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Challenges in the Transition
towards Electrical Energy (Nordic)

. . Request from Municipalities
= Municipality goals - P

= hew businesses
= transition to electrical energy (“fit for 557)

how much energy is produced?
Hﬂﬂ - solar, hydro, wind
JI0IG - fuels

— - total

= Grid capacity is limited -
= dominated by winter at -20 deg
= added 30% reserve

what is the potential of renewables?

= Grid extension is costly
= new lines, new transformators
= typical building time 7-14 years

@ Barriers for adoption?
r\m% - how can the municipality contribute?

= How can municipalities & residual buildings contribute?
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National framework

= Assessment of potential

= Miljodirektoratet

= 85 climate actions towards
2023

Kartlegging av naringsomraders

N | ncrease w | t h ~J 3 O 0/0 ( 3 8 Kraﬂsystemutredning Systemutviklingsplan Langsiktig kraftmarkedsanalyse tilgang til fornybar energii
Elvia Statnett NVE Viken
TW h ) THEMA Consulting
2022 2023 2024
= TO d a y : O S I O & A ke rS h U S Februar Oktober Januar

= 1,2 TWh/year
= 86% hydro, 4% sun, 10% I r
heat l

= Demand gap o
= 1 6 TW h ( 9 6 2 G W h h | g h e I Energikommisjonen Miljgdirektoratet Omstilling til Kraftigftet

Klimatiltak i Norge lavutslipp LO og NHO

COI"ISLImptIOn) Mer av alt raskere 2030 NOU

[Akershus Energi, “Muligheter for utslippsfri kraftproduksjon i Lillestram kommune”, Apr2024]

Kraftioftet
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Potential for new energy

= More production
Kart over kraftbalansen per kommune 2022

= Efficient use

Lillestrem kommune

= Peak & consumption aadlo

shaving
s residential houses

- Gradering av re¢d indikerer grad av
underskudd av kraft (kommunen er
avhengig av import)

= Storage
= battery, thermal storage )

- Grgnt indikerer overskudd av kraft
(kommunen eksporterer kraft)

[Kraftlgftet Oslo & Akershus (LO & NHO, 2023)]
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Li m ited G ri d _Ca pa City [SSB, http://ssb.no/stabank/table/10314/]

+59%

= "No capacity for
new usage Iin
Oslo, @stfold and
Akershus until
2030-2035"

51% requested
capacity increase

Requested demand (Elvia, 2023)
5% capacity
95% (2310 MW) capacity queue

Dagens Reservert | ko Forespgrsel Veiledning @nsket

makslast kapasitet
[Kraftlgftet Oslo Akershus, LO & NHO, 2023] Eliva: 1180 MW
B Installert effekt 1 Reservert Forespurt i} Totait Ytterligere and other future

. [ +148 | production
= (Green business [cae) - p)
80 66
development? : "

Increased production
Grovt anslag okt

produksjon:
.
Dagens installerte 0.2-0.5 TWh
kapasitet bestar av
Installert Kapas vannkraft (73%), sol Vann Solkraft Total FPotensiell produksjon

(19%) og varme (8%)



http://ssb.no/stabank/table/10314/%5D

Steering the load

= Upgrade of lines & transformators
= too long to wait

= Renewable, example Lillestrgm

= 241 buildings, 19 swimming pools, 750 car chargers

= "Municipality as a battery”

= Residential houses
= car charging, heat pump & hot water
= storage (V2G, battery, thermal)
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Energy Control



I -

Avérage energy Cbnsumption by household

N\ ST

1000
Electricity variability
800
= Strong variation during the year
= heating with electricity w
m) % 500
400
300 -
200
Monthly mean temperature Jrlandet 100
Mined Mai Juni Juli Aug Sept Okt Nov Des Jan Feb Mars April
Middel, °C 77 10,1 144 142 10,6 76 -1 3,7 1,6 -0,5 21 7,2 0
Normalér, °C 87 11,4 12,7 129 99 69 26 05 -0,7 -03 14 4,1 20

24 28 32 36 40 44 48 52 4 8 12 16
week number

https://www.sintef.no/globalassets/project/eldek/publisering/stromforbruk-i-norske-husholdninger.pdf
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energy.jnoll.net > E-
ApplianceControl

= Solar production 16 kW peak

= Heat pump (hot water & floor
heating)

= optimise after costs vs convenience
= shifting of energy demand

= el. car charger

= all other appliances

= Raspberry Pi with Home Assistant
= AMS reader (MQTT)
= Schneider Electric Fuse monitor

OUTDOOR AIR
TEMPERATURE

HEAT PUMP

&

MSc Thesis by Eirik Fagerbakke:
https://its-wiki.no/wiki/Improving_the_grid_through_decentralised_production_and_control
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http://energy.jnoll.net
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6Mar2025

= typical situation

= 319% self
consumed

= 43,5 kWh
produced
(orange)

= 29,9 kWh to the
grid (pink)

Energy distribution

kWh
4 Solar

:ﬂmmﬂﬁﬂmgu T st

|
2 —_
il
<299 kWh 42 1 KWh
4 . - 28,5 kWh '
Grid Home

6 N——

3 )

—
10
Mar 6 04:00 08:00 12:00 16:00 20:00
1,32 kWh

Solar production Net returned to the grid

12 kWh
10
8
(o)
31%
¢ Self-consumed solar energy
4

0 0
Mar 6 04:00 08:00 12:00 16:00 20:00 3 2 /()

Self-sufficiency




= busy hour reduction

= 0700-0900: 84%, 96%
= 1700-1900: 69%, 25%

= Peak shaving
= below 5 kWh/h

5 KWh
y (
Jz)t - 25M6° o MWM M“‘ZM WM WW LJ JWM?) fMarM_‘W’ '

Mar/Apr2025

Energy

DESSI mfrastructure by ITS@UlO

https://www.mn.uio.no/its/english/re Droj€

Electricity usage

4 kWh

3

T

'

-l o -l N

3

4

Solar production

6 kWh

1I/index.html

1F

2 =e>p

‘ :3,53 kKWh l

consumed from the grid

‘ 59%

25%

Self-sufficienc


https://www.mn.uio.no/its/english/research/projects/dessi/index.html

Next steps

= Cost of installation "smart”
= heat pump
= car charger Balcony

power __Fuse )
= V2G charger g
= Economic incentives , e
= Convenience modelling DESSI- |
e
= temperature
P a u \h\hﬂ\h\\...m G
= car mobility Eneray h{v _
database floor heating
= Seasonal storage O oty
= Thermal storage

EnergyControl - Data from the edge Feb2024, Josef Noll



Seasonal (thermal) storage

= Battery, Hydrogen, Compressed air,
Water, Concrete, molten salts ...

= cost-benefit for seasonal storage?

= Thermal storage in boreholes
= reducing the grid load
= enabling new consumers

rabo

storage _I
https://ease-storage.eu/]

Energy usage vs Production, DESSI 108x

©O Energy usage O Solar 2024 Solar 2023
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2250

b
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o
o
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DESSI Infrastructure

= physical, digital twin, high-res data

PV V2G
data ' Pilot-houses
=, | @ | storage digital twin 108x, 202X, ..
ﬂ AT energy ind
- — mlcro- \/
grid |
D) " i

https://www.mn.uio.no/its/english/research/projects/dessi/index.html
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https://www.mn.uio.no/its/english/research/projects/dessi/index.html

E ne rg y d as h boa I* € Electricity usage Energy distribution |

8 Mar 2025

= Energy dashboard
= blue: from grid
= orange: from solar
= ping: to grid

= Solar production

= Energy distribution

March 8, 2025 <« >

@ [Lvow ]

Energy

kWh
Solar
6 —— | » |
) P ‘:\ Y * \
17,9 KWh
5 .
T e )
4 < — - | |
<0,6 kWh ®
— — (T >77,6 kWh 94,9 kWh
2 | 4 4 . . a=n ()
Grid Home
1 _ _ | _ _
0 BEBEREURITRERETREERENEE ®
1
Mar 8 04:00 08:00 12:00 16:00 20:00

77,03 kWh

Net consumed from the grid

Solar production

5 kWh

4
3 o)
O7%
1 o Self-consumed solar energy
2

Mar 8 04:00 08:00 12:00 16:00 20:00 1 8 /()
J 7 " T




Grid challenges
here: NO3

= Increased demand

= low production

= grid bottlenecks

= Ready to go
industry

= 27 projects (1400
MW, Dec2023)

= 40 projects (1700
MW, Jun2024)

= Energy coordinators

________J94 smartgrids.no conference Sep2024 - Tensio



http://smartgrids.no

neighbourhood

= energy.jnoll.net
G-Balcony Power
Plants

[Source: TU Oct2024, Willy Kramer]

Austria - new tariffs for energy

= Bundesministerium
Klimaschutz, Umwelt,
Energie, Mobilitat,
Innovation und Technologie

Netzebenen und Energiegemeinschaften

OSTERREICHISCHE
KOORDINATIONSSTELLE FUR
ENERGIEGEMEINSCHAFTEN

Netzebenen B BEG (Biirgerenergiegemeinschaft) Stromimporte Stromerzeugung
(1) 380/220kv L Rez"‘l’”aé’: ;EEG e . @ A —
Lokale rneuerbare-Energie-Gemeinscha | ]
@ Umspannwerk ( ; - ) 380/220kV : J = 7B - B MMM AA
GEA (Gemeinschaftliche Erzeugungsanlagen) 1 ",J / ROX X
|| 1
@ 110 kv @ L Wasserkraft Biomasse Grof3industrie I BEG
@ Umspannwerk/Sammelschiene ﬁ / o __@ ’ i > Netzebenen 1-7
(5) 30-10kv @ = & ¢ (6sterreichweit)
; s = — Wiy g Netztarife in voller Hohe
@ Trafostationen | 110kV N
@ il N gt # Nur Strom
@ 400/230 V '{“""/" Speicher

Netznutzun | se ~ Industrie
G g / . Gewerbe Kleinwasserkraft

# Energieart

I
.[1" Y i :
Einsparung \Q-Mkv - ““ ' NTL AN  Regionale EEG
\4\/ @ Netzebenen 4-7

@ Spe:cher Verglinstigte Netztarife
— — # Strom und Warme

%36 eg(cg , N §§ >
: (\0\ , R, ! N Windparks und
\O - Schulen
@eg G ) PV-Anlagen
52
&
Lokale EEG
G Netzebenen 6-7
GEA Verglinstigte Netztarife
@ Kein offentliches Netz ¢~ “n’y % / # Strom und Warme
: : . / »  Prosumer
Keine Netztarife / S
Haushalte N/ P Verbraucher
4+ Nur Strom
Auftraggeber, Quelle: Osterreichische Koordinationsstelle fir Energiegemeinschaften im Kiima- und Energiefonds APA-AUFTRAGSGRAFIK
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http://energy.jnoll.net

NB-IoT In praxis - Monitoring the
Grid (heimdall.no)

= Until now: no control of electricity

= With Heimdall "neurons”, measure
= power, line inclination, line vibration,
= snow |load and wire temperature

= Science: vibration amplitude is
linked to energy flow [1]

= Communication through NB-IoT

[2]

[1] https://www.researchgate.net/publication/
282956268 Measurement _of vibration_characteristics_of power_cable _line_under_typical laying _conditions
[2] https://www.telia.no/magasinet/norsk-oppfinnelse-kan-lose-arhundrets-stromutfordring/
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http://heimdall.no
https://www.researchgate.net/publication/282956268_Measurement_of_vibration_characteristics_of_power_cable_line_under_typical_laying_conditions
https://www.researchgate.net/publication/282956268_Measurement_of_vibration_characteristics_of_power_cable_line_under_typical_laying_conditions
https://www.telia.no/magasinet/norsk-oppfinnelse-kan-lose-arhundrets-stromutfordring/

TwinEnergy Architecture
applied for municipalities

Kommune profil

. . - hightech
" . 0 _Q50 - green
55°% by 2030, 90-95% by o e
~ Re/ ortin transition - rettferdigheyt
P g J - hormative integrity
Sector specific goals & of energy transition - ESG
8 incentives: housing, ... , environment,
social,
Control, Al, .. governance
- p

Energy Management Municipality buildings

-m - ?W/Fla-erin?erf-ace o - Yol - stributi
ul
- ’ ) ey &sgbton How much can
Energy-, Component-, Component monitoring & ’ households
Electrical Health control o .
~ -=" contribute?

o N . -
N . m m =
Twin abstraction layers

ax sm = @ @ = = -
Lillestram kommune

Specific challenges
TEK5530 - L11 Zero Trust Architecture Mar2024, Josef Noll




Pilot house 108x Energy Control

= Solar production 16 kW peak

= Heat pump (hot water & floor heating)
= optimise after costs vs convenience
= shifting of energy demand

= el. car charger

= all other appliances

= Raspberry Pi with Home Assistant
= AMS reader (MQTT)
= Schneider Electric Fuse monitor

- . § <« ¥ § N« N« «§ . =N« =

EnergyControl - Data from the edge

Solar input (active power)

AMS reader export

AMS reader import

Heat pump

HotWater extra

Car charger

ExtraHeat Pump

Kitchen Stove

Kitchen Light

Cellar lights

First Floor energy

Second Floor energy

Internet fuse 09

Old Bathrooms

-6908,0 W

4553 W

oW

2473,0 VA

00W

00W

00W

00W

-31,0 W

95,0 W

1210 W

-10,0 W

Unavailable

-37,0W




Example: Energy of Heat Pump

6000

2000

4000

3000

2000

1000

0

Apr 2

~—

02:00

04:00

Nt

06:00

08:00

10:00

@ 11-Varmepumpe32A apparent power

——

12:00

4 L

18:00

L

20:00

——

.',l‘.’.'f‘
LL. UV

Apr 3

EnergyControl - Data from the edge

02:00

04:00

U6:00

U8:00

Feb2024, Josef Noll
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Real world assessment

Heat pump control

= Heat pump drives tank
= Top: 240 | hot water

= Bottom: 120 | floor
heating

= Goal:

= Sset temperature of
water

= price, convenience,

:--:.-: :--l...l 's—-l.‘-l--' ...........

-----------------------------------

Richtlinien sind zu beachten!

Schematische Darstellung —
einschlagige Normen und

---------------

-----------------

P T ——— o ———— —

B

T ——— — —

ST e

GefaR zur VergroBerung des Wasser-
gesamtvolumens — elnzusetzen, wenn
Mindestvolumen unterschritten

EnergyControl - Data from the edge

Feb2024, Josef Noll



How to control?

= Measure
- SW | tC h p ower (a) DS18B20 Temperature sensor

CLLERL

(e) Esp8266 microcontroller
(b) Luxor Relay: 4-gates

TEKS370 - L12 EnergyControl_homes



Temperature control

= ESP8266Mod

= Tank top ®
= Tank middle ° 8

ISM 2.4GHz
c PA +25dBm
802.11b/g/n

= Tank bottom
= connected to

.

Raspberry Pi with P82 6 /190
Home Assistant V3 +
D2 (6710Y) _
0,

EPCI 360 - coil 1,8n7

EnergyControl - Data from the edge Ct:



Example:
Hot-water tank (top, middle) & floor heating (bottom)

© ESP-TemperatureVV Temp. Heating bottom @) ESP-TemperatureVV Temp. VV middle ) ESP-TemperatureVV Temp. VV top

60

oU

40

- \/

10
Apr 1

09:00 12:00 18:00 21:00 03:00

15:00

03:00 06:00 09:00 12:00 15:00 18:00 21:00 Apr 2 03:00 06:00 Apr 3

U6:00

09:00




'DESSI pilot house 108x - switching capabilities |G ;.

Room Temperature reached (invers) I O" I —‘

Heat pump (invers) On S o of  §
fake tank temperature (invers) [EEIR on

Apr 14 03:00 06:00 09:00 12:00 15:00 18:00 21:00 Apr 15 03:00 06:00 09:00 12:00 15:00

@ ESP-TemperatureVV Temp. VVtop @ ESP-TemperatureVV Temp. Heating bottom () ESP-TemperatureVV Temp. VV middle
70

o r ‘\' “l"l.?"l»’"

o ~N T ' y

30

20

10
Apr 14 03:00 06:00 09:00 12:00 15:00 18:00 21:00 Apr 15 03:00 06:00 09:00 12:00 15:00




DESSI 108x

= Energy profile of
heat pump

= warm water

= radiator/floor
heating

~ — \/ T ‘ b g B ~ - :_ ‘D T 2laTt=lg" Te-1T4AY, - - Y \/\S M '
@ ESP-TemperatureVV Temp. Heating bottom @ ESP-TemperatureVV Temp. VV midd

Temperature [deg]

14:00 15:00 16:00 17:00

5000 Heat Pump usage [Watt]

4000

| f
3000 I'L L
2000 Al

1000 [ )

——

defrost
2D:00 2):00

f

ESP-TemperatureVV Temp. VV top

22:00

i

i
i

-0.8 deg
outside temp.

23:00

N

00:00

temp drop
floor heating

071:0

L




e
Automation goals

02_While_Hot_Water_below_50
= HotWater

04_energy_used_grid_step

= Always have min 50 deg hot water
= Heat pump
= pre-heat before busy hours
= switch off during busy hours
= Car charger
= minimum charge to 55%
= full charge to 80% when solar
= Low-price (and solar)
= pre-charge warm water

= Grid level ‘3i5i10 kWh‘houra

04-Heat pump off-on at selected times

05_car_charging_S5percent

05_solar_car_charging

05-car_charging_off_at HP1off

05-Stop_Charging_Afternoon

B B B B B B b b

06-lowPrice_forceHotWater




L12: Energy control
main takeaways

= Energy exchange
= influence of renewables
= Energy neighbourhoods
= impact of tariffs
= Energy control

= infrastructure
= capabilities

EnergyControl - Data from the edge
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