
THERMAL ENERGY STORAGE
GREENHOUSE

The aim of this study is to determine the heating

and cooling potential of the greenhouses in the

Mediterranean climatic zone, with aquifer thermal

energy storage (ATES) known as one of the

underground thermal energy storage application

systems (UTES). In recent years greenhouse

production reached to 44.000 ha in Turkey (Abak et

all 1995). For high yield and quality in ???

An energy analysis in the greenhouse has been

assessed using the TRNSYS tool. Three thermal

energy storage systems have been studied in

closed greenhouse concept. A sensitivity analysis

has been considered in order to distinguish the main

parameters in cost study. The peak load has the

main impact on the Payback time. The SCW could

be an economical ???

In terms of energy storage, the use of Sensible

Thermal Energy Storage (STES) can cause a 3-5

??? C increase in the inside air temperature while

resulting in almost 28 kWh/m 2 energy saving per 
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Aquifer Thermal Energy Storage. Nearly all

buildings and greenhouses of Wageningen

University & Research on Wageningen Campus will

eventually use Heat Cold Storage (ATES) for

heating and cooling.  Aquifer Thermal Energy

Storage is a sustainable energy supply in which

heat and cold are stored via a heat exchanger

(counter-current device, TSA 

Greenhouses consume a great deal of energy to

heat their building envelopes. The strategic

integration of solar energy and thermal energy

storage (TES) can help to boost energy

performance and 

Significant heating demands are present in

greenhouses to maintain suitable indoor conditions

for crop growth. In an effort to implement clean

energy technologies in an industry heavily reliant on

natural gas, the potential of a large-scale solar

collector system with seasonal thermal energy

storage is explored.
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Within greenhouse horticulture, there is a constant

search for innovative methods to improve

production, save costs, and thereby also reduce the

ecological footprint. One of the promising

technologies that meet these requirements is ???

A research project aimed to determine heating and

cooling potential of the aquifer thermal energy

storage (ATES) system in the Mediterranean

climatic zone greenhouses was carried out in

Cukurova 

The PCMs with phase change temperature between

15?C and 65?C are suitable candidates for the

purpose of thermal energy storage in greenhouses

[15]. The application of organic compounds (paraffin
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This research paper focuses on the design,

fabrication, and experimental investigation of a

thermal energy storage unit utilizing phase change

materials (PCMs) for greenhouses. The study

analyzes the performance of PCM heat energy

storage systems and uses a machine learning

algorithm to forecast greenhouse air temperature.

The experimental ???

The implementation of hybrid renewable energy and

thermal energy storage systems (HRETESSs) in

greenhouses holds great promise in terms of

greenhouse gas emission reduction, enhanced

efficiency, and reliability of agricultural operations. In

this study, numerical and experimental studies were

conducted on a greenhouse integrated with

HRETESSs in ???

Thermal Energy Storage Materials & Systems.

Many people do not realize that the majority of the

energy that we use as a country is consumed in the

form of heat, not electricity.  enabling the switch to a

100% renewables-powered grid and reducing global

greenhouse gas emissions by ~25%. Most existing

energy storage technologies are either too 
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Greenhouses consume a great deal of energy to

heat their building envelopes. The strategic

integration of solar energy and thermal energy

storage (TES) can help to boost energy

performance and 

The greenhouse with thermal energy storage was

found suitable for regulating the temperature of

controlled environment for the crop production in

cold and arid areas. For intermediate temperature

range, sensible heat storage (SHS) is the available

viable option for thermal energy storage purpose.

The liquid SHS materials are expensive; however 

Aquifer Thermal Energy Storage (ATES) is

considered to bridge the gap between periods of

highest energy demand and highest energy supply.

The objective of this study therefore is to review the

global application status of ATES underpinned by

operational statistics from existing projects. 

Recently, ATES has been increasingly considered

to 
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The IDA Indoor Climate and Energy (IDA ICE)

simulation tool is used to model a research

greenhouse in Bucharest, Romania, equipped with

a recently implemented energy system that includes

an integrated heat pump system, Air Handling Units

(AHUs), a dry cooler, and boreholes for thermal

energy storage.

An air-water heat pump system assisted by an

evacuated tube collector met 78% and 62% of the

heat supplies in August and December [98]. Pich?

et al. [107] presented an innovative thermal energy

storage system based on thermal inertia of a rock

bed compared to traditional evacuated tube

collector.

In terms of energy storage, the use of Sensible

Thermal Energy Storage (STES) can cause a 3-5

??? C increase in the inside air temperature while

resulting in almost 28 kWh/m 2 energy saving per 
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Renewable-powered greenhouses with Thermal

Energy Storage have a more manageable indoor

temperature, higher crop yield, extended harvests,

and energy savings [25, 26]. During the phase

transition, PCMs store and release significant

thermal energy at a nearly constant temperature

[27, 28].

Thermal energy storage systems can be either

centralised or distributed systems. Centralised

applications can be used in district heating or

cooling systems, large industrial plants, combined

heat and power plants, or in renewable power plants

(e.g. CSP plants). Distributed systems are mostly

applied in domestic or commer-

Thermal energy storage using phase change

materials (PCMs) has been identified as a potential

solution to achieve considerable energy savings in

greenhouse heating/cooling.  Cuce et al. [6]

discussed the key technologies and strategies for

sustainable energy storage in greenhouses

incorporating renewable energy sources. Cao et al.

[22 
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ABSTRACT The ???

2. Plastic base greenhouse 1.2 Thermal Energy

Storage Thermal energy storage (TES) systems can

store heat or cold to be used later under varying

conditions such as temperature, place or power.

The main use of TES is to overcome the mismatch

between energy generation and energy use TES

systems energy is supplied to a storage

In view of above analysis and to meet the demand

for the clean heating of greenhouses in North China,

in this paper a new greenhouse heating system

using the seasonal solar thermal energy storage

(SSTES) and the diurnal solar thermal energy

storage (DSTES) to jointly improve the GSHP

heating energy efficiency is presented, considering

that the 
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Thermal energy storage (TES) systems can store

heat or cold to be used later, at different

temperature, place, or power. The main use of TES

is to overcome the mismatch between energy

generation and energy use (Mehling and Cabeza,

2008, Dincer and Rosen, 2002, Cabeza, 2012, Alva

et al., 2018).The mismatch can be in time,

temperature, power, or ???

The integration of thermal energy storage

technology in agricultural greenhouses emerges as

a viable solution to significantly enhance energy

utilization efficiency [2]. Phase change materials

(PCM) play a pivotal role in this storage technology,

demonstrating promising applications in various

systems within traditional agricultural greenhouses.
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