Life cycle of a product or system (a.k.a."cradle tograve”) begins with primary resource extraction,
moving towards raw materials production and extends to manufacture, use, transport, and finally
waste management (eventually including recycling and/or reusing).

The Life Cycle Thinking approach is specifically addresses the sustainability challenges that are high-
lighted in the Sustainable Development Goals (SDGs) and in the Paris Agreement. Inthe strategic
views described withinthese framework is put an emphasis on the sustainable consumptionand
production (SCP) system from a holistic perspective, which is actually the core a life cycle thinking.

SCP focuses on more efficient (and thus sustainable) production, processing, and consumption sys-
tems meantime ensuring a natural resource efficiency with the environmental impact reduction to-
wards the whole life cycle of product.

The SCP gives an opportunity to meet the sustainable goals (i.e. producing more well-being with
less material consumption) to meet present and future human needs ensuring the preservation of
ecological systems capacity. Such approach cantrigger the competitiveness of enterprises.

Within this background the Life cycle thinking provides a frame for a quantitative and holistic ap-
proach to evaluate the overall sustainability acknowledging the complex connectivity of our socie-
ties, economies and the natural environment. This includes also the social dimension thus under-
standing system behaviours and their feedbacks onthe analysed system). Some of the benefits of
Life Cycle Thinking (LCT) are:

Aid Policy makers and entrepreneurs for better choice making in terms of sustainability and
resource efficiency;

Understand complexsystems toenable actions for a more sustainable sound system;
Burdenallocation on severalactors (i.e. holistic and multidisciplinary approach);
Identification and strengthening of cleaner production process;

Use of the LCT towards the application of Eco-design perspectives;

Guide consumers and rise awareness towards sustainable development.

Life Cycle Assessment (LCA) is a methodology to identify, measure, and characterize different po-
tential environmentalimpacts associated toeach of the stages of a product’s life cycle. A product

can beagood or a service. LCA considers the following stages in the life cycle of a product: Extrac-
tion and processing of Raw materials, Manufacturing, Transportationand Distribution, Use, Reuse
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and Maintenance, Recycling, and Final disposal (a.k.a.crade-to-grave) —seefig. 1.
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LCA alsohelps to promote situation-based decisions, it is a good comparative tool for sustainability
and environmental performance assessment and uses holisticapproach avoiding burdenshifting.

Although there are several approaches to undertake anLCA, the ISO Standard is the commonly ac-
cepted and most used within the academic field and industry. The mainfour steps included in the
LCA methodology (seefig. 2) are:
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The goal and scope must define the intended application, the product system, functional unit (FU),
system boundaries, LCIA methodology, assumptions and limitations, and some other data require-
ments.
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The aim is to identify and quantify energy, water and materials usage and environmentalreleases
(e.g., airemissions, solid waste disposal, wastewaterdischarges).

Includes the collection of indicator results for the differentimpact categories, which together repre-
sent the LCIA profile for the product system. Suchresults are categorized inimpact categories. Itis
at this point, where sensitivity analysis can be performed to determine how changes in data and
methodological choices may affect the results.

In this LCA phase the findings of either the inventory analysis or the impact assessment, or both, are
evaluated in relation tothe defined goal and scope in order to reach conclusions and recommenda-
tions.

LCA has beenused for assessing the environmental impact of Low Temperature District Heating
systems (LTDH) using the ISO standard 14040-44 methodology as it delivers several benefits to dif-
ferent stakeholders as energy planners, DH operators, engineers, public officials and policy makers.
Some of the most mentioned benefits are: allows benchmarking, identification of process affecting
the overall environmental performance of the infrastructure, and evaluation of eco-design perspec-
tives for municipal energy strategies.

The LCA product tailored for the DH sector system can be divided inthree parts, the supply with en-
ergy production and distribution systems, and the demand side. Inthe supply sides, the raw material
extraction, energy use, construction activities, operation of boiler house, and distribution network
infrastructure are included, hence, all the inputs related tothese activities canbe grouped depend-
ing on the scope of the study. Onthe demand one, the building system is included, interms of heat
consumption and losses, and all inputs related to activities required to settle the preparedness of the
DH users toreceive the service. Usually these types of studies are normalized either to1 year of op-
eration or a determined lifespan of the project.

The goal and scope of the study defines the boundaries of the study, and specific aspect should be
clarified, for example: is the renovation of buildings accounted for? Are demolition or any other ac-
tivity in the end-of-life stage to be considered within the boundaries?

Within the goal and scope the geographic and time boundaries are defined, which are highly im-
portant for energy sources touse, heat demand calculations, and normalization purposes respec-
tively.
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For the Inventory analysis, a flow chart where boundaries are clearly defined is drawn, and processes
identified accompanied by their respective data inventory for material and energy inflows as well as
emissions. Fig.1."Cradle-to-grave” approach in the LCA.
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Fig. 3. Example of the boundaries defined within the “goal & scope” see the LCA performed within the project LowTEMP
(www.lowtemp.eu) for amore complete overview.
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Fig. 4. Example of a simplified “"Life Cycle Inventory”, see the LCA performed within the project LowTEMP
(www.lowtemp.eu) for amore complete overview.

Finally, the Impact Assessment after normalization, groupingand weighting is presented as ecopro-
file into impact categories (see figure 5). Normalization, grouping and weighting are not mandatory
and depend from the LCA impact assessment method selected.
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Infigure 5 is reported an example of afinal environmental impact assessment comparing a renovated LTDH
system with aformer3dgeneration. Results are presented as overall environmental profile in terms of Ecolog-
ical Point (Pt) with reference to the functional unit of the system. The environmental profile is account ed for 4
main damage categories (also called End Point Impact Categories) with reference to a specific type of im-
pacted assessment methodselected forsuch study (i.e. IMPACT 2002+), namely: Human Health, Ecosystem
quality, Climate Change and Use of Resources (both biotic and abiotic).

In the last phase, the Life Cycle Interpretation, results are analyzed versus the goal of the study, to
seeif the intended one was reached. Also, hotspots are identified and sensitivity analysis canbe
conducted for a better understanding of the model and to detect new improvement opportunities.

Figure 5 is the result from the implementation of a LCA study proposed within the LowTEMP project
for the pilot measure developed in Belava Parishin Gulbene Municipality. The pilot measure in-
cludes the full reconversion of aformer 37 generationtype DH distribution network toa novel Low
Temperature DHsystem. Inthe old system, the boiler house was operating with wood logs fired
boiler and the distribution network is not renovated. The new LTDH concept includes a 0.2 MW new
pellet boiler house, the full change of the distribution grid’s pipes (for a length of 150 m)and the in-
stallation of aremote datareader system to provide continuous monitoring of the system.

The realized LCA study includes the assessment of the implemented LTDH scenario taking into ac-
count a supply temperature of 60 °Cand a returntemperatures of 35 °C, its potential future improve-
ment including renewable energy solution and the comparison with the ex-ante situation.

From the results of the LCA models processed withan LCA commercial software, is possible to notice
amajorimprovement in the overall environmental performance witha decrease, respect the ex-ante
situation, of approximately 50%. The results (already included in a scientific publication) show that
the highest contribution to environmental impact in all scenarios is mainly allocated to the energy
flows during the operational phase of DH.

Overall the specific study shows the marginal impact of the construction and maintenance phase
compared tothe operational phase of DH. The heat production and ashtreatment represent an envi-
ronmental “hot-spots”. This is a proof that more work should be made, from an environmental point
of view, for a reduction of the fuel consumption of boiler houses.
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For a more detailed information on the application of the LCA framework for LTDH system is rec-
ommended tosee the LCA studies proposed within the LowTEMP projects ( ).

In the context of the project implementation, the expected findings from LCA studies should be rele-

vant to:

definition of a specific inventory data of the LTDH pilot measures implemented in the Low-
TEMP project for all investigated subsystems;

answer which sub systems or components of a district heating grid are the main contributors
to the overall environmental impact of the infrastructural transition;

provide environmentally sound strategies for eco-designed and resilient infrastructures
based onthe analysis of selected LCA impact categories;

compare the results obtained from the implementation of a novel LTDH concept with an ex-
ante scenario in the same urban or rural context.
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