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The MAGNITUDE project

* The Magnitude Project aims at investigating the potentials of Multi-Energy-Systems (MES) to provide flexibility for
integration of renewables into the electricity network.

* Funded by the European H2020 programme; Call H2020 - LCE-05-2017 “Tools and technologies for coordination and
integration of the European energy system” [...] developments for “Synergies between electricity, gas and heat networks,
associated business and market mechanisms and analysis of existing regulatory aspects”

* The investigations focus on 7 real life case studies

- Steelindustry and gas network (UK)
- Pulp & paper industry (Austria)
- District heating and systems and supply (Italy, Denmark) .
- District heating and cooling systems (France, Sweden)
- District heating supply (Italy) .
- Wastewater treatment and sewage gas exploitation (Spain) .
* The analyses include:
- Technical simulations and improvements
- Aggregationand market participation
- Business models and cost-benefit-analyses . .
- Driversand barriers, policy strategy and recommendations
- Improved market designs

-
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The MAGNITUDE principle

Imbalance of
generation and
consumption

MES could help balancing the electricity grid, by local storage or
Source: shifting imbalances to more resilient networks of gas and heat.
wikipedia.org Storage of heat or gas is easier than storage of electricity, e.g. gas can
be stored on the long term (several months) in exploited gas fields.

Electricity MES MESd ; MESd
upwar ownwar

On;)rr;r;?;n (positive) (negative)

P balancing balancing

o
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Simulation of MES operation and trading

* In MAGNITUDE, we investigate
if the existing market services
and mechanisms are appropriate
to exploit the flexibility potential
of MES for the electricity system.

* Investigated markets:
day-ahead, intraday,
mFRR, aFRR, FCR,
redispatch, capacity

* We aimto simulate workflows
and decisions close-to-reality.

* Dealingwith uncertainty of the
aggregatorand MES operatoris
a special aim.

-

Market
models

Flexibility
bids

/ Bid acceptance

fO?
Flexibility
forecasts
Marke
revenues

w

Operational data, costs

Price

Aggregatio
n Platform

Technical

Business

models of
models

MESs
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Costs of consumed energy

Energy consumers need to paythe 20
market price of energy plus overhead
costs. .
A low market price of energy does not
resultin proportionally low costs for >0
the energy consumer. 20

Our analysesindicate that peakload
tariffs are a barrier for MES to dissipate 30

excess feed-in from renewables. .

Focusingon efficient energy markets will

# Peak charges (average)

= CO2 certificates

B Energy tax

B Biomass contribution (losses)
B Biomass contribution

H Renew. contribution (losses)
B Renewables contribution

B Grid losses charge

not be sufficient to facilitate flexibility Z 10 W Grid utilization charge
provision by MES. = B Energy
“o0
Grid tariffs, energy taxes and renewable Electricity Natural gas
supportschemes also need to be
redesigned! Example: Specific energy costs of anindustrial consumer

in the medium voltage networkin Austriain 2019.
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Challenges in providing flexibility by MES

MES and market services

Product definitions (bid duration, gate
closure, minimum bid size, bid increment,
symmetry, ramp rates, ...)

Restrictions of technologies for ancillary
services provision

Missing harmonizationin EU limits
replicability of ICT solutions

Increasing complexity of business processes
Liquidity of intraday markets

Energy system regulation

Rules for aggregation services undefined

Complex structure of costs and tariffs for
consumers.

Transparencyissuesin district heating system
in some countries.

Technology, engineering

Mechanical stress due to frequent switching
(increased maintenance)

Rebound effects

Start-up issues (duration, current)
Minimum load levels (CCGT, CHP)
Transportissues (connection capacity)

Update of control and communication
systems required

Does not match with industrial process.

MES optimization

Complex processes thatinvolve several
energy carriers converted by generators,
consumers and storages devices

Modelling & simulation

Limited access to market data

2020-10-07
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Small and medium prosumers in
Flexibility Market: Planet pilot and

some highlights of IREN related
Innovation activities
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Iren in a nutshell
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Q Electrical and/or thermal
energy production

Electricity distribution

@ Environmental services

0 Integrated water service (in some areas only water network management)

") Gas distribution

(1’ District heating

o Sale of electricity
@ Technological services o Sale of gas

o Commercial environmental
@ Regasificaton oo

about 8,000 employees

7 M IN customersin our territories
1. 7 MIn customers in the energy sectors

2 .3 mln customers in the environmental
sector

2.9 mIn customersin the integrated water
cycle

1stoperator in Italy

for the district heating
3rd operatorin Italy
in the integrated water cycle
3rd operatorin Italy

in the environmental sector . ’

Irén
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l The Vision

//_\\
«PLANET isdriving towards decarbonization of e {“;‘I’"':'“\ 119
the whole energy system and tackling the Q
intermittency challenges of renewable energy f\ (\ \_
source through network integration» ‘ : a__ STORAGE é!’,’
QBJECTIVES SYNERGIES : / ‘-—' ‘.‘ J
/;’ < ot w
« Facilitate the full integration of increasing renewable |

energy in the electricity grid. ’ CONTROL
s OPTIMIZATION

* Global coordination of energy networks (electricity,
gas, heat) and assets with special focus on energy
storage and conversion technologies.

orchestration tools 3

« Constraints verification, including overloading and
voltage limits violation, in the electrical distribution grid

Irén




IREN pilot - 1

Public building in Turin with different uses (offices, social services,

community ....)

Address: Via De Sanctis, n.12 - TURIN
Volume =17.400 m3

Objectives:

Granting internal comfort to inhabitants/users

Optimal scheduling of loads during normal plant operation
Computation and actuation of flexibilities offered onthe Dispatching
Market

Control actions needed to keep the peak power consumption limited




BEFORE

ALIMENTAZIONE PRODUZIONE

IREN pilot - 2
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Other innovation projects

Dealing with balancing issues, flexibility provisioning and prosumer participation in energy markets

®

eVolution2Grid CHESTER SG SOLUTIONS
Vehicle to Grid Power-to-Heat-to-Power 5G network
Bilanciamento reti elettriche Smart city

Mobilita elettrica

®He®

Thermal RES and TLR

De®

Demand side management
Smart charging

De®

incrT-EV

FLEXIBILITY

Cogeneration combined cycle
RES integration
Heat Pumps

De®

EV

Charging stations
Park-and-ride

STORE&GD

Power-to-gas
RES integration

Green H2

®e
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Impact of Sector Coupling

Some Exemplary Aspects from
Heating and Power-To-Gas

EMP-E 2020, 7th October 2020
Dieter Most, Siemens AG, Corporate Technology
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A cost optimized scenario for Europe shows that 90% CO, emission
reduction is achievable with today’s available, mature technologies
and if the full potential of sector coupling and co-operation is realized.

warming stripes - global mean temperatures per anno from 1850 — 2018 (source: Ed Harris 1)

Cost optimized scenario for Europe
Global Challenge Megatrend Identified Levers ; P ; P D|OeS
®

(integrated multi-modal Energy system)

n Ramp up Renewables

Electrification ~90% CO, emission reductionis achievable with
N Phase-out Fossil in Electricity today’s available, mature technologies and ...
[m Decarbonization of Decentral Heating] ... ifthe full potential of sector coupling and

, , pan-European co-operationis realized
Phase-out Fossil for Central Heating

. . .. What if not an ‘optimal pathway’ is pursuit ..
Decarbonization Decentralization Efficient Space Cooling P P yise

In the case of delayed or excluded low cost
decarbonization measures (e.g. from sector
coupling; thermal storage), then...

Electric & Thermal Storage

Electrification of Transport

[ Alternative Fuels ] ... newtechnologies (e.g. carbon negative
Digitalization technologies, hydrogen, ... ) will play a
Efficient ICT significantrole for target achievement

. and thiscomes atincreased costs!

Restricted © Siemens AG 2020
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SIEMENS

[m Decarbonisation of Decentral Heating ]

District Heating Grids are economical feasible and will have a growing DIOﬁ” res
share ... and may provide storage and flexibility options & ©

L,
Within the next two decades we have two big challenges for heating awaiting along the transition pathway ofﬁn,:,gac"Ou
e

e : n
o Replacement of heat obligation from phased-out fossil power plants "ergyd;‘;:bfa out
o Replacement of phased-out of oil boilers in space heating a”dof,,,eZ;/o

Everybodyis talking about biomass or ‘green’ gas boilers for heating or power-to-heat, but District Heating (DH) stands its ground.
Itis future proof and can ...

... implement heat of heat recovery from Industry / Commerce ... districtheating nt_etw_orks is essential for heatfrom heat recovery, geothermal &
heat from waste incineration
.. implement heat of heat recovery new opportunitiesin future - 9. wasteheatfrom data centers, power-to-gas units, etc.
.. provide cheap storage of sur-plus energy & flexibility ... using power-to-heatand inexpensive thermal storage technologies able to store
energy from hours to weeks
.. be an alternative to gas boilers and grid extension ... natural gas mightonly a temporarybridge technologyon the way from coal to gas

to fully decarbonized heating and gas for heating mightbe next to phase out.

. ifheat suppliers (Industry, local power plants) are no longer available or are
phased-out;orif an increased share o RES s integrated

.. be gradually upgraded to Power-to-Heat

From our modeling studies of the pan-European energy system
Despite all efforts in savings, e.g. by insulation of housings, district heating is economical feasible
and will have a growing share to ~12 .. 15% in space heating and low -temperature heat supply

Restricted © Siemens AG 2020
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[m Decarbonisation of Decentral Heating ]

. . . . kL;)
Matching of new heat suppliers and consumers on regional level is OIOO@PGS
necessary to find feasible replacement for the heat obligation of & ©
phased-out fossil power plants
Challenge: Replacement for heat supply after coal phase outin the next 10 to 15 years RWTHAACHEN

- Large District Heating grids supplied by co-generating heat and power plants UNIVERSITY
Importance of co-generating power Aggregated perspective p Local perspective

plants for the heat supply

» Local dependency of power plants
and heat grids

-> Matching of heat supplier and
consumer necessary

90 TWh

» Aggregated perspective

S of heat
may not be sufficient

grid

» Individual allocation of power plant
sites to heating with differentiation thermal
in district and process heating CHP pow er
necessary

Scenario for 2040 E Heatdemand inlocal region

O Thermalpowerofdistric’ Thermal power of process
heatingpower plants heating power plants

Restricted © Siemens AG 2020
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Local heating networks might be an alternative to individual gas SIEMENS
boilers or power-to-heat as replacement for oil boilers : ‘
[m Decarbonis’g\W‘ééa[@ﬁ%ﬂeating ]

Challenge: In the next two decades many European countries are phasing out oil boilers for decentral heating
— what is better, replacement by gas boilers or shift to power-to-heat?

Individual Decentral Gas Boiler )/\ /\ /\ gas grid extension necessary

w/ decentral hot water storage

o risk of stranded assets if phase outof fossil gas for
heating follows oil phase out

o no flexibility option for the local electricity grid

o no storage option for the local electricity grid

Individual Decentral Heat Pump (HP) /\ /\ A (maybe) extension of the electric grid necessary

w/ decentral hot water storage

gas grid gas boiler gas boiler gas boiler

Risk of Stranded Assets |

electric grid decentral HP|  decentral HP| decentral HP! o Limited storage option for the local electricity grid
Individual fast solution; 1 o Limited flexibility option for the local electricity grid
Limited options to provide o but, both only via remote control of many small
flexibility/storage services HPs possible (risk of customer acceptance)

o Riskofcheap butinefficientHPs maybe predominant

Local Heating Network (Hot Water) /’\ )’*\ /*\ implementation oflocal heating network

w/ efficient central heat pump o butno extension of the electric grid necessary

w/ cheap central hot water storage, o provides storage option for the local electricity grid
e.g. ‘Pit Storage’ o provides flexibility option for the local electricity grid

o both options can be controlled by local municipality

central (less risk of customer acceptance)

thermal storage o central HP can easilybe exchanged, e.g. by CHP, ...

o other heat sources can be integrated in parallel

Future proof & implementation of waste heat
Plus option to provide flexibility/storage
services to the system

Restricted © Siemens AG 2020
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SIEMENS

[ Alternative Fuels

Deeper understanding of how much H, that we can inject into the gas

: : _ P2G as ‘cure’ for
transport grid as well as of bottlenecks in the gas transportation

electric grid issyes?

C§¥;§1thr‘d%f Gas Grid Model and Electric Grid Model to assess constraints and limitation from the gas grid

Electric Grid (model) Define Location and Gas Grid (model) with
+ Location & Operation Operation Schedule of Location and Operation Infrastructure
of Gas Power Plants Power-to-Gas Units of Gas Demand and Supply Gas and Electric

simulation (& optimization . . S
(,_ P ) simulation (& optimization ??) Location of
p = p { (L 2 ST S Gas Demand
) P sl Fopie N : A ; and Supply

Grid

Location
and Operation
of Power Plants

Location
and Operation
of Power2Gas

Location
and Operation
of Gas Storages

o From existing infrastructure perspective:

.. . . . Output: Feedback to the electric grid & mult-modal investment model
How much H, can we inject into the pipelines? 4 . o
T & o ldentified Bottlenecks and Infeasibilities
Where should we place P2G facilities? o List of Change Requests

SIEMENS  RWIHMA
DIQO@PGS ety i ONITOACKEN

Restricted © Siemens AG 2020

Page 22 CT REE ENS Energy System Modeling



Coupling of gas grid and electric grid models on pan-European scale

... is ambitious, but necessary when dealing with power-to-gas

THE EU EAN
Locatlon NATURAL GAS NETWORK
and Operation

of power plants

2015

Location
and Operation
of Power2Gas

Location
and Operation
of Gas storages

Location of
Gas Demand
and Supply

[
y SIEMENS RWTHALC
DIO(}%!(Q@S lingemity for e IEReY
& ¢

Restricted © Siemens AG 2020
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Final Key message:

D|Oﬂ P@S

VAW, plan4res eu

SIEMENS

Sector Coupling is a cornerstone of decarbonization
. and modelling of integrated energy systems necessary

RWTHACHE  Imperial College
UNVERSTY  London

s Enterprise

54

- This project has receiv ed funding from the European Union’s Horizon 2020 research and innov ation programme under grant agreement No 773897.

Multi-modal European energy

Decarbonization of electricity alone is not
sufficient to meet CO, reduction targets!
Sector coupling Is essential foran effective
future low-carbon energy system.

-

-@ PY
SIEMENS RWTHAACHEN RWTHAACHEN
eyt i UNIVERSITY UNIVERSITY

Restricted © Siemens AG 2020
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Whole System Approach:
a regulatory perspective on sector integration

Luca Lo Schiavo

ARERA - Italian Regulatory Authority
for Energy and Environment

Dep’t Energy Infrastructure Regulation

7 October 2020
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// Layer 3: cross-systems-approach N
/ More sectors, regulatory focus on «whole energy» across several sectors N
\

INCLUDING ADDITIONAL SECTORS
may require coordination
among sectoral regulators

—_——— e —

// Layer 2: whole-chain-approach ™
/ both network operators and market parties, regulatory focus on the entire system chain for a single sector Y
Source e N
CEER Paper on Whole System [ lLayer 1: whole-network-approach |
Approaches more network operators, main focus of

Distribution Systems Working Group
Ref: C19-DS-58-03
30 June 2020

www.ceer.eu/1913
SYSTEM CHAIN (ELECTRICITY or GAS)

regulation on better network activities

|
|
|
|
Basic layer (no WSA): :
DSO regulation focuses |
on distribution activity :
onl I
| Supply and
| third
| .
| parties’
|
|
|
|

activities

I
{
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
' system
" distribution

generation metering

operation

e ———



http://www.ceer.eu/1913
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REGULATORY INITIATIVES WITH WHOLE SYSTEM APPROACH

* Innovation: pilot projects and pilot regulations
e.qg. Pilot projects for P2X (consultation phase)
www.arera.it/allegati/docs/20/039-20.pdf
e.g. Pilot regulation for aggregation of distributed resources (trial)
www.arera.it/allegati/docs/20/321-20.pdf

e Cost Benefit Analysis: joint scenarios (electricity — gas — other fuels)
e.qg. Analysis of energy infrastructure development in Sardinia
www.arera.it/it/operatori/Sardegna_RSE.htm

* Incentive Regulation
e.qg. digitalization and synergies among different public services
www.arera.it/allegati/docs/19/005-19dieu_elaborato.pdf
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http://www.arera.it/allegati/docs/20/321-20.pdf
http://www.arera.it/it/operatori/Sardegna_RSE.htm
http://www.arera.it/allegati/docs/19/005-19dieu_elaborato.pdf
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