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Abstract

With the International Energy Agency estimatingt thi@bal energy demand will increase between 405hdercent
by 2030 (compared to 2003), scientists and polid@grmaare concerned about the sustainability ottleent energy
system and what environmental pressures mighttrésuh the development of future energy system&r&&O is
an ongoing FP7 Project (2009-2013) which assessesurrent and future impact of energy use on twir@enment
by linking environmental observation systems with processes involved in exploiting energy resaur¢ae idea
of this European project is to determine how lowboa scenarios, and in particular scenarios witligh share of
renewable electricity, affect emissions of air ptalhts and greenhouse gases (GHG) and contribuntitgation of
negative energy system impacts on human healtreaoslystems. A Platform of Integrated Assessmeift)(Ras
been elaborated to provide impact results for ecsiein of scenarios via a set of models (largeeseakrgy models,
Life Cycle Assessment models, ...). This PIA isrently available through a web service. The concépie PIA is
detailed and to illustrate its interest, a setesiuits is given with the use of the simulation motithe European ver-
sion of GAINS for a selection of scenarios.

1. Introduction

With the International Energy Agency estimatingt tij@bal energy demand will increase between 40 and
50 percent by 2030 (compared to 2003), scientisig@licymakers are concerned about the sustaityabil
of the current energy system and what environmgmegsures might result from the development of fu-
ture energy systems. Recognizing this strong neethé assessment of current and future impacts-of
ergy use on the environment, the EnerGEO projextolean designed to enable the linkage of large-scal
energy models projecting medium-run to long-runalepments with more detailed models focusing on
renewable energies to contribute to the improvernoémrojections, policy recommendations, and envi-
ronmental assessments. A Platform of Integratec#sseent (PIA) has been elaborated to host the out-
comes of the linkage of this set of models whictuims provide impact results for a set of scemario
Several steps have been required to design anohtthe PIA for assessing environmental impactsef s
narios :

1. Linking energy use and environmental impact by mgkise of state-of-the-art environmental,

and energy models under different socio-econoneaagos as the underlying concept of the PIA,
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2. Collecting the necessary datasets and derivingatolis from them by exploring the current con-
tributions to GEOSS and global in-situ networks,

3. Running dedicated pilots to assess environmeniahdts: Biomass, Solar Energy, Wind and Fos-
sil Fuels.

4. Facilitating the access to EnerGEO data by buildinmprtal within the context of GEO and based
on GEO-ADC-recommendationBt{p://geoportal.energeo-project)eu

5. Enabling to run global scenarios on energy useesvitonmental impacts by giving access to the
PIA through a webservidetp://viewer.webservice-energy.org/energeo_piafiaiotm

This article describes the architecture of the Ri®\content and how to use it through its relatesth
services.

2. Architectureof the PIA
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Figure 1: Architecture of the EnerGEO Platformmtegrated Assessment (PIA)

Figure 1 summarizes the concept of the Platfornmrftagrated Assessment (PIA). The DPSIR framework
(EEA, 1999) is the underlying concept of the PIAtds a relevant concept to structure thinking @ithe
relation between the environment and socio-econawctivities.



DPSIR stands for: Driving forces - Pressures -eStaimpact — Responses. The DPSIR framework is a
supportive framework assuming a chain of causéklivetween Driving forces and the resulting environ
mental Pressures, on the State of the environmarnhe Impacts resulting from changes in envirortalen
guality and on the societal Responses to thesegelsan the environment.

Examples of the most relevant indicators for ther&&tO project are the followings according to the
DPSIR typology:

e Drivers

- Energy production and consumption by country/feelfer

— Contribution of biomass to energy supply

- Electricity demand

— Electricity generation by fuel

— Renewable electricity generation
e Pressures

— GHG emissions (C&CH,, N,O, F-gases)

— Emissions of air pollutants (SONO,, PM2.5, PM10, BC, OC, NHINMVOC, Hg)
e State

— Concentrations and depositions of air pollutants

— Global warming potential from GHG emissions andoaitutants
e Impacts

— Global temperature change

— Premature mortality from fine particles (yearsifef lost — YOLLS)

— Health impacts attributable to ground-level ozone
e Responses
Increased investments in renewable energy, i.ewable power generation
Fuel switching and energy efficiency improvement
Stricter emission limit values for air pollutantsdataxes (or caps) on GHG
Investments in air pollution controls

Environmental impacts depending on the structurerargy production and consumption are analyzed
within the EnerGEOQO Project. The PIA is positioneithim the DPSIR structure at the Impact level. $eve
al inputs feed the PIA: (1) Pilots environmentaligators through a depositary action, (2) Life @yAk-
sessment (LCA) outcomes applied to scenarios thr@udepositary action and (3) Energy models State
indicators. These latter state indicators are cdesiento impact indicators through the PIA webgmv
application. These three types of impact indicatoesthe ones used to assess the environmentar-perf
mances of each scenario under study within EnerGE@rently four scenarios have been developed and
are now described.

3. Elaboration of the scenarios

Scenarios were developed by linking the IIASA GAINSdel (Amanret al., 2011) with the DLR scenar-
io generation tool (ReMIX) as used in the TRANS-GSIRly (Triebet al. 2012), (Trieket al. 2006). First,
IIASA compiled national energy scenarios using ke long-term projections and studies to forecast
countries future activities and related electricdgmand. Next, DLR used this electricity demanedast
and their ReMix model to determine the structur@aiver generation by country following assumptions
of the different scenarios. Finally, the GAINS mblas been applied to the resulting demand for gmym



energy of each scenario to generate what we cale tistate indicators (Co-
fala/Bertok/Heyes/Rafaj/Sander/Schopp 2012) (Figyre

We defined the 4 following scenarios:

1. The “Basdling’” scenario, which assumes that policy will not apaiby 2050,

2. The “Open Europe” scenario, which assumes import of solar powemfiidorth Africa, high re-
newable energy share in electricity generation,aapbase-out of nuclear energy.

3. The “Idand Europe” scenario, which allows a high share of power getien from renewable
sources but no imports from outside Europe; misslegtricity can be generated by nuclear
plants.

4. The “Maximum Renewable Power” scenario, which assumes the highest possiblariieg gen-
eration from renewable sources.

These scenarios assume for each country a sudces&ficement of current air pollution control Isigi-

tion (international and national emission limit wa$ as well as fuel quality and product standaiis.
Baseline scenario is the EnerGEO reference scenario whiables analyses of other scenarios. This sce-
nario includes current policies with regard to gation of climate change, as taken into accounaii

ous studies available for Europe.

4. An exampleof PIA use: human health indicators

To illustrate how the PIA is supporting impacts lgs@ of different scenarios, we will focus on huma
health indicators. Human health indicators are ageygh from time series of concentration of air pollu
tants. In this example of the PIA use, we calculatss of Life Expectancy (LLE) from P concentra-
tion (Particulate Matter with a 2.5 micrometer irardeter) (Gschwind/Lefevre/Blanc 2012), (Lefe-
vre/Gschwind/Blanc/Ranchin/Wyrwa/Drebszok/Cofala$:u2013) and (Drebszok/Wyrwa/Blanc 2012).
PM, s concentration time series are obtained from GAIbISeach country and for each scenario based on
information collected by available internationalission inventories and on national information digap

by individual countries (Cofala/Bertok/Heyes/Ra®ghder/Schopp 2012). Table 1 reports Loss of Life
Expectancy expressed in Years of Life Lost (YOLULthousands) due to BMfor people above 30 years
in 2005 for different countries in Europe.

Table 1 : Years Of Life Lost (thousands) due to,Rfr people above 30 years in 2005

Baseline |Island Europe Max. Ren. | Open Europg

scenario scenario | power scenarig  scenario
Austria 1384 1334 1327 1336
Belgium 3497 3401 3389 3405
Bulgaria 1737 1673 1667 1676
Cyprus 127 94 94 95
Czech Republic 2549 2471 2458 2476
Denmark 1064 1043 1040 1044
Estonia 194 187 187 187
Finland 475 455 456 458
France 10980 10763 10729 10775




Germany 21378 20695 20636 20732
Greece 1788 1698 1682 1705
Hungary 2981 2891 2884 2909
Ireland 329 321 319 321
Italy 10375 10113 10025, 10078
Latvia 383 373 372 373
Lithuania 673 656 654 656
Luxembourg 123 118 118 119
Netherlands 523p 5061 5042 5070
Poland 1062 10338 10269 10332
Portugal 1424 1413 1412 1414
Romania 5437 5234 5221 5243
Slovakia 1332 1290 1284 1295
Slovenia 426 411 409 412
Spain 4387 4295 4293 4302
Sweden 77 754 753 756
United Kingdom 10384 10188 10133 10196
EU-27 100059 97270 96853 97365

Another human health indicator delivered in the BiAhe premature deaths per year due to ozon&arAs
the PM s concentration, time series are obtained from GAIbISeach country and for each scenario. Fig-
ure 2 presents the number of cases in 2005 fobdkeline scenario in the form of map for each agunt
Table 2 reports the same results along with cas&050 (maximum renewable scenario compared to
baseline) for different countries in Europe.
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Figure 2: Number of premature deaths per counteytduDzone in 2005
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In both cases (PM and Q) results are available in the PIA in the form albles, maps with national val-
ues per country, or gridded maps with a resolutio®0 x 20 kr.

Table 2 : Cases of premature death due to Ozok@Gs and 2050

Max. Ren. Bazg:ine/
Baseline | Baseline| Power Max.ren. power
2005 2050 2050 (%)

Albania 119 153 131 -14
Austria 427 341 297 -13
Belarus 324 186 153 -18
Belgium 458 422 396 -6
Bosnia and Herzegovina 220 159 121 -24
Bulgaria 603 264 219 -17
Croatia 342 198 164 -18
Cyprus 33 70 62 -12
Czech Republic 568 337 273 -19
Denmark 194 163 149 -8
Estonia 22 15 13 -9
Finland 58 57 53 -7
France 2768 2510 2306 -8
Germany 4065 3313 3025 -9
Greece 735 719 643 -11
Hungary 754 370 300 -19
Ireland 83 143 138 -3
Italy 4861 4353 3957 -9
Latvia 60 34 31 -11
Lithuania 101 58 50 -14
Luxembourg 20 20 17 -14
Malta 26 28 26 -9
Netherlands 459 500 471 -6
Norway 91 115 110 -4
Poland 1539 1022 851 -17
Portugal 601 582 558 -4
Republic of Moldova 192 100 82 -18
Romania 1177 713 585 -18
Russian Federation 4185 3063 2819 -8
Serbia 612 412 347 -16
Slovakia 290 178 136 -24
Slovenia 124 85 70 -17
Spain 2478 2723 2563 -6
Sweden 206 185 172 -7
Switzerland 346 345 311 -10
TFYR Macedonia 96 102 92 -9
Turkey 1894 4585 3147 -31
Ukraine 2620 1309 1135 -13
United Kingdom 1785 1996 1935 -3
EUROPE 35536 31928 27908 -13




5. Accesstoimpact indicatorsthrough Web services within the PIA

These results are available through a set of stdr@d&C (Open Geospatial Consortium) Web Map Ser-
vices (WMS) which provide maps of computed indicatavailable in the geocatalogVe also provide a
WPS (Web Processing Service) another OGC standaichwathers all PIA results to enable a one point
access to data available. This WPS is currently bgeour Web Clierit This Web Client provides an easy
human interface which enables the download of tesuld the view of maps.
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Figure 3: Example of the PIA Web Client
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