
 1

 
 
 
 
 
 
 
 
 
 
 
 

Neutrons and innovations 
 

What benefits will Denmark obtain for its science, technology  
and competitiveness by co-hosting an advanced  

large-scale research facility near Lund? 
 
 
 

Finn Valentin  
Maria Theresa Larsen 

Nicolai Heineke  
 
 
 

April 2005 
 

 
Dansk resume (1 side) og sammenfatning (6 sider) 

indsat forrest I rapporten 
 
 
 

Working Paper 2005-2 from Research Centre on Biotech Business 
ISBN 87-91549-09-4 

 
This report also appears as a web-publication at  http://www.ess-scandinavia.org 

RESEARCH CENTRE ON BIOTECH BUSINESS ♦ COPENHAGEN BUSINESS SCHOOL ♦ SOLBJERGVEJ 3, 3 ♦ DK-2000 FREDERIKSBERG ♦ DENMARK

TEL.: +45 3815 2390 ♦ FAX: +45 3815 2505 ♦ WEBPAGE: WWW.CBS.DK/BIOTECH ♦ E-MAIL: BIOTECH@CBS.DK

RESEARCH CENTRE ON BIOTECH BUSINESS ♦ COPENHAGEN BUSINESS SCHOOL ♦ SOLBJERGVEJ 3, 3 ♦ DK-2000 FREDERIKSBERG ♦ DENMARK

TEL.: +45 3815 2390 ♦ FAX: +45 3815 2505 ♦ WEBPAGE: WWW.CBS.DK/BIOTECH ♦ E-MAIL: BIOTECH@CBS.DK



 2

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1-sides resumé 
 
Neutronspredning er en eksperimentel analyseteknik, hvor man i et storskala anlæg studerer mate-
rialer på atomart og molekylært niveau. En ny generation af neutronkilder tilbyder markant for-
bedret og udvidet anvendelse indenfor både videnskabelig forskning og industriel FoU, og er alle-
rede under opførsel i USA og Japan. Et lignende fælleseuropæisk forskningsanlæg er på tegne-
brættet, den såkaldte European Spallation Source (ESS). ESS er en vigtig brik i en langsigtet stra-
tegi for at udbygge og understøtte de aldrende europæiske neutronkilder. 
En skandinavisk placering af ESS nær Lund er under overvejelse. Denne rapport identificerer 
forudsætninger og muligheder for en række videnskabelige, teknologiske og økonomiske fordele 
ved en lokal placering af, og dansk deltagelse i værtskabet for, ESS: 
• Opførslen, driften og vedligeholdelse af storskala forskningsanlæg som ESS katalyserer en øget 

økonomisk aktivitet i værtsregionen, som medfører økonomiske gevinster for lokale virksomheder 
og udgiftsneutralitet på de offentlige regnskaber. Samtidigt har store forskningsanlæg ofte en til-
trækkende effekt på komplementære forskningsfaciliteter og teknologibaserede virksomheder og 
kan derfor forventes at styrke en region som helhed. 

• Danmark har betydelige eksisterende kompetencer indenfor neutronvidenskab, udnyttelse af neu-
tronspredning og udviklingen af avancerede neutronspredningsinstrumenter og har derfor det vi-
denskabelige fundament, som er nødvendigt for at kunne drage nytte af de videnskabelige mulig-
heder, ESS frembringer. En placering af ESS i Øresundsregionen ville derudover spille en vigtig 
rolle i den langsigtede fastholdelse og udbygning af dansk neutronforskning ved at skabe et at-
traktivt samlingspunkt for de på nuværende tidspunkt spredte danske neutronforsknings aktivite-
ter og ved styrke den danske position på den internationale neutronforskningsarena. 

• Mange af de forskningsmæssige fremskridt, der forventes afledt af ESS, har på sigt stor relevans 
for en række forskningsbaserede danske virksomheder, og kan ydermere danne et solidt grundlag 
for et styrket forskningssamarbejde mellem erhvervslivet og offentlig forskning, samt etablerin-
gen af nye virksomheder med henblik både på udnyttelse af resultater fra neutronforskning og 
kommercialiseringen af kompetencer indenfor udviklingen af acceleratordele eller instrumenter 
og software til brug i neutronspredning. 

• Den permanente forskerstab og det store antal internationale forskere, der årligt vil gæste ESS, 
ville desuden danne en dynamisk lokal talentpulje: et højt specialiseret og tværfagligt ”transit” ar-
bejdsmarked for både forskningsinstitutioner såvel som erhvervslivet. Dertil vil ESS skabe en 
række nye Ph.D. stipendier og post.doc. stillinger, som kan bidrage til uddannelsen og oplæring af 
unge forskere og derved afhjælpe den forventede mangel på højtuddannet arbejdskraft, som for-
ventes indenfor tekniske og naturvidenskabelige forskningsfelter i Danmark. 

Dansk deltagelse i et skandinavisk værtskab for ESS tegner sig som et attraktivt element i en 
langsigtet strategi for at løfte den danske grundforskningskompetence til et verdensførende  ni-
veau indenfor et område med en bred vifte af muligheder for teknologiudvikling og økonomisk 
vækst. En dansk beslutning om at deltage i den skandinaviske ESS ansøgning vil desuden styrke 
chancen for, at anlægget placeres i Lund, og at dansk forskning og industri derved får indflydelse 
på planlægningen af ESS og adgang til de ovennævnte fordele.  
En beslutning om at deltage i værtskabet for ESS skal dog være i form af en særlig bevilling, der 
på ingen måde kanibaliserer eksisterende støtte til dansk forskning, da dette vil nedbryde grund-
laget for mange af de gevinster, som en regional placering af ESS åbner op for. Yderligere pejle-
mærker for et eventuelt dansk medværtskab for ESS opstilles sidst i rapporten. 
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Sammenfatning 
 

En placering af et nyt Europæisk forskningsanlæg – en såkaldt  neutronspredningskilde – nær Lund 
er under overvejelse og giver anledning til spørgsmålet om de fordele, som Danmark kan opnå ved 
at dele værtskabet med Sverige (og eventuelt også med Norge og Finland). Denne rapport belyser, 
hvorvidt Danmark derved kan opnå videnskabelige, teknologiske og økonomiske fordele, der kan 
begrunde deltagelse i værtskabet for ESS-S: den officielle forkortelse for en European Spallation 
Source med Skandinavien som vært. Rapporten er baseret dels på interviews med forskere fra både 
virksomheder og offentlige forskningsinstitutioner, dels på en gennemgang af litteraturen vedrøren-
de de generelle tekno-videnskabelige og økonomiske virkninger af StorSkala ForskningsAnlæg 
(SSFA), og vedrørende de virkninger, der forventes i forbindelse med den næste generation af neu-
tronspredningsskilder. 

For at imødekomme den stigende globale efterspørgsel på neutronkilder er lignende anlæg under 
opførsel i USA og Japan, som forventes at producere deres første neutroner inden for de næste to år. 
Samtidig planlægges lukningen af en række forældede europæiske neutronkilder. Dermed forestår 
en svækkelse af den førende position inden for neutronforskning, som Europa har opretholdt i flere 
årtier. 

En endelig beslutning om ESS-projektet og om dets placering foreligger dog ikke på nuværende 
tidspunkt. ESS vil være en fælles europæisk forskningssatsning, og omkostningerne forbundet med 
byggeriet og den efterfølgende drift deler værtsnationerne med de øvrige deltagende lande. En ræk-
ke lande, herunder Tyskland, Storbritannien, de Skandinaviske lande og Ungarn, har udtrykt inte-
resse for værtskabet. ESS forventes at koste over en milliard euro at anlægge og har en estimeret 
planlægnings- og opførelseshorisont på ti år. Dertil kommer en årlig driftsudgift på cirka 80 millio-
ner euro. Som værter for ESS-S forventes de Skandinaviske lande at dække en noget højere andel, 
end hvis anlægget blev placeret andetsteds i Europa. En finansieringsløsning fra Nordiska Investe-
rings Banken anslår de samlede, Skandinaviske omkostninger til 16-29 millioner euro per år over en 
40-årig periode. Dette kan sammenlignes med den årlige ydelse til CERN, det europæiske forsk-
ningscenter for partikelfysik, som for Danmark alene er i størrelsesordenen 10-15 millioner euro år-
ligt. Erfaringer fra SSFA i andre lande samt nylige beregninger på ESS-S projektet fra svensk side 
viser desuden udgiftsneutralitet på offentlige budgetter, grundet den øgede økonomiske aktivitet, 
der opstår i forbindelse med etableringen og vedligeholdelsen af store forskningsanlæg. 

En dansk beslutning om at indgå i værtskabet for ESS projektet vil betydeligt forøge sandsynlighe-
den for en placering af ESS anlægget i Skandinavien. For det første vil et fælles dansk-svensk tilbud 
muliggøre en mere attraktiv finansiel løsning i forhandlingerne med øvrige nationer omkring place-
ringen af ESS. Desuden er det sandsynligt, at et værtspartnerskab mellem Danmark og Sverige vil 
medføre, at Norge og Finland også engagerer sig som medværter, hvilket yderligere vil styrke den 
finansielle og politiske gennemslagskraft af et skandinavisk tilbud. I et sådant konsortium vil Dan-
mark spille en vigtig rolle, blandt andet ved at have den største skandinaviske gruppe af neutronfor-
skere. Udover at fremme danske interesser i anlægget vil den betydelige internationale anerkendel-
se, som dansk forskning nyder på dette område, yderligere styrke et samlet skandinavisk værtskon-
sortium. 

 

Neutronspredning: Et multidisciplinært forskningsredskab 
Neutronspredning blev oprindeligt udviklet som et instrument til brug i fysisk og kemisk forskning 
men har siden fundet anvendelse indenfor en bred vifte af forskningsområder, der spænder fra mere 
traditionelle discipliner såsom biologi og geologi, materiale- og miljøvidenskab, til en række nyere 
forskningsområder i høj vækst såsom nano- og bioteknologi og avanceret polymervidenskab. 
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I neutronspredning bombarderes en materialeprøve med en kraftig neutronstråle. Ved at måle den 
hastighed og retning hvormed neutronerne ’forlader’ eller spredes fra prøven er det muligt at udlede 
detaljeret information både om placeringen af og dynamiske egenskaber hos materialets atomer og 
molekyler. Neutroner har særlige karakteristika, der giver adgang til informationer omkring materi-
aleegenskaber, der ikke er tilgængelige ved brug af andre eksperimentelle tekniker. Neutronspred-
ning bør derfor ses som et nødvendigt supplement til andre teknikker, såsom for eksempel røntgen-
krystallografi og nuclear magnetic resonance (NMR), som hver især har deres styrker og derfor er 
optimeret til forskellige målingsformål. Den næste generation af neutronkilder vil desuden afhjælpe 
nogle af neutronspredningens karakteristiske svagheder, herunder dens manglende intensitet, og 
derved væsentligt forbedre evnen til at karakterisere materialer.  

 

Neutronkilder og innovation 
De forskningsmæssige fremskridt afledt af ESS vil passe godt ind i den forskning- og udviklings 
(FoU) dagsorden som udspringer fra en række forskningsbaserede danske virksomheder. En bred 
vifte af teknologier drager i stigende grad fordel af forbedrede observationer af dynamiske egenska-
ber på det atomare- og molekylære niveau. ESS vil således udgøre en vigtig brik i tilnærmelsen 
mellem videnskab og teknologi. Den generelle erfaring fra videnskabs- og teknologihistorien er, at 
en sådan tilnærmelse er specielt ansporende til innovation og økonomisk vækst.  

De forbedringer i videnskabelige observationer, som kan opnås gennem ESS, vil i mange tilfælde 
fungere som en direkte tilskyndelse til innovation. Ligeledes vigtige er de input, som disse observa-
tioner leverer til avancerede computer-baserede modeller og simuleringer, der har til formål at 
mindske behovet for bekostelig ’trial-and-error’ forsøg og derved nedbringe udviklingsomkostnin-
ger og -tid. En dybere forståelse for materialers mest fundamentale byggesten åbner endvidere nye 
døre indenfor for eksempel materialeteknologi og bioteknologi, hvor de hidtidige grænser for den 
videnskabelige analyse af materialer understøttes af forbedrede teknologiske muligheder for karak-
terisering.  

 

Erfaringer med SSFA i andre regioner 
En stigende andel af den globale forskningsaktivitet foretages i store nationale og internationale 
forskningsfaciliteter, der huser tusindvis af forskere og omfattende instrumenteringskonfigurationer. 
I Europa findes blandt andet det Europæiske Laboratorium for Partikelfysik (CERN) på den fransk-
schweiziske grænse, Institut Laue Langevin (ILL) reaktoren og den Europæiske Synkrotronstrå-
lingsfacilitet (ESRF) i Grenoble, Frankrig, ISIS neutronkilden nær Oxford i Storbritannien, og 
Hamburger Synchrotronstrahlungslab (HASYLAB) ved DESY i Hamburg, Tyskland. 

En række teknikker, der gør det muligt at undersøge struktur og dynamik på det atomare og mole-
kylære niveau er afhængige af sådanne store forskningsanlæg, og den forskning som bedrives ved 
brug af disse teknikker drager stor nytte af de skalafordele, der er forbundet med specialiseringen af 
videnskabelig arbejdskraft samt koncentrationen af avanceret udstyr, instrumenteringsekspertise og 
multidisciplinære forskningsinteresser. Udover de fremskridt som SSFA tilvejebringer i forhold til 
den videnskabelige forståelse for naturfænomener, fører de også til udvikling af ny instrumentering, 
samt udveksling af information, der har teknologisk og kommerciel værdi for brugervirksomheder.  

Disse faciliteter har desuden en vigtig og positiv effekt på deres værtsregioner, ikke blot i form af 
øget økonomisk aktivitet, men også i kraft af deres relationer til lokale universiteter og virksomhe-
der. Som det fremgår blandt andet af erfaringer med store forskningsanlæg i Grenoble, kan en poli-
tisk vilje til at understøtte disse relationer medvirke til at sikre, at et SSFA styrker den regionale 
ydeevne og konkurrencedygtighed og tiltrækker udefrakommende virksomheder, som placerer de-
res FoU afdelinger i området. 
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Lande (og regioner) har forskellige evne til at omsætte videnskabelige ydelser til økonomisk vækst. 
Dette skyldes blandt andet, at de repræsenterer forskellige svar på de følgende tre spørgsmål:  

1. Er kvaliteten af den lokale forskning tilstrækkelig til at gøre landet (eller regionen) attraktiv 
i den ’bytte-økonomi’, hvor ny indsigt og talent udveksles i det globale vidensamfund?  

2. Har landet virksomheder, der kan omsætte den videnskabelige forskning til konkurrence-
dygtige produkter?  

3. Er der sammenhæng mellem kerneområder indenfor universitetsforskning, videregående 
uddannelser og FoU i erhvervslivet? Forbindes disse områder i et ’system,’ som tillader ef-
fektiv koordinering og diffusion af nye muligheder ? 

De fordele, som Danmark kan opnå ved at indgå i værtskabet for ESS-S, afhænger således af tre 
primære mekanismer: kvaliteten af dansk neutronforskning, erhvervslivets muligheder for at drage 
nytte af en øget kapacitet for og kompetence i neutronspredning, og tilstedeværelsen af systemvirk-
ninger, der formår at overføre videnskabelige resultater og kompetencer til virksomhederne. For 
hver af disse tre mekanismer søger nærværende rapport at afdække det danske potentiale for at rea-
lisere fordele, som kunne berettige en eventuel dansk deltagelse i værtskabet for ESS-S. 

 

ESS-S og dansk videnskab 
Danmarks betydelige eksisterende fundament indenfor neutronforskning har i høj grad baggrund i 
forskningen ved den nu lukkede DR3 kernereaktor ved Risø. DR3 udgjorde indtil 2000 et vigtig 
knudepunkt i det europæiske netværk af neutronkilder og var særligt anerkendt for den avancerede 
instrumentering, som blev udviklet af Risø forskere.  

I februar 2005 registrerede Dansk Neutronspredningsselskab 120 neutronspredningsforskere ansat 
ved de store danske forskningsinstitutioner. Disse forskere dækker en bred vifte af videnskabelige 
områder – herunder magnetisme, nanoteknologi, fysik, kemi, superlederteknologi, biofysik, biologi, 
polymervidenskab osv. – og er primært koncentrerede omkring Risø, Københavns Universitet og 
DTU. En vurdering af kvaliteten på dansk neutronforskning ved sammenligning af antallet af citati-
oner til videnskabelige publikationer fra danske neutronforskere og en af verdens førende neutron-
kilder, ILL reaktoren i Grenoble, viser at dansk forskning er konkurrencedygtig på internationalt 
plan og derfor kan siges at have den kompetence og kritiske masse, der er nødvendig for at udnytte 
de store muligheder forbundet med en eventuel etablering af ESS i Øresundsregionen.  
 

ESS-S og dansk teknologi 
Fysik, kemi, ingeniørvidenskab, materialeteknologi og bioteknologi er blandt de områder, hvor neu-
tronvidenskab og ESS forventes at have en betydelig indvirkning på forskning og produktudvikling 
i dansk industri. På grund af den lange tidshorisont er det ikke muligt at afgøre den præcise effekt, 
ESS vil få, men til gengæld kan man på basis af de muligheder, anlægget vil åbne op for, identifice-
re særligt lovende anvendelsesområder med stor relevans for forskningstunge danske virksomheder: 

 Neutronspredning vil kunne understøtte og komplementere den eksisterende brug af ekspe-
rimentelle teknikker indenfor materialeforskning, for eksempel i forbindelse med Haldor 
Topsøes in situ studier af katalytiske reaktioner under realistiske temperatur- og trykforhold 
(da neutroner kan trænge dybt ind i materialer) eller ved reaktioner, hvor vand er tilstede 
(da neutroner har en særlig evne til at ’se’ vandmolekyler). Den øgede intensitet i neutron-
stråler, som ESS vil muliggøre, vil gøre sådanne studier gennemførlige i praksis, blandt an-
det ved at reducere mængden af ’baggrundsstøj,’ som kan gøre måleresultater sværere at 
tolke. På grund af neutroners evne til at detektere brint, har neutronspredning i øvrigt en 
vigtig potentiel anvendelse indenfor nye forskningsområder hos blandt andet Topsøe, så-
som udviklingen af brændselsceller og materialer til opbevaring af brint. 
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 Samtidig forventes neutronforskning at føre til en bedre generel forståelse for komplekse 
overflader og materialer. Væsentlige fremskridt forventes blandt andet indenfor evnen til at 
designe og udvikle nye produkter og materialer baseret på polymerteknologi, og kan derfor 
være relevante for en række danske virksomheder, der producerer medikoteknisk udstyr og 
sygeplejeartikler, såsom Coloplast.  

 Neutroner kan også bruges til at undersøge tryk og belastning i materialer for eksempel som 
følge af forvridning eller skade. Dette åbner op for nye anvendelser indenfor ingeniørviden-
skab, eksempelvis hos virksomheder som Danfoss og Grundfos, i form af studier af kom-
ponenter eller fordelingen af smøremiddel i motorer under normale arbejdsforhold. Den hø-
jere intensitet af neutronstråler, som ESS-S vil kunne levere, vil gøre det muligt at gennem-
føre sådanne studier indenfor en realistisk tidsramme. 

 Neutroner har desuden særlig relevans for bioteknologisk og farmaceutisk forskning, f. eks. 
for Lundbeck, fordi de i modsætning til andre eksperimentelle teknikker ikke har en ned-
brydende effekt på det prøveemne, der bestråles. Derudover åbner neutroners evne til at 
spore brintatomer og vandmolekyler op for helt nye muligheder for at karakterisere mem-
branproteiner, der i dag udgør en betydelig flaskehals i udviklingen af nye lægemidler. 

 Den højere neutronstråleintensitet, som ESS kan levere, vil sætte forskere i stand til at gen-
nemføre eksperimenter hurtigere og med mindre mængder af prøveemner, hvilket medfører 
at analyser af dynamiske processer over tid bliver mere rentable og effektive. Neutron-
spredning har derved potentialet til at fremme vores forståelse for, for eksempel, protein-
foldning.  

  

Systemvirkninger: Fremkomsten af nye virksomheder 
En række systemvirkninger kan forventes at opstå fra en eventuel placering af ESS-S i Lund, her-
under dannelsen af nye firmaer. Med systemvirkninger menes synergieffekter og andre fordele, der 
udspringer af samspillet mellem regionale virksomheder og andre organisationer indenfor et givent 
videnskabs- og teknologiområde. 

Dansk neutronforskning har allerede demonstreret sin evne til at danne basis for nye virksomheder. 
Et eksempel herpå er Danfysik, en førende leverandør af accelerator- og beamlinekomponenter på 
verdensplan,  som er et ’spin-off’ fra Risøs udvikling af instrumentering til neutronspredning. Et 
andet eksempel er JJ X-Ray, en mindre virksomhed, som også trækker direkte på de erfaringer, der 
findes indenfor dansk neutronforskning.  

Det er i dette henseende lovende, at Danmark igennem de sidste 10-20 år har opbygget erfaring med 
kommercialiseringen af forskningsbaserede innovationer. Eksempelvis kan nævnes en række ’spin-
off’ virksomheder, som er blevet etableret omkring Mikroelektronik Centret på Danmarks Teknolo-
giske Universitet, med udgangspunkt i mikro- og nanoteknologisk forskning. ESS-S kan forventes 
at bidrage til lignende nyetableringer af forskningsbaserede virksomheder, da nogle af de mest lo-
vende anvendelsesområder for neutronspredning ligger indenfor traditionelle styrkepositioner i 
dansk forskning, herunder fysik og materialeforskning, såvel som nyere fokusområder som nano-
teknologi, avanceret polymerforskning og bioteknologi.  

Endvidere er Danmark i kraft af bestræbelserne på at opbygge en bioteknologisk forskningsindustri 
nu i besiddelse af en erfaren og veletableret venturekapital sektor – en nødvendig forudsætning for 
udviklingen af nye opstartsvirksomheder, som vil komme til at spille en central rolle i kommerciali-
seringen af forskning fra et eventuelt ESS-S anlæg. 

Udover de langsigtede virkninger, som kan forventes ved etableringen af ESS-S, vil den danske 
økonomi også drage nytte af mere kortsigtede fordele forbundet med opførslen og vedligeholdelsen 
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af anlægget. Sandsynligvis vil placeringen af et SSFA i Øresundsregionen medføre en række direkte 
og fortrinsvis lokale fordele som følge af den øgede økonomiske aktivitet, der opstår i forbindelse 
med byggeriet og driften af anlægget. Ved CERN forskningscentret, som ligger på grænsen mellem 
Schweiz og Frankrig, har man således erfaret, at værtslandene, som henholdsvis betaler 4% og 17% 
af anlæggets driftsomkostninger, modtager ordrer svarende til 25% og 35% af det samlede indkøb 
fra leverandører.  

 

Systemvirkninger: Det lokale arbejdsmarked 
Nylige undersøgelser viser, at Danmark indenfor den nærmere fremtid vil stå overfor en markant 
mangel på højtudannet arbejdskraft, særligt indenfor det tekniske og naturvidenskabelige felt. En 
betydelig mangel på Ph.D.’er kan således forventes indenfor discipliner, som er ved at gennemgå en 
meget hurtig udvikling drevet blandt andet af et øget samspil mellem forskellige forskningsfelter. 
Denne udvikling vil forringe de systemvirkninger, som Danmark nyder godt af indenfor for eksem-
pel materialeteknologi og bioteknologi. Da landet derfor har et ekstraordinært behov for højtuddan-
net arbejdskraft kan ESS-S projektet være et vigtigt initiativ til at frembringe en positiv udvikling af 
den lokale talentpulje.  

En nyere undersøgelse af danske kandidater viste desuden, at 42% har konkrete planer (eller seriøse 
overvejelser) om en international karriere. En del af Danmarks svar på en sådan nedbrydelse af den 
nationale videnbase må nødvendigvis involvere omfattende forøgelser i den offentlige finansiering 
af dansk forskning. ESS-S projektet bør ses som et led i en fornyet strategi for at opretholde en 
dansk forskningsbase, som kan modvirke ’brain drain’ effekterne af globaliseringen af videnskabe-
lig forskningsaktiviteter ved at gøre Danmark til et mere attraktivt land for indenlandske såvel som 
udenlandske firmaers FoU. 

ESS-S forventes at lægge hus til cirka 400 permanente  videnskabsmænd og have en yderligere 
gennemstrømning på op til 5000 besøgende forskere hvert år. Da adgang til ESS faciliteterne ville 
blive allokeret på basis af en ansøgning, hvor der tages højde for både ansøgerens kvalifikationer 
såvel som det videnskabelige potentiale i projektet, kan kvaliteten af den kommende ESS-forskning 
forventes at blive høj. 

Etableringen af ESS vil også åbne op for et stort antal Ph.D. og post. doc. stillinger, som kan bidra-
ge til uddannelsen og oplæring af højtspecialiserede unge forskere ved en verdensførende forsk-
ningsfacilitet. 

Den tilførsel af forskere til Øresundsregionen, som ESS-S vil medføre, åbner således op for dannel-
sen af et ”transit” arbejdsmarked omkring en dynamisk, højtudannet og specialiseret lokal talentpul-
je. 

Danmark skal dog kunne tilbyde en attraktiv forskningsarena for at kunne tiltrække og bibeholde 
denne type arbejdskraft. Data for dansk neutronforskning tyer på en gunstig position i denne hen-
seende. Da Risøs DR3 reaktor stadig var operativ, var antallet af besøgende internationale forskere 
tre gange større end den permanente danske stab. Den internationale anerkendelse af Risøs neu-
tronspredningsinstru-menter spillede en særlig vigtig rolle i at tiltrække gæsteforskere. Her besad 
Risø besad en betydelig viden- og kompetencebase, der gav adgang til neutronforskere på topni-
veau. 

Danmark har således i kraft af sine eksisterende kompetencer indenfor neutronforskning et unikt ak-
tiv, som kan styrke anknytningen til den talentpulje, der vil besøge og arbejde ved et ESS-S anlæg. 
Det vil fremme den type netværksopbygning og samarbejde, der kan føre til rekruttering i den dan-
ske forsknings- og teknologibaserede industri.  
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Et forskningsbaseret dansk svar på udfordringerne fra globaliseringen 
En skandinavisk placering af ESS vil ydermere understøtte opbygningen af tværfaglige kompeten-
cer, da neutronspredning berører og kræver adgang til en lang række videnskabelige discipliner. 
Derudover åbner ESS-S op for en styrkelse af andre, komplementære aktiviteter såsom udviklingen 
af ny instrumentering og software til fortolkning og brug af data fra neutronspredningsforsøg. Dette 
samspil mellem kompetencer, som en lokal placering af ESS vil give anledning til i Danmark, vil 
være vanskeligt for andre at imitere og vil således give dansk forskning unikke muligheder.  

ESS-S tilbyder sig således som attraktivt element i en bredere strategi for at underbygge og forbedre 
kvaliteten af dansk forskning og på nogle områder placere den i verdenseliten.  

 

Pejlemærker for en dansk investering i ESS 
ESS projektet er en mulighed for at foretage en substantiel investering i den danske grundforsk-
ningskompetence, med en bred vifte af mulige fordele for teknologiudvikling og økonomisk vækst. 
En beslutning om at deltage i værtskabet for ESS skal dog være i form af en særlig bevilling, der på 
ingen måde kanibaliserer eksisterende støtte til dansk forskning, da dette vil nedbryde grundlaget 
for mange af de gevinster, der kan forventes fra en regional placering af ESS.  

En mulighed for at forstærke samarbejdet mellem ESS-S og universiteterne i Øresundsregionen er 
at etablere delte professorater, som involverer forskningsaktiviteter både ved neutronkilden og ved 
universitetet. Den type tilknytningsmekanisme vil være særligt fordelagtig, da den giver mulighed 
for at skabe et direkte udløb for forskningsmæssig viden og erfaring fra ESS-S til den uddannelse 
og oplæring, som foregår på de lokale universiteter. Dette vil yderligere kunne suppleres af uddan-
nelsesprogrammer og initiativer organiseret i fællesskab mellem universiteterne, ESS og eventuelt 
også erhvervslivet. 

Endeligt vil tilknytningen af ESS-S til dansk neutronforskning og det regionale forskningssamfund 
generelt kunne styrkes yderligere ved at placere administrationen af anlægget på den danske side af 
Øresund, eller gennem mere symbolske værktøjer som for eksempel at navngive ESS-S ”The Niels 
Bohr Spallation Source.”  
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Executive summary  
 
 
The issue 
The location of a next-generation neutron spallation source outside Lund is currently under consid-
eration and gives rise to the question of the benefits Denmark may derive from co-hosting such an 
investment in an advanced Large-Scale Research Facility (LSRF) with Sweden (and possibly with 
the other Scandinavian countries as well). This report submits a preliminary examination of the 
benefits Denmark may derive for its science, technology and economic competitiveness from co-
hosting the ESS-S, the official acronym for a European Spallation Source hosted by and located in 
Scandinavia. This examination is based on interviews with industrial and academic scientists and on 
review of the literature on techno-scientific and economic effects of LSRFs in general and on the 
specific possibilities offered by next-generation neutron spallation sources  

The worldwide demand for neutron spallation sources is high and increasing. The first two next-
generation sources, currently under construction in the US and in Japan, are expected to produce 
their first neutrons within the next two to three years, threatening the leading position which Europe 
for decades has in this field of research.  

ESS will be a European project and its construction investments and operating costs will be shared 
by the host countries and the participating countries. A handful of nations, hereunder the United 
Kingdom, Germany, the Scandinavian countries and Hungary, have expressed their interest in host-
ing the ESS, which will require a total investment of approximately 1.5 million euro and a 10-year 
horizon for planning and construction. A decision regarding the establishment and location of the 
ESS is still pending. As hosts of the facility the Scandinavian countries will cover a share of the ini-
tial investment in the area of 200 million euro. A 40-year financing solution offered by Nordiska 
Investerings Banken brings the projected joint Scandinavian costs down to 16-29 million euro per 
year. This compares for instance with current Danish contributions to CERN of 10-15 million euro 
per annum.  

A Danish decision to co-host will significantly increase the probability of a Scandinavian location 
of the ESS. Not only will the combined effort of the two countries allow a more attractive financial 
solution to be offered to other European countries in negotiations on the location of the ESS, but a 
host-partnership between Denmark and Sweden may also lead Norway and Finland to become co-
hosts, further building up the financial and political strength of a fully Scandinavian proposal. In 
this Scandinavian consortium, Denmark plays the special role of having the largest community of 
scientists doing research relating directly to the possibilities offered by the ESS. In addition to hav-
ing an effect on Danish interests in the facility, the strong international reputation of this area of 
Danish research will also lend added strength to a full Scandinavian host-consortium.   

 

A multidisciplinary research tool - not a narrow physics agenda 
Originally developed for use in basic research in physics and in chemistry, neutron scattering has 
since found new uses within a wide range of fields, ranging from more traditional disciplines such 
as biology and geology, materials science, engineering science, and environmental science, to a 
number of emerging, high-growth research areas such as nanoscience, life sciences, polymer sci-
ence, and soft condensed matter physics and biology.  

Neutron scattering involves bombarding a sample with a high-intensity beam of neutrons. By meas-
uring the direction and speed with which neutrons leave, or “scatter” from, the sample, information 
regarding the arrangement and dynamic motion of atoms and molecules in the sample can be in-
ferred. Neutrons have special properties that enable neutron scattering to provide unique informa-
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tion not attainable by use of other probing techniques. Neutron scattering should be seen as a neces-
sary complement to other techniques, each with particular strengths, having been optimised for dif-
ferent measurement purposes. Next generation neutron sources will significantly improve charac-
terisation and understanding of materials, bringing important advances to both science and technol-
ogy.  

 

Neutron spallation sources and innovations 
Advances in research derived from the ESS will correspond well with the R&D agenda now ap-
pearing in a number of science-based industries. A broad range of technologies increasingly bene-
fits from the improved observation of the structural and dynamic properties of matter on atomic and 
molecular levels. The ESS will operate in this emerging convergence between scientific and techno-
logical agendas. The basic lesson from the history of science and technology is that this conver-
gence is particularly conducive for innovation and economic growth.  

The improvement of such observations offered by ESS will in many cases act as direct stimuli for 
innovations, but of equal importance is the input they provide to sophisticated, computer-based 
modelling and simulation, reducing the need for expensive “trial-and-error” experimentation and ef-
fectively cutting development time and costs. This deeper understanding of the fundamental build-
ing blocks of matter opens the door to new areas of, for example, materials, engineering and life 
sciences, where the expanded frontier for the scientific analysis and characterisation of matter con-
verges with the frontier of technological performance.  

 

Experiences with LSRFs in other regions 
A notable share of scientific activity has come to be carried out in large national and international 
large-scale research facilities with thousands of scientists and massive instrumentation set-ups. 
Some of the better known LSRFs in Europe include the European Laboratory for Particle Physics 
on the Franco-Swiss border (CERN), the Institut Laue Langevin (ILL) and the European Synchro-
tron Radiation Facility (ESRF) in Grenoble, France, ISIS at CCLRC’s Rutherford Appleton Labora-
tory near Oxford in the U.K., and the Hamburger Synchrotronstrahlungslab (HASYLAB) at DESY 
in Hamburg, Germany.  

A number of the techniques that enable the study of atomic and molecular structure and dynamics 
require such large-scale facilities, and the research undertaken using such techniques benefits sig-
nificantly also from the scale and scope advantages that arise from the increased specialisation of 
scientific labour and the concentration of scientific activity, expensive and sophisticated equipment, 
instrument expertise, and multidisciplinary research interests. In addition to the advances LSRFs 
bring to scientific understanding, they also give rise to inventions of novel instrumentation and to 
exchanges of information of direct technological and commercial value for user companies. They 
also have contributed importantly to the economies of host regions, not only by their sizeable pro-
curement of local inputs, but also through their linkages with local universities and with local sci-
ence-based companies. As exemplified by Grenoble, a political will to make the best of these link-
ages will allow them to bolster regional performance and competitiveness, and to also attract out-
side firms to locate R&D-departments in the regions. 

Countries (and regions) differ in their ability to translate contributions from science into economic 
growth, primarily because they offer different answers to the following three questions: 1) does the 
quality of national science make it an attractive partner in the barter economy by which new insight 
and fresh talent is exchanged in the global scientific community; 2) are there companies that par-
ticipate actively and directly in the translation of science into technologies and competitive prod-
ucts; 3) is there correspondence between the strong areas of university science, advanced education 
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and industrial R&D, and are they connected into a system, that allows opportunities to be chan-
nelled fast and to invite actors to build coordinated advantages.  

The benefits Denmark may derive from the ESS-S will depend on these three mechanisms of scien-
tific quality, industrial research and system effects connecting the two. For each of these mecha-
nisms the report considers Danish potentials for extracting from the ESS-S the types of benefits that 
may justify a role as co-host of the project.  

 

The ESS-S and Danish science 
Denmark has a strong basis for neutron science and neutron scattering, which developed originally 
from the DR3 neutron reactor facility at the Risø National Laboratory. During its time of operation, 
DR3 constituted a key node in the European network of neutron sources and was especially recog-
nised for its development of neutron scattering instruments  

In February 2005, the Danish Neutron Scattering Society (DANSSK) registered approximately 120 
neutron scattering researchers employed by Danish institutions. They cover a broad range of scien-
tific areas, such as magnetism, nanoscience, physics, chemistry, superconductivity, biophysics and 
biology, polymer science etc., and is distributed across major Danish research institutions, with the 
highest concentrations found at Risø, Copenhagen University and the Technical University of 
Denmark. Measuring the quality of the research by comparing their citation impact with the that of 
ILL Grenoble (its closest parallel among prestigious European LSFC), the Danish research commu-
nity comes out as clearly competitive, offering the capacity necessary to assimilate and exploit the 
new opportunities flowing from a next-generation neutron source.  

 

The ESS-S and Danish technology 
Some of the industrial areas of research in which neutron science and the ESS are expected to have 
a particularly strong impact are physics and chemistry, engineering science, materials science, and 
life sciences. In a very specific sense it cannot be predicted how R&D in leading science-based 
Danish companies will draw on the research potential of ESS-S. But in broader terms the above 
mentioned convergence towards molecular and atomic levels in both science and technology also 
relates to important parts of Danish industrial research, as brought out by the following examples:  

• Neutron scattering offers a promising complement to x-ray and optical experimental techniques for Hal-
dor Topsøe. Much of Topsøe’s current research is however focused on chemical reactions on the surface 
of catalytic materials, making other techniques such as x-ray, optical techniques and electron microscopy 
more immediately relevant for their purposes. Neutron scattering will nonetheless be especially interest-
ing for studying reactions under high pressures and at high temperatures inside stainless steel tanks, and 
in reactions where water is present. The greater intensity of the ESS would facilitate such studies, for ex-
ample by allowing for polarization analysis and suppression of incoherent backgrounds that create 
‘noise’ in experimental results. Neutron scattering also carries great potential towards furthering our un-
derstanding of hydrogen fuel cells, materials for hydrogen storage and other research on hydrogen, an-
other key area of R&D for Haldor Topsøe.  

• Neutron scattering research is generally expected to contribute to the detection, understanding and de-
velopment of increasingly complex surfaces and materials, of relevance to companies such as Grundfos. 
Considerable advances are also expected in for example soft condensed materials like polymers. This 
holds indirect relevance for companies like Coloplast, who manufacture a broad range of polymer-based 
medical devices and healthcare products. 

• Neutrons can also be used to study strains and pressures in materials, e.g. as a result of deformation and 
damage, opening up for applications in engineering science, such as the study of engine parts under op-
erational conditions or of the distribution of fluids and lubricants inside operating components. The 
higher flux of the ESS would enable such studies to be undertaken on realistic time scales. 
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• In relation to the life sciences, neutrons are particularly interesting because of their non-destructive im-
pact on sample matter, their ability to detect hydrogen and loosely bound water molecules, and the re-
lated possibility of increasing contrast through the partial or complete deuteration of biomolecules. 

• High-resolution probing techniques based on the use of x-rays have been very useful in characterizing 
complex protein and virus structures, but have not been able to address the characterization of membrane 
proteins, currently a major bottleneck in drug discovery research. Similarly, the ESS would open up for 
complementary advances within the determination of hydrogen positions in proton donator/acceptance 
positions, and for studies of the structure and dynamics of proteins in solution. 

• The higher intensity offered by the ESS would enable experiments to be conducted faster and require 
smaller sample sizes. Also, it would enable time-dependent and kinetic studies of biological material. 
Neutron scattering holds the potential to significantly advance our understanding of protein folding and 
function. It can also be used to analyse the structure, function and dynamics of macromolecules in bio-
logical samples, for example to study interactions in protein-lipid and protein-RNA/DNA complexes. 
Thus, neutron scattering holds interesting possibilities, in combination with other probing techniques, for 
Danish biotech and pharmaceutical companies like Lundbeck. 

• Effects on product and competence development in related research areas, such as accelerator parts, 
would also be expected. Danfysik is a world-leading supplier of accelerator parts and could be expected 
to benefit from an increase in demand in their domestic market alongside an increase in the local need 
for (and competence in) the development of accelerator parts. 

 
System effects: Emergence of new firms 
Although their specific intensity cannot be foreseen, various types of system effects will emerge 
from the ESS-S, including the creation of new firms. 

Danish neutron research has already demonstrated its ability to spin off new businesses. This re-
search was the direct basis for the spin-out of Danfysik, the Danish company which has since be-
come a world-leading supplier of accelerator parts, still today increasing its performance, both 
commercially and technically by further diversifying its technological profile. Another example is 
JJ X-Ray, a smaller company, which also draws directly on experiences and opportunities in Danish 
neutron research. Furthermore, the same research is behind notable inventions in instrumentation 
that are now being used much more broadly all over the world.  

It matters in this context that Denmark has, over the past 10 to 20 years, accumulated experience in 
the commercialisation of science-based innovations. For example, a number of both private com-
pany and university spin-offs have been established from micro- and nanotechnological research ac-
tivities in and around the aforementioned MIC centre at the Technical University of Denmark. A 
similar boosting of commercial activity could be expected from the ESS-S, particularly since some 
of the most promising applications of neutron scattering techniques fall within traditional research 
disciplines for Denmark, such as physics and materials science, and are also highly relevant for 
emerging research areas such as nanoscience, advanced polymer science and life sciences. 

Furthermore, not least through its efforts to build a biotechnology research industry in the Copen-
hagen region, Denmark is today in a much better position in terms of venture capital institutions 
than it has been previously. In the creation of the new firms that will play an important role in 
commercialising opportunities emerging from the ESS-S, an experienced and sophisticated venture 
capital community will be a key asset.  

In addition to these long-terms effects, more direct short-term economic benefits will flow into the 
Danish economy from the ESS. The establishment of a large-scale research facility near Denmark is 
likely to bring about a number of localised, short-term economic benefits driven by the expansion in 
demand and increased economic activity generated by the development, construction, operation and 
maintenance of the facility. At CERN, for example, which is situated on the Franco-Swiss border, 
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Switzerland pays just under 4% of the operating costs, but receives 25% of the procurement. France 
pays approximately 17% of operating costs, and receives more than 35% of the procurement. 

System effects and the local talent pool 
Recent studies indicate that a severe national brain shortage is emerging. A notable shortage of 
Ph.Ds and  post. docs may be expected, not least in disciplines undergoing fast development based 
on novel combinations of disciplines. That will notably detract from Denmark’s existing positive 
system effects in materials and life sciences and their related technologies, at a time when the coun-
try very much needs the opposite. The ESS-S could very well become one of the initiatives needed 
to create these opposite, positive effects for the local talent pool. 

In addition to approximately 400 permanent, on-site scientists at the ESS-S, 5000 visiting research-
ers are expected to pass through the facility on a yearly basis. As access to the facility (which is not 
purchased directly) will be awarded on the basis of the applicants’ scientific merit and the scientific 
potential of their experiments, the overall quality of the scientists at the ESS is likely to be high.  

The establishment of the ESS-S would also open up for the creation of a number of Ph.D. and post-
doc. positions, contributing to the education and training of highly specialized young researchers at 
a world-leading facility, who could link science and technology through subsequent career moves.   

This inflow of scientists places a pool of high-level talent at the doorstep of the Danish economy, 
concentrated precisely in the fields of science and technology in which Denmark will be in particu-
lar want of advanced skills. This talent pool could be viewed as a “transit labour market” of highly 
specialized Ph.D. students, academics and professionals. However, the logic of scientific exchange 
means that to be able to attract talent from this pool, Denmark must offer an appealing and interest-
ing research arena. Data on Danish neutron science document its capability in this respect. While 
the Risø’s DR3 facility was active the number of international researchers was more than triple the 
number of Danish staff members. What produced this attraction was not the neutron source in itself, 
rather it was the quality of the science undertaken, and not least Danish instrumentation capability. 
With its existing capabilities in neutron research, Denmark has a unique resource with which to tap 
into the sizable talent pool that would visit and work at a Lund-based ESS-S. That is conducive for 
the type of networking and collaborative research that facilitates recruitment from this talent pool to 
jobs in Danish science and technology-based industry, which will be critically short of these talents. 

 

A  science-based strategic response from Denmark to the challenges of globalisation 
Increasingly not only manufacturing but also industrial R&D is being outsourced from Denmark. A 
recent survey of Danish university graduates showed that 42% had specific plans, or were seriously 
considering and international career. Part of Denmark’s response to this deterioration of its national 
knowledge base must involve comprehensive increases in the public funding of Danish science. The 
ESS-S project should be considered as part of such a revitalised, wider strategy for maintaining a 
Danish science base capable of responding to the centrifugal forces of globalisation, by making 
Denmark a much stronger point of attraction for the R&D of both domestic and foreign firms. 

A Scandinavian location for the ESS-S would have the additional advantage of engendering the 
build-up of highly multidisciplinary competences, which evolve from the necessity of bringing to-
gether knowledge and competences not only in neutron science and its many disciplinary branches, 
but also in complementary activities such as instrumentation development and the development of 
software for data interpretation and simulations. The type of combinatorial capabilities that a local 
placement of the ESS would give rise to in Denmark and the Øresund region would be difficult to 
imitate and would thus play a vital role in reinforcing Danish research competences and the under-
lying infrastructure that support their further development and application. 
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The ESS-S appears to be an attractive element precisely in such a broader strategy to raise the gen-
eral quality of scientific research in Denmark to a world-leading level within a number of research 
areas. By co-hosting the ESS-S, Denmark gets direct (and in some sense privileged) access to a 
powerful “opportunity-generating machine” in exchange for a comparatively small investment.  

 

Guideposts for a Danish investment in the ESS 
The ESS offers an opportunity to undertake a large-scale investment with a wide range of likely 
benefits for science, technology and economic growth in general in Denmark. A decision to fund 
the ESS must however come in the form of additional funding that does not in any way cannibalise 
current funding for scientific research, as this would erode the foundation for many of the direct and 
indirect gains that could be expected to accrue from the ESS-S, either from existing scientific and 
industrial activity, or from the agglomeration of new, complementary activities. 

One possibility for deepening the ties between the ESS-S and universities in the Øresund region 
could be the establishment of joint professorships, involving research activities at both the spalla-
tion source and a home university. This type of affiliation mechanism would have the added advan-
tage of creating direct outlets for scientific knowledge and experience from the ESS-S to education 
and training undertaken by local universities, which could then be supplemented through, for exam-
ple, education programs and initiatives jointly organised by universities, the ESS and possibly also 
industry partners. 

The association of the ESS-S to Danish neutron science and the regional research community in 
general could be further strengthened by locating its administration on the Danish side of Øresund, 
and by using more symbolic tools, for example by naming the ESS-S “The Niels Bohr Spallation 
Source”.  
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Abbreviations and key terms 
   

Neutron 
scattering 

Neutron scattering is one of a range of experimental techniques that are used to provide 
microscopic level information on the structure, dynamics and function of condensed 
matter. Exploiting the unique properties of neutrons, such as their ability to penetrate 
deep into materials and detect hydrogen, neutron scattering involves bombarding a 
sample with a high-intensity beam of neutrons. By measuring the direction and speed 
with which neutrons leave, or “scatter” from, the sample, information regarding the ar-
rangement and dynamic motion of atoms and molecules in the sample can be inferred. 
 
 

Neutron 
spallation 

Neutrons are uncharged particles, which form a key constituent element of atomic nu-
clei. They are difficult to access as they are bound tightly inside the nucleus. They can 
be released and harnessed into high intensity neutron beams through one of two proc-
esses: fission, which takes place in nuclear reactors, or spallation, which has emerged 
as the dominant design for new neutron sources, because of its inherent potential for 
performance improvement. At spallation sources, an accelerator produces a high-
intensity beam of protons, which is bombarded onto a heavy metal target, which is rich 
in neutrons. As a result, neutrons are released from the heavy metal by a process that 
resembles evaporation. They are then redirected into high-intensity neutron beams that 
can be used to measure the atomic and molecular structure and dynamics of a broad va-
riety of matter using highly specialized instruments. Neutrons from spallation generally 
have a higher peak intensity than reactor-based sources (meaning that they provide a 
clearer and more detailed picture of samples). This type of neutron source is also more 
efficient and environmentally friendly. 
 
 

ESS European Spallation Source in this report is used as an acronym for the project of 
establishing this type of research infrastructure somewhere in Europe over the next 10 
years.  
 
 

ESS-S European Spallation Source-Scandinavia is the project spearheaded by a consortium of  
Swedish and Danish science institutions to have ESS located outside Lund. This report 
uses ESS-S as an acronym for this location of the European Spallation Source.  
 
 

LSRF Large-Scale Research Facility.   
 



 17

1 Introduction  
This introductory chapter opens with a presentation of the main issues of the report and the context 
in which it has been written. A thumbnail sketch follows of the issues involved in Denmark co-
hosting a Lund-based world-class research facility in the form of a next-generation neutron spalla-
tion source. Finally, the approach with which this report considers its potential benefits for Danish 
science and technology is presented.   
These benefits can be considered only on the basis of a more general understanding of how science, 
via technologies, contributes to the economic performance of countries and regions. A simplified 
model of these relationships is presented and used to structure the report. This structure is presented 
at the end of the chapter in the form of a roadmap for subsequent chapters.  

1.1 Main issues and context 
The location of a next-generation neutron spallation source outside Lund is currently under consid-
eration and gives rise to the question of the benefits Denmark may derive from co-hosting such an 
investment in an advanced Large-Scale Research Facility (LSRF) with Sweden (and possibly with 
the other Scandinavian countries as well). This report submits a preliminary examination of the 
benefits Denmark may derive from co-hosting the ESS-S, the official acronym for a European Spal-
lation Source hosted by and located in Scandinavia. 

Expected to be visited and used by thousands of international scientists every year and to allow ex-
amination of research issues at the core of tomorrow’s technologies, there is little doubt that a re-
search instrument of this capacity, no matter where it is located, will contribute to advances in re-
search and to innovation-based competitiveness in many companies and research settings around 
the world. This report considers whether these contributions will flow into Danish research and 
competitiveness in ways that would be intensified if Denmark would also co-host the facility.  

This focus on the benefits for Danish science and technology addresses only one aspect of the over-
all issue of co-hosting the ESS-S. Very little time has been available for the preparation of this re-
port, so rather than touching upon many different aspects we focus on what could be considered the 
key issue in bringing out some of the potential benefits. For the same reason, the report cannot offer 
definitive recommendations, and it should be read as one component in a broader analysis and con-
sideration of Denmark’s decision to join Sweden in hosting the ESS-S. 

In particular, it should be noted that the report attempts no cost-benefit assessment of the investment 
Denmark would make as co-host of the ESS-S. The costs – and the financial models for handling 
them – are not considered here, but are presented and considered in other ESS-S documents1. Op-
portunity costs – i.e. the benefits Denmark may forego by channelling resources into this investment 
– require data and forecasts that have not been at our disposal. Equally important, we also deempha-
sise some of the most predictable economic gains Denmark may expect from a Lund location of the 
ESS-S, related to the returns from procurements to build and operate the facility. Experience from 
similar LSRFs (e.g. ILL and CERN) indicate that returns on procurements will to a considerable ex-
tent neutralise the direct costs for the host region of hosting the facility. These benefits are deem-
phasised in the report because, at the end of the day, the main issues must be whether and how ESS-
S may contribute to Danish efforts to strengthen its position as a science- and knowledge-based 
economy.  

The authors come from social science, and we make no claim of being capable of assessing neutron 
spallation from a natural science perspective. The references to these issues in this report come from 

                                                 
1  See the Additional Bibliography at the end of this report. Further documents can be found at www.ess-
scandinavia.org. 
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the literature that is now accumulating on spallation sources, and the report merely uses this litera-
ture as a point of departure for considering how Danish science and technology may benefit from a 
neutron spallation source. In addition to this literature (referenced at the end of the report), we have 
drawn on and benefited from interviews with academic and industrial scientists, and we take this 
opportunity to thank them for the insights they have made available for this report.  

The report has been produced at the initiative of the ESS-S consortium of Swedish and Danish sci-
ence institutions, to complement a parallel report prepared from a Swedish perspective in the sum-
mer of 2004 (Hallonsten et al.2004). The ESS-S consortium takes an interest in having this Euro-
pean research infrastructure located in Lund. They have given the authors completely free hands in 
designing the small project behind the report and in interpreting its findings. The responsibility for 
its shortcomings, consequently, remains entirely with the authors.  
 

1.2 Thumbnail sketch of the ESS project and the ESS-S proposal 
Neutron scattering has been established as one of a range of highly complementary and vital tech-
niques for studying the structure and function of condensed matter on the level of individual atoms 
and molecules, providing vital background information for the growth of basic scientific knowledge 
and, ultimately, the development of applications within a broad spectrum of fields, ranging from 
nanotechnology to materials science and biotechnology. 

Neutron-based studies are undertaken at large-scale research facilities called neutron sources, which 
produce high-intensity neutron beams. The worldwide demand for neutrons is high (and increasing). 
In its proposal for a global strategy for the provision of neutrons, the OECD Mega Science Forum 
recommended that ageing current neutron sources should be upgraded in order to maintain short and 
medium-term neutron capacity, and that next-generation spallation-based neutron sources should be 
constructed in North America, Asia-Pacific, and Europe to accommodate the anticipated future de-
mand for neutron scattering capacity. The first two next-generation sources, currently under con-
struction in the US and in Japan, are expected to produce their first neutrons within the next two to 
three years. 

Europe has been the world leader in neutron science for decades, but this position is threatened by 
the closure of a number of existing facilities and the lack of concrete initiatives towards the estab-
lishment of a next-generation spallation source, fuelling concerns regarding a diminished European 
capacity for neutron research. A next-generation neutron source for Europe, the European Spalla-
tion Source (ESS), has been on the drawing board for almost 15 years. A handful of nations, here-
under the United Kingdom, Germany and Hungary, have expressed their interest in hosting the 
ESS. Denmark, Sweden and Norway have suggested locating the ESS in Scandinavia (making it the 
ESS-S). The proposal to locate the ESS near Lund in Sweden envisions the construction of a 5-10 
megawatt class spallation source with a long pulse target station. In spite of substantial interest in 
hosting the next-generation European spallation source, the ESS project remains on the drawing 
board, contingent upon a clear strategic and financial commitment from one or more host countries.  

The Scandinavian share of the initial investment to build the ESS-S is in the area of 200 million 
euro. A 40-year financing solution offered by Nordiska Investerings Banken brings the projected 
joint Scandinavian costs down to 16-29 million euro per year. This compares for instance with cur-
rent Danish contributions to CERN of 10-15 million euro per annum.  

Given the nature of Danish science and technology, the country would become a comparatively in-
tensive user of the ESS, no matter where in Europe it is located. As participating country rather than 
a host country for the ESS, Denmark would incur costs not dramatically different from those that 
would be to co-cost the facility in the Øresund region, but would then miss out on the additional 
benefits for the regional economy. 



 19

1.3 The issue of Denmark co-hosting the ESS-S and the way it is addressed in this 
report  

The decision Denmark faces in committing to co-hosting the ESS-S has many interrelated facets 
and contingencies, and they may be combined and considered from different angles. One way of 
seeing these issues is to break them down into the following three aspects. 

1) Increasing the probability of a Lund location 
A Danish decision in favour of co-hosting will far from determine the ultimate location of the ESS. 
But it will increase the probability of making the ESS the ESS-S, located in Lund. It may also set in 
motion a sequence of effects which may boost this increase in all probability quite disproportionately 
compared to the modest contribution that in the end will come from Denmark. Sweden may, in the 
case of absent Danish interest, abandon the idea of hosting the facility alone, effectively taking the 
ESS-S off the agenda2. More importantly, for several reasons, a Danish decision to co-host will sig-
nificantly strengthen the ESS-S proposal. Not only will the combined effort of the two countries allow 
a more attractive financial solution to be offered to other European countries in negotiations on the lo-
cation of the ESS, but a host-partnership between Denmark and Sweden may also lead Norway and 
Finland to become co-hosts, further building up the financial and political strength of a fully Scandina-
vian proposal.  

In this Scandinavian consortium, Denmark plays the special role of having the largest com-
munity of scientists doing research relating directly to the possibilities offered by the ESS. In addition 
to having an effect on Danish interests in the facility, the strong international reputation of this area of 
Danish research will also lend added strength to a full Scandinavian host-consortium. 

2) The added influence from co-hosting 
Co-hosting the ESS-S would strengthen Denmark’s ability to influence the design, organisation and 
operation of the facility in ways that will enhance potential Danish advantages from the facility. A 
separate chapter in this report identifies Danish points of interest in this respect, which in the end may 
substantially improve Danish gains from the facility. 

3) The scope of Danish interests considered as part of the ESS-S decision  
In its most restricted version, Denmark’s interest in the ESS-S may be considered exclusively as an is-
sue of enhancing the access for Danish scientists to a next-generation research facility. The scope of 
the issue could be widened to also consider its effects on Danish technology and hence also economic 
competitiveness, which is the breadth of the issue considered in this report. But perhaps equally rele-
vant is the even broader scope, seeing the ESS-S from the perspective of Danish long-term interests in 
securing a position in Europe for a coherent knowledge-based Baltic region. If established, the ESS-S 
in Lund will become the only major European LSRF North of Hamburg. It would complement Lund’s 
existing MAX-lab synchrotron facility and should also be seen in the context of both current German 
plans for the extension (notably through the European X-Ray Free-Electron Laser Project) of the 
DESY synchrotron research centre in Hamburg, and the construction of an Østersø bridge over the 
next two decades. That would locate major, highly complementary European research facilities in 
Lund and Hamburg within a few hours travelling distance. Combined with the concentration of re-
search and educational institutions also found in the area, this setting establishes the possibility of a 
science-based region that would carry considerable weight in a global context. The decision to co-host 
the ESS-S in Lund could arguably be seen as the most effective way in which Denmark could actively 
advance its long-term interests in this scenario. Although this wider “Baltic dimension” involves a 
scope not covered in this report, it should be considered thoroughly as part of the Danish decision. 

In focusing the scope of the present report on the benefits from ESS-S for Danish science, technol-
ogy and competitiveness, we take our point of departure in the insight, achieved from a number of 
studies, that the resources countries put into their science are well invested. Returns on public fi-

                                                 
2 In an alternative version of this scenario, the Swedish government would pursue the project alone, but now being free 
to suggest a location elsewhere in Sweden, e.g. in the Stockholm area.   
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nancing of science is considerable, estimated in a number of studies as being in the range of 20-40 
%, and the combination of public and private R&D contributes importantly to observed growth in 
per capita income (Griliches 1996; Crespi and Geuna 2004). But these returns are estimated at ag-
gregate levels, and the pay-off from specific investments is less straightforward. This is not only 
because the outcome of single entities of research is inherently uncertain, but also because their 
separate effects on economic returns are exceedingly difficult to establish on a one-to-one basis 
(Martin and Salter 1996).  Even retrospectively tracing the R&D history behind successful science-
based technologies gives no unequivocal answers (Sherwin and Isenson 1967; Battelle Columbus 
Laboratories 1973), and forecasting payoffs from future specific science investments – such as ESS-
S – meets additional methodological hazards. These hazards are only exacerbated by the time hori-
zon of the ESS, which at the earliest could be in operation by 2015. 

Instead of attempting that kind of predictions, this report considers from an indirect approach the 
benefits Denmark may derive from ESS-S. We thus start by identifying the pathways by which sci-
ence generally gives rise to economic benefits, and by presenting them in a simple analytical 
framework. If Denmark is to extract value from the ESS-S, these pathways must be operative in our 
public sector science and in our industrial R&D. The key question to ask is how capable and rele-
vant the Danish version of these pathways will be for transforming ESS-S generated opportunities 
into economic benefits. From this approach we draw a profile of the opportunities we may expect to 
flow from ESS-S, then consider if the Danish science-technology system holds the capability re-
quired for processing them towards economic benefits. 

1.4 Pathways from science to economic growth: An analytical framework 
The extent to which science translates into economic performance and the mechanisms by which it 
happens are questions addressed in a growing literature (Rosenbloom, Richard S. and Spencer, Wi-
liam J.1996; Smith, Bruce L. R and Barfield, Claude E.1996; Scherer 1999; National Academy of 
Engineering 2003), which may help us consider the potential role of the ESS-S, particularly if some 
of its key points are referred to the three following foci3:  

1) The basic relationships between science and technological problem-solving.  

2) The role of firms and of their interaction with university science. 

3) Science-economy relationships considered as systems involving linkages between multiple insti-
tutional and commercial organisations operating within related science-based technological 
fields. 

1.4.1 How science contributes to technological problem-solving  
Technologies are artefacts helping us to achieve controlled effects, so progress in our ability to un-
derstand and to predict these effects will also have the potential of enhancing technological innova-
tions and improvements. Whereas technologies are much more than scientific insight translated into 
artefacts, their progress draws substantially – and to a growing extent – on scientific progress 
(Mansfield 1996; Narin et al.1997). That happens primarily through advances in theory and in in-
strumentation, and through advanced education.   

Theoretical advances in science represent an improved understanding of 
cause-effect relationships, e.g. of the conditions under which they operate 
and how they may be controlled. These advances enrich technological de-
sign not necessarily by delivering the exact missing answer to a specific 
technological problem, but rather by making the search for solutions more 

                                                 
3 The science-economy relationships summarised below refer to the natural and engineering sciences only, and they dif-
fer in notable respects from the corresponding relationships for the social sciences and the humanities. 
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effective e.g. by redefining or focusing the area to be explored for answers (David et al.1994; 
Valentin and Jensen 2002). Such technological benefits may indeed have been the intended objec-
tive of a specific piece of research. But frequently research becomes useful at some later point in 
time for technological problem-solving related to issues which might barely have been conceived 
when the research was carried out. (This is one of the many reasons why societies will miss out on 
the long-term pay-offs from their science if they direct it too narrowly towards servicing the techno-
logical frontier at the time when research is prioritised.) In these ways, technology is propelled not 
only by major fundamental theoretical advances, but also by the multitude of advances in special-
ised theories that are more closely associated with specific technological fields (Valentin and Jensen 
2003). 

By inventing and developing novel instrumentation, science establishes 
new methods for observing, measuring and manipulating phenomena, which 
were previously outside sensory reach. Instruments are often first conceived 
and invented in the basic sciences, probably because they position highly 
creative scientists at the intersection of push mechanisms (significant theo-
retical advances also suggest attributes of nature that render them observable from new angles) and 
pull effects (the need to verify novel theoretical conjectures that cannot be tested using existing in-
strumentation)4. Once invented within a specialised fundamental research agenda, new instruments 
diffuse not only within their field of origin, but also into other disciplines. The “export” of instru-
ment inventions from physics into chemistry, and from physics-chemistry combinations further into 
biology is particularly striking (Rosenberg 1992). This pattern of “instrument migration” was essen-
tial for example to the molecular revolution that reshaped the life sciences from the mid-20th cen-
tury onwards (Judson 1979). Novel instrumentation, consequently, defines new interfaces and over-
laps between disciplines, stimulating not only interdisciplinary collaboration, but sometimes also 
the emergence of entirely new, hybrid disciplines (e.g. geophysics, computational physics and arti-
ficial intelligence).  

Having diffused into other disciplines, novel instrumentation migrates further into industrial R&D, 
often inducing steep advances in materials and process characterisation, hence forming a second 
type of pathway from science to economic benefits. Large parts of the instrumentation that from the 
molecular level today boost productivity in pharmaceutical research (Thomke 2003) were originally 
invented to serve basic research. 

Novel principles for instrumentation may also give rise to radical changes in industrial process tech-
nologies (e.g. ion implantation and X-ray lithography), or to entire new product categories as ex-
emplified by the diagnostic technologies for medical applications (and beyond) of CT-scanning, ul-
trasound, or nuclear magnetic resonance, all of which originated as instrumentation devised for ba-
sic research (Lenoir and Lécuyer 1995). The computer, of course, is the example par excellence of a 
technological and commercial revolution that originated as research instrumentation. The transfer of 
instrumentation principles into novel technological applications often requires contributions from 
the discipline in which it originated. That seems to be reflected in the career patterns of physicists, 
who often transfer into and become absorbed by other fields of R&D. Here they work with the ap-
plication of physics under the headings of highly application-specific R&D issues, giving rise to the 
optical distortion that the discipline of physics lives in its ivory tower only, whereas in fact it has 
been a key driver in the creation, diffusion and adaptation of technologies over the past century 
(Sequeira and Martin 1997; Kevles 1971).  

To a large extent, science is carried out as part of the dual research-
teaching mandate of the modern university, giving rise to advanced 
teaching as the third type of mechanism by which science contributes to 
                                                 
4 For examples from physics, see e.g. (Traweek 1988). 
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technological progress. University training has the objective of installing into graduates not only 
updated insights but also an architecture of knowledge that prepares for a diversity of problem-
solving in its subsequent application. There is strong evidence to the effect that this application of 
university training to industrial problem-solving is the most widespread and probably the most criti-
cal pathway by which science translates into wealth (Klevorick et al.1995; Cohen et al.2002; Salter 
et al.2000).  

To summarise: Science contributes to technology and hence to eco-
nomic benefits by generating theoretical advances, by inventing novel 
principles for instrumentation and adopting them across multiple spe-
cialised fields of application, and by producing, through advanced 
education, the talent pool with which companies undertake complex 
problem-solving on a daily basis. 

These general mechanisms provide guidelines for the benefits that should be considered and as-
sessed in the context of ESS. That is, will it provide information of a novelty capable of stimulating 
theoretical advances? Does it have the potential for inducing novel instrumentation with multidisci-
plinary and cross-technological implications? What role does it play in expanding and improving 
the talent pool of advanced skills?  

1.4.2 The role of firms in transforming science into economic benefits  
Firms, guided by profit motives and market insight, constitute the principal mechanism for selecting 
and directing the opportunities emerging from science into competitive technologies. The predomi-
nant part of this translation takes place within large established firms (Breschi et al.2003), but it also 
gives rise to the formation of new science-based start-up firms.  

Whether it happens in established or in emerging firms, this translation does not 
materialise randomly across the landscape of industries and scientific disciplines. 
Particularly the type of R&D that draws directly on recent university research is 
found only in a limited set of industries. (Grupp 1992; Klevorick et al.1995). Scientific disciplines 
also differ significantly in the way they relate to technological change: Basic disciplines – theoreti-
cal physics and mathematics are cases in point – affect technologies primarily through their contri-
butions to other disciplines, giving them a role in technological change that is not only indirect but 
also unidirectional, in the sense that their agenda evolves largely through science-internal proc-
esses.  

But a large number of disciplines have more direct and interactive relationships with technological 
problem-solving. For these disciplines, the transformation of scientific knowledge into technologi-
cal use and competitiveness, instead of being an exogenous addition, in fact has profound effects on 
the way science is undertaken. Often they emerged as disciplines in response to key bottlenecks in 
industrial technology, and their relationship with technology remains essentially interactive 
(Rosenberg and Nelson 1994), to a large extent making them technology-driven sciences (Ziman 
1984). Computer science and metallurgy – along with other substantial parts of material science, 
bacteriology and food sciences – are obvious examples, as are the many subfields operating under 
the general heading of “engineering sciences”. They also could be referred to as Science-
Technology (S-T) interactive fields (Valentin and Jensen 2003), and they give rise to a number of 
phenomena that are essential to the contributions to the overall translation of science into wealth 
that emanate from the level of firms and industries. 

In S-T interactive fields, the fundamental challenges of industrial innovation influences parts of the 
agenda of university science, and the latter in many ways benefits from collaboration with industrial 
research, which offers university scientists access to real-life experimental data and the possibility 
to understand and anticipate fundamental issues in the industrial innovation agenda that will also at 
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some point influence their own science-internal agenda. In S-T interactive fields, coordination of 
industry-university research in many respects involves no inherent epistemic conflict and hence lit-
tle organisational friction (Meyer-Krahmer and Schmoch 1998; Rosenberg 2000; Ranga et al.2003). 
Inventive opportunities emerging from this type of university science are closer to the logic of tech-
nological exploitation, and therefore university spin-off companies more easily grow out of S-T in-
teractive fields than out of the unidirectional mode of the basic sciences. New firms emerging as 
university spin-offs more frequently grow out of S-T interactive disciplines such as software engi-
neering, instrumentation or biotechnology, compared to, say, theoretical physics and mathematics.  

To exploit as early and effectively as possible the insights emerging from university science, com-
panies in S-T interactive fields must themselves undertake research, becoming co-creators of the 
science applied in their technologies. In this role, they benefit from early awareness of (emerging) 
advances on the scientific frontier, and their networks and their research collaborations with univer-
sity science are highly useful for this purpose.  

These benefits of university-industry interactions, it should be noted, rest on the ability of both par-
ties to perform at the research-technology frontier. That is where firms gain from the first mover 
advantages derived from research (Rosenberg 1990), and where they become informative and at-
tractive guideposts for university science. Universities operating behind the frontier in their field of 
research become less valuable for firms relying on them as windows to the opportunities of tomor-
row.  

In short, a number of conditions must be fulfilled before firms can make their contributions to sci-
ence-based economic growth: Unless both industry R&D and university science perform close to 
the frontier, there is no real basis for synergy. If that condition is met, on the other hand, either party 
may benefit from ongoing exchanges, facilitated by networks and collaborations, and they may also 
give rise to company spin-offs bolstering the further development of their industrial environment.   

For our consideration of the ESS-S, these points invite us to consider the proximity of its research 
potential for issues addressed in R&D. There is little question that the ESS-S holds considerable 
promise for basic research across a number of fields. Could it be expected also to involve science 
that interacts directly with technology in forms that are conducive for the creation and transfer of 
spill-overs? Will it give rise to new science-based start-up firms? These are useful criteria for con-
sidering the ways in which economic benefits could grow out of the ESS-S. 

1.4.3 The system level  
The above contributions from science to economic performance emerge even if actors (firms and 
research institutions) relate to each other randomly. But experience shows that the translation of 
science to wealth intensifies when non-random systemic relations are formed, meaning that a set of 
actors have some of their activities directed towards each other, that some exchanges are repeated 
and have iterative qualities, and that actors specialise part of their assets or activities in an adjust-
ment to other actors within the same set. Often such systems develop on a regional basis. 

The following components play a role in the formation and development of science-driven eco-
nomic systems (Maskell 2001; Audretsch and Feldman 1996; Varga 2000):  

a) Universities build particular expertise and strength in specific disciplines or issues, induced 
e.g. by related industrial specialisation in their vicinity, perhaps combined with more acciden-
tal initial events (e.g. the recruitment of academic leadership with particular interest in the is-
sues of local industrial specialisation). 

b) Based on this specialisation, universities turn out graduates of particular relevance for local 
industry. 
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c) Firms consequently recruit an added quantity of graduates matching their particular needs, and 
a specialised labour pool for advanced skills begins to emerge.  

d) This concentration of specialised talent makes firms better at spotting and exploiting spill-
overs from local specialised research, and S-T interactive influences begin to intensify.  

e) The local labour market facilitates the constant recombination of talent exhibiting related and 
complementary skills. 

f) New firms begin to emerge, building on the surplus of combinatorial 
potential in the local talent pool and exploiting the high level of spill-
overs flowing from both local universities and industry. 

g) Frequently the take-off phase of a newly emerged, general purpose 
technology (e.g. electronics or biotechnology) (Bresnahan and Trajten-
berg 1995) provides the underlying energising force behind the above 
processes a-f. 

 
A selection of – and in some cases all – items a-g have operated in the formation of the most suc-
cessful localised science-driven systems. The emergence of Silicon Valley on the outskirts of Stan-
ford University developed from this pattern (Saxenian 1994), as did the so-called Cambridge Phe-
nomenon (Wicksteed 1985). Of less international renown, but still emerging through most of the 
same mechanisms, a telecom cluster fuelled the economy of North Jutland for two decades starting 
in the early 1980s, as did a cluster focused on antenna technologies slightly earlier around Göteborg 
(Dalum et al.1999). 

Items a-g also bring out how localised systems for science-driven growth build on the general 
mechanisms of science-economy translations discussed above. But they have the important added 
effects of not only accelerating and intensifying these mechanisms within a set of actors, but of also 
giving rise to economic benefits that to a large extent accumulate within the regional context of the 
systems. In this way, systems not only bring higher levels of pay-offs from science, they may also 
offer a type of competitiveness that is more robust compared to what comes out of single firms. Fur-
thermore, building on complementarities and on combinatorial effects, their advantages do not so 
easily lend themselves to relocation in a globalised context; rather, if sufficiently successful, they 
become further strengthened by attracting other more mobile actors from outside the region into 
their system of synergies.  

1.5 Roadmap 
This chapter has distinguished between three main mechanisms by which science, via its contribu-
tions to technology, generates economic benefits, and this distinction also provides the structure for 
this report. First we sum up the main characteristics of the ESS, emphasising the ways in which it is 
expected to contribute to scientific advances and to technological problem-solving. The ESS has all 
the key characteristics of a LSRF, so this chapter also reviews studies of how LSRFs have previ-
ously contributed to science and technology and to the rise of science-driven systems effects in their 
host regions. Chapter 3 considers Danish science in terms of its potential for processing and build-
ing on the potential of the ESS-S, while Chapter 4 considers Danish industry from the same angle. 
Chapter 5 looks into the potential role of the ESS-S in strengthening the Øresund region as a sci-
ence-based economic system. Chapter 6 identifies issues in the institutional and organisational de-
sign of the ESS-S that require attention as part of the Danish co-hosting decision. Chapter 7 pre-
sents conclusions, emphasising that the relevant framework in which to assess the potential of the 
ESS-S is to see it as part of a broader science-based strategic response to the challenges from glob-
alisation to the Danish economy.   
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2 The science and technology of the ESS 

2.1 The ESS project 
As mentioned in Chapter 1, in its proposal for a global strategy for the provision of neutrons, the 
OECD Mega Science Forum recommended that current sources should be refurbished and upgraded 
– to maintain capacity in the short and medium-term – and that next-generation spallation-based 
neutron sources should be constructed in North America, Asia-Pacific, and Europe – to accommo-
date the anticipated future demand for neutron scattering capacity. The first two next-generation, 
high-flux spallation-based sources are already underway in both North America and the Asia-
Pacific region. The Spallation Neutron Source (SNS) in Tennessee is expected to be ready for op-
eration next year, and completion on the construction of a similar source in Tokai, Japan, is fore-
seen in 2007. 

Although the neutron scattering technique was pioneered by American scientists, Europe has been 
the world leader in neutron science for decades. Currently, this position is buttressed first and fore-
most by two high-flux facilities – the Institut Laue-Langevin (ILL) reactor in Grenoble, France, and 
the ISIS spallation facility in the United Kingdom – but also supported by a network of low- and 
medium-flux (mostly national) facilities. All in all, these facilities serve a growing and well-
organized user community numbering approximately 5000 academic and industry-based research-
ers. 

This prominent position is in danger of erosion, however, as existing European facilities for neutron 
research are ageing, and no concrete initiatives towards the establishment of new facilities have 
been taken yet. These developments have fuelled concerns regarding a diminished European capac-
ity for neutron research. As stated in a 2003 report from the European Strategy Forum on Research 
Infrastructures on Medium to long-term future scenarios for neutron-based science in Europe:  

“Numerous analyses have shown that, unless new actions are taken, there will be a declining capability 
of neutron facilities in Europe. Although the life span of some of the facilities can be extended, they will 
eventually be shut down as their scientific competitiveness diminishes and/or as a result of cost/benefit 
considerations by the operators/owners.”  

An insufficient supply of neutron sources would lead to queue formation at remaining facilities, and 
necessitate the use of sub-optimal measurement tools in situations where neutron scattering is better 
suited than alternative probing techniques. Initiatives are underway to upgrade major existing neu-
tron sources in Europe and to construct new, regional or national facilities. At best, however, these 
projects will serve only to extend the life of existing facilities and thus ward off an impending neu-
tron “drought.” The establishment of a next-generation European neutron source and research facil-
ity has been deemed necessary in order to sustain the long-term competitiveness of European neu-
tron science.  

The idea of a megawatt-class neutron source known as the European Spallation Source (ESS) 
emerged in 1990 from a panel set up by the European Commission to investigate the supply of, and 
demand for, neutrons in Europe. The projected ESS will outperform the new American and Japa-
nese sources by up to a factor of 10, and have a peak intensity thirty times that of the ILL reactor. A 
handful of nations, hereunder the United Kingdom, Germany, the Scandinavian countries and Hun-
gary, have expressed their interest in hosting the ESS, which will require a total investment of ap-
proximately 1.5 million euro and a 10-year horizon for planning and construction of the facility. A 
decision regarding the establishment and location of the ESS is still pending.  
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2.2  A multidisciplinary research tool - not a narrow physics agenda 
Originally developed for use in basic research in physics and in chemistry, neutron scattering has 
since found new uses within a wide range of fields, ranging from more traditional disciplines such 
as biology and geology, materials science, engineering science, and environmental science, to a 
number of emerging, high-growth research areas such as nanoscience, life sciences, polymer sci-
ence, and soft condensed matter physics and biology.  

As mentioned earlier, neutron scattering is 
but one of a range of experimental tech-
niques that are used to probe atomic and mo-
lecular structure and function. X-ray and 
synchrotron radiation is generally seen as a 
more important measurement technique. Al-
though it lacks some of the advantages of 
neutron scattering, it has a higher intensity 
and thus enables shorter experiments. The 
importance of ensuring the parallel devel-
opment of neutron sources and x-ray syn-
chrotrons has been emphasized at length.5 
Nuclear magnetic resonance (NMR) has 
some overlap with neutron scattering, but no 
large-scale NMR facilities are currently 
planned in Europe. Other important experi-
mental alternatives include optical tech-
niques (such as Raman and Brillouin spec-
troscopy), muon beam studies, computa-
tional techniques (e.g. for use in computer-
based modelling and simulation), direct 
space techniques such as electron and field 
ion microscopy, scanning tunnelling micros-
copy and related scanning probe techniques 
etc.  

It is generally recognized that neutrons have 
special properties that enable neutron scattering to provide unique information not attainable by use 
of other probing techniques (see Box 2.1 for more information), but that neutron scattering should 
be seen as a necessary complement to other techniques. Each technique has its particular strengths 
and has been optimised for different measurement purposes. Each technique thus provides a “differ-
ent piece of the puzzle,” advocating a problem-based approach to probing experiments, where the 
optimal technique is selected on a case-by-case basis, rather than determined based on habit or 
availability. Theory and computer-based simulation and modelling then play a key role in putting 
the pieces together, to form a coherent picture of the properties of the matter under study.  

                                                 
5 While a number of upgraded and wholly new x-ray sources are planned or already in place in Europe, no concrete ini-
tiatives to develop a next-generation neutron source have been taken. This may partly be explained by the greater fa-
miliarity of the general scientific community with x-ray-based techniques and their application possibilities, and by the 
fact that x-ray synchrotrons are easier to construct on a national or regional level than high-flux neutron sources. 

Box 2.1. Using neutrons to study atomic and molecular 
structure and dynamics 

Neutron scattering involves bombarding a sample with a high-
intensity beam of neutrons. By measuring the direction and speed 
with which neutrons leave, or “scatter” from, the sample, informa-
tion regarding the arrangement and dynamic motion of atoms and 
molecules in the sample can be inferred. 

There are a number of neutron-based probing techniques, of which 
neutron scattering is the most commonly used (and is therefore of-
ten used as a collective term for all of these related techniques). 

Neutrons are uncharged particles, which form a key constituent 
element of atomic nuclei. They have a number of unique properties 
that make them particularly well suited for certain probing experi-
ments. First, neutrons provide simultaneous information on not only 
the structure and arrangement but also on the direction, distance 
and speed of the dynamic movements of atoms and molecules. Sec-
ond, neutrons have wavelengths similar to atomic spacings, implying 
that they can be used to study materials on several levels, ranging 
from the atomic scale to the macromolecular scale. Third, they act
as very gentle probes, meaning that they are non-destructive to the 
materials under study. Fourth, they are especially well suited for 
characterizing light atoms such as hydrogen and carbon. They can 
be used in isotopic substitution because of their ability to detect hy-
drogen and distinguish between its isotopes H and D. Fifth, they can 
penetrate deep into materials, allowing for in situ studies of e.g. 
chemical reactions under realistic and/or extreme process condi-
tions. Sixth, they have a magnetic moment and are therefore very 
useful in looking at magnetic structures. Finally, neutrons “see” 
atomic nuclei directly, allowing for a relatively simple and model-free 
interpretation of results. 
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2.3 Neutron sources 
Neutron scattering can only be undertaken in large-
scale research facilities consisting of three major 
components. The neutron source, which produces 
high-intensity neutron beams, constitutes the core of 
the facility (see Box 2.2). These beams are then mod-
erated, deflected into and exploited using highly spe-
cialized neutron scattering (or beamline) instruments, 
developed for a wide spectrum of particular uses, for 
example to measure either atomic structure, macro-
molecular structure, or the dynamic movements of at-
oms and molecules. Finally, there is an extensive 
support and service infrastructure, including the 
availability of specialized software for use in data 
analysis and an on-site staff of instrument (or beam-
line) scientists who maintain and develop neutron 
scattering instruments while offering assistance to ex-
ternal users of the facility. 

Generally speaking, existing neutron facilities are 
limited not only by their low intensity (especially 
compared to x-ray diffraction), but also by the long 
time periods and large, and often unavailable, sample 
sizes they require for conducting experiments. These 
problems are particularly an issue in industrial re-
search. To address these limitations, a next-
generation type of spallation source has been intro-
duced. These facilities are in the megawatt-class and 
represent a significant increase in neutron beam intensity. 

 

2.4 Significance of the higher intensity of the ESS vis-à-vis existing sources 
The first next-generation sources, currently under construction in the US and in Japan, will be in the 
range of 1-1.5 MW. As mentioned earlier, the Scandinavian countries have jointly expressed their 
interest in hosting the ESS in Scandinavia (ESS-S), with a physical location near Lund in Sweden. 
The proposed ESS-S facility will be in the 5-10 MW class, making it by far the leading neutron 
source in the world.6 The ESS will provide a significantly higher intensity of neutrons (meaning it 
will produce a much higher number of neutrons than existing sources), which will enable a deeper 
characterization of the structural and dynamical properties of matter, and make neutron-based ex-
periments possible or simply more practical, more routine, and more competitive compared with al-
ternative techniques. By reducing the length of time required to conduct experiments, the ESS will 
facilitate the use of neutron scattering for example in time-dependent (i.e. “real-time”) and kinetic 
studies, to analyse smaller samples, to analyse weaker signals, to higher resolution in space and 
time, and to studies under more extreme conditions. The ESS is thus expected to expand the func-
tionality of neutron-based experiments in strategic fields such as life sciences, engineering, 
nanoscience, geology and materials science. Figure 2.1 compares the peak intensities of ESS with 
other neutron sources. 

                                                 
6 The ESS-S proposal furthermore envisions the construction of a long pulse target station, with the option to subse-
quently upgrade the facility to a higher accelerator power and/or extend it with a short pulse target station. 

Box 2.2. A note on neutron sources 

Although half the matter in the universe is made up of neu-
trons, they are difficult to access as they are bound tightly 
inside atomic nuclei. They can be released and harnessed 
into high intensity neutron beams through one of two 
processes: fission or spallation. Up until the 1990s, neutron 
scattering facilities were built around reactor-based neutron 
sources, which produce neutrons by fission in nuclear reac-
tors. Reactor-based sources developed rapidly in the period 
following World War II. By the early 1970s, the technical 
limit for the level of intensity that can be produced by fis-
sion had been reached. Reactor sources are characterized 
by a continuous or steady-state supply of neutrons, but 
suffer from low intensities (that is, they produce a low 
number of neutrons per time unit). 

The dominant design for neutron sources has since taken 
the form of accelerator-based sources, which produces 
neutrons in a spallation process. A heavy metal target, 
which is rich in neutrons, is bombarded with protons that 
have been accelerated to a high energy, in order to release 
neutrons by a process that resembles evaporation. Spalla-
tion sources generally operate in a pulsed mode, meaning 
that neutron beams are emitted in bursts and separated by 
periods of inactivity, and that a much higher fraction of the
neutrons produced can be used in the instruments than at 
a steady-state source. Although these types of neutron 
sources are characterized by higher neutron brightness and 
higher peak intensity than reactor-based sources, they 
have a lower average intensity. They are also more effi-
cient and more environmentally friendly than reactor-based 
sources. 
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There is some uncertainty regarding the technological impact of the added intensity of next-
generation sources. We will be able to see more, but the question is how much more. The difference 
between current neutron beam intensities and the intensity that megawatt-class spallation sources 
will enable is often explained using an analogy comparing candlelight with a flash, as in the follow-
ing quote from The ESS Project, Vol. I (page 22): 

“Assume for a moment that one could collect all the light from a candle and then release it in short 
flashes. The total amount of light will be the same, but during the flash of light it will be very bright. 
Just as a flash allows us to make photographs which would otherwise require very high-power light 
sources in order to be visible on film, a pulsed neutron source like the ESS will be much more efficient 
than a reactor source of the same power. The ESS pulses will be 100 times “brighter” than state of the 
art reactor beams.” 

In addition to the increased intensity of next-
generation neutron sources, the ongoing optimi-
sation and specialisation of neutron scattering 
instrumentation and the development of com-
plementary software for data interpretation, 
simulation and modelling all contribute to a 
more efficient exploitation of neutron beams 
and results from neutron scattering experiments 

While neutron sources will never be able to 
compete with synchrotron sources in terms of 
brightness, neutrons nonetheless address key 
scientific issues, such as for example the detec-
tion of hydrogen and water molecules, which 
cannot be explored using x-rays. Indeed, as em-
phasised in the 1997 ESS study report edited by 
John Finney, as part of the scientific case for the 
ESS project, the high degree of complementarity between different probing techniques and the on-
going development of alternative techniques only strengthens the case for an enhancement of 
Europe’s neutron capability. A next-generation neutron source would play a substantial role in ena-
bling the full use of advances in other techniques, as illustrated by Figures 2.2 and 2.3, taken from 
The ESS Project Vol. II (page 5-4). 

2.5 The role of large-scale research facilities in driving growth 
A notable share of scientific activity has come to be carried out in large national and international 
large-scale research facilities with thousands of scientists and massive instrumentation set-ups. 
Some of the better known LSRFs in Europe include the European Laboratory for Particle Physics 
on the Franco-Swiss border (CERN), the Institut Laue Langevin (ILL) and the European Synchro-
tron Radiation Facility (ESRF) in Grenoble, France, ISIS at CCLRC’s Rutherford Appleton Labora-
tory near Oxford in the U.K., and the Hamburger Synchrotronstrahlungslab (HASYLAB) at DESY 
in Hamburg, Germany. 

 

 
 

Figure 2.1. Neutron peak flux at various facilities 
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Such complex, large facilities link researchers across a broad range of institutions and, even more 
importantly, across a diverse range of disciplines and research fields. LSRFs take approximately a 
decade to build, have long useful lifetimes (ranging from 10 to 40 years) and are typically funded 
from a variety of local and international sources, because of the high construction, operation and 
maintenance costs they imply. Many of these facilities are furthermore operated as user facilities 
servicing broader (usually national, regional or European) communities of public and private scien-
tists, and are therefore closely linked to universities and other public research organisations, and 
undertake significant amounts of collaboration with industry partners, for example on the design of 
the instrument and equipment set-up at the facility. 

What is the role of LSRFs in the general mechanisms, summarised in the analytical model in the 
previous chapter, by which science is translated to economic benefits? The key objective of LSRFs 
is to advance scientific understanding, which to an increasing extent relies on the ability to observe 
matter on a fundamental level (Panofsky 1992). Many of the techniques that allow us to analyse and 
characterise materials on a microscopic scale can only be undertaken in such facilities. A number of 
the techniques that enable the study of atomic and molecular structure and dynamics per definition 
require large-scale facilities, and the research undertaken using such techniques stands to benefit 
significantly from the scale and scope advantages that arise from the increased specialisation of sci-
entific labour and the concentration of scientific activity, expensive and sophisticated equipment, 
instrument expertise, and multidisciplinary research interests (Hevly 1992). In many cases, the 
creation or advancement of new, breakthrough areas of research is heavily dependent on the 
availability and accessibility of large-scale facilities for experimentation.  

Figure 2.2. Complementary techniques for 
studying the structural properties of matter 

Figure 2.3. Complementary techniques for 
studying the dynamic properties of matter 
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Invention of novel instrumentation and research-
related equipment is another way in which the science 
of LSRFs contributes to technology. Instruments at 
the receiving end of beamlines constantly undergo 
additions and improvements in ways that offer sug-
gestions for developing instrumentation in a number 
of other fields. More broadly, LSRFs are highly com-
plex, engineering-intensive, multi-technology “pro-
duction” lines, driven to operate at the cutting edge of 
technological performance. On this basis, much like 
space and defence technologies, they give rise to the 
invention of new solutions and they provide opportu-
nities for their first-time application, in forms that are 
conducive for subsequent diffusion (good documenta-
tion of results, exposure to multiple users etc.). Pre-
cisely these mechanisms are exemplified by a case 
from CERN, summarised in Box 2.3.  

LSRFs draw on a broad spectrum of multidisciplinary 
capabilities and competences (Galison, Peter and 
Hevly Bruce1992; Kargon et al.1992). The operation of LSRFs implies changes not just in the scale 
of research activities, but also in the organisation of resources at the facilities and in institutions col-
laborating with LSRFs, and in the very character of the research undertaken, by bringing added at-
tention to engineering and instrumentation issues, and to teamwork as opposed to individual re-
search (Hevly 1992). 

LSRFs are also involved in the role companies play in the translation of science to technology, and 
firms are increasingly among the direct users of the facilities. While companies use LSRFs to ad-
dress specific issues in their own R&D, they end up taking away not only technically relevant re-
sults, but also information, and relationships, of direct commercial consequence. Closer examina-
tion of the benefits companies extract from their work at LSRFs reveals that the multifaceted inter-
actions provided by such facilities also make user-companies aware of e.g. new fields of application 
for their existing technologies; LSRF projects may also deepen and add value to their relationships 
to key suppliers or establish new partnerships for technical collaboration (Autio et al.1996).  

The third element in our analytical model, the formation of systemic effects in the translation of sci-
ence to technology, also defines an important role for LSRFs. The areas around Oxford and Greno-
ble are cases in point7. They both host LSRFs which have contributed to local industrial develop-
ment, but this specific contribution seems to have been considerably stronger in Grenoble, for rea-
sons that suggest important lessons on how regions may obtain economic benefits from hosting a 
LSRF. 

The ILL reactor in Grenoble is often cited as an example of how a large-scale neutron source, oper-
ated as a user facility, can catalyse the agglomeration of a variety of economic activities. ILL has at-
tracted a number of subsequent investments in complementary institutions, such as the European 
Molecular Biology Laboratory (EMBL) out-station and the European Synchrotron Radiation Facil-
ity (ESRF), and stimulated the growth of local universities. These LSRFs complement each other in 
ways that makes Grenoble particularly attractive for a broad range of interrelated research issues in 
material science, which also are crucial in local industry R&D. Although both Grenoble and Oxford 
                                                 
7 The following information on Grenoble and Oxford draws on (Smith 2003; Druilhe and Garnsey 2000) and (de Ber-
nady 2005). 
 

Box 2.3.  Technology spin-offs from LSRFs -
 An example from CERN 

A multinational computer manufacturer faced new 
challenges when interacting with a big science centre. 
The scientific experiments produced huge bursts of 
data (several gigabits per second) that had to be re-
corded and dealt with in a very short space of time. 
This demand called for a completely novel technologi-
cal solution compared with the existing solutions avail-
able at the time. Powerful workstations were put to-
gether to work as a cluster to process the huge data 
flow. The computer manufacturer had to physically 
stay on the site to develop, test, and upgrade 
the data-processing network of workstations. Later, 
the applied solution for this otherwise unique problem 
paved the way to a global market success in network-
ing computers. The role of the big science centre was 
seen to be a trendsetter with challenging problems 
and a testing ground for new products. 

Source:  (Autio et al.1996) 
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host multiple universities and research centres with total research staff and students of comparable 
size, Grenoble benefits from a considerably larger local labour market for graduates, due to its 
broader and much longer industrial history. For the same reason, relationships between research in-
stitutions, teaching, LSRFs, and industry developed earlier and more broadly in Grenoble. The 
LSRFs in Grenoble, specifically, are much more involved in advanced university education than are 
their Oxford counterparts.  

In both Oxford and Grenoble, science-based firms have to a considerable extent been spun out from 
both public science and industrial R&D, and both regions also have succeeded in attracting incom-
ing science-based firms. In the latter respect, Grenoble has again been particularly successful, at-
tracting firms like Xerox, Open System Foundation, Sun Microsystems, ST Microelec-
tronic, Hewlett-Packard and Schneider-Electric, the number of inward investors increasing dramati-
cally through the latter half of the 1990s. While 145 firms in 1996 were partly or wholly foreign-
owned, in 2000 the number had grown to 212, of which 68 were US companies, accounting for 
15.600 jobs and many of which are large research laboratories. “The far greater cohort of multina-
tional firms in Grenoble than Oxfordshire has contributed to the density, diversity and capacity of 
the region's research base and the potential for cross fertilization between disciplines and from the 
range of labour skills” (Smith 2003).  

In short, Grenoble exemplifies the positive spiral of a science-based economic system, and it is 
worth noting the key elements in the circumstances that make LSRFs contribute significantly to this 
development:  

• The region not only has a strong science base, but also substantial industrial activity. 

• Company spin-offs emerge from both public research and private R&D. 

• Local employment of graduates, produced in large numbers by local universities, creates a 
labour market for advanced, science-based skills. 

• There is a correspondence between the issues addressed in advanced research in LSRFs and 
those of R&D in local industry. 

• These LSRFs also are well integrated with the local university system, including its post 
graduate training.  

 

2.6 Conclusions – the potential for technology and economic performance 
We may expect the general mechanisms by which science translates into technology and economic 
performance to be significantly enhanced within the fields of science and industrial R&D that will 
be affiliated with the ESS. By providing information not attainable using other probing techniques, 
the ESS will open for new levels of observation and analysis, thus stimulating theoretical advances 
across a number of scientific disciplines. It also will give rise to inventions of novel or significantly 
improved instrumentation, not only as part of its initial construction, but also over subsequent dec-
ades through ongoing optimisation and specialisation of techniques for extracting information from 
neutron scattering.  

These advances emerge not only from the capacity of ESS to deliver new types of data, but also 
from the ways in which it affects the organisation and the processes of research. ESS will bring to-
gether a notable concentration of university scientists from diverse disciplines, and it will induce 
new types of research specialisations and bring them into novel combinations with existing disci-
plines. Ph.D.s and post-docs play a notable role in this type of science, from which they build the 
research skills they subsequently take with them into for example industrial R&D.  
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We may expect advances in research and in Ph.D. skills derived from the ESS to correspond well 
with the R&D agenda in a number of science-based industries. Already today, a broad range of 
technologies benefits from the improved observation of the structural and dynamic properties of 
matter on atomic and molecular levels. The improvement of such observations offered by ESS will 
in many cases act as direct stimuli for innovations, but of equal importance is the input they provide 
to sophisticated, computer-based modelling and simulation, reducing the need for expensive “trial-
and-error” experimentation and effectively cutting development time and costs. This deeper under-
standing of the fundamental building blocks of matter opens the door to new areas of, for example, 
materials, engineering and life sciences, where the expanded frontier for the scientific analysis and 
characterisation of matter converges with the frontier of technological performance.  

This point of convergence is essential for the effects of science on economic performance. As long 
as the frontier of R&D capabilities only sporadically connects with the frontier of research, the pay-
off in terms of innovation and economic growth remains erratic. At the point when the two frontiers 
become aligned, the level of interaction between science and technology intensifies, and we see a 
build-up of the interactive effects between 
the two spheres, as discussed in the intro-
ductory chapter. The general pattern in sci-
ence-driven technologies, visualised in 
Figure 2.4, is marked by their prolonged 
gestation, which eventually, at the point of 
convergence, leads to steep increases in in-
novation and economic pay-off (Grupp 
1992; Valentin and Jensen 2002).   

The research envisioned for next-
generation spallation sources, and their 
correspondence with the fundamental drift 
of industrial R&D towards increasing reli-
ance on molecular and atomic properties, 
indicate that the ESS will be centrally posi-
tioned in an emerging science-technology 
convergence. On this basis, it may be expected to contribute also to technology-based economic 
growth.  

To play a part in this convergence, and to share its economic benefits, participants must hold requi-
site capabilities and have agendas in science and industrial R&D allowing them to relate to and ex-
ploit opportunities emanating from ESS research. Are such research capabilities and industrial R&D 
agendas found in Denmark to an extent suggesting that the country should take on the role of co-
hosting the ESS-S? This question is addressed in the following chapter. 
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3 Neutron scattering and Danish science 

3.1 A strong Danish community in neutron science 
The likely scientific impact of a next-generation spallation source in Danish proximity is highly 
contingent upon the existing level of neutron scattering research within the region. Denmark has a 
strong basis for neutron science and neutron scattering, which developed originally from the DR3 
neutron reactor facility at the Risø National Laboratory. During its time of operation, DR3 consti-
tuted a key node in the European network of neutron sources and was especially recognised for its 
development of neutron scattering instruments. 

The closure of DR3 in 2000 resulted in the reloca-
tion of a number of Risø scientists and instru-
ments to the Paul-Scherrer Institute (PSI) in Swit-
zerland. A comparison of publication trends 
among Danish neutron scattering scientists has 
been undertaken by Kim Lefmann, Senior Scien-
tist at Risø, indicating a short-term weakening of 
neutron research in Denmark as a result of the 
closure of DR3. However, while Risø’s dominant 
position has been severely weakened in recent 
years, the analysis also suggested a significant 
growth in publications from other Danish loci of 
neutron research. A positive effect of the DR3 
closure was thus the strengthening of other neu-
tron research groups, as Risø scientists moved to 
new positions at local universities. Combined with 
the recent establishment of several additional research 
groups, this dispersion of the competences previously 
concentrated around Risø has lead to the development 
of a distributed yet closely knit network of neutron 
scattering researchers in Denmark. 

In February 2005, the Danish Neutron Scattering So-
ciety (DANSSK) registered approximately 120 neu-
tron scattering researchers employed by Danish insti-
tutions (Figure 3.1). These researchers moreover 
cover a broad range of scientific areas, such as mag-
netism, nanoscience, physics, chemistry, supercon-
ductivity, biophysics and biology, polymer science 
etc. (Figure 3.2). 

Scientific research on neutron scattering in Denmark 
stands to benefit from the added intensity that the 
ESS would offer. As pointed out in a report on Large 
Scale Facilities for Synchrotron Radiation and Neutrons – New Possibilities for Denmark, edited 
by Robert Feidenhans’l, Denmark has long since been a substantial user of large-scale research fa-
cilities and could therefore be expected to benefit significantly from the establishment of the ESS, 
particularly in view of the existence of strong Danish competences within neutron research. A next-
generation European neutron source in Scandinavia would undoubtedly boost Danish research 
within neutron science in general, and neutron scattering in particular.  

Figure 3.1: Institutions employing DANSSK members  
                   (as of February 1, 2005) 

Figure 3.2: Scientific subjects covered by DANSSK 
members (as of February 1, 2005)
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3.2 How competitive is Danish neutron scattering research? 
An analysis of the amount and scientific impact of Danish publications in neutron science, also un-
dertaken by Kim Lefmann from Risø, indicated that they were comparable in both quantity and 
quality to publications from one of the world’s leading neutron sources, the ILL reactor in Greno-
ble. 

Figure 3.3 compares the 
number of citations per 
article published by re-
searchers at ILL, Risø 
and all of Denmark. The 
peak in citations to pub-
lications from Risø and 
Denmark in year 11-13 
can be explained by a 
low rate of publication, 
combined with several 
research breakthroughs 
at Risø within high-
temperature supercon-
ductivity and polymer 
research during the pe-
riod 1990-1993.  

In 1993, Risø was converted into a user facility open to researchers from the EU, much like the ILL 
reactor albeit on a considerably smaller scale. As of 1994 (from year 0 to year 10 in the graph), the 
amount of citations to both Danish/Risø and ILL publications was very similar, reflecting a de-
crease in the number of citations per article due to a substantial increase in the number of articles 
published. This is quite typical of large-scale user facilities, as they are subject to substantial pres-
sure to publish and will therefore seek to publish as many research findings as possible, including 
more intermediary and less significant findings. Finally, the amount of citations per article from 
Risø in the years subsequent to the closure of the DR3 facility is higher than for ILL publications 
(as can be seen on the very left side of the graph), suggesting that although the overall number of 
publications from Risø has decreased, their quality has not been affected.  

The results of Kim Lefmann’s analysis suggest that the Danish neutron scattering research commu-
nity is competitive vis-à-vis neutron science abroad, and could therefore be deemed to possess the 
capacity necessary to assimilate and exploit the new opportunities created by the increased intensity 
of a next-generation neutron source.  

3.3 Reaping the possible benefits from the ESS-S for Danish science  
The realization of potential benefits for Danish science from the establishment of the ESS-S is by 
no means guaranteed, but requires careful maintenance of Danish research competences in both 
neutron scattering and in the scientific and industrial fields of research that would use this tech-
nique. 

Although Danish neutron science holds a strong position, it is highly reliant on sustained collabora-
tion with international researchers and facilities, particularly since the closure of the DR3 facility. 

Danish neutron researchers have well-established relationships to research facilities in other coun-
tries, notably MAX-lab in Lund, the ILL reactor in Grenoble, and the ISIS spallation source in the 
U.K. The Danish competence in the development of neutron scattering instruments – which played 

Figure 3.3. Citations per article on neutron scattering published from ILL, Risø 
and Denmark as a whole 

0
5

10
15
20
25
30
35
40
45
50

0 5 10 15 20 25

Years since publication of the article 

C
it

at
io

n
s 

pe
r 

ar
ti

cl
e

ILL

DK

Risø



 36

a significant role in attracting foreign researchers to Denmark and in providing Danish researchers 
with access to other facilities – has largely moved to PSI,8 making such collaborations vital in main-
taining Danish competences in neutron scattering in the short and medium term, until the eventual 
construction of the ESS. They will not, however, be able to sustain Danish neutron science in the 
long term if the research community in Denmark does not have general access to a large-scale, re-
gional neutron source. 

The exchange of scientific knowledge is governed to a large extent by a “give-and-take” principle, 
where undertaking high-quality research provides an admission ticket, so to speak, to the general re-
search community (Powell et al.1996). If Danish neutron science relies primarily on research facili-
ties in other countries and fails to invest in competitive national/regional facilities, it will be diffi-
cult to retain local research strengths. It will also place Danish research at a disadvantage vis-à-vis 
international collaborators and research partners, as the quality of the research that the Danish re-
search community will be able to access is contingent upon the quality of the research that it can of-
fer to the general research community. In other words, an advanced, large-scale facility such as the 
ESS-S would aid Danish research in developing unique knowledge and competences, which can ef-
fectively be used as leverage on the international research scene. 

The ESS would open up new avenues for leading edge basic research within neutron science and in 
related research areas, which are particularly well suited for the use of neutron scattering as a probe 
of atomic and molecular structure. The ESS is likely to have a substantial impact on Danish re-
search, not only with neutron scattering, but also within potential user fields such as nanoscience, 
polymer science and the life sciences – all of which are key focus areas for Danish science and in-
novation policy. 

A local geographical location for the ESS would put Danish neutron researchers in a unique posi-
tion to develop even stronger competences within neutron science and would be expected to give 
rise to the increased use of neutron scattering techniques. Naturally, the full exploitation of the 
complementarities between the different probing approaches – and a problem-based approach to 
their use – would require the ESS-S to be supported not only by a well-functioning network of 
smaller, regional or national neutron sources that can accommodate local needs and be used to 
“scan” research projects that would benefit from the added capacity offered by a high-intensity 
source such as the ESS, but also by an accessible network of facilities for the use of alternative 
techniques. 

Spill-over effects on related research areas, notably the development of neutron scattering instru-
ments, would also be likely in view of the aforementioned traditional Danish strengths within in-
strumentation. 

It is of the utmost importance that a Danish decision to co-finance the ESS-S (or an ESS in another 
European location) does not negatively impact the amount of funding available for Danish research 
in general, and potential user areas in particular, as this would erode the basis not only for the sup-
port for the ESS-S from the scientific community, but also for scientific benefits for Denmark from 
a next-generation source and for the industrial impact that could be expected to accrue from associ-
ated research activities, which will be discussed in the following section. 

                                                 
8 The agreement that has been set up with PSI, in combination with funding from the Danish Science Research Council, 
does however provide Danish neutron researchers with access to the whole instrument suite at PSI. 
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4 The ESS-S and Danish industry 

4.1 The likely impact of the ESS-S on industrial technology 
By definition, neutron science implies research on a fundamental level. First and foremost, it pro-
vides essential background knowledge for further research projects. Thus, its impact on technologi-
cal development is often indirect and has a long time horizon. 

Some of the industrial areas of research in which neutron science and the ESS are expected to have 
a particularly strong impact are physics and chemistry, engineering science, materials science, and 
life sciences. Generally speaking, neutron scattering holds much promise for research in chemistry, 
for example, in the study of molecular and supramolecular structures, particularly because of its 
ability to locate light elements in proximity of heavy atoms. Neutrons’ ability to determine the posi-
tion of hydrogen atoms is also crucial in understanding hydrogen-bonding interactions. Key re-
search areas within solid state physics likewise carry industrial relevance, for example the study of 
superconductors, semiconductor structures and magnetic thin films. 

At the intersection between chemistry and materials science, the ability of neutrons to penetrate 
deep into materials allows for the in situ study of heterogeneous catalysis, that is, under realistic 
process conditions where the active properties of the catalytic materials can be studied. Moreover, 
the increased intensity of the ESS would facilitate the study of non-hydrogenous catalysis. Neutron 
scattering thus offers a promising complement to x-ray and optical experimental techniques for 
Haldor Topsøe. Much of Topsøe’s current research is however focused on chemical reactions on the 
surface of catalytic materials, making other techniques such as x-ray, optical techniques and elec-
tron microscopy more immediately relevant for their purposes. Neutron scattering will nonetheless 
be especially interesting for studying reactions under high pressures and at high temperatures inside 
stainless steel tanks, and in reactions where water is present. The greater intensity of the ESS would 
facilitate such studies, for example by allowing for polarization analysis and suppression of inco-
herent backgrounds that create ‘noise’ in experimental results. Neutron scattering also carries great 
potential towards furthering our understanding of hydrogen fuel cells, materials for hydrogen stor-
age and other research on hydrogen, another key area of R&D for Haldor Topsøe.  

Neutron scattering research is generally expected to contribute to the detection, understanding and 
development of increasingly complex surfaces and materials, of relevance to companies such as 
Grundfos. Considerable advances are also expected in for example soft condensed materials like 
polymers. This holds indirect relevance for companies like Coloplast, who manufacture a broad 
range of polymer-based medical devices and healthcare products. 

Neutrons can also be used to study strains and pressures in materials, e.g. as a result of deformation 
and damage, opening up for applications in engineering science, such as the study of engine parts 
under operational conditions or of the distribution of fluids and lubricants inside operating compo-
nents. The higher flux of the ESS would enable such studies to be undertaken on realistic time 
scales. 

In relation to the life sciences, neutrons are particularly interesting because of their non-destructive 
impact on sample matter, their ability to detect hydrogen and loosely bound water molecules, and 
the related possibility of increasing contrast through the partial or complete deuteration of bio-
molecules. 

High-resolution probing techniques based on the use of x-rays have been very useful in characteriz-
ing complex protein and virus structures, but have not been able to address the characterization of 
membrane proteins, currently a major bottleneck in drug discovery research. Similarly, the ESS 
would open up for complementary advances within the determination of hydrogen positions in pro-
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ton donator/acceptance positions, and for studies of the structure and dynamics of proteins in solu-
tion. 

The higher intensity offered by the ESS would enable experiments to be conducted faster and re-
quire smaller sample sizes. Also, it would enable time-dependent and kinetic studies of biological 
material. Neutron scattering holds the potential to significantly advance our understanding of pro-
tein folding and function. It can also be used to analyse the structure, function and dynamics of 
macromolecules in biological samples, for example to study interactions in protein-lipid and pro-
tein-RNA/DNA complexes. Thus, neutron scattering holds interesting possibilities, in combination 
with other probing techniques, for Danish biotech and pharmaceutical companies like Lundbeck. 

These examples offer a rudi-
mentary indication of the po-
tential value that neutron 
scattering holds for a range of 
industry applications, keep-
ing in mind the time horizon 
to commercialisation and the 
fundamental character of the 
knowledge gained using neu-
trons.  Although research at 
the ESS-S would be funda-
mental in nature, a certain 
overlap with regional and 
wider research interests, pub-
lic as well as private, would 
be crucial in ensuring a foun-
dation for research collabora-
tion and the joint design and 
development of specialized instruments. It would also facilitate the identification of relevant areas 
of so-called “mission-oriented” research at the intersection of scientific research agendas and indus-
trial R&D objectives. 

Effects on product and competence development in related research areas, such as accelerator parts, 
would also be expected. Danfysik, a Danish company, is a world-leading supplier of accelerator 
parts and could be expected to benefit from an increase in demand in their domestic market along-
side an increase in the local need for (and competence in) the development of accelerator parts. 

It is important to keep a European (as opposed to merely a Danish or Scandinavian) perspective in 
mind. A large proportion of the users of the ESS-S will be from outside Scandinavia, and the ESS-S 
could therefore be viewed as a high-tech facility serving a European community of users. Thus the 
ESS-S should preferably be seen an integral part of an overall European strategy to (1) maintain a 
network of local/regional facilities to serve as training ground for researchers and service local 
needs, and (2) develop a European-wide network of facilities for the use of complementary probing 
techniques, to enable the selection of the optimal experimental technique(s) on a case-by-case basis. 

4.2 Indirect benefits of the ESS-S for Danish industry 
In addition to the application of knowledge made available through the proximity of a neutron scat-
tering facility and the added intensity of the ESS-S, the establishment of a large-scale spallation 
source in Scandinavia would hold a number of indirect benefits for Danish technology and industry, 
that would not be realized if the ESS were constructed outside of the region. 

 

Figure 4.1. Examples of key uses for neutron scattering 
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It would be possible for firms to support particular applications of neutron scattering, resulting in 
the development of highly specialized competences within industrially relevant research areas, es-
pecially since the nature of the instrumentation which is set up at the ESS will exert a large influ-
ence on the areas of research that will be pursued at the facility. A number of Danish companies 
have experience in wholly or partly financing large investments in instrumentation at partner uni-
versities, effectively targeting academic research towards areas, which ultimately carry relevance 
for the companies’ commercial activities, while supporting public research. This has for instance 
taken form as co-financing for industrial Ph.D. candidates, where students undertake research in-
spired by the sponsor’s need for neutron scattering-derived information. 

This same proximity of scientific competences in neutron scattering would open up a new forum for 
public-private collaboration. Denmark has positive experiences – both in terms of the impact on 
commercial research and on feedbacks to basic research in the public domain – from creating inter-
faces between academia, other public research organizations, private companies, and the authorized 
technological service institutes. The development of micro- and nanotechnology in Denmark, for 
example, has been driven by a close and highly iterative relationship between public and private 
science, centred on the clean room facilities at the Department of Micro- and Nanotechnology 
(MIC) at the Technical University of Denmark. State-of-the-art laboratory space – and office space 
– is available for rental by companies of all sizes and from a broad range of industrial sectors. 
Moreover, MIC provides laboratory assistance and cooperates with firms on selected research ven-
tures. The resulting daily interaction, which takes place on both a formal and an informal level, has 
stimulated a number of fruitful research projects, public-private collaborations, and spin-off compa-
nies.  

From a scientific perspective, this type of public-private interplay is promising because it allows for 
a collaborative approach to dealing with emerging research issues and problems, which draws on 
both the multidisciplinary scientific competences and process know-how of the public researchers 
as well as the application-specific knowledge of the firms. Public scientists develop an awareness of 
key bottlenecks at the technological frontier, which feeds vital inputs back into the basic research 
agenda. This type of benefit is likely to influence both research projects and the development of re-
lated instrumentation in an eventual ESS-S facility, provided that a framework is established within 
which public and private science can interact on an ongoing basis. 
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5 System effects 
Section 1.4.3. summarised the mechanisms by which LSRFs contribute to the formation of local 
science-driven economic systems, and Grenoble was considered as an example of these mecha-
nisms.  

The potential of the Øresund region to extract similar economic benefits from having a world-class 
LSRF located near its centre has been suggested as a main argument in favour of the ESS-S project. 
The Øresund region, according to this argument, already has the benefit of a strong agglomeration 
of research and commercial activity, a robust communications and transportation infrastructure, and 
well-established institutional networks, in short many of the attributes that have also offered fruitful 
synergies for the LSRFs located in Grenoble. The appeal of the ESS-S proposal is cemented by the 
high degree of complementarity that characterizes the Øresund region (Törnqvist 2002). 

More specific arguments could be made that the high research standard in neutron scattering re-
search, accumulated in Denmark through the DR3 experience, holds considerable potential for gen-
erating durable system advantages from ESS-S. The first argument along these lines points to the 
potential of this Danish research for spinning out new firms and for stimulating innovation in exist-
ing firms. The other argument refers to the decisive role in the development of system advantages in 
the form of a specialised talent pool. 

5.1 New firms and innovations 
Danish neutron research has already demonstrated its ability to spin off new businesses. This re-
search was the direct basis for the spin-out of Danfysik (www.danfysik.dk), the Danish company 
which has since become a world-leading supplier of accelerator parts, still today increasing its per-
formance, both commercially and technically by further diversifying its technological profile. An-
other example is JJ X-Ray (www.jjxray.dk), a smaller company, which also draws directly on ex-
periences and opportunities in Danish neutron research. Furthermore, the same research is behind 
notable inventions in instrumentation that are now being used much more broadly all over the 
world. It is no coincidence that these examples grow out of the interface that has been established in 
Danish neutron research between advances in theory and in research instrumentation. This interface 
is an area in which Danish neutron research excels, and which almost by nature has a strong tech-
nology component.  

These are significant qualities because they position, from the very start, Danish neutron research in 
an attractive two-way traffic with the invention, development and construction of beamline instru-
mentation that will bolster the ESS-S’ position as a world-class facility. One direction of this traffic 
will see Danish scientists playing an important role in inventing and designing next-generation in-
strumentation for the ESS-S. From this task, they will channel novel opportunities for the innova-
tion of instrument technologies back into Danish neutron research, and here find an environment 
that already has some experience in commercialising such innovations. 

It matters in this context that Denmark has, over the past 10 to 20 years, accumulated experience in 
the commercialisation of science-based innovations. For example, a number of both private com-
pany and university spin-offs have been established from micro- and nanotechnological research ac-
tivities in and around the aforementioned MIC centre at the Technical University of Denmark. A 
similar boosting of commercial activity could be expected from the ESS-S, particularly since some 
of the most promising applications of neutron scattering techniques fall within traditional research 
disciplines for Denmark, such as physics and materials science, and are also highly relevant for 
emerging research areas such as nanoscience, advanced polymer science and life sciences. 

Furthermore, not least through its efforts to build a biotechnology research industry in the Copen-
hagen region, Denmark is today in a much better position in terms of venture capital institutions 
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than it has been previously. In the creation of the new firms that will play an important role in 
commercialising opportunities emerging from the ESS-S, an experienced and sophisticated venture 
capital community will be a key asset. But whereas important opportunities were lost in the early 
phases of the biotech industry (Valentin 2000) due to the absence of an experienced venture capital 
community, Denmark may now, in the context of ESS-S generated opportunities, reap the benefits 
of having created this community as part of its large biotech-related learning experience.  

In addition to these long-terms effects, more direct short-term economic benefits will flow into the 
Danish economy from the ESS. The establishment of a large-scale research facility near Denmark is 
likely to bring about a number of localised, short-term economic benefits driven by the expansion in 
demand and increased economic activity generated by the development, construction, operation and 
maintenance of the facility. Although a substantial part of these effects (hereunder also increased 
tax revenues) are likely to befall the primary ESS-S host country of Sweden, significant benefits are 
also expected for Denmark based on experiences from other facilities. At CERN, for example, 
which is situated on the Franco-Swiss border, Switzerland pays just under 4% of the operating 
costs, but receives 25% of the procurement. France pays approximately 17% of operating costs, and 
receives more than 35% of the procurement. 

The construction and maintenance of the ESS-S would provide new business opportunities for a 
large number of Danish firms in construction, energy supply, high-tech electronics and accelerator 
parts. Notably Danfysik could be expected to play a long-term role in the maintenance and im-
provement of local capabilities in developing accelerator parts and instruments, in collaboration 
with the ESS and its major users. 

5.2 Effects of the ESS-S on the local talent pool 
A report published in 2003 by the Danish Ministry of Science, Technology and Innovation 
(Ministeriet for Videnskab 2003) warned of an anticipated shortage of Ph.D. graduates within the 
natural and technical sciences in Denmark. Although additional funds have recently been commit-
ted to the education of young researchers, this does not address another key problem, namely the 
lack of thesis advisors, particularly in disciplines undergoing fast development based on novel com-
binations of disciplines.  

When we add to this warning the increasingly stronger indications that Danish graduates to a grow-
ing extent will pursue their careers outside Denmark, the risk of a severe national brain shortage 
cannot be ignored. That will notably detract from Denmark’s existing positive system effects in ma-
terials and life sciences and their related technologies, at a time when the country very much needs 
the opposite. The ESS-S could very well become one of the initiatives needed to create these oppo-
site, positive effects for the local talent pool.  

In addition to approximately 400 permanent, on-site scientists at the ESS-S, 5000 visiting research-
ers are expected to pass through the facility on a yearly basis. As access to the facility (which is not 
purchased directly) will be awarded on the basis of the applicants’ scientific merit and the scientific 
potential of their experiments, the overall quality of the scientists at the ESS is likely to be very 
high.  

The establishment of the ESS-S would also open up for the creation of a number of Ph.D. and post-
doc. positions, contributing to the education and training of highly specialized young researchers at 
a world-leading facility, who could link science and technology through subsequent career moves.   

This inflow of scientists places a pool of high-level talent at the doorstep of the Danish economy, 
concentrated precisely in the areas in which Denmark will be in particular want of advanced skills. 
This talent pool could be viewed as a “transit labour market” of highly specialized Ph.D. students, 
academics and professionals. However, the logic of scientific exchange means that to be able to at-
tract talent from this pool, Denmark must offer an appealing and interesting research arena. Data on 
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Danish neutron science document its capability in this respect. For this report, data has been put to-
gether, showing the attraction of international researchers to Danish neutron science while it was 
still centred on Risø’s DR3 facility.9 

The advanced instrumentation available at DR3, combined with its user facility approach, made the 
reactor highly competitive vis-à-vis other (including newer) neutron sources in attracting visiting 
researchers and in attracting funding to finance research stays and collaborations. Figure 5.1 shows 
the ratio of guest scientists to permanent staff in the Physics Department at Risø. During most of pe-
riod stretching from 1980 to 2000, the number of international researchers was more than triple the 
number of Danish staff members. What produced this attraction was not the neutron source in itself, 
rather it was the quality of the science undertaken, and not least Danish instrumentation capability.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The implication of this documentation is that Denmark, with its existing capabilities in neutron re-
search, has a unique resource with which to tap into the sizable talent pool that would visit and 
work at a Lund-based ESS-S. That is conducive for the type of networking and collaborative re-
search that facilitates recruitment from this talent pool to jobs in Danish science and technology-
based industry, which will be critically short of these talents.  

                                                 
9 We are grateful to Bente Lebech and Kell Mortensen for having extracted and put together this body of data.  

Figure 5.1. Ratio of visiting scientists to permanent scientists at DR3 
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6 Danish perspectives on the organisation of the ESS-S 
In this part, we present some reflections on the locational and organisational aspects of the ESS-S, 
and discuss in particular the importance of so-called “soft” investments, to complement investments 
in the neutron source and neutron scattering instrumentation.  

6.1 Locational and administrative aspects 
Seen from a Swedish perspective, locating the ESS-S in the Lund area has the advantages of 
strengthening complementarities within the Øresund region. This position has been further strength-
ened by an endorsement of the Lund location by the ESS Innovation Forum, a collaborative group 
established by the Swedish Research Council and VINNOVA (the Swedish Agency for Innovation 
Systems), which includes representatives from the Nordic countries and several research financiers. 

Clearly, from a Danish vantage point, a Lund location for the ESS-S would contribute substantially 
to the standing of Øresund as a “science region” and would establish much better connections to 
Danish R&D – public and private – than would locations elsewhere in Sweden. 

One interesting configuration of activities, which has been suggested, is the location of the facility 
in Lund, but maintenance of administrative activities in Copenhagen, with a view to furthering the 
level of cross-border integration within the Øresund area. As stated in the aforementioned report on 
Medium to long-term future scenarios for neutron-based science in Europe, cross-border regions in 
particular may have latent potential for development and agglomeration that could be released 
through the joint establishment of a large-scale research facility. This would be similar to the set-up 
behind the ITER reactor facility in France, where administration will be undertaken across the bor-
der in Spain. 

6.2 The user facility approach 
Likely benefits for Danish industry from the establishment of an ESS-S will be highly contingent on 
the development of a service infrastructure to support industry users. The ESS-S, as a European 
user facility, will need different systems for accommodating and providing on-site support to differ-
ent types of users. In view of the high degree of complementarity between neutron scattering and 
other probing techniques, the ESS could expect to see a large number of infrequent users with rela-
tively little experience with the technique. Some of these industry users may choose to access the 
neutron scattering facility through collaboration with university partners, while others, who draw on 
neutron-based experimental techniques on a more regular basis in their research and therefore build 
up a certain level of in-house capability in using the technique, may rely more directly on support 
from on-site scientists. Finally, there will be a group of “superusers” who are capable of running 
experiments independently, but who typically represent a very small proportion of the users of 
large-scale research facilities. 

In view of the greater routinisation of standard experiments that the added intensity of the ESS will 
enable, combined with increasing automation of the beamlines and instruments, the higher number 
of variables and parameters in probing experiments, and the development of specialized software 
for data analysis, a greater outsourcing of experiments and data analysis to on-site staff can be ex-
pected.  

Generally, users from industry account for a growing proportion of the use of similar facilities, as 
they are involved in up to 30% of the experiments, normally in collaboration with other partners 
from industry and/or academia (as at the ESRF and ILL facilities in Grenoble), and also buy time 
(about 5% of all beamtime) for use in confidential experiments and research. 

This points to the importance of establishing a strong permanent staff base at the ESS-S, through 
“soft” investments especially in beamline and instrument scientists, to complement investments in 
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the facility and its equipment. A well-functioning service infrastructure for supporting both aca-
demic and industry users, and ensuring the long-term maintenance and development of the beamline 
instruments, is crucial in sustaining the overall operation of the facility. It is also important to en-
sure that the facility is properly staffed at all times, since experiments are usually undertaken around 
the clock, and to ensure that on-site staff is able to accommodate both academic and industrial re-
search purposes. At the HMI reactor facility in Berlin, this issue has been met by the recruitment of 
a large number of mechanical engineers, who can relate to both academic and industrial issues.  

Supporting investments in the development of a procedural system for handling and evaluating pro-
ject applications and requests for beamtime from both public and private actors, and in the devel-
opment of technology transfer support systems, are also vital issues that will have to be addressed. 

The aforementioned ILL reactor in France has been particularly successful in pioneering the user 
facility approach, maintaining productive ties to external users, and using in-house staff to develop 
new instrumentation. This strategy has proven very successful in developing high quality instru-
mentation and in encouraging robust use by both the private and public scientific community. 

6.3 On the importance of on-site scientists and research activities 
Beamline and instrument scientists play an absolutely crucial role in maintaining and developing in-
struments, in supporting external users in setting up and undertaking experiments and analysing 
findings, and – especially – in acting as gatekeepers for network relations and the exchange of 
knowledge and experience. Users of large-scale research facilities such as the ESS spend a rela-
tively short amount of time at the actual facility, as the experiments they conduct are planned ahead 
of their visit to the facility, and as they return to their home institutions to interpret the resulting 
data. During their stay, they have limited interaction with other users. The beamline and instrument 
scientists therefore come to play an important role as vehicles for competence acquisition and trans-
fer, linking the experiences of external users with on-site knowledge. 

Investments in the training of these beamline and instrument scientists, to ensure that they are well 
equipped to tackle their many functions, are vital. This could include hiring them for periods of five 
years, since experiences from other large-scale research facilities indicate that two or three-year pe-
riods of employment are too short to ensure a sufficiently high level of competence among beam-
line scientists, limiting the facility’s ability to support and service external users. 

A related issue is the maintenance of in-house research at the ESS-S. Ongoing, internationally com-
petitive scientific research and instrumentation development would contribute to the overall knowl-
edge base of the facility, proving on-site staff with the capacity to understand and absorb research 
inputs and findings from other research communities, public as well as private. Moreover, in-house 
expertise would increase the facility’s attractiveness to visiting scientists and external users, and 
provide on-site scientists with improved access to facilities and research environments abroad. 

High-quality on-site research would also allow permanent staff scientists to capitalize on findings 
from external users’ projects and capture interesting questions for further research, and improve 
possibilities of collaboration and co-authorship with users. Finally, it would strengthen the instru-
ment scientists’ possibilities of acting as gatekeepers for knowledge and experiences from different 
research groups.  

This is important in view of the short and relatively isolated type of experiments undertaken at a fa-
cility like the ESS. Although neutron sources are by definition large-scale research facilities, the 
type of research performed on them is often referred to as “small” science, where small teams of 
scientists will typically use one instrument for a short period of time, in performing one or more 
specific experiments, the results from which are often combined with findings from a range of other 
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complementary experiments. Capturing benefits from the cross-fertilisation of ideas and possibili-
ties for collaboration across projects constitute a key role of the permanent staff at the facility. 

On-site research could be further strengthened through formal collaborative ties to local universities 
and complementary facilities, such as MAX-lab in Lund and DESY in Hamburg. 
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7 Conclusions 

7.1 The context of globalisation 
The ESS-S will be operative from 2015 at the earliest, making it difficult to foresee the context in 
which Denmark will use and derive benefits from a potential location near Lund. On the other hand, 
potential benefits can be considered only based on some notion about this future context. We sug-
gest that the following selection of current trends could be combined to form a scenario relevant for 
considering long-term Danish interests in co-hosting the facility. The exact 2015 state of these 
trends no one can predict, but only parts of this scenario need to be realised before the role of the 
ESS-S takes on a clearer meaning compared to what we get from fitting it into a context of “busi-
ness as usual” as of 2005. The 2015 scenario could have the following components:  
 
• R&D-rates of Danish firms have grown notably above 2005 levels, but to an increasing extent 

Danish firms carry out their R&D outside Denmark.  
• This outflow is caused by multiple factors, some of which are beyond influence from domestic 

Danish policies. For example, much industrial R&D is closely intertwined with production and 
sales, and will therefore to some extent invariably follow the increasing globalisation of these 
core activities of firms. Also, comparatively high costs of doing R&D in Denmark (even with-
out considering wage levels) constitute an additional disincentive for maintaining R&D in 
Denmark.  

• Relocation of Danish R&D is also brought about by direct and indirect policy effects. Prolonged 
previous underinvestment in Danish science by 2015 sets its mark on the performance of the na-
tional research system, not least in those natural science and engineering fields undergoing fast 
development and requiring costly instrumentation. Declining performance levels, principally in 
these parts of the research system, makes Denmark less attractive for firms depending on a 
state-of-the-art science base, and contributes – as an indirect policy effect – to the outward relo-
cation of Danish industrial R&D. 

• In their decision to relocate R&D, firms (according to everything we know about their knowl-
edge intakes) will be less concerned with extracting from university science direct solutions to 
their technological problem solving. Rather, firms will relocate primarily because prolonged 
underinvestment in the Danish science system no longer allows it to deliver a critical mass of 
Ph.D. graduates and post-docs. capable of operating at the frontiers of the most dynamic disci-
plines.  

• By 2015, Danish firms will have further increased their collaboration with universities and with 
advanced research facilities. However, for the above reasons, they will partner primarily with 
research settings outside Denmark. So while industrial research has expanded its linkages with 
public sector science (research and facilities), for Danish firms that means a relative decline in 
their involvement with Danish science; and Danish public sector science has difficulties in at-
tracting an inflow of industrial partnerships from foreign firms to off-set its negative “balance of 
trade” in this expanding international market for research collaboration, sponsoring and con-
tracting. 

 
A scenario with the above components is inconsistent with the declared strategy of maintaining 
Denmark’s international per capita income ranking by increasing the nation’s specialisation in the 
knowledge-intensive end of the emerging globalised economic order. To pursue this strategy, com-
prehensive increases in the public funding of Danish science is required. The ESS-S project should 
be considered as part of such a revitalised, wider strategy for maintaining a Danish science base ca-
pable of responding to the centrifugal forces of globalisation, by making Denmark a much stronger 
point of attraction for the R&D of both domestic and foreign firms.  
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Our preliminary survey of industrial research areas in Denmark indicates that there are a number of 
applications of neutron scattering research, which are highly pertinent for Danish companies and 
which may fuel the establishment of new, research-intensive start-ups and open up new forums for 
public-private research collaboration. 

We have also established that there is a robust Danish neutron science community, whose long-term 
competitiveness is however dependent on the establishment of a high-intensity neutron source near 
Denmark. Otherwise, Danish competences within neutron scattering research and instrumentation 
development will eventually be eroded by the lack of research “collateral” that can provide access 
to the international neutron research scene, and by the associated migration of scientists to research 
facilities and institutions in other countries. 

In addition to more direct economic benefits, for example in connection with procurement to the fa-
cility, we would also expect to see a number of system effects from the establishment of the ESS, 
hereunder the creation of a highly specialised transit local talent pool, a training ground for young 
researchers, and a node for forefront research that would bolster the local scientific community and 
fuel the further growth of the high-tech industries located in the region.  

This becomes particularly interesting seen in light of a recent survey of 1472 university graduates, 
undertaken by Berlingske Nyhedsmagasin in collaboration with three major Danish trade unions.10 
The results of the survey, which were made public in March 2005, indicated a high, continued level 
of migration of highly educated Danes to foreign labour markets: 42% of the respondents stated that 
they had concrete plans of (or were seriously considering) moving abroad to pursue an international 
career. Moreover, between a quarter and a fifth of all Danes who go abroad settle permanently out-
side Danish borders.  

Aside from the impact that the ESS-S would be likely to have on Danish neutron science and, ulti-
mately, in contributing to the industrial development of commercialisable inventions, a Scandina-
vian location for the ESS-S would have the additional advantage of engendering the build-up of 
highly multidisciplinary competences, which evolve from the necessity of bringing together knowl-
edge and competences not only in neutron science and its many disciplinary branches, but also in 
complementary activities such as instrumentation development and the development of software for 
data interpretation and simulations. The type of combinatorial capabilities that a local placement of 
the ESS would give rise to in Denmark and the Øresund region would be difficult to imitate and 
would thus play a vital role in reinforcing Danish research competences and the underlying infra-
structure that support their further development and application. Thus it would offer counter-effects 
to the centrifugal forces of globalism. 

The importance of strengthening the long-term sustainability of Danish science and research is fur-
ther highlighted by the increasing outflow of research-intensive industrial activities. Novo Nordisk 
is just one of the many Danish companies that are currently increasing their investments in R&D in 
other countries, notably the USA. The development of a number of exceptionally strong and highly 
competitive research areas – built on a robust foundation of broad, combinatorial capabilities – thus 
becomes essential in securing the Danish capacity for science-driven innovation.  

The ESS-S appears to be an attractive element precisely in such a broader strategy to raise the gen-
eral quality of scientific research in Denmark to a world-leading level within a number of research 
areas. By co-hosting the ESS-S, Denmark gets direct (and in some sense privileged) access to a 
powerful “opportunity-generating machine” in exchange for a comparatively small investment. 

                                                 
10 The trade unions involved in the survey were: The Danish Association of Lawyers and Economists, The Association 
of Danish Business Economists, and The Danish Society of Engineers 
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7.2 Guideposts for a Danish investment in the ESS 
There is a well-recognised tendency in Danish science funding to “spread the butter too thinly,” that 
is, allocating funds in relatively small portions across a large number of research groups and pro-
jects. While enabling small initiatives across a distributed network of research ventures, this ap-
proach has the downside that it blocks the type of larger investments, which are also necessary in 
order to enable substantial research endeavours and ultimately new breakthroughs, particularly in 
view of the high cost of the instrumentation required for much contemporary scientific research. 

The ESS offers an opportunity to undertake a large-scale investment with a wide range of likely 
benefits for science, technology and economic growth in general in Denmark. A decision to fund 
the ESS must however come in the form of additional funding that does not in any way cannibalise 
current funding for scientific research, as this would erode the foundation for many of the direct and 
indirect gains that could be expected to accrue from the ESS-S, either from existing scientific and 
industrial activity, or from the agglomeration of new, complementary activities. 

The importance of ongoing collaboration with neutron research facilities and research groups 
abroad in sustaining short- and medium-term Danish neutron science competences must also be 
kept in mind.  

It would furthermore be vital to ensure the strong and continued involvement of Danish science in 
the design and operation of the ESS-S. As mentioned earlier in the report, large-scale research fa-
cilities are much more hierarchical in nature than traditional research institutions, particularly in the 
Nordic countries, and therefore rely heavily on the coordination of both on-site and external quasi-
autonomous research groups.  

One possibility for deepening the ties between the ESS-S and universities in the Øresund region 
could be the establishment of joint professorships, involving research activities at both the spalla-
tion source and a home university. This type of affiliation mechanism would have the added advan-
tage of creating direct outlets for scientific knowledge and experience from the ESS-S to education 
and training undertaken by local universities, which could then be supplemented through, for exam-
ple, education programs and initiatives jointly organised by universities, the ESS and possibly also 
industry partners. 

The association of the ESS-S to Danish neutron science and the regional research community in 
general could be further strengthened using more symbolic tools, for example by naming the ESS-S 
The Niels Bohr Spallation Source. 

The involvement of industry in the planning and organisation of the facility is likewise important in 
ensuring an industrially relevant instrumentation set-up at the ESS-S, and thus increasing the likeli-
hood that the technological potential of the next-generation source will be realized, particularly with 
a view to supporting key Danish application areas.  

Finally, the importance of establishing high-quality on-site research at the ESS, based on a perma-
nent staff of beamline scientists that can support public and private users and function as “knowl-
edge switchboards” linking internal and external research projects, cannot be emphasized enough. 

The ESS-S should moreover be seen a part of a European strategy to maintain a robust network of 
European and local/regional neutron sources. In a broader perspective, the ESS would maintain 
Europe’s position at the forefront of neutron research and supply the neutron capability needed to 
support a problem-oriented approach to the use of experimental techniques for atomic and molecu-
lar probing, whereby private and public users can access and capture complementarities from these 
techniques on a case-by-case basis. Thus, including actual and potential foreign partners and users 
early on in the design of the ESS-S and the associated equipment set-up, is absolutely vital in ensur-
ing the performance of the facility. 
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