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(= Introduction

C Swiss energy system & Swiss energy strategy to 2050 objectives

C The concept of dispatchable biogenic CHPs (electricity -driven)

C Extensions on Swiss Times Electricity Model (STEM  -E)

¢ Challenges in modelling

C Preliminary results from model testing

C Conclusions
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== Dams south, Nuclear north

Kraftwerke in der Schweiz
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= Swiss grid congested lines

SourceSwissgrid

Lines in service
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2/3 of the grid was built between 1950 and 60s with focus on
ensuring regional supplies from nearby plants
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(= The concept of biogenic CHP Swarm
Running project ETH/PSI sponsored by BFBwisselectricResearch

C Combined Heat and Power plant Gaseous fuel from waste biomass

Wood
Air
C Specifications for grid stabilisation:
¢ Fast response power generation S Gy ———\_Heat storage
with thermal
Cc Temporal independent production of machine > Electricity grid

electricity and heat

Other Available
Power Sources

Energy Provider
Contractor

Electricity Grid
Power Demand

C A contractor (electricity utility)

could operate a CHP swarm by

remote: Communication Electric
_ (Plant Status) Power
¢ Dispatchable , scalable and
. A 4
decentralised power plant Decentralised Combined Heating/Cool
] ] ] ) Heat/Cooling Power Plants Pea 'ng/L00lNg
c Balancing power is sold at high price _ Domestic ower
- Commercial Heat (local use) >
levels on the market - Industrial SHOEEE
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(g Assessing the potential of CHP Swarms

C A biogenic flexible CHP can participate in the following markets:
a) Electricity supply, on -site or distributed
A competition with power plants
A competition with  electricity grid price
b) Heat supply for space and water heating, on -site or distributed
A competition with boilers and heat pumps
A competition with district heating networks
c) Provision of grid balancing services at a grid distribution level:
A competition with  on-site solutions e.g. batteries

A competition with  services provided by pump hydro, PtG, etc.

C However, the technology is resource  -constrained:

A it uses biogas or upgraded biogas injected to gas grid

A needs access to gas pipelines

A competition with other biogas uses
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= Challenges in TIMES modelling

C To implement biogenic flexible CHPs in TIMES, to assess its

potential and to identify barriers and competitors we need in the

model at least:

Representation of
Representation of
Representation of

Representation of

O O 0 O 0 0 0 0

Representation of

High time resolution

Representation of decentralised power generation

to account for demand and resource fluctuations

Introduction of dispatchability = features (e.g. ramp -up constraints)

heat supply and demand sectors

electricity & heat storage technologies
alternatives , such as power -to-gas pathways
bio -methane production options

demand for balancing services
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(= Swiss Times Electricity Model

2012 | FROM STEM -E to STEM -HE 2014

STEM-E: STEM-HE:
C Swiss Electricity Model All STEM-E plus:
C 288 time slices:

4 seasons X 3 days X 24h

Decentralised generation

Heat demands & load profiles
C Exogenous electricity Heat supply options
demand linked to economic Storage for electricity & heat
activity Power -to-gas / gas -to-power
¢ Electricity load profiles Upgraded biogas production

¢ Different types of power Ramping constraints

O O 0 0 0 0 O O O

plants Balancing services

C Resource potentials
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==

Representation of decentralised sector

C 4 different grid voltage levels are represented

Distributed District Heating
Generation CHPs
Wind Earms Wastes, Biomass
Oill
Solar Parks Gas
Large Scale OIil ICE Biogas
Power Generation Waste Incineration "
Nuclear
EZ?nrg gt%TaSge _| Very High Voltage High Voltage Medium Voltage Low Voltage
Grid Level 1 Grid Level 2 Grid Level 3 Distribution Grid

Imports x i
Exports

Large Industries & Commercial/
Run-of-river hydro Commercial Residential

Turbin . Generation

ggz Targin: gg CHP O!l
Geothermal CHP biomass CHP gas

CHP gas CHP biomass

CHP wastes CHP H2

CHP H2 Solar PV

Solar PV Wind turbines

Wind turbines

C Allows for compensation of RES generation that is fed into grid
C Similar structure with TIMES  -PET (and perhaps with other models)
C Not always straightforward assignment of power plants to each level
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(= Heat demand sector

C To reduce complexity the focus is on heat that can be supplied by
CHPs
C Space and water heating in buildings and commercial sectors
¢ Differentiation between different types of houses

C Two classes of heat in industrial sectors: <500 °C,>500 ©°C

[ Residential Sector ]
X
-I ndustry -Services { 3
- _ SingleFamily |  Multi Family |
X X
{ ! { !
Heat Space Space Space Space
>500°C Heating Heating Heating Heating Water
(CHPs NO) Existing New Existing New Heating
buildings buildings buildings buildings
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