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An elaborative overview on the investigated solutions for low
temperature, high exergy district heating and cooling.
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Introduction O~.)

FLEXYNETS

oo History: the first district heating network is
believed to have existed in the Roman EmpirCR
at the ancient city of Pompeii. The heated
water by means of geothermal energy was
transported in trenches into city centers
forming hot water baths

o In modern history, it was first in
Frederiksberg, Denmark when a viable distrig
heating network based on surplus energy wa
to be established. District heating in its

modern description was born!
Source: http://www.timetrips.co.uk/roman%20towns%20baths.htm
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o Awareness of the surplus heat at
industrial facilities which represent a
great energy loss along with renewable
energies when not captured

- 28/02/2019

Why DHC?

oo After the industrial revolution, people
have immigrated to cities representing a
huge demand for urban heating

o Each home was heated with separate
boiler, projecting overall decrease in
energy consumption efficiency and
colliding with environmental
friendliness

O

FLEXYNETS

Transmission
Design: 25 bars
120°C

Operation: Supply
115 - 95°C
Return
60 -45°C

Distribution
Design: 6.5 - 10 bars
120°C

Operation: Supply
105 - 80°C
Return
Variable flow and temperature control 50 -40°C
Symmetric pressure

Variable flow and temperature control

Sourcehttp://dbdh.dk/characteristics/



Facts

FLEXYNETS

Heat Consumption in EU Countries in 2015
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Facts O \.)

_ _ FLEXYNETS
Breakdown of fuel use in DHC systems worldwide, 2014

Biofuels and
Geoth I
waste Solar eotherma Other

6,59, 0.0% 0.2% 2.5%

Nuclear
0.2%
Oil and its
products
4.3%
Natural gas
43.2%
Source: http://www.irena.org
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Coal and its
products
43.0%




Facts

FLEXYNETS
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Facts
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District cooling
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Facts

FLEXYNETS
District heating
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e Share renewable _
Source: http://irena.org
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Energy sfficiency / termperature level &

State of the art
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FLEXYNETS

Efficient distribution at low
temperatures

Coordination of multiple,
decentralized, (uncontrollable)
sources

Larger role for thermal (seasonal)
storage

Integration with other energy
infrastructures (electricity, cooling)

Smart!

Source: https://ars.eledn.com/
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State of the art

Conventional DHN

A thermal store
stores heat

using a large
tank of water

e/

FLEXYNETS

e

Hydraulic Interface Unit
connects the home heating
radiators to the DH system

Pumps keep hot
water circulating
in the system
constantly

Heating flow

>

Conventional DHN

° -
1 { T{ Heating return

Electricity from
3 oo the CHP is sent to
- COLLCCELECT the local grid for
distribution

consists mainly of heat source, pumps, mixing

tank, insulated pipes and heat exchangers

. 28/02/2019

Source: https://www.theade.co.uk/assets/docs/case
studies/Maryhilldistrictheatingscheme.pdf



State of the art

Traditional substation design

Parallel
_— Controller
DH supply ,
$ $ 55.0°
RAD DHW : 5
DHW
Heating
system e
o | MEX \jm — HEX | “<g
10.0°
DH return Domestic water

28/02/2019

FLEXYNETS
2-stage connection
DH supply Y4
$ $ 55.0°
RAD AH TR
DHW
Heating
system HEX HEX | “g
PH
DH return HEI 10.0"°
- Domestic water

Source: https://www.theade.co.uk/assets/docs/case
studies/Maryhilldistrictheatingscheme.pdf



State of the art

Domestic inclusion of solar thermal systems

28/02/2019

Solar collecior

| Controlier

Mixing |[S7YOHaee o

FLEXYNETS

”riilf

Jrg

’ =
Rotwn OH pipe

I

e

10 MWh Storage Tank

Source:
https://www.researchgate.net/publication/318661
647_Case_Study_District_Heating_Network_and_H
eat_Storage_for_the_Renewable_Energy_City_Orte
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State of the art

Domestic utilization of geothermal heat

FLEXYNETS

AN
Fh

Ground, Ground, Looped Collector Ground, Horizontal Collector
Vertical
Collector "Ai

Source: http://www.hollidayheating.com/geo
thermal/
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Problems Os)

FLEXYNETS

oo Significant heat losses during transportation of kgahsfer medium

o Highly unexplored integration potential of different available energy sources
(e.g. renewables and waste heat) in to the network

o High installation costs

o Absence of intelligent control strategies assuring optimized exergy exploitation
and sufficient overall energy balance within neutral temperature levels
(between 10 and 258C)

o Absence of clear strategies for storage and control which serve decision taking
on either local gathering of energy or energy exchange (both purchasing g and
selling) with municipal electricity and gas networks

28/02/2019 15



Problems
Significant heat losses during transportation of hgansfer medium

FLEXYNETS

60%
System energy 207 :: r::;l;g ose
loss in terms of ” equivalent
equivalent heat 40% (electricity x

2.5)
30%
= Heat loss

20%

Target housing 10%
energy usage N

, Pumping +
heat loss

0%

0.0 10.0 20.0 30.0 40.0 50.0

Average heat consumption per user in MWh heat per year

Source: https://www.maxfordham.com/research

innovation/the-future-of-heat
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Problems

Significant heat losses during transportation of hgansfer medium

n: numberof district heatingplants

*Germany n=330

- ° AGFW-Hauptbericht 2011 (States of Germany)

40 -
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Annual heat losses [%/a]
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Annual heat losses [%/a]

Annual heat losses [%/a]

FLEXYNETS

“ Austria n=101
50

30 -
20 -

10 -

0 1 2 3 4 5 6 7
Linear heat density [MWh/(a m)]

4 Finland n=170
50 T
40
&b
30

20 |

10 ¢

0 1 2 3 4 5 6 7
Linear heat density [MWh/(a m)]

Source: http://www.ieabcc.nl/publications/IEA_Task32_DHS_Status_Report.pdf 17



Problems

Highly unexplored integration potential of different available energy sources

(e.g. renewables and waste heat) in to the network

Geothermal Energy Potential (potential hot water reservoirs in Europe)

FLEXYNETS
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Source https://map .mbfsz.gov.hu/geo_DH/
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Problems

Highly unexplored integration potential of different available energy sources
(e.g. renewables and waste heat) in to the network
FLEXYNETS

Geothermal Energy Potential (heat flow density >n®f/m?2)
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Problems

Highly unexplored integration potential of different available energy sources

(e.g. renewables and waste heat) in to the network
FLEXYNETS

Geothermal Energy Potential (temperature distribution at 1000 m, T €50
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Source https://map .mbfsz.gov.hu/geo_DH/
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Problems

Highly unexplored integration potential of different available energy sources

(e.g. renewables and waste heat) i

n to the network

FLEXYNETS

Geothermal Energy Potential (temperature distribution at 2000 m, T°%€90
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Problems

Highly unexplored integration potential of different available energy sources
(e.g. renewables and waste heat) in to the network

FLEXYNETS
GeoDH systems in Europe
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Source EGEQMarket Report 2014
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Problems

Highly unexplored integration potential of different available energy sources

(e.g. renewables and waste heat) in to the network

Preliminary EU waste heat potential results

WASTE HEAT POTENTIAL

MNon-specified

(Industry)
Textile and 13%W Iron & steel
_industry

Leather
Wood and __ 2% — 22%
Wood
Products
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Paper, Pulp _~

and Print
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Food and
TOBACCO
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Non-metallic

Minerals 22%
(Glass, pottery Non-ferrous
& building metal industry
mat. Industry) 3%
14%

Chemical and
Petrochemical
industry

FLEXYNETS

CARNOT POTENTIAL

Leather o
e,  Non-specified
(Industry)
Wood and " 12%_
Wood hY -
Products _
1%

Textile and

Iron & steel
. industry
L 2T%

Paper, Pulp
and Print
12%
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"

Non-metallic Chemical and

Petrochemical
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& building metal industry 2%
mat. Industry) 4%,

17%

370.41 TWh (Waste heat) and 173.99 TWH (Carnot’s) per year

28/02/2019

Source http //lwww .itherm-project.eu
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Problems
Highly unexplored integration potential of different available energy sources

(e.g. renewables and waste heat) in to the network
FLEXYNETS

Aggregated waste heat potentials detailed by member state

WHP in EU-28

B -20% o
I 10%-20%
fesidentay’ EU-28 industrial MW 45%-10%
248% mum%s final energy 1.5-4.5%
consumplions
\ (12350 TWh) (3196 TWh) W <is5%
~

Camot's

theoretical \ \
WHR =

WHR ‘

potential potential

(918 TWh) £ (279 TWh)

Source http //lwww .itherm-project.eu
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Problems ON.)
High installation costs for traditional DN

FLEXYNETS

A The capital cost of installing a low temperature circuit with small diameter flexible
plastic piping is radically less than the cost of installing a high temperature
distribution circuit made of large diameter metal piping with substantial insulation

A An investment in a traditional district heating network involves finding space to
install a central heat engine and the administrative infrastructure that goes with it.
It also involves finding the finance to pay for the investment and securing anchor
tenants and may require long term commitments from a number of different
parties before construction can begin

A The running cost of cooling using heat exchange with a ground temperature circuit
uses less electricity than loosing heat into hot air. The running cost of heating with
a well designed heat pump system is lower than the cost of heating by burning
fossil fuels- and heating with heat pumps earns the Renewable Heat Incentive
(RHI) which covers all the running costs and contributes to the capital cost of
installation (RHI are applicable in England, Scotland and Wales)

A Heat pumps have a lower annual maintenance cbs8.5 % of investment costs
than combustion gas boiler8-6 % of investment costs-and also last longer

. 28/02/2019 25



https://pangea.stanford.edu/ERE/db/WGC/papers/WGC/2015/04002.pdf
https://www.witpress.com/Secure/elibrary/papers/ESUS13/ESUS13009FU1.pdf

Problems

High installation costs for traditional DN

28/02/2019

Pipe dia Heat Y Total cost for Total cost for
(DN, mm) | capacity inner-city area | outer-city area
(MW) (€/m) (€/m)
25 0.114 300 200
32 0.22 330 950
40 0.293 380 300
50 0.52 400 350
65 1.0 480 380
80 1.5 500 400
100 3.2 550 430
125 55 610 500
150 9.0 700 550
200 19.0 780 600
250 30.0 840 700
300 45.0 1000 800
400 75.0 1200 1000
500 125.0 1380 1150
600 190.0 1580 1300
a) With 55°C feed/return temperature difference

Installation costs as function of urban structure and nominal pipe

diameters

FLEXYNETS
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Problems O\J
Absence of control strategies for LT DHN

FLEXYNETS

A When the network heating demand becomes low, the required mass flow rate is
reduced accordingly. Smaller mass flow rate causes larger water temperature drop
along the pipeline due to heat loss to the ground. In #n@ating season, the DHW
load is low and its demand is intermittent with the total draff duration less than 1
hour/day

A To ensure the consumer thermal comfort while saving energy and reducing network
return temperature, the hydronic system in the SH (space heating) loop need to be
properly designed and operated

A A welldesigned DHW system should meet several criteria which include consumer
comfort, hygiene(threat of developing Legionella bacteria) and energy efficiency

A In traditional DH network design, the pipe lengths between the heating plant and
different consumers vary. The consumers close to the plant has larger available
differential pressure, whereas the consumers away from the plant have smaller
available differential pressure. In an uncontrolled pipe network, the pressure profile in
the system would lead to more water flow through the consumers close to the plant
and insufficient water flow through the consumers located far away from the plant.

. 28/02/2019 27



Problems O\J
Absence of storage and energy trading strategies

FLEXYNETS

A The increasing potential of esite surplus heat production by consumers must be
smartly used/stored to increase its utilization factor

A Cost, time of heat storing and duration of attained heat and its correspondent rate of
heat loss inside storage tanks (both centralized or decentralized heat harvest) in
comparison to the utilization rate, shall be evaluated

A The favor of exchanging heat to the grid within a féedcenario to increase the
utilization factor of heat production and cost effectiveness of installed systems on side
and to cover the network demand with lowest possible pipe heat losses on the other

A Introduction of flexible solutions for heating and cooling scenarios using reversible
heat pumps

. 28/02/2019 28



Solutions

Integration and assessment of multiple energy generation sources

FLEXYNETS
Producers substations Hecrcty | Gasboler 5
Go'.—’ A Hot water
,l Sorguon cnler }I
,‘O~ Heating |
(2] T Q rowe O e || cones |
Heatng —_— P i
a g+—F— | Y9 = 1 |
iy~ 1 L“,i:\ o |

Prosumers substations

Energy sources

- High temperature (boilers, CHP, incinerators, industrial waste heat)
- Low temperature waste heat (super mar

Possible integration of energy sinks or long term (possibly seasonal) storage
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Solutions | O\)

Integration and assessment of multiple energy generation sources FLEXYNETS

Approach on price components

Producers substations flecricny | 2 G boler : i

: Hot water

Gas A

Py — 1 .......................................... :
R : i

$ /‘O‘ i Heating H

Gas Cooling : O 0 —_— Building i
— : i : i

i 7 : i Heat pump i

\
—_ : Flexynet ¢ Hea H
H : Heat |
- D - = e md W I —==

= G et

[

Ny
1

Solar heat

Bectriciy Prosumers substations

—
—

A Topdown approach based on reference heating costs of a potential cust@mer, (FLEXYNETS should
offer a cheaper solution)

A A heat pump is needed to provide the right temperature levels for space heating and domestic hot wate

A The customer pays both netwotkermal energy(at a certain unitary cosi ; ) andelectricity
(at a unitary cosb )

A High COP thanks to FLEXYNETS network temperature

A Sensitivity analysis fdér ; ,6 and COP
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Solutions

Integration of FLEXYNETBtroduction

FLEXYNETS

Main categories Typology | Description . 2
Town area [km
Residential FLST1 | Villages Town Inhabitants w [km’]
Nibe 5,143 29
FLST 2 Single-family houses Hadsund 4,913 4.1
Thisted 13,198 83
FLST 3 :Vlultlfamlly houses, small and Average, small towns 7,751 51
arge
FLST 4 Residential block development Smnderb.urg 27419 133
(possibly incl. shops/offices) Fredericia 43,400 324
FLST5 Row development, high-rise Randers 61,664 320
for residential Roskilde 49,297 21.7
FLST6 Shopping streets and centres Horsens 56536 279
partially mixed with residential A diumt 47,663 25
Public FLST 7 Public institutions (education, VErage, medium fowns =
health, etc.) Aalborg 132,578 60.5
Commercial and industry FLST 8 Light industry (business and Odense 173,814 78.9
commercial areas) Aarhus 261,570 97.7
FLSTS Heavy industry Average, large towns 189,231 811
Other FLST 10 Miscellaneous  (recreational, Copenhagen 1,141,694 2596
nature, churches etc.) Average, bigcities 1,141,694 259.6
Overview of the FLEXYNETS settlement typologies Danish reference town categories with examples
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Heat demand by typology - small, medium and large towns Heat demand by simple typology categorisation
70 - small, medium and large towns
FE _ 7O
= 80 r\‘E
E 4
2
= g
c = 50
g 2
R £ 40
5 :
230 £ 50
= o
# ¥
% 20 % 20
E z 10
E o R I - -
Low density High density Public Lightindustry  Heawy industry Other
FLST1 FL5T 2 FLST3 FLET 4 FLSTS FLSTE FLST7 FLST8 FLST9 FLST10 residential residential

mSmall mMedum mlarge m5mall mMedium mlarge

Average annual heat demand per ki typology for small, medium Average annual heat demand per ka2 small, medium and large
and large towns towns with simplified typology categorization

Share of town's total heat demand by category

T0%
60%
50%
40%
30%
20%
10%
- 1T Illl e

Residential Puble Commercial & industry Other

g g

mSmall mMedum mlarge mBgciy

28/02/2019 Total hgat demand distribution for each town size in the four main demand 32
categories




Solutions

Integration of FLEXYNETBtroduction FLEXYNETS

Cooling demand by typology, small, medium and large towns Cooling demand by simple typology categorisation

- small medium and large towns

0 III III III III ||| ||| |‘ ||‘ Low density High density Public ighti

=l w -~ v (=] ~ 0

.
Weighted average cooling demand
[GWh/km?]

(=T R S N O8] =Y (52 I = I N ¢ <)

Weighted average cooling demand [GWh/km?]

Light industry Other
FLST1 FLST2 FLST3 FLST4 FLSTS FLSTG FLST7 FLST8 FLST9 FLST10 residential residential
mSmall ®Medium M Large mSmall ®Medium M large
Average annual cooling demand per kim2typology for small, medium Average annual cooling demand per kfo2 small, medium and large
and large towns towns with simplified typology categorization

Share of total cooling demand by simple typology
categorisation

40%
35%
30%
25%
20%
15%
10%
5% I
0%
Low density High density Public Light industry Other
residential residential
HSmall ®Medium ®large
28/02/2019 Total coolingdemand@?24distribution for each town size for a simplified 33
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Network Designr- General Considerations

A To evaluate the temperature's impact on
the required pipe dimension and pumping
power, general assumptions were taken in
to consideration

A Parameters like: pipe diameter, flow rate,

pumping power and insulation thicknesses
shall be the outcome of the study

28/02/2019

No of consumers

Average peak load

30

15

Load - Conventional DH 450

Heat pump COP

5

Load - Low temperature DH 360

Length

Pressure loss

30

900

100

FLEXYNETS
Consumers
kw Assumed constant
Velocity
kw 0.65 m/s

kw
m/consumer
m distribution grid

Pa/m

General considerations for the case study
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A According to the equation of heat transfer in

180 180

flow, the lower the temperature difference, vy | Colcuatedpipe dlameter /|
the larger the required diameter of the pipe | = ——rwinedome V4
delivering hot water " 4

7 120
) ~ % 10
80

z—— 80

A Inthe figure the pipe diameter is shown
(left axis) for varying supply temperatures
(horizontal axis)Since the temperature

@
=}

Pipe diameter [mm] (blue)

60

Temperature difference, AT [K] (green)

difference will not be held constant while T — o
aiming for lower and lower supply 0 \—\ »
temperatures in a DH network, in this —_——————————————————————0
example AT is decreajsed sl owl ywwaegeat he supply

temperature decreased. h e a S S U me destindtek of clic@atBhipe dimensior(left axis)as function of supply
be read for each supply temperature at the temperature.Note the reversed order in the horizontal axis numbdise assumed

. . . . temperature difference is shown according to thight axis
right axis. The calculated required diameter b s
Is shown together with the actual pipe

di mension (choswiablef rom suppliers’
pipes on the market). The gap represents the
change between ‘traditional?’ DH and | ow

temperature DHThe figure indicates how
the pipe dimensions are affected by the
choice of temperature levels
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Network Desigr- Temperature and flow FLEXYNETS
A According to the equation of heat transfer, » Caculated e diameter 0:016
the flow rate is directly proportional to the —ctus pipe dameter
temperature difference [ —— oo

120 / 0.012
100 / : / 0.01

" -{__—-——-t_ 7V / |
60 / 0.006
40 / 0.004

T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15
Supply temperature [°C]

Pipe diameter [mm] (blue)

Flow [m?¥/s] (green)

Estimates of pipelimension as function of supply temperature.
Theflow corresponding to the calculated diametisrshownon the right axis
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Network Desigr- Temperature and pumping energy FLEXYNETS

A The pumping capacitfP, ) depends on T i , e
the flow (Q)and the pressure 1 s // 2400
losseqA paccording tahe following 140 S /- 20 E
equation: T e §

Poump= QA PIW] Z ( I — i

A In general, thegpower consumptiorby the = T E
pump increasegproportionallyto the flow T — o
and head. Hencef the flowis doubled and| * [*®
the pressure loss ithe same, 0
the pumpingenergy is doubledResults from Supply temperature [']
this simple calculatioexamplefor each Estimates of calculated pipe dimension as function of supply temperature. The
temperature level are seen Iﬁigure43, estimated pumping capacityelated to calculated diametei$ shownon the right axis

where the estimated required pumping
capacity is seeat the right axis.The figure
indicates howP, ., is affected by the choice
of temperature levels
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Network Desigi- Pipe type and pressure loss FLEXYNETS
. .. 180 2,700
A In general, the energy loss in piping syste e e
H H H 160 / 2,400
falls into two contributions: N //
pipe diameter /
. . . " Pump capacity 100 E_
1- losses in straight pipes T 1m0 §
2- losses in individual flow resistors, fittings, | £ i | 1500 2
!oends, Tsections, valves, measuring f ) — i E
instruments, heat exchangers, tanks and any | . w d
other armatures ) 5
0 600
A When calculating th@ressureloss in 2 s
;tralght pipesthe following parameters areg. o+~ o o o o o
I m pO rtant: Supply temperature [°C]
Estimates of calculated pipe dimension as function of supply temperature. The
1- Flow rate [m/s] estimated pumping capacityelated to calculated diametei$ shownon the right axis
2- The pipe diameter, d [m] (alternatively, the
hydrauIiC diameter dh) Pipe Roughness Pump e nergy Costs
3_ The rou hneSS’ Steel 1 mm 280 MW far 28.000 EUR/fy
4- Ki tg . I!KP] 2/ Steel 0,15 mm 170 MWh far 17.000 EURfy
- Kinematic viscosi Ym S] Plastic 0,005 mm 130 MWh far 13.000 EURfy

5- Flow shape. It is determined whether there is
laminar or turbulent flow, this is assessed USingEstimates of calculated pumping energy for DN100 pipe with length of 10,000 m

the Reynolds number Re
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Network Desigi- Pipe type and heat losses FLEXYNETS
To illustrate the expectetbwer heat loss in ipe.mm_Pipe type DN convenfions O FLOANETS

the FLEXYNEE6ncept,a simple analysis of heat loss—— 237 = ,f: 20 e
in the three standard classes of presulated DH pipes| 424 32 77 31
has beercarried out.The heat los§P ;) has been 48.3 40 155 63
- PP - 60.3 50 288 117
calcul_ated based on the following, simple equation for "/ o5 Sas 221
one pipe: 88.9 80 830 336
114.3 100 1,610 B33
— 135.7 125 2,763 1,120
chipe - Upipe ’ Tsu;(ply_Tground) [W/m] 168.3 150 4,529 1,836
) ) 215.1 200 5,140 3,705
where, Ty oIS the supply temperaturen 273.0 250 16,282 6,601
°CandT,,,,qiS the temperature of the grounoh °C 323.3 200 25,393 10,538
9 406.4 400 47,170 19,123
. . 308.0 200 85,042 34,476
The heat loss value, or the U value, is determined by sos.6 600 136,520 55,346
the lambda value) . L asthie thermal 711.2 700 204,340 82,840
conductivity of the insulation of pipes. This value sl2s 800 283,405 117,352
i . 914.4 900 392,893 159,281
ranges from 0.024 Wi - ) it continuously operation | 19160 1000 516,550 209,412

to a lambda value of 0.026 WH(- ) Kt
discontinuougproduction

28/02/2019

Estimated capacities for conventional DH and FLEXYNETS
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Network Desigr- Methodology FLEXYNETS

To account for each integration probability, the following scenarios have been considered:

1- Conventional DH Branch structure
2- Conventional Dk Ring structure

3- FLEXYNETS conceptranch structure
4- FLEXYNETS conceing structure

As a first step, the engineers should decide which pipes should be used based on the general
considerations, hydraulic and thermal parameters mentioned in former slides

Secondly, the area where the network is planned to be positioned will be scanned for any available
heat sources or large scale storages. Typically, the inclusion of an industrial facility; which most likely to
be located outside the urban area, would open up for even more heat supply options such as large
scale solar thermal systems which often would be too large to be included in an urban environments

A ring structure could then be laid down as a main supply pipe, while consumers are connected with
smaller pipes branching from the ring

For dimensioning the network, a Gb&sed tool has been developed. Using a code, the calculation of

the dimension and length of the grid between two consumption points using one of the above
mentioned scenarios and the formerly mentioned considerations shall be possible
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Prerequisites for Analysis (Steady state conditions)

Conventional DH | Flexynets

Pipe types
Capacities
Heat loss
Investment
Etc.

Python Code for GIS tool
GIS input:
GIS tOOl Background maps
Heat Atlas
—: Supply points
I :
Results: Other investments and costs
Grid length | Heat production units
Heat loss | | Fuel and Maintenance
Investment I Heat pump @consumer
Etc. Electricity prices
- d | etc
R et gy el
|
| EUR/MWh @consumer
o o o o oo o o e e e e e e e e e

28/02/2019 GlISbased tool for planning the network

FLEXYNETS
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I\

Hadsunds in thesmall towncategory L) S/k“_mai\‘ﬁ‘a-».
with around 4,910 inhabitants and an :
area of 4.1 krh The map shows

how Hadsundhas been divided into the
FLEXYNETS settlement typologies

() i/ T T A\ " Legend
i = a7 \“‘i;g @® Supply point

e ¢ ; gty o = Main ring
VISbOl‘g > % , Flexynets Ring pipes [mm]

For the analysis of Hadsund, the
following four scenarios have been
applied in the GIS tool:

1- Conventional DH Branch structure
2- Conventional Dk Ring structure

3- FLEXYNETS concejranch structure
4- FLEXYNETS conceing structure

For the branch structure, only one supply
point has been placed in the center of
the town introducing the shortest length
between the supply point and the
consumers connected to the network
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Network Desigr- Hadsund Case FLEXYNETS
For the ring structure, several points ;{;9'4 covmarkL} @\J ? L ‘“ﬁ}%’f \ o
have been placed, were such a main A Rl Y Mg b g T e

ring was located along the existing
roads in the map. The placement o the
supply points and the main ring can :
been seen in the figure along with the (- R T, L
results from the GIS tool S NN 1 PR
"\ffév@ RS AN
The total length of the pipes varies ; 5 ‘a8
between 89 km for the branched % SIS
structure and 94 km for the ring
structure

The ring in this analysis is placed close
to or on the outskirts of the town for
different reasons: 1) in order to have a
connection to the industrial facilities, 2)
in order tonot to lie the pipes in yards,
3) to follow the already established
main roads
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\ " Legend
\“:;;g ® Supply point
,~ === Main ring
5 Z \ Flexynets Ring pipes [mm]

It is seen thathe calculated heat losses 22’ Sk“_mﬂ\'f’%}
in the example with the FLEXYNETS con 3
are reduced bylmost¥icompared to
conventional DH.

On the otherhandpumping costs are \ lhae ) =
al most doubl ed Elomtlae,PLANTAGE/ o

FLEXYNETS scenarios it is useful to rece- N, r{*ﬁ@ S AN A SR

use of heat pumps in buildings, with an
assumed COP of 5.

28/02/2019 44



Solutions
Integration of FLEXYNETS

Network Desigr- Hadsund Case FLEXYNETS
S/ TN (

For comparison, the actual DH gridHadsundiown consists of !ﬁ%’gvbﬁ‘xtg\‘\.!'

about 80 km grid, of which 35 kare distribution pipes, 43 [T

km service pipes and 2.4 km transmission pipe from a tilework to A‘, L~/ l'l;{;'i.""lll

plant, making it possible to utilize excess hiatn the tilework. The &\\q‘ﬂllﬂ,ﬂ~ -!!![ﬂ%"

DH grid also has an accumulation tank of 350 ms3 for daily variatic3 N i \7‘"
and a pumping statiothat provides operating pressure for <l
consumers. The terrain varies in height from 0 metdrghe fjord to

the highest point at 49 meters. The DH grid spreads over an areaZ
4.2 km? N

7

g

Some numbers for comparison to the DH gardhlyzedn _"“
the GIStool have been extracted from the Danish District Heating
Association’s Benchmar k Hadsuad: i

Heat production65,700 MWh/y

Heat sales (hean consumer/ab grid)52,000 MWh/y
No. of consumers2,011 consumers

Length of distribution grid39.5 km

Length of service pipes43.0 km

Heat Loss13,700 MWh/y

Heat Los463 MWh/km

Heat L0ss20.9 %

Linear heat densityl.7 MWh/m
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The numbers inhis statisticsdiffer somewhatfrom the calculatedresults on several parameters. The heat demand
used in themodelis based on the Heat Atlas. This also means thateall demands are includedalsoheat

demands that typicallpre not included as DH potential, such as individual demands covered by biomass, natural gas
boilersand heat pumps. This could also explain why the heat demand for the conventionanzdgeedn

the GIStool is higher than the actudeat demandgiven in the statistics.

Anotherdifferenceis the length of the distribution gridn the statistics, the length of thexisting grid
in Hadsunds stated tobe 39 km, while the length is calculated to be approx6&km in theGIStool (both numbers
excluding service pipes)

This can mainly be explained by the fact, that the existing DH grid does not cover a rather large part of the town in
the north-westernpart, comparing the map of th&1Stool. On the other hand, the southern part Badsundon the

other side of the fjord is also supplied by DH heatiiiggether with this, the number of consumers is higher in

the GIStool, here is 2,276 demand points, while there is 2,011 consumer points in the existing DHHasuNd

A parameter that could be added to the difference is the fact that service pipes are not includedGhSbel. Some
demands will therefore be covered by a distribution pipe along a street itGGilSeesults instead of a service pipe as
in the actual case. l.e. the tool does not reflect the readigctly, butcan provide a good approximation taking into
account the topology of the town

The fact that theGIS tooddoes not include service pipéand the heat losses in thesalso explains why the heat loss
Is higher in thestatistics compared to the model output. Since the service pipes are the same regardless of network
layout, this does not affect the general conclusions when comparing layout options
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A By operating the DN with neutral temperature range, the pipe insulation costs and
pipe heat losses shall decrease significantly

Heat distribution losses as function of the nominal diameter for different insulation
classes. Red area: nominal diameter with admissible flow velocity
Q
25% 7

20%

15%

10% |

-+ Insulation Class 1
_ _ _ _ ~ =*= Insulation Class 2
-------------- -~ |nsulation Class 3

5%
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Investment costs as a function of storage location (surplus heat injection)

It should be noted that the pipeline cost calculations described here
are only utilized for calculating the costs of transmission pipelines for
transmitting surplus heat directly from a source to a largeale

thermal energy storage, and not for calculating the costs of
distribution pipelines within the FLEXYNETS network itself.

14,000 1,100 147.13x0.385

£ 1,000 = 142.13%°
£ 15000 9 —
W y = 0.0063x + 5.8872x + 83.345 _ .- g =500
£ 10,000 e E =00
o s
g e I 700
L 8,000 ]
5 ’ c 600
o ©
« 6,000 Ty = 0.0064x% + 5.1066% + 78.88 5 500
g 4,000 o T 400 y=82,195x%3%5
e 4 ..-‘.t'-'-".""ll..:'-l £ 300
5 2,000 o 2 200
& e

oo Lemee 103

0 200 400 600 800 1000 o - 0 . 20 100
Mominal diameter (mm) Power (MW)

® Normal DH @ Flexynets ® Normal DH  ® Flexynets
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Investment costs as a function of storage location (surplus heat injection)

3,500,000 80
£ 3,000,000 v = 337162042 70
g
W
= 2,500,000 R 60
® = 50
o 2,000,000 =
E B
o -q—: 40
. 1,500,000 - 2
13 Y y = 248018048 5 20
o 1,000,000 E
Bo 20
S 500,000
o 10
0,000 o]
o] 20 40 60 80 100 120 0 10 20 30 40 50 60 70
Annual surplus heat (GWh/year) Pipeline distance (km)
100 GWh/year 75 GWh/year 50 GWh/year
excess heat (100%) excess heat (75%) excess heat (50%)
® Normal DH @ Flexynets 25 GWh/year 10 GWh/year ===« Metwork heat price
excess heat (25%) excess heat (10%)

As can be seen, that the limit to the feasible pipe line distance is highly dependent on the heat quantities ar
ranges. Under certain assumptions, the feasible distance limit ranges from ca. 12 km for the transmission of
GWh/a to over 50 km for the transmission of 100 GWhly.
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This figure illustrates the integration of the
heat pump as the main connection between | — = &
the consumer and the network (red
rectangle to the storage unit (yellow
rectangle) and the distribution unit (blue
rectangle)

TES_THERMAL
ENERGY STORAGE

BUF_BUFFER

H| HYDRAULIC
JUNCTION

Schematic for the hybrid system in a SFH and MFH
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Forsizingthe system the followingcomponentsbuildingup the systemare goingto be sized Theseare:

1.Generation unit representsthe heat pump for providing space heating and cooling, and for DHW
preparation

2.Thermal EnergyStorage(TES)s a tank for the mediumtemperaturelevel water to be usedfor the DHW
preparation

3.Buffer (BUF)is a smaller storage designedfor two main objectives Firstly, this storage is useful to
decouple hydraulically the generation side and the distribution side (working as hydraulic junction).
Secondlyit isusedto providethermalinertia (thermalflywheel,thermalmass)or the heat pump

4. DHW preparation consistsof a heat exchangersizedin a way to guaranteethe instantaneousDHW
production Onthe userside,athermostaticvalvekeepsthe flow streamtemperatureto 45°C

5.Distribution system can include different types of units: Radiators,Fan Coilsand RadiantCeilings As
alreadynoticed,the numberof devicesper dwelling/officedependson the buildingthermal zoning
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Substation Sizing Generation unit FLEXYNETS
Heat Pumps Parameter Unit SFH | s-MFH
N dwellings [-] 1 10
The generation device has been sized according to the maxim DWE”""ES factor  |[] 115 | 047
load for space heating and DHW. In the residential sector, the |}om=actor o e
. . . Arza [m#] 100 50
storage (TES) reduces the simultaneity of the generation and t Sersons = 2 A
DHW request. Accordingly, the peak of DHW has been reduce [, ——— 7] 7252 | 27918
compared to a traditional DHW heater (instantaneous producti o e 2 1
of DHW). As a consequence, in SFH cases, the DHW load is I 7 T 537 1 020
. . . i . peak » ’
than heating peak, while for8IFH, the contrary is verified in
eneral to [h] 1,07 | 1,60
J Tm [°cl 40 40
The building loads have been calculated assuming an ideal sy | [:c] o] 1
with infinite capacity able to maintain the internal temperature |’ ral 43 45
20°C atwintertime and 258C in summer in the residential building | Vorw i 136 | 425
An average over 1 hour has been used to avoid selecting only |Posw [wi 5.200 | 10.823
loads at system start daily consumption |[l/day/pers] | 50 40

Calculation table for the DHW volume and power
For the DHW load, we considered a simplified numerical model,
which has been retrieved from norm UNI 9182. Firstly, the
minimum required volume for the DHW is individuated and,
secondly, the maximum power required to keep the water
temperature within a specific range is calculated
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Apeak [min]: representsthe duration of the peak of DHW request
(quantifiedasthe minutesof a showerper numberof inhabitants) The
duration of the showerhasbeenquantifiedin 4 minutesper person
Apr [h]: is the time of chargingthe storage when it reachesthe
minimum temperature allowed (40°C) This parameter depends by
choiceof experts,it wasto sett, four timest,., for the SFHand eight
timesfor sMFH

AL [°Cl isthe temperatureof supplywater to the users(40°C)

AT [°Ct isthe set point temperaturefor the storage(45°C)

A [°C} is the tap, cold water temperature (10°Cfor all climatesin this
analysis)

A nshower[1/N] is the nominalmassflow rate for a shower(7001/h)
Adaily consumption[l/d/pers] is the daily consumptionper person
A/l is the sizeof the volumefor DHW

A, IW] isthe peakpowerto guaranteeDHWpreparation

28/02/2019
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FLEXYNETS
Parameter Unit SFH s-MFH
N dwellings [-] 1 10
Dwellings factor [-] 1,15 0,47
Rooms factor [-] 1,2 1,1
Ares [m?] 100 50
persons [-] 4 3
Omshower [1/h] 7452 | 2.791,8
tshower [min] 4 4
toeak [h] 0,27 | 0,20
Tor [h] 1,07 | 1,60
Tm [*C] 40 40
T; [°c] 10 10
Te [°c] a5 45
Vorw [ 136 425
Porw w1l 5.200 | 10.823
daily consumption | [I/day/pers] 50 40

Calculation table for the DHW volume and power
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The power for the generation unit has been calculated according to the following equation:

Ppuw = gmshower @ tp® (Tm — T5) ®
tp +ipr

Summarizingin SFHsthe DHWpower is around5 kW, whereasin ssMFHSsit rangesbetween6,5 kW and
15,2 kW (dependingby the numberof floors), Spaceéheatingpower variesfrom 6,2 to 38 kW all overthe
climates

Forthe SFHcasesthe DHWIload s higherthan heatingpeak,while for ssMFH, it is lower power for the
majority of the cases

The heat pump used in FLEXYNETS water-to-water heat pump coupled with the network The
performanceof the heatpumpis evaluatedasa function of four independentparameters

1- Inlet temperatureand massflow rate of the water (sourcesidein winter)
2- Inlet temperatureand massflow of the water (loadside)
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Figures above illustrate the performance of the heat pump in both summer and winter conditions.

The figures show the COP of the HP in winter mode as a function of the ambient air temperature and
the inlet water temperature at the condensing side. While in summer mode, the performance of the
HP is expressed by its EER as a function of the air temperature and the inlet water temperature at the
evaporation side.
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Circulationpumps

Thessizingof the circulation pumpsinvolvesthe definition of the nominal massflow rate and electric
consumption

Thefirst quantity correspondgo the massflow definedin the correspondentcircuit (generation,DHW
distribution, spaceheating/coolingdistribution)

Thecalculationof the electricconsumptionis basedon the equationbelow, wherethe electricpoweris
afunction of the headof the pump

'.".i'!. L] g L] H 14
FPa = T =12
Where: %10
23
m [kg/h]: isthe pump mass flow rate 26
£ s
g [m/s?: is the gravity acceleration 2
0

H[m]: is the pressure head 0 1000 2000 3000 4000

Mags flow rate, Qlkg/h]
n [-]: is the efficiency of the pump (considered equal to 0,6) System characterization curve
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Thetwo storagesof the HVAGsystemare the biggerone (TESyhichis usedfor DHWand solarenergy
andthe smallerone usedasBuffer (BUF)Yor the generationdevice TheTESasbeensizedaccordingto

the complexityof the system if the solarsystemis not used,the storagevolumeis setaccordingto the

followingtable asthe minimumDHWtank size

Building | Minimum DHW
For the peak loads time, the size of the storage guarantees typology |volume [I]
internal water temperature at the temperature, TThe SFH 140
calculation of this volume is made as follows: = MFH 425

Minimum DHW storage volume

Ty — T

t T-—T
tp'l'tpr -P"-[f f}

Voaw = Omshmper *® tp *

The role of the buffer storage (BUF) depends on which kind of generation device it is connebied to.

the case a WWHR)e main aim of the BUF is to avoid continuous ON/OFF cycles of the generation
device.Themantle of both storages issulated with a 15 cm of soft polyurethane

28/02/2019
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In the generallayout of the HVAGystem,the DHW(distribution isin chargeof a unique heatexchanger
In the reality especiallyfor the ssMFHscasesgachdwellingof the building hasits own heat exchanger
Forthe sakeof simplicity,a commonlayout hasbeen developedfor SFHand s-MFH,so only one heat
exchangeffor the DHWpreparationisused In both casesthe HXhasbeenproperlysized

Building Mass  flow  rate | Mass flow rate load | Power Weight Occupied area
typology |source side [kg/h] side [kg/h] [kw] [kgl [cm?]
SFH 577 600 23 12 12x52
=-MFH 2,545 2.700 103 86 100x30

. 28/02/2019

Values for the main heat exchanger classified per building typology
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Integration of FLEXYNETS

Substation Sizing Distribution FLEXYNETS

Radiators

Forthe sizingthe Model “PlantellaN T rhanufacturedby DeLongh{0.9 m? of surface)hasbeenchosen
asreferenceradiator (datasheetin 8.1). Thisparticularmodelhasa nominalpower of 1.989 W/radiator
(with atemperature supplyof 75°C) Themanufacturerprovidesthe exponentcoefficientequalto 1,33.

Accordingto the formula reported, the nominal power has been adapted to different supply
temperatureswith the logarithmictemperaturedifferenceratio

P,=F,e» (ﬂ)
a1,

n

Where
P, [W]: actualpower under conditionsdifferent from nominal
P, [W]: nominalpower givenby manufacturers

A T[K]: logarithmic difference of temperature, between mean temperature of radiator and sensible
temperatureof the air surroundingthe device,underactualstate

A J[K]: logarithmicdifferenceof temperatureat nominalconditions
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Integration of FLEXYNETS

Substation Sizing Distribution FLEXYNETS
Radiators
Radiator inlet water Radiator outlet water |Room temperature, |Actual power
temperature, T.in | temperature, Tuout | Troem [°C] [W]
[°C] [°cl
73 63 20 1.989
35 a7 20 1.048
45 40 20 B85
35 30 20 309

Calculation table for the DHW volume and power

Depending on the calculated power required for heating up the space, the total number of radiators
could be estimated. The mass flow rate in the radiators has been set according to the assumption of 5 K
of the temperature difference between input and output of the device

~ MPX
(Cpaw @ 5)

My,
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Integration of FLEXYNETS
Substation Sizing Distribution

Radiantceiling

FLEXYNETS

TheTRIPANvanelhasbeenconsideredasa referencefor the radiant ceilings Thecapacityof the panel

isafunction of the inlet temperatureasfollows:

P, = 10,796 * (.T,)

Where

P, [W/m?]: actualpower of the radiantceiling
AT [K]: temperature difference, between
mean temperature of the radiant ceiling and

sensible temperature of the air surrounding
the device,underactualstate.

28/02/2019

1,036

Rad. ceiling inlet water
temperature, T, [°C]

Rad. ceiling outlet water
temperature, T, .. ['C]

Room temperature,
TFCICIITI [DC]

Actual power
[w]

35

30

20

148

30

25

20

a7

Inlet and outlet temperature and radiant ceilings power calculations at different

working conditions
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Integration of FLEXYNETBhermal generation FLEXYNETS

FLEXYNET®ncept

From the water-loop concept to a
decentralized low-temperature DHC
network (15-25°C)

'3 Multifamily house
s Singlefamily house
hl Office building

B g | Assessment of DHC
@ e | NEIWOrK topologies
* High temp. industry
Q@ -

Elaboration of substations for
connection to DHC network
through reversible heat pumps
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Integration of FLEXYNEIBhermal generation FLEXYNETS
FLEXYNET®ncept
Producers substations ;; isesaid W

Flexynet

ORC H

E o E] Heatng | 9_) - s Cooling |
T o ZEm E: i

il Bl P

Joecrony Prosumers substations

Ga A
N Sorpuon cnfer 3 »
: O ‘ 5
- = Heating
- = . O D\ ————‘—’ m
ac d ) Heat pump i

The figure above illustrates the potential of possible heat generators in the FLEXNETS concept.
Depending on the demanded heating or cooling, these technologies shall come in to operation:

1- Gas boiler (heating with high operational flexibility)
2- CHP (for heating and electricity generation)

3- Solar collectors (parabolic trough collectors)

4- Sorption chiller (for cooling)
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Integration of FLEXYNETBhermal generation FLEXYNETS

Powerstation man componentsand assumptions

- Flat plate collectors (FPC), for comparison purposes

_ _ é 65-50 % Il Sorption chiller
E Gas Cocling
- Concentrating parabolic trough collectors (PTC) A | onc - D
.Y =225°C ==  Heating
B - e 40 0/0 - - EE.] - Cooling tower
- Organic Rankine Cycle (ORC) engine j U [ Putter tan _’ﬂ
- Y R = 225°C Y R =2050°C soar et Electricity
- — | é17115%~ € 8385% T o

- Continuous operation for boiler (night mcluded) for
base load

- Network temperatures:
- FLEXYNETS: return°ZD, supply 30C OT = 10 K)
- Traditional: return 50 C, supply 80C QOT = 30 K)
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Integration of FLEXYNETBhermal generation FLEXYNETS

Powerstationssizing

- Flat plate collectors (FPC), for comparison purposes

_ _ é 65-50 % Il Sorption chiller
E Gas Cooling
- Concentrating parabolic trough collectors (PTC) A | onc - D
.Y =225°C ==  Heating
B - e 40 0/0 - - EE.] - Cooling tower
- Organic Rankine Cycle (ORC) engine j U [ Putter tan _’ﬂ
- Y R = 225°C Y R =2050°C soar et Electricity
- — | é17115%~ € 8385% T o

- Continuous operation for boiler (night mcluded) for
base load

- Network temperatures:
- FLEXYNETS: return°ZD, supply 30C OT = 10 K)
- Traditional: return 50 C, supply 80C QOT = 30 K)
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Exploitation of innovative thermal capacity design FLEXYNETS

Within FLEXYNETS project, 3 laagale storages have been exploited in terms of energy density,
costs, etc. These are:

1. Tank thermal energy storage (TTES)
2. Pit thermal energy storage (PTES)
3. Borehole thermal energy storage (BTES)
4. Aquifer thermal energy storage (ATES)
Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
(60 to 80 kWh/m®) (60 to 80 kWh/m?)

Borehole thermal energy storage (BTES) Aquifer thermal energy storage (ATES)
(15 to 30 kWh/m?) (30 to 40 kWh/m?)
—> -~

— —

28/02/2019 66



Solutions

Exploitation of innovative thermal capacity design FLEXYNETS

1- Tank thermal energy storage (TTES)

Thistype of tanks can be located abovethe groundaswell Tank the’m;)'t"g:;\%xj storage (TTES)
asbeneathit. It is mostly dependenton the landscapeand s =

the urban environmentwhere the tank should be placed
Fromthe Danishexperience thesetanks havebeen placed
above the ground and next to the district heating plant
(mostly CHP) With an averagecapacity of 3000 m3, and
after the increasein electricity productionin Denmarkfrom
wind turbines and hence decreasedin annual operating
hoursof CHPstheseare utilizedfor solarheatingplants

it
R

TTES specific investment costs

y = 52946510433

600
R*=0.8837

& 3
=] =]
]

300 W

200 P g
'."""--u‘--.....—..-......-............
-

specific investment costs (€/m7)
(=]

0 1,000 2,000 3,000 4,000 5000 6000 7000 8000 95,000 10,000
Storage capacity (m?)
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Exploitation of innovative thermal capacity design

FLEXYNETS
2- Pit thermal energy storage (PTES)
Thistype of tanksfits at solar collector fields. It is a dug pit in to Pit thermal energy storage (PTES)
the ground, fitted with a membrane mostly made of plastic, to (60 to 80 kWh/m)

keepthe bottom and sidewallsfrom leaking Thistank useswater

as storage medium which is coveredby a floating led to reduce
heat losses Similarto the TTESthis tank allows for temperature
stratification through vertical thermal distribution of water. This
tank is most likely to be used as a seasonalstorage Specific
capacityof storageis 60 — 80kWh/ m3. Theheatlossesdependon

the temperaturelevelin the storage,the insulationof the lid and

the volume/surface ratio. Subjected to dimensioning and

insulationcriteria, storageefficienciescouldrangefrom 80— 90 %

PTES specific investment costs

[y
=}
]

=% =

-~ Ottrupgard (DK 7
?‘% 140 peard (DK) y = 2266.7x0374
W H 2 _
“ o0 R* =0.995
@
S 100
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] 50 "5 Dronninglund (DK)
] 7
£ " Marstal (DK}
o 40 (LTI RS Vojens (DK)
é . e gt ee s
L]
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i =
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Exploitation of innovative thermal capacity design FLEXYNETS

3- Borehole thermal energy storage (BTES)

-

Similarto the vertical geothermal pipe trenches,
this tank usessoil as the storage medium, while
pipes are charged by pumped hot water that
transmits heat to the ground surrounding the
boreholes Thistype of storage offers flexibility on
sizingand requires small energy consumptionfor
heatextraction

BTES specific investment costs

100 g

90 % g Unknown (DE
" e 08 y = 16726x 0642
g5 %0 . R?=0.5021
£ = 70 . Braedstrup (DK)
g g_ 60 I".I
72 o T, r Unknown (DE)
a i [
ER S **“'- Crailshaim {DE)
o = AT i
= m 30 | .....
o £
:%‘_ w 20 = Drake Landing (CA)
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0

0] 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000

Storage capacity (m? water equivalent)
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Exploitation of innovative thermal capacity design FLEXYNETS

4- Aquifer thermal energy storage (ATES)

In aquifer thermal energy storage (ATES}pystems,
two (or multiples of two) separatewells are drilled
into an underground groundwater reservoir ——
(aquifer) for seasonalstorage of thermal energy Exchanger
One of the wells Is used for heat storageand the

other is used for the cold storage Favorable
geologicalconditions are a prerequisite for ATES
systemswhichrequire a highyieldingaquifer

<

ATES specific investment costs

100
— 90 y = 146.43x0-0%8
80
70 »

40
30
20
10

Specificinvestment cods
[€/m3water equivalent

o 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000
Storage capacity (m® water equivalent)
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Exploitation of innovative thermal capacity design FLEXYNETS

Investment costs depending on storage temperature levels

TTES investment cost as a function of temperature difference PTES investment cost as a function of temperature difference
35,000 10,000
= g 9,000
= 30,000 S 8,000
2 3,
¥ 25,000 “1; 7,000
z g2 6,000
2 20,000 =
= g 5000
% 15,000 E 4,000
= >
£ 10,000 £ 3000
= o
g s000 B 2000 \
a ! "“--.._________ 2 1,000
0 0
5 10 15 20 25 20 35 40 45 50 5 10 15 20 25 30 35 40 45 50
AT (K) AT (K)
e 10 MWh e 100 MWhH e 1000 MW 10000 MWh e 100 MW e 1000 MWhH e 5000 MWhH 50000 MWh

ATES investment cost as a function of temperature difference (for

BTES investment cost as a function of temperature difference a fixed storage capacity)
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Exploitation of innovative thermal capacity design FLEXYNETS

Investment costs depending on storage capacity

Thermal energy storage investment costs Thermal energy storage investment costs
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® Large tank thermal storage (TTES) ® Pit thermal storage (PTES) ® Large tank thermal storage (TTES) @ Pit thermal storage (PTES)

® Borehole thermal storage (BTES) Aquifer thermal storage (ATES) ® Borehole thermal storage (BTES)  Aquifer thermal storage (ATES)
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Integration Scenarios FLEXYNETS

By comparing 5 different scenarios for integration, an estimation for the feasibility of FLEXYNETS concept
shall be provided. To prove the reversibility of the system in summer conditions, all scenarios will be
investigated for a typical southern Europe climate.

As reference scenario, the following shall represent an individual heating and cooling base case, where
contrasting it based on either traditional district or FLEXYNETS is still possible.

Base case:

Location: Rome

Municipality specifications 500 sMFHwith 500m? each
Land area: 1 kin(plot ratio: 0.25)

Heating system: gas boilers

Cooling system: electric cooling units (can not be generalized)

Plot ratio: the ratio between the floor area and the land area
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Integration Scenarios FLEXYNETS

As a first variation, the substitution of individual gas boiler units with a connection to a traditional DHN,
while keeping the individual traditional cooling units will be investigated. Hence, cost changes apply only to
the heating part. Investment costs for individual boilers are replaced by investment costs for the network,
substations, and a centralized boiler (as no other high temperature sources are assumed). Gas costs have
now to be evaluated as for industrial customers. The traditional network is assumed to operate with a
supply temperature of 80C and a supplyeturn temperature difference of 30 K.

Finally, we consider three FLEXYNETS scenarios (FL), where the network replaces both individual
heating and cooling systems. The three different scenarios include, respectively, 0 % of waste heat, 35
% of waste heat, and finally 60 % of waste heat (share with respect to the network heat supply). This
could also be seen as the progressive integration of new waste heat sources. The network supply
temperature is set at 30C, with a supphlyeturn temperature difference of 10 K. Industrial prices are
assumed for both gas and electricity.
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Integration Scenarios FLEXYNETS

Being analyzed in terms of costs and emissions with a simplified model, the integration takes in to account
yearly profiles with a time slicing approach, where:

1- the characteristic daily profile is coupled with monthly energy consumptions to simulate the entire year

2- the corresponding specific yearly consumptions are 70 k\Wiykar for space heating, 37 kWh#mear
for DHW and 45 kWh/fyear for space cooling

3- total yearly consumptions for each scenario are 27 GWh/year for heating and 11 GWh/year for cooling
4- when waste heat is available, a constant profile is assumed. These account for a heat potential of 15

GWh/year with 35 % share available for exploitation (8 GWh/year) and another with 28 GWh/year with 60
% share for exploitation (13 GWh/year)
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Integration Scenarios FLEXYNETS

Based on values provided by the Danish Energy Agency, the economic calculations, investment,
operational and maintenance costs provide a valuable reference for the DH data.

The gas prices as represented by the Italian government do not show a significant difference from the
Danish values. These are:

1- residential gas price of 8IMWh

2- industrial gas price of 3&MWh

3- residential electricity price of 2060MWh

4- industrial electricity price of 106/MWh

The waste heat absorbed by the FLEXYNETS network is priceéf ls10.

All investment costs are converted into annualized costs with the annuity method, with an interest rate of
3 % and lifetime values depending on the chosen equipment.

For the estimation of C{&missions, specific values are assumed to be 0.250 t/MWh for gas and 0.377
t/MWh for electricity, compatibly with recent Italian grid values.
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Integration Scenarios FLEXYNETS

Using gore-design support toofor low temperature DHC networks, that has been developed for the
project, the formerly mentioned integration scenarios have been investigated.

Both thetool and its instruction manual are availabbts® download under:

http:// www.flexynets.eu/en/Results

Worth mentioning,that this tool wasdevelopedbasedon 2-pipe network configuration,where individual
reversibleheat pumpsare installedatthe c u s t o latation Khowingthe boundaryconditions(inputs)
in advance and assigninghe required scenario(technologiesavedin and offered by the tool aswell as
the load profiles,the userwill be ableto investigatedifferent technologieswith certainconfigurationsand
studytheir feasibility

The pre-designsupport tool is developedin Exceland it is distributed under the GNU GeneralPublic
Licenseaccordingo the disclaimereportedinits® GN U c esheste ”
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Integration ScenariosResults
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Annualized costs for the different scenarios. Investment, operation and maintenance, as well as energy costs are fetly includ
Personnel and additional company revenues for the district scenarios are instead not considered. Investment costs for HPs are
taken from reference values for single installations. Black arrows indicate the expected potential decrease of HP investment
costs on the basis of alternative market investigations and economies of scale
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Integration Scenarios Conclusion FLEXYNETS

In summary,5 different scenariosrelated to a SouthernEuropeclimate and a city zonewith 500 small
multifamily houseswere analyzed The FLEXYNEBPproachwas comparedto traditional individualand
district systemsunderthe assumptionof no hightemperature“ ¢ o n v esourceam the surroundings

Differentshareof low temperaturewasteheatwere insteadconsidered

The main evidenceis that, in spite of the high costsfor HPs,a FLEXYNEBgstemcan be economically
feasible,without big cost differencesfrom traditional approaches On the other hand, it can strongly
improve environmentalsustainability It mustbe emphasizedhat different geographicatonditionscould

changethis picture: a non-negligiblecoolingdemandis indeed an important requirementfor exploiting
the potential of reversiblesystems Neverthelessthese generalestimatesshow the interest of further

investigatingthis option.
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Integration and assessment of multiple energy generation sources

FLEXYNETS
Price components
1
EE‘E - Eusem
Cel
EH.DHC =
EN ) .
B EHSE (1 ; CDP) CH.DHE'
Euse Cet + Euse CH.DHC = Euse CHref
Simple linear relation for - _ CHref — Cer/COP _ _
H,DHC 1—1/COP (Possibly use SCOP instead...)

maximum admissible price
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Integration and assessment of multiple energy generation sources FLEXYNETS

Example

Reference heating costs, ¢y ,or: 100-150 €/MWh
Possible split: 100 €/MWh of gas cost (residential) + 40 €/MWh of boiler plant cost (annualized)
-2 Chrer = 140 €/MWh

250 250
Price of electricity Price of electricity
225 - CDP = 3.5 _,'. T CUSTOMmMEr 225 CDP = E PO CUATOMET
0] i) ) 1efMwh)

— 200 - 100 #

175 150
= ==200
§15’° e —250
G128
{

100 4
§ 757 35 48
5 o 5 53

35 5
25 4 -
o . ) . . : 0 . o—- T |
50 75 100 125 150 175 200 50 75 100 125 150 175 200
Reference heating price, ¢ .. [C/MWh] Reference heating price, ¢, [€/MWh]
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Integration and assessment of multiple energy generation sources FLEXYNETS

DHC utility margin

Assessment of incomes for the Assessment of maximum heat
utility company, based on price to the customer, based on
running costs electricity price
Annualised cost 20 230 Price of electricity
of heat for L 225 295 COP=5 | tocustomer
utility company ) [€/MWh)
[€/MWh] - 200 -E-zoo . "4 100
¥ L 175 S 175 -+- 150
50 =) —-200
70 - 150 ¥150 1 — 50
a0 - 125 g‘ 125
e | 100 émﬂ g
7 s § 15 cy = 150 €/MWh
150 9@ 50+
L 25 25+,
' . . 4 0 0 . O ! :
100 75 50 25 0 50 75 100 125 150 175 200
Income on heat delivered, |, ., [€/MWHh] Reference heating price, ¢y, .. [€/MWh]
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Integration and assessment of multiple energy generation sources FLEXYNETS

Energy trading strategies

A number of business cases can be addressed:

oo Investment on < == Th. energy is paid by utility
Oy

Producer Th. energy is provided for free

oo Energy Producer

oo |nvestment on < o= Th. energy is paid by utility
L= ]

Utility Th. energy is provided for free

o= Energy Prosumer

oo Investment on /7 °° Electricity is paid by utility

Consumer N oo Electricity is paid by customer
== Energy Consumer

oo |nvestment on < oo Electricity is paid by utility
(==

Utility Electricity is paid by customer
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Integration and assessment of multiple energy generation sources FLEXYNETS

Example of business cases

Business case 1a: Producer = Investment on Utility Company
- Waste heat recovery from medium size supermarket dry cooler (150 kW)
- W/W Heat Pump increases waste heat temperature from 25 °C to 40 °C

Investment per kW 1500|£..|’kw

Capacity 150 kw

Maintenance 1%]-/year

Investment Cost € 225,000.00 |€ _

Maintenance Cost € 2,250.00 |€/year *th n =150 kW
Conservative assumptions Ciny ~ 320 k€

on investment costs, all interest rate 2%]- Ny =20 years
included. Investment Horizon 20|years hyeqr = 3000 6000 h/year
. Annualised Investment € 320,205.23 | € COP=6

Annuity (incl. maint.) 7.1%|- Col = 100 €,"[M Wh

Operation hours 1 mlhourshrear

Operation hours 2 Enm|hoursf~.rear

SCOP b|-

Cost of electricity 100|€/MWh
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Integration and assessment of multiple energy generation sources

Example of business cases

e/

Business case 1la: Producer — Investment on Utility Company
- Waste heat recovery from medium size supermarket dry cooler (150 kW)
- W/W Heat Pump increases waste heat temperature from 25 °C to 40 °C

Cinv

Cnstofheat{inuestment},P p .
th *year Yy

Cost of electricity, c,; /COP

- Cost of heat (producer)

28/02/2019

Cost of heat 1 (Investment) | € 35.58 |€/MWh
Cost of heat 2 (Investment) | € 17.79 |€/MWh
Cost of heat 1 (electricity) | € 16.67 |€/mwh
Cost of heat 1 (prosumer) 3 €/MWh
Cost of heat 2 (prosumer) 13 - |€/MWh
P
Cost of heat 1 (total) 13 ( 52.25Y€/MWh
Cost of heat 2 (total) € \ 34.46/le/Mwh

——

FLEXYNETS
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Example of business cases

Integration and assessment of multiple energy generation sources

Investment per kW }'50|£ka
Capacity 150{kw
Maintenance 1%|-/year
Investment Cost € 112,500.00 |€
Maintenance Cost € 1,125.00 |€/year
interest rate 2%|-
Investment Horizon 20|years
Annualised Investment € 160,102.62 | €
Annuity (incl. maint.) 7.1%]-

Operation hours 1

:-!mulhnu rs/year

Operation hours 2

Enoulhnu rs/year

scop

20

Cost of electricity

100/€/MWh

Business case 1b: Producer — Investment on Utility Company
- Waste heat recovery from medium size supermarket dry cooler (150 kW)
- Direct waste heat recovery without heat pump from 30 °Cto 15 °C

Py, = 150 kW
Cinp ~ 110 k€
N, = 20 years

hyeqr = 3000 +6000 h/year
COP =20
Co; = 100 €/MWh

FLEXYNETS
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Integration and assessment of multiple energy generation sources FLEXYNETS

Example of business cases

Business case la: Producer — Investment on Utility Company
- Waste heat recovery from medium size supermarket dry cooler (150 kW)
- Direct waste heat recovery without heat pump from 30 °Cto 15 °C

Cost of heat 1 (Investment) | € 17.79 |€/MWh
Cinv Costof heat 2 (Investment) | € 8.89 |€/MWh

Cost of heat (investment), T 5
th tyear Ny

[Cost of heat 1 (electricity) | € 5.00 [e/mMwh |
Cost of electricity, cg; /COP Costof heat 1 [prosumer) | € - |&/MWh
Cost of heat 2 (prosumer) 3 - |€/MWh
P
Cost of heat 2 (total) €\ 13.89]e/Mwh

FLEXYNETS temperatures can significantly cut integration costs!
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Integration and assessment of multiple energy generation sources FLEXYNETS

Conclusion on FLEXYNETS integration

A Gathering low temperature waste heat can be economically viable (incentives
disregarded on purpose in these calculations)

A Depending on temperature levels of energy source and network, the cost of
recovered energy can vary largelDifferent business cases can be considered
(e.g., substations owned by users or by utility company)

A An analysis of this type can be used for planning, even at policy level

A FLEXYNETS networks could benefit of dynamic control strategies, where variable
prices could be implemented
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