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AGENDA

® To discuss the importance of the LCA method in the Building Sustainability
Assessment;

® To present the indicators used in the assessment of the environmental
performance of a building integrated solar system;

® To present the steps and methods for the quantification of the potential
environmental impacts using the SimaPro software;

® To present a software for the LCA of solar systems (LCABISTS);

® Application to case studies.
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o
INTRODUCTION ﬂzg!ﬁiig 7

® Optimizing building sustainability involves various relations
between built, natural and social systems. Therefore it

NEGATIVE L
comprises hundreds of parameters, most of them =“i&E™ MATTERENERGY

interrelated and partly contradictory.

® This way, this process is only possible through a systematic
approach.

® Sustainability assessment tools are useful to gather and
report information for decision-making during different
phases of construction, design and use of a building (holistic
approach).
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* In order to standardize and promote the interpretation and comparison of
results from different assessment methods developed in Europe, the
European Committee for Standardization (CEN) launched the Technical
Committee 350 (CEN/TC 350).

CEN/TC 350 ad hoc group
“Framework”
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and requirements for
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Environment
prEN 15978

environmental performance of a building is based in 4 types of

environmental indicators (total of 22):

1 - Indicators describing environmental impacts:

Indicator Unit
Global warming potential, GWP kg COz2 equiv
Depletion potential of the stratospheric ozone layer, ODP; kg CFC 11 equiv
Acidification potential of land and water; AP; kg SO2” equiv
Eutrophication potential, EP; kg (POs)” equiv

Formation potential of tropospheric ozone photochemical
oxidants, POCP;

kg Ethene equiv

ADP_fossil fuels

Abiotic Resource Depletion Potential for elements; | kg Sb equiv
ADP_elements
Abiotic Resource Depletion Potential of fossil fuels | MJ
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Environment
prEN 15978

2 - Indicators describing resource use:

Indicator

Unit

Use of renewable primary energy excluding energy
resources used as raw material

MJ, net calorific value

Use of renewable primary energy resources used as raw
material

MJ, net calorific value

Use of non-renewable primary energy excluding primary
energy resources used as raw material

MJ, net calorific value

Use of non-renewable primary energy resources used as

MJ, net calorific value

raw material

Use of secondary material kg
Use of renewable secendary fuels M
Use of non-renewable secondary fuels MJ
Use of net fresh water m’
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3 - Indicators describing additional environmental information:

Indicator Unit
Hazardous waste disposed; kg
Non-hazardous waste disposed kg
Radioactive waste disposed kg

4 - Indicators describing the output flows leaving the system:
Indicator Unit
Components for re-use kg
Materials for recycling kg
Materials for energy recovery (not being waste incineration) | kg

Exported energy

MJ for each energy carrier
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® Life-cycle analysis (LCA) is an analytical methodology that is aimed to assess
the resources content and the environmental impacts associated with the life-

cycle of a manufactured product.

Analysis of the
contribution of the
various life-cycle stages
to the global
environmental impact;

Comparison between
products.

Applications

Internal and external
communication.
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sustainability
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STAGES OF LCA (according to standard ISO 1040:2006)

/ Structure of Life-Cycle Assessment

Definition of
objectives and
scope

Life-cycle
inventory

Life-cycle impact
assessement

Interpretation
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Direct Applications:

- Development and improvement of
products;

- Strategic planning;

- Formulation of public policy.
- Marketing;
- Other.
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How the
life-cycle
looks like?

(@ )

Functional unit
System boundaries
Allocation

- the EU RTD Framework Programme

K—/ v
For whom?

Objective

How?

ESF provides the COST Office
through an EC contract

ENCE
OUNDATION




European Cooperation in the field of Scientific and Technical Research
|

Building Integration of Solar Thermal Systems — TU1205 - BISTS

ocosE

www.cost.esf.org

o
Generic life-cycle stages (EN 15978:2011)

Inputs:

Raw materials:

. CONSTRUCTION
. Water’ sTransport;
- WOOd; -  Construction-installation
- Aggregates; processi
- Etc.
Energy I :rllsaei'ntena e;

* Repair;
* Replacement;
* Refurbishment.

END-OF-LIFE

* De-construction;
* Demolition;

* Waste processing;
* Disposal.

System boundary

PRODUCT

* Raw materials supply;
 Transport ;
* Manufacturing.

Outputs:

—— Air pollutants

— Waste water

—— Solid waste

— Co-products

— By-products

— Other outputs
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Structure of the building model used for LCIA

Building

| 1 1
Construction elements [ Buildingslynstteeg;lastecglssoml‘asg'rhemal ) [ sy?st&is ‘
R — —_— N S
Element 1 l Elementn [ Sytem 1 | [ Systemm J Material
I T 1 - l_lﬁ
(:In?t‘ear:;n) i . b . oateriaD ‘ otenap |[] Material | Msteria ‘ Energy ‘
Energy Energy ‘
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Steps and methods for the
quantification of the
environmental impacts
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15t Step: Life-cycle Inventory (LCl)
The goal is to identify all inputs and outputs of the processes tree.

1 Inputs

Processes tree

==

| Outputs
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15t Step (cont.)

How to get LCl data?

Some solutions...

1. To search for specific Environmental Product declarations (EPDs)
2. To use LCI databases of the LCA software;

3. To perform a web search :
- Eco-invent center (www.ecoinvent.org);

- Sustainability consultants’ Webpages; o ¥y
- Google, Freepatents.com, Wikipedia; ‘ "
- Material safety datsheets (MSDS) - |

- Ullman’s Encyclopedia and other manuals; —
- Scientific journals (e.g. International Journal of LCA).

—

4. To develop questionnaires to collect specific LCI data from the company that
produces the product to assess.
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1st Step (cont.)

Most used LClI Libraries at European level

> Ecoinvent: Switzerland
- contains life-cycle inventory data for over 4000 industrial processes, including energy supply,

resource extraction, materials supply, chemicals, metals, waste management systems and
transport services;

- has data for different European countries contexts;
P
GaBi

Databases

- works with Simapro and Gabi LCA software.

> Gabi datasets: Germany
- based on Gabi’s co-operation with industry as well as patent, technical and scientific literature;

- include more than 8000 entries, covering metals (steel, aluminium and non ferrous metals),
organic and inorganic intermediate products, plastics, mineral materials, energy supply (power
grid mixes, steam, thermal energy), end-of-life, coatings, manufacturing and electronics,
construction materials, renewable materials, and textile processing.;
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LCI data for STCs and PVs in Ecoinvent 2.2

> Covers building-added solar thermal systems plus building-added and building-
integrated photovoltaic systems.

> No information about Hybrid photovoltaic/thermal is found.

LCI data for system components (8)

Data for

* Auxiliary heating, electric; )
STC’s LCI data for delivered heat (10)

* Evacuated tube panel;
* Expansion vessel;

* Water tank;

* Etc.

e At flat collector, multiple dwelling
(HW);

At flat collector, single house (HW and
combined):

* At hot water tank, solar+electric, flat
plate, multi-dwelling (WH and

* STC with evacuated tube collector, wmmed); 4 heati i |
single house (combined system); OLE EClERTIREE), WeEihy, UEd (LE,

* STC with flat plate collector, multi- Siré%le family (combined);
- . o Etc.

dwelling (WH); Slmaprué) €

* STC with flat plate collector, single

house (WH and combined).

LCI data for complete systems (4)

Context of LCI data: Switzerland

_ the EU RTD Framework Programme ESF provides the COST Office CIENCE
through an EC contract OUNDATION

European Cooperation in the field of Scientific and Technical Research » I I I
L I — -

www.cost.esf.org

m Building Integration of Solar Thermal Systems — TU1205 — BISTS

LCI data for PVs in Ecoinvent 2.2

> Included processes: all components for the installation of a 3 kWp photovoltaic plant,
including energy use for the mounting, transport of the materials and persons to the
construction place and disposal of components after the end of life (21 processes).

LCI data for different type of cells LCI data for additional fixing

« multi Si; Da;\allfor materials (m?)

* single Si S * For flat roof installations (mounted);

* a-Si; e For pitched roofs installations

* CdTe; (mounted and integrated):

* CIS; e For facades installations (mounted

e ribon-Si.

* includes panels and laminates. LCI data for produced electricity
(kwh)

* For different type of PV cells;

e For different locations (facades, flat

 Facade (integrated and mounted); roofs and pitched roofs);

o Flat roof (mounted); SimaPrU(S) ¢ For different type of installations

e Pitched  roof (integrated and (integrated and mounted).
mounted).

in diferent building elements

LCI data for integration/mounting ‘

Context of LCI data: Switzerland
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LCI for a specific STC or PV

v 12 v v
[ Material | } [ Material 2 ] [ Material n ] [ Mounting structure ]
[ I [ J
v
{ Transport ]

Assembly of the

BISTS

Transportation and
integration in the
building

Operation and Lifetime reduction
‘maintenance of efficiency

Energy used in the
building

o

Energy delivered
outside the
building

1l

Wastes not
separated from the Wastes separated
stream from the stream

[ Landfill ] [ Incineration J [ Others to landfill ] [ Recycling }
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2"d Step: Life-cycle Impact Assessment (LCIA)

The inputs and outputs from and to the system boundaries are linked to environmental
impacts.

- the EU RTD Framework Programme

L S
through an EC contract ALNDARTION

11



European Cooperation in the field of Scientific and Technical Research . » I E
] S

m

Building Integration of Solar Thermal Systems — TU1205 - BISTS

LCIA methods convert LCI data into indicators of environmental impact

YV V V V

CML 2000 15978

Cumulative Energy Demand

EDIP 2003

Used
Traci, 2005 catogorics N

There is an high level of uncertainties in the
assessment of the toxicity and therefore ‘
these indicators are not considered in the

actual set of CEN standards.

Used to assess indicators 10 Categories of environmental impact
describing environmenta
impacts according to EN
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Classification / characterization
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LClI result Global warming Acidification

Human toxicity

1000g CO, @ 1000

10g CH., @: 210

10g 5O, @ 10 @12
5g NOx 35 x@=3,9
10 g dioxins @33
Total 1210 13,5 19,4
O Characterization factors
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LCA method at a glance

LCIA databases with the environmental impacts of products (e.g. EPD’s,
https://repositorium.sdum.uminho.pt/handle/1822/20481, etc.)

Inventory (LC) Environmental
Life-cyle impact impacts
* LCl libraries: e.g. assessment * Global warming potential
Ecoinvent, Idemat 2001, methods (GWP);
Franklin USA 98. « CML 2 baseline 2000 * Acidification potential(AP);
* Environmental Product . R )
Declarations (EPD’s). * Eco-indicator 99; (EE;Jtrophmcatlon potential

*Questionaires to collect ~ ° Cumulative Energy Demand;

specific LCI data from the  « |pcG 2001 GWP100 * Photochemical oxidation

—-smog (POCP)

companies;
° TRACI * Use of non-renewable
< () primary energy(n_RE);
° ()

v
LCA tools: p.e. SimaPro, LISA, BEES, GABI, etc
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Life-cycle impact assessment of Building-Added STCs — results from SimaPro

Life-cycle impact category Embodied energy
STCs (Infrastructure) ADP GwP ODP AP POCP EP ADP_FF___ERE
Evacuated tube collector 6.74E-01 9.03E+01  8.42E-06 7.81E-01 3.26E-02 6.55E-01 1.48E+03  1.38E+02
Flat plate collector 6.81E-01 1.02E+02 9.69E-06 9.76E-01 5.00E-02 6.65E-01 1.52E+03 2.46E+02
Solar system with
evacuated tube collector,

1.77E+01 2.35E+03 3.06E-04 1.58E+01 1.03E+00 1.25E+01 3.90E+04 3.68E+03

one-family house,
combined system

Solar system, flat plate
collector, multiple 7.00E+01 1.02E+04 1.47E-03 8.44E+01 5.21E+00 6.24E+01 1.60E+05 1.85E+04
dwelling, hot water

Solar system, flat plate

collector, one-family 9.83E+00 1.33E+03 1.35E-04 8.77E+00 6.24E-01 5.93E+00 2.13E+04 2.55E+03
house, hot water

Solar system, flat plate

collector, one-family 1.95B+01  2.74E+03  3.52E-04 1.98E+01  1.34E+00  1.39E+01  4.35E+04  5.29E+03
house, combined system
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Introduction to the software
LCABISTS
(under development)
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To assess the benefits resulting from the integration of
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What is the environmental and economic cost-

benefict relations of these systems and their
contribution for the life-cycle of buildings?

solar thermal systems in buildings

To support designers .:

— 1

_ the EU RTD Framework Programme

Methodology ]

Environmental performance
According to I1SO 14040, ISO 14044 and EN 15978

Economic performance

Payback time and Net Present Value.

.
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Potential environmental impacts resulting
from the production/end-of-life and mounting

of the STS.

Operation stage Potential environmental impactes

——
ocosE
—> SimaPro software

—> SimaPro software

- the EU RTD Framework Programme

Malntenance of the STS

Use of auxiliary energy

B
Eggf?
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Life-Cycle Costs of the STS

www.cost.esf.org

Capital costs

Cost of the
equipment

Transportation
and labour

costs
(installation
processes)

_ the EU RTD Framework Programme

Operation costs

Repair costs

Auxilliary
Energy
costs

Maintenance
costs

Residual costs
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Type of building Type of Solar Syst Type of STC Type of Aux. Syst.

S

Forced circulation

Single - .
dwelling system Flat collectors Electricity (resistance,
heat pump)
1
v,
= |
Multi-dwelling Thermo-syphonic systems Evacuate Gas (boiler: Butane,
collectors Propane, Natural)

mlw the EU RTD F{aﬁework Prof fammeo : . . ESF provides the COST Office CIEN
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OUTPUTS
u u CO2 payback time Carbon payback time
e
% o000 i
8 —
" o0 | oo Termal
01 2345678 91011121314151617181920
Energy payback time Energy payback time
Final report | oo —

—accumulated
energy Solar

100000 System
50000 /

o
1234567 891011121314151617181920

2 150000

Additional cost Cost payback time
payback time oo | .
Yoa0 | T enerpysmved

(= % 5000
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Application to a case study
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