Model calibration with new interface
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SHOP has made new friends
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Sesjon1 260 (B) Bergsdalen 2019-03.05.09:28:36+01 =
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Market sale buy ~ Start up Costs
Market sale buy ~ Start up Costs
« Dashboard

Sesjon 1:
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== Sesjon 1 Spotpria NOS prognosert{F)/reslisert(B.K)
Sesion 2 Spotpria NOS prognosert(P)/realisert{BK)

— Spotpriz

/250000 /251200 /260000 2261200 2/270000 /271200 2280000 2/281200 /10000 3711200 320000

= Tisig Torfinnavetn prognosent{F)/cbserven(BX)

2250000 /251200 2/260000 2/261200 2/270000 2/271200 /280000 /281200 3/10000 311200 320000

= SHOP Bergadalen sesion 1

259 (K) Bergsdalen 2019-03-05 09:25:15+01 »

‘Sum Penalties Load value

Sum Penalties Load value

Benchmark (Fri optimering med realisert spotpris og observert tilsig)

Spotpris NOS

Tilsig Bergsdalen

Bypass cost

Bypass cost

Hamlagrovatn

Hamlagrgvatn

2/2500:00 2/2600:00

SHOP Torfinnavatn sesjon 2
— SHOP Torfinnevain sesion 1
= Magasinnivé Torfinnavatn

2250000 2/26 0000

SHOP Hamisgravatn sesjon 2
— SHOP Hamiagravatn sesjon 1
— Magasinnivg Hamlagrenan

27250000 2/260000

Sesjon 1

Solver Status

Optimal solution is available

Sesjon 2

Solver Status

Optimal solution is available

Sesjon 1: Vannverdier Bergsdalen

Bergevatn - Storefossen

Sesjon 2: Vannverdier Bergsdalen

Bergevatn » Storefossen

Magasinniva Torfinnsvatn

2280000 31 0000 /20000

Magasinnivi Hamiagrovatn

2/2800:00 3/100:00 320000
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2280000 3710000 3720000
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Torfinnsvatn

3730000
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Rsv end value relative
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2250000 27260000
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Three different «Run SHOP» buttons in Grafana

KJOR SHOP

r

Prognosis
Use the water values and forecasts to see how SHOP manage the water in the future

T ————

Benchmark

See how SHOP manage the water in a previous time period with observed historical inflow and
historical spot prices

Calibration

Run SHOP for a previous time period with historical production plans and observed historical
inflow




Run SHOP for a previous time period

B8 BKKBergsdalen -

Sesjon 1 | 254 (K) Bergsdalen 2019-02-28 15:09:09+01 ~ | Sesjon 2 | 253 (K) Bergsdalen 2019-02-28 15:06:36+01 ~ |

KJOR SHOP

Benchmark | Kalibrering

Calibrate the SHOP model by comparing the SHOP Calibration results (e.g. discharge, head,

pressure) with real life measurements and water management calculations

See the effects of input changes by comparing two SHOP Calibration sessions

BKKBergsdalen -~

Sesjon 1 IZED(E} Bergsdalen 2019-02-28 11:48:51+01 'l Sesjon2 | 249 (K) Bergsdalen 2019-02-28 11:43:51+01 =

KJOR SHOP

Prognose | Benchmark | Kalibrering

Compare production, income and optimization objective numbers from SHOP Benchmark

and SHOP Calibration




SHOP Benchmark and SHOP Calibration

BKKBergsdalen -

Benchmark (Fri optimering med realisert spotpris og observ

Spotpris NOS Sesjon 1: Vannverdier Bergsdalen Produksjon Hodnaberg G1

Sesjon 2: Vannverdier Bergsdalen
2250000 0000

SHOP Hodnabesg G1 sexon 2
e 340000
= Sesjon 1 Spotpris NOS prognosen(P)realisert(BX)

Magasinniva Torfinnsvatn Produksjon Hodnaberg G2
Sesjon 2 Spetpres NOS prognosert(Presliseri(BX)

Tilsig Bergsdalen

2260000 30000
SHOP Torfinnsvam seson2 — SHOP Hodnaberg G2 sesjon 1

SHOP Hodnaberg G2 sesjon 2

— $H0P Torfmnavain seson 1
— Magasinewi Todmnsvatn

Magasinnivi Hamlagrevatn Produksion Kaldestad G1

— Tilig Torfianav prognasent(P) cbserven(BX)
= Tilsg Marmlagravesn prognosert(P)/observent{BX)
— Tilsig Bergevatn prognaseriP)/ctserven(BX)

1 21250000 2260000
~ Tisig Storefossen prognosen(P)/coserven(BX) SHOP Harnlogrevesn sesson 2

= SHOP Kaldestad G1 sesion 1

— SHOP Hamlagravem sesjon 1 SHOP Kaldestad G1 sesjon 2

‘Shop Bergsdalen — Mogsiorni Hormisgrovetn

Magasinnivs Bergevatn Produksion Fosse G1

V20000 ¥30000 340000
— SHOP Besgadalen sesjon 1
= v 21250000 21260000 320000
SHOP Besgadsien seson 7 SHOP Fesse 01 sesjon2
= SHOP Fosse G1 sesjon 1
Salg Bergsdalen

Magasinnivé Storefossen Produksjon Dale Il G1

340000

w00 2224 40000
SHOP Dale 161 sesion2
= SHOP Dale 1161 sesjon 1
~ SHOP Stoefossen sesion 1 p

5408 Siorefonsen sesan 2
— Megasinrwi Sicvefossen Produksion Dale Il G2




Run SHOP forward in time

B8 BKKBergsdalen -

Sesjon 252 (P) Bergsdalen 2019-02-28 13:54:12+01 ~ | Sesjon 2 | 251 (P) Bergsdalen 2019-02-28 13:48:37+01 ~ |

KJ@R SHOP

Benchmark | Kalibrering

Use the water values and forecasts to see how SHOP manage the water in the future
Perform consequence analyzes to see the effects of
» changed inflow
higher/lower prices
desirable reservoir head at a given time
desirable production pattern

availability changes




SHOP Prognosis

BKKBergsdalen -

(Fri optimerir

Spatpris NOS.

— Sesion 1 Spotpris NOS prognosen(Pj/resliseriBX)
Spotpeis NOS realscrt

Tiisig Bergsdalen

/4 0800
— Tiseg Torfimnsvam prognosertPy/soserventBX)

— Tissg Hamiagrevatn prognoseniF)/observertB K

— Tiag Bergevat prognosertPYobserventBX)

— Tilaxg Storefomsen prognoser(P)/ cbcrecrt{BX}

‘Shop Bergsdalon

— SHOP Bergadalen sesjon 1
= Pstorisk prockksjon Bergadalen

Salg Bergsdalen

31 0000 40000

— Salg SHOP sesjon 1
— Salg resworisk procksjon

anmelding

potprisprognose,

= SHOP Torfnnsvenn sesjon 1

— Magusinrid Torfomevatn

— SHOP Harnlagrvarn sesion |
— Magssinnu Hamlagrevam

= SHOR Bergevatn sesion 1

Y Mt Bt

— S0P Surefossen seson 1

— Magasinnivd Starefoasen

Sesjon 1: Vann Rergsdalen

Sesjon 2 Vanaverdier Berg sdalan

Magasinnivi Torfansvatn

Magasinnivi Bergovat

i Storefossen

— SHOP Hoanaber G1 sesjon 1

= Historisk produksjon Hoanaberg G1

22mon00 31 0000

= SHOP Hadnaber G2 sesjon 1

= Hissorsk peochuksjon Hodnaberg G2

2128 000 31 00

— SHOP Kaldestad 1 sesion 1

= Historisk peocuksjon Kaldestasd G1

/000
= SHOP Fosss G1 sesjon 1
= Historisk procuksion Fosse 61

= SHOP Dale I| 61 sesjon 1
= Historisk peoduksjon DALE I G1
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Example 1
Comparison of reservoir head from SHOP Benchmark,
SHOP Calibration and water management calculations

Magasinniva Hamlagrgvatn

2/18 00:00 2/18 12:00 2/19 00:00 2/19 12:00 2/20 00:00 2/2012:00 2/21 00:00 2/2112:00 2/22 00:00 2/22 12:00 2/23 00:00 2/2312:00 2/24 00:00 2/2412:00 2/2500:00
min max
SHOP Hamlagrgvatn sesjon 2
== SHOP Hamlagrgvatn sesjon 1

== Magasinniva Hamlagrgvatn




Example 2
Comparison of production from SHOP Benchmark and SHOP Calibration

Produksjon Kvittingen G1

[h

i | ||

1/28 00:00 1/28 12:00 1/29 00:00 1/29 12:00 1/30 00:00 1/30 12:00 1/31 00:00 1/31 12:00 2/100:00 2/112:00 2/2 00:00 2/212:00 2/3 00:00 2/312:00 2/400:00
min max avg total
== SHOP Kvittingen G1 sesjon 1
SHOP Kvittingen G1 sesjon 2
== Historisk produksjon Kvittingen G1




Example 3 (1)
Comparison of Junction Pressure Height from SHOP Calibration and
real life pressure measurement from SCADA

Trykkhgyde knutepunkt ved Styveshorgi

Mw\
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WAV A AAAGSA

AL £

2/18 00:00 2/1812:00 2/19 00:00 2/1912:00 2/20 00:00 2/2012:00 2/21 00:00 2/2112:00 2/22 00:00 2/2212:00 2/23 00:00 2/2312:00 2/24 00:00 2/2412:00 2/25 00:00
min max avg total
== SHOP trykkhgyde Styveshorgi sesjon 1
SHOP trykkhgyde Styveshorgi sesjon 2
== Trykkhgyde Styveshorgi




Example 3 (2)
Comparison of Junction Pressure Height from SHOP Calibration and
real life pressure measurement from SCADA

Trykkhgyde knutepunkt ved Styveshorgi

2/18 00:00 2/18 12:00 2/19 00:00 2/1912:00 2/20 00:00 2/2012:00 2/21 00:00 2/2112:00 2/22 00:00 2/2212:00 2/23 00:00 2/2312:00 2/24 00:00 2/2412:00 2/2500:00
min max avg total
== SHOP trykkhayde Styveshorgi sesjon 1
SHOP trykkhgyde Styveshorgi sesjon 2
== Trykkhgyde Styveshorgi




Share and discuss SHOP results with Grafana snapshot URLS

@ Share Link Snapshot Export CO—WO rke r,S PC

"

Did you make a mistake? delete snapshot.

|

Check out this SHOP optimization:

My co-worker doesn’t need a
Grafana user to see the
results!




API = Digitalization?

The SHOP API offers good cooperation conditions between business and IT internally in
BKK

More and more companies are starting to offer APIs which can interact with each other

e.g. shop.objects.reservoir.rsvl.attributes.inflow = Tss(Tims key)

APIs provide opportunities for automation and flexible self-made interfaces (which

hopefully suits future needs)

Working with APIs brings new experiences and ideas which generates new digitalization
projects




Thank you for your attention!
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