PAUL SCHERRER INSTITUT

]

Vinh N. Dang :: Head a.i., Laboratory for Energy Systems Analysis :: Energy Divisions :: PSI

Laboratory for Energy Systems Analysis (LEA)

NES Event, PSI, 24 October 2017



PAUL SCHERRER INSTITUT
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Technology Assessment (TA) Energy Economics (EE) Risk & Human Reliability (RHR)
P. Burgherr T. Kober V.N. Dang

FRS
Human Performance &
Resilience Group

- 8 scientists - 4 scientists - 2 scientists

- 2PhDs - 1 Postdocs - 1 Postdoc

- 1 visiting PhD - 1PhDs - 2 PhDs

Future Resilient Systems, SG: - 1 Honorary Scientist Future Resilient Systems, SG:
- 1 Postdoc - 2 Postdoc

- 2PhDs - 1PhD

- 1 Software Engineer
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(= Project Portfolio: Technology Assessment & Energy Economics

Electricity

SCCER SoE (CTI)

SCCER HaE(CTI) Global Energy Scenarios (WEC)
SCCER JA S&M (CTI) SCCERJA HaE P2X (CTI) FHATE ),
Energy Perspectives (SFOE) ISCHESS (CCEN, SER) OASES (NRP73)
Powerdesign (SFOE) AA-CAES (NRP70) IDEASACities (CCEIVI)
Swisshydro (VSE) THRIVE (NRP70) INSIGHT-E (EC)
Bi-level El. Markets (SFOE) ES| Platform Energy in Swiss Industry (BfE)

ALKAMMONIA (EC)

Swissnuclear LCA (sn) Tools, Databases &
Communication Risk Assessment

HTR MSR (PSEL
( ) TIMES, STEM, GMM, etc.

Future Resilient Systems (SEC, NRF)

Mobility ecoinvent Hydropower Accidents (NRP70)
ENSAD

SCCER Mobility (CTI) S SAMOFAR (EC)

SCCER JA CREST Mobility (CTI) IR LAdE 2 Critical Infrastructure Protection (FOCP)
OCELOT

Electricity-based Mobility (CCEIV)
Energiespiegel
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(== Health Effects of Technologies for Power Generation:

Normal Operation, Severe Accidents & Terrorist Threat

Hirschberg et al.

‘Contents lists available at ScienceDirect LSSy
° o
Ad d re sse d u e St I o n s : Reliability Engineering and System Safety =)
T
i al homepage: www.elsevier.com/locate/ress -
* How large are the health effects e e
of various electricity generation T iy Vo PN e Bl T o

Laoratory for Energy System Analysis, Paul Scherrer Institut, CH-5232 Villigen PSL, Switzerland
* Cazzolf Consulring. Villigen, Switzeriand

technologies and fuel cycles?

AAAAAAAA

* How do health risks from normal operation
compare with those resulting from accidents
and hypothetical terrorist attacks?

EjEl

AFg

THITE

FE
23553

 Which are the major limitations of the current estimates?

Fatalities:
[ 15-100

[ 1101-500
[1501-1000
01001 - 2500
[ 2501 - 5000
I 5001 - 10000
I > 10000
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(=)= Methodological Frameworks

Mortality Impact of Normal Operation Severe Accidents

Emissions Disporsion impacts Valuation Lt S e
Emissions from & Chemical Geographic Seoreferenci Harmonization, merging and verification process
operating — Reactions Information eo-referencing
plant Impacts on human Systems (GIS)
_ health-‘ ) Database queries
E.g., change of crop yields, buildings External costs Couplin
pollutant land, ecosystems, ... or ping
Eg‘:fgr:;g;m * concantrations indicators Other paramEterS: Comparative risk assessment: - full energy chains
- socio-economic - summary statistics
- ecological - 'a:grgjregated indicators
n - F-N curves
- geo-physical - economic valuation
. Other flows: - etc - geo-statistics
Life Cycle Land use - multivariate statistics

Resource use -etc

Inventory

Terrorist Threat

Terrorism risk

Frequency of planning  ,  Probability that it can be x  Consequences

a similar attack implemented
Historic evidence of Detailed analysis of Physical analysis of
attack on similar target potential attack consequences
(Frequency) -Time -Immediate fatalities
X -Resources -Latent fatalities
Probability of terrorist -Know-How -Land contamination
groups targeting this -Countermeasures -
specific country .
X
Probability that is target
is considered
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between Mortality Impact of

Ison
Normal Operation and Severe Accidents

: Compar

Example
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e |SCHESS project: Integration of

—

= Variable Renewable Energy Systems (VRES)

Cost-optimal future configurations: 100 scenarios assessed
Diverse assumptions on demand, policy, ...
e Under climate policy, VRES in 2050 supply 28% electricity (ca. current % nuclear)

ELECTRICITY GENERATION IN 2050 (TWh) e +50% (median increase) vs. today

= T Lo e Reserve demand : winter peak -> summer
60 - : e Hydro still main contributor to reserve
50 - 2050 (max)
30 1" REQUIRED SECONDARY RESERVE IN 2050 (MW)
20 - o . 2050 (min) 300 -
10 - E =
0 w0 %2 0 % = 8 & w2050 288 . | | o 2015
-10 - . i
o x s axemyg gz (medan — 2050 (max)
220 2oz Eg s ©
s §2% 592k 400 + 9 8 .
2 2 £ 3 E 3 2050 (min)
> 25 B 2 300 -
g © 5= 2 200 - | = 2050
= ; 100 - l (median)
= 0 T T E T E —&—
Ranges obtained from 100 assessed scenarios ,bob *&0 ng"’ .\Qef’ C;f?
» Storage technologies : LEA Technology Assessment 5@6\ A \9{0 X N
> Grid impacts : ETH-FEN N & &
» Scenario analysis : LEA Energy Economics ’8&0 P°
e Calculated with STEM (Swiss TIMES Energy Systems \&
Model)

Maximum contribution per technology e 7
age
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B Storage and grid expansion

What is the role of flexible loads, storage, and grid expansion in
integrating variable renewables in the Swiss electricity system?

» Accommodating high shares of wind and
solar PV requires total electrical storage
peak capacity of ca. 30-50% of installed
capacity from wind and solar

> Grid expansion helps to achieve wind and solar
deployment at reduced cost

e ~ 8% of the system cost (electric & heat), by
= Pump hydro avoided network congestion
* (pumping

e Or~ 25% of the additional system costs to

S capacity) achieve the climate policy goal
9; ¢ Batteries
£ (4h max Average annual cost reduction 2020-2050
S .
S ’/ . discharge) 35
o ™~ .
§° 2.0 —:ﬁ/ > * A P2G < I-'Ilgh mar:ket
S 2., & 30 1  Costreduction ~ 8% > Integration
= * <
? 10 2 of total system costs
= 25 -
AMA A =
0.0 T T T 1 2 l K
8 10 12 14 16 18 20 22 24 2 29 Low market
=] mtegratlon
TWh of wind and solar PV electricity production K 15 - -
& i
o
1.0 . )
Medium demand (POM) High demand (WWB)

¢ Climate policy scenarios aiming to reduce CO2 emissions

Source: Panos E., Kannan R., 2017, ISCHESS final project report - WP8 — by 70% in 2050 (vs. 2010)
Assessment of different future energy scenarios
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= LEA Risk and Human Reliability — projects

ROES - Reliability of Operators
in Emergency Situations (ENSI)

Decision errors (EOCs), HRA data collection and
its quantitative application

Nuclear regulatory support (EnsI)

Review of licensee HRAs, sequence modeling

procedures EXAR extreme flood hazard
(BAFU & federal offices)

Synthesis and probabilistic
hazard estimation (WSL/PSI)

nuclear PSA

non-nuclear
risk and resilience

Radiotherapy HRA (psi Center
for Proton Therapy, CROSS)

HRA for human-centered processes,

Uncertainties, emphasis on healthcare
dynamic models

b FRS - Human performance & sector
resilience (NSF, Singapore-ETH Centre)

Role of Human Reliability in critical infrastructure
(services)

NES Event 24 October 2017 V.N. Dang, Laboratory for Energy Systems Analysis, Energy Divisions



PAUL SCHERRER INSTITUT

«Gefahrengrundlagen fiir

Extremhochwasser an Aare und Rhein

(EXAR)»

 Enhanced flood hazard
methodology — Phase 1

— flood parameters at assessment site vs.

frequency

— natural processes and hydro-eng. structures

» Application in Phase 2 (2017-2018)

AP2

Weather (Meteo.) Hydraulics

& Hydrology

PAUL SCHERRER INSTITUT

WsSL

Universitit  ETH - (irich

ey Zurich™

BS Extreme Flood Hazard — Project EXAR

/ﬁ/ = : ..._,
g vl O 0
e 2 - Bl ;

i@: i U B Engineering ]HunZI!(e;[' le‘uirgsd& Pa‘rtner G EOT E ST h»

AP4 AP1
Hydro-structures &

Synthesis &

processes LNET

b
UNIVERSITE u .(Pfl-

< Grenoble

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

\\\\\\\\\\\
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5 Event tree analysis - combining probabilities of
scenario elements

\ | | T T Initiating events: discharges at beginning

itial- |Haupt- ‘
= [l e | \ | | N of river reach
e i L i Branch: Scenario elements .. outcomes of

Freg.
9.246-04 [ES_21

2.77E-04 [es Lowen

©

FTg
[
@
Ry

Z

* phenomena and processes,

R e * response of structures, technical and

SICICD

8 4.64E-08 [ES_21

[ —
e R 45 human failures

4.41E-06 [ES_21

End states: hazard parameters

384.0

WSPL (m i.M.)
383.8

383.6

ot

—=—Exceedance (b.est.) ||

3834

383.2

* Scenario (indiv.)

383.0 i i | 1 1
1.E-2 1.E-3 1.E-4 1.E-5 1.E-6 1.E-7 1E-8 1.E-9

Frequency [/yr] or Annual Probability
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= Recovery strategies for essential infrastructure services —

resilience of energy supply networks

Future Resilient
Systems

Singapore NRF

* How effective are
response, mitigation
and recovery
strategies ?

e Where are the critical
human and technical
elements?

e How can these be
supported and
strengthened ?

Recovery scenario with pre-emptive actions

100 100
1 @
-]
£
4 £ @ : } 50 .,5
J o
« % g
E @ 8
& &
£ 8
L3 E
. 0 S
E m =
| g
- 2 £
g a e
,"' 75________________________.J’;.)\
b Inundaton time Selected stralegies out of 720 # possibilities:
— Greedy recovery (1#)
n Opportunistic recovery (1 #)
Strategies with slowest recovery (1 #)
= Strategies with fastest recovery (1 #)
&
o 3 0 9 2 L] L ] 2t ] 4 X k< »

Recovery time [hr]

Pipeline and equipment damage
Service loss calculation
Maxflow computation

Flood hazard
analysis

Exposure analysis

HQ100,2002, 2013 events

Definition of
system
boundaries

ENTSOG Travel time

Dynamic analysis
of recovery

Service Level
Recovery Curves

Mapping network

Population
Consumption

Restoration
time

International,
Regional,
Local boundaries

Network
operations

Flood response
scenarios

Decisions and actions
Mitigations and recovery strategies

2002, 2013 lessons learned
Network Operating Procedures

Source: Kyriakidis, Lustenberger, Burgherr, Dang, 2017

CREATE

Campn v B Ccatee A oo e
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=

Outlook

Electricity, Mobility, Storage, & Joint Activities 2nd Phase SCCERs (CTI)
Energy Systems Integration (ESI) Platform — systemic aspects

CCS and Hydrogen (SFOE, ERA-NET)

Electricity market designs, CH in European market (SFOE, VSE)
Decarbonization in a multi-regional framework (WEC)

Digitalization, grid, and flexibility

e Future Resilient Systems

(Singapore NRF) e Risks and costs of advanced nuclear
e Tools, methodologies, and designs

databases - Life Cycle, Energy  Human performance and reliability,

System models, Probabilistic Safety regulatory support in HRA/PSA (ENSI)

Assessment, etc.

e Extreme flood hazards (FOEN)

* On-going recruitment of new LEA Head — ETHZ Professor

NES Event 24 October 2017
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(7= Wir schaffen Wissen — heute flr morgen

Thank you for your Mg SR NS
attention! ’ ; ;

S .......................



