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Circular economy: Definition & Principles

The circular economy refers to an economic model whose objective is to produce goods 
and services in a sustainable way, by limiting the consumption and waste of resources (raw 
materials, water, energy) as well as the production of waste.
It is in rupture with the model of the linear economy, based on a take-make-consume-
throw away pattern, by proposing to transform waste into recycled raw materials for 
product design or other uses.
This model fits directly into the more general framework of sustainable development and  it 
is part of a global strategy that also uses, among other things, the principles of the green 
economy, industrial ecology, eco-design or the economy of functionality.
The circular economy encompasses a very large number of sectors of activity and can be 
broken down into 7 complementary patterns of production and consumption which, when 
combined, make sense and reinforce each other
1. Sustainable procurement
2. Eco design
3. Industrial and territorial ecology
4. Economics of functionality
5. Responsible consumption
6. Extending the duration of use
7. Recycling



A new path for designing Renewable Energy
Systems

From Eco-design and LCA…

Eco-design has been defined as "the 
systematic integration of environmental 
considerations into product and process 
design" and its main advantage is that these 
considerations could be taken into proper 
account in the early stages of the design 
process.
In addition to recycling materials in 
renewable technologies, the application of 
eco-design measures at the design stage for 
these systems can improve their circular 
economy performance.

…to Circular Economy

The linear "take-make-consume-

dispose" economic system practiced 

within Renewable Energy Systems will 

inevitably undermine their sustainable 

status without an effective end-of-life

management strategy.

Circular economy philosophy attempts 

to close the supply chain loop by 

reducing the need for virgin materials 

via the eco-design and "Reduce, 

Reuse, Recycle" principles to minimize

waste throughout a product's life-

cycle.
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Eco-design

Eco-design strategies can be broadly 

categorized in the following eight groups, 

according to their main goal:

1. reduction of the number of different 

materials and selection of the most 

appropriate ones

2. reduction of environmental impact in the 

production phase

3. optimization of the distribution phase

4. reduction of environmental impact in the 

use phase

5. extension of the product's useful life span

6. simplification of product disassembly 

(design for disassembly)

7. design for reuse

8. design for recycling
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Life Cycle Assessment (LCA)

Life Cycle Assessment

• A leading environmental assessment methodology, which studies the
environmental aspects and potential impacts throughout a product’s life cycle
(Cradle-to-Grave or Cradle-to-Cradle) from raw materials extraction through
production, use and disposal. The general categories of environmental impacts
needing consideration include resource use, human health, and ecological
consequences.

• A standardized methodology (ISO 14040 & ISO 14044).
• Comparative assessment.
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Goal and scope definition. During the first step the
goal and scope of the study are defined as well as the
selection of the functional unit (FU) and the system’s
boundaries.

Inventory analysis (LCI). In the second step, a life
cycle inventory analysis, of relevant energy and material
inputs and environmental releases, is made up
identifying and quantifying inputs and outputs at every
stage of the life cycle.

number of environmental impact scores by means of
characterization factors, in two ways i.e. at midpoint and
at endpoint level. Midpoint indicators focus on single
environmental problems, e.g. climate change. Endpoint
indicators show the environmental impact on three
higher aggregation levels: 1) human health, 2)
biodiversity and 3) resource scarcity.

Interpretation. The results of the LCI and LCIA are
interpreted and combined to make a more informative
and sound decision. A sensitivity analysis is performed
to validate the consistency of the results.

Methodological stages of LCA

7

Impact assessment (LCIA). LCIA translates

emissions and resource extractions into a limited



Techno-economic analysis

The location of the systems was
chosen to be the area
of Akrotiri in Chania, as it has
excellent potential for incident
solar radiation.



Annual hot water needs for the studied house

The energy needs for hot water supply for a typical family house with 4 occupants 
(taking as granted 100% occupancy rate and 24 operating hours per day) have been 

estimated to 2817kWh/year. A typical auxiliary hot water heating system burning 
oil has been considered for backup.



Software and databases

• The environmental impacts of the studied solar thermal systems have been assessed
and quantified through an LCA study implemented via SimaPro 9.1 incorporating the
ecoinvent 3.6 database.

• The comparative techno-economic assessment of the installation of the two solar
thermal collectors has been carried out through RETScreen.



Solar thermal systems

 A flat plate solar collector consists of the dark

absorber, the transparent cover, the heat transfer
fluid containing the antifreeze and the water tank.

 Heat transfer fluid circulates through tubes

contained in the absorber. They are usually made
of copper or aluminum and are painted with a
special selective coating, which is much better in
absorbing and retaining heat than ordinary colors.

 A vacuum tube collector is more efficient and

cost-effective than the flat collector: ~70%
performance (compared to ~50%) and cost almost
1.5 times higher.

 It consists of vacuum tubes of glass containing

copper tubes in their center. The fluid circulated in
the collector tube is heated and then sent through
the pipes into the water tank.

 Vacuum tubes are easier to install as they are

lightweight, compact and can be transported to the
roof individually. In addition, the pipes can be
replaced separately if damaged, avoiding the need
to replace the entire collector.

 Both systems are effective and durable with a life

span of over fifteen years.
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Detailed results for the studied Energy 
Systems



LCA process network (flat plate collector)

• 57% of all total inflows and outflows are due to the production of the

collector.

• 27.1% of the energy and materials inflow is due to the production of

the tank.

• There are also impacts associated with the electricity production,

transportation and system disposal which are taken into

consideration.
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LCIA results

• The cumulative CO2eq emissions over the whole life cycle of the solar systems are quite close,
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varying between 2.22×10-2 and 2.38×10-2 kg CO2eq/kWh·m2 and the lowest value

corresponds to the vacuum tube collector.

• Electricity (in kWh) corresponds to the energy needed for heating water, which is saved by the

operation of solar panels that convert solar radiation into heat and ultimately stored hot water.

• The results of the relative contributions to the impact categories (based on the ReCiPe 2016

midpoint evaluation) are mixed with the two systems exhibiting similar environmental impacts

in most categories, but the vacuum tube collector has highest values in most cases.



Technical assessment

Flat plate collector Vacuum tube collector
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Economic assessment

Flat plate collector Vacuum tube collector

Both selected solar thermal collector systems can be considered as high quality products, while the 

purchase cost of the vacuum tube collector is significantly higher, i.e. 1300 € versus 900 €.
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Techno-economic assessment

Solar 

collector 

type

Aperture 

area 

[m2]

F ULr

[(W/m2)/°C]

Total

Cost energy

[€] saved 

[kWh]

Total energy 

saved per 

aperture area 

[kWh/m2]

Solar 

fraction 

[%]

Annual 

saving

s [€/yr]

IRR

[%]

Payback 

time 

[years]

Flat plate 2.32 4.6 900 27260 11750 55.3 352 41.8 2.6

Vacuum

tube
2.61 1.7 1300 29980 11487 62.7 341 28.5 3.6

 As already mentioned the thermal losses coefficient (FrUL) is increased for the flat plate collector compared to

the vacuum tube system, i.e. 4.6 vs 1.7 (W/m2)/°C respectively. This is due to the completely different thermal
losses suppression design followed in each system, which practically makes vacuum tube collector unaffected
by variations in ambient temperature. Additionally, the vacuum tube system covers the annually hot water
needs in a percentage of 62.7% compared to 55.3% of the flat collector.

 It is evident that overall the thermal losses do not play an important role for the energy outcome of the

systems, as finally the flat plate collector provides slightly more energy per aperture area throughout the year.
This is mainly due to the weather conditions in Crete (high intensity solar radiation for extended time periods
and with increased ambient temperatures throughout the year) which are favorable for solar systems and thus
the advantageous thermal insulation and the ability to reach high temperatures of the vacuum system is not
necessary.

 The economic viability of the two systems is obvious: the simple payback period is 2.6 and 3.6 years and IRR

values 41.8% and 28.5% for the flat plate and the vacuum tube system respectively.

 The above mentioned results prove that the selection of a flat plate system is rather mandatory for typical

installations in Crete while vacuum tube systems could be selected for demanding applications.
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Eco-design in Solar thermal systems

 Eco-design aspects for solar thermal systems focus on new designs

that allow the devices to be disassembled, thus improving their

recycling potential.

 With a circular economy in mind, systems can have various

improvements, i.e. they can be designed to allow the absorber

plate to be detached from the storage tank.

 The storage tank can be made of stainless steel, thus improving

the collector’s recycling potential (as steel and aluminium can be

cleanly separated and reused).

18



Conclusions

The comparison of flat plate and vacuum tube solar thermal collectors aimed at
stressing the advantages and disadvantages of both technologies.

• For the environmental profile of the studied systems the production stage of the
collector component contributed the most important part of the environmental
impacts in the life cycle for both collectors followed by the production of the tank.
The two technologies exhibited similar environmental impacts in most categories,
but the vacuum tube collector had highest values in most cases.

• For the energy profile both systems could cover more than half of the annual hot
water needs for a family house with 4 occupants, thus the technical advantage of
the vacuum tube collector, being practically unaffected by the variations in ambient
temperature, was not reflected in its final energy outcome mainly due to the
favourable weather conditions in the selected installation location which made the
flat plate collector equally efficient.

• For the economic profile the purchase cost of the vacuum tube system is almost
45% higher, thus stressing the fact that for typical installations in Crete the flat plate
collector should be the principal option. In addition, the economic viability of both
technologies was proved as the simple payback period estimated to be 2.6 and 3.6
years for the flat plate and the vacuum tube system respectively.
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