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Abstract

Switzerland has voted for a gradual nuclear phase-out, starting in 2019
with the decommissioning of a first nuclear reactor; however, there is still
a debate about how the country will replace nuclear generation.
Electricity markets are transitioning towards renewable sources such as
hydro, wind and solar. The latter two could produce a mismatch between
demand and supply. Combining renewables with storage is one way to
address this challenge. This paper analyzes the feasibility of 100%
renewable generation in Switzerland. We consider hydro and PV
generation, combined with pumped hydro storage, to address the timing
problem between demand and PV generation. We explore several
combinations of PV, reservoir levels and pumping capacity.

Our findings indicate that Switzerland would need to double

Its pumping capacity and increase solar generation

capacity by up to a factor between 13 and 25, while

Increasing reservolir size up to 100% depending

on the installed PV.

Introduction

Annual demand: 62.6 TWh
Peak hourly demand: 8.3 GWh

Installed capacity: 19.9 GW
17% Nuclear
/5% Hydro
8% other sources

Context
Pressure to reduce greenhouse emissions

Nuclear plants will be dismantled over the next 25
years

Results

Electricity generation by technology
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Goal
100% renewable electricity system

Observation
Energy storage is likely to become a
corner stone of VRES penetration
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Scenarios

Model conception XL
1 =RR mmHSN PVC MEHSP 7ZPVP = CT =D
Data collection _ _
1 Required curtailment and reservoir level 5 scenarios depending on
the reservoir size
Base case Required curtailment Reservoir level
1 5,000 16,000 P
Reservoir : equire
_ Pumping :
Scenario desien < 3,000 - Scenario size (GWh) PV capacity curtailment
g = = 6.000 (GW) or exports
: GW)  Gw)
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’ | Current (C) 8,800 43.0  16.0 19,078
Anal Sis _ = = o 3 O @ T April June Aug Oct Dec Feb Small (S) 10,600 36.0 13.0 11,350
Y 1,000 . -4,000 Medium (M) 12,400 31.6 9.0 7,203
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Calculations

and Scenarios

Electricity balance (GWh)

Case C S M L XL
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G =RR+HS" + HSP + PV°+ PVP - 16,300 9500 5400 1,494 -4800 Sensitivity analysis
R 14,300 9,014 5560 1,980 -2,350
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. —Rt -
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The smaller the reservoir size, the larger the need for curtailment.

Scenario XL: Twice the current reservoir size, while PV capacity should increase by a factor of 13.
Scenario C: Current reservoir size, PV capacity must increase by a factor of 25.

It is theoretically possible to move to 100% renewable generation by relying on hydro, PV and pumping.

Sensitivity analysis: 12 cases with blackouts which includes 7 cases where there is enough generation on
an annual basis but it cannot be delivered at the right time.
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