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The knowledge doubling curve
- The American futurist Richard Buckminster Fuller

« In 1982 the American futurist Richard Buckminster Fuller estimated the time it has taken to double
the human knowledge in the past

= Fuller estimated that it took 1500 years to double the human knowledge of the base year zero!
= From year 0 to year 1988 it is estimated the knowledge has 128 folded!
= |IBM estimates that today the human knowledge doubles every 13 months!

= In the near future it could be every 12 hours...
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Waves of innovation

= When looking back in time it seems that innovations comes in waves with increasing
frequency

= The world is speeding forward and we in the DH industry should work hard to develop
and position our technologies in respect to future innovations
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The age of data has arrived..

Global Information Storage Capacity **’

in optimally compressed bytes

1986 1993

ANALOG
2.6 exabytes

DIGITAL

ANALOG STORAGE®

DIGITAL x STORAGE
0.02 exabytes
I
v
2002:
“beginning
of the digital age”
50%
% digital:
1% 3% 25 % 94 %

Source: Hilbert, M., & Lopez, P. (2011). The World's Technological Capacity to Store, Communicate, and
Compute Information. Science, 332(6025), 60 —65. hitp://www.martinhilbert.net/WaorldinfoCapacity.html
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ANALOG
19 exabytes

- Paper, film, audiotape and vinyl: 6%

- Analogvideotapes (VHS, etc): 94 % ANALOG
- Portable media, flash drives: 2 %

- Portable hard disks: 2.4 % DIGITAL @
- CDs and minidisks: 6.8 %

- Computer servers and mainframes: 8.9 %

- Digital tape: 11.8 %

- DVD/Blu-ray: 22.8 % ‘

- PC hard disks: 44.5%
123 billion gigabytes

- Others: < 1 % [incl. chip cards, memaery cards, floppy disks,
maobile phones, PDAs, cameras/cameordars, video games)

DIGITAL
280 exabytes
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District heating generations

Mega trends

1G 2G 3G 4G 5G
~ 1G: STEAM 2G:IN SITU 3G: PREFABRICATED 4G: 4th GENERATION
Stem systern, steam B Pressurised hot-water system Pre-iraulated pi Low demand
] mmr&mcms P Heady equipmaent ' Induserialised gép:‘m Sﬂ;mmﬂﬂnn‘lﬁ
[ ° Lasge “build on ste” stations wbqﬁun;_glm with insulation) interaction of erergy
50U
Temperature >200 C Metering and meniboring soures drion
level ~ Z4iay DH
L e
———____ <100°C
s 50-60°C (70°C)
Engr_gy . : Future
efficiency enargy
Seasnnal -‘ ¥ soure
hest storage © -
L-geml-m“
7 u?mm“_ h conversion
z E|
g T 3
= Biormass =
i CHP Bismass *‘ D""h g
5 Gecthewnal |
a2 a
O =1
'Mrl:l.ﬂ.lrplu; . 'H CHP
Industry surples & Eectricity A bicmass
Cold |
mragti
Hest Heat . E Cemralised |
sorage storage storage distnct
cooling plant
CHP waste:
Steam (HP coal CHP coad Centralsed
CHP ol CHP ol Incusiry surplus heat pump
N
Codl [ _" Cod | Gas, Waste memg.«
Wit J_ | ?P Wame HT’ oli, Coal iy ’ Incineration h |;,u|||:ﬁngg
Loca| District Heating District Heating Dls!u:t Heating Dmu Heating
Development (District Heating generation) /
. . | l‘lrloddrm avallable rechinology
1G / 1880-1930 2G/1930-1980 3G / 1980-2020 4G / 2020-2050

5 | Danfoss Heating Segment — A — Projects

Oddgeir Gudmundsson - 2017

ENGINEERING TOMORROW



What could be next steps with reducing the temperature levels?

s )

Cold district Individual
LTDH Ultra-LTDH heating (CDH) solution
e i N\
[ |
[ Unit [— ! I ‘
‘{\} 55/30°C 40/25°C 4 ;} vel | 8/3°C
e e ST
. - l 1 ﬂ ‘
Varmevark Varmekilder

- Basic requirement:
= The systems are supplying heat for both space heating and DHW purposes
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Cold District Heating

= Individual ground source
heat pump with borehole
heat exchangers

= Centralized borehole
heat exchanger field
supplying multiple
houses

”
ENGINEERING TOMORROW :,7754_4/{’;4_
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What are the main differences going from LTDH to CDH?

= Limited cooling of the supply
= Results in large pipes and large flow rate

= No need for insulation on the pipes
- Cheaper pipes

Capacities in a pipe given 2 m/s flow velocity Cost of laying down pipes
5,000 (Experience from Sweden)
2000 & cpy [dT=5°C] - B Uninsulated
1.750 mLTDH [dT = 25°C] ‘-E. 1750 g insulated
= 1.500 E 1.500
=, 1.250 » 1.250 *
> g
£ 1.000 5 1.000
(8]
g8 750 2 750 *
s} —
O 500 %S 500
250 2 250
o E—mm I J S o
DN20 DN25 DN32 DN40 DN50 DN65 DN80 DN100 DN20 DN25 DN32 DN40 DN50 DN&5 DNSO DN100
Pipe dimensions (DN) Pipe dimensions (DN)
Capacity difference is by factor 5!
Pipe size to deliver 100 kW Cost of pipes to deliver 100 kW
LTDH = DN25 LTDH = DN25 = 770 DKK
CDH ~35% cheaper
CDH = DN50 CDH = DN50 = 500 DKK } 0 P
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What are the main differences going from LTDH to CDH?

e Limited cooling of the supply
= Results in large pipes and large flow rate

= No need for insulation on the pipes
= Cheaper pipes

Capacities in a pipe given 2 m/s flow velocity Cost of laying down pipes
(Experience from Sweden)

3.000 g cpH [T =5°C] —_ 3-900 B Uninsulated
M LTDH [dT = 25°C] E 2500 M Insulated
= . < 2250 *
£ 2.000 f 8, 2,000
= - » 1.750
o - 2 1500 *
S i a 1.250
2 1.000 | @ 1.000
e : &
i % 500
- < 250
0 - J S o
DN50 DN65 DN80 DN100 DN125 DN150 DN200 DN50 DN65 DN80 DN100 DN125 DN150 DN200
Pipe dimensions (DN) Pipe dimensions (DN)
Capacity difference is by factor 5!
Pipe size to deliver 750 kW Cost of pipes to deliver 100 kW
LTDH = DN65 LTDH = DN65 = 1.650 DKK CDH ~27% cheaper
CDH = DN150 CDH = DN150 = 1.200 DKK P
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Pipe network design

= The design of the distribution network is dependent on the

: e : Importance?
operating cost and the operating limits of the equipment

LTDH CDH

= The main operating costs are:

« Distribution heat loss

X

10 | Danfoss Heating Segment — A — Projects Oddgeir Gudmundsson - 2017 ENGINEERING TOMORROW ?,—I"J—fdéﬁ;



Heat demand of buildings in the study

= Low energy buildings are the future.
But perhaps not low heating demand..

G

Picture: www.climatechangenews.com

- The idea was to go with the current DK building standard but take into account
people behavior

Table 1

Primary energy factors and energy frames for residential building in Denmark in Py Bu | |dlngS fulfl ”ing - BU||ding C|8.SS 2015

accordance with BRO8 and BR10.

ety frame clcsaon (Kbl S = Single family house: 6,25 MWh/year (159 m2)
" s B8 70-+ 220080 = Row house apartment: 4,3 MWh/year (110 m2)
BREIEEESE:Z??; . 6001 l N = Apartment building: 3,85 MWh/year (95 m2)
EE;BEE ggiﬁ&&ﬂ" é.: %E;zza - Likely this is too low estimation of heat

demand..

2 The value will be based on share of renewable sources, not decided yet.
b Gross heated area [m?).

= According to studies performed at DTU a more realistic demand could be:
- Single family house: 10 MWh/year (159 m2)
< Row house apartment: 7,5 MWh/year (110 m2)
< Apartment building: 6,9 MWh/year (95 m2)
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Case 1
— Small network with 15 consumers

- Basic idea: Avoid individual boreholes and do a collective borehole field to supply
decentralized heat pumps

- Reasoning: Fewer boreholes = less cost

< Economic comparison: Centralized heat pump vs. decentralized heat pumps
LTDH CDH
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Case 1
— Small network with 15 end consumers

= Basic results are following:

Cost of . .
: Co_st o_f Cos_t of consumer| . lized Ann_uallzed cost Malntenan_ce Cost of _heat Cost of TCO system
Network type | distribution installation heat pum of investment |and operation boosting heat loss
[DKK] [DKK] [ [DKK/y] [DKK/y] [DKK/y]l | [DKK/y] [DKK/y]
CDH

427.000 1.035.000 0 108.000 25.000 48.700 0 181.700
LTDH 498.000 300.000 223.500 71.000 19.000 46.300 10.000 146.300

Difference

Average TCO/year/house
- CDH —12.100 DKK
- LTDH —9.800 DKK

e Could LTDH be justified in this case?
= Not necessarily..
- Because:

« Cost of the central
HP does not include
the housing cost
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Case 2
- Medium sized distribution network with 383 end consumers

< Are the results from case 1 scalable?

Benefits towards CDH: Larger the system the more heat loss, could that work in favor
of DH?

Benefits towards LTDH: The larger the system becomes the more money is available to
invest in the centralized solution

- System simplification:
To avoid multiple borehole fields
it is assumed that there is a
nearby lake that can be used as
a heat source

WSy
A% h‘;_s/,- Lokalplan nr. 421

Kortbilag 4 - Vandhandtering
Ml ca. 1:4,000 (ved printi A3 - 100%) d H
Viborg Kemmune n g S
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Case 2
- Medium sized distribution network with 383 end consumers

= Basic results are following:

Cost of . .
Cost of Cost of consumer . Annualized cost | Maintenance | Cost of heat | Cost of
Network type | distribution installation ct;enttrallzed of investment |and operation| boosting heat loss TCO system
[DKK] eat pump [DKK/y] [DKK/y] | [DKK/y] [DKK/y]
CDH 5.728.000 20.419.000 1.956.000 508.000 988.000 0 3.452.000
LTDH 8.095.000 6.036.000 6.258.000 1.419.000 451.000 940.000 213.000 3.023.000

Difference

- LTDH is favorable! Average TCO/year/house

- CDH —9.000 DKK
- LTDH —7.900 DKK

15 | Danfoss Heating Segment — A — Projects Oddgeir Gudmundsson - 2017 ENGINEERING TOMORROW ?,—I"J—fdéﬁ;




Case 3
- What if there is no lake?

= Now we would compare multiple small CDH systems with one large LTDH

\ ) h 2 L L %
\ ﬂ@"a, \ 1 L =50 ardne i Lokalplan nr. 421
I Kortbilag 4 - Vandhéndteri
Ml ca. 1:4.000 (ved printi A3 - 100%)
Viborg Kommune

< In this case the comparison will be between case 1 and case 2 supplied with air source
heat pump
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Comparison of TCO between CDH and LTDH with A2W heat
pump

= Basic results are following:

Cost of

Cost of Cost of consumer| tralized Annualized cost | Maintenance | Cost of heat | Cost of TCO system
Network type | distribution installation (I;en tra 1z€ of investment |and operation boosting heat loss
[DKK] [DKK] e?DIZ‘(J]mp [DKK/y] [DKK/y] [DKK/y] | [DKK/y] [DKKZy]
LTDH 8.095.000 6.036.000 6.258.000 1.419.000 451.000 1.129.000 256.000 3.255.000
Case 3 — A2W LTDH TCO/house 8.500
Case 1 — CDH TCO/house 12.000

« LTDH is still favorable!

= Note: The cost of drilling thyg
CDH are excluded!

Average TCO/year/house
- CDH —12.000 DKK
= LTDH —8.500 DKK

othermal wells for
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What could influence the results?

» Heat sources

1. Currently there is a wide price range for both small and largg¢
heat pumps

2. A major benefit of district heating is the option to use the
cheapest available heat

= COP of the heat pumps Annual average:

= For single family heat pumps a COP of 4,0 was used 3,3 for FH, 3 for radiators
= For the larger W2W heat pumps COP of 4,2 was used 4,3
= For the larger A2W heat pumps COP of 3,5 was used 3,7

= Source of the electricity

= Being a large consumer gives some possibilities to receive
cheaper electricity
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Cost of electricity for industry
- Info from the “Drejebog til store varmepumpeprojekter i fjernvarmesystemet”

= The cost of electricity to an industry identity, such as DH utility, varies:
< How the consumer is connected to the grid
= Location (which electricity company is the supplier)

N
Elomk ; Sats [kr./kWh] Kunde  Distributionstarif [kr./MWh] Aftagepunkt
Elpris [gennemsnit af fastpriskurs 2015-2019 DE2 (est) 0,280 c 287 04 KV-netiet
inkl. handelsomkostninger) B-lav 131 Pi 0,4 kV siden af 10/0,4 KV
. R transformerstation
— WhICh B-haj 109 10 kV-nettet
a Voltage: | aav a1 P4 10 kV siden af en
i hovedstation
PS0O-tarif (3. kvartal 2014 0,230
arit (3. kvar ) A-hoj 38 50/30 KV-nettet
Ialt 1,124
A-0 1 132 kV-nettet
~——
Heat pumps in district heating | Whom is the electricity provider? |
Afgift [ka./MWh] 2014 2015 (LOV or.
1174, 2014)
Alm. elafgift 833 878 Distributionstarif [kr./MWh] B-lav B-haj A-hoj
Refusion ved anvendelse til fjernvarme =421 =498 - — -
Hojeste 231 150 86
Netto elafgift for fjernvarmeproducenter 412 380
Laveste 48 58 30
Uvaegtet gennemsnit 133 106 50

- Bottom line is that it matters whom is buying the electricity!

= In this analysis it was although considered that the same electricity price would be used
in both individual heat pumps and centralized heat pumps
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Conclusions

= The main obstacle for CDH is the high cost of decentralized heat pumps

- Given the assumptions, the benefits of CDH over LTDH are not obvious.
= Even in case of air source heat pumps the CDH is not an economically feasible solution

- Advantages of LTDH over CDH

- If alternative heat sources become available it would be simpler and more cost efficient
to add them to the LTDH than the CDH system

- LTDH will be simpler to operate due to more centralized location of equipment
- If the DHU can get cheaper electricity prices it will significantly favor the LTDH

= In a large system a centralized thermal storage would allow to optimize the operation in
case of:

= Fluctuating electricity prices from renewables
« Peak load smoothing

- Advantages of CDH over LTDH

= With the low supply temperatures it would be possible to provide cooling during the
summer period
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Thank you for your attention

Contact information:
Dr. Oddgeir Gudmundsson
Director, Projects
og@danfoss.com
Linked[fl] www.linkedin.com/in/oddgeirgudmundsson
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Data sources

Main data sources are coming from:

Estimation of cost of laying down the distribution network:

= Nordenswan, T. (2007). Kulvertkostnadskatalog. Stockholm: Svensk Fjarrrvarme.
< The costs were adapted to inflation between 2007 and 2016 (12%)

= Cost of uninsulated PE/PEX pipes and installation in case of CDH is coming from the Vandprishandbogen

Centralized heat pump data
= Cost of heat pumps with various capacities
< Danish Energy Agency. (2016). Technology Data for Energy Plants - Updated chapters, August 2016.

= Christian Boissavy. (2015). Cost and Return on Investment for Geothermal Heat Pump Systems in France.
Link to report

Decentralized equipment
= DH substation:
- Danfoss A/S

= Danish Energy Agency. (2016). Individual Heating Plants and Energy Transport. Technology data for heating
plants. Danish Energy Agency.

< Heat pump cost and efficiency data
= Cost of decentral heat pump is acquired from Sgren Andersen from Skjold-Andersen.

< Danish Energy Agency. (2016). Technology Data for Individual Heating Plants and Energy Transport - Updated
chapters, August 2016
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Electricity prices

Residential electricity price in DK is: 1.79 DKK/kWh (excluding VAT)
= Electricity for space heating with a heat pump is subsidized: 1.15 DKK/kWh (ex. VAT)

Depending on at what stage in the power distribution system the electricity is taken the
industry can avoid certain taxes and transportation fees.

= In case the DH company can access the power grid at high voltages it will make a
significant benefit towards the centralized solution

= See next slide on possible variations of electricity price for large consumers and DHU

Data from the European commission on electricity prices by countries shows that the
electricity prices vary between household and industry

= This needs to be considered when comparing the systems outside DK

Electricity prices Gas prices
Households (') Industry (%) Households (%) Industry (*)

2013 2014 2015 2013 2014 2015 2013 2014 2015 2013 2014 2015
EU-28 0.202 0.206 0.118 0.120 0.119 0.071 0.072 0.071 0.040 0.037 0.034
Euro area (%) 0.215 0.218 0126 0.129 0125 0.079 0.079 0.076 0.041 0.038 0.035
Belgium 0222 0.204 0.110 0.109 0108 0.067 0.065 0.062 0.034 0.029 0.029
Bulgaria 0.088 0.080 0.073 0.076 0.078 0.052 0.048 0.039 0.035 0.034 0.027
Czech Republic 0.149 0127 0.099 0.082 0.078 0.058 0.056 0.058 0.033 0.030 0.029
Denmark 0.294 0.204 0.100 0.097 0.091 0.09s 0.0a8 0.076 0.044 0.037 0.034
Germany 0.292 0.297 0.144 0.152 0.149 0.069 0.068 0.068 0.048 0.040 0.038
Estonia 0137 0133 0.0a97 0.083 0.096 0.048 0.049 0.038 0.035 0.037 0.027
Ireland 0.241 0.254 0.137 0.136 0136 0.072 0.075 0.072 0.047 0.042 0.037
Greece 0170 0179 0124 0130 0115 0089 0.080 0.075 0.051 0.047 0.036
Spain 0.227 0.237 0.120 0117 0113 0.0aa 0.096 0.093 0.038 0.037 0.03z2
France 0.160 0162 0.086 0.083 0.085 0.073 0.076 0.073 0.039 0.038 0.037
Croatia 0135 0132 0.094 0.082 0.083 0.047 0.048 0.046 0.043 0.040 0.035
Italy 0232 0.234 0172 0174 0160 0.095 0.095 0.091 0.038 0.035 0.03z2
Cyprus 0.248 0.236 0.201 0.190 0141 - - - - - -
1 atiria n49& MA4a2n n44E nN440o MNA440 nnNnEMN nndn N ndAn N N7 nNas N N0




