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The original Powerhouse definition

Operational energy

+

Embodied energy

(materials-transport-construction-renovation-
deconstruction-disposal)

<

Renewable production

35,6 kWh/m?/year

® Operational
energy

M Embodied
energy

m PV
production



Collaboration
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The process of first principle design

‘N.\ -

1. Identify and Define the Problem Clearly . I -

LS S .

2. Break Down to Fundamental Truths

e l“mg'n‘

3. Reassemble from the Basics e R LTTIL [ -

4. Iterate and Validate
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The thermal energy system i

Powerhouse Brattgrkaia

Decarbuilding Award

"Heat pumps as a key enabler in
achieving a positive energy building”
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Brattgrkaia microgrid
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Inotherm*

Akkumulator
varmt tappevann

Vinter, var, hgst:
s Kaldt vann inn Lowex varme: ~30-35 °C

Sommer:
Lowex kjgling™ 17-19 °C

Hetgass
veksler

Jadwepiod
adwndawuep
101BSU3PUOY

Kjole-
veksler Termisk batteri

Br

Kilde: Dr. ing. Bjgrn Jenssen, Skanska
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GEOTHERMICA

Technologies & Concepts

Smart integration and control

Urban and regional planning

Environmental sustainability

Markets and regulations

Stakeholder adoption and engagement

SKANSKA

Subsurface
heat

and cold
sources

Above Thermal H&C
ground heat § Storage Networks
and cold and
sources conversion

Innovation and development
Integration in the energy system
New approaches - New concepts
Demonstrations and validations

End-use
systems

’q

The CHANGE

Smart

Energy
Systems
ERA-Net

1

Proposal

THE CHANGE
The Cooling and Heating transition Acceleration
via Network Geothermal Energy

Submitted to the Geothermica & JPP Smart Energy Systems Joint Call 2021

The CHANGE Consortium
Lund University (LU). Sweden
Swedish Geoenergy Center (SGC). Sweden
VIAUniversity (VIA). Denmark
Danish Geological Survey (GEUS). Denmark
GeoDirilling (GD). Denmark
Skanska (SK). Norway
Oak Ridge National Laboratory (ORNL). USA
National Renewable Energy Laboratory (NREL). USA
Oklahoma State University (OSU), USA

January 31, 2022



KOMMUNE HRP

First pilot project:
Lindesnes Helsehus

~23.500 m? BTA
72 omsorgsboliger

é LINDESNES I m’ .
Z

48 kortidsplasser for behandling og rehabilitering

Tre dagaktivitetssentere

Base for helsepersonell

Legevakt

Blodbank (spesialhelsetjenesten)

Ambulanse (spesialhelsetjenesten)

Frisklivssentral, fysioterapi og ergoterapi, hjelpemidler og velferdsteknologi
Psykisk helsetjeneste (kommune- og spesialisthelsetjenesten

Tildeling, utvikling og koordinering av helse- og omsorgstjenester

Sentralt plassert vestibyle, kjgkken og kafe/kantine, seremonirom,
varemottak, mgtesenter og megteplasser for frivillige lag og organisasjoner




The process of first principle design

1. Identify and Define the Problem Clearly
2. Break Down to Fundamental Truths

3. Reassemble from the Basics

4. Iterate and Validate




Lindesnes pyramiden

optimalt
ogvisualiser

Utnytt sol til
solkraftproduksjon

Utnytt fornybare kilder til
varme og kjoling

Effektiviser elforbruket

Reduser varmetapet

Reduser areal og materialbruk gjennom optimalisering
Velg robuste og miljgvennlige materialer med lave utslipp gjennom livslgpet

Fokuser pa optimalisering av byggets funksjoner og tjenester. Utnytt muligheter for synergi
og sambruk som kan gjere hverdagen enklere for personalet og trivselen hgyere for brukerne







LINDESNES
KOMMUNE

7 (B2) Plan 02X




Inotherm*

Akkumulator
varmt tappevann

Vinter, var, hgst:
s Kaldt vann inn Lowex varme: ~30-35 °C

Sommer:
Lowex kjgling™ 17-19 °C

Hetgass
veksler

Nicolas Léonard Sadi Carnot, Fysiker

Jadwepiod
adwndawuep
101BSU3PUOY

veksler Termisk batteri

Kilde: Dr. ing. Bjgrn Jenssen, Skanska
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Cooling [kW] or temperature [°C]

N
o

17.06:2021

NOHL - Total cooling, typical warm and sunny summer week

18.06.2021 i

19.06.2021

20.06.2021

——Total cooling

- - = Ventilation cooling

""""" Slab cooling

—--—Process cooling

—— Outdoor
temperature

21.06.2021
23.06.2021
24.06.2021 ¢
25.06.2021

Date
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Heat [kW] or temperature [°C]

360
340
320
300
280
260
240
220
200
180
160
140
120
100

NOHL - Heating demand and heat pump production, building operation with load
balancing coltrol of building systems and EV-charging, typical cold winter week

09:01.2021

10.01.2021

11.01.2021

12.01.2021

Date

13.01.2021

14.01.2021

15.01.2021

16.01.2021

Total gross heating
demand, hot tap
water, space and
ventilation heating

- - - Gross space- and
ventilation heating
demand

Total heat delivered
by the heat pump

Gross tap water
heating demand

—— Qutdoor
temperature

. o
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Delivered heat [kW] or thermal storage state of charge [%]

280
260
240
220
200
180
160
140
120
100

NOHL - Delivered space and ventilation heating with load balancing coltrol of building

systems and EV-charging, typical cold winter week

09.01.2021

10.01.2021

11.01.2021

12.01.2021

- - - -
==

L 1 % %]

Date

-

e = = -

I N p—_

14.01.2021

15.01.2021

—

——710.01.2021"

Total delivered
space- and
ventilation heating

===-Delivered by the heat
pump

State of charge,
thermal storage [%]

Delivered (+) or
received from/to
thermal storage

—— Outdoor temperature
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Delivered heat [kW] or tap water accumulation state of charge

160

140

120

100

80

60

40

[%]

20

-20

-40

-60

-80

-100

09.01.202¢

NOHL - Delivered tap water heating with load balancing coltrol of building
systems and EV-charging, typical cold winter week

10.01.20

—— . ——

11.01.20

12.01.2021

Date

13.01.2021

14.01.2021

16.01.2021

Total delivered tap
water heating

Delivered by the heat
pump during low
temperature heating

— — Delivered by the heat
pump during top-
charging

Tap water
accumulation state of
charge [%]

Delivered (+) or
received from/to hot
tap water
accumulation tanks

. o
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8,00

6,00

3,00

-2,00

NOHL - Calculated COP, typical cold winter week

13.01.2021
15.01.2021

14.01.2021

---- COP during top charging of hot tap water (50 C + 60 C from desuperheater)

COP heat pump during low temperature heating (35 C + 60 C from desuperheater)
- — = Brine temperature
—— Outdoor temperature

16.01.2021

.~ Lindesne:

s _Hel




Control system

Side 1 (17)

Styringsprinsipp notat LoweXx-

system

Prosjekt : Nyt Omsorgssetter 0 Helsehus Lindesnes
Fag: Energi
\EB-radgiver: Robert Saasen Andreassen

Kontrollertav: Biorn Jensseniknut Storads

Prosjektkontakt: Erik Sandnes

Revisjon/dato: 1 100125

innhold
1 BaKgrUunMa.sseeer

2 LoweX-gesign...u et
3 GUIV-GESIGNrrressmemsssiesssoes

4 Varmebehov

4.1 Varmebehov FOMINIVA. - acenemas

5 Styringssrrategi LOWEX cvirenr

5.1 Lokal styringskurver massetemperamr........
514 Aternativ 1 Cluster-shift ... R
512  Altemativ 2 Cluster-styring ...

TR
D&Om@\lhhwl\l

5.2 sammenligning alternativ 1 0od f JOp

53 Sentralreg ingskurve tur- og

5.4 Sentral styring kjolesesong.....-- .13
Vedlegg A - simulerte og allokerte oM. .15
17

Vedlegg B- Inndata forslag til reguleringskurver (°C)

1 Bakgrunn
Pa Nyt Omsorgssenter 0g Helsehus Lindesnes (NOHL) er det beslutiet & benytte seg av Lowex, et
vannbarent gulvsysts for varme 0g hay atur kieling (sval).

legg der ad 1 styres efter romlufts
ren i gulvet. Med dette menes at yarmepadraget

| motsetning tit mer tradisjonelle oppvar
temperaturen, sa styres LowEx etter massetemperatu!
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LINDESNES A -

Peak shaving




Peak shaving
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Specific energy performance
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380

360

340

320
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Spesifikk energi [KWh/m2/ar]

220
200 -

180
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140
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100 -

80
60

Kjept energi 40
til bygningsdrift et

r80%1 g8 9

F68 %
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0
-20

EnergimerkeC

Energimerke A

-40

NOHL
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mUtstyr

OKjeling

OBelysning

OVifter og pumper

B Oppvarming av tappevann
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@ Solkraftproduksjon til drift av

NOHL
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Total energy performance
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El. use and emissions vs. district heating

Inotherm* vs. district heating,
yearly energy use and resulting emissions

500 -+
~ i
(@)
o
v
g 400 A
-
~
g 300 - ~ 90 % reduced total energy consumpfion

Solution with district Electric demand,
heating (DH) [MWh] Inotherm+ [MWh]

i 97 % reduced
| emissions

DH emissions [tons] Inotherm+ emissions

[tons]

W Waste incineration
Waste heat from industry
I Biogas
Liquefied natural gas
W Liquefied petroleum gas
B Briquettes
Bio oil
m Oil
B Heat pump

B Electric boiler

SKANSKA




.. -

Modelica model

Source:

Nischal Chaulagain
Doctoral Student

Lund University
Faculty of Engineering, LTH

SKANSKA




Next project?

Inotherm*

Akkumulator
varmt tappevann

Vinter, var, hgst:
s Kaldt vann inn Lowex varme: ~30-35 °C
Sommer:

Lowex kjgling™ 17-19 °C

Hetgass
veksler

Jadwepio4
adwndawuep
Jolesuapuoy|

Kjgle-
veksler Termisk batteri

B

Kilde: Dr. ing. Bj@rn Jenssen, Skanska

Bjorn.Jenssen@skanska.no
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