New Energy in Husum

Danish experiences in
district heating on
renewable energy sources

District heating in Denmark, planning

Examples of plants

SmartReFlex workshops

Danish experiences in district heating on renewable energy sources EKI-Fachforum, New Energy in Husum 18 March 2016 Morten Hofmeister & Max Guddat

SmartReFlex | D| — -
Programme of the European Union +- ancnergi '

RENEWABLE OISTRICT HEATING & ZO0OLING




* Unabhangiges Ingenieurbtiro
e Grundungsjahr: 1983
* Etwa 30 Angestellte
e Abteilungen in:
— Skerping
— Aarhus
— Kopenhagen

Morten Hofmeister
Max Guddat
PlanEnergi
Denmark
mh@planenergi.dk

e Arbeitsbereiche:

— Fernwarme

* Solarthermie

— Biogas

— Energieplanung

* Saisonwarmespeicher
* Warmepumpen

— Umweltvertraglichkeits-studien
fir Windmihlen
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Planning
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Why District Energy?

Multiple advantages (comfort,
environment)

Competitive price for consumers
— society economy

Facilitates solving of e.g. waste
problem

An enabling energy infrastructure
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Public participation and acceptance

* Public acceptance ensured
by local initiative

* Advantages for all actors —
"what’s in it for me” (can,
will, want)

* Perceive district heating as
energy infrastructure —
enabling and facilitating
utilisation of energy resources

* Requires appropriate
framework conditions —
providing incentives to the
actors
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Danish Heat Planning — before the planning

Today, municipalities are the main authority on heat
planning and can own a heat supply utility, and thus be
involved in operation. But originally, heating of homes was
solely an individual task

In the beginning of the 1900s the surplus heat from the
power plants was utilised in e.g. hospitals and other
large buildings

In the 1920s and 1930s, centralised collective heating
emerged in larger new-build areas of houses

In the 1950s a largescale establishment of district
heating plants was initiated — 5 new plants per year.

The peak was in the 1960s, with 45 new plants in 1964

The development of district heating was on private
initiative — consumers organised themselves and
established a district heating plant

Only in a few cases, municipalities was behind the
establishment of a district heating plant

The primary role of the municipalities was to provide
guarantees for loans

District heating
started without
national political
objectives

Private initiatives,
consumers
organised
themselves
(consumer owned
utilities)
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Danish Heat Planning —the 1970s

— Steps
* Municipalities to map the existing e Oil crises in the 1970s
(and estimate the future) heat initiated energy policy

demand, the applied heating
method§ and energy usage +  Heat Supply Act in 1979
* Interaction between the — detailed planning

municipalities and the counties

(regional heat plans) . Security of energy

— The contents of the plans supply, reduce oil

* |dentify in which areas the different imports
heat supply technologies had priority

* The location of future heat producion
plants and pipelines

* No more “free choice”
for consumers
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Danish Heat Planning — the 1980s

Environment
CHP
New technologies

— Small CHP, biomass and waste

Mandatory connection
— 1982, still in force, but not widely applied

— The municipalities could secure the investments made by the
utilities as regards heat density

Ban against electrical heating
Taxes

— Biomass and biogas was exempt from taxes

— High level of taxes also in times of low fuel prices to keep incentive
for energy conservation
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Danish Heat Planning — the 1990s

After successful
implementation in the

1980s * Phases of regulation (issued by the state to
municipalities)
— 1 phase (1990-1994): Large coal-fired district

Objective was to simplify
and decentralise the

decision process for heating plants with access to natural gas, to

establishment of new DH be converted. Introduction of waste

plants incineration

project based planning — 2'ph§se (19?4—1996): Re-maining coal-fired

scheme district heating plants with access to natural
gas to be converted. Biomass (straw, wood

Reduce CO2-emissions and chips)

secure investments in — 3 phase (1996-1998): Small natural gas fired

tural infrastruct S .
natural gas Infrastructure district heating plants converted to CHP.

, _ Remaining small plants converted to biomass
Detailed regulation

facilitated implementation

Danish experiences in district heating on renewable energy sources EKI-Fachforum, New Energy in Husum 18 March 2016 Morten Hofmeister & Max Guddat

gng!:;ETR%EN% {* : *’: Co-funded by the Intelligent Energy Europe D | an E n erg i

Programme of the European Union




DENMARK’s PROGRESS OVER THE PAST TWO DECADES

® Small CHP (Combined Heat & Power)
e Large CHP [Combined Heat & Power)
@ e Wind

—_—
/
- $
tem of the mid 1980's More Decentralized System of Teday
i‘ F
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Danish Heat Planning — Summary

1980’s: Security of supply

— After the oil crisis, substituting oil with natural gas (own production)

— Zoning of geographical areas — individual natural gas and district

heating (in total four types of zones)
— Process driven by the energy utilities

— The municipalities had an active role in the planning process

Since approx. 2007: Climate agenda

— New round of heat planing, new employees in the municipalities

— Project-scheme

— The municipalities has a role again (after some years without heat
planning, after the success in the 1980s and 1990s).

— Municipal guarantee

— Resources from the municipalities: hours (no investments)

— Now more focus on the differentiated role of the munipalities;
authority (taxes) and operation (fees for heat supply)

The development is driven by political targets (security of energy supply,

climate, etc.)

— Value of the political targets should be reflected in the regulatory

framework (e.g. taxes)

The planning hierarchy in the
1980s:

The state
The counties
The municipalities

In 1990: The municipalities
became solely responsible for
the heat planning, given some
overall regulations by the
Minister

Regulatory framework is
somewhat outdated

Today: The municipalities
May wish for a more active
national planning, enabling
the municipalities to obtain
the overall political targets
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Danish Heat Planning — Reflections and the future

Broad scope and long
time horizon is crucial
for district energy

Public acceptance —
and adoption, i.e.
local initiative is
crucial

”Organic growth”,
supported by national
and regional planning

The current trend is strategic energy planning — a broader
scope in terms of both topics and geographical areas

The subject of public participation — or acceptance —is
crucial for the success of collective systems

Unless participation is made mandatory (which was the case in
Denmark).

A crucial argument for introducing collective systems (including
heat systems) is that it is an advantage to both the individual and
the society.

You need organizations to organize the investments etc., i.e.
linking the individual and the society (in this case district heating
companies).

Planning of district heating should be made in
coordination with other energy planning, in particular
electricity

The large — and increasing — amount of wind power in the Danish
energy system can only be utilized effectively if electricity is used
in heat pumps, which also utilize waste heat from industry etc.

District heating does not only concern heat supply and supply of
hot tap water — district heating is a crucial part of the energy
infrastructure, enabling utilization of fluctuating renewable
energy sources.
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Danish Heat Planning —current status

M’"""* g ‘“eat,h * May 2014: Analyses issued by the Danish
160 Energy Agency, www.ens.dk

*  Share of solar and wind in the nordic

120 — countries and Germany is assessed to be 25%
by 2025 and 40% by 2050
Small DH: natural gas based CHP substituted
by solar thermal and heat pumps
Medium-sized DH: Increased CHP based on
waste and biomass, substituting natural gas
Large DH (see figure): Increase of CHP until
2035, then surplus heat and limitation in
biomass. Waste on boilers.

2013 2020 2025 2035

Heat production (PJ)

. Solar heating . Heat pumps/heating elements

Surplus heat B Boilers

" CHP
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http://www.ens.dk/

The Role of the Municipalities 1/2

* Role as heat authority

— Planning authority — responsible for planning the
heat supply in the municipality together with
utilities and other relevant actors

— Approving authority — approving specific projects
in the municipality, ensure implementation

— The municipality can take initiative on specific
projects °

— Reponsible for coordination with other municipal
planning

* Role as owner and operator of district heating
utilities
— Approx. 55 district heating utilities (of more than

400) are municipal, but delivering more than 60 %
of the district heating.

— Close cooperation — often representatives from the
municipality in the board of the utility

Role as

authority

Role as

owner

and operator
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District heating price
— According to ownership; commercial, municipal or consumer-owned

r
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District heating price, DKK/yea

Share of total district heating supply

Kommercielt Kommunalt Forbrugerejet
—\/zegtet Gns. kommercielt: = \/2egtet Gns. kommunalt: —\/zegtet Gns. forbrugerejet:
12.668 kr. 13.070 kr. 12.811 kr.
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The Role of the Municipalities 2/2

Challenge of capacity and
competences in the
municipalities

* The municipalities has a
large responsibility

Strategic energy planning
address this gap
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Community Energy Planning

« Community energy planning

Strategic Energy Planning, in Denmark not
including transport. Main focus is on district
heating and electricity.

In Denmark: The municipality is the key
authority for heat plans.

Heat Supply Act — role of municipality. Role of
the state (Danish Energy Agency).

Taxes plays an important role — can be
counterproductive related to the energy and
climate policies. Hence, the state plays an
important role.

Regional level — no formal responsibility.
Facilitates coordinaton between municipalities
(own initiative, not regulated role). Motivation
— generate employment.

Roles of
different actors
changing over
time

Outdated
regulation is
counterproduc-
tive for
obtaining new
political
objectives
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Points for inspiration

* Acknowledge district energy as key
energy infrastructure

* Create framework for establishment of
local organisations investing in and
operating district energy

* |tis a common challenge — create the
framework and focus on local initiative
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District heating price

— Heat price for standard house of 130 m2 and yearly heat consumption of 18,1 MWh

= [ [d L
L o L o
g 8 8 8
= = = =

District heating price, DKK/year

Simple average
- 14.787kr. |

79 105 131 157 183 209 235 261 287 313 339
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District heating tariffs
— Income 2014/2015 split on variable and fixed payments and motivation tariff

™ Variabelt bidrag

M Incitamentsafregning

0,4 mia.
(ca. 2,4 %) W Fast bidrag
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District heating price
— According to primary fuel type

35.000
L N
8 30.000 Andet Bra=ndsel:
> ca. 1%
Q Industriel 7
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() ca. 6% /
@ 20.000 \
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-
; 15.000
£ 3 v
S 10.000
CU MNaturgas:
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1S 5.000 ca. 71 % ca. 14 % ca. 44 % e
-
)
-(I£ ﬂ T T T | T 1
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Share of total district heating supply
Cf)al Waste
Biomass Industrial surplus heat
Other fuel Natural gas
Gns. Kul =11.415 kr. — (5015, Attald = 12.681 Kr.
= (Gns5. Biobraendsel = 13.563 kr. = (505, Industriel Overskudsvarme = 13.136 kr.
Gns. Andet = 13.896 Gns. Naturgas = 13.670
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District heating is competitive (in most cases)

Heat prices incl. VAT 2013
1.000 DKK and number of plants in %

— Fjernvarmepris ——Simpel gennemsnit Vazgtet gennemsnit |0 dividuel olie Individuel N-gas — St VNG

356

)

30

>

25

v

20

15

Tusinder kr.

10—74‘"

5

0
0% 10% 20%

30% 40% 90% 60% 70% 80%

Antal veerkeri %

90% 100%

130 m2 house, 18.1 MWh/year
Depreciation not included
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Competitiveness of district heating based on different fuels

Varmepriser inkl. moms 2013

N | aveste = Gennemsnit EEEE Hojeste ssndividuel olie Individuel N-gas

kr/ar

130 m2 house, 18.1 MWh/year
Depreciation not included
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Types of energy systems

Traditional System Electric Heating

Condensing

o ts Electrici
40 Units Electrici
Fuel Plant 40 Units Electricity i T Ty

(n=40%) 300 Units Power

= Plant

) Individual (n=40%) Electric

1“2 U':"S Boiler 80 Units Heat Heating
ue (N=80%) :

CHP System

Wind

} . Turbine
40 Units Electricity

135 Units CHP Plant
Fuel (N=90%)

80 Units Heat _ 2

Heat
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Change for renewable energy - options

Solar
heating

Organisa Heat
tion storage

DH changing
for RE

Biomass
(straw)
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District heating with renewables in Denmark

Combination — CHP, solar thermal and heat pump

20.000

18.000

16.000

14.000

12.000

10.000

8.000

Varmeproduktion [MWh/ar]

6.000

4.000

2.000

Varmeproduktion og naturgasforbrug pr. ar

~~

2.500.000

0 1 2 3
Reference Sol VP Sol & VP
mmm VVarmeproduktion, Motor Naturgas MWh/ar mm Varmeproduktion, Sol MWh/ar
mm Varmeproduktion, Varmepumpe MWh/ar [ Varmeproduktion, Kedel Naturgas

== Naturgasforbrug (11,0 kWh/Nm3) Nm3/ar

- 2.000.000

- 1.500.000

- 1.000.000

Naturgasforbrug [Nm3/ar]

- 500.000
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District Heating and CHP - The Implications of Electricity Production

* Subsidy for electricity production (1992) e Observe the
e Electricity production — not always
— In 2003; change in the subsidy for electricity production for SySte m
CHP-plants
— Avoid economic losses for society, only producing electricity d dva ntages d nd
when there is a demand (not exporting below production :
Costs) disadvantages

— Flexible, storages
* Flexibility is key

 Denmark has 16 central CHP — plants which originally

was only power plants e Central and
 Denmark has 415 decentral plants, of which 285 are
CHP and 130 are heat-only plants. All decentral plants decentral p|ant5

was originally heat-only plants

 Main purpose of the decentral plants is heat
production
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3.500
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2 2000 <
©
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S 1.000
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2000 2005 2007 2008 2009 2010 2011 2012 2013
= Wind power production (GWh, right axis)
“~ Full-load hours decentral natural gas fuelled CHP-plants (left axis)
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Interaction between the German electricity system
and the Danish district heating system

Challenges for the German electricity system
* Due to inbalances caused by wind power and flene g
bottlenecks in the German electricity system ’ 9
* Northern electricity markets are more efficient M”"’ :::;;g;u,,%:’ng'fr«"éiifw@rf

Export from Denmark to Germany of regulating
capacity — down regulation

”Special regulation” — does not affect the
domestic pricing on the regulation market
Price is defined by the bidder, including profit

°
Options for down-regulation
* Plants, reduce power production
* Electric boilers, increase power consumption
 Wind turbines, reduce power production °
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District heating from 1G to 4G

A 1G 2G 3G 4G
T Stesam system, steam pipes Pressurised haotwater system Pre-insulated pipes Low energy demands Www 4d h d k
E in concrete ducts Heavy equipment Industrizlized compact Smart grid fopimum L L
a Large "build on site”stations substations [also with insulation) nteraction of energy
-3 W0°C Metering and monitoring sources, distribution
= Temperature T and consurmption)
a Jarved 2-way DH ’ . .
DH’s role in future sustainable

energy systems requires
meeting the challenges:

< S0-60°C

Future
* energy
¥ source

1. Low temperature DH to
old and new buildings
2. Distribute heat with low

Enengy
efficiency

111 i 3
il m heat losses
rdustry surplus W Geothermal — _ﬂ\,_ way
|I L . 1 I:isliv:
¢ h._ " ./ﬁg o Recycle heat from low
CHP coal Waste incineration Ind sUrpeus - ]
i ety temperature sources and
! .
i I d c integrate renewables
CHP gas J‘ CHP caal -I— (HP biomass m bii—ongas g

Integrated part of smart
energy systems

ndustry surplus &7

Decentralzed

§
1
Gas J‘ CHP gas -I— heat pump
I i ) . .
= d_l_Y Peak oil J‘ m Gas - |n\:lnezl-l";.:lc\-:-_tg hl_ 'J‘_* 5. SUItable plannlng’ COSt and
: - —ET - o D » —DT_ motivation structures
district hE..c:?;: "eq;t-iTE "eq;t-ing "ellét-i 'I*E

Time (District heating generations)
I I I

rd

2G
Source: Lund H., et al., 4th generation District Heating (4GDH) Energy 2014, http: //dx doi.org/10.1016/j.energy.2014.02.089
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http://www.4dh.dk/

Examples
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Small, modular district heating with renewables in Denmark
See brochure from FleksEnergi at: http://fleksenergi.dk/2015/05/22/nyhed-2/

The World’s

Third Largest Solar Thermal Plfant

In 2013, Dronninglund District Heating Plant i
energy system to phase out 50 % of thi

vested in a renewable
yearly consumption of

fossil fuel - a decision that made this Danish district heating plant
one of the world's largest solar thermal plants.
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- Several Energy Sources

Thisted District Heating Plant is an innovative heating plant that

uses several renewable energy sources. In the process, they welcome

businesses to cooperate in testing new technologies

Implementlng

Green District Heating

.
flealcse

e eEmnaerg

Heating Plant

Gets the Most Efficient Biu~Fual
Boiler in the Worl

Aars District Heatlng
Links Tawns Tagether

Both the environment and the consumers enjoy the fact that several
minar district heating companies in North Denmark are now connected:
in anextraordinary transmission network. S
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District heating with renewables in Denmark
Types of renewables, land area requirement

Annual energy yield

e /Parameters to consider:\
I * |Investment
] . — —_— * O & M
Area Of Solar Solar thermal PV Wind power Biomass Biceth .
thermal field, * Fuel price
which delivers
179% of the * Area (factor 25 solar
vearly heat thermal and biomass)
demand
. k. Other... /
Area requirement
for biomass to
produce the same
yearly energy
production is 25
times larger A
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Solar district heating

Tversted: 4000
Saltum; 100

Legstar: 45500

@  In operation
Unit: m?

Strandby: B049
=by 118
lauenskjokd: 2963

In operation: 503 745 m*

Dirondin glund: 37573
Fraderike: 6438
Harups G000
Feldborg: 4006 ﬁ;::dﬁﬁ;:gz Y
laanvad: 3000 .
Mou: 4737
Ejstrupholm: 6245 Skerping: 2000

Brnhej-Gronbjerg: S0B
Tirmi; 4235

"
Ringkobing: 1500015000

Tarm: 1858
Hegnawvig: 370442063
Skovlund: 2670
Tistrup: 5404
Sig: 3479
Dkabol: 10000474
Garding: F42
Christianateld: 954
Giram; 1007
W 17500—
Tottiund: 11000

Sanderborg: S866+181
Grasten: 1902
Brroager: 0088

Areskebing: 2040+2860+21
Rige: 1T

Marstal: BO381959+3922 2150
Sycllangeland: 1250

Jerew J: 3600

renaa: 12000

Ry 2014

. Rye: 2400
Bradatrup: 0712+10600
Tarring: 7284

kobing Sjeelland: 19925
illzred: 00T

®(erspris: 10000+3408
lew: 1025
weballe-Viskings: 7035
idabaek: 12036

andved-Tormemark: 3593

letar: 12004 |

September 2014
PlanEnergi)

Figure 3: Overview of the installed Danish solar district heating
systems in operation by September 2014

Reasons for this
development:

Energy tax on natural gas
Restrictions on choice of
fuel (natural gas)
"Energy saving” first year
production

Municipal loan
guarantees

Exchange of experience
and information in the
Danish District Heating
Asociation

Reliable technology with
long life-time
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Solar thermal plants in Denmark
Area and number of plants (accumulated), in operation and planned

Solvarmeanlzaeg i Danmark
Solvarmeareal og antal solvarmeanlaeg i drift og planlagte

1.400.000 140
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Solar thermal in other European countries, see www.solar-district-heating.eu
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Figure 41: Solar district heating and cooling in Europe - capacities installed and No. of systems by end of 2014
(Data source: Jan-Olof Dalenback - Chalmers University of Technology, SE)
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Facilitation of the development of solar district heating

e 2007: Solar thermal strategy, Danish Energy
Agency and Energinet.dk

e 2011: Action plan, initiated by the Danish
Energy Agency

Key points of the action plan:

1. Research, development and demonstration of
system integration, control optimisation and
development of seasonal heat storages

2. (Decentralised solar thermal panels supplying to
district heating network)

3. Optimisation of components

4. Information and education (calculation tools,

e guidelines, training courses, quality assurance)
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Development perspectives for solar thermal

* More suppliers
* Arcon-Sunmark, Viessmann, KBB,
Clipsol, Savo Solar, Greenonetech
 More development and competition
e Solar thermal and biomass
e Feasible in combination with wood
chips and straw (including “energy
saving” subsidy)
e Solar thermal with storages
* Up to 80 % of yearly heat demand
e Hybrid systems
* Combinations with other technologies
e Solar thermal for large cities
* @Graz; 265.000 inh., 450.000 m2 solar
panels, 1,8 million m3 storage
e Solar with higher temperatures
* For industry and district heating
e E.g. CSP (concentrated solar power
and ORC (organic rankine cycle)
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District heating with renewables in Denmark
Braedstrup

% Braedstrup Fjernvarme

“Solvarme 0q ::efonvarnwla_qrinj »

- varmestypmsoversigt

(Gemwuner varmen
[fra somumer til vinter)
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District heating with renewables in Denmark
Example; Fgns

e 2%*200 kW biomass boilers
* 40 consumers
e Started operation 2015
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District heating with renewables in Denmark
Combinations — solar thermal and seasonal heat storages

 Marstal PTES

Coverage of solar thermal:
- Approximately 20 % of
yearly heat demand
- Higher with seasonal heat
storages
- Pit Thermal Energy
Storage (PTES)
- Dronninglund,
Marstal, Gram
- Borehole Thermal
Energy Storage (BTES)
- Breedstrup
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Heat pumps in DH

Output:
Drehbuch

Inspirationskatalog
Arbeitsblatt flr interessierte Werke (Excel)

Introduction

Why consider heat pumps?

How could heat pumps fit in the current district
heating supply? Short and long term

Initial assessment

Which heat sources are available? Cf. the types in the
inspiration catalogue

Choice of heat pumps, plant concepts, system
solutions

Approvals (authorities)

Economy

Taxes, PSO
Connection to electricity grid, fees
Possibilities for income from the electricity market

Organisation

Contracts (e.g. with supplier of surplus heat)
Tender and choice of heat pump supplier
Performance test

Conclusions

Perspectives
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District heating with renewables in Denmark
Combination — CHP, solar thermal and heat pump (ground water) — Rye (DK)

Rye Kraftvarmeveerk A.m.b.a

Grundvands- og solvarmeanlzeg

Reduce natural
gas dependency
Natural gas,
electricity
production
Solar thermal
(free fuel)
Heat from
ground water
(flexible
electricity
consumption)
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District heating with renewables in Denmark
Combination — CHP, solar thermal and heat pump (ground water) — Rye (DK)

e Das Werk:
— 360 Verbraucher
—9.325 MWh/a

— Erdgasmotoren
(2x1MW,,)

— Erdgaskessel (3,2 MW,
— 2.400 m? Solarthermie
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Wirtschaftlichkeit Rye

Investition 1.370.000 €

Jahrlicher Betrieb 3.000
Jahrliche Warmeerzeugung 6.000
Ersparnis pr. MWh 26

Jahrliche Ersparnis 150.000
Amortisationdauer 8,9

Interner Zinsfuld 15 Jahre 7%

Stunden
MWh
€/MWh
€

Jahre
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GrolSwarmepumpen, Status 2015
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PlanEnergi-Projekte mit Baubeginn 2016

* Broager
— Klein-Mittel, Erdgas-KWK mit Solarthermie
— Grundwasser
* Ans
— Klein-Mittel, Erdgas-KWK + Kessel
— Seewasser

* Dronninglund
— Klein-Mittel, Erdgas-KWK, Biodl-Kessel, Grossflachen-Solarthermie + Erdbeckenspeicher
— Grundwasser
* Redkeersbro
— Klein, Erdgas-KWK
— Abwarme von Meierei
* Farstrup-Kelby
— Klein, Erdgas-KWK + Kessel

— Grundwasser
* Praestg
— Klein-Mittel, Erdgas-KWK mit Pellet-Kessel
— Grundwasser
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Hadsund Bys Fjernvarmeveaerk a.m.b.a.

Grundlagenanalyse zu Masterplan
Redner: Max Guddat, PlanEnergi
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Agenda: Beschlussgrunde Hadsund

Matrikler drgftet i Del 3-4 |

) ..~ I Dan-Farm
[ Mariagerfjord Renseanlaeg
[ Solfangere 2015
[] Solfangere-udvidelse
[ Vaerk Fabriksvej
. [ Nilfisk

Transmissionsledninger
mems Fksisterende

e Vorraussetzungen &
Referenz-Scenario Jl

e Teil 1: Versorgung von
Erdgas-Grol3verbraucher N

i Teil 2: AbWé rm e ‘L, - | » “"’”‘ = ;i?j::iv:ujz:zaf?tgva;‘,forsyning
* Teil 3: Erweiterung der 2l
Solathermie

* Teil 4: WKA zur
Warmeerzeugung

e Sensitivitatsanalysen

) HADSU
e Konklusion

AGE\
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Das Werk

1962 etabliert, 315 Verbraucher (Ol-Kessel)
— 1985: 1.000 Verbraucher

e 2016: 2.000 Verbraucher, Transmissions-
eitungen zu benachbarten Warmesystemen,
Hackschnitzel, Solarthermie

e Jahreswarmebedarf: 70.000 MWh/a ab Werk
im ,,Normaljahr*
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Vorgehensweise

* Berechnungsgrundlagen: Schatzungen, Erfahrungswerte
und bekannte lokalspezifische Voraussetzungen.
— Stromborsenpreise 2014, Abgaben 2015

— Sensitivitatsanalysen von u.a. Hackschnitzelpreis & Abgaben-
Anderungen

— Angaben von Ist-Werten von GrolBverbrauchern, potenziellen
Abwarmequellen und Lieferanten

* Techno-okonomisch optimierte Modellierung in energyPRO

* Betriebswirtschaftliche Analyse in Excel anhand von
energyPRO-Output
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Der Referenz-Betrieb

* |[st-Betrieb: Hauptsachlich Hackschnitzel, Solarthermie mit
Inbetriebnahme primo 2016

 Waiarmezentrale Fabriksvej:
— 2x7 MW,,,, Hackschnitzelkessel mit Warmertckgewinnung
— 4.595 m3 Warmespeicher
* Solarthermie:
— 20.516 m?, ca. 480 kWh/m?
 Olzentralen (Spitzenlast & Reserve):
— 2x6 MW,,, 1x2,25 MW,;, 2x2 MW,
 Warmespeicher im Netz:
— 100 m3, im Warmebedarf enthalten
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Brennstoffpreise, Abgaben & IWI

e 2015-Ist-Preise

— Hackschnitzel:
* Brennstoff: 22,2 €/MWh_,\, ap werk
* NO,-Abgabe: 0,32 €/GJ
* IWI: 2 €/MWhth Ab Anlage
— Heizol:
* Brennstoff: 65 €/MWh .y, ap werk

* Energie-Abgabe: 0,299 €/Kg; c/nstoff
COZ: 0,0726 €/ kgBrennstoff
Nox: 0'020 €/kgBrennstoff

* IWI: 8 €/MWhFW Ab Anlage

— Solarthermie:
* IWI: 0,801 €/MWhFW Ab Anlage

Brennstoff
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Warmebedarf, Gradtagmethode

Skyggegraddggn for NORDJYLLAND sammenholdt med
HELE LANDET

HMHMHMHWFHMHMHMHWHWHHHAJ

NORDJYLLAND HELE LANDET
Skygge-  Skygge- “™VI9®!S giygge-  skygge- ATVISels
Ar Maned graddggn graddagn, fra graddggn graddggn, fra
EMD- EMD- EMD- EMD-
normal normal normal normal
(Antal (Antal (%) (Antal (Antal (%)
graddggn) = graddggn) g graddggn) ' graddggn) ° Tageinansicnt  [365 5] ) L) |Schiefien
2014 1 519,3 505,9 2,6 521 492,6 5,8
2014 2 397,6 440,9 -9,8 373,2 431,4 -13,5 &
2014 3 376,5 458,3 -17,8 356,8 444,8 -19,8 -
2014 4 286,3 342,7 -16,5 256,5 329 -22 e
2014 5 179,5 210,8 -14,8 168,8 202,9 -16,8 .
2014 6 74,9 118,8 -37 68,8 108,5 -36,6 s
2014 7 13,8 62,2 -77,8 11,7 52,5 -77,7
2014 8 70,2 67,9 3,4 57,7 52,7 9,5
2014 9 93,3 155,6 -40 66,1 133,4 -50,4
2014 10 190,6 279,8 -31,9 161,1 258 -37,6
H
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Bei

ErschlieBung neuer Versorgungsgebiete: Warmeatlas

~L
F%Fbi:rjs%
13

B Individual Ol Boilers
| Il Individual Biomass
I Individual Electric Heating
I District Heating

[ Individual Natural Gas
I Tndividual Heat Pump

R
Gammelf, o

8 other : .

[ No Heating Installation / No information @STEFgErﬂlu y 2
/ Heat Supply Areas : . " 1
’[ B District Heating . Lam

NN 4 7 PR T | &

GIS-basierter Warmeatlas fur Tylstrup

(Enthélt Daten der Geodatastyrelsen)

Tabel 11. Beregnede 1 gide 09 bygasperioder .
registreringer af k i termiske i med energimark-
ning.
For 1880 1831- 1951- 1961. 1673 167 1986  Efer
KW pr. & 1800 1930 1950 1860 1972 1978 1998 2006 2006
Stushus [ 843 14 1818 1512 1%2 169 1003 810 666
Parceihus 1703 1647 1641 1549 M3 1138 1054 838 73
Rekeksdshus 1582 1577 W93 1428 1199 1126 98 815 664 :
Etageboiy 1511 1538 1570 1480 13 140 1085 B840 807 VPE?,TIENTlELLE“V.ARMEBESPARE:rS“E:“
Kallsgium 1779 1492 134 1457 1306 1384 137 840 562 FREM TIL 2050

Dogninstinion 1641 1618 1523 1402 1432 1363 1160 941 633 soi 041
Ard helirsboly | 1611 1657 1584 1614 1358 1327 1010 B804 GGG
Kentorandel 1298 152 1290 1267 1175 1200 1033 @95 628
Hotelogsenice | 1720 1665 1524 1608 1572 720 1418 126 1211
Ard handiser.  B27 190 1236 1074 157 1389 1166 1027 960

Kultureygring 1660 1561 1565 192 155 1184 1312 1051 966
Undervisring 1262 1383 WD 138 151 1456 1151 1000 862
Syehus 1853 1784 w32 173 1mE 195 1496 138 1297
Daginsituson 1707 1817 1738 1716 1728 1884 1435 138 1159

Andinstiufon | 1778 1758 82| 2007 171 1691 14 153 1176
Sommernus | 2058 1625 150D 1767 1546 1266 148 %08 731
Ferigbyaning 1385 1505 1724 1121 18 1221 1254 688 359

Sporsanizg  [AOB 2068 1678 1734 1853 1631 1550 1383 1193

and Fitigsbygn, 1634 1320 1487 1547 128 1290 1150 985 763

1) Dt gy for kiygringer  andlen hands! og senvice, opfor | perioden for 1830, er weal-
sk [ Diata er forkunclet med stor uskkered da der kun fndes meget 3 bygninger fra denne periode | datdoa-
san fra EMO ordningen. Der e megst £ kygninger registrerct | B3R registeret for derne pericels, og usikkered i
denne periode vl derfor kun have marginal indfiydelse pd de samisde reswitater,

SBi 2014:01: Potentielle Varmebesparelser
ved lgbende Bygningsrenoveringer frem til
2050, p. 26
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Biobrennstoffe: Potenzialerfassung

* Potenzialerfassung in kommunalem Projekt

— Methode entwickelt durch Aarhus Universitat

. <
Revideret 4. december 2012 - afgrgdedata for 2011, dyrehold GHI 2011 - halm og udbytter mv. ikke opdateret - ark regionale data
Ind! 851 Aalborg Region 1081
Udnyttelses-
procent Tiltag |Aalborg 195.145 indb Beregningsfaktorer
(e | Tarstof
ende Scenario Potentiale  Scenario  Udnyttet Scenario Udnyttet Pr indb. e Procent olie GJprton PJprha
Hektar P &) P
1. Energiafgrader
af arealet med energiafgrader og udtagne
74% 25% |arealer p& hejbund anvendes til 936 234 694 0,04 011 0,2 10 16 0,00016/
energiafgrader (ex raps og miligordninger)
o [ T G S e 38765 5815 0 112 000 57 12 16 0,000192
til energiafgrader
2. Olieproduktion
70% 100% |af rapsarealet udnyttes til energi 4.208 4.208 2.945 0,15 0,11 0,8 31 33% 35 0,000036)
3. Halm
Reduceret kornareal| 32.950
Foder og streelse| 12.299
Biogasanizg af halmproduktionen fra kom, der ikke | )
0% 80% |anvendes til foder og streelse udnyttes til 20.650 16.520 o 0,78 0,00 4,0 28 17 0,000048|
o BogatuiRianiog energi
13%  80% :;::"“""’““k“""e" s e 4208 3366 526 014 002 07 24 17 0,000041
A Rrdtrogsanieg 2 Braendsel fra skove, hegn og haver
Skovarealet antages anvendt til temmer,
Husdyrbrug (D€} med en tyndingshugst pa 1,5 ton ts pr. ha.
(-) a 100%  100%|arligt anvendt til energi. | scenariet eges 8813 8813 8813 0,32 021 1,6] 23 16 0,000036|
& vnooA ltyndingshugsten til 2.25 tons ts pr. ha
lanvendt til energi.
. Kvmgaw En tilsvarende energimaengde antages pa 3
100% 100% |landsplan udnyttet fra mindre skowve, hegn 104.489 0,35 0,35 1,8 15 16 0,000024
og haver
® Feve
m3 PI/mill
Biogas :’:s"" P’ methankg  m3
[ ] Petadyr torstof methan
5. Grees
Sondet . af lavbundsareal med grees eller ekstensive
® o 0% 75%| afgrader hostes til biogas 4.343 3.257 o 0,14 0,00 0,7 35 0,35, 0,036 0,0000441|
- . Kaasnotor Py Andiet 6. Husdyrgadning 1000 ma metan |
Mo FOT clata e Goodatantrome: . = — af husdyrgedning pé stald anvendes il
5 rRtlghacer LN gas rabpa Fex oy 3} J — 6% 75%| biogas 19.051 14.288 1182 0,51 0,04 2,6 5,28 0,036 0,000036|
Figur 16: Husdyrbrug i kommunerne.
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energyPRO - Grafisc

hes Interface

Filer energyPRO ppsastning  Projekt opsastning  Vaerktajer Vindue Hjaslp

s el = o

=] Inddata

1] samlet solindstraling, DRY, zone 1, Nordjylland
] Fremlpbstemperatur 2014
[j Returtemperatur 2014
{7 Temp Solfanger Frem
-{7] Tidsserie funktioner
{7 Indekser
=47 Lokaliteter
-7 Hadsund Varmevaerk inkl. VSV
-] Solfangerfelt
{7 Forbindelser
7] Forbindelse
-] Braendsler
{7 Flis i
{7 olie
{71 Behov
7 varmebehov Hadsund + VSV
27 Energil teringsenhed,
-] Fliskedel 1
-] Fliskedel 2
-{] Solfanger
{7 Afblaesning
{7 oliekedel 1 Hornbech
-7 Oliekedel 2 Hornbech
{] Oliekedel 3 Hedepark
17 oliekedel 4 Transbjerholt
-{7) Oliekedel 5 Transhjerholt
E-£1] Lagre
{1 Akkumuleringstank vaerk
-{7] ElF-markeder
-{Z] Driftsstrategi .

Udskrifter

~{i2) Produktion, grafisk ~
-{2] Produktion, carpets

{] Energiomszetning, Arlig

-{7] Energiomsztning, Minedlig
-{2) varighedskurve for varmebehov
-] Miljg

8 Likviditetsbudget

-3l Resultat af ordinzer drift

-l @konomiske negletal

-{] Forudszstningskatalog, Teknik
= Forudszetningskatalog, @Gkonomi ~

Projekt identifikation (maksimalt 4 linier)
Hadsund Fjernvarmevaerk Masterplan (934)

Solfangerfelt

Forudsastninger til visning | Forudsastningskataloget

3
rd
Akumulerin
gstank vark
s7eE -
it e > o | P oo
+ "
Flis Fliskedel 1 Varmebehoy
Hadsund +
VSV
6796 K
— Twow
Vaelg beregningsmodul
Projektering Fliskedel 2
(©) DESIGN - beregner energiomsastning og driftsekonomi for et specifikt ar
(@] = i 3 ieri SToou
_) FINAMCE - planlazgning for flere ar. incl. investering og finansiering — iy, E L
. Olighedel 1
Optimering af daglig drift Hombach
ST
e
v| Avanceret cu:::‘:::c‘hz
Leverance af bade varme og procesvarme
Opstart af produktionsenheder er langsom og dyr s
Braendselsproducerende produktionsenheder i projektet
Tillad enheder drift i faste blokke o

Vis advarsel ved behov ikke opfyldt

¥ \arme
«| Procesvarme
v Kaoling

Elektricitet

1T = Advarsel nar tidsserier skifter asynkron

Laengde pa beregningsskridt ime med beregningsskridt
Laengden af optimeringsperioden () Maned (anbefalet) @ Ar
Check input data (©) Automatisk () Kun for beregning
Udvid tidsserie udover planperioden for og efter planperioden med = Dage

2200
> 20000

Oliekedel 3
Hedepark

Zmoy
20006

Oliekedel 4
Transbjerhol

t
Zzoy
20000

Oliekedel 5
Transbjerhol
t
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energyPRO

Input

Individualisierbares Modell, dank
Zeitrehen & Zeitreihe-Funktionen

=7 Randbedingungen
2.7 Zeitreihe

e Udetemperatur, DRY, zone 3, Jyllands gstkyst
-{7] samlet solindstriling, DRY, zone 1, Mordjylland
-{] Fremlghstemperatur 2014

-{7] Returtemperatur 2014

-{2] Temp Solfanger Frem

-{1] vindhastighed, DRY, zane 2, det centrale Jylland
-{0] DK-Vest Spotpriser 2014

-] El-effektvan
-] El-effektv100
-{2] VP Temp Varm

Varmepumpe vind 25% [1]

----- .58 varmeoumpe vind 50%
Yerbunden mit Standort: [Hadsund Varmewvasrk inkl. VSV |«

Anlagentyp Kessel e Stilstandszeiten ZMWICKIUNG G&r LeIreinentunkuon
EI'L Brennstoff Vind fra V100 v Zeitreihenfunktion
Leistungseinheit ks Symbol COP
Einheit COP
Mindestlaufzeit (Stunden): 0 .
(TVPV{_H273,18)TVPV(_)}-TG(_))*0.72 S | &
.L Funktion:
- b

Werte in Umwandlungstabelle modifizieren
Leistungskurve

Betrichsdaten | Brennstoff | Warme
MW MW
Linear Pel()*0,25 (Pel{ )*COP( })*0,25

Neue Zeile Zeile lgschen [+ Leistungskurve als Formel

T

Betrieb von anderer Anlage abhangig
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&£ Wirtschaftiichkeit
E| a Betriebliche Einnahmen

-8 El-salg fra vind [V80]
-8 Pristillazg vind [V80]
-8 Pristilleg vind [fast] [v80]
-8 El-salg fra vind [V100]
-8 Pristillaeg vind [V100]
-8 Pristillzeg vind [fast] [V100]

EI a Betriebliche Aufwendungen

=-E3 Breendselsudgifter
{3 Flisbra=ndsel kedel 1
8 Flisbrzendsel Kedel 2
£3 Olie
{3 spotafregning VP net
=& Afgifter + gebyrer
=8 Flis
- nOx-afgift
EI Evﬂ Olie
-3 Energiafgift
- Coz-afgift
¢ -l NOx-afgift
B- Evﬂ VP-net
- Elafgift
-8 PSO
-8 Transport Energinet.dk
- Transport Energimidt Net
=8 Drift & vedligehold
-8 Solfelt D&V
[ Fliskedel 1 D&V
- Fliskedel 2 D&V
-8 Oliekedel 1 D&V
{8 Oliekedel 2 D&V
.28 Oliekedel 3 D&V
8 Oliekedel 4 D&V
-8 Oliekedel 5 D&V
-8 Vind-varmepumpe D&V
-8 Vind-varmepumpe 2 D&V
-8 Vind-varmepumpe 3 D&V
-8 Net-varmepumpe D&V
-8 Net-varmepumpe 2 D&V
-8 Net-varmepumpe 3 D&V
-8 Vindmglle [V80] D&V
-8 Vindmalle [V100] D&V
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energyPRO - Betriebsstrategie

Driftsstrategi
() Minimer netto produktionsomkostninger (NPO)

-8 Gkonomi () Brugerdefineret driftsstrategi
.8 Driftsindtagter

=-§8 Driftsudgifter B | v st eosrianharlas
Met. Warmeproduktionskosten Net Kalteproduktionskosten  Energieanlage, Setup

Januar 2015 ~|  (Monat zur Anzeige der Betriebsstrategie)

Wirmegestehungskosten (WGK) dber Strompreis

1 1

350 360 370

100

Stromspotpreis [kr.MVWh-el]
—— Fliskedel 1 ——— Fliskedel 2 Solfanger ——— Oliekedel 1 Hornbech —— Oliekedel 2 Hormbech
—— Oliekedel & Transbjerholt Varmepumpe vind 50% Varmepumpe vind 25% [1] Varmepumpe vind 25% [2] Varmepumpe net 50%

110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340

—— Oliekedel 3 Hedepark —— Oliekedel 4 Transbjerholt

Varmepumpe net 25% [1]

Varmepumpe net 25% 21

2D | | XL
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energyPRO — Saisonale Betriebsunterschiede

z
=
°
E
£
Wan 05-01-15 Tor 08-01-15 Sen 11-01-15 Ons 14-01-15 Ler 17-01-15 Tir 20-01-15, Fre 23-01-15 Man 26-01-15 Tor 28-01-15 Sen 01-02-15 Ons 04-02-15 Ler 07-02-15 Tir 10-02-15 Fre 13-02-15
W Fiiskedel 1 I Fiiskedel 2 Solfanger I Solfangerudvidelse W Oliekede! 1 Hombech —— Varmeforbrug —— Afbleesning (Solfangerfelt)
300
g 250
= 200
)
2 150
2
g 100
50
0 t t t t
Wan 05-01-15 Tor 08-01-15 Sen 11-01-15 Ons 14-01-15 Sen 01-02-15 Ler 07-02-15 Tir 10-02-15 Fre 13-02-15
H
=
»
E
z
o L s
Tir 28-07-15 Fre 31-07-15 Man 03-08-15 Tor 06-08-15 Sen 09-08-15 Ons 12-08-15 Ler 15-08-15 Tir 18-08-15 Fre 21-08-15 Man 24-08-15 Tor 27-08-15 Sen 30-08-15 Ons 02-09-15 Lor 05-09-15
W Fiskedel 1 I Fliskede! 2 Solfanger I solfangerudvidelse W Olickedel 1 Hombech Varmeforbrug —— Afblessning (Solfangerfelt)
300
g 250
= 200
)
2 50
£
§ 10
50
0 +

Tir 28-07-15 Fre 31-07-15

Man 03-08-15 Tor 08-08-15 Sen 09-08-15 Ons 12-08-15 Ler 15-08-15 Tir 18-08-15

Fre 21-08-15 Man 24-08-15 Tor 27-08-15 Sen 30-08-15

—— Lagerbeholdning (Samist) —— Lagerkapacitet (Samist)

Ons 02-08-15 Ler 05-09-15
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Ergebnisse — Referenz

Del O,
Selskabsgkonomi Del 0, Referencen Referencen
Reference
Varmeproduktion ab veerk MWh/ar 70.000
Driftsomkostninger kr./ar 11.413.000
Driftsomkostninger, inkl. kapitalomk. til nuv. solvarme kr./ar 13.441.000
Varmeproduktionspris kr./MWh 192
Varmeproduktionsfordeling Del 0,
ab veerk Reference Braendsels- og Del 0,
) ressourceforbrug Reference
MWh/ar %
Fliskedler 60.246  85,8% Flis MWh/ar 58.519
Oliekedler 3 0,0% Olie MWh/ar 3
Solvarme 9.981 14,2%
Overskudsvarme - 0,0% Flis ton/ar 20.962
Transmissionstab & evt. afblaesning -230 Olie ton/ar 0
Varmepumpe 0,0%
Total 70.000
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Ergebnisse — Solarthermie

Teil 3.1 Teil 3.2 Teil 3.3 Teil 3.4
Selskabsgkonomi Del 3, Grundberechnung Teil 0, Erweiteru.ng Erweiterung ?olarthermie Erw. Solarfhermie Erw. '
Referenz Solarthermie + +erweiterter + Abwidrme Solarthermie +

Trockenkiihler Warmespeicher Klarwerk Biogas-Abwarme
Warmeerzeugung Ab Werk MWh/a 70.000 70.000 70.000 70.000 70.000
Betriebskosten €/a 1.538.000 1.423.000 1.420.000 1.423.000 1.409.000
Betriebskosten inkl. Annuitat zur 2015-Solarthermie €/a 1.811.000 1.697.000 1.693.000 1.696.000 1.682.000
Betriebsersparnis €/a 115.000 118.000 115.000 129.000
Solarthermie, inkl. Warmetauscher, Pumpen, Rohrfiihrung etc. € 2.255.000 2.255.000 2.255.000 2.255.000
Trockenkihler € 44.000 - 44.000 44.000
Warmespeicher € - 288.000 - -
Anschluss, Abwarme € - - 189.000 707.000
Projektierung & Aufsicht € 61.000 61.000 71.000 94.000
Unvorhergesehene Kosten € 101.000 101.000 121.000 135.000
Investition total € 2.461.000 2.705.000 2.681.000 3.236.000
Simple Amortisation Jahre 21,4 22,9 23,3 25,1
Annuitat, 3%, 25 Jahre €/a 141.000 155.000 154.000 186.000
Netto-Ersparnis €/a -27.000 -37.000 -39.000 -56.000
Warmegestehungskosten €/MWh 24,2 24,2 24,2 24,0
Warmegestehungskosten, inkl. Annuitat €/MWh 25,9 26,3 26,4 26,4 26,7
Netto-Ersparnis in den Warmegestehungskosten €/MWh -0,4 -0,5 -0,6 -0,8
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Ergebnisse — Szenarienanalyse

Zusammensetzung der Warmeerzeugung und -gestehungskosten

80.000 35
70.000 — I [—
] 20
60.000 _
=
25 =
©
£ 50000 %
E <
=3 20 &
g 40.000 18’
E =
o &
3 5
& 30000 15 §
O i
5 £
(0 L
z 20.000 E
10 w®
2
10.000
5
0 —_— L _— L 1 —_—
-10.000 0
Teil O, Teil 1, Teil 2.1 Teil 2.2 Teil 2.3 Teil 2.4 Teil 3.1 Teil 3.2 Teil 3.3 Teil 4.1 Teil 4.2 Teil 4.3
Referenz Versorgung Abwarme Abwarme Wie 2.2, Abwarme Erweiterung Erweiterung  Erw. Solarthermie Erw. Solarthermie WKA WKA WKA
GroRverbraucher Klarwerk BG-Anlage + 60% BG Klarwerk+BG Solarthermie Solarthermie + Abwdrme + Biogas- + Grundwasser-  + Luft-Wasser- + Elektroden-
+ Trackenkiihler  + erweiterter Klarwerk Abwarme Warmepumpe  Warmepumpe heizkessel
Wiérmespeicher
mm Transmissionsverluste & nicht-nutzbare Abwarme mmmm Hackschnitzelkessel 182 — \WErmepumpe Solarthermie m— Abwarme m Olkessel —@—\Nirmegestehungskosten
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Sensitivitatsanalysen

e Um die Robustheit der Konklusionen zu untersuchen

— Keine der untersuchten Anderungen fihrt veranderte
Konklusionen mit sich.

* Analysen:
— Hackschnitzelpreis: +20%
— Abschaffung der NO -Abgabe
— Energieeinsparungen durch Solarthermie nach 2015
— Berechnung des balancierenden Hackschnitzelpreises
— Substitutionspreis fur industrielle Abwarme

— Bei Erdgas-KWK: Strom- und Erdgaspreis in mehreren
Ausgaben

Danish experiences in district heating on renewable energy sources EKI-Fachforum, New Energy in Husum 18 March 2016 Morten Hofmeister & Max Guddat

S m a rt R e Flﬂ Co-funded by the Intelligent Energy Europe D | a n E n e r g i

RENEWABLE OISTRICT HEATING & ZO0OLING Programme of the European Union




Konklusion

e Die grofSte Reduktion des Hackschnitzel-
verbrauchs bei Grundwasser-WP & WKA

— Erweiterung Solarthermie reduziert um 1.600 t/a

* Betriebswirtschaftliche Vorteile nur bei
Versorgung des Grollverbrauchers & erhohter
Biogas-Lieferung
Weitere Szenarien resultieren in Mehrkosten von
etwa 11.500 — 40.400 €/Jahr, bei merkbarer
Reduktion des Hackschnitzelverbrauchs

— Max. 0,577 €/MWh = 13,05 €/Verbraucher (inkl.
MWst.)
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Workshops
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SmartReFlex, workshops

Energy sources Heat production

W1 e W2

e Urban heat ® RES production
planning, DHC vs. plants and how to
individual heat calculate production
supply, real prices
examples of project e presentation of
development technologies: Solar

thermal, Biomass
boiler, Biomass CHP,
Biogas CHP, Heat
pumps....

W3:
* Metering, payment, service to customers,
administration
* Costumer involvement and ownership,
business models and financial analysis

o Consumer End
Distribution . . .
installations consumption
e W2 o W2 e W1
e Design of ¢ Types of consumer * Mapping of heat
substations and lay- installations demand
out of DHC grid with

low temperatures

® The transmission
and distribution

network.
* Pipe types,
dimensioning of W2 includes:
pipes (pressure, * Calculation of district heating
:c(l)z\év)”shoef;\t"i'i;eé:jat production plant.
cooling, pumps, Simple calculation of

excavation, prices production costs in reference
and RES system.
Calculation in EnergyPRO of
production costs in reference
and RES system
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S

The Steps in Planning of Heating Systems

1. Mapping of present and future heat and
cooling demands

2. Mapping of resources

3. Cost and competitiveness. Where to have
individual solutions and where to have
common solutions (district heating and
cooling)
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energyPRO

Simulation and optimisation of

Operation budgets

energy production hour by hour . Operation optimisation

100wy | I
rd

Operation follow-up

Investment analyses

Techno-economical analyses
Market participation
and simulation

Brochure «

Analyses of connection

www.emd.dk of DH networks

http://www.emd.dk/file -
s/energypro/Tutorials/T Feasibility on company level

beX20cnmpletesi20no (not society or consumer)
fial.ntm! Tutorial

Modules

energyFrrao

i tatements
Long term income s 0

ce sheets all to energyPR .
andbaw simulation of energy plants g‘le(mfm multiple calculations

Jant Energy and economic calculations parti(ipating at several electrity with different parameters
imizati an | sites arkets
Optimization of energy P for several m

Investments, "“ﬂ"dzg&fﬁh flows  peration for ashort term period 0 o aregional basis
and investment key

For Windows Xp/Vistal7 and 8

Calculatin and optim! f pre on and operation onomics in energy plants
g pti ization of P oduction an operati al ec |
I
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http://www.emd.dk/files/energypro/Tutorials/The complete tutorial.html
http://www.emd.dk/files/energypro/Tutorials/The complete tutorial.html
http://www.emd.dk/files/energypro/Tutorials/The complete tutorial.html
http://www.emd.dk/files/energypro/Tutorials/The complete tutorial.html
http://www.emd.dk/files/energypro/Tutorials/The complete tutorial.html

energyPRO, modules

Accounts:
* |ncome statement

* Taxes, more detailed
* Feasibility on company level
(not yet socio-economic) .

Finance:
Several years
NPV
Financing
IRR (only
greenfield)

Markets:

* Several
electricity
markets in
the same
model

Regions:
 Several

locations
Transmission
pipelines

Operation:
< lyear

i tatements

Long term income s 0
ce sheets call to energyPR .

and balan mlerfo multple calculations

5 ts
. lation of energy plan
Simula witph different parameters

parti(ipating at several electricity
markets

Energy and economic calculations

for several sites

i ation of energy plant -
Optimiza for e regional asis

: : riod
— L A flows  gperation fora short term e

and investment key figures

icsi lants
d operational economics in energy p

. Gg
Calculating and optimization of production @

Design:
1 year

Operation budget
Investment analyses

Export of data:
e As PDF files

* As data (e.g. to Excel)
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energyPRO, user interface

O

File energyPRO setup Project setup  Tools Window Help
e o

= Input data

E-{7] Project identification
@] Bxternal conditions
B Sites

-{1] Transmissions

L] Fuels

-{7] Demands

-{] Energy conversion units
--{] Storages

--{7] Electricity markets
--{7] Operation strategy
-] Environment

[]--ﬂ Economy

Reports

~{] Production, graphic

-{_] Production, carpets

S| Energy conversion, annual

--{7] Energy conversion, monthly

-] Environment

-l Cash Flow, monthly

-l Operation Income

-8l Financial Key Figures

--{7] Catalogue of Technical Assumptions
-l Catalogue of Economic Assumptions
-l Operation Strategy Calculation

--{7] Graphical Layout

L] Project Reports

Project identification (4 lines maximum)

Assumptions to be printed in Cataloque of assumptions

Select calculation module
Projecting
(2) DESIGN - calculating energy conversion in a specific year, including operational economics

() FINANCE - planning more years, including investments and financing

() ACCOUNTS - plus income statements, balance sheets and tax

Optimizing daily operation
() OPERATION - optimising operation for a short period

Advanced
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energyPRO, output

* Production graphic h—&ﬁw _ _
i File energyPRO setup Project setup  Tools
. J N El Input data
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energyPRO, application context
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SmartReFlex Workshops

Design and planning
SmartReFlex
L - S * 23 February

Technical

SmartReFlex
L n s SR © 28-29 April im Wissenschaftszentrum Kiel

e Sign up to

Organisation and Financing

SmartReFlex
.o GRS * 18 May im BNUR in Flintbek

e Sign up to
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The fourth edition of the International Solar

4 International A a
Solar District Heating S D H-- District Heating Conference will take place on
Conference solar district heating ) ,

21 and 22 September 2016 in Europe’s No.1

21-22 September 2016, Billund, Denmark

Y Ay W Ww.solar-district-heating.eu SDH market in Denmark.

More information on:
www.planenergi.dk

www.solar-district-heating.eu
www.smartreflex.eu

Morten Hofmeister, mh@planenergi.dk, 0045 2234 4703
Max Guddat, mgag@planenergi.dk, 0045 2386 2482
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