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« OSlsoft partner since

1996
— Distributor / VAR @ OSI )
— Scandinavia
* Privately held N
: RGN
. P_rlmary market | Microsoft Partror
oill&gas, but serving independentSftare Vendor (5
all industries Midmarket Solution Provider

* 13 employees
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What we do

* Pl Systems EEEEEE
« System Integration EEE§
+ Application EEELEE

Development i

e Collaboration Solutions

« Training, Service &
Support
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Statoil
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Statolil’s
NOx-tool
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Statoull

Please introduce Statoil — we
know but not everybody does
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Business case

* NOx is a gas produced from the reaction of nitrogen
and oxygen in the air during combustion, especially
at high temperatures.

 NOx emission is subject to tax in Norway.

* Regulators require that oil co’'s use PEMS?*, or other
method with satisfactory accuracy, for monitoring
and reporting of NOx emissions from conventional
gas turbines.

*Predictive/Parametric Emission Monitoring System

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC



Background

« NOXxTool is a solution for gathering, calculating, |
presenting and storing information required for reporting
NOXx emission

« Statoil has developed specifications for an approved
PEMS calculation model for gas turbines.

e Currently PEMS covers 23 installations, with 78 gas
turbines, within Statoill.

* Involves 50+ organisational units.

« NOxTool is a Statoil in-house developed system based
on OSlsoft technology.

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 8



Generic model

Turbine data:
eT54

T3

T2

P3

P2

Ambient data:
eTemperature
eRelative Humidity

Fuel gas
composition

Allocated Fuel gas
rate
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PEMS-model:

Statistic model
for NOx-
fraction in
exhaust

ppm@15% 02

E Fuel gas
- density:

Conversion routine
(FuelSim) ppm to kg

kg NOX/kg fuel

A

kg NOX/h

»
P

kg fuel/h
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ﬁ)j TEAMS
L »|  environmental
| I accounting system

Solution and interfaces

+ 8 sites with the Pl System NoxTool
* 14 sites with IP.21

* About 1000 input tags and 1600
calculated tags.

« Environmental accounting

system called TEAMS Nox
Calculation
NOxTool - = Pl Advanced
Pl Server Caleulation
» 3-5 persons in the team Enaine
* Resources from Amitec & +
,{\\\3‘ ﬁxfb
O
» Techsupport 2 2 A
(o x ()
o T %‘o@
/‘ > s
o
* Project duration 18 months NOxTool IMS s OBisoft PI S
« Fast tracking c <« || o Fl 5 < || @]
o IR B||E g ss|| 3|/ B ||3
*  Working pilotin just 3-6 s [|2 gl 5 2 s<||g /|52
months T
AspenTech IP21 IMS
=] =] = = a e X i -— = 4
sella ([ |l&8||&[/ 8| &= 7|¢&|°
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OSlsoft products used

Pl Server (3.4.380) Already in place, proven, reliable, spare capacity
- PE’s

Pl ACE (Advanced Perfect match for in-house developed algorithms
Computing Engine)

Pl to PI Interface Interface existing Pl Systems

Pl RDBMS interface Interface IP.21 systems

Pl WebParts Main user interface

Pl ProcessBook Authoring tool for GUI

Pl OLEDB provider Data export to TEAMS

Pl Notifications Monitor solution

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 12
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”Knowing your emission baseline
IS the first step towards emission
reducing activities.”

- @yvind Hjelm-Larsen, project manager mech

.

© Copyright 2012 OSlsoft, LLC.
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Results

 From rough estimates - Statistical model based
on real data.

« Much more accurate (+/- 15%)

« Establish baseline for targeted effort to reduce
NoX
— Knowing which turbine(s) to replace

OSlsoft. REGIONAL SEMINARS 2012 © Copyr ight 2012 OSlsoft . LLc.



Overvaker NO,-U

med nytt da

Nitrogenoksid-utslippet fra gassturbiner
pa 23 av Statoils plattformer beregnes
og overvakes na med et sinnrikt, seivut-
viklet dataverktay, som kalles NOxTool.

Klima- og forurensningsdirektoratet (Klif)
palegger Statoil 3 overvike og rappor-
tere utslippet av NOx, knyttet opp mot
utslippstillatelsene. Utslipp av NOx bidrar
til luftveissykdommer, dannelse av ozon
langs bakken og sur nedber. | falge KIif er
olje- g gassvirksomheten i Norge kilde til
om lag 27 prosent av utslippene.

Alle gassturbinene i NOx-prosjektets
arbeidsomfang var operative i NOxTool 1.
juni i &r. Prosjektleder @yvind Hielm-Larsen
i Mekanisk teknologi i Teknologienheten
er meget godt forngyd med resultatet.

Ldver

Han understreker at prosessen mot mélet
har vaert krevende. Den har involvert 23
plattformer, 93 gassturbiner og personell
fra over 50 organisatoriske enheter. £t
utstrakt samarbeid mellom Utvikling og
produksjon Norge {UPN), Teknologienhe-
ten (TPD) og Industriell T (i GBS) métte

S

Ippet

Loy

andre er at vi har spart store kostnader

pene av NOx inn i miljeregnskapet i Statoil.  messig beregningsmetode for utslipp av
Vi betaler avaift av utslippet. penger som  NOx fra alle gassturbinene. Kravet til mer

High profile internally:
Excerpt from internal publication

ved & utvikle systemet internt i Statoil Vi
har brukt om lag 15
er betydelig mindre e
kunne tilby oss, sier Hj
| teamet sentralt ha
personer dedikert til 0

til for & £ NOx-systemet til & virke. assistanse har de fatt
- Detertosstore fordelermedatvihar  ute i havet og pa land 13 : L) ’
gttt Origo” Sept. 12
Den ene er at vi har full kontroll over da- ~ Komplisert arbeid
taverkteyet og har fri tilgang til & program-  Myndighetene setter krav til at hver platt- annular combustor). beregne og overvéke NOx-utslip-
mere oq videreutvikle som viensker. Den  form skal overvéke og rapportere utslip- - Inntil nyfi har vi hatt en sjablong- pene. PEMS stér for Predictive (og
‘ ‘ A vite hva man faktisk
slipper ut, er ferste
steg pa veien mot
Gassturbiner pa 23 plattformer overvitkes med tanke s 1 :
pé utlipp avNOx Tishindata, omgielsesdata og = utslippsreduserende
brenngassdata hentes ut i sanntid pa plattformen. sy tiltak.
Prosjektleder Qyvind Hjelm-Larsen
iMekanisk teknologi

Dataene behandles og beregningene utfa-
res i kraftige computere. Statoil har utviklet
sin egen PEMS, et system som beregner og
overviker NOx-utslippene fra gassturbiner
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U0 NOxTool
@ Time Control -
Start Time  =_74 H EndTime = 75 (aeely] (e [« (»)
@ Installations @ View -
= [y Rotating Equipment
: Brage | Grane | | GuitaksA | | GuifaksC | | Heidun | | NjordA | | Nome | Oseberg A |
@ Asgard A
(B} Asgard B NOx Rate () 1.59 kg/min 0.29 kgimin 247 kgimin 317 kgimin 2.83 kgimin 0.0 kg/min 0.50 kgimin 0.00 kg/min
NOx LastMonth  65247.75 kg 18028.14 kg  126516.45 kg 109088.59 kg 70448.10 kg 1815270 kg 21660.18 kg 0.00 kg
Total Flow 7735.00 ka/h 7.76 th 17.83th 15,53 thh 13206.13 ka/h 2,00 Sm3h 1121330 kath 99.35
(F) C07-CT80001A
(| co7-CTs00018 Flow Turbine 1 4000.14 kg/h 0.00 ka/h 3474.58 ka/h 2495.39 kg/h 3348.19 ka/h 0.00 ka/h 0.00 kg/h 0.00 kah
d Flow Turbine 2 0.00 kg/h 3270.92 kg/h 3474.58 kg/h 0.00 kg/h o 0.00 kg/h 0.00 kg/h 2053.59 kgih 0.00 kg/h
(R M16-CT23010 Flow Turbine 3 3734.86 ka/h 4596.08 ka/h 0.00 ka'h 4240.84 kg/h 370217 kaih 174kalh  4390.73 kgth 0.00 ka/h
— Flow Turbine 4 0.00 kg/h 4673.43 kg/h 5917.05 kg/h 4768.99 kgih 0.00 kg/h
- Flow Turbine 5 0.00 kgih 411617 kg/h 0.00 kg/h
E]--@ Gullfaks A Flow Turbine & 5882.89 kg/h 0.00 kg'h
o ([ Gullfaks Flow Turbine 7 4993.94 kg/h
. (g Heidrun | Osebergc |  OsebergSer | | Oseberg ost| | steipnera | E | steipnerT | | snomeA | | snoreB | | statjorda |
- (Fg Nord A
() Norne NOx Rate (*) 1.96 kalmin 147 kg/min 0.69 kg/min 4.00 kgimin 2.60 kg/min 126 kg/min  2.72 kg/min 1.54 kg/min
' NOx LastMonth 8439845 kg 6979396 kg  30967.02 kg 205183.81 kg R 124064.20 kg 8729590 kg 96227.92kg 68957.54 kg
(g Oseberg C Total Flow 7.57 th 8.74th 376th 21664.05 kg/h 1289361 kgih 9.05th  7949.80kg/h  9854.05 kgih
E]--@ Oseberg @st
Flow Turbine 1 3683.29 kg/h 497696 kg/h  3763.00 kg/h 3619.14 kglh V 4908.74 kg'h 760,00 kg/h 391216 kg 3178.30 kgih
@[y Oseberg Sor Flow Turbine 2 3940.71 kg/h 0.00 kg/h 3721.86 kgih 4689.99 kgih 000 kgh  4090.42 kgih 3290.05 kgih
[y Steipner A Flow Turbine 3 3762.04 kg/h 3066.07 kgth 3204.89 kg/h 0.00 kgth 1952.40 kgth
- i Flow Turbine 4 3755.60 kgih 0.00 kgih 0.00 kgih
(g Sleipner T Flow Turbine 5 3646.30 kgih 1433.29 kgth
Flow Turbine 6 0.00 kg/h
a1y Snorre A Flow Turbine 7 0.00 kg/h
E]--@ Snorre B Flow Turbine 8 3745.08 kgih E
E]--@ Statfjord A
) [ Statfiord B sutford8 | swtjordac | | Teous | | Tonc | W Vesietrikk | AsgardA | | AsgaraB |
EJ--@ Statfjord C
NOx Rate () 1.88 kg/min 1.05 kg/min 215 kg/min 275 kgimin 143 kg/min 1.01 kg/min 1.63 ka/min
(g Trell B NOx LastMonth  80854.87 kg 48388.55 kg 9649534 kg 112344.15 kg 47726.0 37723 kg 69992.91 kg
. Troll € Total Flow 9887.89 kg/h 7506.36 kg/h 9502.40 ka/h 13820.00 kaih 5.98 th 17.47 th 20.61 th
- (Fg Veslefrikic Flow Turbine 1 4018.69 kg/h 2672.16 kg/h 3961.70 ka/h 0.00 kath 2008.90kah 344098 ka/h 612269 kg/h
Flow Turbine 2 382090 kg/h 0.00 kg'h 0.00 kg/h 3783.45 kgih 3931.10 kg/h 0.00 kg'h 5175.37 kg/h
Flow Turbine 3 0.00 kg/h 0.00 kg/h 6454.00 ka/h 5004.66 kg/h 6756.40 kg/h 5305.70 ka/h
Flow Turbine 4 0.00 kgih 0.00 kg/h 0.00 kg/h 5031.88 kg/h 7270.94 kgih 0.00 kg/h
Flow Turbine 5  2048.30 kg/h 2140.68 kg/h 400407 kg/h
Flow Turbine 6 2693.52 kg'h *\alue one hour ago

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 17
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=§ NOx This Site: NOx - }3|
Welcome ONO = Leismer ghldsgy SLP Site Actions ~

Welcome > NOx > NOxDocs > NOxTool
NOxTool
@ Time Control -
Start Time =74 5| End Time « 5 [Aeely] [e] [« [»)
@ Installations * @ View -
ﬂ@ Rotating Equipment
@ Asgard A
o (|} Asgard B | CO7-CTB0D01A [ corcrsooo1s | mecT23010
F‘r@hﬂgg P2:-10.00 mbarg P3: 15.05 barg P2: 0.00 mbarg  P3: 0.01 barg P2: -11.00 mbarg P3: 14.08 barg
. -(fg CO7-CTS0001A T2/ 8.20 degC | T3: 394.53 degC T2 18.02degC  T3: 662.88 degC T2: 10.35 degG T3: 388.67 degC
(Jy§ C07-CT800018 T5.4: 73240 degC T5.4: 19.50 degC T5.4: 69280 degC
P @ M16-CT23010
@ Grane
(B Gullfaks A
@@ Gullfaks C
@ Heidrun
@ Njord A
i Measured Flow: 4182 Smd/h Measured Flow: 354 Sm3/h Measured Flow: 3859 Sm3n
Lﬂ-@ Norne - 1 - 1 . 1
(B Oseberg C GAS| £y _Allocated Flow: 3998 kg/h GAS| > Allocated Flow: 0 kg/h GAS| i _Allocated Flow: 3666 ka/h
@ Oseberg @st
: Oseh S MNOx Concentration (%) 170 ppm NOx Concentration () 0 ppen NOy Concentration (*) 147 ppm
- (Bg Oseberg Ser NOx Rate (*) 0.89 kg/min NOx Rate (*) 0.00 ka/min NOx Rate (*) 0.72 kg/min
@[y Sleipner A NOx Methad () PEMS NOx Mathod (*) PEMS NOx Method () PEMS
: . Sleipner T
Fﬁ = m NOx Last Month 14281 kg NOx Last Manth 18970 kg NOx Last Month 31957 kg
; norre
L‘ﬂ @ = Walue ane hour age * alue one hour 3go * \alue one hour sga
Er]@ Snorre B
_@ Statfjord A Total values Fuel gas analysis Bra e
@ Statfjord B NOx Rata (%) 161 kgfmin N2 g
m-{Fg Statfiord C NOx Last Month 65248 kg o1 Fuel Gas Flow Rate 5/712012 3:30:07 PM
a1 (Fg Troll B c2 fooon
iz Calculated Dansity (*) 0.93 kg/'sm3 ca
)Y Fuel Gas Flow Rate 7664 kg'h Ic4
. Veslefrikk nCé
i Relative Humidity 86 %RH Ic5
b D sl 1) grent gi 5122012 5312012 5/4/2012 552012 5/6/2012 S712012
* Valie one hour age
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 18
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This Site: NOx

Welcome Lars Anton Mygland ~ | My Site | MyLinks ~ | @

I
Site Actions -

Welcome > NOx > NOxDocs > NOxTool

i NOxTool

@ Time Control

@ Installations

Start Time *.7d

@ View

E End Time =

T (Aeey] (6] [« [»]

EI"@ Rotating Equipment
@ Asgard A

®
@ C07-CT80001B
@ M16-CT23010
Grane

Gulifaks A

' @ Gullifaks C

@ Heidrun

@ Njord A

Norne

@ Oseberg C
@ Oseberg Pst
@ Oseberg Ser
@ Sleipner A
@ Sleipner T

i Snorre A

Snorre B

Troll B
Troll C
. (B Veslefrikk

CO7-CTBO001A |

Pz,  -11.00 mbarg Pd: 15.02 barg

Ti: 8.15degC  Td:

394 .53 degC Tex:

GAS hlmu Flow:

T33.90 degC

4001 kg/h

NOx Concentration (%) 170.41 ppm

NOXx Rate (*) 088 kgimin |

NOx Method (*) 1| o,
0 = Not Calculated, 1 = PEMS, 2 = Factor

Fixed NOx Factor 10.50 g/Sm3 g;

Relative Humidity 63%RH | o3

Ambient Temperaiure & degC ic4

NOx Last Month 14281 kg “nc:

Last Month PEMS 100.00 %

Last Month Factor 000% | "°°

Last Month Not Calculated 0.00% | C&*

* Walue one hour ago

1.96 %
1.66 %
74.53 %
10.82 %
6.86 %
1.01 %
2.03 %
0.42 %
0.41 %
0.20 %

Ongoing Calculation Exception:
None

Last Month Reporting Exception:
None

12
4/30/2012 3:47:02 PM 7 Day(s)

Comp. Inlet Temp (degC)
30

0
4/30/2012 3:47:02 PM

Average Tex (degC)
8OO

500
4/30/2012 3:47:02 PM

NOx Rate (kg/min)
1.00
0.50

0
4302012 3:47:02 PM

Relative Humidity (%)
100

40
43042012 3:47:02 PM

5/7/2012 3:47:02 PM

5/7/2012 3:47:02 PM

5772012 3:47:02 PM

5/7/2012 3:47:.02 FM

57/2012 3:47:02 FM

5/7/2012 3:47:02 PM

4/30/2012 3:47:02 PM 7 Day(s) 5712012 3:47:02 PM

NOx Concentration (ppm)
200.00

50.00:
4130/2012 3:47:02 PM 7 Day(s)

Ambient Temperalure (degC)
10

5
4/30/2012 3:47:02 PM T Day(s)

OSlsoft. REGIONAL SEMINARS 2012

© Copyright 2012 OSlsoft, LLC.

19



Challenges

@
. Ok |7 ,ﬁg@a T
L Py PR AT
ol B
KA“@ @uil
i PO A o & M
Ly .%”m...h Hm _ W“ # D@ o
I i
o Eldl = Y
. oo o.v
4-On 37>
© _mw%..vvv . W@&A
¢nl g
S g S - i
d (3 M ===.NA. i h..nnﬂmm _
08 g

Sye .
X @ gﬁm@n MM&A.E...
B oo [ ol O



Challenges

« Deadline for reporting

« |dentify the correct tags from
each asset
— Different nomenclature
— Different people
— Different "culture”

* Not having the latest versions
of software

« "The mathematics” was the
easy part
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Next steps
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Next steps

Upgrade to Pl 2010 (2012)
Move to Pl AF

Install MCN HM

More equipment in scope
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