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SINTEF Agenda

The Norwegian research project
Snow for the Future >k :%:

arrange a final Workshop

October 26t 2022 at Grandsen Stadium, SNOW::kOMPErTENCY
+

Learn more about temperature independent snowmaking, snowmaking from surplus heat, energy
efficient and integrated energy solutions for snowmaking and sustainable venue development. Meet
experts from R&D, university, skiing federations, organizers and site developers.

Program

09:00- Coffee and mingling

09:15-09:30  Snow for the Future project, Project leader Ole Marius Moen, SINTEF
09:30-09:50  FIS Nordic World Ski Championships Trondheim 2025, Kristin Mirer Stemland
09:50-10:05  Plate ice/flake ice technologies, Hakon Selvnes, SINTEF

10:05-10:15  Snowproduction- different solutions, Trygve M. Eikevik, NTNU

10:15-10:35  Heat driven snow production with ejector technology, Ailo Aasen, SINTEF
10:35-10:50  Coffee break

10:50-11:10  Grandsen VM 2025— snow solutions- case analysis, Ole Marius Moen, SINTEF
11:10-11:35  Energy concept Grandsen |drettsby, Frida Saether and Sigurd Sannan, SINTEF
11:35-12:20  Lunch

12:20-12:40  Skiing facilities in Norway- the skiing federation perspective, Marit Gjerland, NSF
12:40-13:00  Snow production and storage in Grandsen venue, Heidi Arnesen, Trondheim Kommune

13:00-14:00  Visiting tour at Granasen stadium - the venue for the FIS Nordic World Ski Championships in 2025

14:00-15:00  What now? Discussions and inputs. Introduction by Ingrid C. Claussen, SINTEF and Marit Gjerland NSF
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ream winter conditions

Teknologi for et bedre samfunn



°
wil Climate change

* The number of days with snow cover is reduced due to
climate change

* Winter sports locations are challenged
* Events are sometimes cancelled due to poor snow conditions

e Traditional snowmaking systems do not work in plus
temperatures

Teknologi for et bedre samfunn
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German Toboggan Run

A man takes a ride on a summer toboggan run on Jan. 16, 2020, in the winter sports resort of Willingen in western
Germany. Due to mild temperatures and a lack of snow, the operator of the summer toboggan run has kept the
attraction open. The lack of snow has also impacted ski resorts and other winter sports in France, Switzerland and
other countries.
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Traditional snow production and its
il temperature limitations

Relative humidity (%)

10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 8 90 95 100
9 -119 -11,7 -116 -114 -11,2 -111 -109 -10,7 -106 -104 -10,3 -101 99 98 -96 -95 -93 -9,2
- -111 -109 -10,7 -106 -104 -102 -100 -99 97 95 93 92 90 -88 -87 -85 -83 -82
-7 -103 -101 99 97 96 94 92 90 88 -86 -84 -83 81 -79 -1,7 -15 -14 -1.2
-6 95 93 91 89 87 -85 83 -81 -79 -7,7 -15 -13 -11 -10 -68 -66 -64 -62
-5 88 86 -83 81 -79 -77 -15 -713 -711 -68 -66 -64 -62 -60 -58 -56 -54 -52
-4 80 -78 -76 -73 -71 69 66 64 62 -60 -57 -55 53 51 -49 -46 -44 -4,
-3 -73 -70 68 65 63 60 -58 56 53 51 48 46 44 41 -39 -3,7 -35 -32
-2 65 -63 -60 -57 55 52 50 -47 45 -42 -40 -3,7 -35 -32 30 -2,7 -25 -272
-1 58 55 -53 50 47 44 41 -39 36 -33 -31 -28 -25 -23 -20 -18 -15 -13
0 51 48 45 42 -39 36 -33 -30 -27 -25 -22 -19 -16 -13 -11 -08 -0,5 -03
1 44 41 -38 35 31 -28 -25 -22 -19 -16 -13 -10 -07 -05 -02 01 04 O)7
2 -37 34 31 -27 -24 -21 -1, -14 -11 08 05 02 O1 O4 08 11 14 1,7
3
4

Temperature (°C)

31 -7 23 -20 -1,7 -13 -0 -06 -03 OO0 oO04 O7 10 14 1,7 20 24 27
24 -20 -16 -13 09 -06 02 02 05 09 12 16 20 23 26 30 33 37

. _‘h S,

(Eikevik 2017).
Good snow quality Poor snow quality No snowmaking
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[ ] [
sl European energy crisis

* European energy crisis — spiking electricity prices in
Southern Norway

e Electricity consumption in Norway expected to grow
significantly over the next years due to increased
electrification

e Cost challenges for clubs and winter sports facilities

* Intensified the political debate on sustainable use of
electricity in Norway

* |Increased focus on:
* Energy efficiency
e Utilization of waste heat

Teknologi for et bedre samfunn

som normalt

Norges Skiforbunds klubbundersekelse om strem indikerer at kun fire av 10 skianlegg
vil drives som normalt.

Source: skiforbundet.no
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Her er snoproduksjonen i
gang - det skaper reaksjoner

Mens flere skisteder frykter @ matte stenge pa grunn av
stremprisene, har Sjusjeen startet produksjon av kunstsne.

Source: nrk.no



Vision of Snow for | “’_._, ‘
sl the Future |
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The vision of Snow for the future (phase 2) is to
contribute to snow secure winter sports areas close 4 .t“
to where people live -~ g

* Maintain the tradition for skiing and winter
sports activities

e Continue to recruit younger generations to
organized sports

e Contribute to improving the public health

* Increase the number of skiing days in local
communities
* Value creation

* Improve the predictability of organizing winter sport
events and competitions

* For technology manufacturers

Teknologi for et bedre samfunn



siill  Snow for the future - phase 2 (2019-2022)

» New solutions for snow production at the ski resorts

» Production of snow independently of temperature
» Contribute to energy-efficient and climate-friendly solutions

1. Development of snow technologies
* Temperature independent snow production
* Snow production from surplus heat

2. Integrated snow systems

*  Planning tool — snow model

* Integration towards heat consumers

3. Centre of snow competency

Teknologi for et bedre samfunn
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Temperature Independent snow

SINTEF prod uction (TIS) Sngfafactory SF220

Sjusjgen

Existing technology with several suppliers
Guarantee season opening, and ensure snow during mild winters

Disadvantages:
* Energy demanding: 20-40 kWh/m?3 vs. 0.5-1 kWh (traditional)
* Low production capacitiy

* High investment costs £, .= +20°C
Qc
* Research focus in Snow for the future:
* Modeling the production process Kondenser
* Improve efficiency in components and systems Pe, te=+30°C
* Focus on climate friendly working fluids
e Utilization of surplus heat — integrated heat production Po o= -30°C
e No examples in Norway Fordamper
Qo
Teknologi for et bedre samfunn t,= 0°C



TIS technology research in Snow for the

SINTEF Futu re

Highlights:

Detailed Modeling of components and processes to reduce of energy

consumption
System design and optimization

Evaluation of different production technologies
Concepts for utilization of surplus heat integrated heat production
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Smart planning

e For destinations and venues

e Evaluate different solutions to fulfull
the snow demand for seasons and
events

 Adapted model for each venue

* Minimise energy consumption, cost
and emissions

SINTEF
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Heat driven snow production

e Temperature-independent snow
production is very energy demanding

* Heat can be used to produce snow

e Large surplus of "free" heat in Norway
and Europe

Is it possible to utilize heat sources near ski
facilities for snow production?

SINTEF
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sl Potential heat sources

=~ Eagerasbakken

Results from mapping study in Norway — heat sources

cross mapped with ski locations: o S —
= i - = Facllity name: Nye birkebelneren skistadion
Ul Nz b gy = Mugl:lpall_ty L-Il.ehammer

District heating: : Cormte s
3 g i Cross cul{nlry‘skiing / biathlon: Yis

e Over 100 municipalities, 7 TWh potential =58 SRS e B e iy o

58 ¥ il GG §  competitions / events: WCNM
* Waste combustion facilites often have large amount of surplus heat during summer s : : : B o e
tl me . ! fjernkontrolien.no (2019 tall). Yes

District heating supplier Kilde:
Fiemkontrollen.no (20019 tall) Fidswa 59 Gwh
District heating municipality: [ illehammer
Vvl Industry with waste heat In municipality: tom
; h g Companies: fom
Heat from Industry: : B T e i & RS v
. . . e 1 o h Waste heat combustin in municipality: fom
* Potential: 10 TWh, more than 100 potential industry facilities > e oo
4 . ‘. ; Waste: tom

* high temperatures — good for efficiency

Technology mapping and development:
* Needs to be located near the heat sources
* Heat source should be 80-90°C or higher

* Lower efficiciency than electricity based TIS — cost of heat needs to be 1/3 of electricity
price or lower

* Production technologies not at the same commercial level
* Sorption based technology and ejector technologies look promising



Centre of show
competency

e Lack of established knowledge
nettworks for snow production

* Knowledge gap between small
and large ski facilities

* Small facilities need an
information channel

16
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mill Topics on sngkompetanse.no

x %

SNOKOMPETANSE
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PRODUKSJON AV SNO@ LAGRING AV SN@ BEVARING AV SN@ PREPARERING AV SN@
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Hvordan produsere sng pa den mest Hva er den beste maten a lagre sng Hvordan kan sngen best behandles Hvordan skal sngen prepareres pa
effektive maten i dagens og over sommeren pa? 0g bevares under krevende riktig mate?
framtidens klima? veerforhold?

* |nformation regarding the practical considerations on these topics

e access to new research, publications, snow seminars, news and more

Teknologi for et bedre samfunn



4

v }F Lol 4 P
t\.. .ﬂ) \J-n IW ..-._ . - e . &
- - - ¥ ’ {-“.- k ‘w:rt.‘.. " \Wﬂw
_..r..__‘( ‘.ﬁ \ = .‘!\ ’ 1“ k.ﬁ& ﬂ
a i * il ' -
% A7 54 d!in&.mn.w-ﬂ’:dr
5 B .laf.ﬁ. - .. L .u-.uy %



The Norwegian research project
Snow for the Future

arrange a final Workshop
October 26t 2022 at Granasen Stadium,

Learn more about temperature independent snowmaking, snowmaking from su

L] ( 2 ] ; g:.-'us heat, en%’qy
efficient and integrated energy solutions for snowmaking and sustainable venue development. Meet
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experts from R&D, university, skiing federations, organizers and site developers.

Coffee and mingling

Snow for the Future project, Project leader Ole Marius Moen, SINTEF

Plate ice/flake ice technologies, Hakon Selvnes, SINTEF

Snowproduction- different solutions, Trygve M. Eikevik, NTNU

Heat driven snow production with ejector technology, Ailo Aasen, SINTEF
Coffee break

Granasen VM 2025— snow solutions- case analysis, Ole Marius Moen, SINTEF
Lunch

Skiing facilities in Norway- the skiing federation perspective, Marit Gjerland, NSF

What now? Discussions and inputs. Introduction by Ingrid C. Claussen, SINTEF and Marit Gjerland NSF
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