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R. Senthil
Abstract: Solar energy is one of the preferred renewable energy sources to provide the required energy for domestic and industrial needs.
Energy security is the one of the most sought-after aspects as it is the main driving force for a country’s overall and sustainable development.
Solar energy is evidently the key to a sustainable future as it can effectively meet a significant part of the energy demand without the undesirable
repercussions of environmental degradation, carbon emissions and global warming. This article sheds light on the effective utilization and
recovery of solar thermal and photovoltaic collectors with associated energy storage in buildings. Building integrated solar energy systems and
their end life management has been discussed. Undoubtedly, solar energy and buildings are inextricable in such a way that solar energy has
been restricted or allowed in the building to improve the human comfort inside the buildings.
Index Terms: Solar thermal, Parabolic dish, Photovoltaics, End-of-Life, Phase change materials, Recycling and recovery.
——————————  ——————————

1. INTRODUCTION
The power consumed in buildings is approximately 40% of the
total power generation in a country. Green and sustainable
buildings are all the concerned stakeholders in a bid to strive
towards the desired ideal of zero energy buildings. There are
two types of application of solar energy systems in buildings;
namely, building applied and building-integrated energy
systems. The former is applicable to add the solar energy
systems after the construction of the buildings and the later
involves the integration of solar energy systems in the building
during the construction. This article discusses mainly the
building-integrated solar energy systems. Building-integrated
solar thermal (BIST) and photovoltaic (BIPV) systems have
been deployed extensively in a more substantial capacity over
the past few decades due to advances in solar energy
conversion and energy storage technologies. In India, the
installations of such solar energy systems can significantly
reduce the building cooling load by as much as 70%. This
perspective is aimed at addressing the importance of circular
economy through the recovery and reuse of end-of-life (EoL)
units of BIST and BIPV with associated thermal energy storage
(TES) or battery energy storage (BES), respectively.

2 SOLAR THERMAL SYSTEMS AND ENERGY
STORAGE
Feature of BIST with and without phase change material (PCM)
compared by Lamnatou et al. (2018) on the basis of the
payback time. A lower energy payback time of 0.7 years was
observed in the recycling BIST system with PCM storage by
considering the auxiliary heating and pump work. However, both
BIST with and without PCM were observed to have the same
payback time of 1.3 years without the consideration of
associated auxiliary heating and pumping work. Recycling of
BIST systems is carried out through the mechanical methods of
recovering the glazing, aluminum, copper, and piping systems
through physical disassembly. Organic PCM is easily
degradable, but inorganic PCM requires various chemical
treatments, to recover the materials or for landfill disposal.
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Recovery of PCM container materials requires additional energy
for the process of melting to separate them for reuse when
compared to the non-PCM BIST system. Recycling scenarios
have vastly improved the environmental profile of solar energy
system with PCM. Environmental assessment of a vacuum-tube
BIST system was carried out by Lamnatou et al., (2019). The
payback time was calculated as per the French electricity tariff
policy without recycling was 18.14 years; whereas, the time was
15.48 years when recycling was made as per the present
France’s electricity policy. The recovered materials were glass,
aluminium, copper and steel-based components. The
recoveries of copper-based components were observed to be
with the highest impact when compared to other BIST materials
like aluminium, steel and glass. The PCM used in storage
systems regularly undergoes some physical and chemical
deterioration over its lifetime and the notable barriers to the
recovery process are listed below.
•
Loss of water content of hydrated salts due to repeated
heating and cooling cycles. Loss of PCM mass due to
overheating of PCM above the critical temperature by
evaporation, supercooling, and subcooling effects.
•
Corrosion and erosion of container materials. Leakages
of PCM and its deposit on the piping systems including
circulating pumps of active systems. Mixing of molten
PCM with the heat transfer fluid (HTF). The property
behavior of PCM and heat transfer fluid changes
substantially away from the designed and desired
conditions.
•
Recovery of thermal conductivity enhancement
materials from the PCM
•
Separation of chemically deteriorated PCM from
container materials
•
Safety measures and required skills are important to
handle EoL PCM waste to protect the environment.
The intended purpose of PCM is generally not attained due to
the changing operational issues and characteristics of PCM
based thermal energy storage. Several instruments are
available to characterize the PCM on the basis of its
thermophysical characteristics at the lab-level through regular
and accelerated tests. However, there is a lack of test standards
for assessing real-time energy systems with PCM.

3 SOLAR PV SYSTEMS AND ENERGY STORAGE
The heating of PV panels is unavoidable in sunny conditions,
and the subsequent increase in panel temperature decreases
the generated electrical current due to increased electrical
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resistance. Low melting point PCM attached to PV panels is
capable of maintaining the desired temperature of PV panels.
PCM is utilized to remove the unnecessary heat of PV panels
as well as for heat recovery for process heating applications.
Such combined PV and thermal (PVT) systems are capable of
producing more electricity and heat simultaneously with
maximum energy and exergy conversion efficiencies. BIST and
BIPV technologies have already attained significant momentum
commercially. BIPV coupled with PCM, was investigated by
Kant et al. (2019) to reduce the PV panel temperature and
improve the overall efficiency of BIPV. Further, the heat
recovered from PCM was used for providing thermal load for
heating or cooling of the building. The two major influencing
parameters of PCM were the thickness of PCM and mass flow
rate of air. The authors found it challenging to improve the
overall performance of the BIPV with the air ventilated PCM.
Salim et al. (2019) discussed about the utilization of PCM in
building envelopes as direct impregnation into building
materials, microencapsulated PCM in building envelopes and
shape-stabilized PCM (ssPCM) in the building materials.
ssPCM is researched much recently and provides leakproof and
energy storage capacity to provide passive heating and cooling
effect. Chemical energy storage is not practically used in
buildings due to the corrosive nature of the materials. The
projected PV waste accumulation as per the current trend of
Thailand’s installation of PV collectors across the country is
likely to be around 8000 tonnes by 2030 (Faircloth et al., 2019).
Although, the present method of PV waste disposal is routing
them to landfills, the recovery or reuse of the depleting metals
and materials from PV waste is important for a closed circular
economy. However, the current recovery processes have
substantial energy requirements for disassembling and
completing the recovery of cell materials. The payback period of
recovery of BIPV is estimated to be 15 years as per the present
base case. Recycling of PV waste could be economically sound
with the availability of massive volumes of PV waste, decreased
initial investment of the recycling facility, and with the adopted
recovery process being a totally green initiative involving low
pollution towards without associated health hazards. Concerted
research activities seeking continual improvement are needed
to tackle the PV waste and recover the valuable metals and
materials in a cost-effective way with maximum possible
recycling for restoration of PV cell materials which will result in a
truly circular economy of repeated utilization. Recycling of
battery was carried out through thermo-chemical and
mechanical methods (Pyro or hydro processing, shredding and
physical processes) and cathode recovery and acid recovery.
Mahmoudi et al. (2019) estimated that the solar PV waste in
Australia was likely to be around 40000 tonnes by the end of
2030 as per the present PV installation scenario. Silicon-based
solar PV cells were estimated to be around 80% of PV
installations. Hence, the authors were of the opinion that silicon
recovery is vital to avoid burdening the environment, depletion
of scarce resources for producing new silicon solar cells and
spending tremendous energy to produce solar cells from raw
materials. They stressed on the fact that maximum recycling
facility must gain sufficient momentum to face the spiraling
power demands coupled with viable future PV waste
management strategies. They also suggested that there could
be an effective mechanism to handle the large amounts of PV
waste rejects generated by the manufacturer, such that the
recycle and recovery process is continuous through EoL
buyback schemes.

ISSN 2277-8616

Drivers, barriers, and enablers to EoL management of PV and
BES in Australia were assessed by Salim et al. (2019). They
analyzed the responses from various stakeholders of PV and
BES and reported their significant concerns. The primary goal
was to maintain the integrity of green products with adoption of
appropriate strategies and dissemination of greater social
awareness on climate change and its detrimental effects. The
authors opined that there was an immediate requirement for
developing regulations, incentives, and onshore recycling
capability and capacity to handle EoL PV and BES systems.
This is particularly important in the light of the fact that the
simple recycling of batteries of BES storage systems with lead
improves environmental sustainability significantly, by as much
as 80%. Recovery of lithium-based batteries is still requiring
more researches to recover the rare earth materials when
compared to the present technology of 50% recycling possibility.
Recycle, reuse and sharing options of EoL battery in the
stationary and low accurate loads requirement could make the
present BES towards sustainable development. The recent
trend of BIPV installations in developed and developing nations
have seen the setting up of massive EoL PV systems within a
decade. In India, the total PV installed capacity is 30,000 MW as
on March 2019. This is 30% of the proposed target of 100 GW
by 2022 in India. The success story occurred due to policies and
incentives by the Government. The estimated PV waste in India
is around 200,000 tonnes by 2030 based on the recent trend of
PV installations. PV waste volume in India is estimated to grow
to 1.8 million tonnes by 2050 [8]. Solar PV waste is one of the
major waste management activity in recent days [9-12]. Solar
concentrated collectors are constructed mainly based on
steels for the support materials and high temperature solar
receivers [13]. Steel materials are recyclable. However, the
selective coating degrades into atmosphere over the period of
exposure to sun and the high temperatures. PCM is suitably
incorporated into the parabolic dish solar receivers to work as
the thermal buffering device [14-16]. Overheating of PCM
leads to degradation and mass loss of PCM. The operating
temperature could be selected utmost care.
Natural
enhancement of PCM was achieved with types of fins and the
position of the thermal energy storage [17, 18]. Issues related
to PCM instability is given in Table 1.
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TABLE 1.
Instability issues of PCM
Organi
c

Inorganic

Fatty
acids

Eutectic

Metallic

Phase
separation

No

Medium

No

Medium

Low

Supercooling

No

Medium

No

Medium

Low

Corrosion

No

Medium

Low

Medium

High

Behavior

Hence, there is an urgent need for framing regulations and
favourable socio-economic policies to effectively tackle the
BIPV and BES waste management issues. The first step must
be to identify the energy-intensive area of buildings and then
partly or entirely replace it with renewable energy systems.
Reliability, cost-effectiveness, and recyclability of renewable
energy conversion and storage systems play a significant role
in successful adaptation and commercialization on both
smaller and larger scales. The productive life of BIPV, BIST,
PCM storage systems, and battery energy storage (BES)
systems is always in the decreasing order of relative time. The
recovery of energy storage materials is also essential when
compared to solar energy systems to improve the
sustainability in buildings. The power requirement and
pollution are significantly higher during the recovery of BIPV
systems with PCM when compared to BIPV without PCM.
Green and efficient manufacturing of solar energy and storage
systems and their integration in building envelopes are
important for retrofitting or replacements. Sound recycling and
reuse mechanisms are required to bring down the cost to
achieve maximum possible conservation of energy storage
materials. A well-functioning network is required to collect,
recycle, and dispose of the BES. Buyback schemes by the
manufacturers of solar energy conversion and energy storage
systems can pave the way to increase the reliability of solar
energy technologies and increase the volume of consumers.
Reliability, cost-effectiveness and recyclability of renewable
energy conversion and storage systems play a major role in
their successful adaptation and commercialization on both
smaller and larger scales. Upgradation of old solar PV panels
using new and efficient technology can certainly generate
more power in the same area of PV panels with lesser
utilization of scarce and rapidly dwindling natural resources
and materials.

4

CONCLUSION

At present, the energy requirement and resultant pollution are
huge for recycling BIPV systems. On-going research studies
must attempt to find a feasible solution to the current issues
related to recyclable advanced solar energy materials. All
components of solar energy systems do not have a similar
productive lifespan when compared to that of buildings; hence,
the replacement and recycling of the various components of
solar systems poses many difficulties and challenges. BIPV
systems require a variety of methods to recover cell materials
like silicon, glass, plastic, aluminum, silver through
mechanical, heat treatment (thermal) and chemical methods.
The electrical components can be directly shared with the
other consumers or applications to fully utilize its productive
life. Most of the recycling processes start with the
disassembly, physical procedures, and thermo-chemical
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treatments, to recover and conserve the precious materials.
There are a number of research opportunities in the field of
recovery technologies of BIST, TES, BIPV, and BES to ensure
a true circular economy. There must be greater awareness of
recovery technologies among all the stakeholders, the
importance of enhanced environmental quality and increased
energy security besides local economic development benefits
adapted with overall global perspective. In lieu of its important
role in meeting the challenges of the present and the future,
the recycling and recovery industry can offer multiple career
opportunities to candidates from various disciplines of study.
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