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robust and simple indicator for assessment of potential impacts from water 
consumption. 
 
462 
Characterisation of water scarcity impact on human health – development of 
a consensus-based model within WULCA 
M. MOTOSHITA, National Institute of Advanced Industrial Sci. and 
Human health is one of the impacted area of protection from water scarcity. There 
are several characterisation models to assess the impacts on human health caused 
by agricultural/domestic water scarcity. However, these models characterise the 
impacts on human health in different ways even though they focus on the same 
impact pathways. A recommended characterisation model has been developed 
based on consensus among method developers and stakeholders in WULCA 
working group of UNEP/SETAC Life Cycle Initiative. As a first step for the 
development, sensitivity of parameters used in effect factors of previously 
developed models on agricultural water scarcity (Pfister et al. 2009; Boulay et al. 
2011: Motoshita et al. 2014) and domestic water scarcity (Motoshita et al. 2011; 
Boulay et al. 2011) were analysed and reviewed to identify critical parameters in 
characterisation model. The results of sensitivity analysis indicated the 
significance of health response factor to food/household water deficit and 
adaptation capacity to potential health damage. In order to test the validity of 
different types of health response factors and adaptation capacity, health damage 
due to agricultural/household water deficit was estimated based on those factors 
and compared with malnutrition/diarrhoea damage reported by WHO. According 
to the comparison of estimated and reported damage, health damage per 
calorie/water in deficit and inequality adjusted adaptation capacity (HDI-base) 
showed closer estimation of health damage to WHO report. Regarding agricultural 
water scarcity, food trade effects also showed high influence on the effect factor. 
The trade effect factor is composed of food supply dependency on domestic and 
imported food, as well as of the adaptation capacity through trade. Critical 
parameters of trade effect are identified through sensitivity analysis. The outcome 
of these discussions and the rice case study allowed the group to build a 
recommended methodology integrating the optimal options for each of these 
modelling choices. This recommended model is presented as an output of this 
consensus building within the UNEP/SETAC LCI flagship project of 
environmental life cycle impact assessment indicators and we expect it to improve 
the results of water consumption impacts in LCA and water footprinting. 
 
463 
Biodiversity impacts of land use 
A. Assumpcio, IRTA; L. Mila i Canals, UNEP 
Land use and land use change are main drivers for biodiversity loss and 
degradation of a broad range of ecosystem services. Despite substantial 
contributions to address biodiversity in LCA, no clear consensus exists on the use 
of specific impact indicator(s) to quantify land use impacts on biodiversity. This 
lack of consensus not only limits the application of existing models, but also 
imposes constraints on the comparability of results of different studies evaluating 
land use impacts based on applying different models. This TF aims at global 
guidance and consensus regarding indicators and methods for the assessment of 
biodiversity impacts from land use in LCA. In order to identify models of 
particular promise for further application and development, Land use Task force 
has performed a review of existing indicators in and out of the field of LCA. 30 
models were selected. Based on the approach used by the European Commission 
within the International Reference Life Cycle Data System, we grouped sets of 
evaluation criteria under the following categories: completeness of scope; 
biodiversity representation; impact pathway coverage; scientific quality; model 
transparency and applicability; and stakeholder acceptance. In addition, two expert 
workshops were organized during 2014 (San Francisco, USA, 7/11 and Brussels, 
BE, 18-19/11). The events included discussions centred on four key topics: (a) 
concept of biodiversity and modelling strategies, (b) data availability and 
feasibility, (c) desired characteristics of indicators, usability and consensus and (d) 
concerns and limitations about using biodiversity indicators in LCA. Based on 
outcome of expert workshops and revision conducted we could summarize that 
there is clearly a need to model characterisation factors in terms of both (i) local 
damage factor for direct land use, and (ii) regional “state and pressure” weight to 
reflect broader biodiversity patterns and processes surrounding the location of 
land use. For reasons of data availability, species richness is an obvious candidate 
for both local, and regional damage. However, species richness is insufficient to 
depict the complexity of biodiversity and ecological processes. One pragmatic 
way of building consensus would be to use a combination of available indicators 
from the reviewed models for both local and regional biodiversity damage. A rice 
case study is developed to test different options. 
 
464 
Health effects from indoor and outdoor exposure to fine particulate matter in 
life cycle impact assessment 
T.E. McKone, University of California / School of Public Health; P. Fantke, 
Technical University of Denmark / Quantitative Sustainability Assessment 
Division 
Fine particulate matter (PM2.5) pollution has been estimated to contribute more 

than 7% to the total global human disease burden from 1990 to 2013 
(http://healthdata.org/gbd). Ambient (outdoor) and household indoor PM2.5 
exposures are reported to account for 41% and 58% of this impact, respectively, 
emphasizing the need to include both, outdoor and indoor exposure into overall 
estimates of health burdens in life cycle impact assessment. However, lacking 
clear guidance on how to consistently include health effects from exposure to 
PM2.5 in life cycle perspective, practitioners fail to report related life cycle 
impacts. To address this gap, a global initiative has worked on building a coupled 
indoor-outdoor intake fraction framework combining exposure to PM2.5 emitted 
indoors and outdoors with exposure to PM2.5 formed indoors and outdoors from 
chemical reactions. An exposure-response model derived from ambient PM2.5 
concentrations is consistently combined with exposures from indoor and outdoor 
sources. All factors are systematically built into a model parameterized for 
different archetypal outdoor and indoor settings, such as specific residential and 
occupational settings and different urban area sizes. Model and parameters are 
tested in a case study on the production and processing of rice in three distinct 
scenarios covering urban China, rural India and U.S.-Europe. Recommendations 
are to use this coupled, generic framework whenever emission locations are 
unknown and to apply spatial models whenever emission locations are known. 
Our study constitutes a first step towards providing guidance on how to include 
health effects from PM2.5 indoor air exposures in product-oriented impact 
assessments. 
 
465 
Improving global warming impact assessment: From recent developments in 
climate science to LCA practice 
A. Levasseur, CIRAIG - École Polytechnique de Montréal / Chemical 
Engineering; F. Cherubini, NTNU / Energy and Process Engineering 
In life cycle assessment (LCA), global warming impacts are usually assessed 
using Global Warming Potentials (GWP) for a 100-year time horizon as published 
by the Intergovernmental Panel on Climate Change (IPCC). In the recent past 
years, concerns have been raised regarding the use of appropriate modeling 
choices and alternative metrics have been proposed. The Global Warming Task 
Force of the project entitled Global Guidance on Environmental LCIA Indicators 
let by the UNEP/SETAC Life Cycle Initiative has performed an extensive critical 
review of current knowledge and limitations regarding climate metrics. Topics 
such as the consideration of near-term climate forcers, the inclusion of 
carbon-cycle and climate feedbacks in GWP, or the consideration of 
biogeophysical climate forcings from land use and land cover changes have been 
discussed. Special focus has been set toward new findings presented in the fifth 
IPCC assessment report, Working Group I, Chapter 8. The pros and cons of each 
modeling choices have been identified and recommendations have been drafted. 
The main line of thought is to first use more than one indicator (e.g. different time 
horizons, with and without carbon-cycle and climate feedbacks) to test the 
sensitivity of global warming LCA results to the different metric choices. If 
conclusions are unchanged, LCA results are robust. If they change from one 
metric to another, the range of results should be used to communicate about the 
sensitivity of LCA results to the metric choice. Metrics using different modeling 
choices have then been applied to a case study about the consumption of rice in 
three regions of the world. It has shown that LCA results may be particularly 
sensitive to the time horizon selected, and that the consideration of near-term 
climate forcers implies uncertainty and inventory data availability issues. 
 
466 
Reaching consensus on cross-cutting issues 
F. Verones, NTNU / Department of Energy and Process Engineering 
Consistency across impact categories is important, in order to facilitate and enable 
comparisons across impact pathways. There are multiple issues that need to be 
dealt with in a cross-cutting manner and not all of them can be resolved in a 
simple manner. The focus of last year’s work of the cross-cutting issues task force 
has focused on spatial aspects, normalization, uncertainty, reference states 
consensus for endpoint units and metrics for human health, ecosystem quality and 
resources, as well as a glance towards how current life cycle assessment (LCA) 
can be related to socioeconomic indicators. There is an unanimous consensus to 
keep DALY (Disability Adjusted Life Years) as endpoint indicator. We 
acknowledge that this does already contain a weighting, which is however 
internationally well-accepted. Endpoint indicators for ecosystem quality need to 
reflect species disappearance at a global level. There are different approaches how 
this can be reached and consensus is required. It is especially important that 
method developers provide the means to convert different units, such as PDF and 
PAF (Potentially disappeared/affected fraction of species). This will ensure full 
consistency between different impact categories. A preliminary consensus was 
reached that the vulnerability of different species or ecosystem types needs to be 
included. Models for doing so within LCA are being developed, but will need 
further investigation for consensus-finding. Especially important for ecosystem 
quality is also the discussion of reference states. It is difficult to find one common 
reference state across all areas of protection or all impact categories within one 
area of protection. We therefore propose to group impact categories in a 
meaningful way (e.g. based on ecosystem type affected), in order to share one 
common reference state. Other sub-tasks, like finding consensus on an optimal 
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spatial level, approaches for normalization and weighting, as well as the metric for 
resources are at the time of writing in discussion, without having reached a final 
recommendation yet. We would also like to stress that most recommendations are 
aimed for an immediate use. We acknowledge that LCA is a very dynamic field 
with many ongoing developments in terms of operational methodologies and 
refinements and we encourage further development and investigation that in future 
could lead to adapted recommendations. 
 
467 
Mainstreaming life cycle thinking through a consistent approach to 
footprints 
b. ridoutt, CSIRO 
Over recent years, footprints have emerged as an important means of reporting 
environmental performance. Some individual footprints have become quite 
sophisticated in their calculation procedures. However, as an overall class of 
environmental metrics they have been poorly defined, having a variety of 
conceptual foundations and an unclear relationship to LCA. The variety and 
sometimes contradictory approaches to quantification have also led to confusing 
and contradictory messages in the marketplace which have undermined their 
acceptance by industry and governments. In response, a task force operating under 
the auspices of the UNEP/SETAC Life Cycle Initiative project on environmental 
Life Cycle Impact Assessment has been working to develop generic guidance for 
developers of footprint metrics. The initial work involved forming a consensual 
position on the difference between footprints and existing LCA impact category 
indicators. In short, footprints are deemed to have a primary orientation toward 
society and nontechnical stakeholders and report only on selected topics of 
concern. On the other hand, LCA impact category indicators have a primary 
orientation toward technical stakeholders and report in relation to a larger 
framework designed for comprehensive evaluation of environmental performance 
and trade-offs. The task force has also developed a universal footprint definition, 
as an essential prerequisite for the development of more detailed guidance. In 
parallel to Area of Protection, we introduce Area of Concern. In the same way that 
LCA uses impact category indicators to assess impacts that follow a common 
cause-effect pathway toward Areas of Protection, footprint metrics address Areas 
of Concern. The critical difference is that Areas of Concern are defined by the 
interests of stakeholders in society rather than the LCA community. In addition, 
Areas of Concern are stand-alone and not part of a framework intended for 
comprehensive environmental performance assessment. The Area of Concern 
paradigm is needed to support the development of footprints in a way that fulfils 
their distinctly different purpose. Accordingly, footprints are universally defined 
as metrics used to report life cycle assessment results addressing an Area of 
Concern. The task group is now actively working on detailed guidance. One 
priority topic is the acceptable use of aggregation and weighting where the Area of 
Concern requires the use of multiple impact assessment models. 
 
468 
Product environmental footprint (PEF): improving life cycle impact 
assessment 
M. Galatola, European Commission / DG Environment 
Regarding the European policy context, the presentation will continue by 
presenting the consensus process initiated by the European Commission, aiming at 
covering land use related impact at midpoint, water related impact, respiratory 
inorganics and resource depletion to be used in the context of the Product 
Environmental Footprint (PEF) studies. Progress on this impact assessment 
harmonization process will also be presented in this session.  
 
469 
Life cycle impact assessment models for PEF: assessment of models and 
applicability challenges 
S. Sala, European Commission - Joint Research Centre / Sustainability 
Assessment unit; R. Pant, European Commission / Institute for Environment and 
Sustainability 
Regarding the European policy context, the presentation will continue by 
presenting the consensus process initiated by the European Commission, aiming at 
covering land use related impact at midpoint, water related impact, respiratory 
inorganics and resource depletion to be used in the context of the Product 
Environmental Footprint (PEF) studies. Progress on this impact assessment 
harmonization process will also be presented in this session. The session will end 
by a stakeholder presentation from industry and government workshop 
representatives and general feedback from session participants. 
 
The sustainability of wine production in Europe 
 
470 
Ecosystem services and soil biodiversity in French vineyards 
A. Nicolai, M. Guérnion, D. Cluzeau, University of Rennes; J. Gómez, G. 
Guzmán, University of Córdoba; P. Strauss, Austrian Federal Agency for Water 
Management; D. Popescu, A. Hoble, C. Bunea, Research Station for Viticulture 
and Enology Blaj; M. Potthoff, H. Bergman, University of Göttingen; S. Winter, 
J. Zaller, University of Natural Resources and Life Sciences Vienna 

Essential ecosystem services provided by viticultural landscapes result from 
diverse communities of above- and belowground organisms and their interactions. 
As a result of management intensification in the last century several ecosystem 
services were affected leading to high rates of soil erosion, degradation of soil 
structure, soil fertility, contamination of groundwater and decrease of longevity of 
vines etc. Here we report how management intensity affects biodiversity of 
aboveground and belowground biota as well as their impact on ecosystem services 
in terms of regulating services in the agro-ecosystem, provisioning services and 
cultural services. Some alternative techniques and conservation measures that 
have the potential to mitigate the negative effect on biodiversity were introduced 
in some wine regions, thereby restoring ecosystem services. Furthermore, the 
impact of landscape structure on biodiversity and ecosystem services in vineyards 
is currently investigated in the Biodiversa project “VineDivers”. 
 
471 
Footprinting the sustainable wine production in Italy 
E. Capri, Universitá Catolica del Sacre Cuore 
  
 
472 
Study of the variability of a vineyard sensitivity to fungus diseases in order to 
adapt chemical input:  a priori zoning of Physiological Behavior Units (PBU) 
using precision viticulture techniques 
m. raynal, B. DELFOUR, C. DEBORD, M. VERGNES, A. BENNABI, Institut 
Français de la Vigne et du Vin; M. GEORGES, R. FULCHIC, J. SERVANT, 
Château Léoville Las Cases 
The systemic analysis of the performance of a vineyard at the scale of a 
wine-making exploitation is made possible by the use of sensors stemming from 
so called precision techniques, which allow precise and exhaustive geo-located 
measures. The aim of our study is to exploit this kind of data and evaluate their 
information using geographical information systems (GIS) and crossing different 
layers representing characteristic and independent variables of the production 
system. The goal is then to elaborate an à priori zoning, likely to explain 
variations of the physiological development of vines and possible differences of 
the plants susceptibility to fungus diseases. The study is based on the combination 
of two maps established on the property of Chateau Léoville Las Cases in the 
Medoc area of the Bordeaux vineyard (France). These maps represent the 
behaviour of the two compartments, soil and plant, respectively determined by 
means of electric resistivity (R) and biomass index (B) measures. Three levels - 
low, medium, high- are defined for each type of data. The combination of these 
indicators allows the elaboration of 9 classes of islets, named Physiological 
Behaviour Units (PBU), whose distribution is bounded by the GIS on the whole 
vineyard. Six of these nine PBU were selected by exclusion of the medium class 
of the biomass index. Each PBU is replicated twice, thus establishing an 
observation device of 12 PBU likely to identify differences in terms of 
physiological development and disease susceptibility. For this purpose, treated 
and non-treated zones were delimited for each PBU, and a weekly monitoring of 
these areas has been performed during the 2014 and 2015 crop years. The first 
years’ results of the study show that the PBU concept proposed seem to correlate 
with some of the significant variations observed for physiological and sanitary 
criterions. 
 
473 
Guided discussion: sustainable wine production: opportunities, obstacles and 
the path forward 
S.E. Apitz, SEA Environmental Decisions Ltd 
  
 
474 
Summary, conclusions & next steps 
S.E. Apitz, SEA Environmental Decisions Ltd; S. Delrot, University of 
Bordeaux1; F. Martin-Laurent, INRA / Agroecologie 
  
 
Biodegradability assessments of organic substances and 
polymers 
 
475 
Chemical analysis and measurement of biomass to enhance interpretation of 
hydrocarbon solvent biodegradability tests 
C. Hughes, Shell International Limited / Shell Health; D. Brown, Shell Global 
Solutions International B.V.; G. Whale, Shell Health / Shell Health 
Biodegradability is a key parameter for environmental hazard and risk assessment 
of chemicals. This is typically assessed experimentally following the OECD 301 
A-F series of ready biodegradability tests in the first instance. These tests measure 
the biodegradation of a chemical under stringent conditions, and as such are 
considered a screening test for readily biodegradable substances. The results of 
these tests are used extensively both within a regulatory context and to support 
marketing claims on product biodegradability. However, these methods do have 
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