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The Annual Consortium Meeting

~100
participants

International
academia

1/3 from user
partners

Strategic input

Process systems
engineering

Industry
perspectives

Results and
progress

Prosess21
EU

Reducing energy
use in practice

PhD/PDs posters

General
assembly

Reference group
meetings

Executive board




®) HighEFF HighEFF Vision

Joint effort for creating a competitive, energy efficient
and environmental friendly industry for the future

Europe and
globally

Technology
development for
energy efficiency in
the international

market

Norway

A competitive,
energy efficient and
environmentally
friendly industry

Norges forskningsrad



& HighEFF FME HighEFF

Largest effort in supporting research, development and innovation
To structure the research

* 41 partners

e 2016-2024
| e 23 PhD / Post docs pnt
400 MNOK ""’"‘

—JT\/I l"‘

. 20-30 % reduction in specific energy use

10 % reduction in greenhouse gas emissions
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® HighEFF

Focus areas of HighEFF

Direct use

Heat
capture

Surplus heat

Energy storage

Exchange of water and energy in Mo Industrial Park Nl Mo Industripark AS
Annual quantities
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Centre Management Team

Centre Director
SINTEF ER

Scientific Leader
NTNU

Scientific Coordinator
SINTEF ER / NTNU

Centre Coordinator
SINTEF ER

RA Leaders

Petter E. Rokke

Research Director

Truls Gundersen
Professor

Petter Neksa
Chief Research Scientist/Professor

Line Rydsa

Research Manager
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Centre Building
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Methodologies
RA 1
Egil Skybakmoen

KPl's, Energy and

Exergy Analyses
Olaf T. Berglihn

Process Systems

Engineering
Sigurd Skogestad

Future processes

Asbjgrn Solheim

Case Studies
RA 6
Monika Nikolaisen

Components
RA 2
Armin Hafner

Heat
Exchangers

Geir Skaugen
Work Recovery &

Compressors
Christian Schlemminger

Natural Working

Fluids
Trygve M. Eikevik

i Metal, Material
| Ida Teresia Kero
| I\

Cycles
RA 3
Trond Andresen

~im

Energy-to-Power
" HTHP, Cooling

Conversion

Trond Andresen______.-

and Drying

Michael Bantle

Energy
Storage

Hanne Kauko

Training of Experts

Oil, Gas, Energy
Monika Nikolaisen

Applications
RA 4
Aud Nina Weernes

Process

Improvements
Bernd Wittgens

Surplus Heat

Recovery
Vidar T. Skjervold

Industry Clusters and

Technology Integration
Kristian Einarsrud

Society
RA 5
Ingrid Camilla Claussen

Innovation, Barriers

and Enablers
Jens Rayrvik

Novel Emerging

Concepts
Arne Petter Ratvik

Dissemination and

Communication
Ingrid Camilla Claussen

Food, Chemical Industry Clusters
Michael Bantle Kristian Einarsrud

Management
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‘E Pattar E. Rakka
3 i

«Qur cities are hidden power stationss -
Develupmenl of smart thermal grids for
v in urban areas. Worth

rre--a(lmgE

JANUARY

‘E Patter E. Rokie

Attending @EASACnews meeting an Energy
& environment today, giving advice on SET
plan priorities within fenergyefficizncy and

discussing policy advice for EU strategies
within this topic.

ENERGY EFFICIENCY IN
INDUSTRIAL PROCESSES

. v @GREALE=400

£ Petter E. Raskke

Best paper award at @ESCAPE_28 to #fme

i ff paper from ‘r’LI \-'ll-cm and
Gunrlprsen "Comparison of reformulations of
the Duran-Grossmann meadel on Work and
Heat Exchange Metwork Synthesis (WHENS)™,

v e DB OOBE LW

JUNE

Ay Horisont 2020

Kunnskapen fremskaffet i Prosjektet
Supersmart ettersparres na fra resten av
Europa. @SINTEFenergy i ferersetet for a
spare en "l i super "‘dl"‘i’l—J:‘l

@ SIMTEF Energy

Var forsker Camilla Claussen bidrar til at du
(og europeera) kan spise is med ged
kiimasamvittighet ~ IHHE =%

MARCH I

“FY  NTHU Energy

Rundt dette bordet er chpro fra mange

FhiEer, ITML OG rgy samlet

for & finne ut hvordan Wi ka-w fa enda mer
nnovasion ut av forskni nqsaentrﬂr.e far

| #energi ( E). Vi kaller det

Innovation Task Force

w2 2 B DQOPPO L

MAY I

#EINTEFDIOO

HighEFF Annual Meeting - Picture
Blogg

A Y IR EAN LR AL SR commn |
= SO -

JuLy I
Py -

Wanna know more about Phase Change
haterials and how th"-\.' contribute to
increase fer iciency? Read n\y, bloq
here: bl T/ ;

1 e B@EOPROTE

s e POSGLECEGL

AUGUST

Ingrid C. Claussen
from HighEFF at
Arendalsuka



£ il rel OCTOBER @ SINTEF Energy

#fme kontaktmete hos @forskningsradet i The #industry must become more energy

dag - leypemelding i arbeidet med & H |g h E FF efficient, #FMEHIghEFF is researching how
kartlegge effelter av energiforskning. Hery energy efficient heat pump tech can exploit
impact, mange innovasjoner og stor N lndllstrldl surplus heat. Ep 2 coming soon
verdiskapning for Norge og norsk industri! CrDSS SE Ct or gheff.no
£ ieffektivise & hic ff vedde
- SINTEF Energy v
workshop @sinsfig ok ot (0] [ revre v

NTM @MNorskHydroASA jobber med 8 utnytte

overskuddsvarme fra prosessene sine mer
effektivt. Dette forsker ogsa FME HighEFF pa.
Se dette intervjuet fra HighEFF workshop. Se
ogsa var miniserie om naturlige
arbE|Jsmedier og »*wersxudds-.rarene [Jd

Read more about high temperature heat
pumps; Uerading low tamperature waste
heat for n(lustrlel use!

Phase-cut of fneail fusis: SINTEF dovelaps & novel high te..,

17 3 1CE OF E2 ITHRET AT 3N Crasie: oh Mats ropom of e LM
e neucion of our fossll sl consompdion is &

e BH IBC O

SEPTEMBER @ v

DECEMBER

rI[F'IF't quhEF-'E'

Energy efficiency in the industry is a target e norsk irmdustri

area in Energi21, the Morwegian strategy fo

new energy.technology. It's also the resear: SINTEF Energy
focus of HidhEFF. CEO of Energi2 1 was at th v

: 1 HighEFF wegkshop in October, here are sonQyr target is to reduce CO2 emissions with

H | g h E FF p resc ntatl on C'f her thoughts on the topic. @oeddep three mlllron tons per year within 2030",

" @proek Learn why @ uinor is a partner in FME

at the ResearCh CDUHC” *Y i B HighEFF as par{ of reaching that target in this
of Norway contact

video
meeting

f
'In Equinor we have"
three main goals-

1 e CRETOCES -8



2018 by the numbers

Other 2

Multimedia products Presentations

23 .

.43

Blogs and
information
material

Media
contributors

5.

Peer reviewed

Report/thesis Journal

9.

publications

«28

Peer-reviewed

10 2

80 . researchers

Post.docs financed

5 by HighEFF

PhD financed by HighEFF
by Hig '16

PhD financed by others
by . 7

Master degrees
o7

Summer students/
internships

Key




@) HighEFF R&D investments pays off!

| What is the estimated impact of 48 R&D projects?

16 GNOK in realized economic benefit in Norway

(2008 2017)
Increased value/income, reduced costs. Reduced or
postponed investments
y- - Realized investments in industry
- -  Documented for 9 out of the 48 cases
Hovedrw
100 GNOK identified future economic potential
- Identified and estimated for 12 out of the 48 cases
(Norway, Europe)

Yes, Energy research pays off:
Hva viser effekistudien av 48 prosjekter? - 4 GNOK funded by RCN to approx 670 projects (2008-

16 mrd. kr i realisert ekonomisk effekt i Norge (2008- 2017)

- i : Mt\rerdh’gmns! leduse:: s .‘“.:‘ i eller utsatte i . 2017)
o el cene - Realized economic impact 4 times the funding

100 mrd. kr identifisert ekonomisk fremtidig potensial
FORSKNINGS- io Management AS *  identifisert og beregnet for 12 av 48 case (Norge, Europa), néverdi.
SENTER FOR ondheim, 28. desember 2018

MILIGVENNLIG Ja, energiforskning lenner seq:

= 4 mrd. kr bevilget av Forskningsradet til ca. 670 prosjekter (2008-2017).

ENERGI )
= Realisert ekonomisk effekt pa 4 ganger bevilgningene.

Norges forskningsrad



Energy efficiency in industry — impact and potential

= >30 % reduced energy use realized in projects with industry. Significant emission reduction.
= Competitive Norwegian process industry based on knowledge from Norwegian R&D&E

Case.6

CO, as refrigerant in Heat recovery in Increased utilization Reduced energy use Energy effective and Integrated energy
cooling and heating offshore gas turbines of low temperature and emissions in the environmental friendly system for industry
processes waste heat aluminium industry copper production (clusters)

18.000 supermarkets: Potential offshore: New TINE dairy built: Hydro Karmgy Glencore Nikkelverk: REALIZED

* Energy use: 1,6 TWhiyr * Average 140 mill. * 40 % lower energy use Technology Pilot: * Pilot in operation (2012) EFFECTS

 Cost: 650 mill. kr kr/platform in reduced ¢ 5 GWh/yr, 2 mill kr/yr * In operation in 2018 Potential at Glencore:

* Emissions: 19 Mt CO, consumption (CO, taX)  potential in Norway: Potential Al in Norway: * Demo (2022) decided POTENTIAL

Potential Europe: * 2,2 GtCO,at ful « 1 TWh/yr in similar industry ~ * 2,3 TWhiyr * 35 % reduced energy use EFFECTS

« Energy use: 9 TWh implementation « 500 mill. kr reduced cost e 900+ mill. krfyr * 26 GWh, 10 mill krfyr

* Emissions: 53 Mt CO, Impello Management © 2018 13
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On a scale from 1-5, where 5 is the highest scere and 1 is the lowest scare, how do you assess

=

0

Self assessment 2019

# | Main topic

Average score [span, low-high]

1 | Organisation

4.0 [2-5]

Innovation and involvement of partners

3.7 [2-5]

Research

3.7 [2-5]

Edu

cation

3.8 [1-4]

vl | W N

Relevance

3.3 [1-5]

ALL

3.7 [1-5]

W the Centre leaders’ qualifications?
M Research Activity leaders’ qualification:
W Work Package leaders' qualifications?

organisation of activities in the Centre

0n a scale from 1-5, where 5 is the highest score and 1 is the lowest score, how do you assess On a scale from 1-5, where 5 is the highest score and 1 is the lowest score, how do you assess
9 10
s 9
8
7
7
5 6
5 5
4 4
3 3
nem ]| II | 2
2
2 3 4 5 Do not know 1 I I I I
1 . | |
s 0 1 2 3 4 5 Do nat know
1 2 3 4 5 Do not know
W start-up of research activities?
in light of the Centre's goals? mthe Centre's work with innovation and ensuring that the research will be applied? mthe research focus of each Research Area (RAJ?

W whether the Centre has established sui

itable meeting arenas? W partner involvement in strategy work and priorities?

0On a scale from 1-5, where 5 is the highest score and 1 is the lowest score, how do you assess

12

10

®

@

IS

S

o

| II || I|
3 4 5

1 2
M the Centre's work with PhDs and Postdocs considering their relevance to research
activities in the Centre?
mthe Centre's work with PhDs and Postdocs considering their integration in the Centre?

Do not know

Wthe research focus of the Centre as a whole, including multidisciplinary focus?

Ona scale from 1-5, where 5 is the highest score and 1 is the lowest score, how do you assess

12

10

6

.

P | ]
1 2 3 4 5

myour company's effort and participation in the Centre?

Do not know

mthe Centre's relevance to your company?

Wif your company has sized opportunities for other research activities related to/that has spun
out of the Centre?



Truls Gundersen

25 PhD/PostDocs
- 23 in progress

- 2 without candidates yet, planned startup 2019

8 associated PhDs in progress

So, providing one system that can provide
all the thermal comforts in the hotel.

134 registered conference/journal publications already

PhD/PD students in the room? Raise your hands! / )

from f055I|E fuels,

Meet them, read their posters!

e Prof. Truls Gundersen and PhD students
MIL@VENNLIG Silje Marie Smitt and Julia Jimenez interviewed
s at PhD/PD seminar 25th Feb 2019

Norges forskningsrad
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Case Study, Foakl Sector

Novel Dairy Energy System with HTHP

Case studies

@ H Ig h EFF Case Study, Metals and Materials Sector

Electricity generation from CO-rich off-gas

Eight different energy solutions for a new dairy are compared. Off gas utilisation example: Stand-alone plant at Sauda
The dairy will have heat and cold demands at three and two Currently, the CO-rich furnace off-gas is flared but the

4 - | temperature levels respectively for building, storage and combustible gas can be burned for thermal power generation

’ 4 processes. The findings are based on hourly demand for an instead, reducing the electricity bought from the grid by 18%.
entire year.
D,' D} GWh
less need for district lower electricity Electricity generated less electricity _ .
- ' heating demand : ' , form off-gas required from grid Less COzemissic o gy strial Sector
- 3 H Ig hEFF Case Study, Meta
- L b

The solutions included direct and indin
ith.CO; and the use of a high temper:
eit iz?'a"pmpane/hutane cascade oral

standard solution, cooling witt
and heating with electrici

day
e

nd

formed the foundation for comparison

improvement. —
Water, 102

Water, 67 °C

refrigeration
system

SENTERFOR
MILI@VENNLIG
ENERGI
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Thr: Researrh Couri of Moresoe

H, production from CO-ric -

le: Industrial cluste

Off gas utilisation examp

The gas currently flared at Mo Industrial Pa
conditions produce enough hydrogen to pow
year; eliminating approximately 3600 tons of

36 0%

Hydrogen-powered
city buses consumption

FORSKNINGS:
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Norges forskningsrad

drogen production would have no effect on furnace energy
ption but would reduce the climate gas emissions.

Process

Temperature ranges of the different

process with i

n the industrial sectors

Temperature [*C]

10 20 30 40 50 60|70

80 90 I:lDu .uul.lzn 130 140|150 160 170 180 190 200|

Chemical

Biochemical reaction
Distillation
Compression
Thickening

Cooking reaction

- Off gas with around 60% CO have reportedly given efficienci
of around 37% for power generation.

Food

FORSKNINGS-
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Blanching
Scalding
Evaporation
Cocking
Pasteurization
smoking
Cleaning
Sterilization
Tempering
Drying
‘Washing

ENERGI

Norges forskningsrad
Paper

Bleaching
De-Inking
Cooking
Drying

Fabricated metal

Pickling
Chromating
Degreasing
Electroplating
Purging
Drying

Rubber/Plastic

Drying

Textile

Bleaching
Coloring
Drying
‘Washing

Wood

Steaming
Compression
Drying

Ficture from Toyota

All sectors

Space heating
Hot water
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Spinoff projects

Registering and supporting spin off

projects — confirming relevance and
complementarity for applications to
RCN, RFF, EU etc... e B e S e LD o

Freedetat Sorant WPLL,WELI Michasl Bante. SNT|ECIrcle F seker =TT ] Wgh g et purps. | Hged 21303017 ey

COMPACTSE

2017 = 10 R&D projects receiving = =
funding
2018 = 4 R&D projects receiving ==

funding (so far)

In addition; industrial development and
implementation



I
www.sintef. Iprojec




Annual report 2018
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