SCCER-SoE Science Report 2019

Task 4.1

Title

Risk, safety and societal acceptance

Projects (presented on the following pages)

Induced seismicity risk analysis of the planned geothermal hydraulic stimulation in Geldinganes,
Iceland
M. Broccardo, F. Grigoli, D. Karvounis, A. Mignan, A.P. Rinaldi, L. Danciu, S. Wiemer

Risk Assessment of Accidents in the Energy Sector for Selected Long-Term Scenarios
P. Burgherr, M. Spada, L. Vandepaer, A. Kalinina, W. Kim, P. Lustenberger

Geothermal Exploration Chance Of Success
L. Guglielmetti, L. Perozzi, A. Moscariello, F. Martin, M. Meyer, C. Nawratil De Bono

Public perception of hydrogen technologies combined with CCS in Switzerland
Lisa Hammerli, Michael Stauffacher

The spatial diffusion of solar PV in Switzerland: an interdisciplinary approach
Léon F. Hirt, Marlyne Sahakian, Evelina Trutnevyte

Uncertainty quantification and global sensitivity analysis in life loss estimates due to an instantaneous
dam-break
Anna Kalinina, Matteo Spada, Peter Burgherr, Christopher T. Robinson

A tool to visualize different participation formats
Franziska Ruef, Michael Stauffacher, Olivier Ejderyan

Quantitative risk assessment for Deep Geothermal Energy (DGE) systems in Switzerland
Matteo Spada, Peter Burgherr

Using GIS to discuss place factors for CCS projects siting
Juanita von Rothkirch, Olivier Ejderyan, Michael Stauffacher

106



SCCER-SoE Science Report 2019

107

SCCER-SoE Annual Conference 2019

S cc E R ; S o E Schweizerischer Erdbebendienst

Service Sismologique Suisse
Servizio Sismico Svizzero

SWISS COMPETENCE CENTER for ENERGY RESEARCH Swiss Seismological Service

SUPPLY of ELECTRICITY

Induced seismicity risk analysis of the planned
geothermal hydraulic stimulation in Geldinganes, Iceland
M. Broccardo, F. Grigoli, D. Karvounis, A. Mignan, A.P. Rinaldi, L. Danciu, S. Wiemer

Supported by:

\

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

Innosuisse - Swiss Innovation Agency

Motivation

The rapid increase of energy demand in Reykjavik has posed the need
for additional supply of geothermal energy. The deep hydraulic (re-
)stimulation of the well RV-43 in the peninsula of Geldinganes (north of
Reykjavik) is an essential component of the plan implemented by
Reykjavik Energy to increase the geothermal supply of energy.
Hydraulic stimulation are often associated with fluid-induced seismicity,
which can cause damage to the nearby building stock and nuisance to
population. This study presents a pre-drilling preliminary probabilistic
induced-seismic hazard and risk analysis for the site of interest. The
induced-seismic hazard and risk analyses are based on a fully
probabilistic framework, with focus on inherent epistemic and aleatory
variability. We provide full probabilistically estimated of peak ground
accelerations, European Microseismicity intensity, damage, and
individual risk for the area of interest.

Site description and planned operations

The well RV-43 is located in the Geldinganes geothermal field in the
northeastern part of the city of Reykjavik, Figure 1. Reykjavik Energy
(OR) is the main supplier of heat in Reykjavik and has drilled several
wells in Geldinganes. OR aims producing hot water from RV-43 to be
directly utilized for heating purposes and to meet the increasing
energy needs of Reykjavik. RV-43 was drilled in 2001, it is 1832 m
long, where the deeper 924 m long are uncased (8% inches open
hole). The well is oriented towards the northeaster of Geldinganes, an
area speculated to be exceptionally warm, since it is closer than the
rest of the Geldingane’s wells to the extinct central volcanic system

north of Reykjavik.The locations of both Geldinganes, its wells, its
shallow temperature gradient and RV-43 are shown in Figure 1.

Figure 1 Map view of the Geldinganes island in Reykjavik. On the right, the

Geldinganes area is plotted with all its wells, the temperature gradients measured
at shallow depths and with the solid red line representing RV-43 at different
measured depths (figures extracted from OR's report for the drilling of RV-43).

Probabilistic fluid-induced seismicity seismic hazard and risk
analysis in a nutshell

Classical PSHA analysis, Intensity measures PGA, and EMS-98 scale
Sources: fixed point source at injection points (data driven, S1) and
Karvounis et al. physical based model (synthetic catalogue, S2)
Frequency-magnitude distribution: Truncated Gutenberg Richter
Epistemic Uncertainties, logic tree (Figure 2): 2 rate models, 7 Ground
Motion Predictive Equations (GMPE), 2 Ground Motion Intensity
Conversion Equation (GMICE). Number of brunches 120
Results Hazard curves Figure 3 show larger uncertainty for data driven
source model
Risk computation computed as classical convolution of hazard
vulnerability and exposure
Output Individual Risk (IR), and Damage Risk (DR)
« IR is defined as frequency at which a statistically person is
expected to experience death or a given level of injury
« DR is defined as frequency at which a statistically average

building class is expected to experience light non-structural

damage
Vulnerability models: Macroseismic intensity approach for IR and local
mechanical fragility function for DR
IR threshold 10 (one micromort), DR threshold 10-2. Figure 4 and 5
Results of the a-priory risk analysis shows IR and DR bellow the safety
limits.
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Figure 4 Marginal IR for 2 km distances. The solid horizontal lines represent the
weighted median values of the vertical gray lines. The dashed horizontal lines
represent the 10 and 90% epistemic quantiles.
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Figure 5 Marginal IR for 2 km distances. The solid horizontal lines represent the
weighted median values of the vertical gray lines. The dashed horizontal lines
represent the 10 and 90% epistemic quantiles.
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Introduction

The comparative risk assessment of accidents in the energy sector is
well established to evaluate the performance of technologies [1]. In
recent years, it has become an essential component within the
broader concepts of sustainability, energy security and resilience [2].

This study focuses on how the overall accident risk of a country’s
electricity supply mix is affected by long-term energy projections like
the World Energy Outlook (WEQ) scenarios [3]. It includes several
novel elements: (1) average and marginal electricity supply mixes for
today and 2030; (2) updated accident risk indicators until 2016; and
(3) coverage of 11 country groups / countries (three shown here).

PSI’'s ENSAD Database

The Energy-related Severe Accident Database (ENSAD) comprises a
comprehensive global coverage of full energy chains, and focuses on
severe accidents (e.g. 25 fatalities) that are a major concern to
industry, authorities and the public. Recently, it has been transformed
in a spatial database with comprehensive GIS functionality, running on
a Platform as a Service (PaaS) cloud environment [4].

Normalized fatality risk indicators were calculated for fossil energy
chains (coal, oil, natural gas), hydropower, nuclear power and new
renewable technologies. Figure 1 shows fatality rates per energy
chain and country group (i.e. OECD, EU28, non-OECD). Generally,
OECD and EU28 countries perform better than non-OECD for fossil
and hydropower energy chains. Compared to the 1990s, the Chinese
coal chain is only slightly higher than the rest of non-OECD.
Hydropower is most deadly in non-OECD countries, but the difference
becomes substantially smaller if the most extreme dam failure in
China (Bangiao/Shimantan, 1975, 26’000 fatalities) is excluded. For
nuclear, fatality rates are among the lowest, particularly for the new
generation |l reactors. Finally, new renewables have clearly lower
fatality rates than fossil chains (except biogas).
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Figure 1: Severe (25 fatalities) fatality rates for fossil, hydro, nuclear and new
renewables in OECD, EU28 and non-OECD countries for the period 1970-2016.
PWR: Pressurized Water Reactor, EPR: European Pressurized Reactor, CHP:
Combined Heat and Power, EGS: Enhanced Geothermal Systems.

The current mix (2017) for each scenario is compared against the
corresponding 2030 average (attributional) electricity mixes, and the
2017 and 2030 marginal (consequential) mixes (see [5] for details).
Fatality rates for 2030 were approximated using data for the period
1990-2016 as presented in [6].

Figure 2 shows the overall accident risk for the current and future
average and marginal electricity supply mixes per scenario for OECD,
EU28 and non-OECD countries. The former two country groups
clearly perform better, but all three groups exhibit a similar pattern: (1)
overall accident risk becomes smaller for scenarios with increasingly
ambitious climate targets; (2) improvements become larger for 2030
compared to 2017; (3) the overall accident risk is consistently lower for
the marginal mix than the corresponding average mix, indicating that
renewable technologies increasingly replace large, centralized power
plants, especially coal and to a large extent also natural gas.
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Figure 2: Overall accident risk for the current mix (2017) and scenario-specific
average (Av) and marginal (M) electricity supply mixes in 2017 and 2030 for
OECD, EU28 and non-OECD.

Conclusions

Among centralized, large-scale technologies, fossil energy carriers
have the highest fatality rates, whereas hydro and nuclear perform
best in industrialized countries. Decentralized, new renewables are
less sensitive to the issue of severe accidents, and geothermal is
clearly better than natural gas and biogas.

The implementation of more stringent climate policies often leads to a
reduced overall accident risk as exemplified by the current scenario
analysis. Furthermore, results showed the impact of the increasing
penetration of new renewables on the average electricity supply
mixes, but also reflected their growing importance for marginal mixes,
replacing particularly coal and to a lesser extent natural gas until
2030, which further reduces overall accident risks.

Risk Indicators in Long-Term Scenario Modeling

Three core scenarios from the WEO were considered [3]:

= Current Policies Scenario (CPS) takes into account only those
policies and measures that are confirmed and legally consolidated.

= New Policies Scenario (NPS) illustrates the general direction in
which the most recent policy ambitions could lead the energy sector.

= Sustainable Development Scenario (SDS) is fully aligned with the
goal of the Paris Agreement to keep global average temperature rise
\\well below 2 °C above pre-industrial levels.
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Geothermal Exploration Chance Of Success

g

UNCERTAINTY
REDUCTION

Acquisition of cost-effective,
quick and high resolution
geophysical data such as 3D
DAS VSP, S-waves seismic and
high resolution gravity can help
to improve the understanding of
the subsurface.

Existing data analysis
START Esta_blishing a first assessment of the
Y project framework by analysing

existing data and assessing risk
Data not Data satisfying
satisfying . . PROCEEDWITH ____ \

uncertainties.
NO-GO THE PLAN

Data not
satisfying
NO-GO
Data partially
satisfying
Acquisiton of new
geophysical data
- Gravity
- Seismic S-waves
-3D DAS VSP

Gravity Data

One objective of the new acquisition campaign is
to improve the knowledge of the subsurface
density and better quantify its uncertainty.
Starting from a gravity survey, we are able to
produce a map of the complete Bouguer anomaly
(CBA) that is a result of an interpolation of the
observed anomaly at each survey location.
However, since the distribution of the acquisitions
stations could be more or less dense, we need to
quantify the uncertainty related to the resulting
interpolated map realizations.

Location of the survey area and the
Gravimetric Atlas of Switzerland stations
and the stations collected in the
framework of the GECOS project. The
survey was carried in 71 days adopting
an approach aimed at optimizing at
most the quality and the time of the
acquisition. This was achieved by
running cycles between control stations
and by using the Geneva Canton
cadastral points as reference for the
coordinates XY of each station and the
DPGS or the Geneva Canton LIDAR DTM
for the Z coordinate.

3D density model resulting after
inversion processing. The inversion
processing allows to reconstruct the
density distribution in the
subsurface according to gravity data
observed on the field. The GM-SYS.
3D toolset in Geosoft Oasis Montaj
was used in this task. The inversion
processing can provide accurate
results when geometrical
constraints (i.e. from a 3D geological
model) and/or density data for the
lithology of interest are available,
therefore reducing the uncertainty
of the resulting density model

For this purpose, we propose a stochastic
approach to produce several sequential Gaussian
simulation of the CBA over the studied area, before
and after the new gravimetric acquisition. First
order statistics are then applied to estimate the
variance at each pixel of the interpolated grid to
evaluate uncertainty of the resulting interpolated
map. Adding the new GECOS stations allowed to
reduce the uncertainty on the CBA map.

Dupuy D Guglielmetti L
Métraux V " GE-RGBA ugelrozzi L I

Geophysics for Geology Mijic G <ﬁi§§55§55:'::2:3:rm.u. Moscariello A
Radogna PV

RISK MITIGATION

Stochastic and machine learning
approach are perfectly shaped
to integrate and analyse
different types of geodata to
mitigate the risk of developing
geothermal project projects.

UNIVERSITE
DE GENEVE

EXPLORATION COST
REDUCTION

High-resolution acquisition and
integration of data from
different sources using
machine learning allow
improving the probability of
success of new geothermal
projects.

GECOS WORKFLOW

This workflow can be replicated at any stage of a geothermal project.
From the early stages when only scarce data are available, during
exploration when new data will be collected and when large new
investments (i.e. 3D seismic and drilling) need to be planned, and
during production to monitor the reservoir and eventually design

new drilling operations. Predictive machine learning models are
updated as far as new data are available.

Machine learning on seismic en borehole data

About 200 km of 2D seismic lines are available over the
Geneva Basin, corresponding principally to 4 acquisition
campaigns undertaken from 1987 to 2015, as well as a
selection of unitary lines issued from earlier acquisition
campaigns (1972-1977) to complete the seismic dataset
toward the Northeast of the studied area.

Two time-migrated, 2D seismic reflection profiles
intersecting the well GEo-01 have been retained to apply
the proposed methodology, highlighted in the bottom left
box of the left figure. Lines GG87-02 and SIG 2015-L08 are
oriented NW-SE and NE-SW, covering approximately a
distance of 4630 m and 8039 m, with a trace spacing of 15
mand 10 m respectively. Vertically, the profiles were
recorded down to 4000 ms and 2000 ms respectively.
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= Genevabefore 2015 = Nanmcres

GRS s gm0
[

Ao

— Machine learning allows
s classifying the seismic data
into 3 facies that can be
interpreted as unfractured

intervals zone (

). especially visible in
the left part of the GG8702
section; a likely occurrence

of fractures zone (blue
facies), which cover the
most of the seismic line
51G-2015-L08 and a region
of likely occurrence of
fractures and small offset
faults (pink facies).

seismic line SG2015-408

Automatic classification of Py s i el
facies in GEo-01 well, using a
K-means algorithm that allows
to identify similar group of
clusters (or facies) within a
dataset of different wireline i
logs measurements. Figure (a)

shows the 14 the geophysical H
logs used with the proposed 8
approach, figure (b) shows the

result of K-means algorithm

with the number of clusters

fixed to 7 for the lithofacies
dlassification compared to the i
original litholog (c). | B[S 161 S
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Public perception of hydrogen technologies combined with CCS in Switzerland

Lisa Hammerli, Michael Stauffacher

L . . »  Perception regarding storage
Limiting global warming and technology perception P 9 9 9

» A majority of the climate scenarios considers negative emission
technologies (NET? to reach a long-term climate stabilization
under 2°C (Fuss et al., 2014)

*  Bioenergy with carbon capture and storage (BECCS) is a NET

*  There are few economic driver for the commercial deployment of
carbon capture and storagf;e (tCCS). The introduction of hydrogen
or

(H.) as a low-carbon fuel for transport, industrial processes, S —
gsaétglg é)gd cooling could be a driver for the development of CCS «  Climate change view on different emission options

- How does the ﬁublic perceive the options fossil fuel to H,
and biogas to H, with carbon storage in Switzerland, abroad
or no storage?

acceptatallto?

- Is CCS more accepted when it is used in combination with
hydrogen for the mobility sector?

Alames Concomed  Cauious  Disengaged
z o foubil
N=27 N5 N2 e
View on climate change nN=gs

Quantitative Online Survey (N = 923)

y «  Affect of h-mobility and e-mobility
+  April to May 2019, quota on gender & age ! I o
»  Audience segmentation: climate change view freaco
+  Vignettes design study = . i
w o A ] ©is s sssossss o H
z, 2,
Biogas Natural Pipeline Truck gvoﬂzuset:r;g:m :g::ﬂage ?«nggoe] Low  Medium  High very"‘gr‘ E i E
12 Vignettes J L e :
A LA sss
LW AR 4 W T
e T 5SS M o PN ssss Summary and Discussion
-amsss oY s
S R T . . "
s WM s «  Affective response to hydrogen is more positive than to CCS.
= «  Affective response to both end-uses (hydrogen in the mobility sector
or electricity for the grid) is similar.
Results « To accept negative emission technologies (BECCS in this case), you
need to be alarmed by climate change.
- Subjective knowledge of hydrogen and CCS (N = 923) *  The study showed no clear preference towards scenarios with

negative emissions.

« There is a significant preference of pipelines over transport by trucks.
But rresults from Wallquist et al. (2012) suggest, that options without
pipeline are preferred over options with a (CO,) pipeline.

« There is a preference towards storing CO, in Switzerland compared
with storing options abroad. There is also a clear preference using
biogas in comparison with natural gas.

« There is no significant difference in the perception of h-mobility
between conventional drivers and eco- and non-drivers.

+  Affective perception of different end-use options

References

Chryst, B., Marlon, J., van der Linden, S., Leiserowitz, A., Maibach, E.,
& Roser-Renouf, C. (2018). Global warming’s “six americas short

Ao poeeslon Sy o oo 3o survey”: Audience segmentation of climate change views using a four
s w1 (009 w0 (009 question instrument. Environmental Communication, 12(8), 1109-1122.

Natural gas 4.16 (060) 4.14 (065)

Fuss, S., Canadell, J. G., Peters, G. P,, Tavoni, M., Andrew, R. M.,
Ciais, P., Jackson, R. B., Jones, C. D., Kraxner, F., Nakicenovic, N., Le
Quéré, C., et al. (2014). Betting on negative emissions. Nature Climate
Change, 4, 850.

Leenaotvinete - 2 - Bjogas with CO, storage in
- S.w "Z.erlla."d & Hatransportation Wallquist, L., L'Orange Seigo, S., Visschers, V. H. M., & Siegrist, M.
™ g ﬁatp’rpf ine th CO.storage in(2012)- Public acceptance of CCS system elements: A conjoint
- Natural gas wi 2 ge | measurement. International Journal of Greenhouse Gas Control, 6, 77-

»  Preferences of the vignettes 1. Biogas without CO5 storage &

H transportation via pipeline

o (11 4ot scepttanto 7=

sty

Lovetsccotn

Switzerland & H» transportation 8

g 3.
via pipeline J

.

110



SCCER-SoE Science Report 2019

1M

UNIVERSITE UNIGE

DE GENEVE
A The spatial diffusion of solar PV in Switzerland: RES
an interdisciplinary approach
Léon F. Hirt", Marlyne Sahakian?, Evelina Trutnevyte’

"Renewable Energy Systems group, Faculty of Science, Department F.-A. Forel for Environmental
and Aquatic Sciences, Institute for Environmental Sciences, University of Geneva, Switzerland
2Institute of Sociological Research (IRS), Institute for Environmental Sciences (ISE), Umversrty of Geneva, Switzerland

INTRODUCTION  Cumlaive il capacy n Swzaiand (GW)

in a spatially uneven way (Fig. 2 and 3) [1, 2]. Therefore, a better understanding of how solar PV o
diffused in the past could help define measures to increase the uptake of this technology.

The literature on solar PV diffusion has focused on finding quantitative socio-technical/economic
variables (e.g. feed-in tariffs) to predict the uptake of solar PV, whereas theoretical frameworks have ¢«
only rarely been used [4]. Transitions studies more broadly have studied transitions using =
theoretical frameworks [5,6] but they were only rarely quantified [7].

Aim and approach

Our overall aim is to contribute to a better retrospective understanding of solar PV diffusion in
Switzerland by linking the Multi-level perspective (MLP) on socio-technical transitions framework (5,
6] with quantitative indicators (n=36, e.g. population density). More specially, we aim to gain a

better understanding of the spatial diffusion of solar PV which may contribute to helping

Solar photovoltaic (PV) systems and spatial technology diffusion approaches o Figure 1. Cumulative installed capacity in
Switzerland is seeking to increase its share of renewable electricity to meet its Energy Strategy " Switzerland (GW). Temporal perspective.
o ) R A R 3 Source: own analysis of the Pronovo dataset
2050 targets. Due to its high technical potential, solar PV could have an important role to play [1, o of registered solar PV projects [8]
2, 3]. Cumulative installed capacity of solar PV has been increasing in the last decade (Fig. 1), but - I
1

Switzerland meet its energy targets. Figure 2. Installed capacity [<W] in Switzerland for each Figure 3, Installed capacity (kW] per 1000 inhabitants in
municipality in 2017. Source: own analysis of the Pronovo Switzerland for each municipality in 2017. Source: own analysis
lataset of registered solar PV projects [8] o the Fronovo dataset of registered solar PV projects (8

The Multi-level perspective (MLP) METHODOLOGY

The MLP framework is a heuristic tool to study long-term socio-technical transitions. A transition is Landscape Energy sty 250; Eleuicyprces
conceptualised as the destabilisation of a socio-technical regime, triggered by interactions level

between 3 hierarchical levels: a Landscape level (macro), a socio-technical regime level (meso) and B o dens R .

a niche-innovation level (micro) level [5, 6] (Fig.3). The MLP has predominantly been used to study * Hel - - sane .

- A h SN R [ o ——— .
transitions at the national level [9]; here, we apply it to the municipality scale (N=2212) and focus e e jrabenry —— .
on the regime level. Broadly speaking, a regime can be defined as the rules and regulations : et . P —
embedded in institutions and infrastructures which characterize a society’s trajectory. Socio- | o it [ jaradaon * NUMDEROF

PR echnical |« Shueof peoplein e | 0
Theory and quantitative indicators regime ;"""‘";?"E"‘“ I TRorCTs
R ) - g coctrcient p
We selected quantitative indicators (n=36) based on the literature on solar PV uptake and the MLP — .
framework (Fig. 3). We aimed to select indicators that quantitatively describe regimes of St prpny
municipalities. : -  Qonmive o 13
Statistical method: L Nanicpoies ez
tatistical methods . . N R . + Sources of the data: statistical office, official
We use a dataset of PV systems in Switzerland (includes projects e.g. that received federal Techoological . ropors, etc.
subsidies, are on a waiting list; M=76'587). We used cluster analysis and principal component niches :
analysis (PCA) to identify and analyse clusters of municipalities which have similar regimes. We
N ; ) i - Figure 3. The MLP framework is used to explore solar PV uptake in Switzerland. Quantitative indicators are defined
statistically described the growth of solar PV in each of these clusters and linked the findings to based on the theory of the MLP [5, 6] and the existing literature on solar PV uptake (see examples of indicators in blue
broader qualitative insights from the MLP framework. boxes). Indicators have municipality-level resolution and are chosen as to identify different socio-technical regimes

across Switzerland.

PRELIMINARY RESULTS

municipalities names: see legend. municipalities names: see legend.

Mean installed capacity (kW)/1000 inhabitants ”Regimes " across Switzerland
700
600 [ Gzt owaa i | . At least 5 main types of different regimes across Switzerland were
Gl O identified (Fig. 3) . For example, a higher share of agricultural and
50 primary sector activities (values above the national average)
400 Eromse e characterize cluster 5 (orange).
300 / . Growth rates of solar PV are different between clusters: the mean

installed capacity per capita is highest in cluster 5 (orange,

0 “Agricultural activities”) and lowest in cluster 2 (blue, “Densely
100 populated areas”) (Fig. 5). The 3 remaining clusters have similar
0 — growth rates (Fig. 5). We obtained similar results using other metrics
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 (eg number Of projects per Capita).
Figure 4. Using the MLP and quantitative indicators, we did cluster analysis and PCA  Figure 5. Growth of solar PV in each cluster measured here using
d dentifid] five main clustors of regime configurations in Switzerand. Cluster of the mean installed capacity (kW) per 1000 inhabitants. Cluster of

Installed capacity (kW)/1000 inhabitants, N=410

Analysis of clusters of municipalities with similar regimes

. We identify outliers (municipalities) in most clusters that drive the
growth of solar PV. For example, in cluster 5 (orange, "Agricultural
activities”), 27 municipalities show a faster growth of solar PV (Fig. 6,
7 and 8).

+  The 27 municipalities show in particular, a higher electricity demand
than the other municipalities in the same cluster, stemming from the
agricultural activities. Similar results (i.e. a small number of Y ¢ 7 ) bl
municipalities driving solar PV growth) are found in other clusters. P Y NPt 300 .

6000 7
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4500

4000

k

2500 *

2000

SERREE!

) I T - ? 1
T

Figure 7. Installed capacity for N=410 municipalities in

cluster 5 (see Fig. 6).
Installed capacity (kW)/1000 inhabitants, N=27

. Further analysis should determine whether these municipalities are
front-runners or perhaps benefited from more favourable conditions
facilitating PV growth.

Figure 6. In-depth analysis of each cluster identified in Fig. 4. Here, the example 2
of cluster 5 (N=437, ftural area”). Ty (red) were 000 —
identified as outliers and show faskergrowmg solar PV in terms of installed o I
capacity (kW) per capita. 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 8. Installed capacity for N=27 outlier
municipalities in cluster 5 (see Fig. 6).
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. Finally, our results may potentially provide helpful insights to local governments to
elaborate tailored policies for solar PV diffusion according to the dominant regime
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Research objectives Step B: Marginal distributions for uncertain model inputs
Parameter Name Unit
1. Application of the HEC-LIFESim life-loss (LL) modeling software to a Inhabited locality
case study with conditions relevant for Switzerland; Prot Total population [people]
2. Application of metamodeling for quantification of uncertainties in the Poss Population over 65 iraction] - vle 1 The marginal

H Building foundation height [m]

estimation of life loss provided by HEC-LIFESim; Flood and Warning process distributions modeled in

3. Global analysis of the model sensitivities. o Fatality rate in the chance zone [fraction] this study for the Swiss
. — e I i i ion] case used as input for the
Framework for uncertainty quantification (UQ) & global sensitivity Feompr - Fatality rate in the compromised zone  [fraction] metamodel P
analysis (GSA) Thea Hazar}i cclJmmunlcatlor\ delay [hour]
Tyia Warning issuance delay [hour]

Modeled input uncertainty is propagated through the surrogate model created

using Polynomial Chaos Expansion (PCE) (Figure 1): Swiss Data on demographics (P, P,es), structural inventory (H), etc.

collected from [6-8], data on Warning issuance delay (T,,;4) provided by

MPCE et Z yaq:a( X,-) [9] and Swiss specific fatality rates (Fchance, Feompr) €Stimated in [10].

aeNM Step C: Example results for uncertainty propagation
MPCE; PCE response, X;: input vector, y,: coefficient, ¥,: polynomials. PCE of different degrees are built on the experimental design of 550 samples
Step B: Step A: Step C: for the parameter of the model output for 6 different scenarios, based on 3
) different flood inflow severity and 2 times in a day (2 a.m. and 2 p.m.) (Figure

Quantification of Computational [ »|  Uncertainty 3).
uncertainties model propagation ‘ PCE metamodel response [ |Model Response‘
a) , x10* b), x10* ) )
Step D: 3 M = 2,603 [#fat.] 3 u = 2,570 [# fat]
onsty s || =303 fat] o= 285 at]

Figure 1 Global Framework for UQ and GSA [1]
Global Sensitivity Analysis is performed in this study by calculating two indices SN
for comparative reasons: 0 1 2 3 4 0 1 2 3 4

+  Sobol indices, S;, define individual contributions of each model input to . Life Loss, LL [# fatalities] x10' Lifeloss.[# fata“ties]. <10°
the total variance D. Sobol indices are calculated from the coefficients of | Figure 3 Model response and PCE response for the LL estimates obtained for

the PCE-metamodel [2], such that: two selected scenarios. a) daytime — mean flood inflow; b) nighttime — mean
flood inflow

Frequency
o - N
o - N

Si = Yaea, ¥2/D, Ay = {a € NM: a; > 0, a;,; = 0}
*  Borgonovo index [3], §;, which is a measure of the expected shift in the i o o ) .
probability distribution of the model output when a random input variable Sobol’ and Borgonovo indices indicate that the total population, the fatality rate

Step D: Example results for global sensitivity analysis

X; is set to a fixed value. If the expected shift is close to zero, then the in the chance zone and the warning issuance delay contributed most to the
variable is not important, otherwise for more important variables it takes a | Variability of the model output for both day and nighttime (Figure 4).
larger value: Discrepancies between Sobol’ and Borgonovo indices (e.g. Tyqq) are related to
the fact that the latter provides a relative ranking with respect to the most
U|fy fy'xlldy:| ulmportant parameter (Pwt ), while Sobol’ |nd|ces provide absolute values.
M First-order Sobol|

Total Sobol"

Where fyis the probability distribution of the model output and fyx; is

M Borgonovo
the conditional distribution of X;.
Step A: Computational model
The HEC-LIFESim software [4] is a spatial dynamic system for modeling

LL of a flood event. It is a modular system consisting of four modules
(Red boxes in Figure 2). These modules are built around databases and Fararce Foompr Fooe Fomr T e P Pws
exchange data through geo-layers. HEC-LIFESim estimates the number Figure 4 Results for global sensmwty for the LL estimates obtained for two
of LL by redistributing the initial Population At Risk (PAR), i.e., the selected scenarios. a) daytime — mean flood inflow; b) nighttime — mean flood
number of people living in the inundated area, based on different | inflow

information, e.g. flood severity, warnings, etc.. Conclusions
. /F‘;ﬂ\uw{ Emm];;\/@m\ng\ * The applied metamodeling approach is in good agreement with the
:g g \_quantities X__ routes _ X d\strlbu(\oy“\\gfi/// physical model;
2% v > * Application of the constructed metamodel enables reducing
g Warningand computational effort with respect to, for example, Monte Carlo
gs e Figure 2 HEC-LIFESim approach for approaches;

sherer //H”d\\, iom, Ll estimation (modified from [5]) + Global sensitivity analysis can help to understand how the variability

ot \_ zones /J\mmsmbun}, of each model input affected variability of the LL-estimates;

S~ .

The constructed metamodel can support inform ed risk management
@ and reliability-based design for typical Swiss hydropower dams.

rates

/lossof O\

R Ueloss
module
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A tool to visualize different participation formats
Franziska Ruef, Michael Stauffacher, Olivier Ejderyan — D-USYS TdLab, ETH Ziirich

Context of a geothermal energy program —
GEothermie2020

The context of our study is the geothermal program GEothermie2020
funded by the public utilities SIG and the canton of Geneva. Launched
in 2014, the program started with an extensive prospection and
exploration campaign. We accompany the program in its different
steps to work on participation and the public. With the program
transgressing different phases of development, we adapt our research
questions and priorities in order to stay in line with the pressing issues
and questions at hand.
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Research Questions and Method

1. How does structuring different formats of participation allow to
identify blind spots in a participation context?

2. Which are these blind spots and how do they highlight different
understandings of participation?

Two perspectives: the project managers and residents

Aim: grasp participation seen and understood from different
perspectives through the lenses of the 2 central actors:

- The ones initiating a participative format: PROJECT MANAGERS
- The ones participating (or not) in it: RESIDENTS

© Olivier Ejderyan, 2017

©sI6

Data

Core findings are based upon a detailed analysis of in-depth
qualitative data elicited through focus groups with residents and
participant observation in strategic management meetings of the
geothermal project managers in Geneva.
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Results

Project Managers’ view

Developer-
led

&
Interactive formats

Deliberative citizens
commitee
Workshops and focus groups
Demacratic channels
Brokerage, mediation
Consultation / hearings
Exhibitions, Site Visits
Social Networks, new
wepsite
Interviews.
Strategic communication _
Presentations
Organized information event
Internet website
Press conference
Project communication
Part of alarger event
Awareness raising
Education
Economic Participation,
economic incentives
Behavior change initiative
Protest
Abstention

Self-

2
5,
g
sy, L
Y,

Co-
production
/ Co-
decision

Consultation

—
-

communication

Behavier Information / framingthe

&
Practices.

The distribution for project managers’ references shows that they see
participatory formats mostly in the classical sense, ranging from information
over consultation to co-production. Rather common governance schemes,
as through information provision for example. Lesser-theorized top-down
participative models deployed internally or within an invited group were
also part of their view.

Residents’ view

Developer- s Self-
led o

:
|\$

Interactive formats
Deliberative ciizens
committee
Workshops and focus groups

Ce-
production/
Co-decision

Democratic channels
Brokerage, mediation
Consultation / hearings
Exhibitions, Site Visits
Social Networks, new

website
Interviews

Censultation

Strategic communication
Presentations
Organizedinformation event
Internet website
Press conference

Project communication

communication

Part of alarger event

Information / framingthe

Awareness raising -

Education

Economic Participation,
economic incentives
Behavior change nitiative

Behavior
&
Practices

For residents, information provision is also very important. However, more
references to self-organized than to institution-led forms of participation.
Private forms of participation such as buying responsibly and investing in
renewable energy installations came up often.

Protest

Abstention

Discussion — the following blind spots were identified:

- Untypical participation forms are just as important! Such as forms linked
to behaviour and practices, abstention and protest.

- What's hot in literature, doesn’t need to be relevant on the ground! One
example: highly discussed consultative participation, rare in practice.

- “Just” transparent information, please! Residents not necessarily wish for

ideal-type participation, but rather transparent information.

organized

organized

\

\

- What exactly is behind the format? Implicit definitions of different formats /

are important to use them well!
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Introduction

This work is built upon the approach developed in the TA Swiss study
[1], which is significantly extended since SCCER-SoE Phase 1. Deep
geothermal energy (DGE) systems are, like all energy technologies, not
risk free. Although the risk of induced seismicity is frequently pointed
out, geothermal systems present additional potentially risky aspects
such as borehole blowouts or chemical related incidents. In this study,
different technological risks associated with deep geothermal energy
systems are identified, characterized and quantitatively analyzed. In
particular, two major updates have been achieved in this phase:

» the introduction of additional hazardous materials potentially used
as working fluids in the operational phase and as part of the matrix
acidizing in the stimulation phase;

» the update of historical accidents in the period 1990-2017.

Results are shown in terms of normalized risk indicators (e.g. fatality
rate, injury rate, etc.) in order to compare risks of blowouts in the drilling
and stimulation phases and the use of hazardous substances in drilling,
stimulation and operational phases.

Data

Since DGE systems have not been yet installed at many sites, historical
experience in terms of accidents is rather limited. Therefore, the
estimation of risk indicators is based on historical experience of other
industries that can be considered a meaningful proxy for DGE systems.
In all considered cases, accident data for the time period 1990-2017
from OECD countries were used because they can be considered
sufficiently representative for Switzerland. However, when dealing with
hazardous substances, it was necessary to focus on the chemicals that
could be possibly used in Switzerland. In addition to PSI's Energy-
related Severe Accident Database (ENSAD) several other databases
were used in order to collect accidents related to the use of hazardous
substances (Table 1) and blowouts (Table 2), i.e. ERNS, ARIA, FACTS,
etc..

Table 1: Summary of the numbers of accidents and associated
consequences for the Hazardous Substances analyzed in this study.

Phase Hazardous Sut Accidi [Fatalities Acci /Injuries
Drilling Caustic Soda 13/30 142/1149
Hydrogen Chloride (HCI) 2/4 94/697
L Hydrogen Fluoride (HF) 3/3 26/83
St Ammonium Persulphate 2/2 8/76
Boric Acid n 10/43
Benzene 3/4 33/562
Toluene 16/20 66/679
Methanol 18/43 15/103
Operational
n-Hexane 11/25 20/205
o-Xylene 8/24 27/415
Ammonia 16/20 136/1191

Table 2: Summary of onshore blowout accidents in the natural gas
industry, collected for USA and Alberta, since no specific historical
experience for deep geothermal systems is available.

Accidents/Fatalities Accidents/Injuries
Blowouts

5/5 11725

Method

The risk indicators are normalized to the unit of energy production (i.e.
Gigawatt-electric-year, GWeyr) using specific normalization factors for each
substance and blowout.

E CSyon * WD * NW 1
N = *
CausticSoda = total production 1990 — 2017  Pgyeyr
HSweu * NW 1

NFe,; P
Stimulation total production 1990 — 2017 - Poweyr

WFyeqr1 + (kg of substance refilled  LT) 1
total production 1990 — 2017 " Peweyr
NW 1
total number of natural gas drilled wells 1990 — 2017 ¥ Poweyr

NFWorking Fluid =

NFprin+stim =

References: [1] Spada, M., Burgherr, P. (2015). Chapter 6.1: Accident Risk. In Hirschberg S., Wiemer S. and Burgherr P.: Energy from the Earth. Deep Geothermal as a Resource for the Future? TA-SWISS Study TA/CD 62/2015, vdf

Hochschulverlag AG, Zurich, Switzerland, pp. 229-262. http://dx.doi.org/10.3218/3655-8

NFcausic sodar NFstimuiationn  NFworking _Fuig @Nd NEpuusim are  the
normalization factors for Caustic soda, Stimulation Fluids, Working
Fluids, Blowouts, respectively. Pgy ey, is the production of the plant in
Gweyr. Table 3 summarizes the key physical parameters considered in
this study for normalization purposes.

Table 3: Key physical parameters of the capacity cases for DGE plants
considered in this study.

SCCER-SoE/BFE/GEOTHERM-2 | SCCER-SoE/BFE/GEOTHERM-2

Doublets Triplets
Capacity cases High Base Low High Base Low
3.28 1.45 1.18 5.21 273 227
Net plant power M, MW, MW, MW, Mw, MW,
6.56e-2 2.99e-2 2.36e-2 1.04e-1 5.46e-2 4.54e-2
Production in GWeyr (Pgweyr) Gweyr GWeyr GWeyr GWeyr GWeyr GWeyr

Well depth (WD) 5km
Number of wells (NW) 2 3
Surface plant life time (LT) 20 years

Caustic Soda as additive in the
drilling mud per Well (CSyy)

Additives in Hydraulic

Stimulation (total average) per

1 kg/m

HCI:3.4E7 kg HF:7.1E6 kg;

Well (HS,y) Ammonium Sulphate: 3.1E5 kg; Boric Acid: 1.2E5 kg
Ammonia 1415 kg 863 kg 740 kg 1716 kg 1369 kg 1179 kg
Fluids used
at the power | Benzene 1208 kg 737 kg 632 kg 1465 kg 1169 kg | 1007 kg
plant at year
1 (WFyeart) Toluene,
Methanol,
n-Hexane, 1197 kg 730 kg 626 kg 1452 kg 1158 kg | 998 kg
o-Xylene
Yearly losses of the working 8%
fluids (YLWF) °

Results: Example for Fatality Rates

1E01

1E02

1E03

E05
1E06

1E07

Fatalities/GWeyr
mnoom
2
Blowout |, 36E 03
Blowout [ G, 5TE-03

Caustic Soda |l# 3.84E-07
Boric Acid [#+ 3.28E-07
Benzene |l 2.20E-07
Toluene [NENNE. 1.31E-06
Methano! |NENG: 3.89E-06
n-Hexane |NENNNNS: 1.65E-05
o-Xylene |NENNNNNS. 6.33E-06
Ammonia [N 2.11E-06
Caustic Soda |l#s 3.15E-07
Boric Acid [+ 2.69E-07
Benzene [ 1.90E-07
Toluene [N 1.57E-06
Methano! |NENNNES 3.38E-06
n-Hexane [NENNNG 1.43E-05
oXylene [N 5.49E-06
Ammonia |NENNES 1.83E-06

Hydrochloric Acid IS  4.93E-04
Hydrofluoric Acid |IEES. 7.09E-04

Ammonium Persulphate |IENESS . 1.14E-04
Hydrochloric Acid |IEEES. 4.05E-04
Hydrofluoric Acid | IS, 5.52E-04

Ammonium Persulphate | IS, 9.34E-05

pP+sA DP sp op P+SH DP sp op
SCCER-SOE/BFE Doublots SCCER-SOE/BFE Triplots

Figure 1: Fatality rate for the drilling, stimulation and operational phases
based on accident data for the period 1990-2017. Blue bars: Base Case;
Error bars: High and Low Capacity plants (See Table 3). DP: Drilling
Phase; SP: Stimulation Phase; OP: Operational Phase.

* Accident risks of blowouts are significantly higher than the risk
related to the use of hazardous substances.

*« Among hazardous substances, HF exhibits the highest risk
followed by the use of HCI and Ammonium Persulphate at the
geothermal site.

* In the operational phase, n-Hexane performs worst with respect to
the other potential working fluids.

* Doublets (2 production wells) and triplets (3 production wells)
plant types show similar results in terms of risk related to the
considered phases.

Conclusions

* Results for the use of hazardous substances in drilling, stimulation
and operational phases point towards low risk levels.

» Based on these results, the drilling and stimulation phases in deep
geothermal systems exhibit higher risks compared to the
operational phase.

» Deep geothermal systems compare favorably to, for example,
natural gas (7.19E-2 fatalities/=GWeyr for OECD countries,
according to [2]).

_[2] Burgherr, P. & H S. (2014) C ive risk of severe in the energy sector. Energy Policy, 74 (S1), S45-S56.
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Using GIS to discuss place factors for CCS projects siting

Juanita von Rothkirch, Olivier Ejderyan, Michael Stauffacher

\i' storage

Motivation

Geological CO2 storage is a key technology for facilitating the
removal of carbon dioxide from the atmosphere. However, the

progression of CO2 storage has been hindered by public opposition to

some proposed projects, once storage sites had been selected. As
numerous experiences on contested technologies have shown, public
participation processes determine whether communities become a
door or barrier for the emplacement of projects in local contexts. Yet
there is much literature on the importance of early public engagement
for normative, substantive and instrumental reasons, there are no
tools for integrating social aspects early on in the site selection
process.

This poster presents an exploratory study of the upstream inclusion of

social characteristics and concerns in the site selection process for
CO2 storage in Switzerland.

Methods

Relevant place factors were identified through a literature review.
These factors were mapped for potential CO2 storage sites. A cluster

analysis was conducted to identify categories of sites for which similar

public engagement procedures might apply.
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Place factors are the social characteristics and concern linked to
specific places (Peterson et al, 2015). The table below lists the
relevant place factors for CO2 storage projects and the indicators
used to map them in the Swiss context.

Placefactor——lindicator e

Industrial areas. Land use statistics NOAS04 2013- ha
2018. (FSO, 2018b)

Industrial zone

Employment Employment rate per district 15- 64 years old. (FSO, % (mean)
2018a)

Tourism Hotel industry: supply and demand of open Number
establishments in 100 municipalities in 2018. (FSO,
2019)

Natural Parks Swiss National Park and parks of national m2
importance. (FOEN, 2019)

Geothermal energy Present and future projects of geothermal energy. Number
(Swisstopo, 2019)

Landscape Federal Inventory of Landscapes and Natural m2
Monuments. (FOEN, 2019a)

Groundwater Groundwater protection zones. (Swiss Cantons, m2
2019)

Private housing Private housing. (FSO, 2017) Number

(median)
Cultural Areas Heritage sites of national importance. (FOC, 2019) Number
CO2 from a different ~ Cantonal boundaries. (Federal Office of Topography ~ Number

political unit
CO2 emission points

(Swisstopo), 2019a)
Industrial CO2 emissions > 10 Mtonnes. (PRTR, 2017) -

Energy raw materials: Deposits. (Swisstopo & SGTK, -
2019)

Oil and gas extraction

Mapping place factors relevant for CO2 storage sites

Map based on existing boreholes as proxy for
potential sites

Cluster Analyses

Map based on CO2 emission point sources
(= 10 Megatons) as proxy for potential sites

After mapping all the factors
in the buffers using the first
approach (Boreholes), the
statistics of the different
indicators per location were
extracted to conduct cluster
analyses to group sites with
similar place factors into
categories.

The cluster analyses presented in this section show that there are no
clusters of locations, according to the indicators used. Therefore, it is
not possible to structure the discussion based on a systematic

classification of locations.
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Elbow method for identifying the optimal
number of clusters, using K-means.
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Dendrogram built using the hierarchical clustering
method Ward.

The typology of place factors allows to understand the logic behind
the success or failure of projects in relation to the locations. Our
typology indicates that benefits and familiarity can contribute to the
positive response to a project. Negative experiences, conflicting
expectations, technology-related concerns, status-quo bias and
distributive fairness issues can contribute to a negative response.

Our results indicate that maps can help to get a first approximation to
place characteristics and people’s concerns in potential CO2 storage
sites. We found that several geographical indicators exist which
partially or completely represent place factors. Therefore, visualization
of place factors on maps allows to cope with complex information and
make non-technical aspects of sites explicit.

The clustering analyses conducted show that our data does not
contain distinct groups of locations with the same set of indicators.
Therefore, it is not possible to design strategies to approach locations
according to categories. This is the result of having a small ratio of
observations and variables: there are only few observations and

several variables
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