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BACKGROUND AND MOTIVATION

« Current challenges for many district heating network operators:

« Changing market conditions (especially energy prices, regulative
conditions and by trend decreasing final heat demand)

 Increasing environmental targets (reducing CO2-emissions by reducing
primary energy supply, increasing the share of renewable energy sources)

- Complex decision towards the future type and size of the supply units

* various uncertainties, new boundary conditions and conflicting
requirements have to be considered!
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CASE STUDY: CHEMNITZ (GERMANY)

Initial situation

« 750 GWh/a heat demand

« 375 MW DH peak load

« CHP with gas + local lignite coal

« Decreasing heat demand and
oversized distribution network

» Declining political and social
acceptance of the use of coal
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« Development of a sustainable
medium and long-term concept
for a economic and ecological
heat supply strategy for 2040
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DECISION SUPPORT FOR NEW SUPPLY UNITS:

OVERVIEW OF THE METHODOLOGY

1. Assessment
of boundary
conditions

Regulations, subsidies,
political targets, energy
market models (electricity
price forecast)

status quo of customers/
supply/network, forecasting of
heat demand, potentials of
renewable/ alternative heat
sources, characteristics of
relevant technologies

2. Development
of technology

scenarios

(levelized) heat generation
costs, return on investment,
primary energy factor, share

of renewables, CO2
emissions ...

Preliminary design of the heat
supply units, operational/
supply portfolio optimization
and sensitivity analyses,
network hydraulics and
extension/ routing

3. Decision on

the final
concept

Selection of different variants
(supply units and network
scenario)

SWOT - analyses of individual
technologies,

Scaled and weighted decision
support matrix of different
supply scenarios,

Transition strategy & action
plan for the selected variant
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1. ASSESSMENT OF BOUNDARY CONDITIONS
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ELECTRICITY PRICE FORECAST

using a “fundamental model” of the European electricity system

Input and output for the Result: forecast of
simulation model : the hourly price for

electricity (2020,

input J 2030, 2040 ...)
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HEAT DEMAND ASSESSMENT USING
3D CITY MODELS & ENERGY PLUS*
*TOOL HAS NOT BEEN USED IN CHEMNITZ, SINCE THE HEAT DEMAND FORECAST WAS DONE BY GEE)
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IDENTIFICATION OF WASTE HEAT T
POTENTIALS USING OPEN AVAILABLE DATA*

* ANALYSES HAS NOT BEEN DONE IN CHEMNITZ, SINCE THE POTENTIAL WAS ESTIMATED TO BE RATHER LOW

Source: Loibl W.; Stollnberger, R.; Osterreicher
D.: Waste-heat re-use from commercial sources in

. urban environments — identification of potentials

Ey / \‘\ and as sessment of supply-demand matches, a
E S \ Vienna case study, WSEAS TRANSACTIONS on
X al I l p e ( | ENVIRONMENT and DEVELOPMENT, E-ISSN:

2224-3496, Volume 12, 2016
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CHARACTERISTICS OF RELEVANT

SUPPLY TECHNOLOGIES
- Gas CHP (small/ large scale) - Large scale heat pumps
- Gas hoiler (peak load) - Solar thermal energy
- Biomass CHP - Waste incineration

Levelized heat generation
costs in €/ MWh

0 1000 2 000 3 000 4 000 5000 6 000 7 000 8 000 9 000

Full load hours

Cost functions of the relevant supply technologies, based on
- investment & maintenance costs

- fuel and electricity prices ((( 97,
- taxes and subsidies
- efficiencies and CO2 emissions 4DH
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2. DEVELOPMENT OF TECHNOLOGY SCENARIOS
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PRELIMINARY DESIGN OF THE HEAT SUPPLY UNITS

 Optimization algorithm to cover the load  *°f —
duration cost minimum costs Z wof —rto
. = —— e
- Based on the cost functions of the > 300 —
relevant supply technologies gmh
. . (-_) 100
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S
. . 8 100
—> Calculation allows rough estimate of
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- Hourly fluctuations of demand and ((( e
electricity prices are not considered!
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OPERATIONAL/ SUPPLY PORTFOLIO OPTIMIZATION

» Optimization of the scheduling of all supply 250 1
units (and storages) on hourly basis

200 f

« Method: Mixed integer linear programming

150 +
 Target function: minimization of OPEX for = |
electricity and heat production
50
« Main boundary conditions:
° Heat demand, ° 12345678 91MM112131415161718192021222324
. . Hours
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I eic2
[eic3
.. . . . [Ceic4
-> Decision on different suitable options Jsics ((( Kid
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NETWORK HYDRAULICS AND EXTENSION GEE

Source:
www.ait.ac.at/fileadmin/mc/en

ergy/downloads/News_and_E
vents/2016_11_15_2.Praxis

« Evaluation of network
hydraulics for different
supply options (e.g.
central vs. decentral)

und_Wissensforum_FWK/B2

Patzig_ 161115 Praesentat
ion_Waermeversorgungskonz

ept_eins.pdf
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3. DECISION ON THE FINAL CONCEPT
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SELECTION OF DIFFERENT VARIANTS

Options
supply

Options
network

Evaluation
criteria

Checking compatibility and Eid
composition of different ((( ~§”
Varlants Vl’ V2! e Vn AALBORG UNIVERSITY v
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SWOT ANALYSES FOR RELEVANT TECHNOLOGIES

Example: solar thermal energy
Strengths
e Small running costs and no risks
e No CO2 emissions
e Local technology suppliers

Weaknesses
e High specific investment costs
e Competition to base load supply
e Long term storages not
economically viable

Opportunities
e By trend decreasing temperature
levels in the network
¢ Increasing need for reducing CO2
& subsidies for renewables

Threats
e Collectors can be damaged (e.g.
natural disasters)
e Long payback times reduce
flexibility

Ralf-Roman Schmidt: Sustainable heat supply strategies for district heating
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Existing plants

Large scale CHP
(Combined cycle gas
turbine)

Small scale CHP

Biomass
Heat pumps

Waste incineration
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SCALED AND WEIGHTED DECISION SUPPORT MATRIX
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TRANSITION STRATEGY FOR THE
SELECTED VARIANT

Installation of new supply units
([ \ Required

& capacity for n-1
8 / security
©

o

©

o

i®;

g Minimum
% suppl¥
2 | | capacity

Time In years
\ J
Y

Phase out of existing units

+ development of an action plan

* Permissions/ approval
« Detailed planning and tendering ((( >~
 Further measures (e.g. return temperature reduction) seisons vavensry QP
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MEDIA APPEARANCE

MEGA-ERFOLG FUR CHEMNITZER UMWELTSCHUTZER! WAR'S DAS  26.04.201706:00 @ 2.016
MIT DER MULLVERBRENNUNG?

Von Doreen Grasselt

Chemnitz - Mega-Erfolg fur die Chemnitzer -

Umweltschitzer! Der Umweltausschuss hat die
geplante Miillverbrennungsanlage am Dienstag Ch emn |tzer En erg | everso rg er ONLINE
will aus Braunkohle aussteigen

von der Tagesordnung genommen. Nun wird neu
Freitag, 04.08.2017

verhandelt.
Der sachsische Strom- und Wéarmeerzeuger Eins Energie aus
Chemnitz will von 2028 an keine Braunkohle mehr verfeuern.
Das Unternehmen werde in den kommenden zwdlf Jahren aus der
Braunkohle aussteigen, sagte der Vorsitzende der
Geschaftsfuhrung, Roland Warner. Er begriindete das damit, dass
die Anlage 2028 abgeschrieben sein wird. ,Ich gehe davon aus,
dass es keine Verlangerung geben wird“, sagte Warner. FUr die
Warme- und Stromerzeugung verbrennt der Energieversorger nach
Der Umweltausschuss unl €19€N€N Angaben pro Jahr eine Million Tonnen Braunkohle. Diese
Der Zeisigwald miisste auf der 1,5 Hektar groRen MU/verbrennungsaniagel Zahl sei seit Jahren konstant, sagte ein Unternehmenssprecher am
Flache zwischen Chemnitz und Niederwiesa laut Freitag. Schon seit geraumer Zeit wiirden Experten an einem
Plan abgeholzt werden, das Naherholungsgebiet wére in Gefahr (TAG2] - R
antachialden. neuen Versorgungskonzept arbeiten. Unabhangig von dem
Ergebnis werde man seine Versorgungspflicht erftillen, betonte der

Rathaus und Stadtrate haben sich darauf geeinigt,
die Chemnitzer mehr einzubeziehen. ,Es gab zu
wenig Offentlichkeitsarbeit seitens der Verwaltung”,
schimpft CDU-Fraktions-Chef Tino Fritzsche (55).
LJAuRerdem hat bisher keiner Alternativen zur
Verbrennung aufgezeigt.”

Deshalb hat der Ausschuss das Thema
postwendend an den Stadtrat Uberwiesen. ,Wir
werden Mdllverbrennung grundsatzlich ablehnen”,
sagt Grunen-Fraktions-Chef Thomas Lehmann (48).
»Denn in Zeiten der Mullvermeidung machen wir
mit so einer Anlage unsere Kinder zu
Mdullsammlern.”

https://www.tag24.de/nachrichten/chemnitz- Sprecher. - - - ﬂﬁ"
muellverbrennung-umweltschutz-naherholungs-gebiet- http://www.focus.de/regional/chemnitz/energie-chermnitzer- ¢
o 0 AALBORG UNI
zeisigwald-stadtrat-rathaus-242594 enermeversorqer-mIl-aus-braunkohle-ausstelqennEuﬁ“ﬂﬁ%zwﬂ
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SUMMARY AND CONCLUSIONS

« The developed decision support methodology is
* highly transparent and follows a clear sequential approach
- allowing the network operator
- to follow the process easily and as a consequence
* to make distinct decisions, leading to a clear investment strategy

* Main results:

- Development of a detailed concept for the heat supply in Chemnitz
considering

* supply security,
* sustainability and
* economic viability.
- Decision against the extension of the existing coal CHP! ((( =
(more results cannot presented since the project is sensitive)
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BARRIERS FOR RENEWABLES

e Subsidies for gas CHP

» High electricity prices (barrier for HP)

» Uncertain or small potential for industrial waste heat and geothermal energy
» Local resistance against waste incineration

« Competition among each other in summer times

Fossil based supply in
winter times

Solar thermal?
/Industrial waste heat?
/Geothermal energy?

Heat pump?

Waste incineration?

Load

1 2 3 4 5 6 7 8 9 10 11 12 Time(month) ((( =i=
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A low-carbon heating and cooling strategy

THANK YOU FOR YOUR
ATTENTION!

Dr.-Ing. Ralf-Roman Schmidt

AIT Austrian Institute of Technology GmbH
Giefinggasse 2 | 1210 Vienna | Austria
T +43(0) 50550-6695 | M +43(0) 664 23519 01 | F +43(0) 50550-6679
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