technology must then be able to store the volume of energy required and dispatch it at the required power

capacity.

The addition of inter-seasonal energy storage solutions like ETES and hydrogen helps to reduce the size of

renewable systems required to meet peak demand across seasons. ... Storage and delivery costs are two

additional factors that support ETES as a more cost-effective solution for inter-seasonal storage compared to

hydrogen. ETES generally ...

For methanol on the other hand, the storage is low enough cost to be used both for inter-annual as well as

seasonal storage. It is built to cover 94 days of electricity demand. Download: Download high-res image

(376KB)

Keywords: Urban multi-energy flow system Inter seasonal heat storage Electric hydrogen production Joint

optimization of planning and operation a b s t r a c t With the urbanization construction ...

Seasonal thermal energy storage (TES) has been utilized to mitigate this mismatch by storing excessive solar

energy in summer and releasing it for space and water heating in winter when needed 9 ...

The water storage cost with seasonal pumped-storage varies from 0.007 to 0.2 $/m3 of water stored (Fig. 4a).

This large cost difference is due to the variation in topography and water availability. The energy storage cost

varies from 4.6 to 50 $/MWh without including dams

Meeting inter-seasonal fluctuations in electricity production or demand in a system dominated by renewable

energy requires the cheap, reliable and accessible storage of energy on a scale that is ...

Inter-Seasonal Heat Storage Ron Tolmie Sustainability-Journal.ca ... the cost of electricity by eliminating the

seasonal grid ... Rosen, M.A. Thermal Energy Storage. In Systems and Applications, 2nd ed.; Wiley: London,

UK, 2011; Chapter 3. [4] Levelised Unit Electricity Cost Comparison of Alternate Technologies for Baseload

Generation in

The role of renewable hydrogen and inter-seasonal storage in decarbonising heat - Comprehensive

optimisation of future renewable energy value chains January 2019 Applied Energy 233-234:854-893

Inter-seasonal compressed air energy storage in aquifers (IS-CAESA) was first proposed by Mouli-Castillo et

al. [7], who pointed out that safe storage of hundreds of millions of cubic meters of air is necessary if

significant inter-seasonal storage is to be achieved. The IS-CAESA system is divided into a surface energy

storage plant and an ...
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ARTICLE Global resource potential of seasonal pumped hydropower storage for energy and water storage

Julian D. Hunt 1, Edward Byers 1, Yoshihide Wada 1, Simon Parkinson 1,2, David E.H.J. Gernaat 3 ...

The 2022 Cost and Performance Assessment provides the levelized cost of storage (LCOS). The two metrics

determine the average price that a unit of energy output would need to be sold at ...

Energy storage for multiple days can help wind and solar supply reliable power. Synthesizing methanol from

carbon dioxide and electrolytic hydrogen provides such ultra-long-duration storage in liquid form. ... the

storage is low enough cost to be used both for inter-annual as well as seasonal storage. It is built to cover 94

days of electricity ...

Grid-integrated seasonal energy storage can reshape seasonal fluctuations of variable and uncertain power

generation by 2017 Energy and Environmental Science HOT articles ... and efficiency) that encourage cost

competitiveness for seasonal storage technologies. This study considers the Western U.S. power system with

24% to 61% of variable ...

This UK storage potential is achievable at costs in the range US$0.42-4.71 kWh-1. Compressed-air energy

storage could be a useful inter-seasonal storage resource to support highly renewable power systems.

As discussed, LDS is used primarily to provide large amounts of inter-season energy storage, mostly

discharging in summer. ... but do not provide cost-effective seasonal storage due to their high energy-storage

capacity costs. Battery storage currently receives the vast majority of attention, investment, incentives, and

mandates designed to ...

The concept of seasonal thermal energy storage (STES), which uses the excess heat collected in summer to

make up for the lack of heating in winter, is also known as long-term thermal storage [4]. Seasonal thermal

energy storage was proposed in the United States in the 1960s, and research projects were carried out in the

1970s.

Extreme weather events resulting from climate change have exposed vulnerabilities in the global heating and

cooling infrastructures. According to the International Energy Agency (IEA), a record 2.5 GT of direct CO 2

emissions were produced from space and water heating of buildings globally in 2021 [1].Furthermore, an

additional 60MtCO 2 was ...

This UK storage potential is achievable at costs in the range US$0.42-4.71 kWh-1 pressed-air energy storage

could be a useful inter-seasonal storage resource to support highly renewable power systems.

and energy costs for which the corresponding seasonal storage technology is cost-effective. Fig. 10 Energy

storage cost targets (2050) for technologies with 50 years lifetime, based on ...

The use of renewable energy (RE) sources such as solar energy as an alternative energy source for space
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heating and cooling has proven to be one of the best methods of alleviating the issue of greenhouse gas

emissions and the resulting climate change emanating from using fossil fuels [4].However, their

time-dependent is a big challenge and requires an efficient and reliable ...

The key project parameters and operation performances, including the main heat source fraction, storage

efficiency, and energy density, are investigated in the technical ...

To study the operational characteristics of inter-seasonal compressed air storage in aquifers, a coupled

wellbore-reservoir 3D model of the whole subsurface system is built.

Our results suggest that inter-seasonal energy storage can reduce curtailment of renewable energy, and

overcapacity of intermittent renewable power. Importantly, grid scale ...

The deployment of diverse energy storage technologies, with the combination of daily, weekly and seasonal

storage dynamics, allows for the reduction of carbon dioxide (CO 2) emissions per unit energy provided 

particular, the production, storage and re-utilization of hydrogen starting from renewable energy has proven to

be one of the most promising ...

Inter-seasonal compressed air energy storage using saline aquifers Authors: Julien Mouli-Castillo*a, Mark

Wilkinsona, Dimitri Mignardb, Christopher McDermotta, R. ... Batteries are generally unsuitable for this task,

due to high maintenance costs and limited discharge capacity7. Therefore there is a need to diversify the

portfolio of grid ...

At present, energy storage technologies that can perform long-term, large-capacity and inter-seasonal

regulation mainly include seasonal pumped storage [6], compressed air storage [7], hydrogen ...

Giovanniello and Wu [53] signified that a hybrid energy storage system in a hypothetical Canadian 100%

wind-supplied microgrid can offer substantial cost reductions compared to a single-type energy storage

solution, whereas Keiner et al. [54] revealed that the configuration of seasonal hydrogen storage and

vehicle-to-home electricity storage in ...

Mongird et al. have done a cost comparison analysis for the different storage technologies over a 10-hour

duration of their usable life where it was concluded that compressed-air energy storage, pumped hydro storage

and hydrogen energy storage are the most cost-effective technologies [19]. However, factors such as large

capacity would hinder ...

As could be expected, these results highlight the importance of inter-seasonal energy storage when there is a

high penetration of renewable power. ... The levelised cost of energy (both heat and electricity) is

&#163;42.48/MWh, but the levelised revenue is &#163;53.32/MWh so there is a profit of &#163;10.83 for

every MWh of energy service demand satisfied.
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Storage and delivery costs are two additional factors that support ETES as a more cost-effective solution for

inter-seasonal storage compared to hydrogen. ETES generally ...

This UK storage potential is achievable at costs in the range US$0.42-4.71 kWh-1. AB - Meeting

inter-seasonal fluctuations in electricity production or demand in a system dominated by renewable energy

requires the cheap, reliable and accessible storage of energy on a scale that is currently challenging to achieve.

Seasonal pumped hydropower storage world cost and flooded area maps a Water storage costs and capacity

curve in km&#179;. b Energy storage without considering hydropower plants in cascade costs and ...

Integrated diurnal and seasonal energy storage provides a critical combination of extended storage periods

(seasonal storage) and high discharge rates (diurnal storage) and promotes the highest levels of renewable

energy penetration and efficiency, providing robust demand response. ... A low cost seasonal solar soil heat

storage system for ...

Novel MILP approaches to enable design of MES including seasonal energy storage. ... Dividing the average

energy prices by the average efficiencies leads to an average thermal energy cost of 0.065 EUR/kWh for the

boiler and of 0.052 EUR/kWh for the HP. ... a comparison of methods to reduce time resolution and the

planning implications of inter ...

Subsurface CAES is suitable for seasonal energy storage and has low operating costs per unit of energy (He et

al., 2021b), and heat recovery processes reduce the carbon intensity of CAES (Zakeri ...
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