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© SHOP stable (15.4.0.1)

Latest stable version of SINTEF Energy's Short-term Hybrid Optimization Program. Python 3.11. Julia and R
kernels. Based on jupyter/datascience-notebook. Visit https://shop.sintef.energy for more information, and to
connect your vLab to our interactive documentation and examples.

© SHOP latest (bal2dfd2)

Latest build of SHOP SINTEF Energy's Short-term Hybrid Optimization Program. Pre-release. Python 3.11. Julia
and R kernels. Based on jupyter/datascience-notebook. Visit https://shop.sintef.energy for more information, and
to connect your vLab to our interactive documentation and examples.

O Temporarily static SHOP 15.3.4.0 on Jupyterlab v3 and Python
3.10

Version 15.3.4.0 of SHOP using Python 3.10 and Jupyterlab v3. Use this image If you need the git GUI, as it is
not yet available in Jupyterlab v4.

© ProdRisk 10.5.1 + SHOP 15.4.0.1

Python 3.11. Julia and R kernels. Based on jupyter/datascience-notebook. ProdRisk examples pre-deployed.
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The vLab is a cloud-based toolbox, or as we see it, a digital laboratory for testing out, using, experementing and collaborate with our energy models. Ready to go, in your web browser, you can in seconds be ready to run the latest version of SHOP, ProdRisk, or both at the same time, without ever have to worry about time spent on installations, updates, environment variables or other requirements. You do this in a secure, robust environment based on the Jupyter toolstack, with a sophisticated backend solution using docker, kubernetes and Azure located on Norwegian data centers. Since  This means that once a new version of our models are released on our Portals as pictured to the right, they are also immediately available on the vLab due to DevOps / GitLab
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Finally we plot and print and plot some results.

Expected objective value

ny_area - prodrisk.model.area["my_area"]
expected_objective_val_kkr - my_area.expected_obj ve_w get()
print (f'Expected objective value: {expected_objective_val kkr} kkr")

Expected objective value: 21227.695 kkr

Stochastic time series of reservoir volumes for ModuleA

rsv_vols = mod.reservoirVolume.get()
1tm_res.plot_percentiles{rsv_vols, "Volume [Mn3]",

Stochastic time series of local inflow to ModuleA

inflow = mod.localInflow.get(])
1tm_res.plot_percentiles{inflow, “Reservoir inflow [m3/s]",

[ » m & » Markdown - Openin.. &

Battery, solar and wind

This example shows how batteries can be modelled in SHOP to smooth
wariations for solar or wind to meet a firm demand. Wa define the optimization
horizon over 24 hours with 18 minutes time resolution:

from pyshop import ShopSession
import pandas as pd
import numpy as np
import plotly.graph_objs as go

shop - ShopSession()

starttime = pd.Timestamp{'2010-25-16T80:00:00")

endtine = pd.Timestamp('2819-85-17Tad: ')
shop.set_time_resolution{starttine-starttime, endtime-endtime, timei

We create a battery with 80% charge and discharge efficiency. The battery
size is 4 MWh with 0.5 MW as the maximum charge and discharge capacity.
The initial stata-of-charge is 2 MWh and end state-of-charge must be greater
than or equal o the initial.

battery = shop.model.batte d_object({"Battery')
battery.charge_efficiency.set{8.9)
battery.discharge_eff cy. set (8.9)
battery.max_charge_power.set(8.5)
battery.max_discharge_power.set{#.5)
battery.max_energy.set(4.8)

battery.initial_energ (2}

init_value - battery.init
battary.min_energy_constr

t.set{pd.Series{index= [starttime, endtii

We also create a solar power source with a typical profile aquired fram

solar_profile = pd.read_csv('solar_profile.csv', header=3).set_inde]
solar_profile.index = pd.to_datetine{solar_profile.index)
solar_profile - solar_profile[starttime:endtime] ["electricity’ 1
solar = shop.model.solar.add_object(*Solar')

solar.power_forecast.set{solar_profile)

+
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=i, percentiles_limits=[8, 25, 5, 75, 188])

s percentiles_limits=[8, 25, 58, 75, 18@])

* | ¥ cuts.md ® |+
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Mow we can run the optimization and look at the results. The final value in the
TXY attribute and_valus on the cut_group objact halds the optimized cut
wvalue (future expected (negative) income). The binding_cut_up attribute
holds the cut constraint that was the most constraining cut in this

optimization.

run_medel{shop)

cut_val ay_cuts.end_value.get()}.iloc[-1]

cut_index = my_cuts.binding_cut_up.get{).iloc[-1]

cut_index = int{cut_index)

rhs_out = my_cuts.rhs.get() [&

active_rhs = rhs_out.values [cut_index]

print(f“The future expeced income is {cut_val:.2f} € and the bind

print(f"RHS is {active_rhs:.2f} £')

for rsv in shop.model.reservoir:

name = rsv.get_name(}
cut_coeffs = rsv.water_va input.get{) [8]
v_ref = cut_coeffs. index[cut_index

wv = cut_coeffs.values [cut_index]

end_vol = rsv.storage.get().iloc[-1]
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Python 3 (ipykernal)
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x | shop_hydrosun_test_case:> | [ Launcher x |+
MM » = C » code v * Openin.. @
model = execute_test_functions.build world_model{shop, scheduling_days_for_each_case-s
starttime - model[8]
endtine - model|1]

15.4.1

print(“starttim

¢ starttime]
endtine)

.8 Cplex 28.1.8 Gurobi 7.5 OSL/CBC 2.9 2023-11-86

starttime: 2021-91-81 00:00:00
endtime: 2822-81-01 80:08:
Visual topology

shop.model.build_connection_tree()

Key topology data

input_plot_functions.plot_key_topology_data{shop, currency)
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Reservoir
Reservoir
Reservoir
Reservoir
Reservoir
Reservoir
Reservoir

LAL: 479.8 meter above sea level
HRL: 498.8 meter above sea level
max volume: 1168.625 Million m3
max surface area: 162.8 km2

LAL: 462.8 meter above sea level
HAL: 464.8 meter above sea level
max volume: 12.3 Million m3

max surface area: 7.7 ka2

Reservoir_A
Reservoir_A
Reservoir_A
Reservoir_A
Reservoir_B
Reservoir_B
Reservoir_B
Reservoir_B

x|+ [ Launcher

thon3. 11/site-packages/~rodrisk_shop_similator-8.1.8.dist-info' .

You can safely remove it manually.

Successfully installed prodrisk-shop-simulator—8.1.8

jovyan@jupyter-auth@-Tcportal-Tcl:~/prodrisk-shop-simulator-new$ python examples

fbasecase/

dashboard/ prodrisk/ script.py simulator_c
onfig.yaml

.ipynb_checkpoints/  results/ shop_model. yaml

jowyan@jupyter-auth®-Tcportal-Tcli~/prodrisk-shop-sinulator-new$ python examples
/basecase/script.py
Init simulator

ProdRisk cuts:

#| shop_hydrosun_test_cases® | +

+

Notebook

¢

Python 3
1o8% [ipv:l(:":m“
52/52 [89:82<09:09, 22.521t/5)
1004
| 2/2 (80:02<00:09, 1.89s/it) 3 console

| 53/53 [81:11<Bf:

1.38s/it]

Simulator time: 74.21814632415771 seconds.

jouyang@jupyter-auth@-Tcportal-Tel:~/prodrisk-shop-simulator-news

B Terminal 2

top - 12:58:22 up 6 days,
12 total,

Tasks:

stpu(sh: 29.1 us,

MiB Mem : 15998.8 total,

Mi8 Swap:

¢

Python &
(ipykemel)
% |+
6:47, ® users, load average: 1.38, 1.34, 1.4 . Other
2 running, 1@ sleeping, @ stopped, @ zombie
3.1 sy, 9.8 ni, 66.1 id, 9.1l wa, @.8 hi, 1.6 si, 0.8 st
1780.2 free, 9518.1 used, 4692.5 buff/cache

‘total, [}

free, used. 6121.9 avail Mem

P
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fig.update, out{title-plot_figure_title)

fig. update. out(legend-dict{orientation-"h", y&
fig.update, es(title_text="<toTime=/t= (Hour)"]

i

Fig.up:
fig.update_yaxes{title_text:

bHourly inflow </t
“<b>Yearly inflows/bd

fig.update_layout(showlegend-False)

ect{x@="2083-12-25", x1="20885-01-45", 2

Yearly average inflow: 2802.3411529333084

48-year original reservoir inflow in Kg

Hourly inflow

Time (Hour)

Reservoir_A_inflow - round(pd.read_csv{"aux
Reservoir_B_inflow = round(pd.read_csv{"auxiliary
inflow_hourly - pd.bataFrame(}

inflow_hourly = pd.concat([Reservoir_A_inflow, Re

RTC:hydrosunftest_cases_version_6.0/World

Juka 18.3 Pluto Notebook R
7
Juka 18.3 R
Text File Markdown File Juiia Fie
R File
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Here is an example of what you can expect to do – maybe not simultaniously, but for the purpose of capturing multiple usecases in one screenshot, we see
In the upper left, that we are running ProdRisk in a notebook using the pyprodrisk wrapper and the API, investigating stochastic outputs of reservoir volumes. 
Below it, I have connected myself to the SHOP documentation on the SHOP Portal, and are running an example of the new battery module released a few versions ago. 
Next to it, I am visualizing some of binding and unbinding cuts from my water values also available as an example from the documentation. I
n the upper right corner, I am preparing large amounts of data and setting up a model in our research project HydroSun, looking at how Hydropower and floating PV panels can benefit eachother. This project uses our repos at GitLab, for easy version control, available directly from the vLab. 
Below, you see that I have access to a full-blown terminal where I am running the ProdRisk-SHOP-simulator from some scripts, as well as monitoring the resources of my 4 cores and 16GB of memory. 
Lastly to the right, you see that in addition to Python, the vLab can also be used with Julia and R, as a state-of-the-art data science platform. 

A fun fact at the end, anyone know about a good abbreviation for Julia, Python and R? That is where Jupyter has its name from.
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Q, Search GitLab

SHOP - Projects » HydroSun

HydroSun &
Project ID: 3645 [g

12 Commits 2 Branches 0 Tags

GitLab + vLab == True

640.3 MB Project Storage

‘a Update latest test cases and clean the old code

%7 Jiehong Kong

main hydrosun [

README Auto DevOps enabled

Add Kubernetes cluster Add Wiki

Name

E3 document

EJ paper

E3 presentation

Exreport

EJ summer student version
E test_cases_version_3.3
E test_cases_version_5.0
E test_cases_version_6.0

README.md

[5) README.md

Add LICENSE Add CHANGELOG

Configure Integrations

Last commit

upload all the necessary documents
upload all the necessary files for the pr...
upload all the necessary files for the pr...
upload all the necessary files for the pr...
add summer student version

upload files for v3.3

delete unrelated cases in Imola in versi...
Update latest test cases and clean the ...

update README.md

HydroSun latest stable test cases version

a760d6e?

Find file ‘Web IDE

Add CONTRIBUTING

Last update

6 months ago

6 months ago

6 months ago

6 months ago

2 weeks ago

6 months ago

2 weeks ago

1day ago

6 months ago

This folder contains the latest stable test cases version. All the changes can be found in readme.txt in the version folder. All the

necessary documents are also included.

& C @ vlab.sintef.energy/user/autho?

File Edit View Run Kernel Git Tabs Settings Help

Current Repository
hydresun

Current Branch

|4

main
Changes History

total_result_case_3.csv tast_cases_vars:
total_result_case_4.csv test
total_result_case_5.csv t
total_result_case_.csv test_cases_vars
total_result_case_7.csv
total_result_case_8.csv
total_result_case_9.csv test asult
shop_hydrosun_test_cases_6.0_World_test_1.ipynb test_cases_version_6
shop_hydrosun_test_cases_6.0_World_test_1.md test_cases_version_6
~ Untracked
[ execute_test_functions.cpython-311.pyc test
[ input_plot_functions.cpython-311.pyc t=
[ result_plot_functions.cpython-311.pyc te
[ set_test_functions.cpython-311.pyc test_cases_version_6.0/Worldj
shop_hydrosun_test_cases_6.0_World_test_1-checkpaint.md tes
[ cplex.log tes

[ shop_messages.log test_cases

COMMIT

4 main_Python 3 (ipykernel) | Idle

[ Launcher

B + X

#| shop_hydrosun_test_cases®  +

T ™ » ®m C » Markdown « #% Python 3 (ipykernel)

HydroSun test cases (v6.0) - Test 1 for World

Example responsible: Jiehong Kong and Bjernar Fjelldal
Latest update: 30.09.2023

Introduction

Test 1is to check the impact of the correlation of hydro inflow and solar availability on production
schedules of hybrid plants in Western Africa, Eastern Asia, and Northern Europe:

Guinea (Kogbedou) : there is a regular daily sunrise and sunset and distinguishable wet and dry season.
Philippines (Magat) : the typhoon period will cause flooding risk, while irrigation requires continuous
water discharge in the dry season.

Norway ( dheim) : solar availability varies si ly with the seasons. Midnight sun shines
together with massive melting snow, while the dark winter comes with no inflow to reservoirs.

‘We will use the same watercourse to study whether the different patterns of hydro inflow and solar
availability in the three regions will make a distinct difference in the conclusion of the benefits and
importance of solar-hydro hybridization.

Check the watercourse and all the input data

set_test_functions
execute_test_functions
input_plot_functions
result_plot_functions

pyshop ShopSession
ELLET pd
plotly. px
plotly. make_subplots

Mode: Command @  Ln1, Col1  shop_hydrosun_test_cases_6.0_World_test_1.md

Technology for a better society
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The vLab is used in conjunction with GitLab in many current and future projects, meaning that we can collaborate with you with code and scripts withgit  version control. You can clone, push, pull and diff directly from the vLab – and the very useful application here is that we can deploy project specific versions of our models to the vLab during these projects, before they are included in any releases, for agile testing and development. We think this is a future best practice


miill Integrated with documentation and courses

u
7/02/2022 & Bjernar Fjelldal
66% COMPLETE Last activity an 06/12/2022 11:25
This course gives a introduction to the basic building blocks for pySHOP and will show you some of the powerful features in scripting SHOP
from Python.
— ‘ 9 L @ Q The course will cover how to configure time intervals and time resolutions, how to add objects such as reservoirs and plants to a pySHOP
= & L4
instance, how to apply attributes to these objects, and how to build relations between them. We will also have a look at how to apply
| Launching code with SHOP vlab X
G i d commands defining how SHOP and its solver should operate.
| I D | In order to access the vLab inside of the course module for lessons with exercises, you can do so by hovering over the rocket logo an selecting
This documentation presents an updated overview of available functionality in SHOP. Many of the “JupyterHub":
functionalities are presented through examples. SHOP supports several input formats as decribed in the
Getting started introduction. For new SHOP users, the introduction example is recommended before looking into more
advanced functionality. To get started coding your own models, you can either use the vLab where pySHOP
Introduction is preinstalled in a Jupyter based environment, or you can download SHOP from the portal and install o O _{ﬂ
Interacting with SHOP v pySHOP on your local computer.
Attribute datatypes i
) T @8 = spars
Commands, objects and attributes ) ey
" SINTEF Energy Research
Selecting this in lesso ith exercises opens the vLab insi f the cours,
Commands v Dot acting in lessans with exercises opens the vLab inside of the course
‘examples module. Make sure to be logged in prior to pressing this
Objects v
Attributes
WN Launching code with SHOP vlab Course Content
Tutorials v This decun - a
Water value descriptions P
sres Introduction
Reserves - Q
Ramping
st proft P — ° - S .
@ Time
Simulation ~
Examples
Objects
Individual water values in SHOP Q !
Cut descriptions in SHOP
Basic pump exampls Launching code with SHOP viab @ Hrbues
Reserve capacity allocation
This documentation contains executable code examples that can be executed on the SHOP virtual lab
Discretization of droop results ) X . N
simply by hovering f in the top right corner and select &= JupyterHub BRITERII] redirect you to the ™
Water route M . . T N . : Relations
N . ! virtual lab. The first time you use it, files with extensions .md will not render correctly. To render .md files as Pecsamien -
act nrafit haein avamnla
Commands P

Parsaryen
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The vLab is fully integrated with both our documentation and online courses on the SHOP Portal, meaning that you can read up on functionality and examples, before you, with a press of button can use the vLab and actually interact with the code in notebooks yourself.
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o menu @
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e e

Latest comments ~
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shop.sintef.energy

Single-sign-on (SSO)

¥ SINTEF

SINTEF Energy Authentication

Log in to continue to vLab.

Email address

Password @

Forgot password?

Continue

Don't have an account? Sign up

Latestnews ©  Latestfoumposts B teesties

Release 1

g Kot Skogstrand Glrcen
October 23,2023

Testreports 1050
[N -

Testreports 1050
A s

Automatic et reports for 10.41
e e

oswee  LTM Portal
Lai

-Term Madel (LTM

Home

Welcome to the brand new LTM-Portal!

We are excited to welcome you on the brand new LTM-portal. Currently offering

essential features like news updates, file download.

Eline Opdalshei
November 23, 2023

ltm.sintef.energy
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So – how do you gain access? We are now proud to showcase the use of a single-sign-on solution for all of our online solutions, meaning that if you register at or allready have an user account atat either the vLab, the SHOP Portal, the Prodrisk Portal or the LTM Portal, you can gain access, as long as your role or company qualifies to.
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For those of you who have been using the vLab for a while already, here are a few recent updates. The vLab is now significantly faster, especially on large notebooks. We have also upgraded the hardware, so that each user is provided with a 4 core 16 GB RAM to be able to for instance test out parallel processing of ProdRisk and larger cases.
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Real-time collaboration / sharing

File Edit View Run Kernel Tabs Settings Help

” User info A collab.ipynb X |+
+ X0 O » m C »

print("Hello, pike")

vex Hello, pike

Code

[2]:
print("Hello, vex")

“ Online Collaborators
' Hello, vex

p  pike - collab.ipynb

Technology for a better society
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Real-time collaboration is now a thing, a feature I am very excited about. You can now share your session live with us, we can review code and notebooks live from different browsers, this includes both any inputs as well as outputs from cells such as plots and more.
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Edit View FRun Kernel
yrEaLE
remainder of dividing
greater by y is also 0, If
this condition is true, it
means that greater is
divisible by both = and y,

and therefare it is the LCM.
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. If the condition is true, the
code assigns the value of
greater 1o a variable
named lem and then
breaks out of the loop using
the break statement.

. After the loop, the code
returns the value of the
lem variable as the result
of the function.

summary, this code calculates

the LCM of two numbers x and
¥y by incrementing a variable

greater until it finds the
smallest number that is divisible
by both x and y .

Rewrite this code with
comments added to it
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%reload_ext jupyter_ai

%sai chatgpt --format code
A program that asks me for my name and then greets me by my name, in Polish

name = input{"Jak masz na imie? ")
print("Czesc " + name + "1™}

Jak masz na imie? foo

Czesd foo!

%%al chatgpt ——format code
A function that computes the lowest common multiples of two integers, and a function that runs 5 test cases of the lowest

def lem{x, yl: [ S PO S |

if x = y:
greater = x
else:
greater = y

while True:
if (greater % x == @) and (greater % y == @):
lem = greater
break
greater += 1

return lem

test_lem():

assert lem(3, 5) == 15
assert leml7, 9) == 63
assart lem{18, 24) == 72
assert lomil@, 15) EL]
assert lem(12, 16) 48

test_Llemi)

Mode: Command @ Ln1, Col1 code.ipynb m‘
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AI will be a thing soon on the vLab as well, we are currently looking into setting this up. If you have used VS Codes Co-pilot, a similar feature set will be possible directly in the vLab. 
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Jupyternub Home Token  Admin authOlportall1  ® Logout
OPEN EDITORS |1 unsaved

ba Julia 1.9
Python 3 (ipykernel) /;
R [R

model
L] basic.ipynb

VLAB_TEST

» __pycache__

Python 3 (ipykernel) (basic.ipynb) Last activity 2 Jupyter Session
Python 3 (ipykernel) (basic.md) L: ; .
Python 3 (ipykernel) (multi_price.

nent, without any cloud connectivity: Note
B3 52_hourly_prices_random.xls

basic.ipynb

o - . 5 " . . . . This note will help you keep track of what your tokens are for.
multi_price_bid_matrix_model.py Python 3 {ipykernel) {Untitled-1.ipynb) Py P v

multi_price_bid_matrix.md 0.0s

Token expires in

Never v
. ‘You can configure when your token will expire.
Instancing SHOP
In order to have SHOP receive our inputs, run the model we create and give us results, we need to create an active, running SHOP session. API TOkenS

You may create multiple SHOP sessions simultaneously if needed. These are tokens with access to the JupyterHub API. Permissions for each token may be viewed via the JupyterHub

tokens API. Revoking the API token for a running server will require restarting that server.

Note Last used Created Expires
shop = ShopSession() vlab 2 minutes ago 21 hours ago Never
0.0s
Server at /user/auth0%7Cportal%7C1/ 4 minutes ago 4 minutes ago Never
We can also check the current versions of SHOP and its solvers. Server at /user/auth0%7Cportal%7C1/ 18 hours ago 21 hours ago Never
Server at /user/auth0%7Cportal%7C1/ 2 days ago 2 days ago Never
shop.shop_api.GetVersionString() Server at /user/auth0%7Cportal%7C1/ 2 days ago 2 days ago Never
0.0s Python
vscode Never 21 hours ago Never
'15.4.0.1 Cplex 20.1.@ Gurobi 7.5 OSI/CBC 2.9 2023-09-29'
Setting time resolutions for the model Authorized Applications
These are applications that use OAuth with JupyterHub to identify users (mostly notebook servers). OAuth tokens can
We set the time resoclution for the model ourselves, as we generate all input as we go. The start and end time are important, in addition to the resclution of the time generally only be used to identify you, not take actions on your behalf.
steps.
g Application Last used First authorized

» OUTLINE

T starttime = pd.Timestamp
®0A10 @0
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And talking about VS Code. You can connect your local VS Code application directly to the vLab and use its resources and environment configuration to run SHOP, but maintain all extentions and debugging tools that your native VS Code has. 
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