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Prosjekttittel
Prosjekttittel Askepott - Utnyttelse av verdiskapingspotensialet i flyveaske og avfallssyre

Prosjektets hovedmål og delmål
Hovedmålet til prosjektet vil være å systematisk utvikle økonomisk bærekraftige metoder innen mineralforedling og 
ekstraktiv metallurgi for gjenvinning av avfallssyre og materialfraksjoner fra flyveaske og lokal kalkstein. 

Dette innebærer følgende etterprøvbare delmål:
• Etablere metoder for separasjon og rensing av kalkforbindelser og andre verdifulle mineraler fra flyveaske og lokal 
kalkstein.
• Etablere en eller flere økonomisk bærekraftige metoder for å ekstrahere metaller og/eller metallkonsentrater fra 
flyveasker.
• Etablere en forbehandlingsmetode for avfallssyre med mål om å produsere ren hvitgips.
• Produsere salgbar hvitgips fra avfallssyre og kalk hentet fra lokal kalkstein og/eller flyveaske, samt optimalisere 
utbyttet av hvitgips mot forurenset rødgips.
• Gjennomføre og evaluere industrielle tester av produsert gips mot ekstern bedrift innen gips og/eller 
sementbransjen.
• Gjennomføre «pre-feasibility» studier på valgte tekniske løsninger

Prosjektsammendrag
NOAH behandler i dag farlig uorganisk avfall på en trygg og forsvarlig måte. NOAHs ambisjoner om å gjenvinne en 
fjerdedel av av massene som mottas innen 2025 svarer godt til FNs bærekraftmål, og som medlem av UN Global 
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Compact Norge så forplikter NOAH seg til å følge FNs 10 prinsipper for ansvarlig næringsliv som blant annet 
innebærer økt satsing på sirkulære løsninger. 

Uorganiske avfallsfraksjoner som flyveasker inneholder betydelige mengder med verdifulle og utnyttbare mineraler 
og metaller. Dagens gjenvinningsløsninger er dog ofte kostbare og lite økonomisk bærekraftige, og det er knyttet stor 
usikkerhet til sammensetningen av fremtidens flyveasker. For å legge til rette for økt gjenvinning vil det derfor være 
nødvendig å utvikle nye kostnadseffektive behandlingsløsninger som er robuste mot endringer i kjemisk 
sammensetning. Prosjektet har som målsetning å gjenvinne materialfraksjoner fra avfallssyre, flyveaske og lokal 
kalkstein ved å skreddersy kostnadseffektive, miljøvennlige og robuste metoder basert på metoder innen 
mineralforedling og ekstraktiv metallurgi, og vil fokusere på:

1. Gjenvinning og rensing av avfallssyre som salgbar gips.
2. Gjenvinning og rensing av kalk og andre mineralfraksjoner fra flyveaske og lokal kalkstein. 
3. Ekstraksjon og videreforedling av salgbare metaller og metallkonsentrat fra flyveasker.

Prosjektets gjennomføres i samarbeid med Kronos Titan og fagmiljøene ved Institutt for Materialteknologi og 
Institutt for Geovitenskap og Petroleum ved Norges teknisk-naturvitenskapelige universitet (NTNU) i Trondheim.

Virkninger og effekter
- Sikre fortsatt mottakskapasitet for farlig uorganisk avfall for Norsk industri.
- Mer bærekraftig håndtering av farlig avfall.
- Gjenvinning av ressurser, og derav forsyne industri med gips og andre gjenvunnede råvarer som erstatning for 
jomfruelige kilder.
- Lokale råvarer som vil redusere CO2 avtrykket for utvinning og transport av naturgips og/eller FGD gips fra Europa.
- Vil legge grunnlaget for mulig fremtidig nøytralisering av farlig avfall med CO2-fangst.
- Svarer til NOAHs ambisjoner om økt gjenvinningsgrad og FNs bærekraftmål.
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Søknadstype Innovasjonsprosjekt
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Temaområde Tema

Industri og tjenestenæringer Prosess- og foredlingsindustri

Fagkoder
Filtrer på fagområde Filtrer på fag Disiplin

Teknologi Berg- og petroleumsfag Berg- og petroleumsfag

Teknologi Materialteknologi Metallurgi
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Filtrer på fagområde Filtrer på fag Disiplin

Teknologi Materialteknologi Materialteknologi

Teknologi Miljøteknologi Miljøteknologi

Andre relevante utlysninger

Prosjektnr. v/ tilleggssøknad

Er søknaden relatert til andre 
søknader eller pågående 
prosjekter med støtte fra 
Forskningsrådet eller annen 
offentlig finansieringsordning?

Nei

Framdriftsplan

Prosjektperiode
Fra dato (dd.mm.åååå) 01.08.2021

Til dato (dd.mm.åååå) 31.12.2024

Hovedaktiviteter og milepæler i prosjektperioden (år og kvartal)
Milepæler fordelt over prosjektperioden Hovedaktivitet / Kategori Fra Kvartal Til Kvartal

1 Rensing av kalkstein fra Langøya Industriell forskning 2021 3 2023 4

2 Separasjon av kalk og mineraler fra flyveaske Industriell forskning 2021 3 2024 2

3 Rensing og produksjon av gips Industriell forskning 2021 3 2024 2

4 Oppskalering og industrielle forsøk Eksperimentell utvikling 2023 1 2024 4

5 Metallurgisk gjenvinning av metaller Industriell forskning 2021 3 2024 4

6 Gjennomførbarhetsstudie Eksperimentell utvikling 2023 1 2024 4

7 M1.1 Prosess for produksjon av kalsitt Milepæl 2021 3 2023 1

8 M2.1 Optimalisert separasjonsprosess Milepæl 2021 3 2023 4

9 M3.1 Parametere for rensing av syre og gips Milepæl 2021 3 2023 4

10 M4.1 Produsere 100kg med gips for uttesting Milepæl 2024 1 2024 4

11 M5.1 Valgt pyrometallurgisk fokusområde Milepæl 2021 3 2022 4

Budsjett

Kostnader pr. prosjektpartner pr. hovedaktivitet (i 1000 kr)
Overskriften i tabellen viser aktivitetsnumrene for hovedaktiviteter slik de er lagt inn i Framdriftsplan (når disse er 
angitt). I parentes vises valgt kategori.
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1 (IF) 2 (IF) 3 (IF) 4 (EU) 5 (IF) 6 (EU) Sum

NOAH AS 934 1006 3501 2676 958 1077 10152

Institutt for materialteknologi 0 0 0 0 5007 0 5007

Institutt for geovitenskap og 
petroleum 3370 3370 1685 0 0 0 8425

KRONOS TITAN AS 0 0 172 167 0 166 505

Totalsum 4304 4376 5358 2843 5965 1243 24089

Kostnadsplan (i 1000 kr)
2021 2022 2023 2024 2025 2026 2027 2028 Sum

Personal- og indirekte 
kostnader 1208 2913 2570 2559 9250

Innkjøp av FoU-tjenester 1193 5231 5343 1665 13432

Utstyr 0 0 188 375 563

Andre driftskostnader 94 250 250 250 844

Totalsum 2495 8394 8351 4849 0 0 0 0 24089

Spesifikasjonsfelt
Utstyr:
Leie av pilotskala filtreringsutstyr og flotasjons/separasjonsutstyr fra ekstern leverandør.

Andre driftskostnader:
- Reiser til konferanse, leverandører, partnere.
- Eksterne laboratorieanalyser.

Kostnadssted (i 1000 kr)
2021 2022 2023 2024 2025 2026 2027 2028 Sum

Næringsliv 1302 3163 3008 3184 10657

Instituttsektor 0 0 0 0 0

UoH-sektor 1193 5231 5343 1665 13432

Andre sektorer 0 0 0 0 0

Utlandet 0 0 0 0 0

Totalsum 2495 8394 8351 4849 0 0 0 0 24089
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Finansiering pr. prosjektpartner (i 1000 kr)
Forsknings-

rådet
Egen-

finansiering
Annen 

finansiering Sum Spesifikasjon av annen 
finansiering

NOAH AS 0 10152 0 10152

KRONOS TITAN AS 0 505 0 505

Totalsum 0 10657 0 10657

Finansieringsplan (i 1000 kr)
2021 2022 2023 2024 2025 2026 2027 2028 Sum

Egenfinansiering 1302 3163 3008 3184 10657

Internasjonale midler 0 0 0 0 0

Offentlig finansiering 0 0 0 0 0

Privat finansiering 0 0 0 0 0

Forskningsrådet 1193 5231 5343 1665 13432

Totalsum 2495 8394 8351 4849 0 0 0 0 24089

Spesifikasjonsfelt

Stipend
Type stipend Fra dato (dd.mm.åååå) Til dato (dd.mm.åååå)

Doktorgrad 01.11.2021 01.11.2024

Postdoktorstipendiat 01.11.2021 01.11.2023

Postdoktorstipendiat 01.05.2022 01.05.2024

Vedlegg

Prosjektbeskrivelse
Prosjektbeskrivelse ES687944_001_2_Prosjektbeskrivelse_20210415

Referanse ES687944.pdf

Curriculum vitae (CV)
Curriculum vitae (CV) ES687944_002_1_CV_20210415

Referanse CV_MBJ.pdf
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Partneropplysninger
Partneropplysninger ES687944_017_1_Bedriftsopplysninger_20210415

Referanse Partneropplysninger_NOAH.pdf
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Referanse Partneropplysninger Kronos.pdf
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Prosjektbeskrivelse for innovasjonsprosjekt i næringslivet: 

Askepott – Utnyttelse av verdiskapingspotensialet i flyveaske og avfallssyre   
 

DEL 1: Innovasjonen 

 

1. Overordnet idé  

NOAH AS tar imot og behandler farlig uorganisk avfall med opphav hos forbrukere og industri, derav 370 000 

tonn med flyveaske fra avfallsforbrenning og 200 000 m3 med avfallssyre fra Kronos Titan, i det tidligere 

kalksteinsbruddet på Langøya utenfor Holmestrand. Kalk settes til som en del av røykgassrensingen ved 

forbrenningsverkene og en stor andel av denne kalken følger flyveaskene som NOAH mottar. Kalken legger 

grunnlaget for dagens behandlingsprosess på Langøya (Figur 1), hvor den høye basisiteten til askene utnyttes 

til å nøtralisere avfallssyra fra Kronos Titan. Resultatet er en stabil gips som reduserer utlekking av farlige og 

uønskede forbindelser til omgivelsene.  

 

Med dagens prosess så anslås deponiet å være fullt innen 2029, og det jobbes med ulike løsninger for å sikre 

nødvendig deponikapasitet også i fremtiden. Samtidig så ser man at dagens prosess er lite forenelig med 

NOAHs ambisjoner om økt gjenvinning om økt satsing på gjenvinning og sirkulære løsninger, som blant annet 

reflekteres i NOAHs medlemsskap i UN Global Compact Norge. Klarer man derimot å legge til rette for økt 

gjenvinning av avfallssyre og flyveaske, og redusere deponering til kun det mest nødvendige, så vil man også 

kunne forlenge levetiden på deponiet betraktelig. 

 

 
Figur 1. I nåværende prosess nøytraliseres avfallssyra fra Kronos Titan mot kalkinnholdet i flyveasker. Uorganiske og organiske 

forbindelser fra flyveasker og annet industrielt avfall stabiliseres i en gipsmasse som reduserer utlekking til omgivelsene. 

I henhold til NOAHs allerede etablerte råvarestrøm og muligheter for gjenopptagelse av kalksteinsutvinning 

fra bruddet på Langøya så vil det være naturlig å se på muligheter for produksjon av gips som kan selges som 

råstoff f.eks. til gipsplate- og/eller sementproduksjon. Kommersielle gipsplate- og sementprodusenter bruker i 

dag syntetisk gips, også kjent som FGD gips, som et rimeligere råstoff til sin produksjon enn edruelig naturgips 

som utvinnes fra steinbrudd. FGD gips er et rent biprodukt som oppstår ved svovelrensing av røykgass fra 

kullkraftverk, men på grunn av en avtagende kullkraftproduksjon i Europa så forventer man at begge vil måtte 

erstatte en økende andel av råvarestrømmen sin med naturgips allerede om få år. En ønsker derfor å se på 

muligheter for å produsere et alternativ til FGD gips fra materialstrømmene som NOAH mottar. Prosessen vil 

være nokså lik NOAHs nåværende prosess, hvor avfallssyre (H2SO4(aq)) reagerer med en kalkkilde, f.eks. 

kalsiumkarbonat (CaCO3(s)), til dannelse av gips (CaSO4∙xH2O(s)), men for at gipsen skal kunne oppnå en 

kommersiell renhet så må kalkkilden være betydelig renere enn utgangspunktet.  

 

Kronos Titan AS i Fredrikstad produserer 36.000 tonn TiO2 pigment årlig fra norsk illmenitt som benyttes i 

blant annet maling, papir, plast og gummi. Råmaterialer er ilmenittkonsentrat (FeTiO3) fra søsterselskapet 

Tiania AS i Hauge i Dalene og konsentrert svovelsyre Boliden AS i Odda. Produksjonen er basert på en 

sulfatprosess som genererer omtrent 200 000m3 med forurenset svovelsyre i året med en negativ markedsverdi. 

I dag leveres svovelsyren til NOAH AS på Langøya der den nøytraliseres med flyveaske og brent kalk. 

 

«Askepott» har derfor som målsetning å utvikle og vurdere følgende løsninger som bidrar til økt gjenvinning 

og økt verdiskapning for NOAH AS og Kronos Titan: 
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1. Rensing og produksjon av salgbar hvitgips fra kalkstein og avfallssyre 

Prosjektet søker å ta i bruk metoder innen mineraloppredning for å knuse, separere ut og rense CaCO3(s) 

fra kalksteinsbruddet på Langøya til tilfredsstillende renhet for produksjon av gips. Det frigjorte 

volument vil deretter kunne benyttes for å sikre fremtidig deponikapasitet. Metoder for å redusere 

urenheter i både kalksteinen og avfallssyra må utvikles, og kalkens egenskaper må kartlegges og 

demonstreres i gipsproduksjon. 

 

2. Gjennvinning av kalsiumkarbonat og andre mineraler fra flyveaske til produksjon av salgbar hvitgips 

Som et alternativ til kalkstein så ønsker man å se på muligheter for å ekstrahere kalkholdige 

forbindelser fra flyveasker. Kalkinnholdet i flyveasker varierer typisk mellom 25 til 55%, og 

gjenvinning av kalk vil kunne lede til betydelig besparelser i deponivolum og potensielt bidra til økt 

verdiskapning som innsatsfaktor for gipsindustrien. Løsninger for å separere kalken fra tungmetaller 

og andre uønskede komponeneter i flyasken må derfor utvikles og den separerte kalkens egenskaper 

demonstreres i gipsproduksjon. 

 

3. Separasjon og oppkonsentrering av metallholdige forbindelser fra flyvaske til salgbare produkter 

Verdifulle metaller som aluminium (Al), sink (Zn), magnesium (Mg), titan (Ti), bly (Pb) og kobber 

(Cu) vil være aktuelle for metallgjenvinning fra flyveasken. Prosjektet søker derfor etter å ta i bruk de 

samme metodene som i pt. 1 sammen med metoder innen ekstraktiv metallurgi for å separere ut og 

oppkonsentrere metaller til salgbare produkter. Anslåtte mengder av metaller tilstede i de 370 000 tonn 

med flyveaske som NOAH mottar årlig er oppsummert i Tabell 1. Konsentrasjonene i Tabell 1 tar 

ikke hensyn til forbrenningsteknologi ved verkene, og det vil være nødvendige å kartlegge 

metallforekomster i mulighetrom for gjenvinning fra individuelle asker. Metallforekomster må 

kartlegges og metoder for ekstraksjon og videreraffinering av metaller fra prosesserte og 

uprosesserte asker må utvikles. 

 

Tabell 1. Anslåtte mengder metaller basert på gjennomsnittlig målt konsentrasjon i 370 000 tonn flyveaske. 

 Al Zn Mg* Ti* Pb Cu 

Gjennomsnittlig konsentrasjon [g/kg] 20 13 11 7 3 1 

Mengde [tonn] 7 400 4 800 4 100 2 600 1 100 400 
* Elementer som er på EUs liste over kritiske råmaterialer. 

 

2. Innovasjonsinnhold  

På grunn av sin status som farlig avfall så går flyveasker fra avfallsforbrenning i Norge og andre nærliggende 

markeder som Sverige, Danmark, England og Tyskland, primært til egnede avfallsdeponier. NOAH har med 

sin gipsprosess tradisjonelt vært en aktør som tar flyveasker, avfallssyre og andre uønskede miljøgifter ut av 

kretsløpet for sikker og forsvarlig håndtering i deponiet på Langøya. Uorganiske avfallsfraksjoner som 

flyveasker inneholder ofte betydelige mengder med verdifulle og gjenvinnbare mineraler og metaller, gjerne 

med konsentrasjoner som er sammenlignbare med naturlige forekomster, og man ser en økende innsats mot 

urban gruvedrift og alternative løsninger for flyveasker som med andre avfallsfraksjoner. I mangel på 

økonomisk bærekraftige metoder så ser man allikevel at gjenvinning fra flyveasker primært er begrenset til 

kloridsalter og enkelte metallkonsentrater som Zn, og store mengder uutnyttede materialfraksjoner blir dermed 

etterlatt på deponier. Som ett av få land i Europa så gjenvinnes det omtrent 300 tonn med Zn-plater årlig fra 

flyveasker i Sveits gjennom FLUWA/FLURC prosessene, men dette er primært drevet av strenge nasjonale 

forskrifter og anses ikke for å være økonomisk bærekraftig. Restandelen går tilbake på deponi, og i noen 

tilfeller vil den kunne omklassifiseres til ikke-farlig avfall hvis det lokale regelverket tillater dette. Svenske 

ScanArc har utviklet en metode for å fraksjonere og gjenvinne metallfraksjoner ved hjelp av plasmasmelting 

slik at restmaterialet blir rent nok til å kunne brukes som bygningsmateriale og/eller omklassifiseres til ikke-

farlig avfall, men som de fleste plasmaprosesser så er metoden svært energiintensiv. Etablerte metoder innen 

mineraloppredning og metallproduksjon har dog sett begrenset med oppmerksomet, og «Askepott» vil 

fokusere på å utvikle økonomisk bærekraftige metoder for gjenvinning av verdifulle mineraler og metaller fra 

flyveaske ved hjelp av velkjente metoder innen mineraloppredning og ekstraktiv metallurgi. Prosjektet vil også 

utvikle løsninger for å utnytte avfallssyre fra Kronos Titan sammen med kalkforbindelser fra flyveaske eller 

kalkstein fra Langøya til produksjon av en salgbar hvitgips. En tilsvarende prosess er etablert ved Kronos sitt 

anlegg i Canada, men med et høyere forurensingsnivå på avfallssyra i Norge, samt annerledes kjemisk 

sammensetning på kalkkildene, så vil prosessen måtte tilpasses lokale forhold og råvarer. 
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 Innovasjonen i prosjektet kan derfor sammenfattes som følger: 

Nye produkter 

− Kalkholdige forbindelser fra flyveaske av en kvalitet som er brukbar for kommersiell gipsproduksjon. 

− Salgbare metaller fra flyveaske, hverav noen definerte som kritiske råvarer for EU. 

− En salgbar hvitgips produsert fra avfallssyre og kalkstein og/eller kalkforbindelser fra flyveaske. 

Nye/endrede metoder eller prosesser 

− Nye prosesser for å separere og oppkonsentrere kalk- og metallholdige forbindelser fra flyveaske. 

− Skreddersydde oppredningsprosesser for å redusere urenheter i kalkstein fra Langøya. 

− Prosesser for ekstraksjon av metaller og/eller mineraler fra flyveaske og avfallssyre. 

− Optimaliserte metoder for å forbehandle avfallssyre fra Kronos Titan til bruk mot gipsproduksjon 

Med dette så ønsker NOAH å gå over fra å være et rent slutthåndteringsselskap til et gjenvinningsselskap som 

skaper nye muligheter for materialfraksjoner som tradisjonelt har blitt avhendet på deponi. Positive resultater 

fra prosjektet vil kunne by på betydelige endringer i den etablerte prosessen for behandling av flyveasker og 

avfallssyre på Langøya. «Askepott» vil også bygge videre på grunnlaget NOAH allerede har opparbeidet seg 

innen alternativ stabilisering av flyveaske, derav karbonatisering, hvor CO2 kan tas ut av kretsløpet og brukes 

til å stabilisere farlig avfall. Med optimaliserte metoder for rensing så vil ikke avfallssyre lenger være å betrakte 

som et avfall, men heller et biprodukt, og vil med det kunne skape nye markeder for Kronos. 

 

3. Verdiskapingspotensial  

NOAH: For å legge til rette for økt gjenvinning fra avfallssyre og flyveaske så forventer man å måtte legge 

om store deler av behandlingsprosessen på Langøya. For NOAH vil det allikevel være viktig å sikre fremtidig 

drift og deponikapasitet for farlig uorganisk avfall. I tillegg til å utvide deponiet ved ytterligere utvinning av 

kalkstein så vil gjenvinning av materialfraksjoner, samt påfølgende reduksjon i deponering til kun det mest 

nødvendigste, kunne forlenge levetiden på deponiet betraktelig. Vellykket gjenvinning av avfallssyre som 

hvitgips vil også åpne opp for alternativ stabilisering av flyveaske som ikke lar seg gjenvinne, f.eks. ved CO2-

fangst i en karbonatiseringsprosess. Det er allikevel forventet at mindre mengder rødgips/avfallssyre vil måtte 

deponeres på grunn av oppkonsentrering av forurensinger under gipsproduksjonen, og skulle man ikke klare å 

finne en mer bærekraftig løsning for rødgipsen så vil den kunne benyttes til å stabilisere annet industrielt avfall 

som tas imot på Langøya. Totalvolumet til deponi vil i begge tilfeller allikevel være betydelig redusert 

sammenlignet med dagens situasjon. Gjenvinning av fraksjoner til salgbare produkter som gips, metaller og 

evt. andre mineraler vil kunne gi økte inntekter til NOAH, men dette vil avhenge av rense- og 

produksjonskostnader, samt oppnådd renhet på de endelige produktene. En langsiktig og grønnere håndtering 

av farlig avfall anses å kunne gi NOAH et viktig konkurransefortrinn mot kunder som ønsker mer bærekraftige 

løsninger for sitt avfall. Med dagens mengder av avfallssyre så vil man kunne produsere opp til 90 000 tonn 

med hvitgips, en betydelig andel av råvareforbruket til Norsk gipsplateindustri. En oversikt over potensiell 

merverdi for NOAH utover dagens forretningsmodell, hvis vi lykkes å produsere hvitgips og gjenvinne sink 

fra flyveaske, vises i Tabell 2. Fjerning av farlige komponenter muliggjør gjenvinning av flyveaske i f.eks. 

sementindustri. Dette potensialet er ikke tatt med i vurderingen, men vil utgjøre et betydelig beløp.     

 

Kronos: Slik som situasjonen er i dag så er produksjonskapasiteten til Kronos Titan er betinget blant annet av 

mottakskapasitet for avfallssyre hos NOAH. I tillegg til en grønnere profil vil gjenvinning av avfallssyre også 

kunne åpne nye muligheter for produksjonen ved Kronos Titan sitt anlegg i Fredrikstad. Det er avgjørende for 

Kronos Titan AS at det finnes gode løsninger for å håndtere restprodukter fra TiO2-produksjon også etter at 

Langøya går full i 2030 for å kunne videreføre virksomheten. Produksjon av kommersiell hvitgips basert på 

vår svovelsyre er derfor en meget interessant løsning å utvikle i felleskap med NOAH AS.  

 

Tabell 2. Oversikt over nye produkter og pot. økt verdiskapning 
Produkt Mengde 

Tonn 

Enhetspris 

NOK/tonn 

Økt verdiskapning 

MNOK 

Hvitgips 90 000 200 18 

Sink fra flyveaske 4800 27 000 130 

Kobber fra flyveaske 400 77 000 31 
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4. Prosjektdeltagere og samarbeidskonstellasjon  

 

4.1. Prosjektpartnere som utfører og/eller finansierer FoU-aktiviteter 

a) Bedrifter i Norge som skal utnytte prosjektets FoU-resultater i sin verdiskaping (B1, B2,…). 

B1: NOAH AS 

NOAH AS behandler farlig uorganisk avfall med opphav hos forbrukere og industri, og er også engasjert 

i opprydding av forurensede sjø- og landområder. Prosjektet er i tråd med NOAHs ambisjoner om økt 

satsing på gjenvinning og sirkulære løsninger, og vil bidra til utvikling av fremtidens behandlingsløsninger 

for farlig avfall. NOAH besitter en unik kompetanse innen karakterisering, håndtering og behandling av 

uorganisk avfall som flyveasker og avfallssyre, og vil bidra med egeninnsats i form av FoU-personell, 

administrative oppgaver, laboratorie- og pilotutvikling ved test- og forskningssenteret på Langøya samt 

organisere sluttester hos ekstern bedrift.  

 

B2: KRONOS Titan AS 

KRONOS Titan AS i Fredrikstad er Skandinavias eneste produsent av TiO2 pigmenter, og produserer 

omtrent 30 000 tonn med pigment i året fra ilmenitt gjennom sin sulfatprosess. Pigmentene brukes i alt fra 

maling, plastikkprodukter, bygningsmaterialer, kosmetikk, medisin og mat. Tynnsyre er en av de viktigste 

biproduktene fra produksjonsprosessen og nøytraliseres i dag mot flyveaske ved NOAHs anlegg på 

Langøya.  

 

b) FoU-leverandører (F1, F2,…)  

F1: IGP (NTNU) 

Institutt for geovitenskap og petroleum (IGP) ved Norges teknisk-naturvitenskapelige universitet (NTNU) 

deltar med kompetanse og industrielt og vitenskapelig utstyr innen mineralforedling/oppredning. IGP 

besitter en unik nasjonal kompetanse og laboratoriefasiliteter innen oppredningstekniske prosesser og 

analyser, og har spesiell kompetanse innen fagområdet flotasjon og sitter på mye erfaring med blant annet 

oppredning av karbonater, silikater og sulfider som er spesielt for dette prosjektet. Det vil bli ansatt 

forsker/postdoc på prosjektet for å jobbe med flotasjonsprosesser og da med hovedfokus på å oppnå 

selektivt skille mellom ulike Ca-holdige mineraler i de ulike materialene (kalkstein, flyveasker, gips) for 

å øke produksjonsutbyttet. 

 

F2: IMA(NTNU) 

Institutt for materialteknologi (IMA) ved Norges teknisk-naturvitenskapelige universitet (NTNU besitter 

en unik nasjonal/internasjonal kompetanse, laboratoriefasiliteter og industriellt nettverk innen 

metallproduksjonprosesser med fokus på ikke-jern metaller. IMA vil ansette en PhD kandidat på prosjektet 

for å jobbe med utvikling av skreddersydde, primært pyrometallurgiske prosesser for utvinning av metaller 

fra flyvasken. Slik grunnleggende tilnærmning er viktig for å utvikle robuste løsninger for variable råvarer.  

 

4.2. Annet samarbeid 

Som en del av gradsarbeidet så vil vi etterstrebe at PhD kandidaten ved NTNU IMA får et forskningsopphold 

ved RWTH Aachen i Tyskland, som er en nær samarbeidspartner innenfor pyrometallurgisk behandling av 

sidestrømmer. Forskningsoppeholdet vil finansieres av INTPART prosjektet EXTREME. 

 

DEL 2: FoU-aktivitetene 

5. Forskningsbehovet  

Prosjektet består av flere viktige utfordringer som må løses for å kunne etablere alternative og mer 

fremtidsrettede måter for behandling og valorisering av flyveaske og avfallssyre. 

 

Syre fra Kronos Titan: En prosess for produksjon av hvit- og rødgips fra avfallssyre er allerede i drift hos 

Kronos Titan i Canada, men råvarer, teknologi og prosedyrer påvirker karakteristikken til avfallssyra og 

prosessen må derfor tilpasses lokale forhold. Avfallssyra fra Kronos Titan i Fredrikstad er betydelig mer 

forurenset enn i Canada og stiller dermed høyere krav til rensing. En av hovedutfordringene med selve 

gipsproduksjonen vil være å holde urenheter løst i væskefasen under utfelling av gips, slik at den vil kunne 

skilles fra urenhetene med egnede filtreringsmetoder, og det vil være viktig å utvikle metoder som kan oppnå 

nødvendige renhetskrav til eventuelle mottakere.  
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Kalk fra flyveaske og kalkstein: Det vil være behov for tilgang på en relativt ren kilde til kalk, og i henhold til 

NOAHs nåværende råvaretilgang så fokuserer prosjektet på mulighetene i å utnytte kalkstein og flyveaske fra 

Langøya. Det vil være nødvendig å oppnå gitte renhetsbetingelser, og innebærer at man må utvikle og  

optimalisere metoder for å separere og rense kalken fra urenheter. Kalksteinen har ikke en like kompleks 

mineralogi eller like høyt innhold av urenheter som flyveaskene men sammenlignet med flyveaske, som 

allerede er i partikulær form, så vil man kunne se økte kostnader i form av at kalksteinen vil måtte utvinnes og 

knuses før videreprosessering. Mineraler responderer ulikt på ulike rense- og separasjonsmetoder, samt 

eventuelle kjemikalier, og metoder vil dermed måtte velges på bakgrunn av hvilke mineraler som er til stede; 

hvorav silikater anses å være spesielt utfordrende. Totalbildet for valg og rensing av kalkkilde vil derfor være 

komplekst, og det vil derfor være behov for en grundig kartlegging og uttesting av teknikker og muligheter.  

 

Metallutvinning fra flyveaske: Ekstraksjon og videreforedling av verdifulle metaller og metallkonsentrater fra 

avfallsfraksjoner vil være et viktig bidrag til å sikre fremtidig behov etter hvert som tradisjonell utvinning fra 

malmer avtar. Til tross for at det finnes teknologier for ekstraksjon av metaller fra flyveasken så er ikke disse 

nødvendigvis økonomisk bærekraftige. Ser vi bort ifra andelen som foreligger som tungtløselige silikater så 

utgjør metaller som aluminium, titan, magnesium, jern, sink, bly, kobber og kadmium omtrent 7 vekt% av 

flyveasken. «Askepott» vil fokusere på å skreddersy kostnadseffektive metoder for gjenvinning av metaller fra 

vandige løsninger av flyveaske, som sementering og elektrodeponering av f.eks. kobber og bly, og 

pyrometallurgisk reduksjon og/eller utsmelting fra oppkonsentrerte askefraksjoner. Metodene er godt etablert 

for utvinning fra mer kovensjonelle råvarer men er relativt uprøvde for flyveasker, og en ser et betydelig 

forskningsbehov. 

 

6. Mål  

Hovedmålet til prosjektet vil være å systematisk utvikle økonomisk bærekraftige metoder innen 

mineralforedling og ekstraktiv metallurgi for gjenvinning av avfallssyre og materialfraksjoner fra flyveaske 

og lokal kalkstein.  

 

Dette innebærer følgende etterprøvbare delmål: 

• Etablere metoder for separasjon og rensing av kalkforbindelser og andre verdifulle mineraler fra 

flyveaske og lokal kalkstein. 

• Etablere en eller flere økonomisk bærekraftige metoder for å ekstrahere metaller og/eller 

metallkonsentrater fra flyveasker. 

• Etablere en forbehandlingsmetode for avfallssyre med mål om å produsere ren hvitgips. 

• Produsere salgbar hvitgips fra avfallssyre og kalk hentet fra lokal kalkstein og/eller flyveaske, samt 

optimalisere utbyttet av hvitgips mot forurenset rødgips. 

• Gjennomføre og evaluere industrielle tester av produsert gips mot ekstern bedrift innen gips og/eller 

sementbransjen. 

• Gjennomføre «pre-feasibility» studier på valgte tekniske løsninger 

 

7. FoU-utfordringer og FoU-metode   

Miljøvennlig produksjon av kalsittkonsentrat ved flotasjon (H1): Konvensjonell oppredning av kalkstein 

benytter tradisjonelt amin (kationisk surfaktant) som samler ved separasjon av silikatmineraler fra kalsitt ved 

flotasjon. Aminer er mer skadelige for miljøet enn anioniske og ikke-ioniske samlere/surfaktanter og et mål er 

derfor å parallelt utvikle en flotasjonsprosess for kalksteinen på Langøya som er mer miljøvennlig enn dagens 

konvensjonelle prosess. Fokuset for utviklingsarbeidet er å undersøke bruken av «state-of-the-art» 

biosurfaktanter og fosfatholdig surfaktant (basert på vitenskapelige publikasjoner ikke eldre enn 2 år og 

pågående forskning) i tillegg til oljesyre-basert surfaktant, med eller uten bruk av aktivatorer og trykkere 

(uorganiske kjemikalier som hhv. promoterer og hindrer adsorbsjon av samler), for å oppnå selektivitet mellom 

kalsitt og silikatmineraler og dermed være i stand til å produsere et rent kalsittkonsentrat som kan benyttes til 

å lage FGD gips i H4. Ulike kjemikalier og kombinasjoner av disse vil bli undersøkt ved småskala 

flotasjonsforsøk og resultat sammenliknet med konvensjonell prosess, før evt oppskalering til mindre pilot. 

 

Miljøvennlig metallutvinning fra flyveaske ved flotasjon (H2): Per i dag er det begrenset bruk av relativt 

rimelige oppredningstekniske løsninger for oppgradering av flyveaske. Flotasjon har blitt benyttet til 

gjenvinning av ubrent karbon, men ellers er det i hovedsak hvirvelstrømseparasjon og magnetseparering 

(tørrprosesser) for uttak av hhv. metallisk Al og magnetiske Fe-faser, og oppløsning av lettløselige salter ved 
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kontakt med vann. En viss andel av de interessante metallene foreligger løst i kontakt med en vandig løsning, 

mens resten vil foreligge bundet i vann-uløselige faser, og det er disse fasene man ønsker å oppkonsentrere før 

endelig ekstraksjon i H5 for å unngå høyt forbruk av syrer og/eller energi ved etterfølgende metallurgisk 

prosessering. Hovedutfordringen når det gjelder flotasjonsdelen av arbeidspakken er at fasene ikke er 

identifisert og det finnes svært lite direkte forskning på flotasjon av metallholdige komponenter fra flyveaske. 

Her tar vi derfor i bruk konvensjonelle prosesser og siste forskning på bruk av miljøvennlige kjemikalier med 

basis i å skille Fe-oksider fra silikater1. Noen av de samme surfaktantene som benyttes i H1 vil også bli test 

her, ved tilsvarende metodikk. Dersom det blir et behov for å skille kalsitt fra forurenset gips for å produsere 

ren kalsitt fra flyveaske så kan det på sikt bli nødvendig å lisensiere en patentert prosess2.  

 

Metallutvinning fra flyveaske (H5): Undersøkelser i prosessanlegget til NOAH viser at Cu og Pb har spesielt 

høy affinitet til vannfasen, og det er et vedvarende problem at metallionene feller ut og destabiliserer pumper 

i prosessanlegget. Man anslår at utfellingen eller «sementeringen» er forårsaket av forhøyede nivåer av 

reduktive komponenter, slik som Zn og Al, spesielt når man setter til virvelsjiktsasker i råvareflyten. 

Utfellingen krever jevnlig vedlikehold og gjenvinning av elementene vil derfor også ha driftsmessige fordeler. 

I H5 vil vi derfor bruke det samme mekanismene i en prosess for å felle ut metallisk Cu og Pb, dog under 

kontrollerte forhold. Sinken kan til slutt gjenvinnes ved hjelp av elektrogjenvinning (jf. FLUWA prosessen3) 

I tillegg ønsker vi å utvikle en alternativ elektrowinningprosess for direkte deponering av  av Cu og Pb fra 

væskefasen. Dette er konvensjonelle prosesser men krever dybdestudier for å oppnå optimale elektrokjemiske 

forhold for de aktuelle sammensetningene og disses variasjoner. Koblingen mellom oppredning av flyveaske 

i H2 (konsentrasjon av metall-bærende faser) og pyrometallurgisk metallproduksjon fra flyveaske konsentrat 

er en ny tilnærmning til gjennvinning av metaller som krever design av reduksjonforhold for, feks, selektiv 

reduksjon av elementene i flyveasken. Selektiv reduksjon (i CO/CO2 og eller S-holdige gasser) og utvinning 

av metalliske komponenter kan gjennomføres ved lavere temperaturer og kombineres med energieffektive 

metoder, som feks lavtemperatur elektrolyse/elektrowinning. Forskningen vil gjennomføres gjennom prediktiv 

modellering, småskale laboratorieforsøk og testing i mindre pilotskale av utvalgte løsninger.  

 

8. Prosjektplan  

8 a) Hovedaktiviteter/arbeidspakker i prosjektet  

 

H1: Rensing av kalkstein fra Langøya 

FoU kategori: Industriell FoU 

Ansvarlig partner: NTNU 

Aktiviteter/fagligt innehold 

Mineralogisk karakterisering og frimalingsanalyser av kalkstein: I arbeidet inngår mineralogisk og 

morfologisk karakterisering av kalkstein ved bruk av automatisert mineralogisk analyse og XRD for å 

bestemme en optimal øvre partikkelstørrelse på inngående til separasjonsundersøkelser. Partikkelreduksjon 

ved bruk av egnede metoder og utstyr for å unngå overmaling/dødmaling men samtidig fint nok til å oppnå 

god nok frimaling før separasjonsundersøkelser med sterkfelt magnetseparasjon og flotasjon. Produkter 

analysere mineralogisk og kjemisk med hhv. XRD og XRF, og partikkelfordelinger analyseres for spesifikk 

overflate (BET), kornstørrelse (laserdiffraksjon), overflateladning (zetapotensial) og kontaktvinkel.  

Oppkonsentrering av kalsitt ved fysiske separasjonsmetoder: Kalksteinen må være fri for uønmskede 

forbindelser for å kunne lage en salgbar gips. I praksis ønskes kun mineralet kalsitt, som betyr at øvrige 

mineraler i kalksteinen som kvarts, glimmer, jern-sulfider og grafitt må fjernes gjennom få og lite 

kostnadskrevende oppredningstekniske operasjoner som f.eks. sterkfelt magnetseparasjon og gravitativ 

separasjon. Aktiviteten har som mål å bruke fraksjon(er) fra frimalingsarbeidet til å fremstille 

kalsittkonsentrat for  testing i  gipsproduksjon i laboratorie- og pilotskala i H3. 

Oppkonsentrering av kalsitt ved flotasjon: Separasjon av urenheter fra kalsitt kan også gjøres på grunnlag 

av ulikheter i overflatekjemi, overflateladning og krystallografi. Konvensjonelt benyttes aminer og xantater 

ved flotasjon av sulfider og silikater fra kalsitt (revers flotasjon), alternativt floterer man kalsitt direkte fra 

 
1 Sandvik, K.L., Larsen, E. 2014. Iron ore flotation with environmentally friendly reagents. Minerals & Metallurgical 

Processing, 31, 95-102. 
2 Filippov, et al. 2014. Patent nr. WO2014095980A1. 
3 Laferriére, R., Beaupré, P. 1994. Treatment of waste sulfuric acid by gypsum precipitation in a titanium 

dioxide process, US Patent Number 5,298,169. 
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forurensninger (direkteflotasjon) ved bruk av mer miljøvennlige oljesyrer4. Målet vil være å utvikle en mest 

mulig miljøvennlig foredlingsprosess for kalksteinen, og fokuset for arbeidet vil være å undersøke bruken 

av ulike miljøvennlige samlere og trykkere ved ulik pH. Aktiviteten vil ha som målsetning  å bruke 

fraksjon(er) fra frimalingsarbeidet til å fremstille kalsittkonsentrat inkl. produktanalyser for gipsproduksjon 

i H3/H4.  

Leveranser og milepæler 

Milepæl M1.1 Optimalisert prosess for produksjon av kalsittkonsentrat for gipsproduksjon. 

Leveranse L1.1: Rapport; mineralogisk analyse og frimalingsanalyse av Langøya kalkstein  

Leveranse L1.2: Rapport; produksjon av kalsittkonsentrat ved fysisk separasjon av kalkstein 

Leveranse L1.3: Rapport og vitenskapelig publikasjon i peer-review tidsskrift; produksjon av 

kalsittkonsentrat ved flotasjon av kalkstein 

 

H2: Separasjon av kalk og andre mineralrike partikler fra flyveaske 

FoU kategori: Industriell FoU 

Ansvarlig partner: NTNU 

Aktiviteter 

Mineralogisk karakterisering og frimalingsanalyser av flyveaske og separasjonsprodukter: I arbeidet 

inngår mineralogisk og morfologisk karakterisering av flyveasker ved bruk av automatisert mineralogisk 

analyse (AM) og XRD for å bestemme en optimal øvre partikkelstørrelse på inngående til 

separasjonsundersøkelser og for å identifisere de metallholdige fasene. Partikkelreduksjon ved bruk av 

egnede metoder og utstyr for å unngå overmaling/dødmaling men samtidig fint nok til å oppnå god nok 

frimaling før separasjonsundersøkelser med fysiske separasjonsmetoder og flotasjon. Produkter analyseres 

mineralogisk og kjemisk med hhv. XRD og XRF, og partikkelfordelinger analyseres for spesifikk overflate 

(BET), kornstørrelse (laserdiffraksjon), overflateladning (zetapotensial) og kontaktvinkel. 

Oppkonsentrering av metallholdige faser ved fysisk separasjon: Tørre metoder som svak- og sterkfelt 

magnetseparasjon, hvirvelstrøm- og elektrostatisk separasjon, samt våte metoder som klassering, våt 

magnetseparasjon, gravitativ- og  sentrifugalgravitativ separasjon står sentralt i arbeidet. Arbeidet har som 

mål å oppnå høy oppkonsentrering av metaller og/eller metallforbindelser til påfølgende metallurgisk 

prosessering i H5, samt rene kalkfraksjoner til gipsproduksjon i H3/H4, ved kostnadseffektive fysiske 

separasjonsmetoder. 

Oppkonsentrering av metallholdige faser og kalsitt ved flotasjon: Separasjon og oppkonsentrering av 

metall- og kalkforbindelser fra flyveasker kan gjøres på grunnlag av ulikheter i overflatekjemi, 

overflateladning og krystallografi.. Det vil bli utført flotasjonsforsøk med ulike samlere/surfaktanter, og 

aktiviteten vil for øvrig ha samme målsetning som aktiviteten på fysisk separasjon. 

Leveranser og milepæler 

Milepæl M2.1 Prosess flowsheet for selektiv separasjon mellom metallholdige faser og mineraler. 

Leveranse L2.1: Rapport; mineralogisk analyse og frimalingsanalyse av flyveasker 

Leveranse L2.2: Rapport; produksjon av metallkonsentrat ved fysisk separasjon av flyveaske 

Leveranse L2.3: Rapport og vitenskapelig artikkel; produksjon av metallkonsentrat ved flotasjon. 

 

H3: Rensing og produksjon av gips 

FoU kategori: Industriell FoU 

Ansvarlig partner: NOAH AS 

Aktiviteter 

Forbehandling av avfallssyre: Avfallssyra til Kronos Titan består av omtrent 25% H2SO4(aq) som er 

forurenset med 3 - 4% jern og 0.2 – 0.3% titan. Man vil derfor være nødt til å studere nødvendigheten av å 

forbehandle syra, f.eks. v/ utfelling, sementering, løsemiddelekstraksjon og/eller andre hydrometallurgiske 

metoder, med mål om å forhindre forurensing av den endelige gipsen og evt. gjenvinning av titan. 

Produksjon av hvitgips fra renset kalkstein og kalk fra flyveaske: Aktiviteten vil ta for seg produksjon, 

rensing og filtrering av gips fra avfallssyre og kalkkilder fra H1 og H2 i laboratorieskala, og inkluderer 

studier på reaksjonshastighet, urenheters respons på filtrering og andre nødvendige rensesteg, videre 

utnyttelse av den forurensede væskeløsningen og effekten av urenheter på den endelige gipsen. 

Leveranser og milepæler 

 
4 Dhar, P., Thornhill, M., Rao Kota, H. 2020. An overview of calcite recovery by flotation. Materials Circular Economy, 2:9. 
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Milepæl M3.1: Kartlegge viktigste parametere for vellykket rensing av avfallssyre og produksjon av gips. 

Leveranse L3.1: Rapport; utvikling og kartlegging av metoder og viktige parametre for produksjon av gips 

fra avfallssyre og kalk hentet fra Langøya kalkstein og/eller flyveasker. 

Leveranse L3.2: Konferanseartikkel; Gjenvinning av avfallssyre og kalk fra flyveasker som gips. 

 

H4: Oppskalering og industrielle forsøk (prosessutvikling og -optimalisering) 

FoU kategori: Eksperimentell utvikling 

Ansvarlig partner: NOAH AS 

Aktiviteter 

Oppskalerte rense- og produksjonsmetoder: Resultater og metoder for rensing og produksjon av hvitgips 

fra arbeidspakker H1 – H3 vil legges til grunn for oppskalerte pilotforsøk hos prosjektpartner eller ekstern 

partnerbedrift. Videreutvikling og -optimalisering av prosessen i pilotskala vil gi uvurderlig informasjon 

angående utfordringer knyttet til endelig industriell prosess. Målet med aktiviteten vil være å produsere 

minst 100kg med renset hvitgips for videre vurdering og uttesting hos en eller flere kommersielle mottakere. 

Uttesting av hvitgips hos ekstern mottaker: Gipsen som produseres som en del av pilotskalaforsøkene 

over skal vurderes og testes ut som erstatning for FDG gips hos en eller flere kommersielle mottakere, f.eks. 

gips- og/eller sementprodusenter. Gipsens brukbarhet og andre resultater dokumenteres i en endelig rapport.   

Leveranser og milepæler 

Milepæl M4.1: Produsere 100kg med gips for uttesting hos ekstern mottaker.   

Leveranse L4.1: Rapport; resultater og videreutvikling av produksjonsprosessen og piloten. 

 

H5: Metallurgisk ekstraksjon og gjenvinning av metaller 

FoU kategori: Industriell FoU 

Ansvarlig partner: NTNU 

Aktiviteter 

Sementering og Elektroutvinning av Cu og Pb fra ubehandlet flyveaske: Flyveasker inneholder 

metallforbindelser av Cu og Pb som i varierende grad er løselig i væskefasen når flyveaske slemmes opp 

med vann. Løseligheten av metallionene avhenger av løsningens pH og kan derfor justeres ved tilsats av 

syrer og/eller baser. Med basis i observasjoner fra NOAHs prosessanlegg vil vi i denne aktiviteten studere 

løslighetsgraden av Cu og Pb i ulike vannbaserte løsninger med etterfølgende filtrering (av ikke løst fase) 

og elektrowinning eller sementering som en måte å gjennvinne Cu og Pb fra asken.  

Pyrometallurgisk metallutvinning fra behandlede asker: I denne aktiviteten vil vi arbeide med ikke-

kalsitt fraksjonerne fra separasjonsaktiviteten i H2. Disse fraksjonerne har en høyre andel metaller og er mer 

egnete til pyrometallrgiske metoder for gjenvinning. Vi vil her benytte metoder som selektiv gas-basert 

reduksjon og/eller sulfonering for å separere metaller som Al, Cu, Zn, Mg, Ti og Pb i asken med 

etterfølgende smelting eller elektrowinning. 

Leveranser og milepæler 

Milepæl M5.1: Valgt pyrometallurgisk prosess/fokusområde for ekstraksjon av metaller. 

Leveranse L5.1: Rapport og vitenskapelig artikkel; Hydrometallurgisk utvinning av Cu/Pb fra flyveaske 

Leveranse L5.2: Rapport og vitenskapelig artikkel; Pyrometallurgisk metallproduksjon fra flyveaske 

Leveranse L5.3: PhD avhandling 

 

H6: Gjennomførbarhetsstudie 

FoU kategori: Eksperimentell utvikling 

Ansvarlig partner: NOAH AS 

Aktiviteter 

Med dette prosjektet så ønsker NOAH å bygge videre på ambisjonen om å gå over fra å være et rent 

slutthåndteringsselskap til et gjenvinningsselskap. Prosjektet vil potensielt kunne lede til store endringer i 

den etablerte prosessen på Langøya, med målsetning om å gjenvinne flere viktige mineraler og metaller til 

salgbare produkter, og kunne lede til positive ringvirkninger i miljøprofilen til NOAH og kunder. Aktiviteten 

vil derfor fokusere på å samle prosjektet målsetninger og resultater, samt påfølgende muligheter og 

fremtidige strategier i et tekno-økonomisk gjennomførbarhetsstudie i samarbeid med Kronos Titan 

Leveranser og milepæler 

Leveranse L5.1: Rapport; Gjennomførbarhetsstudie  

8 b) Prosjektets kostnadsbudsjett fordelt på hovedaktiviteter 
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Tabell 8 b) 

Nr. Tittel på hovedaktivitet/arbeidspakke Kostnads-  

budsjett 

(1000 kr) 

Kostnad: 

Industriell 

FoU  

Kostnad: 

Eksperimentell 

utvikling 

H1 Rensing av kalkstein fra Langøya  4 304  

H2 Oppredning av flyveaske  4 376  

H3 Rensing og produksjon av gips  5 358  

H4 Oppskalering og industrielle forsøk   2 843 

H5 Metallurgisk behandling av flyveaske  5 965  

H6 «Pre-feasibility»/gjennomførbarhetsstudie   1 243 

Sum Hele prosjektet  24 089 20 003 4 086 

 

8 c) Kritiske milepæler for FoU-aktiviteten 

De viktigste milæpælene vil være 1) å få på plass bærekraftige oppredningsprosesser for utvinning av kalk 

og metaller fra kalkstein og/eller flyveaske, og 2) produksjon av hvitgips for uttesting hos kommersiell aktør. 

 

8 d) Organisering og styring av prosjektet 

Prosjektet ledes av NOAH AS med Kronos Titan som partner og NTNU som FoU leverandør i prosjektet. 

Prosjektleder vil bli Morten Jensen i NOAH AS som vil rapportere til en styringskommite med representanter 

fra partnere og FoU leverandører. Styringskommiteen vil møtes to ganger per år. I tillegg vil 

arbeidspakkelederne Erik Larsen (H1 og H2), Kai Erik Ekstrøm (H3 og H4), Prof. Gabriella Tranell (H5) og 

Morten Jensen (H6) ha regelmessige fremdriftsmøter. 
 

Tabell 8d) Fordeling av oppgaver og ansvar i prosjektet 

Partner  Navn på partner/FoU 

leverandør 

Ansvarlig for hovedaktivitet: Deltar også i 

hovedaktivitet: 

B1 NOAH AS H3, H4, H6 H1, H2, H5 

B2 Kronos Titan AS  H3, H4, H6 

F1 NTNU-IGB H1, H2 H3, H4, H5 

F2 NTNU-IMA H5 H1, H2 

 

9. Finansiering  

Partner Egen FoU-innsats Kontanter Totalt 

B1: NOAH AS 10 152 0 10 152 

B2: Kronos Titan AS 505 0 505 

Bedriftspartnere samlet 10 657 0 10 657 

Søkt Forskningsrådet 0 13 432 13 432 

Sum Finansiering 10 657 13 432 24 089 

 

DEL 3: Plan for implementering og utnyttelse av FoU-resultater 

10. Realisering av verdiskaping hos prosjektansvarlig og samarbeidspartnerne 

Dagens løsning med å benytte svovelsyre fra Kronos Titan til å behandle flyveaske er gjennom tidligere 

prosjekter ansett å gi et produkt som ikke lar seg gjenvinne. Til det er den kjemiske sammensetningen for 

kompleks. For å møte nasjonale og internasjonale krav om økt gjenvinning, samt kunders ønske om langsiktige 

og robuste grønne løsninger, er det derfor en forutsetning å finne nye behandlingsløsninger for svovelsyre og 

flyveasken. Det er helt sentralt at syren kan omdannes til industriell anvendbar gips, da andre 

gjenvinningsløsninger som er vurdert er ansett som økonomisk lite attraktive. Gjennom omsøkte prosjekt skal 

vi se på mineraloppreding og metallurgiske gjenvinningsprosesser for flyveaske som vi ikke har hatt kapasitet 

til å vurdere tidligere, slik at vi ser det som meget sannsynlig at vi skal klare å utvikle nye og mer sirkulære 

løsninger for flyveaske. Med dagens prosess så anslås deponiet på Langøya å være fullt i 2029, og vår 

målsetning er derfor å at vi skal ha på plass nye sirkulære løsninger for syren og flyveasken fra 2030. De 

sirkulære løsningene vil kreve mindre deponikapasitet sammenlignet med dagens prosess, og evt. produkter 

som ikke lar seg gjenvinne kan deponeres i volumet som uttak av kalkstein på Langøya til gipsproduksjonen 

skaper. En overordnet plan for etablering av nye løsninger frem mot 2030 sees i Tabell 10. Det vil være kritisk 

å finne en løsning for avfallssyren fra Kronos slik at både Kronos og NOAH kan videreføre sine virksomheter 

ut over 2030. Det er et tett samarbeid mellom NOAH og Kronos Titan, og immaterielle rettigheter for 

produksjon av hvitgips er avklart i avtaler. Prosjektet vil også legge grunnlaget for en ny nasjonal 
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samarbeidskonstellasjon som knytter FoU-miljøene til NOAH og KRONOS tettere sammen med forsknings- 

og universitetsmiljøet i Trondheim. Den totale overordnende lønnsomhetsvurderingen av prosessene i Tabell 

10 er lovende selv med dagens priser som er lagt til grunn.  Dagens forretningsmodell gir inntekter fra mottak 

av avfall, men nye sirkulære forretningsmodeller vil også kunne gi inntekter ved salg av produkter og ved bruk 

av CO2 som innsatsfaktorer for behandling av flyveaske. Den største usikkerheten i lønnsomhetsbetraktningene 

er prisen for fremtidig mottak og behandling av flyveaske. Markedsanalyser viser at prisen for flyveaske vil 

stige fram mot 2030 basert på konkurransesituasjon og krav om økt gjenvinning. Prisøkning for behandling og 

gjenvinning av flvyeaske vil redusere risikoen i prosjektene skissert over betydelig.     

 
Tabell 10. Oversikt over utviklingsløp og tidspunkt for implementering av fullskalaprosesser for hhv. produksjon av 

hvitgips og behandling og gjenvinning av flyveaske. 

Kronossyre 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

R&D – hvitgips            

Pilot- hvitgips            

Delproduksjon av hvitgips            

Fullproduksjon av hvitgips           

Flyveaske 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

R&D - flyveaske           

Pilot - flyveaske           

Valg av beste teknologi           

Bygging av prosessanlegg           

Gjenvinning av flyveaske           

11. Samfunnsøkonomisk nytteverdi og bidrag til bærekraftig samfunnsutvikling 

NOAH mottar industriavfall fra ca. 100 norske kunder og norsk prosessindustri er helt avhengig av at det 

finnes løsninger for behandling og/eller deponering av industriavfall også etter 2030. Løsningene vil sørge for 

at NOAH er mottaksdyktige av syre fra Kronos Titan, flyveaske og annet industriavfall og dermed sikre 

fremtiden til den delen av norsk industri som er genererer farlig avfall i sin produksjon. 

Gjenvinning vil være viktig for å sikre fremtidig tilgang på metaller og mineraler og redusere behovet for 

utvinning fra jomfruelige kilder gjennom gruvedrift, spesielt for metaller regnet som kritiske for Norge/EU. 

Prosjektet svarer derfor godt til FNs bærekraftmål, og lykkes man med prosjektet vil NOAH og Kronos i 

samarbeid også kunne forsyne gipsplate- og/eller sementbransjen med en betydelig mengde hvitgips i 

framtiden. Det er knyttet betydelige CO2-utslipp med utvinning og transport av naturgips over lange avstander, 

slik at kortreist hvitgips fra Langøya vil være betydelig mer miljøvennlig for det norske markedet. NOAH ser 

også på andre behandlingsmetoder for flyveaske der CO2-benyttes som innsatsfaktor. Disse metodene er 

vurdert til å være CO2-negative der hele verdikjeden er inkludert, men en forutsetning for å implementere disse 

prosessene er at vi lykkes med å utvikle gjenvinningsløsninger for syre fra Kronos Titan.  

 

12. Formidling og kommunikasjon 

Samarbeid og kommunikasjon mellom bedriftspartnere og FoU leverandører gjennomføres ved månedlige 

møter og workshops. Resultater fra prosjektet vil formidles på nasjonale og internasjonale konferanser og 

møter, i fagfellevurderte tidsskrifter og i sosiale medier. 

 

DEL 4: Øvrige opplysninger  
13. Etikk og samfunnsansvar 

Det forventes ingen negative etiske aspekter eller konsekvenser ved gjennomføring av prosjektet. Det er tvert 

imot forventet positive miljø- og samfunnseffekter ved en økt resursutnyttelse og mindre deponi. Prosjektet 

bidrar også til økt gjenvinning av kritiske råvarer, og kombinerer derved økt samfunnsansvar og verdiskaping. 

 

14. Rekruttering av kvinner, kjønnsbalanse og kjønnsperspektiv 

Avfallhåndteringsbransjen er tradisjonellt mansdominert og vi vil derfor legge til rette for kjønnsbalanse i 

prosjektet gjennom rekruttering av kvinnelige kandidater til PhD og forskerstillingene der to kandidater har 

samme kvalifikasjoner. Gjennom prosjektets fremtidsrettede natur vil NOAH og Kronos fremstå om attraktive 

arbeidsplasser for en økende andel kvinner. 

  

15. Utlysningsspesifikke tilleggsopplysninger  

Ingen 
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Curriculum vitae 

 

* ROLE IN THE PROJECT 

Project manager ☒               Work package leader ☐                 

Project partner  ☐                Other (specify)  ☐        …………………………………………………….       

 

* PERSONAL INFORMATION 

*Family name, First name: Jensen, Morten Breinholt 

*Date of birth:  04.04.1975 *Sex:  Male 

*Nationality: Norwegian 

 

* HIGHER EDUCATION/OTHER TRAINING 

 Subjects/degree/ Name of institution, country 

2002 Chemistry/MSc NTNU 

2007 Chemistry/PhD University of Oslo 

 

* POSITIONS (academic, business, industry, public sector, national or international organisations) 

Current Position 

 Job title/name of employer/country 

2020 Head of Innovation/NOAH/Norway 

 
Previous positions held (list) 

 Job title/name of employer/country 

2017-2020 R&D Director/N2 Applied/Norway 

2012-2017 Head of Technology Development/NOAH/Norway 

2011-2012 Senior Project Manager/NOAH/Norway 

2009-2011 Senior Technologist – Project Manager/REC Solar/Norway 

2006-2009 Technologist/REC Wafer/Norway 

 
PROJECT MANAGEMENT EXPERIENCE (if applicable)  

 Project/topic/role in project/funding from 
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2014-2015 Utilization of CO2 from exhaust gas from cement industry aimed to stabilize fly ash from 
combustion of household waste/Project Manager - NOAH/Climit Gassnova 

2018-2020 Effektiv plasmaprosess for desentralisert nitrogenoksidproduksjon fra luft/Project 
Manager – N2 Applied/IPN 

 

EXPERIENCE FROM RELEVANT RESEARCH & INNOVATION ACTIVITIES (if applicable) 

 Project/type of R&I activity and R&I content /role and tasks/funding from 

yyyy-yyyy  

 

EXPERIENCE FROM NATIONAL/INTERNATIONAL COLLABORATION/NETWORKING (if applicable) 

 Activity or project / tasks and responsibilities / context/programme/framework of the 
collaboration and names of key partners (companies, institutions)  

yyyy-yyyy  

   

Publications 

CO2 sorption on MgO and CaO surfaces. A comparative quantum chemical cluster study. Jensen, M.B.; 
Pettersson, L.G.M.; Swang, O.; Olsbye, U. Journal of Physical Chemistry B (2005) 109 (35), 16774-16781  

Oxygen influence on the dissociative chemisorption of methane on nickel: A quantum chemical cluster 
study, Jensen, M.B.; Olsbye, U.; Swang, O. Chemical Physics Letters (2006) 432, 94-99  

Propane dry reforming two synthesis gas over Ni based catalysts. Influence of support and operating 
parameters on catalyst activity and stability. Råberg, L.B.; Jensen, M.B.; Olsbye, U.; Daniel, C.; Haag, S.; 
Mirodatos, C.; Olafsen Sjåstad, A. Journal of Catalysis (2007) 249 (2), 250-260  

Mechanistic study of the dry reforming reaction of propane over a Ni / Mg (Al) O catalyst. Jensen, M.B.; 
Råberg, L.B.; Olafsen Sjåstad, A.; Olsbye, U. Cat. Today (2009) 145 (1-2) 114-120.  

FT-IR characterization of supported nickel catalysts: Influence of different supports on the metal phase 
properties. Jensen, M.B.; Morandi, S.; Prinetti, F.; Olafsen Sjåstad, A.; Olsbye, U.; Ghiotti, G. Cat. Today 
(2012) 197 (1) 38-49.  

Plasma Activated Organic Fertilizer. Graves, D.B.; Jensen, M.J.; Ingels, R. Plasma Chemistry and Plasma 
Processing (2019) Volume 39, Issue 1, 1–19 

 

 

Lectures, international conferences etc. 

CO2 Sorption on MgO and CaO Surfaces: A Comparative Quantum Chemical Cluster Study, North 
American Catalysis Society, 19th North American Meeting, May 22-27, 2005, Philadelphia, USA.  

MgO and CaO as CO2 sorbents: A Comparative Quantum Chemical Cluster Study, 8th International 
Conference in Carbon Dioxide Utilization, June 20-23, 2005, Oslo, Norway.  
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Activation of Methane on Reduced and Partially Oxidized Ni, Centre for Materials Science and 
Nanotechnology meeting, November 29th - December 1st, 2005.  

Future Options for the Norwegian Land-Based and Offshore Conversion of Natural Gas, Trial lecture for 
PhD thesis, 13.04.07, University of Oslo, Norway.  

Stabilization of hazardous waste by using CO2-rich flue gas, International CCS Conference – Norcem CO2 
capture project, May 21-22, 2015, Langesund, Norway  

Ny behandlingsmetode av farlig avfall med CO2-rik røykgass, Farlig avfallskonferansen 2015, September 
18-19, Hamar, Norway  

Processing and landfilling of Spent Pot Linning – can SPL be valuable resource?, Ildfaste Materialer i 
Aluminiumindustrien, November 18-19, 2015, Haugesund, Norway  

Farlig avfall i den sirkulære sirkulære økonomien, Farlig avfallskonferansen 2016, September 15-16, 
Trondheim, Norway  

Treatment and recovery of hazardous inorganic waste - an industrial perspective, Hydrometallurgy 
Seminar March 2017, March 7-8, 2017, Lillestrøm, Norge  

Kan flyveaske benyttes til å fange CO2? Askdagen 2017, April 5, Stockholm, Sweden  

New solutions based on CO2 for effective waste treatment - carbonation of MSWI fly ash by using CO2-
rich flue gas, 10th ISWA Beacon Conference on Waste-to-Energy October 25-26, 2017, Malmö, Sweden 
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Curriculum vitae 

 

* ROLE IN THE PROJECT 

Project manager ☐               Work package leader ☒                 

Project partner  ☐                Other (specify)  ☐        

…………………………………………………….       

 

* PERSONAL INFORMATION 

*Family name, First name: Ekstrøm, Kai Erik 

*Date of birth:  07.03.1986 *Sex:  Male 

*Nationality: Norwegian 

 

* HIGHER EDUCATION/OTHER TRAINING 

 Subjects/degree/ Name of institution, country 

2012 – 2016 PhD Physical 

Metallurgy 

Norwegian University of Science and Technology,  

Department of Materials Science and Engineering 

2006 - 2012 MSc Chemical 

Engineering 

Norwegian University of Science and Technology,  

Department of Materials Science and Engineering 

 

* POSITIONS (academic, business, industry, public sector, national or international organisations) 

Current Position 

 Job title/name of employer/country 

2020 -  Senior Chemical Engineer, NOAH AS 

 

Previous positions held (list) 

 Job title/name of employer/country 

2016-2018 Postdoctoral Researcher, Process Metallurgy, Norwegian University of Science and 

Technology, Department of Materials Science and Engineering 

2016 Researcher, Norwegian University of Science and Technology, Department of Materials 

Science and Engineering 
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EXPERIENCE FROM RELEVANT RESEARCH & INNOVATION ACTIVITIES (if 
applicable) 

 Project/type of R&I activity and R&I content /role and tasks/funding from 

2018 – 2020 Project participant RemovAl, Recycling of bauxite residue from alumina production, EU 

Horizon 2020. 

2016 – 2020 Participant SFI Metal Production, Recycling of spent potliners from the aluminium 

industry, The Research Council of Norway 

2016 – 2018 Project participant Waste-to-Value, Recycling of waste fraction from nickel, manganese 

and aluminium industries, The Research Council of Norway 

 

OTHER MERITS RELEVANT TO THE PROJECT 

Most relevant publications listed below: 

Ekstrøm, K. E., Vadseth, D., Tranell, G., Recovery of nickel and cobalt from a nickel refinery sludge, 

Unpublished. 

 

Ekstrøm, K. E., Dalaker, H., Tranell, G., Addressing chemical variability in thermochemical modelling of 

spent potlining, Unpublished. 

 

Wallin, M., Voll Bugten, A., Tranell, G., Ekstrøm, K. E., Valorization of SiMn-sludge for production of 

low-phosphorus ferroalloys, Journal of Sustainable Metallurgy, Under review. 

 

Ekstrøm, K. E., Voll Bugten, A., van der Eijk, C., Lazou, A., Balomenos, E., Tranell, G., Recovery of 

iron and aluminium from bauxite residue by carbothermic reduction and slag leaching, Journal of 

Sustainable Metallurgy, Under review. 

 

Gökelma, M., Storm Aarnæs, T., Maier, J., Renkel, M. F., Ekstrøm, K. E., Friedrich, B., Tranell, G., 

Behaviour of Al4C3 particles during flotation and sedimentation in aluminium melts, Metallurgical and 

Materials Transactions B, Under review. 

 

Ekstrøm, K. E., Voll Bugten, A., Tranell, G., Spent potlining: Experimental work and thermochemical 

modelling in SFI Metal Production, Internal report, NTNU, 2020. 

 

Kyung Won Solem, C., Ekstrøm, K. E., Tranell, G., Aune, R. E., Evaluation of the Effect of CO2 Cover 

Gas on the Rate of Oxidation of an AlMgSi Alloy, Light Metals, 2020. 

 

Ekstrøm, K. E., Refining of Metallurgical Silicon by Solidification and Leaching. Short Course on Theory 

and Processes for Silicon Refining and Solar Grade Silicon Production; 2019-10-16 - 2019-10-17, NTNU. 

 

Dalaker, H., Ekstrøm, K. E., Recovery of manganese from sludge through reduction with spent pot lining 

from aluminium industry—a modelling study. Infacon XV, 2018. 

 

Ekstrøm, K. E., Dalaker, H., Wallin, M., Moosavi-Khoonsari, E., Tranell, G., Extraction of nickel from 

iron sludge. 15th International Ferro-Alloys Congress, 2018. 

 

Wallin, M., Ekstrøm, K. E., Tranell, G., Production of ferromanganese alloys from silicomanganese 

sludge and an iron source. Extraction 2018 - Peter Hayes Symposium on Pyrometallurgical Processing, 

2018. 
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Ekstrøm, K. E., Wallin, M., Tranell, G., Red mud and spent potlining as alternative raw materials in pig-

iron and ferrosilicon production, Extraction 2018 - Peter Hayes Symposium on Pyrometallurgical 

Processing, 2018. 

 

Ekstrøm, K. E., Spent potlining and bauxite residue: Combined use in the Elkem process. SFI Metal 

Production Spring Meeting; 2018-04-18 - 2018-04-19, NTNU. 
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Curriculum vitae 
* ROLE IN THE PROJECT 

Project manager ☐               Work package leader ☒                 

Project partner  ☐                Other (specify)  ☐        …………………………………………………….       

 

* PERSONAL INFORMATION 

*Family name, First name: Larsen, Erik 

*Date of birth:  15.08.1974 *Sex: Male 

*Nationality: Norwegian 

 

* HIGHER EDUCATION/OTHER TRAINING 

 Subjects/degree/ Name of institution, country 

1999 Sivilingeniør NTNU, Norway 

 

* POSITIONS (academic, business, industry, public sector, national or international organisations) 

Current Position 

 Job title/name of employer/country 

2017- Researcher/NTNU/Norway 

 
Previous positions held (list) 

 Job title/name of employer/country 

2011-2017 Senior Engineer/NTNU/Norway 

2008-2011 Senior Engineer/MainTech/Norway 

2005-2008 Process Engineer/Washington Mills/Norway 

2000-2005 Scientific Assistant/NTNU/Norway 

 
PROJECT MANAGEMENT EXPERIENCE (if applicable)  

 Project/topic/role in project/funding from 

2021-2024 Reflux Flotation Cell/Upscaling of a new flotation cell (flotation; characterization)/WP 
leader/EU (EiT Raw Materials) 

2021-2024 Harare/Recycling of H2-reduced bauxite tailings (milling; magnetic separation; flotation; 
characterization)/WP leader/EU (Horizon 2020)  
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2020-2021 High purity silica purification (SiQua)/Flotation; Physical separation; Particle size 
reduction; Recycling; Hydrometallurgy; Upscaling/WP leader/NFR (FORNY) 

2020 Utvinning av almandingranat fra eklogitt/Mineral processing; Upscaling/Project 
coordinator R&D/NFR 

2018-2020 High purity silica purification (SiQua)/Flotation; Physical separation; Particle size 
reduction; Recycling; Hydrometallurgy; Upscaling/Inventor-WP leader/NTNU Discovery 

2016-2020 SNOW/Flotation; Physical separation; Particle size reduction; Mineralogical 
characterization; Hydrometallurgy; Upscaling/WP leader/NFR 

2016-2020 Blue Nodules/Mineralogical characterization/Project participant/EU (Horizon 2020) 

2011-2020 300+ minor miscellaneous mineral processing projects/Project manager/Industry 
projects and internal R&D activities 

2008-2009 Resource Optimization and recovery in the MAterials industry (ROMA)/Physical 
separation; Particle size reduction; Mineralogical characterization/Project 
participant/NFR 

2008 FESIL Solar Grade Silicon/Mineralogical Consultant/Project participant/NFR 

 

EXPERIENCE FROM RELEVANT RESEARCH & INNOVATION ACTIVITIES (if applicable) 

 Project/type of R&I activity and R&I content /role and tasks/funding from 

2021-2024 Reflux Flotation Cell/Upscaling of a new flotation cell (flotation; characterization)/WP 
leader/EU (EiT Raw Materials) 

2021-2024 Harare/Recycling of H2-reduced bauxite tailings (milling; magnetic separation; flotation; 
characterization)/WP leader/EU (Horizon 2020)  

2020-2021 High purity silica purification (SiQua)/Flotation; Physical separation; Particle size 
reduction; Recycling; Hydrometallurgy; Upscaling/WP leader/NFR (FORNY) 

2018-2020 High purity silica purification (SiQua)/Flotation; Physical separation; Particle size 
reduction; Recycling; Hydrometallurgy; Upscaling/Inventor-WP leader/NTNU Discovery 

2016-2020 SNOW/Flotation; Physical separation; Particle size reduction; Mineralogical 
characterization; Hydrometallurgy; Upscaling/WP leader/NFR 

 

EXPERIENCE FROM NATIONAL/INTERNATIONAL COLLABORATION/NETWORKING (if applicable) 

 Activity or project / tasks and responsibilities / context/programme/framework of the 
collaboration and names of key partners (companies, institutions)  

2021- Reflux Flotation Cell/Upscaling of a new flotation cell (flotation; characterization)/WP 
leader/EU (EiT Raw Materials)/FLSmidth; KGHM; HZDR; Solvay; Nouryon 
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2021- Harare/Recycling of H2-reduced bauxite tailings (milling; magnetic separation; flotation; 
characterization)/WP leader/EU (Horizon 2020)/SINTEF; ReSiTec; Mytilineos; Aurubis; 
RWTH Achen; NTUA; KU Leuven 

2020-2021 SiQua/WP leader; Researcher; Innovator/ Purification and fusing of recycled silica/St 
Gobain Quartz; QSIL 

2018-2020 Flotation research/Researcher/ Foaming properties and flotation of various particle 
shapes/Wroclaw University of Science and Technology 

2017-2020 SNOW/WP leader/High purity quartz purification/Washington Mills; SINTEF 

2016-2020 Blue Nodules/Task manager/Characterization of seafloor Mn nodules/RWTH Aachen; 
IHC Mining; Uniresearch; GSR 

2017-2020 Invention and industrial-scale implementation of flotation process/Inventor; 
Researcher/Höganäs; Rana Gruber 

2015-2015 Water recycling/Consultant/Water recycling from natural stone processing/Cherkezov, 
International Development Norway 

2011-2014 Apatite, rutile and gypsum beneficiation/Researcher/Producing mineral concentrates by 
physical separation and flotation/Clearphos; Nordic Mining; Yara 

2011-2012 Invention and industrial-scale implementation of flotation process/Inventor; 
Researcher/The Quartz Corp 

2011-2020 Miscellaneous minor mineral processing projects for institutions/Researcher; 
Consultant/AGH Krakow, SINTEF, NTNU, NINA, NGU, NIVA, NMBU, IFE 

2011-2020 Miscellaneous minor mineral processing projects for companies/Researcher; 
Consultant/ Hydro Aluminium, Elkem, Yara, Nordic Mining, Sydvaranger, Rana Gruber, 
Sibelco, Norsk Mineral, Skaland Graphite, Washington Mills, The Quartz Corp, 
ComexGroup, Eramet, NBTL, KA Rasmussen, Statskog, Statkraft, SNSK, Nussir, LKAB, 
Titania, Ottem Resirk, AF Decom, Tizir TTI, Franzefoss, Statoil, GeoCem, Flage Maskin, 
Acciona/Jernbaneverket, ResiTec, Nordic Rutile, Lyse Energi, Minera Skifer, Visnes Kalk 

   

OTHER MERITS RELEVANT TO THE PROJECT 

Relevant peer-review publications:  

Zawala, J. et al. 2020. Synergism between cationic alkyltrimethylammonium bromides (CnTAB) and 
nonionic n-octanol in foamability of their mixed solutions. Ind. & Eng. Chemistry Research, 59, 1159-
1167.  

Larsen, E. et al. 2019. Selective flotation of K-feldspar from Na-feldspar in alkaline environment. 
Minerals Engineering, 142, 1-9.  

Larsen, E. et al. 2019. Non-HF collectorless flotation of quartz. Minerals Engineering, 133, 115-118. 

Sandvik, K.L., Tro, M.K., Linder, K., Larsen, E. 2019. The Reflux Classifier as A Hematite Scavenger at Rana 
Gruber. IMPC Eurasia 2019, 31 okt - 2 nov 2019, Antalya, Tyrkia. 
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Larsen, E. et al. 2018. Recovery of Rare Earth Elements from a Norwegian Deposit. ALTA 2018 
Conference, Perth (Australia), 2018-05-18 - 2018-05-25. 

Szczerkowska, S. et al. 2018. Kinetics of froth flotation of naturally hydrophobic solids with different 
shapes. Minerals Engineering, 121, 90-99.  

Larsen, E., Kleiv, R.A. 2016. Flotation of quartz from quartz-feldspar mixtures by the HF method. 
Minerals Engineering, 98, 49-51.  

Larsen, E., Kleiv, R.A. 2015. Towards a new process for the flotation of quartz. Minerals Engineering, 83, 
13-18.  

Sandvik, K.L., Larsen, E. 2014. Iron ore flotation with environmentally friendly reagents. Minerals & 
Metallurgical Processing, 31, 95-102.  

Larsen, E. 2013. Enhanced gravity separation at the Mineral Processing Laboratory at NTNU. 
Mineralproduksjon 2013, 3, B15-B19. 

 

Relevant technical reports and presentations:  

Larsen, E. et al. 2018. Recovery of Rare Earth Elements from a Norwegian Deposit. ALTA 2018 
Conference, Perth (Australia), 2018-05-18 - 2018-05-25. 

Sandvik, K.L et al. 2018. The role of microscopic magnetite inclusions in magnetic mineral processing 
highlighted by Norwegian examples. IMPC 2018, Moscow, 2018-09-17 - 2018-09-21. 

Larsen, E. 2014. REE concentration of Rugdevollen pegmatite. NTNU, Dept. of Geoscience and 
petroleum report, M-RAK 2014:17. 

Larsen, E. 2012. Vertikalt pulserende sterkfelt magnetseparator. Mineralproduksjon, 2, 83-84. 

Larsen, E. 2012. Oppredning av REE-holdig pegmatitt fra Rugdevollen. NTNU, Dept. of Geoscience and 
petroleum report, M-RAK 2012:25. 

 

Member/participant in networks: 

European Raw Materials Alliance; Critical Raw Materials Alliance; Mining Industry Professionals; Rare 
Earth Elements; Minerals Engineers; Rare Earths Mining and Processing; Froth Flotation; Mineral 
Processing Chemistry; Mineral Processing Innovation 
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* ROLE IN THE PROJECT   Project manager ☐     Work package leader  ☒      Project partner ☒ 
 

* PERSONAL INFORMATION 

*Family name, First name: Tranell, Maria Gabriella 

*Date of birth:  13.10.1967 *Sex: Female 

*Nationality: SWEDEN 

Researcher unique identifier(s)  
(ORCID, ResearcherID, etc.): 

 

URL for personal website:  https://www.ntnu.edu/employees/gabriella.tranell 

 

* EDUCATION 

 Name of faculty/department, name of university/institution, country 

1999 PhD, Materials Science & Engineering, University of New South Wales, Australia 

1992 MSc, Geotechnology/ Metallurgical Engineering, Luleå University of Technology, Sweden 

 

* POSITIONS (academic, business, industry, public sector, national or international organisations) 

Current Position 

 Job title/name of employer/country 

2015- Professor, Department of Materials Science and Engineering, NTNU, Norway 

2015- Scientific Director/Deputy Director- SFI Metal Production, NTNU, Norway  

2018- Board, Norwegian government appointed “Process21” 

 
Previous positions held (list) 

 Job title/name of employer/country 

2009-2012 Deputy Department Head, Materials Science & Engineering, NTNU, Norway 

2010-2013 Director, Centre for Renewable Energy 

2009-2015 Associate Professor, Materials Science and Engineering, NTNU, Norway 

2009-2016 Scientific Advisor, SINTEF Materials and Chemistry, Norway 

2013-2017 Program responsible of the Nordic International Master Program in Sustainable Energy 
Engineering (ISEE).  

1999-2008 Senior Scientist, Research Manager, SINTEF Materials and Chemistry, Norway 

https://www.ntnu.edu/employees/gabriella.tranell
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FELLOWSHIPS, AWARDS AND PRIZES (if applicable) 

 Name of institution/country 

2006 Dr Mathias Sembs Award/ Norsk Metallurgisk Selskap 2006 

1994-1998 Overseas Post Graduate Research Scholarship for PhD  studies at University of New South 
Wales, Sydney, Australia 

1992 3rd Best MSc thesis in Sweden 1992, Lilla Polhemspriset 

 

MOBILITY (if applicable) 

Research stays abroad lasting more than three months  

 Name of faculty/department/centre, name of university/institution/country   

2018 Visiting Professor, Section for Sustainable Materials, ENEA, Italy 

 

PROJECT MANAGEMENT EXPERIENCE (selected major projects last 5 years at NTNU.)  

Projects funded by Research Council of Norway, international research programmes, private or public 

organisations  

 Project and role, funding from 

2020-2024 “H2020 IA project SisAl Pilot”, EC (Project Coordinator) Awarded in 2019, total budget 14.5 
M€ over 4 years, 21 partners. 

2018-2021 “Researcher project DiamApp”, RCN (Project leader) Awarded in 2017, total budget 10 
MNOK over 4 years 

2015-2023 “SFI Norwegian Centre for Metal Production”, RCN/Industry (Co-director & RD leader), 
Awarded in 2015, total budget over 8 years is 260 MNOK.  

2018-2021 “RemovAl” EU H2020, (project leader NTNU), Awarded in 2017, NTNU Budget 500k€ 

2014-2018 “KPN DEMASKUS” RCN/Industry, (Initial Project leader/WP leader.). Awarded in 2015 Total 
budget 18MNOK.  

2013-2016 “REEcover” EU FP7 (Project koordinator). Awarded in 2013, Total budget 9.6 M€  

2012-2014 “NORREN“ Norwegian Research School in Renewable Energy” (www.norren.no) Ministry 
of Education Funded programme (Project leader)  

 
SUPERVISION OF GRADUATE STUDENTS AND RESEARCH FELLOWS (if applicable)   

 No. of  Master’s 
students/ 
Ph.D./Postdocs 

Name of faculty/department/centre, name of 
university/institution/country 

2009- 47 25/16/6 Dept. of Materials Science and Engineering, NTNU, Norway 

 
TEACHING ACTIVITIES (if applicable)   

 Teaching position – topic, name of university/institution/country 

http://www.norren.no/
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2009-2019 Multiple courses at the Dep. Materials Science and Engineering at NTNU including (major 
contribution or course responsible): 
TMT4170 and 4177 Materials Technology 1 and 3 
TMT4326 Refining and Recycling of Metals 
TMT 4345 Materials Production 
TMT 8214 Metals Production 
Norren Norwegian 

 
ORGANISATION OF MEETINGS    

 Role and name of event/number of participants/country  

2001-2019 Multiple conferences/symposia/workshops as a organiser and co-organiser, including:  

• Organising committee - CSSC 3, Trondheim, June 2009 

• Si summer school, chair and co-chair, NTNU/SINTEF Trondheim June 2010, June 
2012, Iceland 2014, 2016 (www.ntnu.edu/mse/silicon-for-solar-cells) 

• Chair and Co-chair, Organiser, Si session, TMS March 2011, March 2012, March 
2013 

• Scientific Chair, Technoport/Renewable Energy Research Conference, Trondheim, 
April 2012 (www.technoport.no)  

• Organising committee  - INFACON 16, Trondheim June 2021 

 

MEMBERSHIPS OF ACADEMIES / SCIENTIFIC SOCIETIES / NETWORKS (if applicable)  

 Name of academies, scientific societies, networks 

2007- Member of the Minerals Metals and Materials Society (TMS)  
 

2019- Elected member of NTVA 

 

Track record 

Scientific output 

Total number of publications:  

Published over 70 papers in various journals, 2 book chapters, and > 75 papers in refereed conference 

proceedings, 3 patents, Over 1100 total citations, h-index: 18, source: Google Scholar, Sept. 2019. 

Ten Selected Publications (last 3 years): 

Gökelma, Mertol; Aarnæs, Trygve Storm; Maier, Jürgen; Friedrich, Bernd; Tranell, 
Gabriella. (2019) Behaviour of Aluminium Carbide in Al-melts during Re-melting. Light Metals. 
 
Ma, Yan; Jiang, Bo; Moosavi-Khoonsari, Elmira; Andersson, Stefan; Opila, Elizabeth J.; Tranell, 
Gabriella. (2019) Oxidation of Liquid Silicon in Air Atmospheres Containing Water Vapor. Industrial & 
Engineering Chemistry Research. vol. 58 (16). 
 
Ma, Yan; Moosavi-Khoonsari, Elmira; Kero, Ida; Tranell, Gabriella. (2018) Element distribution in the 
silicomanganese production process. Metallurgical and materials transactions. B, process metallurgy and 
materials processing science. vol. 49 (5). 

http://www.ntnu.edu/mse/silicon-for-solar-cells
http://www.technoport.no/
http://dx.doi.org/10.1007/978-3-030-05864-7_126
http://www.tms.org/pubs/publications.aspx
http://dx.doi.org/10.1021/acs.iecr.9b00313
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://hdl.handle.net/11250/2586501
http://hdl.handle.net/11250/2586501
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Smith, Nicholas Albert; Gleeson, Brian; wissam, saidi; Kvithyld, Anne; Tranell, Gabriella. (2018) Mechanism 
behind the Inhibiting Effect of CO2 on the Oxidation of Al−Mg Alloys. Industrial & Engineering Chemistry 
Research. 

Smith, Nicholas; Kvithyld, Anne; Tranell, Gabriella. (2018) The Mechanism Behind the Oxidation Protection 
of High Mg Al Alloys with Beryllium. Metallurgical and materials transactions. B, process metallurgy and 
materials processing science. vol. 49 (5). 

Ødegård, Ivar Andre; Tranell, Gabriella. (2018) Formation of Copper–Neodymium Intermetallic Compounds 
by Carbothermic Reduction of Neodymium Oxide in the Presence of Copper. Industrial & Engineering 
Chemistry Research. vol. 57 (40). 
 
Kennedy, Mark William; Tianming, Sun; Yurramendi, Lourdes; Arnout, Sander; Aune, Ragnhild Elizabeth; 
Tranell, Gabriella. (2017) Pyrometallurgical Treatment of Apatite Concentrate with the Objective of Rare 
Earth Element Recovery: Part II. Journal of Sustainable Metallurgy. vol. 3 (4). 
 
Tianming, Sun; Kennedy, Mark William; Yurramendi, Lourdes; Aldana, Jose; Del Rio, Carmen; Arnout, 
Sander; Tranell, Gabriella; Aune, Ragnhild Elizabeth. (2017) Pyrometallurgical Treatment of Apatite 
Concentrate with the Objective of Rare Earth Element Extraction: Part I. Journal of Sustainable 
Metallurgy. vol. 3 (4). 
 
Jakobsson, Lars Klemet; Tranell, Gabriella; Jung, In-Ho. (2016) Experimental investigation and 
thermodynamic modeling of the B2O3-FeO-Fe2O3-Nd2O3 system for recycling of NdFeB magnet 
scrap. Metallurgical and materials transactions. B, process metallurgy and materials processing science. vol. 
48 (1). 
 
Kero, Ida; Grådahl, Svend; Tranell, Gabriella. (2016) Airborne Emissions from Si/FeSi Production. JOM: The 
Member Journal of TMS. vol. 69 (2). 
 

http://dx.doi.org/10.1021/acs.iecr.8b04691
http://dx.doi.org/10.1021/acs.iecr.8b04691
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://hdl.handle.net/11250/2586504
http://hdl.handle.net/11250/2586504
http://dx.doi.org/10.1021/acs.iecr.8b03117
http://dx.doi.org/10.1021/acs.iecr.8b03117
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://pubs3.acs.org/acs/journals/toc.page?incoden=iepra6
http://hdl.handle.net/11250/2478609
http://hdl.handle.net/11250/2478609
https://link.springer.com/journal/40831
http://hdl.handle.net/11250/2478607
http://hdl.handle.net/11250/2478607
https://link.springer.com/journal/40831
https://link.springer.com/journal/40831
http://dx.doi.org/10.1007/s11663-016-0748-0
http://dx.doi.org/10.1007/s11663-016-0748-0
http://dx.doi.org/10.1007/s11663-016-0748-0
https://www.forskningsradet.no/prosjektbanken/#!/project/245216/no
http://www.tms.org/pubs/journals/JOM/jom.html
http://www.tms.org/pubs/journals/JOM/jom.html
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Vedlegg til søknad om Innovasjonsprosjekt i næringslivet, med prosjekttittel: 

 

1/1 

Partneropplysninger for bedrift 
 

Bedriftens navn: NOAH AS 

Organisasjonsnr.: 984 902 980 Etableringsår: 2002 

Bedriftens nettsted: http://www.noah.no 

Nøkkeltall, siste regnskapsår (alle beløp skal oppgis i mill. kr).  Angi årstall for 

regnskap: 
 

Antall ansatte: 68 Antall årsverk utført av egne ansatte: 68 

Antall FoU-ansatte: 7 Antall FoU-årsverk utført av egne ansatte: 7 

Årlig omsetning: 598 862 000 

Samlet balanse: 852 631 000 

Driftsresultat: 121 207 000 

Samlede FoU-kostnader: 15 000 000 

Opplysninger om eierforhold: 

Har andre foretak eierandel på 25 % eller mer i bedriften? (ja/nei) Ja 

Har bedriften eierandel på 25 % eller mer i andre foretak? (ja/nei) Nei 

Inngår bedriften i et konsern? (ja/nei). Hvis ja, oppgi navn på konsernet: NOAH AS 

Kontakt for årsrapport og årsregnskap, eller nærmere opplysninger om bedriften:  

Kontaktperson, med epost-adresse: Morten Breinholt Jensen, mbj@noah.no 

I 2021 endret NOAH AS navn til NOAH Solutions AS. 

 

NOAH AS tar imot og behandler farlig uorganisk avfall med opphav hos forbrukere og industri i 

Skandinavia, og er engasjert i opprydding av forurensede sjø- og landområder. Selskapet har 

gjennomprøvde og dokumenterte behandlingsløsninger for de fleste typer uorganiske miljøgifter, og tar 

blant annet imot omtrent 370 000 tonn med flyveaske fra avfallsforbrenning, 200 000 m3 med 

avfallssyre fra KRONOS Titan, samt annet industriavfall på Langøya utenfor Holmestrand.  Avfallet 

stabiliseres som en gips i deponiet på Langøya, en prosess som reduserer utlekking av uønskede 

elementer til omgivelsene i henhold til nasjonale retningslinjer og krav.  

 

Gjennom prosjektet så ønsker NOAH å bygge videre på overgangen fra å være et rent 

slutthåndteringsselskap til et gjenvinningsselskap som skaper nye og grønnere løsninger for 

materialfraksjoner som tradisjonelt har blitt sett på som farlig avfall og avhendet på deponi. 

Gjenvunnede fraksjoner som gips, metaller og andre verdifulle mineraler vil deretter kunne selges som 

råvarer til videreforedlende industri. NOAH besitter en sterk kompetanse innen karakterisering, 

håndtering og behandling av uorganisk avfall som flyveasker og avfallssyre. Gjennom test- og 

forskningssenteret på Langøya så har man også bygget kompetanse på alternative behandlingsmetoder 

for flyveaske, og vil spille en sentral rolle i prosjektet. 

 

NOAH vil ta en aktiv del i prosjektet, både i form av administrative oppgaver og FoU-arbeid, og vil 

bidra med laboratorier for kjemisk karakterisering, metode- og prosessutvikling, samt design, bygging 

og gjennomføring av pilotutstyr og -forsøk. NOAH vil også være ansvarlig for å organisere 

gjennomføring av eksterne forsøk hos potensielle mottakere av gjenvunnet gips og evt. andre 

materialfraksjoner. 
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Vedlegg til søknad om Innovasjonsprosjekt i næringslivet, med prosjekttittel: 

 

1/1 

Partneropplysninger for bedrift 
 

 

Bedriftens navn: Kronos AS  

Organisasjonsnr.:  948 616 491 Etableringsår: 1916 

Bedriftens nettsted: https://kronostio2.com/en/manufacturing-facilities/fredrikstad-norway 

Nøkkeltall, siste regnskapsår (alle beløp skal oppgis i mill. kr).  Angi årstall for regnskap: 2019 

Antall ansatte: 178 Antall årsverk utført av egne ansatte: 178 

Antall FoU-ansatte: 0 Antall FoU-årsverk utført av egne ansatte: 0 

Årlig omsetning:  1 076 583 000 

Samlet balanse: 679 568 000 

Driftsresultat:  16 381 000 

Samlede FoU-kostnader: 0 

Opplysninger om eierforhold: 

Har andre foretak eierandel på 25 % eller mer i bedriften? (ja/nei) Nei 

Har bedriften eierandel på 25 % eller mer i andre foretak? (ja/nei) Nei 

Inngår bedriften i et konsern? (ja/nei). Hvis ja, oppgi navn på konsernet: KRONOS Worldwide, Inc. 

Kontakt for årsrapport og årsregnskap, eller nærmere opplysninger om bedriften: 

Kontaktperson, med epost-adresse: Jan Klauset - jan.klauset@kronosww.com 

Kommentar til FoU-kostnader og -ansatte: Selskapets FoU-virksomhet gjennomføres hos Kronos 

Titan Gmnb i Leverkusen i Tyskland. 

 

Kronos Titan AS i Fredrikstad er Skandinavias eneste produsent av titandioksidpigmenter (TiO2). 

TiO2 benyttes som hvitt fargepigment i blant annet maling, papir, plast og gummi. Kronos Titan 

AS i Fredrikstad produserer ca. 30 000 tonn TiO2 pr år, har en omsetning på ca. en milliard pr år 

og har i underkant av 200 ansatte. Kronos Titan AS produserer også betydelige mengder jernsulfat 

(FeSO4) som benyttes som fellingskjemikalie i kommunale vannrenseanlegg i hele Skandinavia. 

 

Titandioksidpigmenter produseres via sulfatprosess i Fredrikstad. Råmateriale til framstilling av 

TiO2 er ilmenittkonsentrat (FeTiO3) fra søsterselskapet Titania AS i Hauge i Dalene i Sokndal 

kommune og konsentrert svovelsyre som kjøpes inn fra Boliden AS i Odda. Under fremstillingen 

av TiO2, så dannes det ca. 200 000 m3 (23 vekt-% H2SO4) forurenset svovelsyre som har en 

negativ markedsverdi. I dag leveres svovelsyren til NOAH AS på Langøya der den nøytraliseres 

med flyveaske fra forbrenning av husholdningsavfall og brent kalk. Det er avgjørende for Kronos 

Titan AS at det finnes gode løsninger for å håndtere restprodukter fra TiO2-produksjon også etter 

at Langøya går full i 2030 for å kunne videreføre virksomheten. Produksjon av kommersiell 

hvitgips basert på vår svovelsyre er derfor en meget interessant løsning å utvikle i felleskap med 

NOAH AS.      

 

Vårt søsterselskap i Canada, Kronos Canada, Inc, håndterer i dag svovelsyren fra produksjon av 

TiO2 ved å danne hvitgips og det finnes derfor mye kunnskap rundt produksjon av gips fra 

forurenset svovelsyre i Kronossystemet. Kalksteinråstoffet som er avgjørende for å produsere 

hvitgips er betydeligere renere i Canada sammenlignet med kalksteinforekomsten på Langøya, 

slik at produksjon av hvitgips vil kreve betydelig utvikling for at den skal ha en kvalitet markedet 

krever. Kronos vil bidra med prosess- og markedskunnskap rundt hvitgips i prosjektet.   

 

Kronos Titan AS sin hovedinteresse i prosjektet er å sikre at det eksiterer en god og sirkulær 

løsning for restsyren fra vår produksjon også etter Langøya går full i 2030. Uten en løsning vil det 

ikke være mulig å opprettholde produksjonen i Fredrikstad.  



Bekreftelsesbrev om samarbeid mellom Kronos Titan AS og NOAH AS 

 

Dette brevet bekrefter at Kronos Titan AS og NOAH AS har intensjon om å samarbeide for å utvikle 

en prosess for å omdanne avfallssyre fra Kronos Titan AS til kommersiell gips. Avfallssyre (svovelsyre) 

er et biprodukt som oppstår hos Kronos Titan AS under produksjon av TiO2. Denne syren sendes i dag 

til NOAHs anlegg på Langøya for behandling og påfølgende deponering. Partene skal i samarbeid 

utvikle en prosess for produksjon av kommersiell gips basert på avfallssyre fra Kronos Titan og 

kalkholdige avfallsfraksjoner eller kalkstein fra NOAH.  

Kronos Titan AS vil bidra med prosesskunnskap og interne timer i omsøkte prosjekt. NOAH vil bidra 

med interne timer og direkte kostnader til FoU, pilotering og labforsøk. 

 

Kronos Titan AS 

Fredrikstad 15.04.2021 

_______________________ 

Jan Klauset - CEO 

 

 

NOAH AS 

Oslo 15.04.2021 

_______________________ 

Anders Lægreid - CEO 
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1. Purpose

The purpose of this document is to set a framework for the understanding of digital evidence quality. Additionally it explains how the Scrive e-signed documents relate to such framework.

2. What is quality digital evidence?

Evidence collection is a security measure that the parties signing an agreement or another type of document, use to protect themselves in the event of a future dispute. The evidence can serve the purpose of clarifying the circumstances of the signing event; what was signed, how it was signed and who the signatories were. The value of quality evidence cannot be overstated, as it can be the difference between winning and losing in the event of a dispute.

We have studied several evidence container technologies such as the signed paper document, the printed facsimile and the recorded voice to understand how to generate quality evidence in a digital environment. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferable into digital formats. In fact we found that new technologies have been introduced at the cost of significant loss in quality of evidence; crucial information is left out of such digital evidence containers and as a result the usefulness of such evidence is highly dependent on third parties. This section explores the key characteristics of the signed paper document as compared to digital evidence container formats with the purpose of exploring what is required to reproduce, or improve, the evidence characteristics of the signed paper document.

2.1 Integrity

To prove that evidence is legitimate it is important to be able to show that it has not been tampered with.

As outlined in the table below, integrity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The integrity of a digital evidence container is highly dependent on the design of the system that produces it.

Question to ask:

How to emulate the integrity properties of the signed paper document in a digital evidence container?

				Signed paper document

		Digital evidence container



		Integrity

Can the evidence container be altered after its creation?

		A signed paper document is rarely questioned as evidence, unless there is good reason to believe otherwise. The reason being, that paper is by nature an immutable format; once signed it is difficult to manipulate the available evidence (typically paper mass, ink and fingerprints) without leaving traces of such manipulation. Thus a signed paper document is a durable “snapshot” of reality at the time that the document was signed.

		Digital evidence such as a PDF or an audio file, is by nature mutable. It is easy to alter digital evidence without leaving traces of manipulation.





2.2 Accessibility

To be able to make use of evidence it is key that it is as accessible as possible, meaning that all aspects of the evidence can be understood with a minimum amount of specialised expertise and tools.

As outlined in the table below, accessibility is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The accessibility of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to make a digital evidence container as accessible as a signed paper document?

				Signed paper document

		Digital evidence container



		Tools

What tools are required to display the evidence?

		All graphical elements (i.e. text and pictures) are visible to the naked eye, thus additional tools are never required for the interpretation thereof.

		All graphical elements are hidden to the naked eye, thus additional tools (machines and software) are always required for the interpretation thereof.

Additionally, different tools display the graphical elements in different ways so it is not given that all graphical elements in the file will be accessible to the naked eye or that it will be presented in the intended way.

Or even worse, to skew the balance of power and create an information advantage to one or several of the signatories, the intended way to display the graphical elements might be to hide them to make them difficult to find unless you know what tool to use and/or where to look for the graphical elements.



		Cost

How costly can it be to access the evidence?

		For the evidence that is harder to access such as fingerprints and the age of the ink, there are societal functions for the sole purpose of extracting that evidence.

		For the digital evidence that is harder to access, special resources not available to anyone such as special tools, expertise and research skills, might be required to extract all evidence.



		Comprehensibility

How Is the evidence format understood?

		As a standard format all aspects thereof are common knowledge, readily available to anyone interested.

		There is no one standard for digital evidence, therefore the format and available documentation for the interpretation thereof, is highly dependent on the design of the system that generated the evidence.





2.3 Evidence of intent

Contract law worldwide states that an offer and acceptance are elements required for the formation of a legally binding contract: the expression of an offer to contract on certain terms by one person (the “offeror”) to another person (the “offeree”), and an indication by the offeree of its acceptance of those terms. The other elements traditionally required for a legally binding contract are (i) consideration and (ii) an intention to create legal relations. Thus, intent is a key component in making a contract legally binding.

As outlined in the table below, evidence of intent is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of intent in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

				Signed paper document

		Digital evidence container



		Output

Is the final output the same as what is viewed at the time of signing?

		The signing environment (the paper document) is the same as the final output (the signed paper document).

		The digital signing environment is not the same as the final output. i.e. the displayed information is not the same as the digital evidence produced by the system after signing.



		Comprehensibility

Is the signing environment easily comprehensible to the signatory? 

		To sign a paper document is a standardised ritual to form a binding agreement. Therefore it is reasonable to maintain that any adult of age would understand their actions and that intent can be assumed.

		There are no standards for signing in a digital environment, the signing environments are subject to human creativity and the same signing environment may change from time to time, intentionally or unintentionally. Therefore it is not possible to assume that the signing environment made it immediately clear to the signatory that it was participating in the formation of a legally binding contract, thus intent can never be assumed.





Let us illustrate the potential consequences of weak evidence of intent in a digital signing environment with an example:

Two parties go to court over a contract signed in a digital signing environment. One of the parties claims that it didn’t sign a contract. Instead it claims that it was displayed with a) an interesting drawing of a blue elephant, b) a question if it would like to see an equally interesting pink sheep, and c) a button to proceed to view the pink sheep. Then the party selected to proceed by clicking the button to see the pink sheep, viewed the pink sheep and went to bed. There was no intent to sign a contract; there was only intent to view a pink sheep.

2.4 Evidence of identity

To be able to prove the identity of a signatory, the strength and accessibility of such evidence is key.

As outlined in the table below, evidence of identity is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of identity in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the type of evidence that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to possibilities and accessibility and any type of digital evidence can be included and made easily accessible.

Question to ask:

How should the evidence of identity of the signing parties be captured and included into the evidence container?

				Signed paper document

		Digital evidence container



		Saving:

Is the evidence captured and included?

		Evidence of identity of the signing parties will automatically be captured and included into the document. The signatures can be used for graphological analysis, and fingerprints and other biometric materials from the signing parties can be used to authenticate the signatories.

		Evidence of identity of the signing parties will not be automatically captured and included into the document unless a) the software has been designed to do so, and b) the user of the software configures the software to do so.



		Formats:

In what formats can evidence be captured and included?

		There are limited possibilities to include evidence of identity other than the given; the signature, fingerprints and other biometric materials.

		New technology enables virtually unlimited possibilities to capture and include different types of evidence of identity such as audio, video, pictures and much more.



		Accessibility:

How accessible is the evidence?

		The evidence of identity is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of identity can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.5 Evidence of time

To be able to prove the time of a signature it is key to have exact evidence of time and that such evidence can be trusted to be accurate.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it. On the other hand the signed paper document have inherent limitations to the exactness of the evidence of time that can be included and the accessibility of such evidence, digital evidence containers don’t have such limitations to exactness and accessibility and very precise evidence of time can be included and made easily accessible.

Question to ask:

How to make sure that the evidence of time can be trusted to be correct?

				Signed paper document

		Digital evidence container



		Trust

Can the time be trusted? 

		The time of the event can be trusted as it can be found in the ink and there is a strong scientific foundation for the technique for chemical age determination.

		The time of the event is not automatically to be trusted because it is reported by a machine whose time settings cannot automatically be guaranteed to be correct.



		Exactness

How exact can the time be?

		The signed paper document offers limited possibilities to capture exact evidence of time. It is typically done manually through writing the date of when the signature was applied to the document. Additionally it is possible to analyse the time of the signature by chemical age determination of the applied ink. Neither of those methods provides exact evidence of time. Typically the manually applied time is only the day of the signature and the chemical age determination is even less exact.

		Digital evidence containers offer extensive possibilities to capture exact evidence of time and the evidence of time can be made to be very exact down to milliseconds, microseconds or even more exact.



		Accessibility

How accessible is the evidence?

		The evidence of time is not easily accessible as it is costly and time consuming to request analysis of signatures, fingerprints and other biometric materials.

		The evidence of time can be made easily accessible so that the usefulness thereof can be free and immediate to anyone.





2.6 Event history

To be able to prove a signature, events related to the actual signing event can be useful to strengthen the case.

As outlined in the table below, trustworthy evidence of time is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The quality of the evidence of time in a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask: 

How much event information should be collected and what should be included in the evidence container?

				Signed paper document

		Digital evidence container



		Ease of saving

How easy is it to capture and include related evidence?

		Collection and inclusion of related evidence has to be done manually which is costly. Therefore it is less likely that the signatories will collect and include extra evidence as a preemptive measure.

		Collection and inclusion of related evidence can be done automatically which is cheap. Therefore it can be reasonable to with take preemptive measures to collect and include extra evidence automatically through the system generating the evidence container.





2.7 Control

As seen in the previous sections, evidence is composed of many different evidence features such as integrity, accessibility, intent, identity, time and events (the “Evidence Features”). The Evidence Features may be captured in the same evidence container or distributed across multiple evidence containers, within or outside of the signatory’s direct control, such as but not limited to documents, databases or human memory. Optimally, as much as possible of the Evidence Features should be concentrated into evidence containers under the signatory’s direct control because a) the third party can cease to exist and as a result the evidence may be destroyed, b) the third party’s systems and/or administration may change and affect the accessibility of the evidence for the signatory, c) the third party’s incentives as an agent to protect the integrity of the evidence may not be, or stop being, aligned with the signatory’s incentives as a principal and thus increasing the risk of evidence loss or the risk of tampering that may affect the evidence quality or d) any combination of the aforementioned scenarios.

As outlined in the table below, control is an inherent quality of the signed paper document but not necessarily that of a digital evidence container. The control of a digital evidence container is highly dependent on the design of the software that produces it.

Question to ask:

How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

				Signed paper document

		Digital evidence container



		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		The paper naturally includes all Evidence Features.

		The digital evidence container must be designed specifically to include the Evidence Features, otherwise the Evidence Features will be left outside the direct control of the signatory.





3. Scrive’s solution

3.1 Introduction

We have now analysed the evidence quality characteristics of the signed paper document versus digital evidence containers. This section describes the Evidence Package and how it has been designed in relation to the evidence quality characteristics. Our goal has been to reproduce the evidence qualities of the signed paper document, the long-standing gold standard for evidence containers, while at the same time add new qualities enabled by new technology. The end result is an evidence container not only imitating the most important features of the signed paper document but also with qualities superior to the signed paper document.

As explained in the introduction section to this Evidence Documentation, Scrive eSign is designed to a) enable its users to define workflows for signing electronically, b) execute the e-signing workflow, c) record the evidence and d) once all signatories have signed, use the recorded evidence to produce the Evidence Package. Thus, the Evidence Package is the end result of all these four steps in Scrive eSign and to be able to understand the Evidence Package, it is important to understand each of these four steps. This section explains the four steps in Scrive eSign required for producing the Evidence Package.

3.2 Summary

The Evidence Package addresses the questions in the section “How to create quality evidence?” in the following ways:

		Topic

		Question

		Evidence Package



		Integrity

		How to emulate the immutability of the signed paper document in a digital evidence container?

		Scrive eSign seals the Evidence Package with a digital signature (see step 10 in the Service Description). Depending on which sealing method was chosen, one of two things is applicable. With Keyless Signature Infrastructure based digital signature: Within one (1) month and five (5) days Scrive eSign seals the Evidence Package with a Keyless Digital Signature (see step 11 in the Service Description) which can be used to verify the document’s integrity mathematically with the help of the Digital Signature Documentation (see step 9  in the Service Description). With PAdES digital signature: Protects the document with a tamper-evident seal and makes Long Term Validation (LTV) of the seal possible.



		Accessibility

		How to make a digital evidence container as accessible as a signed paper document?

		Scrive eSign append the Verification Page to the Signing PDF containing a brief documentation (see step 2  in the Service Description), append this Evidence Quality Framework (see step 4 in the Service Description) and append the full Service Description (see step 5  in the Service Description) these documents together explain the Evidence Package and, except from a few exceptions, eliminate the need for further expertise or resources.



		Evidence of Intent

		How to produce evidence of the intent to sign in a digital signing environment and how to match that intent with a specific document?

		Scrive eSign makes a screenshot of the confirmation in the signing environment of the Signatory, after the Signatory has signed and includes this screenshot into the Evidence of Intent (see step 8 in the Service Description). Behind the confirmation the document is visible to make it possible to match the intent with the document.



		Evidence of Identity

		How should the evidence of identity of the signing parties be captured and included into the evidence container? 

		Scrive eSign performs meticulous data collection in the Transaction Logs and then selected identity data is printed into the Verification Page (see step 6 in the Service Description) and all identity data is included into the Evidence Log (see step 4 in the Service Description).



		Evidence of time

		How to make sure that the evidence of time can be trusted to be correct?

		Scrive eSign collects time of events and Clock Error Samples into the Transaction Logs. These Clock Error Sample data are computed into useful numbers that can be used to mathematically calculate the likelihood of time deviation from the registered time.  Everything is included into the Evidence Log (see step 6 in the Service Description) and the Evidence if Time (see step 7 in the Service Description). Additionally the digital signature with which the document is sealed (see step 10 in the Service Description) includes a strong timestamp that can be used as an additional source of evidence of time.



		Event history

		How much event information to collect and what to include in the evidence container?

		Scrive eSign collects as much information as possible into the Transaction Logs and include all collected information into the Evidence Log (see step 6 in the Service Description).



		Control

		How to design a digital evidence container to include as much evidence as possible under the signatory’s direct control and independent from third parties?

		Scrive eSign goes to great lengths to collect and include as much evidence material as possible into one single evidence container, the Evidence Package. The Evidence Package include all Evidence Features of a signed paper document and more thereto.





4. Benchmarking the evidence quality of the Evidence Package

Based on the criteria as set forth in section 2 (What is quality digital evidence?), it can reasonably be argued that the Transaction Logs together with the measures in step 1-11 to produce the Evidence Package, to generate a digital evidence container of highest quality. Lets see how, in our opinion, the Evidence Package fare in comparison to the signed paper document when applying the framework as set forth in section 2.

		Main criteria

		Subcriteria

		Signed paper document

		Evidence Package



		Integrity

		Mutability

How mutable is the evidence container?

		Not mutable.

		Not mutable after applying the Digital Signature, in the sense that any alteration can be detected. In the event of a leak of the private key that Guardtime maintains, forged evidence containers would be detected if the Keyless Digital Signature has been applied. For PKI sealing, in the event of a leak of our private key for the PAdES digital signature, our certificate will be revoked. In that case, even if that certificate is revoked, the digital signature will still be able to show that at the time of sealing the certificate was not revoked and thus the digital signature (seal) is still valid.



		Accessibility

		Tools

What tools are required to display the evidence?

		No tools required.

		The Evidence Package is produced in standard PDF format and thus all parts of the Evidence Package is accessible through standard PDF readers where attachments are displayed. Adobe Reader is one example of such PDF reader.



				Cost

How costly can it be to access the evidence?

		The cost depends from country to country on the societal functions of the society and what they charge for document analysis.

		All evidence is made easily accessible and at no cost. The only evidence that requires any level of expertise is a) the technical expertise required to apply the Digital Signature Documentation to prove the Evidence Package’s integrity and timestamp mathematically and b) the statistical expertise to apply the time measurements to the statistical model to prove the exact time of an event.The need for case a is expected to be extremely rare and the statistical expertise in case b is common knowledge and easy to come by.



				Comprehensibility

How Is the evidence format understood?

		It is common knowledge available to anyone.

		The Evidence Documentation includes all explanations necessary.



		Evidence of Intent

		Output

Is the final output the same as what is viewed at the time of signing?

		Yes. Always.

		No. Never for digital evidence containers. The screenshot included in the Evidence of Intent which include a picture of the signed document in the background is intended to strengthen the evidence that what was viewed in Scrive eSign was the same as the output. The solution is not terminal though as this does not guarantee that the document was exactly the same in all parts.



				Comprehensibility

Is the signing environment comprehensible to the Signatory?

		Yes. Always for any mentally capable adult.

		Yes. The screenshot of the confirmation message after signing, that is included in the Evidence of Intent, is evidence that the Signatory understood that they were taking part in a e-signing workflow.



		Evidence of Identity

		Saving

Is the evidence captured and included?

		Yes. Unless the party wears gloves or for other reason manages to avoid direct physical contact with the paper.

		Yes. All information collected during the e-signing workflow is collected in the Transaction Logs and included in the Evidence Log upon producing the Evidence Package, including any evidence of identity.



				Formats

In what formats can evidence be captured and included?

		Limited possibilities.

		Unlimited possibilities.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		All evidence of identity is included in plain text in the Evidence Log or as easily accessible attachments to the document if requested in other format, such as photo for example.



		Evidence of time

		Trust

Can the time measurement be trusted?

		Yes.

		Yes. UTC time stamps plus deviation are time intervals guaranteed to be traceable to  reference time. Additionally the digital signature with which the document is sealed contains a time stamp which can be verified mathematically using only public information. 



				Exactness

How exact can the time measurement be?

		Not very exact. The standard precision is per day. Chemical age determination is even less exact.

		It can be very exact. The time is measured with microsecond resolution.



				Accessibility

How accessible is the evidence?

		Not very accessible. Costly and/or time consuming to request analysis of signatures, fingerprints and other biometric materials.

		Very accessible. All evidence of time is included in plain text in the Evidence Log.



		Event history

		Ease of saving

How easy is it to capture and include related evidence?

		Not very easy. Manual labor is required. Therefore likely to happen to a minimal extent.

		Effortless. Scrive eSign automatically collects and includes plenty of evidence in the Transaction Logs and prints all that evidence into the Evidence Log.



		Control

		Independence

How many of the Evidence Features are dependent on third parties to be useful?

		None. The signed paper document is a self contained evidence container format.

		None. The Evidence Package is a self contained evidence container format.
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5. Administer the Workflow Execution (User)

5.1 Progress history

5.2 Withdraw invitation

5.3 Extend due date

5.4 Restart document

5.5 Start signing

5.6 Download document

5.7 Send reminder

5.8 Send document again

5.9 Change of authentication to view and authentication to sign methods

5.10 Bounce management

5.11 Review Attachments

5.12 Review evidence attachments

6. Follow the workflow (Party)

6.1 Overview of Workflow Execution

6.2 Accessing the Sign View

6.2.1 Invitation message

6.2.2 List of Initiated Workflows

6.3 Authenticate to view

6.3.1 Authentication to view

6.4 Reviewing the Sign Material

6.4.1 Contact information

6.4.2 Branded header

6.4.3 Other branded Sign View components

6.4.4 Signing header

6.4.5 Review instruction

6.4.6 Mandatory/optional explanation

6.4.7 Download PDF

6.4.8 Document display

6.4.9 Guiding arrow

6.4.10 Text fields

6.4.11 Checkboxes

6.4.12 Radio buttons

6.4.13 Signature box

6.4.14 About you section

6.4.15 Attachments section

6.4.16 Requested attachments section

6.4.17 Signatories section

6.4.18 Reject or sign section

6.5 Rejecting to sign the Sign Material

6.5.1 Reject button

6.5.2 Rejection section

6.5.3 Rejection confirmation page

6.6 Signing the Sign Material

6.6.1 Signature Drawing Modal

6.6.2 PIN by SMS authentication and Signature Confirmation Section

6.6.3 Swedish BankID authentication and Signature Confirmation Section

6.6.4 Signature Confirmation Section

6.7 Receiving the confirmation after signing

6.7.1 Signature Registration Section

6.7.2 Signature confirmation page

6.7.3 Signature confirmation message

7. Evidence collection

7.1 Collecting missing Sign Material

7.2 Producing the Transaction Logs

7.2.1 Recording Signatories’ activities in Scrive eSign

7.2.2 Generating images of the confirmation after Signatories signed

7.2.3 Recording Signatories’ system information

7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

7.3 Recording clock error

8. Evidence Package generation

8.1 Preparing the Evidence Package

8.1.1 Prepare a Final PDF (step 1)

8.1.2 Append the Verification Page (step 2)

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

8.1.4 Append the Evidence Quality Framework (step 4)

8.1.5 Append the Service Description (step 5)

8.1.6 Append the Evidence Log (step 6)

8.1.7 Append the Evidence of Time (step 7)

8.1.8 Append the Evidence of Intent (step 8)

8.1.9 Append the Digital Signature Documentation (step 9)

8.1.10 Append the Digital Signature (step 10)

8.1.11 Append the Keyless Digital Signature (step 11)

8.1.12 PAdES Digital Signature (optional to Steps 10 and 11)

9. Document administration

9.1 Document list

9.1.1 List view

9.1.2 Learn more and manage workflow

9.1.3 Mass-withdraw invitations

9.1.4 Send mass-reminder

9.1.5 Delete

9.1.6 Filter and search

9.1.7 Download all documents

9.1.8 Download metadata as CSV

9.2 Template Workflow editing list

9.2.1 List view

9.2.2 Filter and search

9.2.3 Delete

9.2.4 Share

9.3 Trash list

9.3.1 List view

9.3.2 Filter and search

9.3.3 Restore

9.4 Auto-deletion of documents and personal data

10. Account administration

10.1 Organisation administration

10.1.1 Organisation details

10.1.2 White-label branding

10.2 User administration

10.2.1 User privileges

10.2.2 User management

1. Definitions

“Attachments” means attachments to the Main Document provided by the Author or Signatories.

“Author” means the person(s) that configure the Workflow Settings.

“Clock Error Samples” means the term as defined in the Attachment Evidence of Time.

“Delivery Method” means the method to deliver the invitation to participate in a Workflow Session.

“Design View” means the administrative user interface of Scrive eSign for the purpose of configuring the Workflow Settings.

“Evidence Attachments” means the attachments with additional evidence inserted into the Final PDF as explained in section 8, the attachments are Evidence Quality of Scrive E-Signed Documents, Service Description, Evidence Quality Framework, Evidence Log, Evidence of Intent, Evidence of Time and Digital Signature Documentation.

“Evidence Material” means the Final PDF including the inserted Evidence Attachments. 

“Evidence Package” means the Evidence Material sealed with a digital signature.

“Field Data” means data associated with text fields, checkboxes, radio buttons and signature boxes in the Main Document.

“Final PDF” means the final Main Document after all Signatories have signed, including Field Data rendered with the placements defined by the Author in the Workflow Settings.

“Initiator” means the person that initiates Workflow Execution.

“Initiated Workflow” means a set of Workflow Settings where Workflow Execution has been initiated.

“Integrated System” means a system that communicates with Scrive eSign via the Scrive API.

“Main Document” means the document that is displayed in the Design View and Sign View and is possible to edit with Field Data.

“Party” or “Parties” means persons participating in the Workflow Execution.

“Role” means the Role of a Party during a Workflow Session.

“Scrive API” means the application programming interface of Scrive eSign.

“Sign Material” means the material being reviewed, signed and completed by the Parties during Workflow Execution, including a) the Main Document, b) Attachments and c) Field Data.

“Sign View” means the graphic user interface in Scrive eSign’s web based interface, for the Parties to review and for Signatories to sign the Sign Material.

“Signatory” means a person that has been defined to sign the Sign Material in the Sign View during a Session.

“Signature Confirmation Section” is the final section where the Signatory is asked if they are sure that they wish to sign the document.

“Signature Drawing Modal” is the modal where the Signatory is asked to draw or type their signature.

“Template Workflow” means Workflow Settings saved by an Author for later reuse. “Transaction Logs” means database logs in Scrive eSign, including records of the Signatories activities in Scrive eSign.

“User” is a person or a group of persons with an account in Scrive eSign which is linking to a verified email address.

“Viewer” means a person that has been defined to only have access to view the Sign Material in the Workflow Session.

“Workflow Execution” means when Scrive eSign guides the Parties through Workflow Sessions as configured in the Workflow Settings.

“Workflow Session” means a set of activities defined for a Party to execute the assigned Role. A Party can be assigned multiple Workflow Sessions.

“Workflow Settings” means any combination of settings in section 3 defining how the Parties can interact with the Sign Material during Workflow Execution.

2. Purpose 

The purpose of this document is to explain how Scrive eSign worked at any given point in time to facilitate the full understanding of the process that generated the final Evidence Package. Each time Scrive eSign is updated with new features this document is also updated. The scope of the document is to describe the Scrive eSign system in full. Because it is possible to initiate Workflow Execution via API it is possible that parts of the e-signing workflow have happened outside of Scrive eSign. Because Scrive can only document features that are within our control, parts of a workflow may have happened outside the scope of this document.

3. Design the workflow (Author)

Workflow Settings are defined in the Design View by the Author. The features for designing the Workflow Settings are clustered in the Design View in three main sections. We describe the features in these sections according to the structure in the Design View.

3.1 Add Parties

3.1.1 Simple Workflow Session

Add a Workflow Session and add information about the Party participating in the Workflow Session. You can add an infinite number of Workflow Sessions. The minimum amount of Workflow Sessions is one.

3.1.2 Mass-signing Workflow Session

To replicate a Template Process multiple times with many separate Parties it is practicable to add the Parties in bulk. This feature enables adding a list of Parties to a Workflow Session as a CSV file. When initiating the process Scrive eSign will automatically replicate the process for every row in the CSV file and include the Party information of that row to that Workflow Session.

3.1.3 Invitation order

Select in what order the Parties shall receive the invitation to participate. Parties can receive the invitation in parallel, in sequence, or a combination of these.

3.1.4 Role

Define if the Party should be Signatory or Viewer.

3.1.5 Invitation method

Select how the Party shall receive the invitation to participate in the Workflow Session. The delivery methods available are a) email, b) SMS, c) email and SMS and d) in-person delivery or e) API.

		Email

		An email invitation is sent including a link to the Sign View.



		SMS

		An SMS is sent including a link to the Sign View.



		Email and SMS

		Both email and SMS delivery as described above.



		In-person

		No invitation is sent. The Initiator can give the Party access to the Sign View, by personally presenting it on a device selected by Initiator.



		API

		No invitation is sent. The Initiator can select to give access to the Sign View by sharing the URL or an Author can set up a workflow where the Party is redirected from a webpage hosted by the Author to the Sign View.





3.1.6 Authentication to view

Select what authentication should be required from a Signatory before accessing the Workflow Session to view the document. The alternatives are a) Swedish BankID, b) Norwegian BankID, c) Danish NemID or d) no additional authentication method.

3.1.7 Authentication to sign

Select what authentication method should be required from a Signatory. The alternatives are a) Swedish BankID, b) PIN verification by SMS or c) no additional authentication method.

3.1.8 Confirmation method

Select how the Party shall receive the confirmation that the document has been signed by all Parties and get access to the Evidence Package. The confirmation methods available are a) email, b) SMS, c) email and SMS and d) no delivery.

3.2 Place fields

3.2.1 Main Document upload

Upload the Main Document. Only PDFs are accepted for upload. 

3.2.2 Main Document removal

Remove the Main Document.

3.2.3 Text field

Drag and drop text fields into the document. Define the name of the text field (i.e. address, mobile and more) or select a predefined field, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution, define what party can (if optional) or must (if mandatory) complete the text field during their Workflow Session. All information put into a text field will be printed onto the document. You can set the font size of the text field to a) small, b) normal, c) large or d) huge.

3.2.4 Checkbox

Drag and drop checkboxes into the document. Define the name of the checkbox (for traceability purposes), choose a checkbox size, and define if it is a) mandatory for the Initiator, b) mandatory for Party completing the Workflow Session or c) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) check the checkbox during their Workflow Session. The checkbox, empty or checked, will be printed onto the document.

3.2.5 Signature box

Drag and drop signature boxes into the document. Define the name of the signature box (for traceability purposes) and define if it is a) mandatory for the Party completing the Workflow Session or b) optional. If left empty or editable during Workflow Execution define what party can (if optional) or must (if mandatory) draw their signature during their Workflow Session. For some old browsers where JavaScript drawing doesn’t work, the Signatory can use their keyboard to type their signature with a name instead and a handwritten font will be used. The drawn or typed signature will be printed onto the document.

3.2.5 Radio buttons

Drag and drop radio button groups into the document. Define the name of the radio button group and the names of individual radio buttons (for traceability purposes), and choose a size for the radio buttons within the radio button group. It is mandatory for signing parties to select one of the radio button group options. The radio buttons, selected or not, will be printed onto the document.

3.3 Other settings

3.3.1 Add Attachment

The Author can upload documents to add as Attachments to the Main Document or delete previously uploaded Attachments. Only PDFs are accepted. The Author selects if the Attachment should be optional or mandatory to review. The Author selects if the Attachment should be merged with the main file or not.

3.3.2 Request Attachment

The Author can request that Parties are asked to upload documents during a Workflow Session, to add the documents as Attachments to the Main Document. The request is set per Party and an instruction text is required explaining what document is requested, requests can be made optional in which case the Party is not required to upload a document.

3.3.3 Main Document name

Name the Main Document. This is the name that will be communicated with the Parties throughout each Workflow Session. This will be the name of the Main Document in the Evidence Package.

3.3.4 Workflow Session language

Select in what language the Parties shall be guided throughout each Workflow Session. This will be the language of the text printed in the Verification Page.

3.3.5 Due date

Select the due date for the Signatories to sign. After the due date has passed the Signatories can no longer sign.

3.3.6 Automatic reminder

Select at what date an automatic reminder to sign shall be sent to the Signatories that haven’t yet signed.

3.3.7 Personal invitation message

Write a personal message that the Parties will receive when invited via email to participate in the Workflow Execution.

3.3.8 Personal confirmation message

Write a personal message that the Parties will receive via email when the document has been signed.

3.3.9 Edit Sign View UI

Adjust the UI in the Sign View. The following UI features can be added or removed a) header including logo and contact details, b) download PDF c) the button used in the Sign View to reject to sign, d) option to reply with a message, and e) footer.

3.4 Save as template workflow

The Workflow Settings in Design View can be saved as a Template Workflow for later Workflow Execution a single time (save as draft) or multiple times (save as template).

3.5 Settings available via API only

3.5.1 Set highlighting

It is possible, via the API, to enable highlighting in the Sign View for selected Signatories. Highlighting is the digital equivalent of a yellow mark on paper to emphasize something on the document. Highlights can be made by the selected Signatories, and cleared page-by-page, until they have signed the document, after which no more changes can be made. 

3.5.2 Field editable by Signatory

It is possible, via the API, to allow selected Signatories to change the value of certain fields, even if they were pre-filled by the Document Author. This is currently only available for email and mobile field types. The aim of this setting is to allow Signatories to update their email or mobile number, when the value set by the Document Author may be incorrect or outdated.

4. Initiate the workflow (Initiator)

A Workflow Execution needs to be started by an Initiator. This section describes the features which the Initiator can use to initiate the Workflow Execution. The Initiator may initiate the Workflow Execution in any of the following ways:

		start as Author and define the Workflow Settings in the graphic user interface of the Design View or an Integrated System, or programmatically through the Scrive API, and then initiate the Workflow Execution, or

		start as Initiator only and select a Template Workflow to initiate the Workflow Execution, or

		start as Author and select a Template Workflow to edit by any of the procedures for defining the Workflow Settings described in bullet a and then, after editing as Author, initiate the Workflow Execution.



4.1 Initiate Workflow Execution from Design View

After a Main Document has been uploaded and no mandatory information is missing it is possible to initiate Workflow Execution by clicking a button to start. When having clicked the button a modal is displayed and depending on the Workflow Settings different activities will be required from the Initiator to initiate Workflow Execution.

		Initiator role

		Sign order

		Instruction in modal



		Signatory

		Sign first

		Prompts to sign first before inviting others



		Signatory

		Sign second or later

		Prompts to invite others



		Viewer

		-

		Prompts to invite others





4.2 Initiate Workflow Execution from Template Workflow

Template Workflows can be accessed either via the Scrive eSign graphic user interface or via API. The following sections will describe how access can be done via the graphic user interface of Scrive eSign. In principle the same actions can be performed via the API.

4.2.1 List of Template Workflows

By logging in to his Scrive eSign account the Initiator can access a list of Template workflows from where it can initiate Workflow Execution. In the list of Template Workflows each Template Workflow is displayed in a list including name of the Template Workflow, time of latest change to Template Workflow, Delivery Method(s) and sharing status. In the template list view it is possible to do free text search on metadata to find Template Workflows.

4.2.2 Select to edit Template Workflow or directly initiate Workflow Execution

By clicking the name of a draft or template in the list of Template Workflows, different options will be made available depending on the Workflow Settings of the Template Workflow.

		Author/Not Author

		Locked from editing

		In-person delivery

		Options for next step



		Author

		Yes/No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Author

		Yes/No

		No

		Option to a) edit Workflow Settings or b) send for signature directly.



		Not Author

		Yes

		Yes

		Option to initiate signing on the device directly.



		Not Author

		No

		Yes

		Option to a) edit Workflow Settings or b) initiate signing on the device directly.



		Not Author

		Yes

		No

		Option to send for signature directly.





5. Administer the Workflow Execution (User)

The document view is the administrative counterpart of the Sign View. Here the User can review the Main Document, Attachments, Parties and progress history and also administer the Workflow Execution.

5.1 Progress history

The Workflow Session progress of each Signatory can be tracked in the progress history section. Each important event is listed with a status icon, time, Party and an explanatory text. Below is a list of the statuses used.

		Progress status

		Explanation



		Initiated signing

		The Initiator initiated the signing process.



		Email sent

		The invitation to access Sign View was sent via email.



		SMS sent

		The invitation to access Sign View was sent via SMS.



		Undelivered

		The external email or SMS system has reported that it could not deliver the email or SMS.



		Delivered

		The external email or SMS system has reported that it has delivered the email or SMS.



		Email opened 

		The external email system has reported that the email has been opened.



		Accessed view to authenticate

		The party opened the view to verify their identity before viewing the document.



		Authentication success

		The Party verified their identity with [AUTHENTICATION METHOD] to access the document.



		Reviewed online

		Opened the document online.



		Signed

		The button to complete signing was clicked in the Signature Confirmation Section or, if BankID was required to sign, the signing process was completed successfully in the BankID application.



		Rejected

		The button to reject signing was clicked in the final rejection section.



		Timed-out

		The due date for signing as set in the Workflow Settings passed and the document can’t be signed.



		Due date prolonged

		The Initiator prolonged the signing due date.



		Process cancelled

		The Initiator cancelled the signing process, the document can no longer be signed.



		Process edited

		The Workflow Process was edited in the Design View.



		Sealed

		Scrive eSign sealed the final PDF with a digital signature.



		Extended

		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.





5.2 Withdraw invitation

To withdraw an invitation to sign an Initiated Workflow, press the button to withdraw. The invitation to sign the selected Initiated Workflow will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

5.3 Extend due date

If the due date to sign passed without all Signatories having signed the Initiator can extend the due date by pressing “extend due date”. The date is extended by as many days as are determined by the Initiator.

5.4 Restart document

If the document was cancelled or the due date passed the Initiator can select to restart the Workflow Execution by pressing the button to restart the Workflow Execution. The Initiator is then redirected to the Design View where he can edit the Workflow Settings and initiate Workflow Execution again.

5.5 Start signing

If Delivery Method was set to in-person or API, then there is an option for the Initiator to initiate the next in-person Workflow Session directly from this view. By selecting “start signing” the Initiator will be redirected to the Sign View.

5.6 Download document

If the document has been signed it can be downloaded by the Initiator by pressing the button to download the document.

5.7 Send reminder

To remind a Signatory to sign, press the button to send reminder. A reminder will be sent to the Signatory using the initial invitation Delivery Method selected by the Author.

5.8 Send document again

To send a completed Evidence Package again to a Party, press the button to send the document again which is next to the Party’s information. A message including the document, will be sent to the Signatory using the initial confirmation Delivery Method selected by the Author.

5.9 Change of authentication to view and authentication to sign methods

As long as the recipient hasn’t signed the Initiator can change the authentication to view and the authentication to sign methods.

5.10 Bounce management

If the email or SMS could not be delivered, the Initiator is informed of the problem via an email with a link to the Document View where the Initiator can edit the email or mobile number. A bounce can occur for multiple reasons, typically due to a) entering the wrong email or mobile number, b) SPAM filter settings of the receiving system or c) the recipient’s systems are down.

5.11 Review Attachments

Below the displayed document there is a section with all attached Attachments. The user can view or download Attachments.

5.12 Review evidence attachments

Below the Attachments section there is a section with all evidence attachments. The user can review or download the evidence attachments.

6. Follow the workflow (Party)

Smooth Workflow Execution is dependent on a series of events as executed by the Parties in close interaction with Scrive eSign. This section will describe the different components enabling the Workflow Execution. The features are listed in the order as they appear to the Signatory either chronologically or in the graphic user interface from the top and going down. What features appear to the Signatory depend on the Workflow Settings.

6.1 Overview of Workflow Execution

Before we look at the components of the Workflow Execution it might be useful to get an overview of the different steps of Workflow Execution as experienced by the Signatories and the Viewers.

		Accessing the Sign View: the Party either a) receives an email or SMS with an invitation to sign electronically and a link to the Sign View or, b) accesses a device (tablet, desktop computer, smartphone or other) with the Sign View already opened or c) is redirected from an Integrated System to the Sign View. 

		If set by the Author, the Signatory is asked to authenticate before they can proceed.

		Reviewing the Sign Material: the Party views the displayed Sign View and a) can read instructions at the top to follow the guiding arrow, b) depending on the Workflow Settings enter or not enter Field Data into the document (such as text, signatures, checks in checkboxes, choosing a radio button group option) and view/append required and optional attachments and c) scroll through all document pages to reach the sign or reject section.

		When enabled for the current signatory, the Initiator can highlight anything within the document being signed in real-time. 

		Signing the Sign Material: the Signatory presses the next button to proceed to the next step and, depending on the Workflow Settings, one of these four scenarios follow;



		If the Signatory has not yet drawn their signature inside the document a section appears with instructions to confirm their intent by clicking a button with the text “Sign”, or

		If the Signatory has not yet drawn their signature inside the document a section appears with instructions that they will finalise the signing process by clicking the button with the text “Finish”, or

		If the Signatory is required to authenticate with PIN by SMS before they can sign they a) type or view their mobile number, b) receive an SMS with a PIN, c) type the PIN into a input field and d) confirm their intent by clicking a button with the text “sign”, or

		If the Signatory is required to sign with Swedish BankID they sign using the Swedish BankID app on the device they chose to sign with.



		Receiving confirmation after signing: after having completed one of the above signing scenarios a confirmation message is displayed to the Signatory that the Sign Material has been signed. Depending on the Workflow Settings, each Party either receives or doesn’t receive a confirmation message. If it was set for the Party to receive a confirmation message it is sent either a) by email and including the Evidence Package, b) by SMS and including a URL-link to access the document on the web in Scrive eSign, or c) both by email and SMS as described above.



The following sections are more detailed descriptions of the features enabling the workflow in the summary above.

6.2 Accessing the Sign View

This is the workflow guiding the Parties to access the Sign Material in the Sign View.

6.2.1 Invitation message

Scrive eSign will send an invitation email and/or SMS to the Party, in the order as defined by the Workflow Settings. The email and/or SMS will include a URL-link to a Sign View specific to that Workflow Session.

6.2.2 List of Initiated Workflows

Initiated Workflows with Workflow Sessions available for signing directly on the device are listed in a list accessible to Users. Each Initiated Workflow is displayed in a list with document name, last event, name of Initiator and names of all Parties. An icon determines if the Party is the Initiator of the Initiated Workflow or has been invited by another Initiator to participate. By selecting an Initiated Workflow from the list the User will initiate a Workflow Session and access the Sign View.

6.3 Authenticate to view

This is the part where the Signatory is required to authenticate themselves before they can proceed to view the Sign Material.

6.3.1 Authentication to view

The name of the Author and the document is displayed. Personal information that is required to understand who should authenticate their identity is presented. The Signatory initiates the authentication process. If the authentication is successful the Signatory is redirected to the Sign View to view the Sign Material.

6.4 Reviewing the Sign Material

This is the workflow guiding the Signatory when they are reviewing the Sign Material before signing.

6.4.1 Contact information

In the header the Initiators name and mobile (if available) is displayed for contact purposes.

6.4.2 Branded header

Adjustments can be made to a) company logotype, b) background color of header, c) text font, and d) text color. If no branding has been selected, the default is the Scrive logotype and colors. Author can remove the header and footer in the Design View before initiating Workflow Execution.

6.4.3 Other branded Sign View components

Components of the Sign View that can be branded are a) text font type of all text, b) color of the guiding arrow, c) color and text font of text in the guiding arrows, d) color of buttons, and e) color and text font of the text in the buttons. In the Sign View, confirmation page after signing, the signing invitation email and confirmation email there is a discrete ”Powered by Scrive” text.

6.4.4 Signing header

This header stays at the top of the SIgn View as the signatory scrolls through the Main Document to sign. The header includes a) the name of the document, b) a button to activate highlighting (learn more below), c) a button to zoom in the Main Document and d) a button to zoom out the Main Document. By clicking the highlight button, the highlighting functionality is enabled and the scrolling functionality is disabled. Thus, instead of scrolling when touching the screen the touch will result in a yellow highlighting color being painted to the Main Document where the finger points. Highlighting starts when a finger is put to, or a mouse is clicked above, the Main Document. Highlighting stops when the finger is lifted or the mouse is released. To initiate highlighting again the highlighting button in the header has to be pressed again. If the highlighting functionality has been applied to the Main Document in the current Workflow Session, a clear button will also be available in the signing header. The clear button will allow highlighting to be cleared from one document page at a time, and “clear mode” will be enabled until any highlighting has been cleared, or until the cancel button is clicked to cancel clear mode.

6.4.5 Review instruction

Below the header there is a) the person’s name and b) a brief instruction on how to proceed to sign the document. The purpose of the name is to decrease the risk that a person mistakenly signs in another Signatory’s name. If the name was not supplied before Initiator initiated Workflow Execution, then only the brief instruction is displayed.

6.4.6 Mandatory/optional explanation

Explanation of the difference in instruction color between actions that are mandatory and actions that are optional. This appears if the Workflow Session includes optional and mandatory actions.

6.4.7 Download PDF

Option to download the Main Document and Attachments as PDF. This option is either displayed or not depending on if the Author defined that it should be displayed during the Workflow Session.

6.4.8 Document display

PNGs of the Main Document are displayed in up to 1040 px width.

6.4.9 Guiding arrow

The guiding arrow will guide the Party through the steps set as mandatory by the Author. The arrow will guide the Party by pointing at the next mandatory step and blink.

6.4.10 Text fields

There can be empty text fields that are mandatory or optional to complete for the Party and pre-filled fields that can be editable.

6.4.11 Checkboxes

There can be unchecked checkboxes that are mandatory or optional for the Party and pre-checked checkboxes that can be de-checked. Checkboxes can be small, medium, or large, at the discretion of the author.

6.4.12 Radio buttons

There can be radio button groups comprising of two or more radio button options. The Party must select one of the radio buttons for each radio button group. Each radio button group can be small, medium, or large, at the discretion of the author.

6.4.13 Signature box

If signatures are requested from the Signatory then signature boxes are displayed as colored areas on top of the document. If the Author has defined the signature as mandatory, then the guiding arrow will point to the colored area after previous mandatory fields have been completed. When clicking a signature box a signing workflow is initiated. Read more about the signing workflow in section “6.6 Signing the Sign Material”.

6.4.14 About you section

If there are input fields that are mandatory to include in the transaction but have not been placed on top of the document by the Author they are displayed in the about you section. This section is not visible if there is no mandatory information that has not been placed on top of the document for input.

6.4.15 Attachments section

For each attachment that has been added to the document by the Author a section is displayed including the title of the attachment and a button to show the attachment. The attachment can be viewed by clicking the button to show the attachment, then the section expands and displays the attachment in full to the Signatory. If an attachment was selected by the Author to be mandatory to review in the Workflow Settings then a) a checkbox is available next to the title of the attachment and b) a text stating that the signatory confirms that they have read and understood the content of the attachment is available next to the checkbox. The checkbox with the instruction to confirm that the Signatory has read and understood the content of the attachment must be checked before the Signatory can sign.

6.4.16 Requested attachments section

This is where, if requested, the signatory is instructed to upload additional documents as attachments. The signatory can choose not to upload an optional attachment by checking a checkbox. If attachments have been added by previous signatories in the same process, those are visible to the current signatory for review. This section is not visible if there are no requests for attachments from the signatory.

6.4.17 Signatories section

This section includes a list of the Signatories, their signing progress and a) Full name,,  and b) if applicable information about the Signatory is displayed such as organisation, organisation number, ID number, mobile number and email.

6.4.18 Reject or sign section

This is the last section in the Sign View. This section includes a reject button and a next button. By clicking the reject button the Signatory will initiate the rejection workflow and by clicking the next button the Signatory will initiate the signing workflow. If the Author has determined in the Sign View Settings that the reject button shall not be displayed to the Signatory, only the next button will be displayed.

6.5 Rejecting to sign the Sign Material

This is the workflow guiding the Signatory when they are rejecting to sign the Sign Material.

6.5.1 Reject button

At the bottom of the Sign View the signatory can reject the signing via clicking on a reject button. This button is visible if the Author has not disabled it in the Workflow Settings.

6.5.2 Rejection section

If the option to allow a rejection message was chosen in the Workflow Settings, upon clicking the button to reject the Signatory will enter a section where the Signatory can reject and, if so desired, write a rejection message to the Initiator. If a rejection message is not allowed, the Signatory will be asked to confirm the rejection directly, without the possibility of writing a rejection message. If the Signatory confirms the rejection, the Workflow Execution is cancelled and the Main Document can no longer be signed by any other Signatory.

6.5.3 Rejection confirmation page

After a rejection the Signatory is redirected to a page confirming that the signing was rejected and, if a rejection message was created, that the rejection message was sent to the Initiator.

6.6 Signing the Sign Material

The signing workflow is the workflow guiding the Signatory when they are signing the Sign Material.

6.6.1 Signature Drawing Modal

After the signature box has been clicked by the Signatory, the Signature Drawing Modal is opened and the Signatory is instructed to sign. The Signatory can draw their signature on a touchscreen or with a mouse. Once the Signatory has drawn their signature in the Signature Drawing Modal, they can click a button to proceed. Once they have clicked the button to go to the next step the modal closes and the signatory is scrolled to the next step defined by the Workflow Settings. 

6.6.2 PIN by SMS authentication and Signature Confirmation Section

If the authentication was set to PIN by SMS, the Signatory is either a) prompted to type the mobile number they want to use for authentication or b) if the mobile number was prefilled by the Initiator they can only view the mobile number. After the signatory has filled their mobile mobile number or reviewed the one that was prefilled by the Initiator and clicked to send the SMS, the Signature Confirmation Section appears with a) an input field for the PIN, b) a text if they wish to sign and let Scrive eSign register their signature and c) a button to confirm the PIN and complete the signing process. After the correct PIN has been supplied and the Signatory has confirmed that they wish to sign , the signature is registered and the Signature Registration Section is displayed.

6.6.3 Swedish BankID authentication and Signature Confirmation Section

If the authentication was set to Swedish BankID, the Signatory is either a) prompted to type the ID number they want to use for authentication, or b) if the ID number was prefilled by the Initiator this is already prefilled and not editable. After the signatory has a) filled their ID number or reviewed the one that was prefilled by the Initiator and b) clicked to initiate the authentication with Swedish BankID, the Signatory authenticates within the Swedish BankID application. When the authentication is completed in the Swedish BankID application, Scrive eSign registers the signature. 

6.6.4 Signature Confirmation Section

If the authentication was neither set to Swedish BankID nor PIN by SMS then the Signature Confirmation Section asks the Signatory if they wish to either “sign” (if no signature was drawn in the document using the Signature Drawing Modal) or “finish” (if a signature was drawn in the document using the Signature Drawing Modal) and let Scrive eSign register their signature. Once the Signatory has confirmed that they wish to sign or finish the signing process, the signature is registered and the Signature Registration Section is displayed.

6.7 Receiving the confirmation after signing

This is the workflow guiding the Signatory after they have signed the Sign Material.

6.7.1 Signature Registration Section

After the Signatory has confirmed their signature in the Signature Confirmation Section, the Signatory is redirected to the Signature Registration Section. The Signature Registration Section instructs the Signatory that their signature is being registered by Scrive eSign.

6.7.2 Signature confirmation page

After Scrive eSign has completed registering the signature of the Signatory, the Signatory is either redirected to:

		a custom confirmation page. Scrive does not regulate the custom confirmation page other than requiring that the confirmation page should not be misleading to the Signatory, thus it can include any information.

		the Scrive eSign standard confirmation page. The standard confirmation page includes information that the Signatory’s signature has been registered. If the Author had set that Scrive eSign should send an outgoing confirmation message, then the Signatory is also informed that an outgoing confirmation message was sent to the Signatory or that, if there are more Signatories to sign the document, an outgoing confirmation message will be sent to the Signatory after all Signatories have signed.

		the Signing Handover Interface, where a button is displayed leading to the Workflow Session for that next Signatory. This happens if there are other Signatories in line to sign after the Signatory that just signed, and the Delivery Method was set to in-person for any of those Signatories.



6.7.3 Signature confirmation message

If Author set that an outgoing confirmation message should be sent to the Signatory, a confirmation message is sent either via SMS, email or both. The confirmation message includes information that the document has now been signed by all Signatories. The email also includes an original of the Evidence Package and the SMS includes a link to access the Evidence Package online. If the Evidence Package is over 10MB Scrive eSign will not include the Evidence Package in the confirmation email and instead an instruction and a link to access the document will be supplied. If the Author set that a custom confirmation message shall be included in the outgoing confirmation message, the custom confirmation message set by the Author is included after the standard confirmation message texts.

7. Evidence collection

During the Workflow Execution Scrive eSign is collecting evidence to include into the Evidence Package.

7.1 Collecting missing Sign Material

At any time during the Workflow Execution, Scrive eSign presents the Sign Material in its current state in the Sign View meaning that it displays a) images of each page of the Main Document, b) links to all Attachments and c) renders all currently defined Field Data on the pages of the Main Document using the placements specified by the Author. As the process advances, the Sign Material is collected and produced through the following process:

		The Author uploads the initial Sign Material into Scrive eSign, consisting of the Main document, Author Attachments and initial Field Data.

		The Signatories will perform a review of the Sign Material in the Sign View. Depending on the Workflow Settings the Signatory can be asked to upload Signatory Attachments and add more Field Data, so that the Sign Material is completed. This step is reiterated until all Signatories have signed. 

		When the last Signatory has signed, the Sign Material has become fully completed and is locked from further modifications.



7.2 Producing the Transaction Logs

Scrive eSign executes the following activities to produce the Transaction Logs:

		Record as many as possible of the Signatories’ activities in Scrive eSign during Workflow Execution

		Record screenshots of the confirmation after the Signatories have signed through Scrive eSign

		Record system information of the Signatories’ client system

		Record system time of the Signatories’ activities in Scrive eSign



This section will explain the different procedures for recording the Transaction Logs as listed above.

7.2.1 Recording Signatories’ activities in Scrive eSign

Scrive eSign records events when the Signatory has interacted with Scrive eSign during Workflow Execution. The activities in Scrive eSign that are recorded are listed below. Coordinates X=0, Y=0 is the top-left corner of the page, X=1, Y=1 is the bottom-right corner.

		Sample event (as printed in the Evidence Log)

		Event explanation



		Scrive eSign sealed the Evidence Package (as defined in the Service Description) with a keyless digital signature.

		See section 8.1.11.



		Scrive eSign sealed the final PDF with a digital signature.

		See section 8.1.10 and 8.1.12.



		Scrive eSign prepared the final PDF, including evidence collected by Scrive eSign, before sealing with a digital signature.

		See sections 8.1.1 – 8.1.9 



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) verified their identity with [AUTHENTICATION METHOD] to access the document.

Data returned from the [AUTHENTICATION METHOD]:

Name: [NAMED RETURNED]
ID number: [ID NUMBER RETURNED]


Signature: [SIGNATURE RETURNED]
Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.3.1.



		Scrive eSign sent an automatic reminder to sign using [DELIVERY METHOD] to [EMAIL@EXAMPLE.COM and 012-34 56 78] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]).

		See section 3.3.6.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) withdrew the invitation to sign and Scrive eSign disabled the possibility to sign for all parties.

		See sections 5.2.



		The user [NAME OF USER ([UNIQUE IDENTIFIER]] changed authentication for [NAME OF PARTY (UNIQUE IDENTIFIER)] from [OLD AUTHENTICATION METHOD] to [NEW AUTHENTICATION METHOD].

		See section 5.9.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the email address for the party from [BAD@EXAMPLE.COM] to [GOOD@EXAMPLE.COM].

		See section 5.10.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) changed the mobile number for the party from [BAD-12 34 56] to [GOOD-12 34 56].  

		See section 5.10.



		Scrive eSign locked the document from further modifications by the parties.

		See section 7.1 step 3.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[ACCEPT ATTACHMENT CONDITIONS TEXT]”.

		See sections 3.3.1 and 6.4.15.

[ACCEPT ATTACHMENT CONDITIONS TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "I have read and accepted the content of the attachment [EXAMPLE ATTACHMENT NAME]".



		The party [NAME OF PARTY] ([UNIQUE IDENTIFIER]) deleted the attachment [ATTACHMENT NAME] previously uploaded by the party [NAME OF PARTY] ([UNIQUE IDENTIFIER]).

		See sections 3.3.2 and 6.4.16.



		Due to a system error Scrive eSign failed to finalise the Evidence Package (as defined in the Service Description) before sealing with a digital signature.

		Sometimes the system may fail to produce the Evidence Package as described in sections 8.1 – 8.3. This event is extremely rare.



		Scrive eSign’s external email delivery system reported that the invitation to [sign/review] the document sent via email to [PARTY@EXAMPLE.COM] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation to [sign/review] the document sent via SMS to [012-34 56 78] was delivered.

		See sections 3.1.4 and 5.1.



		Scrive eSign sent an invitation to [sign/review] the document via [delivery method] to [PARTY@EXAMPLE.COM and/or 012-34 56 78]. The invitation included a link that when clicked lead to Scrive eSign’s online interface to [sign/review] documents. The invitation contained the following message: <BR/> <i>This is an example message text.</i>

		See sections 3.1.4, 3.3.7 and 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent via email to [PARTY@EXAMPLE.COM] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external SMS delivery system reported that the invitation sent via SMS to [012-34 56 78] could not be delivered and continued attempts were cancelled.

		See section 5.1.



		Scrive eSign’s external email delivery system reported that the invitation sent to [PARTY@EXAMPLE.COM]  was opened.

		See section 5.1.



		The initiator [NAME OF INITIATOR] ([UNIQUE IDENTIFIER]) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to [EXAMPLE LANGUAGE: ENGLISH], c) set the signing due date to [EXAMPLE DATE: 2013-01-01 00:00:00 UTC], d) set the time zone to [EXAMPLE TIME ZONE: CET] and e) initiated the signing workflow.

		See section 4.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) prolonged the signing due date.

		See section 5.3.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) rejected the invitation to sign and Scrive eSign disabled the possibility to sign for all parties. The rejection message from the signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See section 6.5.2.



		Scrive eSign sent a reminder to [review/sign] via [delivery method] to [SIGNATORY@EXAMPLE.COM and/or MOBILE NUMBER] at the request of the user [NAME OF USER] ([UNIQUE IDENTIFIER]). The reminder message from the user [NAME OF USER] ([UNIQUE IDENTIFIER]) was: <BR/> <i>This is an example message text.</i>

		See sections 9.1.4 and 5.7.



		Scrive eSign’s administrator ([ADMIN@EXAMPLE.COM]), a person authorised to administer Scrive eSign, requested preparation of the Evidence Package.

		In the rare event of failure there is a safety feature in Scrive eSign where an authorised person at Scrive can ask the system to try to reseal the Evidence Package.



		The user [NAME OF USER] ([UNIQUE IDENTIFIER]) edited the signing workflow in Scrive eSign’s interface to design signing workflows.

		See section 5.4.



		The SMS with the PIN was delivered to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		An SMS with a PIN was sent to [MOBILE NUMBER] for the signatory [NAME OF SIGNATORY (UNIQUE IDENTIFIER)] to use for authentication.

		See section 6.6.2.



		The signatory [NAME OF SIGNATORY] ([UNIQUE IDENTIFIER]) uploaded the attachment [EXAMPLE ATTACHMENT NAME] requested by the workflow author. The request had the following description: <BR/> <i>This is an example description.</i>

		See sections 3.3.2 and 6.4.16.



		The signatory [NAME OF SIGNATORY] checked the checkbox “[EXAMPLE ATTACHMENT NAME]”. The text next to the checkbox was “[NOTHING TO UPLOAD TEXT]”.

		See sections 3.3.2 and 6.4.16.

[NOTHING TO UPLOAD TEXT] is the text that was visible to the signatory and depends on the document’s language setting. In English it is "Nothing to upload".



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the 

document using PIN by SMS as authentication method. The PIN was sent to [MOBILE NUMBER].

		See section 6.6.2.



		The document was signed by [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) using [AUTHENTICATION METHOD] as authentication method. 


The text signed in the [AUTHENTICATION METHOD] client was:


$signed_text$

Data returned from the  [AUTHENTICATION METHOD]:

  

Name: [NAMED RETURNED]

ID number: [ID NUMBER RETURNED]

Signature: [SIGNATURE RETURNED]

Online Certificate Status Protocol (OCSP) Response: [OCSP RETURNED]

		See section 6.6.3.



		The signatory [NAME OF SIGNATORY ([UNIQUE IDENTIFIER]) signed the document.

		See section 6.7.1.



		The due date for signing the document passed. Scrive eSign disabled the possibility to sign for all parties.

		See section 3.3.5.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) [CHECKED or UNCHECKED] the checkbox [NAME OF CHECKBOX]. The checkbox's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.4 and 6.4.10.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) selected the radio button "[NAME OF RADIO BUTTON]" in radio group "[NAME OF RADIO GROUP]". Possible options were: [LIST OF ALL RADIO BUTTON NAMES IN RADIO GROUP]. The radio buttons placement in the Main Document:

Page     X           Y

1            0.123   0.128

1            0.123   0.142

		See sections 3.2.5 and 6.4.12.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) signed in the signature box [NAME OF BOX]. The box's placement in the Main Document:

Page     X           Y

1            0.123   0.420

		See sections 3.2.5, 6.4.13 (or 6.4.18 if signature box was not placed) and 6.5.11.



		The signatory [NAME OF PERSON] ([UNIQUE IDENTIFIER]) changed the text in the text field [NAME OF FIELD] from [PREVIOUS VALUE] to [NEW VALUE]. The field's placement in the Main Document: 

Page     X           Y

1            0.123   0.420

		See sections 3.2.3 and 6.4.9 (or 6.4.14 if text field was not placed).



		The party  [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the view to verify their identity before viewing the document.

		See section 6.3.1.



		The party [NAME OF PERSON] ([UNIQUE IDENTIFIER]) opened the document in Scrive eSign’s online interface to [review/sign] documents.

		See section 6.2.1.



		Highlighting was added to page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 



		Highlighting was removed from page 3 while [NAME OF PERSON] was viewing.

		See sections 3.5.1 and 6.4.4. 





7.2.2 Generating images of the confirmation after Signatories signed

To sign through Scrive eSign the Signatory is asked to confirm the signature and after the Signatory has confirmed their signature a confirmation message is displayed. Scrive eSign will generate an image of the Signatories’ browser environment including the confirmation message in the foreground and the Main Document and Field Data in the background.

The technology for generating an image of the Signatories’ browser environment is not perfect. Therefore, as a safeguard in the event that the image of the Signatories’ browser cannot be generated correctly, Scrive eSign will at each Planned Production Upgrade, generate images of a reference browser environment including the confirmation message in the foreground and a demo Main Document and Field Data in the background. The purpose of the images is to serve as a reference to display how the images of the Signatories’ browser environment should have looked like if the image generation would have been generated correctly.

7.2.3 Recording Signatories’ system information

Scrive eSign records information of the system that the Signatories use at each system event generated by the Signatory. The information that is recorded is:

		IP address



7.2.4 Record the time of each event in Scrive eSign relating to a Signatory’s activity

At the time of an event triggered by a Signatories’ interaction with Scrive eSign, Scrive eSign will log the following information:  

		The time of Scrive eSign servers at the time of the Signatories’ activity 

		The time of the latest Clock Error Sample

		The clock error at the latest Clock Error Sample



7.3 Recording clock error

The time of Scrive eSign servers is controlled using NTP and the servers communicate indirectly with servers equipped with reference clocks whose purpose is to define reference time. Each hour Scrive eSign estimates the error of the clocks of its servers compared to reference time and the estimated error is measured in milliseconds (the “Clock Error Sample” or “CES”). The purpose of the Clock Error Sample is to produce data that can be used in a statistical model to evaluate the accuracy of Scrive eSign servers’ clock at the point of each logged event.

More about the Clock Error Sample and measurement of time in Scrive eSign is explained in the Appendix 4 Evidence of Time.

8. Evidence Package generation

8.1 Preparing the Evidence Package

Once all Signatories have signed electronically, Scrive eSign will execute the following actions to produce the Evidence Material:

		Prepare the Final PDF.

		Append the Verification Page as an additional page to the Final PDF.

		Append the Evidence Quality of Scrive E-signed Documents as an attachments inside the Final PDF.

		Append the Evidence Quality Framework as an attachment inside the Final PDF.

		Append the Service Description as an attachment inside the Final PDF.

		Append the Evidence Log as an attachment inside the Final PDF.

		Append the Evidence of Time as an attachment inside the Final PDF.

		Append the Evidence of Intent as an attachment inside the Final PDF.

		Append the Digital Signature Documentation as an attachment inside the Final PDF.



Once the Evidence Material has been produced Scrive eSign will execute the following actions to secure the integrity of the Evidence Material and thereby produce the final Evidence Package:

		Seal the material in steps 1-9 with a digital signature.

		Seal the material in steps 1-10 with a keyless digital signature (not performed if PAdES digital sealing is used).



A detailed description of the steps 1-11 follows below.

8.1.1 Prepare a Final PDF (step 1)

The Final PDF is prepared by inserting all the pages from the original Main Document, and subsequently all the Field Data is rendered using the placements defined by the Author in the Workflow Settings. If the Author defined that Attachments should be Merged with the Main Document they are added as pages to the Main Document. If the Author defined that Attachments should not be Merged with the Main Document the attachment is hashed using SHA-256. The hash can be found in the Evidence Log. Attachments that are not merged with the Main Documents are not digitally sealed. By comparing the computed hash (the output from execution of the algorithm SHA-256) to a known and expected hash value (the value in the Evidence Log), it’s possible to determine the Attachments’ integrity.

8.1.2 Append the Verification Page (step 2)

The Verification Page is one or several pages appended at the end of the Final PDF and it contains the following information:

		Transaction ID intended for support purposes.

		Information about the Main Document including name, number of pages and by whom it was submitted.

		Information about the each Attachment, including name, number of pages, if it was merged with the Main Document or not and by whom it was submitted.

		Information about the Initiator and each Signatory. 

		Activity history of each Signatory in Scrive eSign during Workflow Execution, including a brief description of the activity, the time of the activity and the IP address.

		A Scrive seal.



At the end of the Verification Page there is brief documentation describing what the Verification Page is. The documentation is intended to give the reader all the information necessary in order to understand:

		The nature of the document (an Evidence Package issued by Scrive).

		That additional documentation about the Evidence Package can be found in the Attachments.

		Where to verify the integrity of the document (https://www.scrive.com/verify).



The purpose of the Verification Page is to make the most important metadata about the Workflow Execution easily accessible.

8.1.3 Append the Evidence Quality of Scrive E-signed Documents (step 3)

The Evidence Quality of Scrive E-signed Documents is a brief introduction to the Evidence Package. The purpose of the document is to serve as an executive summary and help with the understanding of the Evidence Package without having to read through all the documentation. 

8.1.4 Append the Evidence Quality Framework (step 4)

The Evidence Quality Framework explains the legal aspects of digital evidence quality. The purpose of this document is to set a framework for the understanding of digital evidence quality and explain how the Evidence Package relates to such framework.

8.1.5 Append the Service Description (step 5)

The Service Description is this document and is a complete functional specification of Scrive eSign. The Scrive team maintains the following process to keep the Service Description up to date:

		A new version of Scrive eSign has been developed and the staging environment has been updated with the new version. The staging environment is the servers where the final testing of a new version of Scrive eSign is conducted before it is released to all customers. If the new version of Scrive eSign includes new features or substantial adjustments to existing features the Service Description is updated by the Scrive eSign product owner to include the changes made. The Scrive eSign product owner is the person that plans and manages the development of Scrive eSign.

		While on staging the changes to the Service Description is reviewed and corrected by the Scrive legal counsel in dialogue with the Scrive eSign product owner. 

		Once all text changes have been agreed by the Scrive eSign product owner and the Scrive legal counsel, the updated Service Description is to be included with the next updates to Scrive eSign. 



The purpose of the document is to serve as a reference for anyone trying to understand the Evidence Package and its different components.

8.1.6 Append the Evidence Log (step 6)

The Evidence Log includes all Transaction Logs printed in human readable text including a) the Signatories’ activities in Scrive eSign during Workflow Execution, b) all system information of the Signatories, and c) the UTC timestamp created at the moment of each Signatories’ activity.

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of Scrive eSign and thus independently of Scrive. 

8.1.7 Append the Evidence of Time (step 7)

The Evidence of Time includes a detailed documentation about a) how the time of the servers of Scrive eSign is measured and synchronised with trusted sources of time, b) a mathematical algorithm to calculate the probability of time deviation above certain time intervals and c) the measurements required to insert into the mathematical algorithm, including the last 1000 samples of the servers time deviation and their distribution.

The purpose of the Evidence of Time is to explain how Scrive eSign measures time and

provide a mathematical algorithm by which it is possible to calculate the probability of

the error of the time stamps recorded by Scrive eSign.

8.1.8 Append the Evidence of Intent (step 8)

The Evidence of Intent includes the images of the Signatories browser environment generated by Scrive eSign when the Signatory has signed and is displayed with a confirmation thereof. Additionally the Evidence of Intent also includes the reference images generated by Scrive eSign at each Planned Production Upgrade.

The purpose of the Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid such rhetoric as exemplified by the example with the blue elephant and the pink sheep.

8.1.9 Append the Digital Signature Documentation (step 9)

The Digital Signature Documentation contains an algorithm for how to prove the document’s integrity mathematically. The document integrity can be tested mathematically with the help of a) the Digital Signature Documentation, b) a code published in the Financial Times after the date of sealing the document with the digital signature (step 10) and c) a keyless digital signature has been applied to the document after the date of publishing the code in the Financial Times (step 11). This document does require technical knowledge to be useful.

The purpose of the Digital Signature Documentation is to explain how the integrity of the Evidence Package can be verified independently of Scrive or any other third party. Note that the Digital Signature Documentation is not intended as the primary method for proving the document’s integrity. The use of the Digital Signature Documentation is intended as a last resort after which all other methods of verifying the integrity have failed. To clarify, the intended order for verifying the integrity of a document is:

		Scrive provides the primary method for verifying the integrity of a signature at https://www.scrive.com/verify. Here the document owner can upload the document and get an automated validation of the document integrity. This method does not require any technical knowledge to be useful.

		If this primary method for some reason fails to perform the verification of integrity then the digital signature provider, Guardtime (http://www.guardtime.com), can be contacted directly for verification. This second method also does not require any technical knowledge to be useful.

		Finally, if both previous methods have failed, the Digital Signature Documentation can be used to mathematically verify the document integrity.



8.1.10 Append the Digital Signature (step 10)

When the steps 1-9 have been performed the document is sealed with a digital signature from Guardtime to produce the complete Evidence Package (steps 1-10).

The purpose of the Digital Signature is to be able to prove the integrity of the Evidence Package with the help of Guardtime. Additionally the digital signature also has a function of a strong timestamp useful as evidence of time at the point of sealing the document. Learn more about this in the Digital Signature Documentation.

8.1.11 Append the Keyless Digital Signature (step 11)

Around the 20th each month Guardtime will make an updated Keyless Digital Signature available. Scrive eSign will apply the updated Keyless Digital Signatures on Evidence Packages that were produced by Scrive eSign 40 days after the initial signing.

The purpose of the Keyless Digital Signature, is that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. Additionally, the verification will provide irrefutable evidence about when the timestamp in step 10 was generated. Learn more about this in the Digital Signature Documentation.

8.1.12 PAdES digital signature (optional to Steps 10 and 11)

The PAdES digital signature secures that the document can not be tampered without breaking the signature. In addition, the following are appended to the document as part of PAdES digital signature: 

		A URL to a Certificate Revocation List is appended that can be read to assure that the certificate is not in a revoked state at the time of signing of the document. 

		An OCSP (online certificate status protocol) is embedded to check the revocation status of the certificate. 

		A TimeStamp is added at the time of signing to ensure two things; that the signature was valid at the time of signing; and (ii) that the signature remains valid over time. 



9. Document administration

Scrive eSign has a basic document management system. This system is described in this section.

9.1 Document list

9.1.1 List view

Initiated Workflows and Evidence Packages from completed workflows are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s).

9.1.2 Learn more and manage workflow

By clicking the name of an Initiated Workflow, the User is redirected to the Document View where there is more information about the workflow progress and options to manage the workflow.

9.1.3 Mass-withdraw invitations

To withdraw an invitation to sign an Initiated Workflow, select Initiated Workflows by checking the checkboxes on the side and press “withdraw”. The invitation to sign the selected Initiated Workflows will be withdrawn and they will no longer be possible to sign. If a Signatory clicks an invitation link to a withdrawn document they will land in a landing page with an instruction that the Workflow Execution has been cancelled.

9.1.4 Send mass-reminder

To remind Signatories of an Initiated Workflow to sign, select by checking the checkboxes on the side and press “send reminder”. The reminder to sign the selected Initiated Workflows will be sent to all the Signatories that haven’t signed using the Delivery Method as initially selected by the Author. If a specific sign order has been defined the reminder will only be sent to the next Signatory in line for signing.

9.1.5 Delete

To delete an Initiated Workflow or Evidence Package from the list view, select by checking the checkboxes on the side and press delete. Initiated Workflows that are deleted will also automatically be withdrawn.

9.1.6 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.1.7 Download all documents

Select what documents to download and download a zip-file including the PDFs of the selected documents. The Main Document from Initiated Workflows will be downloaded in its current state and finalised documents will be downloaded as completed Evidence Packages.

9.1.8 Download metadata as CSV

By selecting this option metadata from all transactions will be downloaded as CSV. The metadata includes information about each Party and the most important activities of the Party during Workflow Execution.

9.2 Template Workflow editing list

9.2.1 List view

Template Workflows are displayed in a list time of latest change, name of Template Workflow, Initiator, Parties and Delivery Method(s). Deleted Template Workflows are deleted instantaneously.

9.2.2 Filter and search

Search the list of Template Workflows with free text search.

9.2.3 Delete

To delete a Template Workflow from the list view, select one or multiple templates by checking the checkboxes on the side and press delete.

9.2.4 Share

To share a Template Workflow in the list view with other Users in the same organisation, select one or multiple Template Workflows by checking the checkboxes on the side and press share.

9.3 Trash list

9.3.1 List view

Deleted Initiated Workflows, Template Workflows and Evidence Packages are displayed in a list with progress status, time of latest event, name of Initiated Workflow, Initiator, Parties and Delivery Method(s). Deleted documents stay in the list for one month before Scrive eSign deletes them permanently from the system.

9.3.2 Filter and search

Filter documents based on workflow progress status, initiator and/or date. Search the list of Template Workflows with free text search. Matches will be provided for all free text data.

9.3.3 Restore

To restore a document back to the documents list, select by checking the checkboxes on the side and press restore.

9.4 Auto-deletion of documents and personal data

This is a setting that will instruct Scrive eSign to auto-delete documents and personal data after a number of days as defined by the account administrator. This applies to all documents except templates and documents pending signing. Upon deletion the documents are moved to Trash.

10. Account administration

10.1 Organisation administration

Accounts in Scrive eSign are organised in organisations. Each User belongs to an organisation. The organisation settings will be used in the Users interactions with Parties when using the system.

10.1.1 Organisation details

In the account section it is possible to edit the organisation details. The organisation details include name, organisation number and address. The name and organisation number will be displayed whenever the User is displayed as Party to a Workflow Execution, including places such as the Sign View and the Verification Page. The organisation address and mobile number  of the organisation’s administrators will be used for billing and support purposes.

10.1.2 White-label branding

There are two types of white-label branding in Scrive eSign: the Workflow Session branding and the complete white-label branding. In the account section it is possible to white-label the Workflow Sessions with the company brand profile, including a) the Sign View, b) the emails,  c) SMS’ d) the logged in part (such as the Design View), e) the favicon, f) the browser title. The complete white-label branding can only be set by a Scrive administrator and additionally to the Workflow Session branding includes white-labeling of a) the login and signup views, b) party colors and c) document status icons. 

10.2 User administration

10.2.1 User privileges

There are two levels of user privileges: standard and admin. The standard User can do everything as specified in the previous sections of this specification document. The admin User has the additional privileges as specified below.

		Privilege

		Explanation



		Edit company details

		Can edit the details of the organisation’s Scrive eSign account.



		Add user

		Can add users to the organisation’s Scrive eSign account.



		Remove user

		Can remove users from the organisation’s Scrive eSign account.



		White-label branding

		Can do Workflow Session branding for all users of the organisation’s Scrive eSign account.



		Access all documents

		Can access all documents of all Users in the organisation’s Scrive account.



		Manage all documents

		Can manage all documents of all Users in the organisation’s Scrive account.





10.2.2 User management

In the account section the admin User can add Users by typing name and email address. The person will then be invited to have an account as part of the organisation of the inviting admin User. The Users of the organisation are displayed in a list and can be removed from the organisation by selecting the User and deleting it. All documents of that User will stay the property of the organisation.


Evidence Log

Last updated: Fri 06 Mar 2020 14:08:40 UTC

1. Purpose

The purpose of the Evidence Log is to make all collected metadata about the Workflow Execution accessible outside of the Scrive eSign database and thus independently of Scrive. 

2. Evidence Log Components

This Evidence Log is a complete collection of all actions and events that occurred during the Workflow Execution, which have been logged by Scrive eSign. The information included in each log event is the following:

		What occurred

		Who initiated the event

		The time of the event

		The clock error of the time of the event

		The time at which the latest Clock Error Sample was collected



Learn more about clock error and Clock Error Samples in the appendix Evidence of Time.





  

    		Time

    		CES

    		IP address and User-Agent

    		Event

  



  

  

    		2021-04-15 08:32:16.528283 UTC ±9 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      109.247.105.158

      

        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/70.0.3538.102 Safari/537.36 Edge/18.18362

      

    

    		

      

        The initiator Trude Kjœrstad (TK) initiated the signing workflow and Scrive eSign a) locked the signing workflow from further editing, b) set the signing workflow language to LANG_NO, c) set the signing due date to 2021-04-17 21:59:59 UTC, d) set the time zone to Europe/Stockholm and e) initiated the signing workflow.

      


    

  



  

  

    		2021-04-15 08:32:16.528283 UTC ±9 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      

      

        

      

    

    		

      

        Scrive eSign sent an invitation to sign the document via email (anders.lagreid@noah.no) to Anders Lægreid (AL). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

The invitation contained the following message: 
 Dokumentet sendes på vegne av Morten Breinholt Jensen.

      


    

  



  

  

    		2021-04-15 08:32:16.528283 UTC ±9 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      

      

        

      

    

    		

      

        Scrive eSign sent an invitation to sign the document via email (jan.klauset@kronosww.com) to Jan Klauset (JK). The invitation included a link that when clicked led to Scrive eSign’s online interface to sign documents. 

The invitation contained the following message: 
 Dokumentet sendes på vegne av Morten Breinholt Jensen.

      


    

  



  

  

    		2021-04-15 08:32:22.198064 UTC ±10 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      

      

        

      

    

    		

      

        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Jan Klauset (JK) was delivered.

      


    

  



  

  

    		2021-04-15 08:32:26.343551 UTC ±10 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      52.34.76.65

      

        Mozilla/5.0 (Windows NT 6.1; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/83.0.4103.106 Safari/537.36

      

    

    		

      

        The party Jan Klauset (JK) opened the document in Scrive eSign’s online interface to sign documents.

      


    

  



  

  

    		2021-04-15 08:32:28.156303 UTC ±10 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      

      

        

      

    

    		

      

        Scrive eSign’s external email delivery system reported that the invitation to sign the document sent via email to Anders Lægreid (AL) was delivered.

      


    

  



  

  

    		2021-04-15 08:35:35.498645 UTC ±11 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      85.115.45.180

      

        Mozilla/5.0 (Windows NT 10.0; WOW64; Trident/7.0; rv:11.0) like Gecko

      

    

    		

      

        The party Jan Klauset (JK) opened the document in Scrive eSign’s online interface to sign documents.

      


    

  



  

  

    		2021-04-15 08:35:42.685307 UTC ±11 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      52.6.140.172

      

        Mozilla/5.0 (Windows NT 6.3; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/57.0.2987.133 Safari/537.36

      

    

    		

      

        The party Jan Klauset (JK) opened the document in Scrive eSign’s online interface to sign documents.

      


    

  



  

  

    		2021-04-15 08:35:44.103406 UTC ±11 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      54.156.113.18

      

        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/60.0.3112.113 Safari/537.36

      

    

    		

      

        The party Jan Klauset (JK) opened the document in Scrive eSign’s online interface to sign documents.

      


    

  



  

  

    		2021-04-15 08:36:09.094117 UTC ±12 ms

    		2021-04-15 08:15:44.582129 UTC

    		

      85.115.45.180

      

        Mozilla/5.0 (Windows NT 10.0; WOW64; Trident/7.0; rv:11.0) like Gecko

      

    

    		

      

        The signatory Jan Klauset (JK) signed the document.

      


    

  



  

  

    		2021-04-15 10:39:24.19538 UTC ±11 ms

    		2021-04-15 10:15:49.970159 UTC

    		

      84.208.106.24

      

        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/89.0.4389.114 Safari/537.36

      

    

    		

      

        The party Anders Lægreid (AL) opened the document in Scrive eSign’s online interface to sign documents.

      


    

  



  

  

    		2021-04-15 10:40:32.429961 UTC ±11 ms

    		2021-04-15 10:15:49.970159 UTC

    		

      84.208.106.24

      

        Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) Chrome/89.0.4389.114 Safari/537.36

      

    

    		

      

        The signatory Anders Lægreid (AL) signed the document.

      


    

  



  

  

    		2021-04-15 10:40:32.429961 UTC ±11 ms

    		2021-04-15 10:15:49.970159 UTC

    		

      

      

        

      

    

    		

      

        Scrive eSign locked the document from further modifications by the parties.
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1. Purpose

The purpose of this document is to explain how Scrive eSign measures time and provide a mathematical algorithm by which it is possible to calculate the probability of the error of the time stamps recorded by Scrive eSign.

2. Time measurement process

This section explains the NTP (Network Time Protocol) configurations of the systems involved with time measurement of Scrive eSign.

2.1 The hypervisor

Amazon, which Scrive eSign uses as hosting provider, use Xen or KVM depending on the generation of the virtual machine, for virtualisation. The default configuration is that all VM hosts are time synced using a clustered public pool of NTP servers. Scrive eSign does not use this mechanism.

2.2 Time synchronisation

Scrive eSign relies on NTP running on the virtual machine guests to get coordinated time from an NTP source. Scrive eSign does not use the time provided by the hypervisor hosts hosting the virtual machines, i.e. Amazon. This will help mitigate factors like load on the hypervisors or virtual machine guests affecting clock accuracy. This NTP synchronisation will override the clock synchronisation from the VM hosts’ clocks.

3. Configuration of hardware and services

This section describes the time/NTP and monitoring configuration of the application servers that run the Scrive eSign service.

3.1 Boot Time

The guest virtual machine behavior for the database server is as follows:

		On boot the virtual machine guest clock is set from the VM host

		ntp-date is run once from an init script

		ntpd is then run from another init script, which runs continuously



The behavior on the application server is the same with the exception of the ntpdate step which is not present on this system. It is worth noting that entries in procfs are not available for querying the configuration of the kernel with regards to Xen/clock configuration.

3.2 NTP Configuration

Logging that traces accuracy and time synchronisation is configured to use local NTP servers in the Scrive environment, which in turn acts as a proxy for the NTP server pool below that follows UTC(SP), i.e. official Swedish time:

		ntp1.sth.netnod.se

		ntp2.sth.netnod.se

		ntp1.gbg.netnod.se

		ntp2.gbg.netnod.se

		ntp1.mmo.netnod.se

		ntp2.mmo.netnod.se



3.3 Monitoring

Scrive eSign service has a monitoring system (Nagios) that monitors various aspects of the NTP statistics and keeps historic logs. It informs of problems with NTP server connectivity, jitter and offset, immediately regardless of what time of day it is.

3.4 Time scale

The NTP configuration together with the logging implies that we are following UTC(SP), and all timestamps are because of this traceable to this time scale.

4. Calculation of the probability of the clock error

This section describes how to calculate the probability of the clock error of the Scrive eSign timestamps.

4.1 Clock error samples

Once per hour Scrive eSign uses the NTP protocol to check the difference between the Scrive eSign server clock and UTC(SP). This check is performed directly against servers in the NTP server pool listed in Section 3.2. Each check results in one clock error sample (hereinafter “Clock Error Samples”), which is assumed to accurately reflect the actual clock error.

4.2 Clock error algorithm

The calculation of the probability of the clock error can be done by inserting the Clock Error Samples into the algorithm below. We assume that the samples follow a normal distribution.
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 be the random variable representing the clock error with parameters estimated using data set [image: CodeCogsEqn.png]
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 be the the empirical distribution function.
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 be the set of data points representing cumulative distribution function of the random variable estimating the clock error.

		Plot the data in [image: 14.png]Demp






 and [image: 15.png]1.






 to assess the accuracy of the estimation.
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 is the estimated probability that the clock error is smaller than [image: 17.png]





 seconds.



4.3 Clock error samples and evidence of normal distribution

The last 1000 Clock Error Samples are inserted into this document in section 5. These Clock Error Samples can be used as input data to the algorithm in 4.2 to provide evidence of normal distribution and to calculate the probability of the clock error of the Scrive eSign time stamps. From the Clock Error Samples one can derive the parameters (mean and variance) for a normal distribution. One can also calculate the difference between this estimated distribution and the empirical data given by the Clock Error Samples themselves. You can see cumulative distribution functions (cdf) for the estimates and the empirical data and on top of that the difference between the empirical and estimated errors in the graph below. This graph also allow us to visually estimate the probability of a specific maximum error.
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4.4 Input parameters

Based on the Clock Error Samples in section 5 it is possible to calculate the variables that define the normal distribution (mean and standard deviation). Scrive eSign has automatically calculated these variables as per the below:

		mean: 0.58 ms

		standard deviation: 1.59 ms



4.5 Probability of the clock error

By using the algorithm and the Clock Error Samples Scrive eSign calculated the following probabilities of the clock error ‘e’:

		|e| < 2.5 ms: ≈85.977%

		|e| < 5 ms: ≈99.704%

		|e| < 10 ms: ≈100.000%



5. Clock Error Samples

The following are the clock error samples collected between 2021-03-04 18:31:23.511249 UTC and 2021-04-15 10:15:49.970159 UTC:







  		Time collected

  		Clock offset







  

    		2021-03-04 18:31:23.511249

    		0.0 ms

  





  

    		2021-03-04 19:31:26.960597

    		2.6 ms

  





  

    		2021-03-04 20:31:28.803249

    		0.7 ms

  





  

    		2021-03-04 21:31:31.91554

    		1.5 ms

  





  

    		2021-03-04 22:31:33.908785

    		0.0 ms

  





  

    		2021-03-04 23:31:35.369142

    		-0.8 ms

  





  

    		2021-03-05 00:31:37.114745

    		1.3 ms

  





  

    		2021-03-05 01:31:40.220912

    		1.5 ms

  





  

    		2021-03-05 02:31:41.768716

    		0.8 ms

  





  

    		2021-03-05 03:31:44.219455

    		0.1 ms

  





  

    		2021-03-05 04:31:45.690011

    		-0.7 ms

  





  

    		2021-03-05 05:31:48.393544

    		-0.1 ms

  





  

    		2021-03-05 06:31:50.65825

    		1.9 ms

  





  

    		2021-03-05 07:31:53.017668

    		-0.9 ms

  





  

    		2021-03-05 08:31:56.464201

    		-0.7 ms

  





  

    		2021-03-05 09:31:58.778487

    		-0.2 ms

  





  

    		2021-03-05 10:32:00.666041

    		0.4 ms

  





  

    		2021-03-05 11:32:03.165753

    		1.7 ms

  





  

    		2021-03-05 12:32:05.110663

    		1.9 ms

  





  

    		2021-03-05 13:32:07.163241

    		2.8 ms

  





  

    		2021-03-05 14:32:08.999277

    		0.6 ms

  





  

    		2021-03-05 15:32:12.165684

    		-0.6 ms

  





  

    		2021-03-05 16:32:14.28665

    		3.4 ms

  





  

    		2021-03-05 17:32:16.334578

    		0.1 ms

  





  

    		2021-03-05 18:32:18.67341

    		1.5 ms

  





  

    		2021-03-05 19:32:20.579439

    		0.3 ms

  





  

    		2021-03-05 20:32:22.228761

    		0.6 ms

  





  

    		2021-03-05 21:32:24.995254

    		0.1 ms

  





  

    		2021-03-05 22:32:26.589884

    		1.4 ms

  





  

    		2021-03-05 23:32:28.205848

    		-0.5 ms

  





  

    		2021-03-06 00:32:30.87388

    		0.5 ms

  





  

    		2021-03-06 01:32:33.951873

    		0.2 ms

  





  

    		2021-03-06 02:32:35.857836

    		0.3 ms

  





  

    		2021-03-06 03:32:37.687898

    		0.0 ms

  





  

    		2021-03-06 04:32:39.347045

    		0.9 ms

  





  

    		2021-03-06 05:32:41.686862

    		0.2 ms

  





  

    		2021-03-06 06:32:44.428655

    		0.8 ms

  





  

    		2021-03-06 07:32:45.908746

    		2.0 ms

  





  

    		2021-03-06 08:32:47.40598

    		1.9 ms

  





  

    		2021-03-06 09:32:49.735835

    		1.2 ms

  





  

    		2021-03-06 10:32:51.59583

    		1.2 ms

  





  

    		2021-03-06 11:32:54.124592

    		2.7 ms

  





  

    		2021-03-06 12:32:56.072451

    		0.5 ms

  





  

    		2021-03-06 13:32:59.509554

    		0.3 ms

  





  

    		2021-03-06 14:33:02.994188

    		-0.6 ms

  





  

    		2021-03-06 15:33:05.049046

    		1.4 ms

  





  

    		2021-03-06 16:33:07.239473

    		-1.2 ms

  





  

    		2021-03-06 17:33:09.385447

    		-0.2 ms

  





  

    		2021-03-06 18:33:10.895095

    		-1.6 ms

  





  

    		2021-03-06 19:33:13.632432

    		-0.8 ms

  





  

    		2021-03-06 20:33:16.821366

    		1.2 ms

  





  

    		2021-03-06 21:33:18.517989

    		-1.3 ms

  





  

    		2021-03-06 22:33:21.136323

    		2.9 ms

  





  

    		2021-03-06 23:33:22.851273

    		-0.1 ms

  





  

    		2021-03-07 00:33:24.397089

    		1.1 ms

  





  

    		2021-03-07 01:33:27.423737

    		2.2 ms

  





  

    		2021-03-07 02:33:29.629724

    		-1.5 ms

  





  

    		2021-03-07 03:33:32.485553

    		0.9 ms

  





  

    		2021-03-07 04:33:35.033763

    		-0.8 ms

  





  

    		2021-03-07 05:33:37.465806

    		1.8 ms

  





  

    		2021-03-07 06:33:39.282586

    		-1.5 ms

  





  

    		2021-03-07 07:33:41.391419

    		1.1 ms

  





  

    		2021-03-07 08:33:43.604629

    		0.1 ms

  





  

    		2021-03-07 09:33:45.600519

    		2.6 ms

  





  

    		2021-03-07 10:33:48.192694

    		1.7 ms

  





  

    		2021-03-07 11:33:50.914008

    		2.6 ms

  





  

    		2021-03-07 12:33:53.319021

    		0.8 ms

  





  

    		2021-03-07 13:33:56.144063

    		-0.1 ms

  





  

    		2021-03-07 14:34:00.025207

    		3.0 ms

  





  

    		2021-03-07 15:34:03.034114

    		-0.6 ms

  





  

    		2021-03-07 16:34:06.367014

    		-0.9 ms

  





  

    		2021-03-07 17:34:08.357447

    		-0.6 ms

  





  

    		2021-03-07 18:34:10.051984

    		-0.2 ms

  





  

    		2021-03-07 19:34:13.000246

    		-1.4 ms

  





  

    		2021-03-07 20:34:15.224737

    		-0.4 ms

  





  

    		2021-03-07 21:34:17.003797

    		3.4 ms

  





  

    		2021-03-07 22:34:18.682266

    		0.7 ms

  





  

    		2021-03-07 23:34:20.686404

    		2.5 ms

  





  

    		2021-03-08 00:34:22.453759

    		2.8 ms

  





  

    		2021-03-08 01:34:24.189698

    		0.6 ms

  





  

    		2021-03-08 02:34:26.530976

    		3.4 ms

  





  

    		2021-03-08 03:34:28.133506

    		0.1 ms

  





  

    		2021-03-08 04:34:30.186048

    		0.5 ms

  





  

    		2021-03-08 05:34:31.937582

    		2.9 ms

  





  

    		2021-03-08 06:34:34.884966

    		0.9 ms

  





  

    		2021-03-08 07:34:36.503484

    		2.4 ms

  





  

    		2021-03-08 08:34:38.044632

    		0.2 ms

  





  

    		2021-03-08 09:34:39.64094

    		0.5 ms

  





  

    		2021-03-08 10:34:41.329261

    		-0.7 ms

  





  

    		2021-03-08 11:34:44.334689

    		-1.0 ms

  





  

    		2021-03-08 12:34:46.045773

    		-1.4 ms

  





  

    		2021-03-08 13:34:47.92268

    		1.1 ms

  





  

    		2021-03-08 14:34:49.582867

    		-3.1 ms

  





  

    		2021-03-08 15:34:53.558762

    		1.3 ms

  





  

    		2021-03-08 16:34:56.161731

    		-1.7 ms

  





  

    		2021-03-08 17:34:59.598574

    		1.3 ms

  





  

    		2021-03-08 18:35:02.589782

    		1.1 ms

  





  

    		2021-03-08 19:35:04.106498

    		0.8 ms

  





  

    		2021-03-08 20:35:06.49539

    		0.7 ms

  





  

    		2021-03-08 21:35:08.129304

    		0.5 ms

  





  

    		2021-03-08 22:35:10.646601

    		0.6 ms

  





  

    		2021-03-08 23:35:13.242164

    		-0.5 ms

  





  

    		2021-03-09 00:35:14.972779

    		1.4 ms

  





  

    		2021-03-09 01:35:18.042486

    		0.4 ms

  





  

    		2021-03-09 02:35:20.215263

    		0.4 ms

  





  

    		2021-03-09 03:35:21.847889

    		2.2 ms

  





  

    		2021-03-09 04:35:23.981146

    		2.9 ms

  





  

    		2021-03-09 05:35:25.751216

    		2.1 ms

  





  

    		2021-03-09 06:35:28.409752

    		-0.8 ms

  





  

    		2021-03-09 07:35:30.283652

    		-1.6 ms

  





  

    		2021-03-09 08:35:32.268961

    		1.6 ms

  





  

    		2021-03-09 09:35:35.017387

    		0.2 ms

  





  

    		2021-03-09 10:35:36.816432

    		2.5 ms

  





  

    		2021-03-09 11:35:38.729168

    		3.3 ms

  





  

    		2021-03-09 12:35:41.525125

    		-1.5 ms

  





  

    		2021-03-09 13:35:43.180517

    		-1.7 ms

  





  

    		2021-03-09 14:35:45.301456

    		-1.5 ms

  





  

    		2021-03-09 15:35:47.377431

    		-1.0 ms

  





  

    		2021-03-09 16:35:49.659226

    		-1.4 ms

  





  

    		2021-03-09 17:35:51.379445

    		1.5 ms

  





  

    		2021-03-09 18:35:54.592421

    		1.3 ms

  





  

    		2021-03-09 19:35:58.170276

    		-0.2 ms

  





  

    		2021-03-09 20:36:00.613806

    		4.5 ms

  





  

    		2021-03-09 21:36:02.297899

    		3.3 ms

  





  

    		2021-03-09 22:36:04.255013

    		2.4 ms

  





  

    		2021-03-09 23:36:06.018473

    		-0.2 ms

  





  

    		2021-03-10 00:36:07.749622

    		-0.4 ms

  





  

    		2021-03-10 01:36:09.526196

    		4.0 ms

  





  

    		2021-03-10 02:36:12.117477

    		3.7 ms

  





  

    		2021-03-10 03:36:14.16529

    		-0.1 ms

  





  

    		2021-03-10 04:36:16.191812

    		-0.6 ms

  





  

    		2021-03-10 05:36:18.790485

    		1.8 ms

  





  

    		2021-03-10 06:36:21.020682

    		2.5 ms

  





  

    		2021-03-10 07:36:23.736685

    		0.0 ms

  





  

    		2021-03-10 08:36:26.147108

    		1.6 ms

  





  

    		2021-03-10 09:36:29.252132

    		-0.8 ms

  





  

    		2021-03-10 10:36:31.587615

    		1.8 ms

  





  

    		2021-03-10 11:36:33.532244

    		0.6 ms

  





  

    		2021-03-10 12:36:35.762806

    		-2.2 ms

  





  

    		2021-03-10 13:36:39.754647

    		0.0 ms

  





  

    		2021-03-10 14:36:42.454948

    		1.9 ms

  





  

    		2021-03-10 15:36:45.602779

    		-0.3 ms

  





  

    		2021-03-10 16:36:47.928378

    		-0.2 ms

  





  

    		2021-03-10 17:36:51.172173

    		2.5 ms

  





  

    		2021-03-10 18:36:53.101112

    		1.0 ms

  





  

    		2021-03-10 19:36:55.745079

    		-2.6 ms

  





  

    		2021-03-10 20:36:57.213673

    		-2.3 ms

  





  

    		2021-03-10 21:37:00.083666

    		-1.2 ms

  





  

    		2021-03-10 22:37:02.16788

    		0.8 ms

  





  

    		2021-03-10 23:37:03.947299

    		2.7 ms

  





  

    		2021-03-11 00:37:06.234374

    		4.0 ms

  





  

    		2021-03-11 01:37:09.23923

    		4.7 ms

  





  

    		2021-03-11 02:37:11.061189

    		4.9 ms

  





  

    		2021-03-11 03:37:12.936789

    		0.5 ms

  





  

    		2021-03-11 04:37:14.837762

    		1.0 ms

  





  

    		2021-03-11 05:37:16.482529

    		-1.7 ms

  





  

    		2021-03-11 06:37:19.669988

    		2.6 ms

  





  

    		2021-03-11 07:37:22.47747

    		2.3 ms

  





  

    		2021-03-11 08:37:26.411162

    		1.5 ms

  





  

    		2021-03-11 09:37:28.855787

    		3.0 ms

  





  

    		2021-03-11 10:37:30.576966

    		2.6 ms

  





  

    		2021-03-11 11:37:32.503411

    		-0.5 ms

  





  

    		2021-03-11 12:37:35.148037

    		1.4 ms

  





  

    		2021-03-11 13:37:37.760957

    		-0.3 ms

  





  

    		2021-03-11 14:37:39.779484

    		0.2 ms

  





  

    		2021-03-11 15:37:41.384006

    		0.9 ms

  





  

    		2021-03-11 16:37:43.850969

    		-0.9 ms

  





  

    		2021-03-11 17:37:45.541659

    		-1.7 ms

  





  

    		2021-03-11 18:37:47.568806

    		-0.9 ms

  





  

    		2021-03-11 19:37:49.123967

    		-0.1 ms

  





  

    		2021-03-11 20:37:51.278339

    		-0.9 ms

  





  

    		2021-03-11 21:37:52.966404

    		0.3 ms

  





  

    		2021-03-11 22:37:55.721428

    		-0.8 ms

  





  

    		2021-03-11 23:37:58.21931

    		3.3 ms

  





  

    		2021-03-12 00:37:59.870656

    		3.0 ms

  





  

    		2021-03-12 01:38:01.965847

    		1.1 ms

  





  

    		2021-03-12 02:38:03.694593

    		0.1 ms

  





  

    		2021-03-12 03:38:05.929069

    		2.7 ms

  





  

    		2021-03-12 04:38:07.605772

    		0.3 ms

  





  

    		2021-03-12 05:38:09.218698

    		2.3 ms

  





  

    		2021-03-12 06:38:11.843569

    		-0.5 ms

  





  

    		2021-03-12 07:38:15.321807

    		2.0 ms

  





  

    		2021-03-12 08:38:16.863

    		-0.9 ms

  





  

    		2021-03-12 09:38:18.492304

    		1.9 ms

  





  

    		2021-03-12 10:38:20.272202

    		-0.4 ms

  





  

    		2021-03-12 11:38:22.089593

    		0.7 ms

  





  

    		2021-03-12 12:38:23.986494

    		-0.3 ms

  





  

    		2021-03-12 13:38:25.998302

    		0.4 ms

  





  

    		2021-03-12 14:38:28.94709

    		-0.9 ms

  





  

    		2021-03-12 15:38:31.723386

    		-2.1 ms

  





  

    		2021-03-12 16:38:33.746597

    		-0.2 ms

  





  

    		2021-03-12 17:38:36.479782

    		-0.8 ms

  





  

    		2021-03-12 18:38:39.277794

    		2.2 ms

  





  

    		2021-03-12 19:38:41.164045

    		-1.2 ms

  





  

    		2021-03-12 20:38:43.216584

    		2.2 ms

  





  

    		2021-03-12 21:38:45.223779

    		-0.6 ms

  





  

    		2021-03-12 22:38:48.09182

    		-0.2 ms

  





  

    		2021-03-12 23:38:50.587732

    		-0.9 ms

  





  

    		2021-03-13 00:38:53.205664

    		0.3 ms

  





  

    		2021-03-13 01:38:55.881973

    		-1.0 ms

  





  

    		2021-03-13 02:38:59.59727

    		0.6 ms

  





  

    		2021-03-13 03:39:02.274969

    		-0.5 ms

  





  

    		2021-03-13 04:39:03.906317

    		1.2 ms

  





  

    		2021-03-13 05:39:05.545288

    		2.2 ms

  





  

    		2021-03-13 06:39:07.392068

    		1.8 ms

  





  

    		2021-03-13 07:39:08.920981

    		-0.2 ms

  





  

    		2021-03-13 08:39:10.505236

    		1.6 ms

  





  

    		2021-03-13 09:39:12.458719

    		1.4 ms

  





  

    		2021-03-13 10:39:14.106114

    		1.3 ms

  





  

    		2021-03-13 11:39:15.922101

    		1.4 ms

  





  

    		2021-03-13 12:39:17.877687

    		2.4 ms

  





  

    		2021-03-13 13:39:21.440676

    		0.3 ms

  





  

    		2021-03-13 14:39:24.389007

    		3.2 ms

  





  

    		2021-03-13 15:39:26.568622

    		-2.0 ms

  





  

    		2021-03-13 16:39:28.200064

    		1.1 ms

  





  

    		2021-03-13 17:39:30.251403

    		-0.1 ms

  





  

    		2021-03-13 18:39:33.589714

    		0.0 ms

  





  

    		2021-03-13 19:39:35.14479

    		-1.0 ms

  





  

    		2021-03-13 20:39:37.243724

    		-1.8 ms

  





  

    		2021-03-13 21:39:39.563773

    		-1.2 ms

  





  

    		2021-03-13 22:39:43.184592

    		0.4 ms

  





  

    		2021-03-13 23:39:44.608682

    		-0.9 ms

  





  

    		2021-03-14 00:39:46.422031

    		2.4 ms

  





  

    		2021-03-14 01:39:47.972792

    		0.7 ms

  





  

    		2021-03-14 02:39:49.752206

    		1.0 ms

  





  

    		2021-03-14 03:39:52.81598

    		2.7 ms

  





  

    		2021-03-14 04:39:54.572405

    		0.7 ms

  





  

    		2021-03-14 05:39:56.194344

    		2.5 ms

  





  

    		2021-03-14 06:39:58.352172

    		-1.0 ms

  





  

    		2021-03-14 07:40:01.20561

    		0.2 ms

  





  

    		2021-03-14 08:40:03.736581

    		1.7 ms

  





  

    		2021-03-14 09:40:05.476887

    		0.2 ms

  





  

    		2021-03-14 10:40:07.570556

    		2.1 ms

  





  

    		2021-03-14 11:40:09.556878

    		0.5 ms

  





  

    		2021-03-14 12:40:11.046981

    		0.9 ms

  





  

    		2021-03-14 13:40:13.212618

    		-1.3 ms

  





  

    		2021-03-14 14:40:15.309481

    		1.6 ms

  





  

    		2021-03-14 15:40:17.766556

    		1.2 ms

  





  

    		2021-03-14 16:40:20.301375

    		2.1 ms

  





  

    		2021-03-14 17:40:22.138742

    		-0.5 ms

  





  

    		2021-03-14 18:40:23.744013

    		1.3 ms

  





  

    		2021-03-14 19:40:26.397766

    		0.3 ms

  





  

    		2021-03-14 20:40:28.348035

    		-0.9 ms

  





  

    		2021-03-14 21:40:30.406292

    		2.0 ms

  





  

    		2021-03-14 22:40:31.93886

    		1.9 ms

  





  

    		2021-03-14 23:40:34.40032

    		0.7 ms

  





  

    		2021-03-15 00:44:48.449936

    		-0.8 ms

  





  

    		2021-03-15 01:44:50.033103

    		2.1 ms

  





  

    		2021-03-15 02:44:52.055355

    		3.5 ms

  





  

    		2021-03-15 03:44:53.684105

    		2.5 ms

  





  

    		2021-03-15 04:44:55.593602

    		2.1 ms

  





  

    		2021-03-15 05:44:58.212634

    		3.2 ms

  





  

    		2021-03-15 06:45:00.849918

    		2.4 ms

  





  

    		2021-03-15 07:45:02.364567

    		2.8 ms

  





  

    		2021-03-15 08:45:05.800475

    		-0.7 ms

  





  

    		2021-03-15 09:45:08.39806

    		1.1 ms

  





  

    		2021-03-15 10:45:11.590462

    		-0.6 ms

  





  

    		2021-03-15 11:45:13.364159

    		2.6 ms

  





  

    		2021-03-15 12:45:15.296901

    		-1.0 ms

  





  

    		2021-03-15 13:45:17.082061

    		0.3 ms

  





  

    		2021-03-15 14:45:19.317761

    		1.5 ms

  





  

    		2021-03-15 15:45:22.013036

    		-0.2 ms

  





  

    		2021-03-15 16:45:24.602328

    		1.9 ms

  





  

    		2021-03-15 17:45:27.437124

    		-1.0 ms

  





  

    		2021-03-15 18:45:29.504

    		-0.3 ms

  





  

    		2021-03-15 19:45:32.902432

    		0.3 ms

  





  

    		2021-03-15 20:45:35.129469

    		2.0 ms

  





  

    		2021-03-15 21:45:37.060964

    		3.0 ms

  





  

    		2021-03-15 22:45:38.74902

    		2.5 ms

  





  

    		2021-03-15 23:45:42.132991

    		0.8 ms

  





  

    		2021-03-16 00:45:45.153683

    		3.7 ms

  





  

    		2021-03-16 01:45:47.036762

    		-1.1 ms

  





  

    		2021-03-16 02:45:49.683788

    		-1.6 ms

  





  

    		2021-03-16 03:45:51.562764

    		0.5 ms

  





  

    		2021-03-16 04:45:53.540133

    		1.1 ms

  





  

    		2021-03-16 05:45:55.356471

    		0.2 ms

  





  

    		2021-03-16 06:45:57.984589

    		0.2 ms

  





  

    		2021-03-16 07:46:00.996343

    		1.2 ms

  





  

    		2021-03-16 08:46:04.665439

    		-2.4 ms

  





  

    		2021-03-16 09:46:06.311991

    		0.4 ms

  





  

    		2021-03-16 10:46:10.181106

    		3.3 ms

  





  

    		2021-03-16 11:46:15.257745

    		0.9 ms

  





  

    		2021-03-16 12:46:18.628102

    		3.6 ms

  





  

    		2021-03-16 13:46:21.428025

    		-1.7 ms

  





  

    		2021-03-16 14:46:24.158771

    		-0.1 ms

  





  

    		2021-03-16 15:46:25.708806

    		-2.0 ms

  





  

    		2021-03-16 16:46:29.075213

    		1.3 ms

  





  

    		2021-03-16 17:46:30.652631

    		-2.2 ms

  





  

    		2021-03-16 18:46:33.705175

    		-0.9 ms

  





  

    		2021-03-16 19:46:35.373192

    		-0.7 ms

  





  

    		2021-03-16 20:46:38.388073

    		-1.4 ms

  





  

    		2021-03-16 21:46:41.478292

    		1.1 ms

  





  

    		2021-03-16 22:46:43.410787

    		-1.3 ms

  





  

    		2021-03-16 23:46:46.390068

    		-1.2 ms

  





  

    		2021-03-17 00:46:49.205551

    		-0.7 ms

  





  

    		2021-03-17 01:46:51.349119

    		-0.5 ms

  





  

    		2021-03-17 02:46:52.924305

    		3.5 ms

  





  

    		2021-03-17 03:46:54.530704

    		2.4 ms

  





  

    		2021-03-17 04:46:56.910334

    		-1.2 ms

  





  

    		2021-03-17 05:46:59.205212

    		0.4 ms

  





  

    		2021-03-17 06:47:00.922822

    		2.7 ms

  





  

    		2021-03-17 07:47:03.733701

    		-0.3 ms

  





  

    		2021-03-17 08:47:05.431963

    		0.7 ms

  





  

    		2021-03-17 09:47:07.258134

    		-0.6 ms

  





  

    		2021-03-17 10:47:10.804905

    		-0.2 ms

  





  

    		2021-03-17 11:47:12.837881

    		-0.7 ms

  





  

    		2021-03-17 12:47:15.665354

    		-0.4 ms

  





  

    		2021-03-17 13:47:17.336825

    		-0.9 ms

  





  

    		2021-03-17 14:47:20.053288

    		-0.8 ms

  





  

    		2021-03-17 15:47:21.666889

    		-1.9 ms

  





  

    		2021-03-17 16:47:23.070143

    		0.4 ms

  





  

    		2021-03-17 17:47:25.005532

    		0.0 ms

  





  

    		2021-03-17 18:47:28.032402

    		1.0 ms

  





  

    		2021-03-17 19:47:30.394806

    		1.2 ms

  





  

    		2021-03-17 20:47:32.164946

    		0.0 ms

  





  

    		2021-03-17 21:47:34.751989

    		-0.6 ms

  





  

    		2021-03-17 22:47:36.326389

    		-1.6 ms

  





  

    		2021-03-17 23:47:37.719978

    		-2.0 ms

  





  

    		2021-03-18 00:47:39.789301

    		-1.1 ms

  





  

    		2021-03-18 01:47:41.69623

    		4.0 ms

  





  

    		2021-03-18 02:47:45.310186

    		-0.7 ms

  





  

    		2021-03-18 03:47:46.688124

    		-0.4 ms

  





  

    		2021-03-18 04:47:48.243322

    		2.8 ms

  





  

    		2021-03-18 05:47:49.846051

    		1.8 ms

  





  

    		2021-03-18 06:47:52.430307

    		-0.3 ms

  





  

    		2021-03-18 07:47:55.188996

    		2.9 ms

  





  

    		2021-03-18 08:47:58.28233

    		-0.4 ms

  





  

    		2021-03-18 09:47:59.88624

    		1.0 ms

  





  

    		2021-03-18 10:48:01.702655

    		3.4 ms

  





  

    		2021-03-18 11:48:03.565029

    		1.0 ms

  





  

    		2021-03-18 12:48:05.092336

    		0.1 ms

  





  

    		2021-03-18 13:48:08.487611

    		1.5 ms

  





  

    		2021-03-18 14:48:11.520582

    		-1.9 ms

  





  

    		2021-03-18 15:48:14.230149

    		1.5 ms

  





  

    		2021-03-18 16:48:16.678879

    		3.3 ms

  





  

    		2021-03-18 17:48:18.482081

    		2.6 ms

  





  

    		2021-03-18 18:48:20.603397

    		4.1 ms

  





  

    		2021-03-18 19:48:23.459175

    		-1.2 ms

  





  

    		2021-03-18 20:48:27.171338

    		-0.3 ms

  





  

    		2021-03-18 21:48:30.757792

    		-1.8 ms

  





  

    		2021-03-18 22:48:32.4204

    		1.8 ms

  





  

    		2021-03-18 23:48:35.836601

    		-0.9 ms

  





  

    		2021-03-19 00:48:38.297575

    		0.3 ms

  





  

    		2021-03-19 01:48:40.59283

    		0.2 ms

  





  

    		2021-03-19 02:48:44.123745

    		1.6 ms

  





  

    		2021-03-19 03:48:47.304311

    		-1.3 ms

  





  

    		2021-03-19 04:48:48.858953

    		0.0 ms

  





  

    		2021-03-19 05:48:50.540877

    		-0.9 ms

  





  

    		2021-03-19 06:48:53.490377

    		2.6 ms

  





  

    		2021-03-19 07:48:56.597184

    		4.1 ms

  





  

    		2021-03-19 08:49:00.075022

    		4.0 ms

  





  

    		2021-03-19 09:49:03.217065

    		1.7 ms

  





  

    		2021-03-19 10:49:06.535836

    		0.0 ms

  





  

    		2021-03-19 11:49:08.443837

    		-2.0 ms

  





  

    		2021-03-19 12:49:11.274755

    		-0.3 ms

  





  

    		2021-03-19 13:49:13.870076

    		0.5 ms

  





  

    		2021-03-19 14:49:16.106372

    		-1.2 ms

  





  

    		2021-03-19 15:49:19.324324

    		0.8 ms

  





  

    		2021-03-19 16:49:21.740277

    		0.2 ms

  





  

    		2021-03-19 17:49:24.895464

    		1.1 ms

  





  

    		2021-03-19 18:49:26.842598

    		1.0 ms

  





  

    		2021-03-19 19:49:28.688667

    		1.5 ms

  





  

    		2021-03-19 20:49:32.610734

    		0.0 ms

  





  

    		2021-03-19 21:49:34.595643

    		-0.5 ms

  





  

    		2021-03-19 22:49:36.509356

    		-3.6 ms

  





  

    		2021-03-19 23:49:40.64558

    		2.1 ms

  





  

    		2021-03-20 00:49:42.580073

    		2.6 ms

  





  

    		2021-03-20 01:49:44.507814

    		2.0 ms

  





  

    		2021-03-20 02:49:46.889589

    		1.0 ms

  





  

    		2021-03-20 03:49:49.858511

    		1.8 ms

  





  

    		2021-03-20 04:49:52.445385

    		-1.5 ms

  





  

    		2021-03-20 05:49:54.748527

    		-2.7 ms

  





  

    		2021-03-20 06:49:57.348808

    		0.6 ms

  





  

    		2021-03-20 07:49:58.779693

    		1.8 ms

  





  

    		2021-03-20 08:50:00.491125

    		-0.6 ms

  





  

    		2021-03-20 09:50:02.073467

    		-0.4 ms

  





  

    		2021-03-20 10:50:03.68866

    		1.0 ms

  





  

    		2021-03-20 11:50:06.055372

    		1.2 ms

  





  

    		2021-03-20 12:50:08.85642

    		-0.1 ms

  





  

    		2021-03-20 13:50:12.927893

    		-1.0 ms

  





  

    		2021-03-20 14:50:14.604858

    		2.2 ms

  





  

    		2021-03-20 15:50:16.703686

    		2.2 ms

  





  

    		2021-03-20 16:50:19.311068

    		0.6 ms

  





  

    		2021-03-20 17:50:22.767056

    		0.6 ms

  





  

    		2021-03-20 18:50:24.232219

    		-1.9 ms

  





  

    		2021-03-20 19:50:26.013463

    		-1.9 ms

  





  

    		2021-03-20 20:50:27.914394

    		-3.7 ms

  





  

    		2021-03-20 21:50:29.548098

    		1.5 ms

  





  

    		2021-03-20 22:50:32.827442

    		0.6 ms

  





  

    		2021-03-20 23:50:34.842641

    		-1.3 ms

  





  

    		2021-03-21 00:50:37.083409

    		-1.3 ms

  





  

    		2021-03-21 01:50:39.645617

    		2.9 ms

  





  

    		2021-03-21 02:50:42.249361

    		2.2 ms

  





  

    		2021-03-21 03:50:44.502391

    		3.1 ms

  





  

    		2021-03-21 04:50:46.744949

    		3.0 ms

  





  

    		2021-03-21 05:50:49.237708

    		2.1 ms

  





  

    		2021-03-21 06:50:51.636792

    		1.3 ms

  





  

    		2021-03-21 07:50:53.575023

    		1.5 ms

  





  

    		2021-03-21 08:50:56.187063

    		1.2 ms

  





  

    		2021-03-21 09:50:57.654683

    		0.4 ms

  





  

    		2021-03-21 10:50:59.83837

    		1.4 ms

  





  

    		2021-03-21 11:51:02.657862

    		2.3 ms

  





  

    		2021-03-21 12:51:06.099811

    		0.1 ms

  





  

    		2021-03-21 13:51:07.650938

    		2.2 ms

  





  

    		2021-03-21 14:51:09.526448

    		-0.5 ms

  





  

    		2021-03-21 15:51:13.369792

    		-1.4 ms

  





  

    		2021-03-21 16:51:15.065929

    		-2.2 ms

  





  

    		2021-03-21 17:51:17.566645

    		2.0 ms

  





  

    		2021-03-21 18:51:19.576903

    		-2.0 ms

  





  

    		2021-03-21 19:51:21.244473

    		-0.3 ms

  





  

    		2021-03-21 20:51:22.842992

    		2.4 ms

  





  

    		2021-03-21 21:51:24.560149

    		-0.1 ms

  





  

    		2021-03-21 22:51:26.251813

    		-0.1 ms

  





  

    		2021-03-21 23:51:29.16212

    		-0.5 ms

  





  

    		2021-03-22 00:51:30.940096

    		-0.5 ms

  





  

    		2021-03-22 01:51:34.494304

    		-0.7 ms

  





  

    		2021-03-22 02:51:35.938014

    		0.1 ms

  





  

    		2021-03-22 03:51:37.791792

    		0.6 ms

  





  

    		2021-03-22 04:51:40.590216

    		2.2 ms

  





  

    		2021-03-22 05:51:42.568764

    		-0.7 ms

  





  

    		2021-03-22 06:51:44.831055

    		-0.8 ms

  





  

    		2021-03-22 07:51:48.12051

    		2.4 ms

  





  

    		2021-03-22 08:51:51.976965

    		-1.7 ms

  





  

    		2021-03-22 09:51:53.971033

    		-0.9 ms

  





  

    		2021-03-22 10:51:55.571422

    		1.2 ms

  





  

    		2021-03-22 11:51:57.691493

    		0.3 ms

  





  

    		2021-03-22 12:51:59.209964

    		-1.4 ms

  





  

    		2021-03-22 13:52:01.890166

    		-0.1 ms

  





  

    		2021-03-22 14:52:03.796512

    		-2.4 ms

  





  

    		2021-03-22 15:52:07.222331

    		-1.6 ms

  





  

    		2021-03-22 16:52:08.699749

    		-2.1 ms

  





  

    		2021-03-22 17:52:11.972047

    		-1.9 ms

  





  

    		2021-03-22 18:52:13.844802

    		1.4 ms

  





  

    		2021-03-22 19:52:16.360207

    		-1.3 ms

  





  

    		2021-03-22 20:52:18.152358

    		0.4 ms

  





  

    		2021-03-22 21:52:20.859156

    		0.9 ms

  





  

    		2021-03-22 22:52:23.912948

    		3.5 ms

  





  

    		2021-03-22 23:52:25.714991

    		-0.2 ms

  





  

    		2021-03-23 00:52:28.735454

    		0.0 ms

  





  

    		2021-03-23 01:52:30.337042

    		2.0 ms

  





  

    		2021-03-23 02:52:32.436455

    		1.1 ms

  





  

    		2021-03-23 03:52:34.40639

    		0.4 ms

  





  

    		2021-03-23 04:52:37.460067

    		2.9 ms

  





  

    		2021-03-23 05:52:39.937536

    		-0.2 ms

  





  

    		2021-03-23 06:52:43.667741

    		0.3 ms

  





  

    		2021-03-23 07:52:47.378072

    		-0.7 ms

  





  

    		2021-03-23 08:52:50.515229

    		2.7 ms

  





  

    		2021-03-23 09:52:52.326408

    		2.4 ms

  





  

    		2021-03-23 10:52:54.840673

    		-0.6 ms

  





  

    		2021-03-23 11:52:56.586204

    		1.1 ms

  





  

    		2021-03-23 12:53:02.188759

    		0.4 ms

  





  

    		2021-03-23 13:53:05.147589

    		0.9 ms

  





  

    		2021-03-23 14:53:07.120141

    		0.3 ms

  





  

    		2021-03-23 15:53:08.798361

    		4.0 ms

  





  

    		2021-03-23 16:53:11.000181

    		1.8 ms

  





  

    		2021-03-23 17:53:14.001551

    		0.5 ms

  





  

    		2021-03-23 18:53:15.656872

    		1.0 ms

  





  

    		2021-03-23 19:53:17.940754

    		1.5 ms

  





  

    		2021-03-23 20:53:19.865893

    		-1.6 ms

  





  

    		2021-03-23 21:53:22.362452

    		1.9 ms

  





  

    		2021-03-23 22:53:24.017802

    		-0.1 ms

  





  

    		2021-03-23 23:53:26.552921

    		0.9 ms

  





  

    		2021-03-24 00:53:28.544551

    		2.1 ms

  





  

    		2021-03-24 01:53:30.378723

    		1.6 ms

  





  

    		2021-03-24 02:53:32.198202

    		1.1 ms

  





  

    		2021-03-24 03:53:34.434912

    		3.6 ms

  





  

    		2021-03-24 04:53:36.990935

    		1.0 ms

  





  

    		2021-03-24 05:53:39.626387

    		1.6 ms

  





  

    		2021-03-24 06:53:41.88414

    		1.3 ms

  





  

    		2021-03-24 07:53:44.837666

    		4.5 ms

  





  

    		2021-03-24 08:53:47.107552

    		0.0 ms

  





  

    		2021-03-24 09:53:49.595476

    		-0.5 ms

  





  

    		2021-03-24 10:53:51.38712

    		-0.8 ms

  





  

    		2021-03-24 11:53:53.951991

    		-1.0 ms

  





  

    		2021-03-24 12:53:57.610278

    		-1.6 ms

  





  

    		2021-03-24 13:54:00.374456

    		-1.9 ms

  





  

    		2021-03-24 14:54:02.351229

    		0.2 ms

  





  

    		2021-03-24 15:54:04.075289

    		2.4 ms

  





  

    		2021-03-24 16:54:05.980472

    		1.5 ms

  





  

    		2021-03-24 17:54:09.153151

    		3.6 ms

  





  

    		2021-03-24 18:54:10.846449

    		-0.4 ms

  





  

    		2021-03-24 19:54:12.62127

    		1.1 ms

  





  

    		2021-03-24 20:54:14.82157

    		1.9 ms

  





  

    		2021-03-24 21:54:16.882511

    		1.7 ms

  





  

    		2021-03-24 22:54:18.515498

    		2.2 ms

  





  

    		2021-03-24 23:54:20.35385

    		2.6 ms

  





  

    		2021-03-25 00:54:23.14993

    		-0.1 ms

  





  

    		2021-03-25 01:54:25.478104

    		2.1 ms

  





  

    		2021-03-25 02:54:28.038268

    		-0.5 ms

  





  

    		2021-03-25 03:54:29.523124

    		3.1 ms

  





  

    		2021-03-25 04:54:31.330295

    		2.4 ms

  





  

    		2021-03-25 05:54:33.976024

    		-0.1 ms

  





  

    		2021-03-25 06:54:36.300316

    		3.1 ms

  





  

    		2021-03-25 07:54:38.450738

    		2.1 ms

  





  

    		2021-03-25 08:54:40.984587

    		2.9 ms

  





  

    		2021-03-25 09:54:43.068001

    		-0.2 ms

  





  

    		2021-03-25 10:54:46.72064

    		2.7 ms

  





  

    		2021-03-25 11:54:49.181885

    		-0.7 ms

  





  

    		2021-03-25 12:54:50.838414

    		2.3 ms

  





  

    		2021-03-25 13:54:52.824493

    		-0.4 ms

  





  

    		2021-03-25 14:54:55.982263

    		0.5 ms

  





  

    		2021-03-25 15:54:58.039571

    		2.1 ms

  





  

    		2021-03-25 16:55:00.334482

    		-0.3 ms

  





  

    		2021-03-25 17:55:02.45373

    		0.0 ms

  





  

    		2021-03-25 18:55:04.339239

    		0.2 ms

  





  

    		2021-03-25 19:55:06.550014

    		-1.1 ms

  





  

    		2021-03-25 20:55:08.23967

    		1.5 ms

  





  

    		2021-03-25 21:55:10.770649

    		0.7 ms

  





  

    		2021-03-25 22:55:12.314477

    		2.0 ms

  





  

    		2021-03-25 23:55:15.428251

    		-0.6 ms

  





  

    		2021-03-26 00:55:16.875532

    		-0.3 ms

  





  

    		2021-03-26 01:55:18.839917

    		-0.4 ms

  





  

    		2021-03-26 02:55:21.667864

    		-1.0 ms

  





  

    		2021-03-26 03:55:23.496071

    		0.0 ms

  





  

    		2021-03-26 04:55:25.43996

    		-2.5 ms

  





  

    		2021-03-26 05:55:27.831593

    		-0.7 ms

  





  

    		2021-03-26 06:55:29.97943

    		0.3 ms

  





  

    		2021-03-26 07:55:31.876472

    		1.5 ms

  





  

    		2021-03-26 08:55:33.945923

    		2.3 ms

  





  

    		2021-03-26 09:55:35.963492

    		2.8 ms

  





  

    		2021-03-26 10:55:37.856956

    		0.5 ms

  





  

    		2021-03-26 11:55:40.320635

    		0.3 ms

  





  

    		2021-03-26 12:55:44.013873

    		-0.2 ms

  





  

    		2021-03-26 13:55:45.672527

    		0.0 ms

  





  

    		2021-03-26 14:55:48.419871

    		2.2 ms

  





  

    		2021-03-26 15:55:50.265566

    		0.3 ms

  





  

    		2021-03-26 16:55:53.124716

    		1.0 ms

  





  

    		2021-03-26 17:55:54.869232

    		1.0 ms

  





  

    		2021-03-26 18:55:58.072777

    		-0.7 ms

  





  

    		2021-03-26 19:56:00.035665

    		1.8 ms

  





  

    		2021-03-26 20:56:02.21398

    		1.6 ms

  





  

    		2021-03-26 21:56:05.226929

    		-0.3 ms

  





  

    		2021-03-26 22:56:07.0131

    		-1.3 ms

  





  

    		2021-03-26 23:56:08.701024

    		1.1 ms

  





  

    		2021-03-27 00:56:11.819141

    		-0.7 ms

  





  

    		2021-03-27 01:56:13.634555

    		0.9 ms

  





  

    		2021-03-27 02:56:15.464874

    		0.2 ms

  





  

    		2021-03-27 03:56:18.075267

    		2.5 ms

  





  

    		2021-03-27 04:56:21.602334

    		-1.2 ms

  





  

    		2021-03-27 05:56:23.200749

    		0.3 ms

  





  

    		2021-03-27 06:56:26.90904

    		1.3 ms

  





  

    		2021-03-27 07:56:29.105059

    		2.8 ms

  





  

    		2021-03-27 08:56:31.205443

    		3.0 ms

  





  

    		2021-03-27 09:56:33.552683

    		-0.1 ms

  





  

    		2021-03-27 10:56:35.447349

    		0.0 ms

  





  

    		2021-03-27 11:56:36.950539

    		-3.5 ms

  





  

    		2021-03-27 12:56:38.910387

    		-2.6 ms

  





  

    		2021-03-27 13:56:42.343211

    		2.6 ms

  





  

    		2021-03-27 14:56:43.760923

    		2.3 ms

  





  

    		2021-03-27 15:56:45.769104

    		-0.4 ms

  





  

    		2021-03-27 16:56:47.668207

    		-0.6 ms

  





  

    		2021-03-27 17:56:50.186694

    		-0.1 ms

  





  

    		2021-03-27 18:56:53.5182

    		2.1 ms

  





  

    		2021-03-27 19:56:56.910109

    		0.2 ms

  





  

    		2021-03-27 20:56:59.768762

    		0.6 ms

  





  

    		2021-03-27 21:57:02.178313

    		-0.8 ms

  





  

    		2021-03-27 22:57:05.203083

    		0.0 ms

  





  

    		2021-03-27 23:57:08.016454

    		-0.5 ms

  





  

    		2021-03-28 00:57:10.386295

    		2.2 ms

  





  

    		2021-03-28 01:57:12.017053

    		0.0 ms

  





  

    		2021-03-28 02:57:13.38267

    		3.1 ms

  





  

    		2021-03-28 03:57:15.273996

    		2.4 ms

  





  

    		2021-03-28 04:57:16.92322

    		3.1 ms

  





  

    		2021-03-28 05:57:19.609402

    		-0.1 ms

  





  

    		2021-03-28 06:57:21.541545

    		-0.6 ms

  





  

    		2021-03-28 07:57:22.969544

    		1.9 ms

  





  

    		2021-03-28 08:57:25.180943

    		-0.5 ms

  





  

    		2021-03-28 09:57:26.960392

    		1.0 ms

  





  

    		2021-03-28 10:57:29.097249

    		1.6 ms

  





  

    		2021-03-28 11:57:31.357766

    		0.1 ms

  





  

    		2021-03-28 12:57:33.638083

    		-2.1 ms

  





  

    		2021-03-28 13:57:35.68983

    		3.5 ms

  





  

    		2021-03-28 14:57:38.019301

    		3.8 ms

  





  

    		2021-03-28 15:57:40.41312

    		1.5 ms

  





  

    		2021-03-28 16:57:42.913278

    		2.4 ms

  





  

    		2021-03-28 17:57:44.873164

    		2.8 ms

  





  

    		2021-03-28 18:57:47.057746

    		1.4 ms

  





  

    		2021-03-28 19:57:49.006957

    		1.7 ms

  





  

    		2021-03-28 20:57:51.397953

    		2.2 ms

  





  

    		2021-03-28 21:57:52.949805

    		2.3 ms

  





  

    		2021-03-28 22:57:56.12642

    		0.0 ms

  





  

    		2021-03-28 23:57:57.704485

    		-0.7 ms

  





  

    		2021-03-29 00:58:00.819659

    		-0.6 ms

  





  

    		2021-03-29 01:58:02.797397

    		-0.4 ms

  





  

    		2021-03-29 02:58:06.405997

    		-0.8 ms

  





  

    		2021-03-29 03:58:09.708424

    		-0.8 ms

  





  

    		2021-03-29 04:58:11.189524

    		1.6 ms

  





  

    		2021-03-29 05:58:12.853824

    		0.5 ms

  





  

    		2021-03-29 06:58:14.421903

    		-0.5 ms

  





  

    		2021-03-29 07:58:17.390493

    		-0.5 ms

  





  

    		2021-03-29 08:58:19.97908

    		2.1 ms

  





  

    		2021-03-29 09:58:22.318272

    		0.8 ms

  





  

    		2021-03-29 10:58:25.022147

    		3.2 ms

  





  

    		2021-03-29 11:58:27.329752

    		2.1 ms

  





  

    		2021-03-29 12:58:29.883067

    		-0.6 ms

  





  

    		2021-03-29 13:58:31.93591

    		-1.6 ms

  





  

    		2021-03-29 14:58:34.161887

    		-0.5 ms

  





  

    		2021-03-29 15:58:35.808196

    		-1.1 ms

  





  

    		2021-03-29 16:58:38.833319

    		1.2 ms

  





  

    		2021-03-29 17:58:40.73098

    		1.5 ms

  





  

    		2021-03-29 18:58:42.528889

    		2.9 ms

  





  

    		2021-03-29 19:58:44.407374

    		2.2 ms

  





  

    		2021-03-29 20:58:46.077128

    		0.4 ms

  





  

    		2021-03-29 21:58:49.544274

    		0.6 ms

  





  

    		2021-03-29 22:58:52.275139

    		-0.8 ms

  





  

    		2021-03-29 23:58:54.692915

    		0.4 ms

  





  

    		2021-03-30 00:58:56.93044

    		3.4 ms

  





  

    		2021-03-30 01:58:59.789145

    		1.2 ms

  





  

    		2021-03-30 02:59:01.81746

    		0.5 ms

  





  

    		2021-03-30 03:59:03.391066

    		-0.6 ms

  





  

    		2021-03-30 04:59:05.7578

    		-0.3 ms

  





  

    		2021-03-30 05:59:08.124366

    		-0.7 ms

  





  

    		2021-03-30 06:59:10.293503

    		-1.8 ms

  





  

    		2021-03-30 07:59:12.256668

    		1.6 ms

  





  

    		2021-03-30 08:59:14.658175

    		-0.8 ms

  





  

    		2021-03-30 09:59:17.202753

    		2.4 ms

  





  

    		2021-03-30 10:59:19.197934

    		5.3 ms

  





  

    		2021-03-30 11:59:22.920974

    		2.2 ms

  





  

    		2021-03-30 12:59:25.467828

    		1.3 ms

  





  

    		2021-03-30 13:59:29.406485

    		-0.6 ms

  





  

    		2021-03-30 14:59:31.812065

    		-1.4 ms

  





  

    		2021-03-30 15:59:33.983869

    		0.1 ms

  





  

    		2021-03-30 16:59:37.248457

    		0.7 ms

  





  

    		2021-03-30 17:59:39.980544

    		0.5 ms

  





  

    		2021-03-30 18:59:42.244755

    		1.8 ms

  





  

    		2021-03-30 19:59:43.767868

    		1.9 ms

  





  

    		2021-03-30 20:59:46.288454

    		0.8 ms

  





  

    		2021-03-30 21:59:48.759051

    		0.1 ms

  





  

    		2021-03-30 22:59:51.753421

    		-1.2 ms

  





  

    		2021-03-30 23:59:53.873618

    		-2.2 ms

  





  

    		2021-03-31 00:59:56.157232

    		-0.3 ms

  





  

    		2021-03-31 01:59:58.625538

    		2.8 ms

  





  

    		2021-03-31 03:00:00.796115

    		5.4 ms

  





  

    		2021-03-31 04:00:03.630569

    		6.3 ms

  





  

    		2021-03-31 05:00:05.699608

    		3.5 ms

  





  

    		2021-03-31 06:00:08.62306

    		-1.8 ms

  





  

    		2021-03-31 07:00:10.343023

    		-1.4 ms

  





  

    		2021-03-31 08:00:12.456603

    		0.1 ms

  





  

    		2021-03-31 09:00:14.08224

    		-0.7 ms

  





  

    		2021-03-31 10:00:15.935152

    		0.2 ms

  





  

    		2021-03-31 11:00:19.006409

    		-3.3 ms

  





  

    		2021-03-31 12:00:20.861723

    		0.7 ms

  





  

    		2021-03-31 13:00:22.701408

    		0.2 ms

  





  

    		2021-03-31 14:00:24.137768

    		1.3 ms

  





  

    		2021-03-31 15:00:25.918332

    		2.0 ms

  





  

    		2021-03-31 16:00:28.55916

    		0.3 ms

  





  

    		2021-03-31 17:00:31.836001

    		-0.1 ms

  





  

    		2021-03-31 18:00:34.534565

    		0.2 ms

  





  

    		2021-03-31 19:00:36.166283

    		0.7 ms

  





  

    		2021-03-31 20:00:37.818151

    		1.9 ms

  





  

    		2021-03-31 21:00:40.000332

    		-1.0 ms

  





  

    		2021-03-31 22:00:41.488517

    		-0.2 ms

  





  

    		2021-03-31 23:00:44.450063

    		-3.3 ms

  





  

    		2021-04-01 00:00:47.61669

    		-3.5 ms

  





  

    		2021-04-01 01:00:49.643129

    		-1.6 ms

  





  

    		2021-04-01 02:00:51.061369

    		2.6 ms

  





  

    		2021-04-01 03:00:52.819676

    		2.6 ms

  





  

    		2021-04-01 04:00:54.590613

    		2.3 ms

  





  

    		2021-04-01 05:00:56.67528

    		-0.6 ms

  





  

    		2021-04-01 06:00:59.640129

    		-0.3 ms

  





  

    		2021-04-01 07:01:02.251749

    		-1.2 ms

  





  

    		2021-04-01 08:01:03.808973

    		1.6 ms

  





  

    		2021-04-01 09:01:05.689379

    		1.5 ms

  





  

    		2021-04-01 10:01:08.959062

    		0.3 ms

  





  

    		2021-04-01 11:01:12.167998

    		-0.9 ms

  





  

    		2021-04-01 12:01:14.562166

    		0.7 ms

  





  

    		2021-04-01 13:01:16.472721

    		0.9 ms

  





  

    		2021-04-01 14:01:18.151686

    		0.8 ms

  





  

    		2021-04-01 15:01:21.631628

    		-1.4 ms

  





  

    		2021-04-01 16:01:24.290149

    		0.6 ms

  





  

    		2021-04-01 17:01:26.841158

    		-0.4 ms

  





  

    		2021-04-01 18:01:29.151146

    		0.9 ms

  





  

    		2021-04-01 19:01:30.717204

    		-0.7 ms

  





  

    		2021-04-01 20:01:32.921359

    		0.0 ms

  





  

    		2021-04-01 21:01:35.472352

    		2.0 ms

  





  

    		2021-04-01 22:01:37.634521

    		3.3 ms

  





  

    		2021-04-01 23:01:39.543872

    		0.6 ms

  





  

    		2021-04-02 00:01:41.516765

    		0.4 ms

  





  

    		2021-04-02 01:01:44.058583

    		-0.3 ms

  





  

    		2021-04-02 02:01:45.513263

    		2.0 ms

  





  

    		2021-04-02 03:01:47.462817

    		0.3 ms

  





  

    		2021-04-02 04:01:49.452306

    		0.7 ms

  





  

    		2021-04-02 05:01:51.633155

    		2.8 ms

  





  

    		2021-04-02 06:01:54.441871

    		0.8 ms

  





  

    		2021-04-02 07:01:56.67636

    		0.3 ms

  





  

    		2021-04-02 08:01:59.185022

    		1.4 ms

  





  

    		2021-04-02 09:02:02.071071

    		-0.9 ms

  





  

    		2021-04-02 10:02:03.728562

    		-0.3 ms

  





  

    		2021-04-02 11:02:05.225315

    		1.1 ms

  





  

    		2021-04-02 12:02:08.131512

    		2.1 ms

  





  

    		2021-04-02 13:02:10.461634

    		0.4 ms

  





  

    		2021-04-02 14:02:12.859994

    		4.2 ms

  





  

    		2021-04-02 15:02:15.937894

    		2.5 ms

  





  

    		2021-04-02 16:02:19.364109

    		2.0 ms

  





  

    		2021-04-02 17:02:22.644621

    		-0.5 ms

  





  

    		2021-04-02 18:02:25.011756

    		-0.2 ms

  





  

    		2021-04-02 19:02:28.064572

    		-0.7 ms

  





  

    		2021-04-02 20:02:30.173734

    		-0.1 ms

  





  

    		2021-04-02 21:02:32.485821

    		-0.2 ms

  





  

    		2021-04-02 22:02:35.056279

    		-2.4 ms

  





  

    		2021-04-02 23:02:38.010966

    		2.6 ms

  





  

    		2021-04-03 00:02:40.242215

    		-1.8 ms

  





  

    		2021-04-03 01:02:42.466202

    		-1.2 ms

  





  

    		2021-04-03 02:02:44.533998

    		1.2 ms

  





  

    		2021-04-03 03:02:46.694859

    		0.0 ms

  





  

    		2021-04-03 04:02:49.036759

    		-1.0 ms

  





  

    		2021-04-03 05:02:50.880937

    		0.2 ms

  





  

    		2021-04-03 06:02:52.445756

    		1.2 ms

  





  

    		2021-04-03 07:02:54.737984

    		2.6 ms

  





  

    		2021-04-03 08:02:56.497206

    		0.3 ms

  





  

    		2021-04-03 09:02:58.796286

    		0.4 ms

  





  

    		2021-04-03 10:03:01.768412

    		-1.8 ms

  





  

    		2021-04-03 11:03:04.437985

    		-0.4 ms

  





  

    		2021-04-03 12:03:06.166633

    		-0.2 ms

  





  

    		2021-04-03 13:03:08.144958

    		-0.2 ms

  





  

    		2021-04-03 14:03:10.192128

    		-1.0 ms

  





  

    		2021-04-03 15:03:12.433186

    		2.5 ms

  





  

    		2021-04-03 16:03:14.721594

    		2.7 ms

  





  

    		2021-04-03 17:03:17.30324

    		3.0 ms

  





  

    		2021-04-03 18:03:19.891231

    		-0.6 ms

  





  

    		2021-04-03 19:03:21.695289

    		-0.4 ms

  





  

    		2021-04-03 20:03:24.92345

    		0.2 ms

  





  

    		2021-04-03 21:03:28.296073

    		1.8 ms

  





  

    		2021-04-03 22:03:30.382357

    		0.2 ms

  





  

    		2021-04-03 23:03:32.556667

    		-1.4 ms

  





  

    		2021-04-04 00:03:34.918625

    		-1.0 ms

  





  

    		2021-04-04 01:03:38.173408

    		-1.1 ms

  





  

    		2021-04-04 02:03:40.871287

    		-0.2 ms

  





  

    		2021-04-04 03:03:42.829529

    		0.9 ms

  





  

    		2021-04-04 04:03:45.502924

    		-1.2 ms

  





  

    		2021-04-04 05:03:47.479673

    		-1.8 ms

  





  

    		2021-04-04 06:03:49.360576

    		0.5 ms

  





  

    		2021-04-04 07:03:51.400174

    		2.2 ms

  





  

    		2021-04-04 08:03:53.237006

    		-0.3 ms

  





  

    		2021-04-04 09:03:54.95

    		0.3 ms

  





  

    		2021-04-04 10:03:58.006133

    		2.5 ms

  





  

    		2021-04-04 11:04:00.491158

    		0.8 ms

  





  

    		2021-04-04 12:04:02.584462

    		0.1 ms

  





  

    		2021-04-04 13:04:05.202048

    		1.6 ms

  





  

    		2021-04-04 14:04:06.873164

    		0.3 ms

  





  

    		2021-04-04 15:04:09.816905

    		-0.4 ms

  





  

    		2021-04-04 16:04:11.328366

    		0.0 ms

  





  

    		2021-04-04 17:04:13.513025

    		-0.2 ms

  





  

    		2021-04-04 18:04:16.504224

    		1.4 ms

  





  

    		2021-04-04 19:04:18.1945

    		-1.1 ms

  





  

    		2021-04-04 20:04:19.806908

    		-0.6 ms

  





  

    		2021-04-04 21:04:22.642313

    		0.1 ms

  





  

    		2021-04-04 22:04:24.376455

    		-0.7 ms

  





  

    		2021-04-04 23:04:26.514735

    		1.9 ms

  





  

    		2021-04-05 00:04:28.413893

    		1.6 ms

  





  

    		2021-04-05 01:04:30.771303

    		0.2 ms

  





  

    		2021-04-05 02:04:32.647437

    		2.6 ms

  





  

    		2021-04-05 03:04:34.757908

    		-1.2 ms

  





  

    		2021-04-05 04:04:36.669285

    		0.8 ms

  





  

    		2021-04-05 05:04:38.869657

    		-1.1 ms

  





  

    		2021-04-05 06:04:41.269163

    		1.1 ms

  





  

    		2021-04-05 07:04:43.221979

    		-0.2 ms

  





  

    		2021-04-05 08:04:46.59197

    		5.4 ms

  





  

    		2021-04-05 09:04:48.248409

    		-0.2 ms

  





  

    		2021-04-05 10:04:49.799103

    		0.4 ms

  





  

    		2021-04-05 11:04:51.783017

    		0.9 ms

  





  

    		2021-04-05 12:04:54.571394

    		2.8 ms

  





  

    		2021-04-05 13:04:56.417838

    		2.1 ms

  





  

    		2021-04-05 14:04:58.297653

    		0.5 ms

  





  

    		2021-04-05 15:05:00.097351

    		-0.2 ms

  





  

    		2021-04-05 16:05:03.4363

    		1.2 ms

  





  

    		2021-04-05 17:05:05.644203

    		-1.4 ms

  





  

    		2021-04-05 18:05:16.68015

    		-1.0 ms

  





  

    		2021-04-05 19:05:18.281634

    		-1.0 ms

  





  

    		2021-04-05 20:05:19.730921

    		-0.3 ms

  





  

    		2021-04-05 21:05:21.694084

    		2.1 ms

  





  

    		2021-04-05 22:05:24.087631

    		0.7 ms

  





  

    		2021-04-05 23:05:26.189467

    		-0.9 ms

  





  

    		2021-04-06 00:05:29.217479

    		-2.4 ms

  





  

    		2021-04-06 01:05:30.784576

    		-0.7 ms

  





  

    		2021-04-06 02:05:32.688813

    		0.2 ms

  





  

    		2021-04-06 03:05:34.848121

    		2.7 ms

  





  

    		2021-04-06 04:05:36.399213

    		0.4 ms

  





  

    		2021-04-06 05:05:38.420633

    		3.9 ms

  





  

    		2021-04-06 06:05:40.860853

    		-0.2 ms

  





  

    		2021-04-06 07:05:43.34887

    		-0.2 ms

  





  

    		2021-04-06 08:05:45.360787

    		0.7 ms

  





  

    		2021-04-06 09:05:48.598956

    		1.1 ms

  





  

    		2021-04-06 10:05:51.492681

    		-0.2 ms

  





  

    		2021-04-06 11:05:54.708966

    		-0.1 ms

  





  

    		2021-04-06 12:05:57.539349

    		-0.8 ms

  





  

    		2021-04-06 13:05:59.551787

    		1.2 ms

  





  

    		2021-04-06 14:06:01.808755

    		-0.7 ms

  





  

    		2021-04-06 15:06:06.043013

    		1.0 ms

  





  

    		2021-04-06 16:06:08.59234

    		-0.2 ms

  





  

    		2021-04-06 17:06:10.313981

    		-3.5 ms

  





  

    		2021-04-06 18:06:12.075639

    		1.6 ms

  





  

    		2021-04-06 19:06:14.071289

    		0.5 ms

  





  

    		2021-04-06 20:06:15.786116

    		0.8 ms

  





  

    		2021-04-06 21:06:18.106318

    		1.7 ms

  





  

    		2021-04-06 22:06:19.751615

    		2.8 ms

  





  

    		2021-04-06 23:06:22.682218

    		4.1 ms

  





  

    		2021-04-07 00:06:25.958751

    		1.7 ms

  





  

    		2021-04-07 01:06:28.468502

    		3.6 ms

  





  

    		2021-04-07 02:06:30.705894

    		-0.1 ms

  





  

    		2021-04-07 03:06:33.228471

    		1.5 ms

  





  

    		2021-04-07 04:06:35.083443

    		-0.7 ms

  





  

    		2021-04-07 05:06:37.134707

    		0.1 ms

  





  

    		2021-04-07 06:06:39.089995

    		0.9 ms

  





  

    		2021-04-07 07:06:41.912697

    		0.8 ms

  





  

    		2021-04-07 08:06:44.769386

    		3.6 ms

  





  

    		2021-04-07 09:06:47.293006

    		-0.8 ms

  





  

    		2021-04-07 10:06:50.818841

    		-5.0 ms

  





  

    		2021-04-07 11:06:54.113167

    		-1.7 ms

  





  

    		2021-04-07 12:06:57.263426

    		0.3 ms

  





  

    		2021-04-07 13:06:59.742653

    		-1.3 ms

  





  

    		2021-04-07 14:07:01.444593

    		-0.3 ms

  





  

    		2021-04-07 15:07:04.36996

    		1.1 ms

  





  

    		2021-04-07 16:07:05.897007

    		-0.1 ms

  





  

    		2021-04-07 17:07:08.913318

    		2.3 ms

  





  

    		2021-04-07 18:07:10.88398

    		-0.7 ms

  





  

    		2021-04-07 19:07:12.991933

    		0.7 ms

  





  

    		2021-04-07 20:07:16.983898

    		2.0 ms

  





  

    		2021-04-07 21:07:18.503602

    		3.5 ms

  





  

    		2021-04-07 22:07:20.547629

    		2.5 ms

  





  

    		2021-04-07 23:07:22.643367

    		1.2 ms

  





  

    		2021-04-08 00:07:24.770957

    		2.5 ms

  





  

    		2021-04-08 01:07:26.488191

    		0.0 ms

  





  

    		2021-04-08 02:07:29.299931

    		-0.2 ms

  





  

    		2021-04-08 03:07:30.772012

    		2.8 ms

  





  

    		2021-04-08 04:07:33.405173

    		1.7 ms

  





  

    		2021-04-08 05:07:34.980251

    		0.8 ms

  





  

    		2021-04-08 06:07:38.277333

    		2.0 ms

  





  

    		2021-04-08 07:07:41.321274

    		0.0 ms

  





  

    		2021-04-08 08:07:45.137114

    		-0.8 ms

  





  

    		2021-04-08 09:07:47.160745

    		0.1 ms

  





  

    		2021-04-08 10:07:48.938679

    		0.1 ms

  





  

    		2021-04-08 11:07:52.103959

    		2.9 ms

  





  

    		2021-04-08 12:07:54.273925

    		-0.6 ms

  





  

    		2021-04-08 13:07:56.990557

    		0.6 ms

  





  

    		2021-04-08 14:07:59.952341

    		-0.2 ms

  





  

    		2021-04-08 15:08:01.958948

    		1.7 ms

  





  

    		2021-04-08 16:08:03.602163

    		-0.9 ms

  





  

    		2021-04-08 17:08:06.980471

    		1.6 ms

  





  

    		2021-04-08 18:08:08.84183

    		-1.7 ms

  





  

    		2021-04-08 19:08:10.496905

    		2.4 ms

  





  

    		2021-04-08 20:08:12.848743

    		-0.2 ms

  





  

    		2021-04-08 21:08:15.428028

    		0.2 ms

  





  

    		2021-04-08 22:08:16.854902

    		1.2 ms

  





  

    		2021-04-08 23:08:19.834393

    		0.9 ms

  





  

    		2021-04-09 00:08:21.735138

    		-0.4 ms

  





  

    		2021-04-09 01:08:24.034207

    		0.8 ms

  





  

    		2021-04-09 02:08:26.72049

    		1.6 ms

  





  

    		2021-04-09 03:08:28.847185

    		2.3 ms

  





  

    		2021-04-09 04:08:30.580668

    		0.2 ms

  





  

    		2021-04-09 05:08:32.655788

    		1.8 ms

  





  

    		2021-04-09 06:08:36.061226

    		-0.3 ms

  





  

    		2021-04-09 07:08:39.557312

    		2.3 ms

  





  

    		2021-04-09 08:08:42.324388

    		1.8 ms

  





  

    		2021-04-09 09:08:45.169478

    		0.7 ms

  





  

    		2021-04-09 10:08:46.664905

    		0.4 ms

  





  

    		2021-04-09 11:08:49.49931

    		1.5 ms

  





  

    		2021-04-09 12:08:51.962877

    		1.5 ms

  





  

    		2021-04-09 13:08:54.011988

    		2.0 ms

  





  

    		2021-04-09 14:08:55.838623

    		0.5 ms

  





  

    		2021-04-09 15:08:57.383111

    		-0.7 ms

  





  

    		2021-04-09 16:09:00.977455

    		1.1 ms

  





  

    		2021-04-09 17:09:04.050774

    		-1.0 ms

  





  

    		2021-04-09 18:09:05.631601

    		3.3 ms

  





  

    		2021-04-09 19:09:07.105097

    		2.9 ms

  





  

    		2021-04-09 20:09:09.852029

    		2.9 ms

  





  

    		2021-04-09 21:09:12.252614

    		0.2 ms

  





  

    		2021-04-09 22:09:14.867869

    		-0.3 ms

  





  

    		2021-04-09 23:09:18.046249

    		-0.2 ms

  





  

    		2021-04-10 00:09:19.736772

    		-1.0 ms

  





  

    		2021-04-10 01:09:21.402436

    		-1.4 ms

  





  

    		2021-04-10 02:09:23.344303

    		0.2 ms

  





  

    		2021-04-10 03:09:24.753944

    		-0.3 ms

  





  

    		2021-04-10 04:09:26.432917

    		1.0 ms

  





  

    		2021-04-10 05:09:30.036009

    		2.9 ms

  





  

    		2021-04-10 06:09:31.632993

    		0.8 ms

  





  

    		2021-04-10 07:09:34.346819

    		2.6 ms

  





  

    		2021-04-10 08:09:36.917255

    		2.2 ms

  





  

    		2021-04-10 09:09:38.871015

    		2.1 ms

  





  

    		2021-04-10 10:09:40.643148

    		-1.0 ms

  





  

    		2021-04-10 11:09:42.342617

    		1.6 ms

  





  

    		2021-04-10 12:09:45.05372

    		2.2 ms

  





  

    		2021-04-10 13:09:47.153847

    		1.0 ms

  





  

    		2021-04-10 14:09:49.339537

    		0.3 ms

  





  

    		2021-04-10 15:09:50.968073

    		2.3 ms

  





  

    		2021-04-10 16:09:55.015371

    		-0.7 ms

  





  

    		2021-04-10 17:09:56.402158

    		-0.5 ms

  





  

    		2021-04-10 18:09:59.380885

    		0.3 ms

  





  

    		2021-04-10 19:10:01.036805

    		3.2 ms

  





  

    		2021-04-10 20:10:02.511374

    		0.5 ms

  





  

    		2021-04-10 21:10:04.972303

    		2.4 ms

  





  

    		2021-04-10 22:10:07.515198

    		1.7 ms

  





  

    		2021-04-10 23:10:09.330231

    		-1.2 ms

  





  

    		2021-04-11 00:10:12.296672

    		-0.4 ms

  





  

    		2021-04-11 01:10:15.013167

    		0.9 ms

  





  

    		2021-04-11 02:10:18.065567

    		-2.0 ms

  





  

    		2021-04-11 03:10:20.323164

    		-0.2 ms

  





  

    		2021-04-11 04:10:22.132746

    		-1.7 ms

  





  

    		2021-04-11 05:10:24.751176

    		-0.5 ms

  





  

    		2021-04-11 06:10:26.791038

    		-0.4 ms

  





  

    		2021-04-11 07:10:29.609898

    		2.5 ms

  





  

    		2021-04-11 08:10:32.15594

    		1.7 ms

  





  

    		2021-04-11 09:10:33.854718

    		-0.5 ms

  





  

    		2021-04-11 10:10:35.373437

    		-1.9 ms

  





  

    		2021-04-11 11:10:39.07111

    		0.6 ms

  





  

    		2021-04-11 12:10:41.3509

    		-1.2 ms

  





  

    		2021-04-11 13:10:45.15188

    		0.5 ms

  





  

    		2021-04-11 14:10:46.807673

    		-3.2 ms

  





  

    		2021-04-11 15:10:50.116792

    		1.1 ms

  





  

    		2021-04-11 16:10:52.104747

    		0.3 ms

  





  

    		2021-04-11 17:10:54.74204

    		3.1 ms

  





  

    		2021-04-11 18:10:56.393555

    		0.6 ms

  





  

    		2021-04-11 19:10:58.777181

    		2.1 ms

  





  

    		2021-04-11 20:11:00.430921

    		-0.1 ms

  





  

    		2021-04-11 21:11:02.25144

    		2.2 ms

  





  

    		2021-04-11 22:11:05.552033

    		0.1 ms

  





  

    		2021-04-11 23:11:07.338437

    		1.4 ms

  





  

    		2021-04-12 00:11:08.983526

    		4.4 ms

  





  

    		2021-04-12 01:11:10.834885

    		0.3 ms

  





  

    		2021-04-12 02:11:13.397004

    		2.9 ms

  





  

    		2021-04-12 03:11:17.142668

    		3.1 ms

  





  

    		2021-04-12 04:11:19.259299

    		-0.8 ms

  





  

    		2021-04-12 05:11:21.514301

    		1.6 ms

  





  

    		2021-04-12 06:11:24.327852

    		-1.6 ms

  





  

    		2021-04-12 07:11:26.806481

    		-0.8 ms

  





  

    		2021-04-12 08:11:30.34129

    		0.2 ms

  





  

    		2021-04-12 09:11:32.370055

    		-0.4 ms

  





  

    		2021-04-12 10:11:35.7957

    		-0.1 ms

  





  

    		2021-04-12 11:11:38.22464

    		-1.1 ms

  





  

    		2021-04-12 12:12:16.192027

    		1.2 ms

  





  

    		2021-04-12 13:13:05.376283

    		0.1 ms

  





  

    		2021-04-12 14:13:07.158129

    		0.1 ms

  





  

    		2021-04-12 15:13:09.104204

    		2.4 ms

  





  

    		2021-04-12 16:13:12.702011

    		-0.2 ms

  





  

    		2021-04-12 17:13:16.245682

    		0.5 ms

  





  

    		2021-04-12 18:13:19.860226

    		-0.9 ms

  





  

    		2021-04-12 19:13:22.815554

    		0.1 ms

  





  

    		2021-04-12 20:13:24.42526

    		3.5 ms

  





  

    		2021-04-12 21:13:26.364671

    		0.2 ms

  





  

    		2021-04-12 22:13:29.261857

    		1.3 ms

  





  

    		2021-04-12 23:13:30.857089

    		-0.6 ms

  





  

    		2021-04-13 00:13:32.880083

    		-0.7 ms

  





  

    		2021-04-13 01:13:34.464514

    		-1.5 ms

  





  

    		2021-04-13 02:13:38.083712

    		1.8 ms

  





  

    		2021-04-13 03:13:39.783437

    		-0.5 ms

  





  

    		2021-04-13 04:13:42.798319

    		-0.9 ms

  





  

    		2021-04-13 05:13:46.045195

    		-0.2 ms

  





  

    		2021-04-13 06:13:49.557506

    		-0.7 ms

  





  

    		2021-04-13 07:13:51.375886

    		0.2 ms

  





  

    		2021-04-13 08:13:53.445201

    		0.9 ms

  





  

    		2021-04-13 09:13:56.711397

    		-2.4 ms

  





  

    		2021-04-13 10:14:00.047487

    		1.2 ms

  





  

    		2021-04-13 11:14:03.528673

    		-0.4 ms

  





  

    		2021-04-13 12:14:09.176835

    		-0.6 ms

  





  

    		2021-04-13 13:14:10.986552

    		-1.3 ms

  





  

    		2021-04-13 14:14:12.811734

    		-1.9 ms

  





  

    		2021-04-13 15:14:14.778964

    		2.4 ms

  





  

    		2021-04-13 16:14:16.439324

    		3.0 ms

  





  

    		2021-04-13 17:14:18.606364

    		2.2 ms

  





  

    		2021-04-13 18:14:20.60176

    		-0.5 ms

  





  

    		2021-04-13 19:14:23.817716

    		1.8 ms

  





  

    		2021-04-13 20:14:25.622051

    		0.8 ms

  





  

    		2021-04-13 21:14:27.137885

    		2.2 ms

  





  

    		2021-04-13 22:14:28.734061

    		0.7 ms

  





  

    		2021-04-13 23:14:30.304719

    		1.2 ms

  





  

    		2021-04-14 00:14:32.059769

    		-1.1 ms

  





  

    		2021-04-14 01:14:33.720104

    		-0.1 ms

  





  

    		2021-04-14 02:14:35.655915

    		0.6 ms

  





  

    		2021-04-14 03:14:38.147008

    		-0.2 ms

  





  

    		2021-04-14 04:14:41.468467

    		-1.5 ms

  





  

    		2021-04-14 05:14:43.130518

    		0.4 ms

  





  

    		2021-04-14 06:14:45.945128

    		-0.8 ms

  





  

    		2021-04-14 07:14:49.191021

    		0.0 ms

  





  

    		2021-04-14 08:14:52.098655

    		0.1 ms

  





  

    		2021-04-14 09:14:54.617793

    		0.8 ms

  





  

    		2021-04-14 10:14:57.18167

    		-1.5 ms

  





  

    		2021-04-14 11:14:59.316821

    		-1.4 ms

  





  

    		2021-04-14 12:15:01.294134

    		0.9 ms

  





  

    		2021-04-14 13:15:04.348683

    		0.5 ms

  





  

    		2021-04-14 14:15:06.705246

    		-0.9 ms

  





  

    		2021-04-14 15:15:08.681725

    		-0.4 ms

  





  

    		2021-04-14 16:15:11.55788

    		0.1 ms

  





  

    		2021-04-14 17:15:15.578075

    		0.6 ms

  





  

    		2021-04-14 18:15:18.314887

    		0.1 ms

  





  

    		2021-04-14 19:15:20.038348

    		1.1 ms

  





  

    		2021-04-14 20:15:22.461066

    		-1.8 ms

  





  

    		2021-04-14 21:15:24.220643

    		3.0 ms

  





  

    		2021-04-14 22:15:25.771044

    		2.1 ms

  





  

    		2021-04-14 23:15:27.470199

    		2.7 ms

  





  

    		2021-04-15 00:15:29.088644

    		3.2 ms

  





  

    		2021-04-15 01:15:31.172843

    		2.8 ms

  





  

    		2021-04-15 02:15:33.013942

    		3.4 ms

  





  

    		2021-04-15 03:15:34.899192

    		2.4 ms

  





  

    		2021-04-15 04:15:36.579884

    		3.2 ms

  





  

    		2021-04-15 05:15:38.057319

    		1.8 ms

  





  

    		2021-04-15 06:15:40.514172

    		1.8 ms

  





  

    		2021-04-15 07:15:43.018309

    		3.3 ms

  





  

    		2021-04-15 08:15:44.582129

    		0.9 ms

  





  

    		2021-04-15 09:15:47.634367

    		1.6 ms

  





  

    		2021-04-15 10:15:49.970159

    		-0.1 ms

  









###
Evidence of Intent

Last updated: Fri 06 Mar 2020 14:08:40 UTC

1. Purpose

The purpose of this document Evidence of Intent is to secure a) evidence of intent to sign and b) evidence of what Sign Material there was intent to sign, to avoid claims that different Sign Material was viewed than what was the output in the final Evidence Package.

2. Screen captures

When a person signs a document using Scrive eSign a screen capture is executed on the person´s screen and saved by Scrive eSign. When sealing the signed document Scrive eSign includes the screen captures from all signing parties into this document. 

The screen capture technology used sometimes fails to execute the screen capture. Therefore, in case the screen capture technology would fail, a screen capture with a reference signing view is prepared in Scrive eSign at each production upgrade and Upon sealing the document, Scrive eSign includes the latest reference screen captures in this Evidence of Intent as a reference. Important to note is also that, in the event log below each time stamp reflects the clock of the client, which may be different from the clock of Scrive eSign.





  

    		Time

    		IP

    		Event

  



    

    		2021-04-15 08:35:41.604 UTC

    		85.115.45.180

    		Jan Klauset (JK) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.

  



  

  

    		2021-04-15 08:36:08.828 UTC

    		85.115.45.180

    		Jan Klauset (JK) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2021-03-23 12:28:49 UTC.

  

  

    		2021-04-15 10:39:27.332 UTC

    		84.208.106.24

    		Anders Lægreid (AL) opened the document in the signing view. Click here to see an attached screen capture of the top of their signing view.

  



  

  

    		2021-04-15 10:40:32.463 UTC

    		84.208.106.24

    		Anders Lægreid (AL) signed the document. Click here to see attached screen capture of their signing view. Click here to see attached screen capture of the reference signing view created at 2021-03-23 12:28:49 UTC.
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1. Purpose

The purpose of the Digital Signature Documentation is to provide a method so that the integrity of the Evidence Package can be verified mathematically and independently of Scrive, Guardtime or any other third party, only relying on public information. 

2. Overview

2.1 Digital Signatures

Digital signatures are used to make digital data tamper proof, so that it can be verified that the data has not been modified since the digital signature was created.

Digital signatures are designed in a way that there is a method for checking that the data that the signature is applied to is not modified, and that there is a method for checking that the signature has been issued in some trusted way.

2.2 Cryptographic Hash Functions

There is one mathematical concept that is pervasive in digital signing technologies: cryptographic hash functions. Such functions are used to straightforwardly compute a “hash value” of some fixed length (e.g. 256 bits) of some arbitrary amount of data, with the property that it is infeasible to reverse the function and get the data back from the hash value, but most importantly: it is infeasible to come up with any other piece of data that will compute to the same hash value.

These properties imply that it is sufficient to protect hash values of data instead of the data itself. The reason is that if we know that the protected hash value is unmodified and matches the hash value that we can compute of the data itself, then we know that it is infeasible that the data itself has been modified. For integrity purposes, hash values are essential condensations of the original data.

In addition to the cryptographic hash functions, many technologies for digital signatures are based on the use of keys.

2.3 Key-based digital signatures

In key-based digital signatures, secret information (private keys) are used to create signatures by some trusted organisation. Each private key has a corresponding public key which is used for verifying the integrity of the digital signatures created with the private key. So to check a key-based digital signature, one needs to access the public key that corresponded to the secret key used to create the signature. In addition to verifying the signature using the public key, one has to verify that the public key comes from the trusted organisation that created the signature. This can be done using digital certificates as part of the public-key infrastructure.

Key-based digital signatures are problematic due to the durability requirements that come with protecting Evidence Packages. The private key must be kept secret by the trusted organisation. Should the key become public, the digital signatures that were issued using it can no longer be used to verify the integrity of the data. As a mitigation, the trusted organisation can limit the time that any one public/private key pair is used, and then erase the private key. Should a private key leak from the trusted organisation, only signatures created during the lifetime of the private key become worthless. However, more frequent renewal of keys mean that the organisation issuing digital signatures must provide more public keys for verification purposes. The main problem remains: how can one be sure that a private key was not leaked and used to forge digital signatures? The PAdES standard specifies a set of restrictions and extensions to the standards for PDF and ISO-32000-1 and -2. PAdES is described in the technical specification TS-102 778 that is published and maintained by the European Telecommunication Standards Institute, ETSI.

2.4 Keyless digital signatures for durability

Keyless digital signatures rely solely on the properties of cryptographic hash functions to protect data, without the use of secrets.

An extremely simple (but naive) method for creating a keyless digital signature is to compute the hash value of some data and then make that hash value public so that it can be used to verify that copies of the data have not been modified. It is important that the hash value is published so that that a verifier readily can find it and trust that the hash value is authentic, and that the publication is permanently accessible for the foreseeable future. A suitable method is to publish the hash value in a newspaper that is widely spread and archived throughout the world.

Although simple, the naive method described is not practical in that it requires one hash value to be published for each piece of data that needs a digital signature. To make keyless digital signatures practical one can combine hash values from multiple pieces of data by juxtaposing the hash values and computing new hash values of the result, as illustrated below:
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By combining hash values in this way, one can choose to publish the combined hash value periodically, e.g. once a month. For verification to work, additional information is needed to ensure that a particular Evidence Package’s hash value leads to the hash value that is published in a newspaper (such a published hash value is called a publication code). Therefore, the digital signature contains information about what newspaper contains the publication code (currently, publication codes are printed in Financial Times), as well as intermediate hash values in the linked chain of hashes all the way to the publication code. For the middle Evidence Package in the diagram above, the digital signature would have information about where one can find the publication code c₆, as well as the intermediate hash values c₃, d₄, and d₅. From the Evidence Package’s computed hash value d₃, the intermediate hash values in the digital signature, and the combining cryptographic hash function H taking juxtaposed hash values, a verifier would compute the complete chain of hash values: c₄ = H(c₃,d₃), c₅ = H(c₄,d₄), c₆ = H(c₅, d₅). Having computed c₆, the verifier needs to check that it is equal to the newspaper’s publication code.

Since the digital signature must contain extra information about intermediate hash values that stem from other Evidence Packages leading to the publication code, one cannot immediately put the keyless digital signature into the Evidence Package upon its creation—one has to wait until the publication code is known. But since the parties involved in signing a document typically want access to the Evidence Package right away, Scrive E-sign provides the parties with an initial version of the Evidence Package with a temporary, keyless digital signature. Once the Evidence Package’s hash value has been part of the linked chain that leads to a publication code, Scrive E-sign produces a new Evidence Package with the permanent, keyless digital signature. Signatories that choose to store their Evidence Package in the archive service provided by Scrive E-sign can download the revised Evidence Package in the archive once it becomes available.

The devil in the details regarding the implementation of keyless digital signatures (e.g., in practice one would use trees of intermediate hash values instead of linked chains), but the fundamental principle is the same: data can be verified by computing a sequence of hash values and check against a value that is published in a trusted way.

2.5 Verifiable timestamps using keyless signatures

The keyless signature not only provides a method for verifying the integrity of the Evidence Package, it also encodes the time down to the second when the signature was created. By construction, the time encoding is irrefutable and can be produced as part of the verification method of the keyless digital signature.

The following diagram gives a simplified version of how the time encoding works. Each publication code that goes into a newspaper is the root of the so called calendar tree, which is an ever-growing tree with one leaf node for each second since midnight, January 1st, 1970 in Coordinated Universal Time (UTC), a point in time we will denote T₀. (In the diagram, we have assumed that there is one evidence package providing the hash value for each leaf node, which is a simplification since we for each second may have zero or more than one evidence package for which we want a digital signature. In reality, the hash value of each leaf node in the calendar tree is constructed from an aggregation tree of hash values. We have also assumed a very small calendar tree, consisting of just four leaf nodes spanning a time of four seconds. A calendar tree for a whole month is of course much larger.)
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Now, suppose we want to verify the digital signature for the evidence package in the third row. The digital signature contains the path from the root down to the leaf, telling us if we should choose the upper route (encoded as a 0) or lower route (encoded as a 1) to get to the next level. The choices form a sequence which can be interpreted as a binary number, and for the path highlighted in yellow, this binary number is 10 which in decimal is the number 2. One can then conclude that this leaf was constructed at T₀ + 2, that is, 2 seconds after midnight, January 1st, 1970 (UTC).

(In reality, the time encoding is not done using T₀ as a start point, but instead by using the time when the publication code was created as an end point. Details can be found in appendix Extracting the Signing Time.)

The next section provides precise information about the digital signatures produced by Scrive E-sign and how they can be verified.

3. How to Verify the Evidence Package

The signed document (PDF file) that the Evidence Package (HTML attachments - that this Digital Signature Documentation is part of) is embedded into, has either been electronically sealed by Scrive using the Guardtime Keyless Signature technology or with a PAdES digital signature. This enables independent verification of the time when the document was signed and checking that it has not been modified since. The process consists of several steps outlined below. If the document is signed using PAdES the signature can be validated in Acrobat Reader.

3.1 Extracting the Signature

The signature is embedded into the document following the standard PDF digital signature framework [PDF, section 12.8]. A Guardtime signature has the value GTTS.TimeStamp in its Filter field.

A single PDF file can contain several revisions of a document [PDF, section 7.5.6]. A Guardtime signature normally signs all revisions up to and including the one that contains it. In order to verify the document as it was signed, all subsequent updates have to be removed from the file.

More precisely, the signature protects the parts of the document specified by the ByteRange field of the signature. The two ranges must cover everything left after the previous step, except the Contents field of the signature.

The signature value is embedded in the Contents field in base 16 encoding. The value has to be stripped of trailing spaces and decoded [BASE, section 8] for further processing.

3.2 Parsing the Signature

The result of the previous step has to be parsed as an ASN.1 data structure in BER encoding [ASN, DER]. This must yield a ContentInfo structure [CMS, section 3] that embeds a SignedData structure [CMS, section 5] in the content field.

The contents of the encapContentInfo.eContent field of the SignedData structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a TSTInfo structure [TSP, section 2.4.2].

A Guardtime signature must have a single SignerInfo element in the signerInfos field of the SignedData structure and the object identifier 1.3.6.1.4.1.27868.4.1 in the signatureAlgorithm field of the SignerInfo structure.

The contents of the signature field of the SignerInfo structure have to be parsed as an ASN.1 data structure in DER encoding. This must yield a Guardtime-defined TimeSignature structure:

                          TimeSignature ::= SEQUENCE {

                            location HashChain,

                            history HashChain,

                            publishedData PublishedData,

                            pkSignature [0] SignatureInfo OPTIONAL,

                            pubReference [1] SET OF OCTET STRING OPTIONAL

                          }

                          PublishedData ::= SEQUENCE {

                            publicationIdentifier INTEGER,

                            publicationImprint DataImprint

                          }

Each of the HashChain fields is an ASN.1 OCTET STRING that contains a concatenation of a number of HashStep records. Each HashStep record in turn is a concatenation of a 1-byte hash algorithm code (appendix Hash Functions), a 1-byte direction indicator, a variable-length DataImprint field, and a 1-byte level number. The DataImprint field consists of a 1-byte hash algorithm code followed by the hash value (the number of bytes determined by the hash function). Note that all these are just concatenated together, not encoded as separate ASN.1 fields.

The DataImprint field in the PublishedData structure is an ASN.1 OCTET STRING that consists of a 1-byte hash algorithm code followed by the corresponding number of bytes of hash value (again, just concatenated).

The contents of the pkSignature and pubReference fields will not be used in the following and thus need not be parsed. However, presence of the pkSignature field indicates the hash chain contained in the history field is a temporary one not connected to a printed control publication. In such a case, the history and publishedData fields should be updated before proceeding (appendix Extending the TimeSignature).

3.3 Checking the Document

To check that the document matches the signature, it must be verified that the hash value of the signed document corresponds to the one embedded in the signature.

The concatenation of the sections of the original PDF file specified by the ByteRange field has to be hashed using the algorithm specified by the messageImprint.hashAlgorithm field of the TSTInfo structure. The result must be equal to the value of the messageImprint.hashedMessage field of the TSTInfo structure.

3.4 Checking the Signature

To check that the signature is internally consistent, it must be verified in several places that the hash value computed from one part of the signature corresponds to the one embedded in another part.

The DER-encoded representation of the TSTInfo structure (that is, the value of the encapContentInfo.eContent field of the SignedData structure) has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result must be equal to the value of the message-digest attribute in the signedAttrs field of the SignerInfo structure.

The DER-encoded representation of the SignedAttributes structure has to be hashed using the algorithm specified by the digestAlgorithm field of the SignerInfo structure. The result will be the input data to the hash chain computation process described next. Note that the data to be hashed in this step is different from the representation of the signedAttrs field in the SignerInfo structure, as the latter is a tagged implicit set while the former is an explicit set [CMS, section 5.4].

For each HashStep record in the location hash chain and then for each HashStep record in the history hash chain in the TimeSignature structure, in the order in which the records appear in the chains:

		compute x as the result of hashing the input data with the algorithm specified by the hash algorithm code (the first byte) in the record;

		if the direction indicator (the second byte) in the record is 0:

		compute y as the concatenation of the DataImprint field (bytes from the third up to but excluding the last), the hash algorithm code (the first byte), the value of x, and the level byte (the last byte);

		if the direction indicator (the second byte) in the record is 1:

		compute y as the concatenation of the hash algorithm code (the first byte), the value of x, the DataImprint field (bytes from the third up to but excluding the last), and the level byte (the last byte);

		if the direction indicator (the second byte) is something else:

		abort with an error "invalid signature";

		the value of y is the input for the next step.



Finally, the value of y from the last step of the hash chain computation has to be hashed using the hash algorithm specified by the first byte of the publicationImprint field of the PublishedData structure. The result must be equal to the remaining bytes of the publicationImprint field.

3.5 Checking the Publication

To check that the signature matches the widely witnessed control publication, it must be verified that the contents of the PublishedData structure correspond to a printed publication acquired from a trusted source.

The publicationIdentifier field in the PublishedData structure contains the POSIX time [POSIX, section 4.15] value for the moment when the control publication was generated. A Guardtime control publication appears in the World Edition of the Financial Times 2–6 days after it is generated (depending on the publisher's schedules).

The PublishedData structure is formatted into human-comparable form as follows:

		the value of the publicationIdentifier field as a 64-bit integer (8 bytes in big-endian order) and the contents of the publicationImprint field are concatenated;

		a CRC-32 checksum [CRC, section 8.1.1.6.2] is computed on the result of the previous step and appended to it;

		the result of the previous step is encoded in base 32 [BASE, section 6];

		the result of the previous step may be broken into groups of 6 or 8 characters by dashes.



The result must be equal to the control publication that appears in the newspaper (ignoring possible differences in the optional character grouping).

3.6 Conclusion

Since in the whole computation starts from the contents of the PDF file and through a series applications of one-way functions ends up at a value that was known to exist at some well-established time in the past (the time when the newspaper was printed), this proves that the file in question existed before that time in the same form as it is currently.

The preceding statement relies only on the hash functions being one-way and assumes absolutely nothing about the Guardtime technology. Adding information about how the hash chains are constructed (which is seen by all Guardtime clients while it happens and can thus also be considered quite widely witnessed) makes it possible to extract the signing time with much better precision (appendix Extracting the Signing Time).

4. Hash Functions

The following table lists the hash functions that may be used in hash chains in Guardtime keyless signatures, along with their identifiers and hash value sizes.

		Algorithm Name

		Guardtime ID

		Hash Value Size

		Algorithm Specification



		SHA-1

		0

		20

		SHA, section 6.1



		SHA-224

		3

		28

		SHA, section 6.3



		SHA-256

		1

		32

		SHA, section 6.2



		SHA-384

		4

		48

		SHA, section 6.5



		SHA-512

		5

		64

		SHA, section 6.4



		RIPEMD-160

		2

		20

		RIPE, section 7





5. Extracting the Signing Time

The time when a datum was signed with a Guardtime keyless signature can be extacted from the history and the publicationIdentifier fields of the TimeSignature structure (section Parsing the Signature). The process is as follows:

		set h to 0 and p to the value of the publicationIdentifier field;

		for each HashStep record in the history hash chain, in the reverse of the order in which the records appear in the chain:



		if p is 0: abort with an error "invalid signature";

		set x to the highest power of 2 that does not exceed p;

		if the direction indicator (the second byte) in the record is 0: set h to h+x and p to p-x;

		if the direction indicator (the second byte) in the record is 1: set p to x-1;

		if the direction indicator (the second byte) is something else: abort with an error "invalid signature";



		if p is not 0: abort with an error "invalid signature";



The final value of h is the POSIX time [POSIX, section 4.15] value for the moment when the datum was signed.

6. Extending the TimeSignature

For each Guardtime signature and any control publication generated after the signature was issued, a hash chain can be created that connects the signature to the control publication and thus also to the printed medium in which the publication appeared. This process is called extending the signature.

The preferred way to do this is to access an online verification service using a tool obtained from either Scrive or Guardtime. This can also be done independently using the calendar database acquired either from Guardtime or, in case Guardtime has ceased the service, from the Estonian Technical Surveillance Authority, to which Guardtime is obligated to deposit the database before exiting the business.

The Guardtime calendar database consists of one hash value per second, indexed by integral POSIX time [POSIX, section 4.15] values (red nodes and black numbers on the figure below). Each of these hash values aggregates all signing requests that the Guardtime service processed during the corresponding 1-second time interval.

The aggregate hash values are connected into binary trees by hashing them together in pairs in left to right order, then hashing the first level pairs together again, and so on until a set of complete binary trees is obtained (blue arrows and nodes on the figure). For generating the control publication, the roots of the binary trees are hashed into a chain in right to left order (purple arrows and nodes), and the value from the last node of the chain is extracted for generating the control publication (golden arrow).

More precisely, each node on the figure is a DataImprint structure (section Parsing the Signature). On each step, the DataImprint from the left child node, the DataImprint from the right child node, and a single byte with the value of 255 are concatenated together, hashed, and the result is obtained as a DataImprint consisting of the concatenation of the 1-byte hash algorithm code (appendix Hash Functions) and the hash value.
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For manageability, the database is split into several files (separated by dashed black lines on the figure). For the files to be usable without access to preceding ones, each file starting from some time value t also contains the root values from the binary trees corresponding to the state of the database on time t-1 (dashed blue arrows between the first and second file on the figure).

To construct the hash chain linking a given signature to a given publication, the following steps have to be performed:

		The signing time has to be extracted from the history and publishedData fields currently in the signature (appendix Extracting the Signing Time);

		The calendar database files covering the full interval from the signing time to the time when the publication was generated have to be obtained (format and naming of the files described later in this section);

		The hash-linked structure corresponding to the time when the publication was generated has to be reconstructed (as described earlier in this section);

		The unique hash chain connecting the leaf entry corresponding to the signing time to the root entry corresponding to the control publication (dotted arrows on the figure above) has to be extracted;

		The TimeSignature structure (section Parsing the Signature) has to be updated with new values:



		The history field is set to the concatenation of HashStep records describing the steps in the hash chain; each HashStep record is constructed as the concatenation of the 1-byte hash algorithm code from the DataImprint in the current node, the 1-byte direction indicator (0 if the sibling node is to the right in the tree, 1 if the sibling is to the left), the DataImprint from the sibling node, and a single byte with the value of 255;

		The publicationIdentifier field is set to the POSIX time value for the moment when the control publication was generated;

		The publicationImprint field is set to the DataImprint value in the root entry corresponding to the control publication.



Each calendar database file consists of a fixed header, a set of root node records, a sequence of calendar node records, and a checksum record. In the following, many values are given in hexadecimal, with the 0x prefix prepended.

The header consists of 12 fields totaling 65 bytes:

		8-byte sequence: file format identifier; must be 0x47, 0x54, 0x49, 0x4d, 0x45, 0x48, 0x44, and 0x42 (ASCII representation of 'GTIMEHDB');

		4-byte integer: endian-ness indicator; fixed value 0x01020304; all other 32-bit integers in the file will be in the same byte order;

		4-byte integer: version number; must be 0x00000001 (in file byte order);

		8-byte integer: endian-ness indicator; fixed value 0x0102030405060708; all other 64-bit integers in the file will be in the same byte order;

		8-byte integer: file creation time as POSIX time;

		8-byte integer: first calendar record index; the POSIX time value for the first node in the calendar node section of the file;

		4-byte integer: first calendar record offset; the offset of the start of the calendar node section within the file;

		4-byte integer: calendar record length; the length of each record in the calendar node section of the file;

		1 byte: calendar hash algorithm; the 1-byte hash algorithm code (appendix Hash Functions) for the hash function used by all calendar nodes in this file (they all must use the same algorithm);

		1 byte: flags; must be 0x01;

		14 bytes: reserved for future; all bytes must be 0x00;

		1 byte: CRC8 checksum of all preceding bytes in the header record; this is intended as a short-term protection against accidental errors while the file is being created; checking this may be omitted as the checksum record at the end of the file gives much stronger protection.



The root node section spans the space from the end of the header to the beginning of the calendar node section. It consists of a sequence of root node records followed by a 1-byte CRC8 checksum of all preceding bytes in the section. Each root node record consists of 4 fields:

		4-byte integer: record length; the number of bytes to follow in this record (excluding the length field itself);

		8-byte integer: record index; the POSIX time value for the last calendar node in the complete binary tree whose root this node is;

		1 byte: the 1-byte hash algorithm code for the hash function used in this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used; it may also be computed by subtracting 9 from the value of the record length field).



Note that the concatenation of the two last fields in each record yields the DataImprint value for the corresponding node.

The calendar node section spans the space from the end of the root node section to almost the end of the file; it is followed only by a checksum record that has the same size and format as a calendar node record. It consists of a sequence of calendar node records (and no section checksum). Each calendar node record consists of 3 fields:

		4-byte integer: record index offset; this value is to be added to the first calendar record index field from the file header to obtain the POSIX time value for this node;

		variable-length sequence: the hash value in this node (the length is determined by the hash function used which is specified by the calendar hash algorithm field in the file header; it may also be obtained by subtracting 5 from the calendar record length field in the file header);

		1 byte: CRC8 checksum of all preceding bytes in the record.



Again, note that the concatenation of the calendar hash algorithm field from the file header and the hash value field from the record yields the DataImprint value for the corresponding node.

The last record in the file is the cryptographic checksum of the whole file:

		4-byte integer: fixed value 0xffffffff;

		variable-length sequence: the hash value computed by hashing all data preceding the checksum record in the file using the hash function specified in the calendar hash algorithm field in the file header (the length is the same as for the calendar node records);

		1 byte: CRC8 checksum of all preceding bytes in the record.



The calendar database files are named following the pattern

    hashdb-tttttttttttttttt-yyyy-mm-dd-hhmmss.bin

where the fields have the following meaning:

		filename prefix, always hashdb;

		POSIX time value for the first calendar node in the file; 16-digit lower-case hexadecimal number with leading zeroes preserved (but no 0x prefix);

		year, month, and day of the file creation time; month and day are 2-digit decimal numbers with the leading zeroes preserved;

		hour, minute, and second of the file creation time (in UTC); each is 2-digit decimal number with the leading zero preserved;

		filename suffix, always bin.
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Purpose of the document

Scrive eSign is a system for signing documents electronically. This document provides a brief introduction to Scrive eSign so that a holder of a Scrive e-signed document can easily explain such document in court. For in-depth documentation, start by reading the attachment Evidence Package Introduction.

Scrive eSign system

Scrive eSign is developed by Scrive AB and is designed to:

		Enable its users to define workflows for signing electronically

		Execute the signing workflow

		Record as many of the signatories’ actions as possible as log data

		Once all signatories have signed, produce a final digital evidence package of the electronically signed materials together with the log data and other supporting materials necessary to optimise the usefulness of the evidence (the “Evidence Package”)



E-signing workflow

This is how a document is signed through Scrive eSign:

		To start the signing process the user of Scrive eSign either a) defines the signing process in the administrative user interface and selects to start the process, b) starts from a template process in the administrative user interface or c) starts from a template process within a system that has integrated with Scrive.

		To access the signing workflow the counterpart(s) either a) receive an email or SMS with an invitation to sign electronically and a link to the e-signing user interface, b) receive a tablet with the e-signing user interface already opened or c) are redirected from a webpage or client application user interface to the e-signing user interface.

		To review the document the counterpart(s) view the e-signing user interface and a) read instructions at the top that they shall follow the green instruction arrows to complete the signing process, b) depending on the signing process settings enter or not enter extra information into the document such as text and signatures, checks in checkboxes and extra document appendices and c) scroll through all document pages to reach the button with the text “sign” placed below the last page of the document (the “Signing Button”).

		To sign the document the counterpart(s) presses the Signing Button and, depending on the signing process settings, either a) a popup appears where they are informed that by clicking the Signing Button at the bottom of the popup, they are signing the document and that Scrive eSign will register their signature or b) a popup appears where they are asked to select their type of e-legitimation and sign the document using their installed eID application. 

		The confirmation text that the document has been signed upon clicking the Signing Button, is automatically displayed to the counterpart(s) in a web user interface and b) sent to the counterpart(s) in an email including the Evidence Package.



Evidence Package

To understand how to generate quality evidence in a digital environment Scrive has studied several evidence container technologies such as the signed paper, the printed facsimile and the recorded voice. We found that there has been good reason to perceive the signed paper document as the gold standard for evidence quality; it has several inherent qualities that are not easily transferrable into digital formats.

As a result of our research Scrive eSign has been designed to produce an Evidence Package that reproduce the evidence qualities of the paper, while at the same time add new qualities enabled by new technology. A key feature of the Evidence Package is that it shall be self-documenting, meaning that the signed document in itself shall contain all evidence necessary to explain the transaction.



