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Background and overview

@ The Devil is in the detail (!)

@ The challenge is about how to best represent the detailed operation and conditions
in aggregated simulations of the entire complex and integrated energy system, e.g.,

Detailed distribution of the available flexibility in time and space
Local bottlenecks in the energy infrastructures

Local voltage profiles in the power grid,

Local temperature profiles in the heat grid, etc.

@ In parallel, how would a multi-carrier energy market work?

@ Finally, how does that feed back to the planning level/problems?
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In the CITIES workflow...
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WP _
Centre Ma ment
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Demand & 2 Production

System Definition

o WP4 - Intelligent aggregation and markets
is one of the central Work Packages

@ It has strong ties with a number of other
WPs

@ Risk and challenges (a personal opinion):

wP7
Decisi g )
Secm o e topics are really broad and loosely defined
. Ll identified overlap with other WPs (at least

]
s, WPs 3, 5 and 7)
°o°)‘ e need for common test cases and datasets
2 shared by WPs
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It has all been done before...
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From 2007 (ETH Zurich):

Energy Hubs
for the Future N ‘ -

Optimal Power Flow of Multiple Energy Carriers

Martin Geidl, Student Member; IEEE, and Goran Andersson, Fellow, IEEE
I

Abstract—This paper presents an approach for combined opti-

A steady stat

misionof an rbirary mumberof energy carier. The couplings
between the different infrastructures are explictly taken into ac-
Coun e o e e contep of v P Wih s

While approximated flow models are used for instance in [8]
for optimizing the flows through an energy supply chain, [9]
i aten cply dealld eady s pomes o eions
for ‘appropriat

system.

st concing ranmsionand comeran ofcocry. A geners

optimality condition for optim: of multiple energy car-

ies s detved, and the appronc s compared vith te sandard

method used for clectrical power systems. Finally, the developed
trated in examples.

Indes Terms—Cogeneration, energy hub, multiple energy car-
« Term enerat o

‘generation dispatch, power system moeling, power transmission.

L INTRoDUCTION

OWADAYS, power flow in different energy infrastructures
such as electriity and natural gas systems is mostly cos
Sidered to be independent. Motivated by different reasons, a
number

The approach presented in this paper aims at a general mod-
i rk for energy cludi

multiple energy carriers. Based on the novel concept of en-
emy i, 1t asblen e snalyss of copllegs smd ke
tions between the different infrastructures. Similar (o the stan-
dard cconotic disaichspprach for ceciricy plitetayd
general optimality condition can for optimal dis
ptch of maltpl enerey carers For ,,.1 ific energy car-
riers, steady state power flow models can be used within the
same framework enabling the formulation of an optimal power
flow problem. The flexibility of the model opens a diversity
of potential applications, which will be discussed later in this
paper.

the concept of energy hubs is presented in Section II. Based on
this concept,models for descriing low and conversionof -

ey sysmsinchding mliple nergy camics. .. clcticy
natural gas, trict he: of

tiple energy loped in Section . Optimal di
pach and optimal merﬁu» problems in systems employing

vilha single energy camicr, One ncenie fo thit & Ewen by

iiers are then investigated in Section V. In

Se:

gas-fired gen-
eration, especially co- and rigeneration [1], [2]. The conver-
sion of power between different energy carriers establishes a
coupling of the corresponding power flows resulting in system
intractions. For example. a gastrbine can be used for simulta-

ion V.
Finally, Section VI summarizes and concludes this paper

1L ENERGY HUB CONCEPT



=
=
=

Ongoing activities (at DTU Elektro)
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EnergyLab Nordhavn
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Existing Planned Potential

. as one of the smart cities initiatives combining research, development, and

demonstration
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Ongoing activities (at DTU Elektro)

‘5s’ - Future Electricity Markets (DSF)
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e Vision: Proposal and benchmarking of new approaches to market design allowing for

a very large penetration of stochastic power generation, while respecting power

system operations constraints and stimulating a healthy environment for investment.

@ In practice, some of the key aspects include

market-clearing mechanisms

plurality of markets (energy, capacity, ancillary services) possibly co-optimized
enabling and rewarding the more pro-active role of electricity demand
assessing impact on investment and our future power system

bridging the gap between “theoretical proposals” and practical implementation

o More generally: foster and develop cutting-edge electricity market expertise in
Denmark to support education, industry and increase in social welfare
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Some ongoing developments

"

o Looking at the big
picture:

o Simplified dataset
for EU-wide
transmission system
stochastic
meteorological
drivers, supply and
consumption

o Research on nodal
pricing, dynamic

(courtesy of Tue V. Jensen, DTU Elektro) zoning, etc.

@ Probabilistic auctions:

e Proposing new types of auctions (for forward markets) with probabilistic offers, on
both demand and supply side

o The cost of handling uncertainty is anticipated and defines an “uncertainty rent” for
the system operator

o Energy and services: description of new joint markets, permitting to better reward
various players for their support to power system operations

@ Extension here to multi-carrier energy markets in a cities framework



=
=1
=

Ongoing activities (at DTU Elektro)
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The IPSYS model:
Domains, components and nodes

Domain |® Each domain has a

Compone k > solver separate solver
ot e Components which are
AN

Vv \ 7 in more than one
) ./ domain ("bridge
nt Domain >/ components") transfer
solver [ i
Compone |cs) ~_| solver datg 'aft'er domain
nt dispatche equilibrium
r

\cctuator /'/
,-/%und—robin dispatch of solvers until

> .~ global equilibrium achieved

Controller e Component controllers are implicit

e Explicit controllers run after each
solving round

Focus on control and operations for various component types (eg., battery, EV, heat
consumer, etc.) and domain types (El, gas, water, etc.). Geared towards practical

implementation!
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Activities in WP4
The work in this WP is to be mainly based on 3 Ph.D. projects:

m

o Ph.D. 1: Classification and aggregation of active and flexible energy components
(main superv.: Henrik Bindner; 2014-2017)

@ Methods to aggregate active energy units’ energy flexibility
o Characterisation and classification of active and flexible energy units
@ Aggregated models at generic, statistical and scalable levels

e Ph.D. 2: Multi-carrier energy markets (main superv.: Pierre Pinson; 2015-2018)

@ New market structures and mechanisms for multi-carrier energy systems
@ Accounting for operational constraints and uncertainties on both supply and demand side (related
to the city-limited setup).

o Ph.D. 3: Institutional aspects of multi-carrier energy systems (main superv.: Frede
Hvelplund; 2016-2019)

@ l|dentify institutional challenges and barrier as well as proposals to overcome these
o Cross-sectoral organization between different supply systems as well as institutional set-ups

All these projects link to other WPs (5,6,7).
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Thanks for your attention!

About me Books Publications Courses Projects Students Blog/P

Large-scale integration of renewable energy

Books Wind power forecasting Alittle toy...

A

Itis not possible to decide on the level of wind 1f you wonder how future renewable energy
Inan effort to disseminate our work to students, energy to be produced in the coming minutes or forecasting may look, let me invite you to look at
and Sl days — one relies on nature and the weather. this toy forecasting system, which we will make
and | have been focusing on producing books that Ways have to be found to optimally assimilate this evolve as new features are to become available.
would gather knowledge in renewable energy, e e VG ke
forecasting, and electricity markets. For a S e s S S i e s ) o
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