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Summary

The general objective of the present deliverable (D4.4) is to assess and compare the
environmental impacts of the RESSEEPE Project technologies using the LCA tool. During the
project, several steps have been followed. This deliverable describes the boundaries and the
scope of the system, as well as the impact assessment and the results interpretation after LCA

This document is divided in the following sections:

- Introduction of the LCA concept and its application in the building construction field.
- Concept definition of system boundaries and functional unit.
- Impact assessment categories considered in this study.
- Methodology and results of the life cycle inventory for the technologies developed in the

project.
- LCA

resul ts

and

sustainability improvements.
- Introduction of the NER (Net Energy Ratio) concept and its application in the building

refurbishment area.
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hot spo:

- Example of NER application for two RESSEEPE technologies (use and integration into the
IES and NEST tool).
- Framework of harmonization with buildings codes.
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1 INTRODUCTION TO LIFE CYCLE ASSESSMENT

1.1 Definition of LCA and LCA applied to buildings

111 LCA

ISO 14040:2006 defines the LCA as: ia technique for assessing the environmental aspects and
potential impacts associated with a product or service, by:

- Compiling an inventory of relevant inputs and outputs of a product/service system;

- Evaluating the potential environmental impacts associated with those inputs and outputs;
- Interpreting the results of the inventory analysis and impact assessment phases in relation to the

objectives of the study.
LCA studies the

environment al aspects

and potent

cradle-to-grave) from raw material acquisition through production, use and final disposal. The
general environmental categories that need to be taken into consideration are: resource use,

humanhealt h, and ecol ogi.cal

consequencesao

The full assessment can analyse the whole life cycle of the studied product, process or activity
starting from the extraction and process of raw materials and following with their manufacture,
commercialization, transportation, distribution, use, re-use, maintenance, recycling and final

disposal (Figure 1).

Raw materials extraction

n

RAW
MATERIALS

Production

n

ENERGY

Distribution

(Electricity,heat

A

flows)

Use / Reuse / Maintenance

n

Recycle / Waste Management /
End of life

EMISSIONS
(CQ, NH;, N:O)

WASTE
(Water, solids)

SUBPRODUCT<¢

Figure 1. Schematics of inputs, outputs and steps considered on a LCA (ISO, 2006).

There are specific objectives of the LCA that can be summarized as follows:

- Supplying objective information about the interactions of the product, process or activity with the

environment;

- Improving the understanding of the consequences of human activities in the environment;

- Foreseeing negative consequences in decision making and identifying improvement
opportunities;
RESSEEPE Deliverable Report 8
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- Easing communication between different social sectors concerned about environmental quality.

In order to attain these objectives, information on inputs and outputs of the whole process need to
be gathered and processed. LCA methodology is accepted as the basis on which to compare
alternative materials, components and services. In 1993 the ISO Technical committee 207 started
work on the development of international LCA standards, leading to the 1404X series:

- 1S0 14040:1997 Environmental Management i LCA T Principles and Framework.

- 1SO 14041:1998 Environmental Management i LCA T Goal and Scope Definition and Inventory
Analysis.

- 1S0 14042:1999 Environmental Management i LCAT Life Cycle Assessment.

- 1SO 14043:2000 Environmental Management i LCA i Life Cycle Interpretation.

- ISO/TR 14047:2003 Environmental Management i LCA i Examples of application ISO 14042.

- ISO/TR 14049:2000 Environmental Management i1 LCA T Examples of Application of ISO to
goal and scope definition and inventory analysis.

More recently, in 2006, the 14014X series was update to improve its readability, while the
requirements and technical content were left unaffected, except for errors and inconsistencies.

- 1SO 14040:2006 Environmental Management i LCA T Principles and Framework provides a
clear overview of the practice, application and limitations of LCA to a broad range of potential
uses and stakeholders, including those with a limited knowledge of Life Cycle Assessment.

- 1SO 14044:2006 Environmental Management I LCA 1 Requirements and guidelines, is
designed for the preparation of, conduct of, and critical review of, life cycle inventory analysis.
It also provides guidance on the impact assessment phase of LCA and on the interpretation of
LCA results, as well as the nature and quality of the data collected.

ISO 14040:2006 and ISO 14044:2006 replace the previous standards (ISO 14040:1997; ISO
14041:1998; ISO 14042:1999 and ISO 14043:2000). The new standards are the work of ISO
technical committee 1ISO/TC 207, Environmental management, and subcommittee SC 5, Life Cycle
Assessment.

The application of the LCA methodology encompasses four phases, illustrated in Figure 2. This
methodology (and the involved stages) is in accordance with the ILCD handbook (ILCD, 2010) and
EeBGuide (EeBGuide, 2011).

- Goal and scope definition: the purpose of the study, define the system, its boundaries,
the necessary data, the main hypothesis, the limits of the study and define the functional
unit ISO 14040:2006. This first step defines the functional system to be studied within the
LCA, this process will be covered in D4.4, setting the boundaries, the level of detail and the
functional basis for comparison. With this, we will describe the system to be studied, its
functions and functional unit. The functional unit will be compared as the basis for contrast
together with the stages to cover, the environmental impacts to investigates, the methods
to apply, interpretation approaches to use. The assumptions made about data will be
included in the work.

- Inventory analysis: is a technical process of collecting data, in order to quantify the inputs
and outputs of the system, as defined in the scope. Energy and raw materials consumed,
emissions to air, water, soil and solid waste produced by the system under study are split
up into several subsystems and unit processes, and the data obtained is grouped in
different categories in a Life Cycle Inventory (LCI) table.

RESSEEPE Deliverable Report 9
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- Impact assessment: a classification and evaluation of the results of the inventory analysis
relating its results to observable environmental effects by using a collection of impact
categories (e.g. acidification of soils, ozone layer depletion, human toxicity or resource
depletion). Specialised software will be used for this purpose.

- Interpretation: the results of the preceding phase are evaluated together in accordance
with the objectives defined in the study in order to be able to establish conclusions and final
recommendations.

These steps are clearly ordered, but LCA studies are iterative, which means that the most relevant
processes, resources and emissions may receive the focus attention. The most relevant processes
may be known based on the first run of the assessment, based on initially available data. The
accuracy of this should be studied and then corrections may be made. It is typical to carry out one
to three iterations before obtaining the final results.

Goal and Scope f—o—p
Definition [

|

Inventory - » Interpreta-

Analysis ] tion
Life Cycle .
Impact PE—

Assessment

Figure 2. LCA framework based on ISO 14040 (ISO, 2006).

In any case, and even when life cycle assessment is becoming more common, there are some
limitations of the applications of such a tool.

In the first place, it is highly dependent on the data used for running the assessment, which needs
to be accurate and is not accessible (or does not even exist) for many of the processes and
materials.

LCA is a very complex tool when used on a young industry: it is difficult to give the holistic view of
the sustainability of the whole system within a first analysis, before the process has been
completely set and there is enough information on its consequences. However, it is important for
this kind of analysis to run in line with the development of the process.

On the other hand, life cycle assessment is intrinsically subjective: the idea of proposing the
system to be studied, defining its boundaries and its functional units, choosing the data sources,
the weighting and the allocation of impacts is based on the subjectivity of the person or team
running the analysis. The analysis cannot take into account the possible rebound effects, such as
greater consumption, which reduces or even eliminates the improvements of environmental and
cost efficiency.

RESSEEPE Deliverable Report 10
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In general, energy retrofitting is a broad subject of study, and there is a need to establish general
rules in order to make the different analyses fully comparable. In any case, even when taking into
account different LCAs already performed on similar systems, the way to make sure that the
outputs from this work are well understood will be to fully define the boundaries of the system and
the assumption accepted during the work.

1.1.2 LCA applied to buildings

An LCA study of a building requires a lot of specific information; however, this information is not
available at an early stage. Therefore, the use of default values, including key figures/numbers and
average numbers that could be useful has been taken. The default or standardized values have
several functions: providing information to the practical use of LCA and to define standardized
input for comparative LCA.

A study has been performed to identify relevant parameters, and how they can be collected and
used at different phases in a planning and decision process.

Devel opment of key figures; when Acompl et eod
their environmental impact, these results can be used to provide key figures, for instance average
values for CO2/m? residential building over its life span (for instance 60 years), kwh/work
placel/year, etc. These values can be used for comparison, but also directly as preliminary results
early in a process.

While the requirements for the building, and also the planned patterns of use are given early in the
design phase, the amount of materials is unknown.

For the building, service life, total life span, and maintenance intervals and maintenance action can
be based on standard scenario and default values.

There are different ways to overcome this problem. It concerns mainly ways to get improved
information about alternative options early in the design process and to speed up calculations of
rough results. A toolbox with already calculated results is one possible solution. Introducing
facilities to easily create alternative options and extract data with new computer programs (BIM-
Building Information Modelling), is another.

The complexity and uncertainties of LCA results are often seen as main barriers to more frequent
use of LCA. It is natural that if unreliable data is used, unreliable results will be the output.

However, rough estimates of the environmental impacts over the life cycle are still better than to
ignore these impacts. For coming up with rough estimates there are a number of possible
simplifications that can be done with the aim to promote LCA to wider user groups:

1 Simplify the acquisition of building data by focusing on larger building elements.

1 Simplify the inventory analysis by focusing on the most important substances that
contribute to a certain impact category.

i Use easily accessible data, for instance Input / Output analysis data.

1 Reduce the time of the building data acquisition by improved CAD applications.

Data acquisition is the most prominent problem since buildings contain many different products
and the availability of quality assured production data is restricted. Input data should be easy to
find in the building project and there should be as little of it as possible. When the aim is to simplify,

RESSEEPE Deliverable Report 11
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guestions such as which data for which life
imperative to tackle (ENSLIC BUILDING, 2010).

cycle stage is more important than others are

Table 1 presents a detailed building description for a complete LCA study.

Table 1. Input data in the different life cycle stages of a building.

Structure:

- Composition of the basement retaining walls

- Composition of the pillars (kg)

- Composition of the basement floor (kg)

Construction products

Enclosures (layer by layer):

- Composition of the External Walls (kg)

- Composition of the Interior Walls (kg)

I. Product stage

- Composition of the Roofs (kg)

- Composition of the Windows and doors (kg)

Heating and DHW equipment (total power and
technology)

Energy systems

Cooling equipment (total power and technology)

Lighting lamps (total power and technology)

Renewable systems (total power and technology)

Transport from plant to

Construction products (total weight and distance)

building

Energy systems (total weight and distance)

Il. Construction On-site construction

Energy demand for construction equipment (kwWh)

stage processes

Waste (total weight, type of final disposal)

Final Energy Demand (kWh):

- Heating demand

- Cooling demand

- DHW demand

- Lighting demand

Operation

- Renewable energy contribution

Water demand (m®)

[1l. Use stage

Mobility of occupants (km)

Wastewater for treatment (m3)

Maintenance, Repair,

Construction products (type of maintenance and
frequency)

Replacement and
Refurbishment

Energy systems (type of maintenance and
frequency)

V. End-of-life

Structure (type of final disposal and lifetime)

stage Construction products

Enclosures (type of final disposal and lifetime)

According to several LCA study results related to standard buildings, some simplifications in the
building description could be proposed:

1 Leave the construction stage and end-of-life stage outside of the system boundaries. The
contribution of these stages reaches usually 10-15% of the total energy impact of the
building. However, if other indicators are selected for the assessment, these stages should
be included.

1 At the product stage, consider only the impacts associated to the structure and building

envelope inside the system boundaries. The impact of the production of energy systems is
usually much lower than the total building impact.

RESSEEPE Deliverable Report 12
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1 At the use stage, consider only the final energy demand required for building operation
inside the system boundaries. Although the mobility usually has a high impact (40-50%) in
LCA of a building, due to the cost of obtaining reliable data, it could be excluded in a
simplified approach.

Excluding the use r @ability, the final energy demand may represent the 80-90% of the impacts at
the use stage. However, in some cases building maintenance, repair, replacement and
refurbishment processes may involve a high impact.

Even in the case of standard buildings, materials play an important role regarding impacts such as
waste and toxicity. However, in the case of low energy consumption buildings, the statements
above are no longer valid: the fabrication of building elements may contribute to around 30 % or
even more in the total life cycle energy balance. The emissions from heating of buildings are
important, but the emissions of CO, from heating are lower than from other parts of the building
sector, indicating the importance of emissions from for example production of building materials. In
any case, simplifications will strongly depend on the purpose of the LCA study. Therefore, it is
difficult to propose general LCA simplifications for buildings (Adalberth, 1997).

Considering that many life cycle inventories of construction products are expressed in kg or m?3, it
is necessary to know, layer-by-layer, all the products (with their thicknesses) of the building
envelope and the total surface of each type of wall. Thus, it is possible to obtain an inventory with
the amount or weight of each of the products. The weight of each product can be calculated by
multiplying its density by the surface area and the thickness of this product. These input data can
be easily obtained from the architectural project of the building. If there are available EPDs
(Environmental Product Declaration) for the products used, either specific or generic information,
the amount of the product should be referred to its functional unit.

On the other hand, it is necessary to know the final energy demand disaggregated by energy
sources (e.g. natural gas, light fuel oil, heavy fuel oil, electricity, etc.) used for heating, cooling,
DHW and lighting. The final energy demand should be expressed in MJ or kWh, since most of the
life cycle inventories for energy demand are expressed in these units. The energy produced from
renewable systems during their lifespan is much greater than the impact of manufacture and
disposal of these systems (Ramesh et al., 2010). Consequently, in a simplified approach, the
energy production from renewable systems could be subtracted directly from the final energy
demand of the building. Specific simplifications and assumptions applied to the RESSEEPE
context are developed in the relevant parts presenting the specific case studies of the project.
Some simplifications in the building description can be considered:

1 Simplify the acquisition of building data by focusing on larger building elements and reduce
the time of the data acquisition using improved CAD applications.

1 Use IOA (Input-Output Analysis) data.

1 Leave some stages outside of the system boundaries and neglect some processes of the
building stages.

Some LCA studies only consider the product stage (structure and building envelope) and the use
stage (final energy demand for building operation) inside the system boundaries. Nevertheless, the
construction and disposal stage can be important regarding impacts on waste and toxicity.
Sensitivity studies are therefore needed to evaluate the uncertainty related to the simplification and
check the reliability of the method (Low Resource consumption buildings, 2011).
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In Section 2.2.2, explanations and justifications of the system boundaries to be considered in the
RESSEEPE project has been developed.

1.2 Basic system definition

1.2.1 System boundaries

The system boundaries for a life cycle assessment determine which processes and activities
includes the overall LCA. This kind of analysis needs to take into account the material and energy
flows of primary processes, together with extraction of raw materials, and whenever possible, the
production of intermediate feedstocks or the manufacture of equipment, which could potentially be
included. The end of life is also another factor to consider: how to dispose of products, by-
products, waste and process materials is another important factor to include within the life cycle
boundary. The inclusion or exclusion of any step can importantly affect the outcome.

The boundaries are the way to define the system of study for our life cycle analysis. The system
will include everything within the boundaries, including processes, materials and intermediate
feedstocks. However, it is really important to define where to stop tracking energy and material
uses of upstream processes: otherwise, the analysis would be infinite and the impacts to the
environment would be diluted in those of the several processes studied.

In order to make an LCA effective, it is really important to define efficient system boundaries taking
into account the available data and the possibilities of producing new information. In order to define
how the system will be determined, it is of main importance to fix the boundaries.

The system boundaries are selected in order to define the spatial, temporal and production chain
limits (start and end points) selected for the process subject of analysis.

There are different overall approaches that may be considered from the simplest to the most
complex (ISO, 2006). Figure 3 shows graphically the core idea of those approaches, which are
further defined here as well.

- Gate to gate: it is the simplest option and includes the analysis only from reception of the raw
materials, ready to use, to the end of production, when the product, service or activity is ready to
be used or received by the final user, but without considering distribution or further. This is
usually applied to specialized unit process studies that need to be studied specifically. It is
common to pay specific attention to a gate to gate.

- Cradle to gate: this option includes more information. In this case the production process is
considered, but so are the previous stages from raw material including which type of resource is
selected as raw material, the way to exploit them, the possible transformations that are required
for the process to take place and also the transportation steps that are needed in between.

- Cradle to grave: this approach goes one step further and includes within the scope of the
assessment the life and end of life of the product: its distribution, the use given by the client and
even the possible scenarios for its end of life management. This is a usual procedure to be
applied on commodities.

- Gate to grave: the idea in this case is to study what happens once the product is completed
(after production) till its end of life. This is a useful idea when applied to market studies of
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products, since it allows the assessment of the distribution, use and end of life treatment
separately.

- Cradle to cradle: this option is the most complex one and it includes everything taken into
account by the previous one but also the recirculation of what could be considered as waste into
the process itself: solid residues or parts of those are converted into by-products and reused or
treated in order to make their reuse possible within the very process, recycling them into the first
step, as raw materials, or directly to the transformation step.

Crandle to
crandle

SECOND
DISTRIBUTION

I )
[ )
e
[ )
[ ]

Crandle to gate
CLIENT

DISTRIBUTION

( J
[ USE ]
[ J

Crandle to grave

Figure 3. Different LCA approaches (ISO, 2006).

1.2.2 Allocation procedure

Most of the production concepts generate more than one product. This leads to the question of
how to allocate the quantified environmental impacts to the different products. Within ISO 14044, a
methodical procedure to conduct the allocation is recommended. Mainly, whenever possible
allocation should be avoided (ISO, 2006). The ISO recommends avoiding it as much as possible,
dividing whenever it is feasible the unit process into sub-processes in order to include the function
of the co-products instead of using this system. This is due to the fact that the system to allocate
the burdens is not easy to standardize and it might be considered as a source of subjectivity.

Every time that allocation is applied, it should reflect a justified relationship between the different
products or co-products such as the physical relationship or the economic value of each and not
necessarily in proportion to the mass flow.
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1.2.3 Functional unit

The functional unit is the specific quantitative description of the function or functions that the
selected system provides. The correct definition of the functional unit is of main importance for
comparison: if functional unit is not defined properly, a product considered with worse
characteristics, might seems better than other from the environmental point of view after
comparison.

The choice of functional unit may not be that important for an individual study, as it is only used to
assess a given aspect of a life cycle. However, it is important to set it clearly in order to facilitate
comparisons between studies.

Other possibilities are using simply units of power (electricity), fuel consumed and others. It is of
great importance to correctly define the functional unit due to the fact that facilitating comparisons
of the performance of different options from the environmental performance point of view is one of
the principles of life cycle assessment and this comparison needs to be held on an equal basis.
This will help identify the possibilities for improvement. The comparison of alternative options
based on their functional unit is basic for assessing the technical performance/equivalence.

In Section 2.2.3, the functional units considered in the RESSEEPE project are described.

1.2.4 Impact assessment

This step should be completed as part of the initial goal and scope definition phase to guide the
LCI (Life Cycle Inventory) data collection process and requires reconsideration following the data
collection phase. The items identified in the LCI have potential human health and environmental
impacts. For example, a release identified in the LCI could affect the environment by causing acid
rain, global warming, or endangering species of animals (Guinée, 2002).

For an LCIA (Life Cycle Impact Assessment), impacts are defined as the consequences that could
be caused by the input and output streams of a system on human health, plants, and animals, or
the future availability of natural resources. Typically, LCIAs focus on the potential impacts to three
main categories: human health, ecological health, and resource depletion.

In this deliverable, the following categories will be considered: acidification potential, eutrophication
potential, human toxicity, global warming potential and ozone depletion potential. These categories
are described more in detail in Section 2.2.5.

1.2.5 Data sources

There are different options when it comes to obtaining data for the studies. The access to semi-
industrial and industrial data was possible to carry on with the LCA developed in this report. This
information has been updated continuously to respect the project progress. Apart from that, the
study has been backed up by the ecoinvent databases, EPDs and other LCI databases.

It is of main importance to be transparent when it comes to the source of data. This, together with
the explanation of assumptions, makes the study more credible. In order to ensure the traceability
of the information, data sources and assumptions are specifically identified in this final report.

In order to gather data, which includes less uncertainty and approximation as possible, experts
from the RESSEEPE consortium have been asked for information and assessment for defining the
LCA system. In this sense, not only the data but also the definition of the processes is appropriate.
This is one of the issues when it comes to LCA: typically, the authors are LCA experts but not
experts in the field of energy renovation of buildings. In order to reduce the problems derived from
this situation, the whole relevant RESSEEPE consortium partners have been involved in the LCA.
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The potential environmental impacts were evaluated using the software SimaPro® 7.3 (PRé
Consultants), the European Life Cycle Database (ELCD) v2.0 and ecoinvent v2.2 databases
(Swiss Center for Life-Cycle Inventories, 2010). This analytical tool is in accordance with ISO
14040 standards (ISO 14042, 2000). SimaPro® is widely used in LCA studies. It was applied to the
inventory and impact assessment phases due to its reliability, interactive potential and facility to
adapt and change. It is important to note that only the first three LCA phases (goal and scope
definition, inventory analysis and impact analysis) were considered in this study, whereas the
interpretation phase was not included (Swiss Center for Life Cycle Inventories, 2010).
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2 SYSTEM DEFINITION, RESSEEPE OUTCOMES

2.1 Goal of the study

The aim of the RESSEEPE project is to bring together design and decision-making tools,
innovative building fabric manufacturers and a strong demonstration programme to demonstrate
the improved building performance through retrofitting. The core idea of the RESSEEPE project is
to technically advance, adapt, demonstrate and assess several innovative retrofit technologies to
achieve a significant reduction in terms of energy consumption.

In this frame, WP4 developed design methodology for energy efficient building and district
renovation. The life cycle assessment study aims in WP4 to validate and demonstrate RESSEEPE
environmental sustainability through Life Cycle Assessment.

The results of this study are intended to be used by building owners or construction technologies
developers to better assess the environmental benefits of a retrofitting work or a technology for
refurbishment in public buildings or buildings in general.

The results of the LCA studies will use similar existing literature studies to draw recommendations
linked with the RESSEEPE LCA study goal. These studies will not consider the complete
interpretation part of the ISO 14044:2006 methodology, due to the complexity and the diversity of
systems studied.

2.2 Scope of the study

2.2.1 Systems studied in the RESSEEPE project

2.2.1.1Presentation of each technology

The retrofit solutions for each Demo sites in the RESSEPE project are innovative technologies.
Each one of them is either already recognised in the construction field or being in the proofing
phase to be recognised as essential in refurbishment projects.

A presentation of the environmental benefits related to LCA studies of existing technologies has
been presented in D5.1 related to optimum integral schematic design, submitted M18 of the
project.

In this section, a summary of this literature review was presented together with additional
information collected from M18. This review was a tool for similarity linking that is later used to
compare with the actual RESSEEPE technologies results as defined and dimensioned.

Several technologies from the list below have been chosen to be installed in each one of the
demo-sites, in order to fit each specific geographical area and current state of the buildings with
the performance the project aimed to achieve: energy savings in the area of 50%.

The main technologies that have been selected to be implemented in the different demo-sites are
either provided by an external supplier or by partners within the project:

9 Technologies provided by external suppliers: high efficiency windows, curtain wall, LED
lighting, roof improvement, photovoltaic (PV) panels, electrochromic (EC) windows,
ventilated facade and solar thermal collectors;
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9 Technologies provided by RESSEEPE partners: super-insulated aerogel mortar (GRUPO
PUMA, SEPAREX), Vacuum Insulation Panel (VIP) (VA-Q-TEC), Phase Change Material
(PCM) (PCM PRODUCTS), Expanded polystyrene with graphite (EPS-G) Panels (GRUPO
PUMA) and innovative solar thermal collector (UPC).

During the LCA study, only production and on-site installation data from technologies
developed by RESSEEPE partners and used in the project are collected. Indeed, data from
external suppliers are very difficult to gather and could not correspond to the technologies installed
within the demo-sites.

When needed, Life Cycle Impact Assessment (LCIA) from conventional technologies provided by

external suppliers to the project was estimated using EPDs based on the EN15804 6 Sust ai nabi |
of construction works - Environmental product declarations - Core rules for the product category of
construct i omlitraturerdsults of sidilar products. The use of EPDs allows accessing

verified and registered documents that communicate transparent and comparable information

about LCIA of products.

A presentation of each one of the technologies studied with an LCA point of view within
RESSEEPE project are presented and a summary of literature results related to these
technologies are also approached in the following paragraphs:

- UPC solar thermal collector (UPC)
The solar thermal collector developed by UPC within the project is a flat plate collector with thermal
insulation in the cover based on plastic Transparent Insulation Materials (TIM), which increases its
performance by decreasing the thermal losses. There is an overheating protection system based
on an air channel. It aims to support the production of Domestic Hot Water (DHW) and heating by
providing an input of hot water.

Regarding the benefits from an environmental payback time point of view, several studies carried
out in different European countries show that it is quite low. In less than two years, the systems
studied would have a positive energy balance, balancing the negative effect induced by production
(Smyth et al., 2000; Kalogirou, 2009; Streicher et al., 2004; Battisti & Corrado, 2005; Ardente et al.,
2005).

- PCM (PCM Products)

Phase Change Materials are products that store and release thermal energy during the process of
melting and freezing (changing from one phase to another). When such a material freezes, it
releases large amounts of energy in the form of latent heat of fusion, or energy of crystallisation.
Conversely, when the material is melted, an equal amount of energy is absorbed from the
immediate environment as it changes from solid to liquid (Phase Change Material Products, 2011).
This process reduces temperature variation inside a room and increases user comfort. The product
studied within the scope of this report is the Tubelce S27 produced by PCM products.

According to some literature studies, within their specific goal, scope, boundaries and impact
categories, de Gracia et al. (2010) concluded that hydrated salt has 75% less impacts during
manufacturing than paraffin. Menoufi et al. (2013) found that the impact for three specific
environmental categories chosen were equivalent between hydrated salt and esters during
manufacturing. However, in the same study, they also highlight the high impacts of esters disposal.
Using this literature observation, when looking at environmental impacts, hydrated salts seem to
be the best option among PCMs. The product used within the RESSEEPE project of the partner
0 PCM pr andooecdensossite uses hydrated salts as PCM. Another evaluation of the overall
environmental impacts reduction was made in several studies, which show that addition of PCMs
in the building envelope, although decreasing the energy consumption during operation phase
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does not reduce significantly the global impact throughout the whole lifetime of the building. They
advise to use PCM where the weather conditions are similar all year long, since the PCM will
perform more cycle. The global benefit of using PCM in buildings can also be maximized by
designing both the building and the PCM for a long-term operation (de Gracia et al., 2010). PCMs
can reduce the overall energy consumption and their environmental impact in buildings; however,
this reduction is also strongly influenced by the climate conditions (Soares et al., 2013; Castell et
al., 2013).

- VIP (Va-Q-Tec)
The vacuum insulation panel (VIP) is a product for the construction application, which is formed by
two parts: the core material and the envelope foil. The core material in VIP determines the
intended thickness of insulation plate and the envelope keeps the vacuum inside the desk and
avoids gas and moisture permeation into the core as long as possible. The VIP panel offers very
l ow t her mal c o n d u cK))i Thea pgroguct (stadied witdid tAievétopearof this report is
the Va-Q-Vip produced by Va-Q-Tec.

According to Karami et al. (2015), it can, be observed that VIPs have a greater environmental
impact than conventional insulation, in all categories studied except one. It was also observed that
the production of the core materials contributes to 901 99% of the environmental impact.

- EPS-G panel (Grupo Puma)
Under the trademark Traditerm® a series of external thermal insulation systems that offer both
thermal comfort, as well as energy savings, in new buildings (contributing towards obtaining better
energy ratings), as well as in restoration projects, by notably improving the thermal performance of
existing buildings has been defined.

In RESSEEPE project, Traditerm® EPS-G System (External thermal insulation system based on
the insulating power of stabilised EPS with graphite) has been installed. This system has at
thermal conductivity (& of 0.032 W/m.K.

According to the EPD from ISOLCONFORT SRL (2015), in compliance with EN 15804 (2012),
comparing two similar products, the production of EPS with graphite has lower impact for the
considered environmental categories for the same thermal conductivity than EPS alone.
Considering the environmental impacts of different conventional insulating material, Tingley et al.
(2015) compared EPS with other insulation materials. The study shows that the environmental
impacts of EPS are mostly lower than mineral wool and phenolic foam. The study also observes
that the environmental payback period for EPS is less than 5 years for all studied environmental
categories.

- Super-insulated aerogel mortar (Separex&Grupo Puma)

Insulating mortar is a type of product, which has insulating material added as aggregates to the
cement matrix. As silica aerogels have very low density and due to their small pores, these
materials show a remarkably | owropetiye whioa inakes this
material very interesting for insulating applications in construction. In RESSEEPE a new aerogel-
based mortar for insulating external walls with lower thermal conductivity than the existing
traditional insulating mortars was studied. Hydrophobic aerogel granules (1-4mm) with low thermal
conductivity are incorporated in mortar to make super-insulated aerogel mortar.

As far as it was observed, no LCA for aerogel-based super-insulating mortar was made, but
different impacts assessments for aerogel and mortar were developed. Regarding aerogels,
Dowson et al. (2012) demonstrated that aerogel can provide a measurable benefit over its life
cycle. In terms of embodied energy, which is the sum of all the energy required to produce any
material, Cuce et al. (2014) report that aerogel has a value, which appears quite favourable in
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comparison with other conventional insulation materials studied with only glass wool being lower.
Regarding mortar, Aranda-Usén et al. (2013) carried out a comparative analysis of energy and
environmental impact and evaluation of the eco-efficiency improvement potential of different
building materials. They found that the impact of cement is greater than of cement mortar (cement
and sand) or concrete, as mixing cement with lower impact materials such as gravel, sand or water
helps to reduce the impact. Likewise, cement presents a higher primary energy demand and water
requirements than cement mortar products when concrete present lower primary energy demand
and water requirements than cement mortar.

2.2.1.2Introduction to the Demo sites

Five demo sites have been involved in the project. Two university buildings in Coventry-UK, two
hospitals in Terrassa and Sabadell-Spain and one school in Skelleftea-Sweden. These are
involved as main promoters of a renovation action on public districts, which were chosen to
demonstrate a systemic approach, taking into account the benefits of a set of technologies as
insulation, smart windows, information and communication technologies (ICTs) and renewable
energy systems, which properly combined in terms of cost effectiveness and energy performance
can achieve very good results in terms of energy efficiency and CO; emissions reduction.

An energy study, based on real data and simulation tools have been carried out at the beginning of
the project. The energy demand and the current energy consumption have been calculated for
thermal and electrical consumptions (simulation and real data respectively). These data have been
the starting point to propose improvements. Each demo had its characteristic problems. In this
sense, very different solutions have been identified, studied, implemented and monitored.

- Coventry University, United-Kingdom:

Coventry is a city and metropolitan borough in the county of West Midlands in England. As with the
rest of the British Isles and the midlands, Coventry experiences a maritime climate with cool
summers and mild winters. The University Public District occupies a purpose built 133.346 m?
campus in the heart of Coventry city centre.

The main objective of the refurbishment activities is the achievement of a comfort level, isolation
level and installations functional level in the public buildings. The foreseen energy efficiency
measures have been focused to reduce thermal consumption (insulation and shadings
improvements and ICTs implementation), to reduce electrical consumption (more efficient lighting
equipment and detailed billing), and also to reduce CO; emissions by means of renewable energy
systems such as solar PV and smart windows.

Two buildings from Coventry University, John Laing and Richard Crossman, are part of the
demonstration.

John Laing building

John Laing building has been used as a living lab, in where technologies that are not necessarily
ready for market have been tested on the building in a live environment for performance and
impact evaluation. The John Laing (JL) Building is a two-storey building constructed in 1970. The
net area in this building is 3660 m?. This building has a brick facade and 30% glazed proportion.
Window frame in this building is metal frame with 6mm single glazed. The major energy
performance issues with JL are poor insulation within the brick facade and high energy loss
through the single glaze windows and steel frames. This results in sub-optimal internal
temperatures presenting user comfort issues within the building. To counteract these issues,
several interventions have been planned.
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Passive measures: first step in energy efficient renovation is always minimising demand. This fact
supposes in the climate region of Coventry, not only the reduction of heat demand in winters but
also the reduction of cooling demand in summer. For these reasons improvements on insulation
have been carried out.

o Insulation improvements: Aerogel-based super-insulating mortar, EPS-G panels with
acrylic and ceramic finishes, VIP Panels and an Integral ventilated fagade (structure +
VIP + PV panels) have been chosen.

0 Reduction of internal loads: Phase Change Materials help reduce temperature variation
and reduce cooling demand.

Active measures: Together with the passive effect of ventilated facade, solar photovoltaic (PV)
panels have also been installed on the facade to improve renewable energy supply of the building.

Richard Crossman building

The second building studied in Coventry is the Richard Crossman, which has been used to trial
more tested technologies, but on a larger scale. Richard Crossman (RC) is five storeys building
constructed in 1971. The net area in this building is 9.395 m2. This building has a brick fagcade and
30% glazed proportion. Window frame in this building is metal frame with 6mm single glazed.

Passive measures: the first step in energy efficient renovation is always minimising demand. As for
the Richard Crossman building, this fact supposes in the climate region of Coventry, not only the
reduction of heat demand in winters but also the reduction of cooling demand in summer. For
these reasons, improvements on insulation and equipment have been carried out.

0 Insulation improvements: Curtain wall and roof improvement.

o Equipment efficiency improvements: regarding to electrical consumption, more efficient
lighting (low consumption LEDs bulbs) replaced old lighting systems, mainly in common
areas. High efficiency windows also replaced the old ones and improved both insulation
and solar gain.

Active_measures: It has been raised one solution concerning active systems: solar photovoltaic
(PV) panels.

- Barcelonadistrict hospitals, Spain:

Hospital district in Sabadell:

Corporacio Sanitaria Parc Tauli (CSPT) is a health care public legal entity with the aim of providing
high quality health care to the eastern Catalan region, Spain. The Corporation is located in
Sabadell and is reference hospital in the city of Sabadell and 12 cities located in the Valles
Occidental region. The CSPT occupies a 93.067 square meters constructed divided in 11
buildings. In this complex, the largest building is the Tauli building that has a total area of 33.958
m?2.

Sabadell region has a Mediterranean climate; summers are quite hot and mild winters.

To improve energy efficiency, from the CSPT, both passive and active measures have been
incorporated.

Passive measures:
o Envelope improvements: current windows have been replaced for high efficiency ones,
insulation have been improved implementing the EPS-G panels of GRUPO PUMA.
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o Equipment efficiency improvements: interior and exterior existing lights have been replaced
for efficient LEDs.
Active measures:
o CSPT has been chosen to implement the innovative solar thermal collector prototype from
UPC.
0 Along with these innovative solar collectors, conventional ones have also been installed to
reduce the external energy demand of the building.

Hospital district in Terrassa:

Close to CSPT, Terrassa Hospital, Spain, is a building used for in-hospital use and care. Hospital
de Terrassa is an acute care hospital with a total built surface of around 55.000 m? distributed over
13 floors, sited on a property of around 80.000 m? surrounded by forest and cropland. Hospital de
Terrassa is a medium size hospital built in 1980, with a maximum capacity of 450 beds. The
hospital is comprised by different bodies for the lower floors, and a single tower for the fourth and
upper floors. There is an independent building for cooling and heating production beside the
refrigeration towers at the northern edge of the property, next to the water purification plant and the
wastewater treatment plant. And there is a large parking area for personnel and users surrounding
all the hospital with a maximum capacity of 1100 cars. Terrassa region has a Mediterranean
climate; summers are quite hot and mild winters.

In the same line, as for CSPT both passive and active measures have been incorporated.

Passive measures:
o Envelope improvements: current windows have been replaced for high efficiency ones,
insulation have been improved implementing the EPS-G panels of GRUPO PUMA.
o Equipment efficiency improvements: exterior existing lights have been replaced for efficient
LEDs.

Active measures:
0 CST has chosen to implement the innovative High Efficient window. It has been tested in
one room of the building.
o Conventional solar collectors have also been installed to reduce the external energy
demand of the building.

- Public School District of Skelleftea City, Sweden:

Bal derskolan is one of Skell efte-b6s four Upper S
centre of Skellefted, Sweden. The area of the building is 18.900 m2.

Skellefted has a humid sub-arctic continental climate with cool summer and no dry season. Over
the course of the year, the temperature varies from -13°C to 21°C and is rarely below -24°C or
above 25°C.

To achieve good energy performance improvement and to reduce the energy consumption in this
Public School District, it has been necessary to emphasize on the use of passive solutions.

Passive measures:
o Envelope improvements: VIP panels and high efficiency windows have been installed at
one of the entrance, and insulation have been improved implementing the EPS-G panels of
Grupo Puma in one building.
o Equipment efficiency improvements: interior existing lights have been replaced for efficient
LEDs.
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Active measures:
0 COS has chosen to implement the innovative EC window at large scale on the South side
of one building.

2.2.2 Systems boundary

2.2.2.1Demosites

Due to the main object of this study is to perform a comparative analysis from the energy point of
view, the system boundaries have been defined considering the operational phase during the life
span of each demonstrator. These limits were set, due to the aim of this project is to rehabilitate
existing buildings from an energy approach, and not a new construction. Likewise, this is common
at any location.

The life-cycle stages considered for the study of the different demo-sites linked with EN 15978
(2012) 6 Sustainabil ity of Assessmeant of leovironmental pedarnkasce of
buildings-Cal cul at i ¢Figurere definiions) were the use phase and more specifically the
following stages:

- B 1 bUisestalled product d
- B 4 O6Replacement d
- B66Operational Energy Used6 including

o B 6.1 Operational Energy use i heating.

0 B 6.2 Operational Energy use i cooling.
o B 6.3 Operational Energy use i ventilation.
0 B 6.3 Operational Energy use i hot water.
0 B 6.3 Operational Energy use i lighting.
0 B 6.3 Operational Energy use i automation-control.
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Figure 4. Different steps of the building life cycle (EN 15978, 2012).

The analysis focuses primarily on the assessment of the environmental impacts from the
installation of the technologies to be evaluated over the lifetime of the building, as well as energy
reduction after the rehabilitation (energy balance and assessment of the implementation and
maintenance of the technologies).
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In this regard, the study starts with a Base Case (building without any energy efficient technologies
in the pre-retrofitting status) in which the energy consumption (electricity, gas, and fuel) generates
several negative impacts. In contrast, a Refurbished Building was evaluated (building where the
energy efficient technologies have been installed, post-retrofitting status), which involves some
impacts resulting from the installation and maintenance, as well as a minimal energy remaining,
which is expected to be less than the Base Case.

A schematic representation of the Base Case vs the Refurbished Building analysis is shown in the
Figure 5.
ENVIRONMENTAL IMPACTS OF ENERGY
- CONSUMPTION DURING LIFE-SPAN OF BUILDING
(NEGATIVE IMPACTS)

BASE
CASE

ENVIRONMENTAL IMPACTS OF ENERGY
CONSUMPTION DURING LIFE-SPAN OF
BUILDING
+ APPLIED TECHNOLOGIES
(NEGATIVE IMPACTS)

REFURBISHED
BUILDING -
ENERGY SAVED DURING THE LIFE-SPAN OF

THE BUILDING

Figure 5. Environmental impact comparison.

In essence, this approach pretends to assess and compare the actual application of the proposed
improvement measures, the processes which can be standardized more easily will be the on-site
work and life span of the building, as these phases are common at any location.

It is important to highlight that the full LCA analysis could be conducted until the technologies were
installed at full-scale and monitored. The LCA of demo-sites will include two steps: the first study
using refurbished data from energy simulations, and an update of these data using the real
monitored data.

This comparative study Base/Refurbished Case carried out for each demo-site was made following
ISO 14044:2006 guidelines on comparison between systems that should be equivalent and
comparable. Systems shall be compared using the same functional unit and equivalent
methodological considerations such as performance, system boundary, data quality, allocation
procedures, and decision rules on evaluating inputs, outputs and impact assessment.

The life span of the demo sites is defined as found in most literature cases at 50 years. This period
is not too big to include many uncertainties about the future evolution of the building, and also
allows to take into consideration possible technologieséreplacements. To set a longer life span
(e.g. 100 years) could reflect an unrealistic scenario for the subject of the possible economic
deviations, maintenance, etc.

Finally, after monitoring the demonstrators for a year, it has been possible to extrapolate the
information obtained by the number of years of life span.
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2.2.2.2Technologies

Each technology described in Section 2.2.1.1, could be considered as a product, and involve
several environmental impacts during the life span of the considered product from production to
disposal/recycling.

The separate studies of technologies will help to evaluate the burden added to the buildings
compared to the savings during the life span of demo-sites. Eco-conception recommendations are
also highlighted to help product manufacturers to determine the future steps to improve
environmental performance of their products.

As previously explained, the only possible studies are the one where production data are directly
available, which means provided by RESSEEPE partners. The products assessed in this
deliverable are the following:

- UPC solar thermal collector (UPC).

- PCM (PCM products).

- VIP (Va-Q-Tec).

- EPS-G panel (Grupo Puma).

- And super-insulated aerogel mortar (Separex & Grupo Puma).

The life-cycle stages considered for the study of the different technologies linked with EN 15804
(2012) (see Figure 4) definitions are:

- Al, Raw material supply.

- A2, transport.

- A3, manufacturing.

- Ab, construction, installation.

The A4 stage related to the transport of each technology to the installation site was not considered,
since the production location can be a sensitive factor in environmental impacts and the transport
phase was not common for all the demo-sites.

The life span of each technology being not consistent, this parameter is specified in the LCI of the
specific technology in the following parts. This data has been provided by technology partners
themselves.

2.2.3 Functional Unit

As introduced i n the séctoa Jdeéficing thg mrctomal udites essentidl too n 6

carry on with an LCA in accordance with the ISO recommendations. This functional unit, together
with methodological considerations definition gives the limit of the study and allow drawing
recommendations that are relevant only in that case. To compare with other similar studies, these
elements are also essential and need to be the same to be able to compare results.

2.2.3.1Demosites

The proposed Functional Unit (FU) for the study of demo-sites is to consider the kWh used per
square metre per year to sustain the building and give an acceptable indoor environment for
users. This FU shows the energetic consumption and savings of the technologies on the building,
leading to reduction of energy consumption. This unit allows comparison between buildings, which
have been renovated with the technologies developed within this project.
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2.2.3.2Technologies

- UPC solar thermal collector (UPC)
The functional unit of the solar thermal collector from UPC has been set as 2 square metres of
panel, which corresponds to one panel unit, not considering the auxiliary materials in the complete
solar thermal installation such as tubes, pumps, etc.

- PCM (PCM products)
To fit with the production data provided the functional unit of the PCM has been chosen as follows:
1500 Tubelce to maintain the temperature of a room at 27°C maximum (phase change
temperature).

- Insulation materials: VIP (Va-Q-Tec) & EPS-G panel (Grupo Puma)
To be able to compare results, the VIP and EPS-G panel functional unit has been defined to be the
same for both products. The FU is defined as follows: 1m2 of insulation with a thermal
resistance of 0.215 W/m2K.

- Super-insulated aerogel mortar (Separex & Grupo Puma)
As this technology is an innovative product and no options are available in the technical
performance, the functional unit has been chosen to respect the prototype developed by
SEPAREX and GRUPO PUMA. Therefore, it will not be possible to compare this insulation
technology with the other ones from the project for example. The FU is defined as follows: 1m?2
with a thermal resistance of 0.056 W/m2K.

2.2.4 Allocation procedure

Two different types of systems are studied within the LCA scope of the RESSEEPE project:
refurbished buildings and technologies for refurbishment.

In the first case, the study is focused on a comparative study of the building considering the pre-
and post-retrofitting status. As an equivalent in the benefits exist between the two states of the
building, allocations are not necessary. The environmental impacts of the demo-sites can be
compared directly without allocation. This analysis will be included in the D6.2 report.

In the second case, the study is focused on a specific study describing the LCA within the specific
boundaries of one technology. The main processes are as detailed as possible to avoid the use of
allocation. In the case allocation is used, assumption and allocation methods are clearly described.
This is the case of the present report.

2.2.5 Impact Assessment

In this project, the CML 2000 method was used to determine the environmental profiles of building
services and related processes, as it uses multiple indicators at midpoint level. This method
therefore provides detailed information about several environmental impact categories related to
climate systems with a relatively low level of uncertainty in the quantification method. The
environmental impact categories assessed in the CML 2000 method are a selection of the most
commonly used indicators in LCA studies. The impact categories considered in this research are
listed in Table 2. The complete set of environmental impact categories is known as the
Afenvironment al profil eo. Marine aquatic ecot
CML method, is not considered, due to significant problems associated with the calculation of the
impact in the CML method (Sim et al., 2007).
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These problems are related to the time a substance is present in the marine ecosystem and
missing data for normalization. The characterization models regarding the influence of metals on
ecotoxicity contain flaws regarding the time they are present in ecosystems and in what form,
which determines if they are harmful or beneficial; therefore, the results of the ecotoxicity impact
categories have a higher level of uncertainty.

The impact categories considered were: global warming, ozone layer depletion, human toxicity,
acidification, eutrophication and primary energy demand. A brief description of each one is shown
as follows:

1. Global warming potential (GWP)

Global warming potential (GWP100) is defined as the impact that human emissions have

on the radiative forcing of the atmosphere (i.e. heat radiation absorption), which is best
known as the fAgreenhouse eff ect OradiatWwe forcing,o f t h
causing the earthés temperature to rise. Radi
ecosystem and human health as well as material welfare. The global warming potentials of
greenhouse gases are given in kg CO; equivalent/kg emission for a 100-year time period
(GWP100) (Sim et al., 2007). According to the IPCC (2001), over a 100-year time period,

CHs and N2O are 21 and 296 times respectively more effective at trapping heat in the
atmosphere than CO..

2. Ozone depletion potential (ODP)

Ozone depletion potential (ODP) measures the potential of anthropogenic emissions to

deplete or thin the stratospheric ozone layer. The thinning of the ozone layer allows greater
amountsof UV-B r adi ation to reach t he-Bé&wlstahthreates ur f ac
human and animal health, terrestrial and aquatic ecosystems, biochemical cycles and

materials. The World Meteorological Organization (WMO) developed this model to define

the potential of different gases to deplete the ozone layer. The characterization factor of

ODP for each emission to the air is in kg CFC-11 equivalent/kg emission (Guinée, 2002).

3. Human toxicity (HTP): This category concerns effects of toxic substances on the human
environment. Health risks of exposure in the working environment are not included.
Characterization factors, Human Toxicity Potentials (HTP), are calculated with USES-LCA,
describing fate, exposure and effects of toxic substances for an infinite time horizon. For
each t oxi c substance H T P-dichlorohenzzne equipateetss &g d as
emission. The geographic scope of this indicator determines on the fate of a substance and
can vary between local and global scale. (SimaPro, 2015; Huijbregts, 1999).

4. Acidification potential (AP)

Acidifying pollutants have a wide variety of impacts on soil, groundwater, surface waters,
biological organisms, ecosystems and materials. Some examples of these impacts include
fish mortality, forest decline and the crumbling of building materials. The major acidifying
pollutants are SO,, NOx and NHx. Acidification is reflected in deposition and/or acidification
critical load.

Acidifying Potential (AP) for each acidifying emission is calculated in kg SO, equivalents/kg
emission (Guinée, 2002). According to the CML baseline method, NHs;, NOx and SOx
correspond to 1.6, 0.5 and 1.2 kg SO eqg/kg, respectively (Sim et al., 2007).
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5. Eutrophication potential (EP)

Eutrophication covers all potential impacts of the release of high levels of macronutrientsd
most importantly nitrogen (N) and phosphorous (P) to the environment. Nutrient enrichment
can cause an undesirable shift in species composition and an elevated level of biomass
production in both aquatic and terrestrial ecosystems. In aquatic ecosystems, an increase
in biomass production may lead to reduced oxygen levels as increased oxygen is
consumed to decompose biomass (measured as BOD).

In short EP is the N/P deposition equivalent in biomass. EP for each eutrophying emission
to air, water and soil is expressed in kg PO4* equivalent/kg emission (Sim et al., 2007).

6. Cumulative Energy Demand (CED)

The Cumulative energy demand (CED) of a product represents the direct and indirect
energy use in units of MJ throughout the life cycle, including the energy consumed during
the extraction, manufacturing and disposal of the raw and auxiliary materials. (Chapman et
al., 1974; Frischknecht et al., 1998)

The total CED is composed of the fossil cumulative energy demand (i.e., from hard coal,
lignite, peat, natural gas, and crude oil) and the CED of nuclear, biomass, water, wind, and
solar energy in the life cycle (VDI, 1997). Typical upper heating values for the primary
energy resources required in the CED calculations were taken from the ecoinvent database
(Frischknecht & Jungbluth, 2014).

Table 2. The environmental impact categories considered in the CML 2000 method.

Common
Impact Possible Description of
Category Scale Examples of LCI Data Characterization Characterization Factor
Factor
Carbon Dioxide (COx2)
Nitrogen Dioxide (NO2)
Global Methane (CHa) Global Warming Converts LCI data to
Global carbon dioxide (COx2)
Warming 100a Chlorofluorocarbons (CFCs) Potential equivalents
Hydrochlorofluorocarbons (HCFCs)
Methyl Bromide (CH3Br)
Chlorofluorocarbons (CFCs)
Stratospheric
Hydrochlorofluorocarbons (HCFCs) | Ozone Depleting Converts LCI data to
Ozone Global trichlorofluoromethane
Halons Potential (CFC-11) equivalents
Depletion
Methyl Bromide (CH3Br)
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Sulfur Oxides (SOx)

Nitrogen Oxides (NOx)

Regional Acidification Converts LCI data to
Acidification Hydrochloric Acid (HCL) hydrogen (H+) ion
Local Potential equivalents

Hydroflouric Acid (HF)

Ammonia (NHa)

Eutrophication Local Nitrogen Dioxide (NO2)

Phosphate (PO4)

Converts LCI data to

Nitrogen Oxide (NO) phosphate POa)

Eutrophication
Potential equivalents
Nitrates

Ammonia (NHa)

Human toxicity Nitrogen dioxide (NO2)

Arsenic (As)

Mercury (Hg)
roca Human Toxicity _
Potential dichlorobenze (DB)

Global _ equivalents
Sulfur Oxides (SOx)

Carcinogenic PAHs

Non renewable, fossil

Regional Non renewable, nuclear Cumulative Energy | Converts LCI data to MJ

Local Demand equivalents

Renewable, biomass, wind, solar,
geothermal and water

CED

In terms of CED, the energy consumed in a building translated into environmental impacts depend
on the country where it is based, as each country has a share of more nuclear or more renewable

energy supply.

2.2.6 Datarequirements

Primary source of data to carry out the different LCA analysis developed in this report include
several sources, such as demo-site partners, technology partners, literature, patents etc. In
practice, the data used include a mixture of measured, calculated or estimated data.

Data validated and used in this study use relevant sources such as the owner of the
technology/demo-site himself or data from peer reviewed articles, serious scientific platforms etc.

The data used to describe the demo-sites within the boundary of the study describe the primary
envelope of the buildings, the energy use in the building for one year and the energy systems used
within the buildings. Energy parameters depending of the location of the building (electric mix)
have been adjusted for each case.

RESSEEPE Deliverable Report 30

Converts LCl datato 1,4




The data used to describe the technologies within the boundary of the study, describe the energy
and material flows linked with the LCA phases considered (in accordance with the specific

functional unit). Energy parameters depending on the location of the production site (electric mix)
have been adjusted for each case.
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3 LIFE CYCLE INVENTORY ANALYSIS

3.1 Data Inventory i Demo-sites

3.1.1 Methodology of the Inventory

The life cycle inventory is performed using, as a basis, the specific goal and scope previously
defined for the demo-sites. For this purpose, a specific template has been designed using the
preliminary steps as a basis. This template has been completed by VTG using existing available
data from the project and the missing data has been provided by the demo-site partners. The
template is an excel sheet separated into two tabs: one for the pre-retrofitting status and the other
for the post-retrofitting status (Annex 1).

The template aims to provide enough knowledge to then evaluate the environmental impacts, but
also to have a complete description to be able to compare the results knowing in which context the
retrofit has been done.

Below is a list of the main points asked to demo-sites supervisors about their buildings, for the
current status, but also for the status after retrofitting:

- Building characteristics (age, heated surface);
- Building lighting (quantity and technical characteristics);
- Heating system (quantity and technical characteristics);
- Air treatment system (quantity and technical characteristics);
- Ducts and pipes (quantity and technical characteristics);
- Building envelope (roof characteristics, wall characteristics);
- Building glazing (quantity and technical characteristics);
- Inputs:
A Energy consumption (energy source, amount);
A Water consumption (source, amount);
- Outputs:
A Energy production (system, type, energy production amount);
A Wastes:
- Other (other points to highlight).

3.1.2 Presentation of the main data

As explained in the scope of the study related to the demonstration buildings, the LCA focuses on
the use stage. The main data for each one of the use phase of the demo-sites linked with the
functional unit, which is the kWh consumed per square metre per year, is the energy consumption
for one square metre in the building, pre- and post-retrofitting.

As the LCA is separated into two studies, the description of the relevant data used for the LCA is
developed in the deliverable D6.2. The results of the LCA applied in the demo-sites will be also
presented in the deliverable D6.2.

3.2 Data Inventory i technologies
3.2.1 Methodology of the Inventory

The Inventory methodology for the studied technologies, is similar as for the one for the demo-
sites. Using as a basis the specific goal and scope previously defined for the technologies, a
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specific template has been designed using the preliminary steps as a basis. This template has
been completed by the technologies partners. The template is an excel sheet gathering all
necessary categories to carry on with the LCA of each technology (Annex 2). The use phase of the
technology has been implemented to provide input data during the operational phase for the
building material/energy flows for the buildings LCA.

The information related to the functional unit has been filled by VTG and the rest of the categories
have been filled by the partners. Below is a list of the main categories chosen to be part of the
inventory (the categories have been adapted for each technology):

- Description of the technology;
- General data (life span of the technology, technical characteristics (surface, thermal
resistance, thickness etc.))
- Production phase, for each process within the production phase:
0 Inputs:
A Raw materials (fresh water, other materials);
A Process energy (net electricity consumption, fuel consumption);
o Outputs:
A Main product;
A By-products;
A Waste (wastewater, materials, oil waste, other liquid/solid residue);
o Other environmental aspects
- Installation phase, installation of the technology on-site:
0 Inputs:
A Materials (fresh water, other materials);
A Energy needs (net electricity consumption, fuel consumption);
o0 Outputs:
A Removed material/technology;
A Waste (wastewater, materials, oil waste, other liquid/solid residue);
o Other environmental aspects
- Use phase, operation and maintenance per year:
0 Inputs:
A Materials (fresh water, other materials);
A Energy needs (net electricity consumption, fuel consumption);
0 Outputs:
A Removed material/technology;
A Waste (wastewater, materials, oil waste, other liquid/solid residue);
o Other environmental aspects.

3.2.2 Presentation of the main data

In order to complete the inventory and fit with the goal and scope of the specific technology,
estimations or cut-offs have been made and are highlighted in the following inventories of each
studied technology. Some adaptations of the raw data have also been necessary to fit with the
requirements of SimaPro® and the ecoinvent database.

According to ISO 1444:2006, the major headings under which data have been collected and
classified include: energy inputs, raw material inputs, ancillary inputs, other physical inputs;
product, co-products and waste; releases to air, water and soil; and, other environmental aspects.

3.2.2.1Data Inventory- Solar thermal collectog UPC

The solar thermal collector data inventory has mainly been provided by UPC following the goal and
scope definition (Table 3). The data provided were of good quality to be implemented directly

RESSEEPE Deliverable Report 33



ke

==
£
» - -
n

inside the model of the software; only a few estimations were made to fulfil the inventory quality
validation.

The production of the solar thermal collector comprises the assembly of several materials, as well
as some manufacturing processes. The additional elements being part of the complete installation,
such as network tubes, tanks or pumps are not considered in this study. Only the panel is
considered. From the data provided by the technology provider and literature, the LCI have been
modelled (Table 4).

Estimations and base for calculations to complete the inventory of solar thermal collector:

- The selective coating used (Mirotherm © from Alanod) based on an aluminium substrate
deposited by physical vapor deposition (PVD) had no equivalent from the databases. An
estimation of the process was made using an equivalent process from ecoinvent for
physical vapour deposition of titanium dioxide replacing titanium dioxide by aluminium.

- The aluminium coating used and described from UPC as an aluminium foil 2 mm thick was
estimated by an aluminium sheet, with a density of 2.7 g/cm?3.

- The insulation material used by UPC in its solar thermal collector does not appear in the
databases. After an extensive literature analysis, it was not possible to extract enough data
for the production of cellulose triacetate to be able to extract correct guidelines for this
product. It was decided to estimate this material using a similar product also used in solar
collector: polycarbonate. The production of the honeycomb is not taken into account, only
the raw material was considered.

Table 3. General data - solar thermal collector.

Limits of the data collection Value
Life span of the technology (year: 20
Surface of one panel (m? 2

Power of one panel (W) 2000

Country: Spain

Table 4. Life Cycle Inventory - solar collector.

Production Phase | Quantity | Unit | Database | Comment
INPUTS

Sheet rolling, copper /RER U 5.6 kg Ecoinent 2.2

Copper tube, technology mix, consumptior

mix, at plant, diameter 15 mm, 1 mm 9.4 kg ELCD

thickness Et15 S

Polyurethane, rigid foam, at plant/RER U 5.5 kg Ecoinvent 2.2

Synthetic rubber, at plant/RER U 0.2 kg Ecoinvent 2.2

3olar glasdpw-iron, at regional storage/RE 18 kg Ecoinvent 2.2

Aluminum, production mix, at plant /RER U 3 kg Ecoinvent 2.2

Soft solder, Sn97Cu3, at plant/RER U 0.4 kg Ecoinvent 2.2

Anti-reflex coating, etching, solar glass/DK 2 m2 Ecoinvent 2.2

Mirotherm (C)

Sdective coatl'n'g, copper sheet, physical 5 m2 RESSEEPE from Alanod
vapour depositionaluminium substrate aluminum
RESSEEPE PROJECT/U substrate
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deposited by PVD

Aluminium sheet, primary prod., prod. Mix,

aluminium semfinished sheet produdRER | 2.052 kg ELCD S=3.8m2, e=0.1mn
S

Silicon product, at plant/RER U 0.1 kg Ecoinvent 2.2

Polycarbonate, at plant/RER U 0.5 kg Ecoinvent 2.2 TIM raw material

Electricity, medium voltage, at grid/ES U 2.4 kWh Ecoinvent 2.2

OUTPUTS

Solar thermalcollector 2 m?2 -

Installation Phase Quantity | Unit Database Comment

INPUTS

Tap water, at user /RER U 22 kg Ecoinvent 2.2

Polypropylene glycol, liquid, at plant/RER 2 kg Ecoinvent 2.2

OUTPUTS

None \ - E - \ -

Installation Phase | Quantity | Unit | Database | Comment

INPUTS

None \ - | - ] - \ -

OUTPUTS

None \ - | -] - \ -

3.2.2.2Data Inventory- Phase Change MateriglPCM Products

The PCM is a technology produced by PCM products within the RESSEEPE project. The main
data have been provided by the technology partner using the goal and scope definition as a basis
(Table 5) and only a few estimations were necessary to complete the inventory.

The main production principle of the Tubelce S27 PCM consist on a mixture of hydrated salt with
water, encapsulated. The mixture is the PCM and the encapsulation keep the fluid in a recipient
where it is free to freeze and melt. From the data provided by the technology and literature, the LCI
has been modelled (Table 6).

Estimations and base for calculations to complete the inventory of the Tubelce PCM:
- The encapsulation has been estimated as high density polyethylene, extruded to produce

tubes.
Table 5. General datai PCM.
Limits of the data collection Value
Life span of the technology (years: 25
Amount considered (Tubelce] 1500
PCM material Hydrated salts, mainly CaCl,
Country: United kingdom
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Table 6. Life Cycle Inventory i PCM.

Production Phase | Quantity | Unit | Database | Comment

INPUTS

Tap water, at user/RER U 675 kg Ecoinvent 2.2

Calcium chloride, CaCl2, at region _
storage/CH U 1.575 kg Ecoinvent 2.2

Polyethylene, HDPE, granulate, at 295

plant/RER U kg Ecoinvent 2.2

1kg of this process gives
225.9 kg Ecoinvent 2.2 0.996kg of etruded
Extrusion, plastic pipes/RER U plastic pipes

Electricity, medium voltage, at _
grid/ES U 146 kWh Ecoinvent 2.2

OUTPUTS

Tubelce | 1500 | piece | RESSEEPE]

WASTES

None \ - | -] - \ -

Installation Phase | Quantity | Unit | Database | Comment

INPUTS

None ] :

OUTPUTS

None \ - | -] - \ -

Installation Phase | Quantity | Unit | Database | Comment

INPUTS

None \ - \ -] - \ -

OUTPUTS

None \ - \ -] - \ -

3.2.2.3Data Inventory- Vacuum Insulation PanelsVaQ-Tec

The VIP is a technology provided by Va-Q-TEC within RESSEEPE from which the main data have
been gathered following the goal and scope description of the study (Table 7). As provided, the
data from Va-Q-Tec were general, as they do not produce themselves some important
components, such as the core material or the barrier film. To be able to study this product, some
estimations and calculations have been necessary to highlight the main inventory to extract main
environmental contributors. As the data were partly estimated, the study might not correspond as
close as it could be from reality, but main ideas and contributors to inventory of the product within
the boundaries have been estimated and highlighted (Table 8).

The following estimations have been made in order to be able to highlight an inventory, which can
be studied. As explained, main raw materials used for production of the panels are already
manufactured and have been through industrial processes before it arrives at Va-Q-Tec facilities. A
simplified estimation of their production process has been made using existing data from literature
and do not take into account the complete manufacturing process, emissions, energy needs, or
transport due to the lack of data. However, these simplified descriptions of the manufactured
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materials used as inputs to the production of VIPs support the study, highlighting main production
contributors.

The production process of VIPs comprises a core material made from fumed silica, which is cut
and wrapped in several films to ensure permeability and protection of the core. Vacuum is then
made inside the panels to improve its insulation properties. In addition to this, Va-Q-Tec insert a
small sensor in the panel. The transport from the manufactured materials used as inputs to Va-Q-
Tec production is not taken into account.

A summary of the inventory provided by Va-Q-Tec can be described as follow: the manufactured
fumed silica is cut, then wrapped into a manufactured dust filter envelope and wrapped in a
manufactured multi-layer metalized polyester film, the sensor is installed and vacuum is made.

Estimations and base for calculations to complete the inventory of VIP:

- The fumed silica production process estimation is described in Annex 3.

- The dust fibre has been estimated as polyethylene (PET) fibre material with a density of
0.96g/cm?.

- The barrier film, multi-layer metallized polyester films with linear low density polyethylene
(LDPE) heat seal layer and halogen free flame coating has been estimated as a LDPE film
(density=940kg/m?®) coated using an aluminium coating, deposited by physical vapour
deposition.

- The Va-Q-check sensor is taken into consideration as a simple steel amount.

- The glue needed during installation has been estimated as polysulphide, a sealant. As the
technology provider mentioned that several glues are possible polysulphide sealant was
chosen as the most one of the most unfavourable choice, showing higher impacts than
basic plaster plus water for example.

- As it is difficult to describe an end-of-life scenario for one specific product, when no specific
details are available, it is better to use general scenario for each component. The wastes
induced by production, such as core material or barrier films as been described following
the average construction waste recycling scenario for the core material and incineration for
the envelop films based on the EPD from Dow Corning (2013) end-of-life scenario
assuming a 100% collection rate.

Table 7. General Data i VIP.

Limits of the data collection Value
Life span of the technology (year: 25
Surface (m?); 1
Thermal resistance (W/m2K 0.215
Thickness (mm) 20
Country: Germany

Table 8. Life Cycle Inventory i VIP.

Production Phase | Quantity | Unit | Database |  Comment
INPUTS

Fumed SilicaRESSEEPE 3.645 kg RESSEEPE Fumed silica
Polyethylene terephthalate fibres (PEWin Dust filter
demethyl terephthalate (DMT), prod. Mix, 0.56 kg ELCD L '

EU 27 S density=0.96g/crh
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. LDPE, barrier film,
Packaging film, LDPE, at plant/RER U 027965 | kg Ecoinvent 2.2 density=940kg/m
Selective coating, copper sheet, physical Metalization
vapour depositio, aluminium substrate 2.975 m2 RESSEEPE barrier film,
RESSEEPE PROJECT/U aluminiumPVD
Steel, lowalloyed, at plant/RER U 0.00315 | kg Ecoinvent 2.2 VaQ-check sensor
OUTPUTS
VIP Panel | 1 | m2 | RESSEEPE |
WASTES
Waste incineration of plastiqsinspecified) .
fraction in municipal waste (MSW) 23 0.2372 | kg Envelope material
Dlspo_sal, building, concrete gravel, to 0.045 kg Core material
recycling/CH U
Installation Phase | Quantity | Unit | Database |  Comment
INPUTS
Polysulphide, sealing compodn at .
plant/RER U 1 kg Ecoinvent 2.2 Glue
OUTPUTS
None [ - [ -] - | -
Installation Phase | Quantity | Unit | Database |  Comment
INPUTS
None [ - [ -] - | -
OUTPUTS
None [ - [ -] - | -

3.2.2.4Data Inventory- Expanded polystyrene panels with graphiteGrupo Puma

The EPS-G panel is a technology provided by Grupo Puma within the RESSEEPE project. Using
the goal and scope definition as a basis (Table 9), data from the technology provider has been
collected which represent the main source of information. No estimations were necessary to make
the inventory of this technology, as the data provided was sufficient after clarifications from Grupo
Puma.

The main production principle of EPS-G consists of the expansion of polystyrene granules with
graphite, moulding of blocks, compression and cutting. The metallic profiles and anchor of the
system are not considered in this study. From the data collected, the LCI has been modelled
(Table 10).

Table 9. General data - EPS-G.

Limits of the data collection Value
Lifespan of the technology, minimum value (yeat 25
Surface (m?2)] 1
Thermal resistance (W/m2K 0.215
Thickness (mm) 150
Country: Spain
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Table 10. Life Cycle Inventory - EPS-G.

Production Phase | Quantity | Unit | Database | Comment
INPUTS
Tap water, at user/RER U 0.4 kg Ecoinvent 2.2

Polystyrene, expandable, at plant/RER U] 2.2275 | kg Ecoinvent 2.2

1% of the total

Graphite, at plant/RER U 0.0225 | kg Ecoinvent 2.2 polystyrene+graphite

Electricity, medium voltage, at grid/ES U | 0.075 | kWh Ecoinvent 2.2

Biomass 0.067 kg Ecoinvent 2.2

OUTPUTS

EPSG Panel | 1 | m®|  RESSEEPE |

WASTES

Emission to aif Ammonia 0.01343| kg

Emission to air Sulfur monoxide 0.00067 | kg

Final waste flowsWood ashes 0.0469 | kg

Comment

Installation Phase | Quantity | Unit | Database

INPUTS

None \ - E - \ -

OUTPUTS

None \ - B - \ -

Installation Phase | Quantity | Unit | Database | Comment

INPUTS

None \ - B - \ -

OUTPUTS

None \ - B - \ -

3.2.2.5Data Inventory- Superinsulated aerogel mortag SEPAREX Grupo Puma

The super-insulated aerogel mortar is the product made from of a mutual collaboration within the
RESSEEPE project between Separex and Grupo Puma. The product installed in the frame of the
project is a prototype and aims to demonstrate the viability and efficiency of the technology. Using
the goal and scope definition as a baseline (Table 11), data from the technologies providers have
been gathered. These data are the main information sources; however, some estimations and
calculations were necessary to fulfil the inventory quality, mainly on the aerogel granules
production process.

The main production principle of super-insulated aerogel mortar is very simple and consists in
mixing the aerogel granules with conventional cement mortar. Once on-site, water is added to the
aerogel mortar mixture to facilitate the application and allow the mortar to dry on the facade. From
the data collected, the LCI has been modelled (Table 12).

The main estimations made for this product are related to the production process of aerogel
granules. The process, estimations and calculations of aerogel granules are developed in Annex 4.
The life span of super-insulated aerogel mortar has been set at 10 years, which is the estimated
life span for the aerogel granules alone. However, no data about the interaction with mortar is
known and this value could change when mixed with mortar in reality.
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Table 11. General data- super-insulated aerogel mortar.

Limits of the data collection Value
Life span of the technologystmated value for aerogel (years 10
Surface (m2) 1

Thermal resistance (W/m2K 0.056
Thickness (mm) 40

Surface tension (MN/m 34-38

Country: Spain

Table 12. Life Cycle Inventory - super-insulated aerogel mortar.

Producion Phase | Quantity | Unit | Database | Comment
INPUTS

Cement mortar, at plant/ CH U 7.8 kg Ecoinvent 2.2

Aerogel granules (SEPAREX) 0.2 kg RESSEEPE From Separex

Electricity, medium voltage, at grid/ES U 1.35 kWh

Ecoinvent 2.2

OUTPUTS

Dry aerogel nortar mixture | 8 | kg |

RESSEEPE

WASTES

Dust, unspecified | 9.80E04 | kg |

Installation Phase | Quantity | Unit |

Database

\ Comment

INPUTS

Tap water, at user /RER U | 104 | kg |

Ecoinvent 2.2

| To cover 1m2

OUTPUTS

None | - ] -]

Installation Phase | Quantity | Unit |

Database

\ Comment

INPUTS

None | - ] -]

OUTPUTS

None ‘ - ‘ - ‘
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4 LIFE CYCLE IMPACT ASSESSMENT OF THE
TECHNOLOGIES

Using the LCIs as a basis, the environmental impacts for the studied systems are presented in this
part. This LCIA aims to achieve the goal and scope of the study.

Within the goal of the study, which is to improve the building performance at the use stage, using
the LCA results of the technologies as a basis, some eco-design guidelines will be highlighted for
each one of the products. Indeed, during the life span of the building, it might be necessary to
replace the technologies or to make some maintenance, which can imply an addition of
environmental impacts.

The main principles of eco-design are based on simple rules to follow such as: reduce the material
or energy consumption during production, improve life span of the product, use recyclable
materials easy to disassemble and think about the use phase of the product. Taking into account
the use phase of one product allows the reduction of energy/material needs during utilisation by,
for example, limiting maintenance, taking into account user behaviour and taking into account the
end-of-life of the product. These simple rules might be followed using common sense avoiding to
shift the impact to another phase or increase the overall impacts of the product. Applying an eco-
design methodology to its product is a real opportunity for a company. It allows to know the
material and energy flows, to innovate, to reduce the risks and foresee crisis situations (such as an
increase in energy or raw materials prices), to be differentiated from competitors, to respect and
anticipate the regulations (limiting the financial impacts), to reduce the production costs, to
anticipate the market expectations, to be more respectable in front of customers, etc. (UVED,
2016).

4.1 UPC solar thermal collector (UPC)

The contributions to environmental impacts of the solar thermal collector are presented in Figure 6
for the results extracted from the CML 2000.
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Environmental impacts for solar thermal collector from UPC

Eutrophication

Acidification

Human toxicity

Oronelayer depletion _

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
m Sheet rolling, copper/RER U B Copper tube, technology mix, consumption mix, at plant, diameter 15 mm, 1 mm thickness EU-15S
m Polyurethane, rigid foam, at plant/RER U m Synthetic rubber, at plant/RER U
W Solar glass, low-iron, at regional storage/RER U B Aluminium, production mix, at plant/RER U
m Soft solder, Sn97Cu3, at plant/RER U B Anti-reflex-coating, etching, solar glass/DK U

W Selective coating, copper sheet, physical vapour deposition, aluminium substrate RESSEEPE PROJECT/ U B Aluminium sheet, primary prod., prod. mix, aluminium semi-finished sheet product RER §
m Silicone product, at plant/RER U | Polycarbonate, at plant/RER U
Water, deionised, at plant/CH U B Propylene glycol, liquid, at plant/RER U

M Electricity, medium voltage, at grid/ES U

Figure 6. Environmental impacts solar thermal collector from UPC.
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There is no main compound responsible for al
O6Al umi ni umd ar e i n t ¢ for efhch wategofy,i except eutrophication forut o r
OAl umi ni umo

The copper tubes are the main contributor (73.5%) of the eutrophication potential of the solar
thermal collector; the other components have a much lower contribution (4.9% for the sheet rolling,
4.7% for the solar glass, etc.). Propylene glycol is the main contributor to ozone layer depletion
(34.1%) and human toxicity (64.8%). Due to this element, the installation stage has a significant
impact only for these two impacts categories (compared to the production stage). The other major
contributions to the ozone layer depletion were the copper tubes (16.2%), the solar glass (16.1%)
and the aluminium (13.9%). For human toxicity, the other significant contributions come from
aluminium (13.0%) and aluminium sheet (9.4%). Solar glass (23.9%) and soft solder (22.7%) are
the main contributions to the acidification potential, followed by aluminium (15.1%), polyurethane
foam (12.8%) and copper tubes (7.2%). The global warming potential is due to the aluminium
(22.9%), the polyurethane (21.5%), the solar glass (17.2%) and in a smaller extends to the copper
tubes (8.5%) and the propylene glycol (7.0%).

In terms of Cumulative Energy Demand, the main demanding elements are the polyurethane
(27.7%), the Aluminium (19.6%) and the solar glass (12.1%). These three elements are also the
main contributor to the non-renewable energy demand with 29.1%, 17.4% and 12.7%,
respectively. Propylene glycol (10.2%), copper tubes (8.8%) and aluminium sheet (5.1%) also
have a significant contribution. For the renewable energy demand, it can be noticed that the
aluminium (49.3%) and aluminium sheet (15.2%) have the main impacts.

Main contribution is shown for each impact in Table 13.

Table 13. Environmental impacts - solar collector from UPC.

. . . Main
. Production On-site Main S
PETEIISIS] =l Stage installation e contribution cont(r(l)z ;J tion
GWP kg CO2eq 1.01E+02 7.56E+00 1.09E+02 Aluminium 22.93
ODP | kgCFC-11eq | 7.23E-06 3.75E-06 1.10E-05 Prgf}’)g;”e 34.10
HTP kgl4-DBeq | 1.34E+01 | 248E+01 | 3.82E+01 PrgE/)lene 64.81
AP kg SO2 eq 7.15E-01 2.87E-02 7.43E-01 Solar glass 23.85
EP kg POseq 3.01E-01 1.03E-02 3.11E-01 Copper tube 73.53
Total Non-
renewable MJ 1680.57 190.69 1871.26 Polyurethane 29.10
Total .
Renewable MJ 134.28 6.46 140.74 Aluminium 49.28
The Table 14 shows the detailed cumulative energy demand for the solar collector.
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Table 14. Cumulative energy demand - solar collector from UPC.

Non renewable CED | Renewable CED | Total CED
Total UPC solar panel 1871,26 MJ 140,74 MJ 2012,00 MJ
Sheet rolling, copper 1,77% 1,46% 1,7%
Copper tube 8,8% 5,46% 8,6%
Polyurethane, rigid foam 29,1% 9,53% 27, 7%
Synthetic rubber 0,93% 0,25% 0,9%
Solar glass, low-iron 12,73% 3,63% 12,1%
Aluminium 17,38% 49,28% 19,6%
Soft solder, Sn97Cu3 6,0% 4,0% 5,9%
Anti-reflex-coating 2,24% 3,26% 2,3%
Selective coating, copper
sheet 1,41% 0,92% 1,4%
Aluminium sheet 5,1% 15,2% 5,8%
Silicone product 0,29% 0,52% 0,3%
Polycarbonate 2,86% 0,17% 2,7%
Water 0,02% 0,03% 0,0%
Propylene glycol 10,17% 4,56% 9,8%
Electricity 1,21% 1,74% 1,3%

Some of the materials used to produce the solar thermal collector are highly and easily reusable or
recyclable at the end of the service life of the product. This is especially the case of metals (e.g.
aluminium and copper tubes). To reduce the potential environmental impacts of the solar thermal
collector, the components should be selected according to their recyclability and the design
adapted to ease the dismantling.

4.2 PCM (PCM products)

The contributions to environmental impacts of one Tubelce from PCM Products are presented in
Figure 7 for the results extracted from the CML 2000.
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Environmental impacts for one Tubelce PCM from PCM Products

Eutrophication

Acidification

Human toxicity

Ozone layer depletion

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Tap water, at user/RER U B Calcium chloride, CaCl2, at regional storage/CH U
M Extrusion, plastic pipes/RER U B Polyethylene, HDPE, granulate, at plant/RER U

| Electricity, medium voltage, at grid/GB U

Figure 7. Environmental impacts contribution for one Tubelce PCM from PCM products.
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The production of plastic pipes has a high impact on the complete product, whereas the use of
6Tap waterdé and oO6Calcium chlorided are al most ne
impacts lower than 1%.

The main contributor to the primary use of non-r enewabl e energy sources i s
encapsulation production with a contribution of 85%. The contributors to the use of renewable

primary sources are almost at the same percentage, around 45%,and ar e OExtrusi on,
and 6Polyethyl enebd.

The Polyethylene HDPE is the main contributor to eutrophication potential (57.4%), acidification
potential (67.5%) and global warming potential (71.8%). For these three impact categories, the
others significant contributions come from the plastic extrusion (between 13.6% and 23.8%) and
the electricity consumption (between 13.4% and 17.8%). The extrusion process (69.7%) is the
main contributor to the ozone layer depletion together with the electricity consumption (28.1%).
The extrusion (42.0%), the polyethylene HDPE (33.7%) and the electricity consumption (23.4%)
are the main contribution to the human toxicity potential. The water and the salt have both low
contributions to the overall impacts for all the categories. Nevertheless, it had to be considered that
the calcium chloride only had be selected in the simulation to represent the various salts used in
reality; the real impacts could be slightly different.

Main contribution is shown for each impact in Table 15.

Table 15. Environmental impacts i Tubelce PCM from PCM Products.

. . . Main
Parameter Unit Production | On-site Total VAl contribution
Stage installation contribution (%)
GWP kg CO2z eq 4,03E-01 - 4,03E-01 Polyethylene 71.80
ODP |kgCFC-11eq| 5,04E-09 : 504E-09 | Extrusion, 69.67
plastic pipes
HTP kgl4-DBeq | 1,49E-02 - 1,49E-02 Extrusion, 42.02
plastic pipes
AP kg SOz eq 1,45E-03 - 1,45E-03 Polyethylene 67.47
EP kg PO4 eq 1,13E-04 - 1,13E-04 Polyethylene 57.37
Total Non- MJ 12,20 . 12,20 Polyethylen 84.69
renewable ' ' olyethylene )
Total Extrusion,
Renewable MJ 013 i 0.13 plastic pipes 45.57

The cumulative energy demand of the PCM product is mainly due to the use of polyethylene HDPE
(83.8%) and in a lower part to the extrusion process (8.5%) and the electricity consumption (7.6%).
However, the extrusion process has an important contribution (45.6%) to the renewable cumulative
energy demand. The detailed CED is shown in Table 16.
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Table 16. Cumulative Energy Demand i Tubelce PCM from PCM Products.

Non renewable Renewable Total

Total PCM 13,530 MJ 0,302 MJ 13,832 MJ
Tap water 0,02 % 0,09 % 0,02 %
Calcium chloride,

CaCl2 0,07 % 0,16 % 0,07 %
Extrusion, plastic pipes 7,65 % 45,57 % 8,48 %
Polyethylene, HDPE 84,69 % 44,65 % 83,82 %
Electricity 7,57 % 9,53 % 7,61 %

The analysis made for the PCM products was simplified to simulate the environmental impacts of
the various salts used in reality. The real impact of this technology could be slightly different than
what has been calculated previously. The encapsulation process (polyethylene HDPE and its
extrusion into pipes) is responsible for the main part of the impact (more than 70% is all
categories). Therefore, the material used should be carefully selected, considering its technical
properties, its lifespan and its recyclability.

4.3 VIP (Va-Q-Tec)

The contributions to environmental impacts of 1m2 of VIP from Va-Q-Tec are presented in Figure 8
for the results extracted from the CML 2000.
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Environmental Impacts for 1m? of VIP from Va-Q-Tec

Eutrophication

Acidification

Human toxicity

Ozone layer depletion

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Fumed silica - RESSEEPE B Polyethylene terephthalate fibres (PET), via dimethyl terephthalate (DMT), prod. mix, EU-27 S
M Packaging film, LDPE, at plant/RER U M Selective coating, copper sheet, physical vapour deposition, aluminium substrate
m Steel, low-alloyed, at plant/RER U W Polysulphide, sealing compound, at plant/RER U
W Electricity, medium voltage, at grid/DE U W Waste incineration of plastics (unspecified) fraction in municipal solid waste (MSW) EU-27

W Disposal, building, concrete gravel, to recycling/CH U

Figure 8. Environmental impacts contribution for 1m2 of VIP from Va-Q-Tec.
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The main contributor to all environmental impact categories is fumed silica with a contribution from
65.5% (global warming potential) up to 97.3% (ozone layer depletion) to all impact categories. The
others significant contributors for eutrophication potential are the electricity consumption (10.4%),
the selective coating (7.5%) and the polysulphide (7.4%). The contributions of these three
elements are in the same range for the global warming potential. For acidification potential, beside
fumed silica (77.8%), polyethylene terephthalate fibres (7.7%) and polysulphide (6.5%) have
noticeable contributions. The electricity consumption (3.9%) and the selective coating (2.9%) are
the most significant contribution to human toxicity after fumed silica (88.1%). Fumed silica has a
huge contribution to ozone layer depletion (97.1%) and only polyethylene contributes for more than
1% in this impact category.

Main contribution is shown for each impact in Table 17.

Table 17. Environmental impacts i VIP from Va-Q-Tec.

. Production On-site Main M_am .
Parameter Unit . . Total o contribution
Stage installation contribution (%)

GWP kg CO:2 eq 3,00E+01 1,42E+00 3,14E+01 Fumed silica 65.54

ODP kg CFC-11 eq 2,14E-05 1,13E-07 2,16E-05 Fumed silica 97.27

HTP kg 1,4-DB eq 3,93E+00 7,91E-02 4,01E+00 Fumed silica 88.08

AP kg SOz eq 1,23E-01 8,61E-03 1,32E-01 Fumed silica 77.82

EP kg POs eq 1,51E-02 1,21E-03 1,63E-02 Fumed silica 68.25
Total Non- -

renewable MJ 555,10 26,35 581,45 Fumed silica 64.37
Total -

Renewable MJ 132,57 1,08 133,65 Fumed silica 94.14

Fumed silica is the major contributor to the overall cumulative energy demand (69.9%) and is
responsible of 64.4% of the non-renewable CED and 94.1% of the renewable CED. The other
significant contributions to the non-renewable cumulative energy demand are polyethylene
terephthalate (10.7%), electricity consumption (9.3%) and selective coating (6.7%). Only electricity
consumption (1.9%), selective coating (1.4%) and polyethylene terephthalate (1.0%) have
contributions above 1% of the renewable cumulative energy demand. The detailed cumulative
energy demand is presented in the Table 18.

Table 18. Cumulative Energy Demand i VIP from Va-Q-Tec.

Non renewable | Renewable Total
Total VIP from Va-Q-Tec 581,452 MJ 133,652 MJ | 715,104 MJ
Fumed silica 64,37 % 94,14 % 69,93 %
Polyethylene terephthalate fibres (PET), via
dimethyl terephthalate (DMT) 10,72 % 1,04 % 8,91 %
Packaging film, LDPE 4,29 % 0,64 % 3,61 %
Selective coating, copper sheet, physical vapour
deposition, aluminium substrate 6,73 % 1,44 % 5,74 %
Steel, low-alloyed 0,01 % 0,00 % 0,01 %
Polysulphide, sealing compound 4,53 % 0,81 % 3,84 %
Electricity 9,33 % 1,94 % 7,94 %
Waste incineration of plastics 0,02 % 0,00 % 0,02 %
Disposal, building, concrete gravel, to recycling 0,00 % 0,00 % 0,00 %
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The most evident way to reduce the V4 eRvironmental impacts is to direct effort on the fumed
silica, which has a superior contribution. Attempts could be made to reduce the quantity of fumed
silica used or to work on its composition to reduce the amount of chemical consumed of their
harmfulness.

4.4 EPS-G panel (Grupo Puma)

The contributions to environmental impacts of 1m2 of EPS-G from Grupo Puma are presented in
Figure 9 for the results extracted from the CML 2000.
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Eutrophication

Acidification

Ozone layer depletion

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M EPS-G panel Traditerm (expandable polystyrene with graphite) M Tap water, at user/RER U
M Polystyrene, expandable, at plant/RER U B Graphite, at plant/RER U

M Electricity, medium voltage, at grid/ES U

Figure 9. Environmental impacts contribution for 1m2 of EPS-G panel Traditerm from Grupo Puma.

RESSEEPE Deliverable Report 51



=
- g

Polystyrene, expandable is the highest contributor for all impact categories except for
Eutrophication Potential, where it is the second major contributor.

Air emissions, due to the production process and the biomass consumed are integrated in the
EPS-G Traditerm (in red on Figure 9). These air emissions have significant contribution to the EP
(70.1%) and the acidification potential (47.6%). Polystyrene is the main contributor in four out of
five impact categories (from 51.7% for AP to 99.5% of GWP) and have a noticeable contribution to
eutrophication potential (29.5%). Electricity consumption only have a perceptible contribution to
HTP (2.0%) and ODP (1.7%).

Main contribution is shown for each impact in Table 19.

Table 19. Environmental impacts i EPS-G panel Traditerm from Grupo Puma.

. : : Main
Parameter Unit SHREUEHer : On-5|t_e Total M_aln : contribution
Stage installation contribution (%)
Polystyrene,
GWP kg COzeq 7,56E+00 7,56E+00 expandable 99.49
ODP | kgCFC-1leq| 1,31E-07 - 131€-07 | Folystyrene, 98.25
expandable
Polystyrene,
HTP kg 1,4-DB eq 2,03E-01 2,03E-01 expandable 97.33
AP kg SOz eq 4,69E-02 - a69E-02 | Polystyrene, 77.82
expandable
EPS-G
EP kg PO4 eq 6,70E-03 - 6,70E-03 Pancl 51.56
Total Non- i Polystyrene,
renewable MJ 199,37 199,37 expandable 99.64
Total Polystyrene,
Renewable MJ 1,02 ] 1,02 expandable 92.48

The polystyrene expandable is the major contribution to the cumulative energy demand for more
than 99%. The only other significant contribution is the electricity consumption that contribute to
7.5% of the renewable cumulative energy demand. The details of the cumulative energy demand is
presented in the Table 20.

Table 20. Cumulative Energy Demand i EPS-G panel Traditerm from Grupo Puma.

Impact category Non renewable Renewable Total
Total 199,37 MJ 1,02 MJ 200,40 MJ
EPS-G panel Traditerm 0,000 % 0,000 % 0,000 %
Tap water 0,001 % 0,023 % 0,001 %
Polystyrene,

expandable 99,637 % 92,480 % 99,601 %
Graphite 0,006 % 0,050 % 0,006 %
Electricity 0,356 % 7,448 % 0,392 %

Polystyrene expandable has been shown to be one of the best materials for insulation application
for several reasons (e.g. low thermal conductivity, low weight, ageing, etc.), but it also has
significant environmental impacts. The end-of-life of the material could play an important role in
reducing the impact. Polystyrene could be fully recycled or could be used for energy recovery as it
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has a high calorific value. Another way to reduce the environmental impacts of the EPS-G panel is
to handle the air emissions by optimization of the process or by capturing and treating it instead of
releasing directly to the atmosphere.

4.5 Aerogel mortar (Separex & Grupo Puma)

The contributions to environmental impacts of 1m?2 of super-insulated aerogel mortar from Grupo
Puma & Separex are presented in Figure 10 for the results extracted from the CML 2000.

Environmental impacts for 1m? of super-insulated aerogel mortar
from Grupo Puma&Sepraex

Eutrophication

Acidification

Human toxicity

Ozone layer depletion

Global warming

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Cement mortar, at plant/CH U W Aerogel granules (SEPAREX)
B Tap water, at user/RER U M Electricity, medium voltage, at grid/ES U

Figure 10. Environmental impacts contribution for 1m2 of super-insulated aerogel mortar from Grupo
Puma & Separex.

As shown in the Figure 10, the aerogel granules produced by Separex are the main contribution to
all the impact categories (from 54.9% for acidification potential to 81.6% for human toxicity). The
electricity required for the production process is the second highest contribution for almost all the
impact categories and its contribution is especially significant for the acidification potential (32.8%).
The cement mortar contributes to 7% to 13.2% to the environmental impacts, except for the GWP
(28.3%).

Main contribution is shown for each impact in Table 21.

(6]

RESSEEPE Deliverable Report 3



=
g

Table 21. Environmental impacts i super-insulated aerogel mortar from Grupo Puma & Separex.

. . . Main
Parameter Unit Sl . On-S|t_e Total M_aln . contribution
Stage installation contribution (%)

GWP kg CO2 eq 5,17E+00 2,49E-03 5,17E+00 Aerogel 58.39
granules

ODP | kgCFC-11eq | 4,69E-07 1,23E-10 4,69E-07 Aerogel 78.24
granules

HTP kg14-DBeq | 6,36E-01 1,95E-04 6,36E-01 Aerogel 81.54
granules

AP kg SOz eq 1,97E-02 1,19E-05 1,97E-02 Aerogel 54.88
granules

EP kg PO eq 2,97E-03 1,37E-06 2,97E-03 Aerogel 73.45
granules
Total Non- Aerogel

o oo MJ 204,88 0,05 204,93 aranules 88.90
Total Aerogel

Renenat MJ 10,11 0,01 10,12 aranules 70.97

Aerogel granules is the main contributor to the overall cumulative energy demand for non-
renewable energy (88.9%) and renewable (70.9%).

Detailed cumulative energy demand is shown in Table 22.

Table 22. Cumulative energy demand i super-insulated aerogel mortar from Grupo Puma & Separex.

Non renewable | Renewable Total
Total 204,93 MJ 10,12 MJ 215,05 MJ
Cement mortar 4,84 % 15,39 % 5,34 %
Aerogel granules
(SEPAREX) 88,90 % 70,97 % 88,05 %
Tap water 0,02 % 0,06 % 0,03 %
Electricity, medium voltage 6,23 % 13,58 % 6,58 %

Aerogel granules have a massive contribution to the aerogel mortar environmental impacts. In
order to understand the source of the impacts, the life cycle assessment results of the aerogel
granules are shown in Figure 11.
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Environmental impacts of 1kg of Aerogel granules Separex

GWP oDP HTTP AP EP

-120% -100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100% 120% 140% 160% 180% 200% 220%

W Aerogel granules (SEPAREX) m Water, deionised B TEOS for aerogel production (precursor A)
B TEOS for aerogel production (precursor B) M Ethanol from ethylene (solvent) M Sulphuric acid (catalyst, acide powder)

B Ammonia (base powder) M Ethanol (solvent, drying) W Carbon dioxide liquid (drying)

W Electricity (Synthesis-ageing-washing) M Electricity (drying) M Electricity (granulation)

® Ethanol from ethylene, at plant/RER U m Ethanol recycled (drying)

Figure 11. Environmental impacts contribution for 1kg of aerogel granules from Separex.
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The ethanol used as alcoholic solvent in the synthesis/ageing/washing step is the main
contribution to the overall impacts for EP (157.1%), AP (76.4%) and GWP (99.5%). It also has a
significant contribution to the ODP (24.3%) and the HTP (12.2%). The electricity used in the drying
process has a noteworthy contribution in all the impacts categories, from 12.9% for ozone layer
depletion up to 48.8% for acidification potential. The carbon dioxin used in the drying process is
responsible for 62.7% of the HTP and 15.0% of GWP. The precursors A and B (TEOS for aerogel
production) have a high contribution to the ozone layer depletion with 10.7% and 58.9%,
respectively. It should be highlighted that recycling the ethanol used as a solvent in the process,
has an impact significantly positive. The positive impact of the recycling process is shown on the
Figure 11 as a negative contribution. Recycling the solvent allows to reduce the environmental
impact of the aerogel granules as it can be considered that it will avoid the environmental burdens
generated by the production of a hew solvent.

Several options can be explored to reduce the environmental impacts of the aerogel mortar and
granules. The electricity consumed during the fabrication process could be produced by renewable
sources or some process steps could be associated to transfer caloric energy from one process to
another (e.g. the drying process could use the heat emitted by another process). Among the
materials used to produce aerogel mortar and granules, some of them can be bio-based to reduce
their environmental bearing, such as the ethanol, for instance.
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5 NET ENERGY RATIO

This section introduces the concept of the Net Energy Ratio and the methodology applied into the
RESSEEPE project. A first screening of the NER analysis is also presented here. However, due to
this kind of calculation and its main focus on the entire building performance, the complete analysis
of the NER study are presented in the D6.2 report.

5.1 INTRODUCTION TO NET ENERGY RATIO (NER)

The Net Energy Ratio or NER of an energy technology isused t o show how o&6eff
technology is in terms of providing energy to society. NER can be defined as the ratio of the total

energy production to the primary, non-renewable-energy requirements associated with the system

life cycle (Spitzley & Keoleian, 2004). In addition, it can also be introduced into the building energy

analysis to aid in decision-making and to optimize building design towards Life Cycle-Zero Energy

Buildings (LC-ZEB), where NER is the ratio of the decrease on annual energy use to the increase

in annualized embodied energy.

The NER has no wunit s, and in plain terms represe
saved by the system over its life cycle. The higher the NER of a particular technology or the NER
associated to a design decision that affects building energy performance, the more effective it will

be in reducing the life cycle energy use and moving towards LC-ZEB (a higher NER value
represents a better life cycle energy performance).

In a building refurbishment (through more efficient technologies, replacing fenestrations, increasing
the thermal resistance of the envelope, etc.), the NER is calculated by quantifying the difference
between the current scenario (1) and the refurbishment scenario (2).

5Oy = 0EEOOCEQ @MMQL  0£E0MCREQ "M Q2
VT oMl FOTNCEQ B2 EE 6GHOk (E GUNCEQ @0l

The NER can also be calculated with the expression of the following equation, allowing to compare
various solutions and to choose the most efficient strategy.

622000 QA "YVRQO™QUE0 (T _ QUG H'an
O GEQTR QA" IO XS R AR AR

NER=

*The service life of thestallation is a key factor in the Net Energy Raéfrulation

Alternatives where the NER is greater than one, will contribute to a reduction of the life cycle
energy demand. These need not only to include technologies, but may also include decisions
made at the early design stage such as those around building form, orientation, layout, etc. These
options can decrease the Annual Energy Use (AEU) without increasing the Annual Embodied
Energy (AEE), which would have an NER value of infinity. Fact that represents ideal options from a
life cycle perspective and, in many cases, would mean prioritizing architectural solutions over
those of high AEE system based technologies.
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For example, the first layer of insulation in a house would normally have a very high NER and
would save a large amount of energy with a small amount of material. Subsequent layers of
insulation, while adding to the total embodied energy, would not deliver an equivalent energy
saving and so would represent a diminishing NER. Technologies such as solar water or space
heating systems would also represent a diminishing NER as the annual solar input rate per square
meter of installation decreases as can occur with large installations oversized for the summer In
those cases, increasing collector size and embodied energy does not proportionally increase the
solar energy input. However, technologies such as PV (photovoltaic panels) will have a practically
constant NER dependant on their size as the production of electricity will be proportional to their
guantity of materials used in their production and installation.

To illustrate this method, the study made by Hernandez et al. (2010) compares the NER of
different insulation thicknesses of an energy intensive material (polystyrene) in its application in a
highly efficient house in a maritime climate. It can be observed that the slope of the lines in
between upgrade options, which is equal to the NER, diminishes as the insulation level increases.
The NER drops below 1 in the last upgrade from UP3 (Upgrade 3 - Base case +150 mm of
polystyrene) to UP4 (Upgrade 4 - UP3 + 50 mm polystyrene), which corresponds to the increase of
insulation from an average of 250 mm to an average of 300 mm. This NER <1 means that no
additional life cycle benefit is achieved with the last increase of insulation thickness.

10600 —

Base Case

10400 =

MNER = 5.8

10200 [~ UFP 1 (Base case + 50 mm polystyrene)

10000 =
- UP 2 (UP1 + 50 mm polystyrene)

AEU (Annual Energy Use, kWh primary energy)

9800 - UP 3 (UP2 + 50 mm polystyrene)
UP 4 (UP3 +
I NER = 0.9 50 mm polystyrene)
600 L= L L L L 1 L L " L 1 L L L L 1 L J

1100 1200 1300 1400
AEE (Annualised Embodied Energy, kWh primary energy)

Figure 12. Representation of NER values resulting from the increase on thickness of polystyrene
insulation for the case study low-energy domestic building in a maritime climate (Hernandez et al.,
2010).

5.2 BASE CASE CALCULATION

The base case calculation has been made combining IES VE simulations with LCA data (See
Annex 5). In order to illustrate how NER should be calculated when evaluating sustainability
scenarios, calculations have been made using as an example of Coventry Demo Site, George
Elliot Building with 3400 m? surface and a service life of 50 years.
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Based on the baseline evaluation, seven different scenarios have been defined. These scenarios
have been chosen from RESSEEPE technologies list in order to combine passive and active
strategies and taking into account availability of LCA data. Note that these scenarios are part of an
example of NER calculation and do not correspond to George Elliot final refurbishment scenario.

Final refurbishment scenarios should be evaluated using the same methodology for each demo
site.

According to Table 23, from Arefurbi shment 10 to Arefurbishm
individually. The number of lights substituted have been calculated, taking into account classrooms

square metres and power of LEDs. The surface of VIP (Vacuum Insulation Panels) and the surface

of PV (Photovoltaics) and solar thermal panels have been calculated considering the building

geometric restrictions.

I n the case of firefurbi shment 70, al | t he
panels in east and west facade, 100 m? of PV panels and 50 m? of solar thermal panels.

strateg

Table 23. List of refurbishment strategies evaluated.

Refurbishment Strategy Units Functional Unit Objective
Refurbishment 1 2000 1 piece of LED Reduce electricity consumption
5 -
Refurbishment 2 976 m? of VIP East Reduce th_e heating
Facade consumption
5 .
Refurbishment 3 830 m? of VIP East Reduce th_e heating
Facade consumption
Refurbishment 4 50 m2 of PV Panels Generate electricity
Refurbishment 5 100 m2 of PV Panels Generate electricity
Refurbishment 6 50 m? of Solar Panels | Generate DHW
Refurbishment 7 All strat.egles
combined

For each refurbishment strategy, energy simulations have been carried out using IES VE,
calculating the energy demand in each case.

For these calculations, a hot water demand has been included in the Coventry University
simulation. This hot water demand is supplied by natural gas boiler and will allow evaluate benefits
of installing solar thermal panels.

In order to calculate NER and to compare different refurbishment options, energy consumption has
been converted to Primary Energy, using conversion factors extracted from Ecoinvent Database
(Table 24). For each Demo site, electricity conversion factor will be different depending on the
country power grid mix.

Table 24. Primary Energy conversion factors (MJ).

Primary Energy non-renewable (MJ)
Natural Gas 1.13
Power Grid Mix 2.350

Energy consumption is used to calculate the term Annual Energy Use (AEU) (Table 25).
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Table 25. Annual Energy Use (AEU) in Primary Energy MJ per m2 heated per year.

AEU (MJ/m? heated year)ted . year)
Baseline 1586.36
Refurbishment 1 1544.74
Refurbishment 2 1532.04
Refurbishment 3 1545.98
Refurbishment 4 1575.31
Refurbishment 5 1561.78
Refurbishment 6 1571.20
Refurbishment 7 1395.21

LCA impacts have been calculated using Ecoinvent Database V2.2, Environmental Product
Declarations (EPD) and Life Cycle Inventory (LCl) assessment (by Vertech). In the final
assessment, Vertech will carry out the LCA for each technology. Table 26 shows the LCA data for
each refurbishment strategy including their life span, primary energy non-renewable needed to
manufacture.

Table 26. LCA data for each refurbishment strategy.

Service Primary Energy
Functional Unit . non-renewable | Source
Life (yr.) (MJ)
Refurbishment 1 LEDs 1 piece 15 281 D3.5
. VIP 1m? 30 547 EPD- VIP DOW
Refurbishment 2 . .
Corning Corporation
Refurbishment 3 VIP 1m? 30 547 EPD- VIP DOW
Corning Corporation
Refurbishment 4 PV 1 m? 30 2382 Ecoinvent V2.2 71 PV
panel mono Sl
Refurbishment 5 PV 1m?2 30 2382 Ecoinvent V2.2 i1 PV
panel mono Sl
Refurbishment 6 Solar 1 m? 20 1267 Ecoinvent V2.2 7 Flat
thermal solar collector

The Annual Embodied Energy (AEE) has been calculated taking into account the quantity, service
life and LCA impacts of each technology expressed in primary non-renewable energy (MJ) with
reference to the functional unit (Table 27).

Table 27. Annual Embodied Energy (AEE) in MJ/m? heated per year.

AEE (MJ/m? heated . year)
Refurbishment 1 11.02
Refurbishment 2 5.23
Refurbishment 3 4.45
Refurbishment 4 1.17
Refurbishment 5 2.34
Refurbishment 6 0.93
Refurbishment 7 23.97

RESSEEPE Deliverable Report 60




==
- g

The NER has been calculated for each refurbishment strategy taking into account their
respectively AEE and AEU.

For i Ref urob iNSENRmecnatl clul ati on i s as foll ows:

00Yai B@Q 60Yil  1586,36 MJ 1544,74 MJ

0OV 1= 5001 1 = 11,02 MJ

Where NER rl1 = NER of Refurbishment 1.
AEU baseline = Annual Energy Use of the Baseline.
AEU rl = Annual Energy Use of Refurbishment 1.
AEE rl1 = Annual Embodied Energy of Refurbishment 1.

Table 28 shows the NER and energy saving found in the different refurbishment strategies.

Table 28. NER and energy savings of the different refurbishment strategies.

NER Savings (kWh/m? Savings (%)
year)
Refurbishment 1 3.78 11.56 2.62
Refurbishment 2 10.38 15.09 3.42
Refurbishment 3 9.07 11.22 2.55
Refurbishment 4 9.47 3.07 0.70
Refurbishment 5 10.52 6.83 1.55
Refurbishment 6 16.28 4.21 0.96
Refurbishment 7 7.98 53.10 12.05

5.2.1 Results Assessment

Refurbishment 1: LEDs calculations need to be improved: number of LEDs (2000 LEDs), LCA
results and service life (60.000 hours - 15 years). With the substitution of luminaries, electricity in
lighting present a reduction of 65%. The problem is that lighting improvement entails a reduction of
internal gains, so the insulation should improve. Furthermore, if heating fuel was natural gas
instead of electricity, savings in primary energy will be higher because of primary energy
conversion factor.

Refurbishment 2&3: LCA impacts of VA-Q-TEC VIP panels should be calculated; partners
involved in this activity are working with the EPD data. VIP panels have a good NER; however,
they should be followed by windows substitution. East and west facade are more than 50%
glazing. These preliminary results should also be compared with other insulation systems with
lower embodied energy.

Refurbishment 4&5: NER of PV panels is similar to VIP panels, but energy savings are lower.
Installation of PV panels is a good solution, but should be placed after VIP panels.
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Refurbishment 6: Solar thermal panels show higher NER value. Nevertheless, it is a unigue
solution to decrease natural gas consumption.

Refurbishment 7: All the strategies combined do not reach RESSEEPE objectives. In this sense,
other solutions should be considered, such as windows substitution, boiler substitution and more
square metres of solar thermal panels.

Taking into account NER and savings calculations, the best order to refurbish will be:
- Solar thermal panels.
- VIP panels.
- LEDs.
- PV panels.

RESSEEPE Deliverable Report 62



gk =
£3
) -l -»
[ ]

6 HARMONIZATION WITH BUILDING CODES

During construction or retrofitting of a building, building codes specific to each country ensure
common rules and respect of environmental, energy efficiency, user well-being, constructor well-
being etc. parameters. Some norms specific for construction products also need to be respected
within the EU (European Union). The UNEP is currently leading the Sustainable Buildings and
Construction Programme to establish the baseline in the codes.

Further information about the harmonization and standardization with the building codes will be
available in the deliverable D6.2, in which the installation and commissioning procedures are
documented. In that report, the analysis will also focus on the economic performance according to
building regulations.

6.1 Existing gquidelines to improve environmental and energetic
efficiency of refurbished buildings

The 2012 Energy Efficiency Directive, stipulates that EU countries should make energy efficient
renovations to at least 3% of buildings owned and occupied by central government, that EU
governments should only purchase buildings which are highly energy efficient and also that EU
countries must draw-up long-term national building renovation strategies which can be included in
their National Energy Efficiency Action Plans (DIRECTIVE 2012/27/EU, 2016).

EU countries have calculated the cost-optimal minimum energy performance requirements for new
as well as renovated buildings in their territory. This includes the country where RESSEEPE demo-
sites are located: Spain, Sweden and United-Kingdom (Ministry of Development of Spain, 2013;
Europaparlamentets och radets direktiv, 2010; Department for Communities and Local
Government, 2013).

6.2 Guidelines for the new technical regulation associated with the use
of new system and technology

In the Directive 2010/31/EU on the energy performance of buildings (recast, 2010) the EU
parliament and the council publish a recast of the Energy Performance of Buildings Directive
(EPBD). Major points of the Recast Directive mainly include guidelines for nearly zero-energy
building and stipulate among other points that as of 31 December 2020, new buildings in the EU
will have to consume nearly zero-energy. Regarding refurbishment guidelines, the Directive
highlight that member States should develop policies to stimulate the transformation of buildings
that are refurbished into nearly zero-energy buildings. Following the improvement of these
buildings among member States, the Commission plan to develop an action plan (or measures) to
increase the number of those buildings and encourage best practices as regards the cost-effective
transformation of existing buildings into nearly zero-energy buildings. The 1000m? threshold for
what is considered as major renovation has been deleted will take effect when the national
regulations have been implemented and applied, probably at the beginning of 2014. Minimum
requirements for components are introduced for all replacements and renovations, although for
major renovations, the holistic calculation methodology is the preferred method with performance
calculations based on component requirements allowed as a complement or alternatively
(Directive 2010/31/EU, 2016).
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The United Nationdés Environment Programmeds -Sust a
SBCI), a partnership of major public and private sector stakeholders in the building sector, work to

promote sustainable building policies and practices worldwide. They created free access tools to

help national and local policy makers to support sustainable building practices (Policy Quick-Scan

Tool), large public organisations to reform towards climate neutrality (Sustainable United Nations,

SUN) and businesses and non-commercial organizations to estimate and report their greenhouse

gases emissions (GHG Indicators). All these tools are available on the UNEP-SBCI website at the

following URL.: http://www.unep.org/sbci/resources/Tools.asp (UNEP-SBCI, 2016).
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7/ CONCLUSIONS

This report introduces the concept and methodology of Life Cycle Assessment and its application
to the building sectors. The LCA methodology was applied to the technologies developed by the
RESSEEPE partners and installed in the Demo-sites. The templates and the methodology for the
life cycle inventory was developed and presented in this document to explain how the data were
collected.

The impact categories selected for the analysis were global warming, acidification and
eutrophication potential, ozone layer depletion, human toxicity and cumulative energy demand.
These impact categories are widely used for life cycle assessments as they cover several aspects
of the potential environmental impacts (e.g. pollution in air, water and soil; human health; energy
consumption, among others).

The analysis was focused on two main steps of the technologies life cycle: the production of the
technologies devices and their installations in the Demo-sites. The outcomes of the LCA study
aims to highlight the main contributions to the environmental impacts. Partners were directly
involved in the two life cycle steps selected, therefore, they have the possibilities to use the
conclusions of this deliverable to reduce the environmental impacts of their technologies.

A functional unit was defined for each technology assessed. The functional unit was the reference
unit that represent the service provided by the technology.

The results of the life cycle analysis have shown some improvement possibilities to reduce the
environmental impacts of the technologies. These possibilities could be classified in three main
axes: i) process optimization; ii) selection of material, and; iii) energy and end-of life treatment. The
processes to create the technologies have to be optimized in order to reduce their energetic
consumption and to avoid direct emissions to the environment (e.g. using air emissions filtration).
Some materials presented a high environmental impact due to the chemical composition involved
in their processes (e.g. aerogel mortar). Alternative material solutions (e.g. bio-based materials)
could be tested and assessed to reduce the environmental burdens. It is recommended that the
electricity consumed during the fabrication process and the installation stage could come from
renewable energy sources if possible.

Finally, a significant way to reduce the environmental impact of a product is to expand (or partially
expand) its lifespan using a proper end-of-life scenario. For instance, several materials are highly
recyclable (e.g. metals or polystyrene) and could be reused in other applications, in order to avoid
the depletion of those resources. The disposal stage has to be anticipated during the design of the
product, with the aim to facilitate the dismantling and the recovery of valuables materials or
components, for example.
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Annexes

Annex 1. General data gathering template i demo-sites

Object: Current Status Fartner. Building location:

- Description of the building:

BUILDING CHARACTERISTICS
Actual age of the building [years):
Heated surface (m?]

BUILDING LIGHTING

Froduct reference

Quantity (number) Power [Watt) Type LED, Incandescent .

Lifespan [year) Manufacturar
ref1 (please, specify)
ref2 [please, specify]

ref3 {please soecify]

HEATING SYSTEM
Main components Type Manufacturer Quantity [number) Material v Quantity (k) Lifespan [yzar)
Radiaror

Other component 1 [please, specify)
Other component 2 [please, specify)
Other component 3 [please, specify)

Other component 4 (please, specify)

VENTILATION SYSTEM
Main companants

Type Manufacturer Quantity [number) Matarial N Quantity (ke) Thickness (mm) Lifaspan [yaar)
Fan
Other component 1 [please, specify)

Other component 2 (please, speci

Other component 3 [please, specify)
Other component 4 [please, specify)

DUCTS AND PIPES [Heating and ventilation systams)

Material Diameter [mm) Length [m) Thickness [mm) Insulation type Insulztion quantity [ke]
Material 1 (please, specify)
Material 2 (please, specify)

Material 3 (please, specify)
Material 4 (please, specify)

Miaterial 5 (please, specify]
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