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There are lots of models

" Physics
* Power: transient stability, dynamic stability
» Gas: linepack
« Heat: thermal simulations
 Industries: process specific models

" Operational
« Power: unit commitment with power flows
» Heat: thermal simulations
* Industries: control software
* Transport: dynamic simulations

" Planning
* Power and gas: investment models, macro-economic models
» Heat: Building stock models
» Transport: transport sector models
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Conceptual decarbonization timeline of energy sectors

— Power
- Heat

——Transport

Degree of decarbonization
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New challenges generated by ‘VIBRES’
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Approaches to the multiscale problem

A Investment model only |l B: Operational model only
Level 1 I o
® Each works on their own

* Results and lessons diffuse over

Unidirectionally soft-linked investment

time and operational models
« Approximations at higher level ' 2
models

A: Bidirectionally soft-linked B: Operational model with
investment and operational an investment update
models algorithm

" Soft-link models
* Results get passed between
independent models either one-
way or as iteration
" Co-optimization
« Simplifications required

Co-optimization of
investments and operation

Level 4
10

Helisto et al. “Including operational aspects in the planning of
28/11/2019  VTT - beyond the obvious power systems with large amounts of variable generation: A
review of modeling approaches”, WIREs Energy Environ. 2019



IiNne

Manage modelling with Spine Toolbox
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Starting points

= Some aims

» Co-operation instead of competition

* Build tools together

* Replicable results = scientific progress and more reliable policy support
= Some means

» Open source

» Python based Spine Toolbox

= Spine Model in Julia (https://github.com/Spine-project)
= Backbone in GAMS (https://gitlab.vtt.fi/lbackbone)

» IRENA FlexTool in Excel/Mathprog (https://www.irena.org/energytransition/Energy-
System-Models-and-Data/IRENA-FlexTool)
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Design and Operation of Energy Systems models Spine %

Balmorel
Backbone

Wind/PV technology + Portfolio development PEYETEm data
Resource + Location (scenarios for wind / PV 3 (load, grid, power plants, etc.)
conventional generation,
demand response and
storage)

————————————— Network scenarios Pg\:;;::;ﬂ:ﬁ L LO L E

Alternatives for system ' ca I Ccu |ati0n
PSS®E management tool

| Reserves / Operational
Methods / Markets

PSCAD WILMAR

FlexTool

= Recommended route
B nput Data analysis and output synthesis T

[ Simulations

- = Simpleroutes

——=p Do another iteration

Conclusions about costs, reinforcement needs,
stability constraints, as well as potential

improvements for rules and regulations



Scenarios

and other
Thermal power manual
plants adjustments

| Collection of A'
L Hydro power spreadsheets & MOdeI 1b
R

plants
Historical time
series data
Weather Maybe even
data a database
Repeat

oo [Model 2 ]<\> [Model 3 ]

v

epeat

I
L Building data
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Thermal power
plants

I
L Hydro power

Historical time
series data

Weather
data

I
L Building data

12 28-Nov-19

H

Scenarios for
projects

plants T

Generic data
structure
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.[ Model 1a ]

{Model 1b]
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Scenarios for
projects 1{ Model 1a ]
L | Excel | \ <
Hydro power . -
plants |mp0rter X

| | Gams }* Model 1b
interface $[ oce J

Shared
[ Julia mterface
{Re-usable}

plants

Thermal power u |

Historical time
series data

tool

. 2> Spine
eooo sclrlpt f\Toolbox
| [Model 3 }
L Building data [M0d6| 2 ]
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Remedies

= Interface!
« Connect through a shared, generic, data structure
« Each tool needs to maintain only one connection
« Easy to add new tools and swap old tools

= Non-documented spreadsheets - Re-usable scripts

» Local files > Server based databases (one version)

= Version control (know what happened) and open source (share the effort)
« Data acquisition and data processing
* Models

* Project based workflow
» Keep project specific modifications separate

= Separate design and execution
« Work on your laptop, execute in cloud
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Generic data structure (EAV with classes and entity types)

Objects

Units
Entity class |  Attribute /
Parameter
Availability
Entity ————— 1 Value |95%

Relationships

Groups

Alternatives

Denver coal plant
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And more...

Constant
Time series
Time pattern
Expressions
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Object tree Object parameter definition

I ree VieW iterm object_class_narme parameter_name : list_r etert default_value database
v :b. CEE baa unit forn_cost foo
— -
e it la unit start_up_cost foo
e baa unit shut_down_cost foo
rt
repe Bt unit number_of_units 1 foo
.:D rolling bt unit avail_factor 1 foo
o direction laa unit min_down_time 0 foo
H == "
Object classes has unit Object parameler valie
@ connection object_class_name object_name  parameter_name value database
“ storage a termporal_block Hourly_2013 start_datetime 2012-12-31 23:00:00 foo
commodi o temporal_block Hourly 2013 end_datetime 2013-01-15 000000 foo
ity p .
o o temporal_block Hourly 2013 time_slice_duration 1h foo
— node P Y.
J— %8 storage Storage_Heater stor_state ca 853.15 foo
. 5‘6 Elec | t g g P
: ec_lmpo
- .p o W8 storage Storage_Heater state_coeff 8324.88528 foo
d EEG st bEmbunan ] storage Storage_Heater frac_state_loss 0.001 foo
Object entities — ’ EIEE Air_Gains W8 storage Storage_Heater stor_state_min 304,15 foo
) Elzﬁ Mass_Gains ] storage Air stor_state cap 300,15 foo
\ 5‘5 Eliic Gaiine W8 storage Air stor_state_min 294,15 foo
o EUE DHW Demand e storage Air state_coeff 7700.329364 foo
— _ & _it i W storage Mass state_coeff 102511.8178 foo
uni e_ direction_...
i® cﬂnn_ ection_ o di; &= storage Floor state_coeff 288800.5851 foo
b _od' - storage Flaor frac_state loss 63.62170347 foo
o E SOty - storage Mass frac_state loss 49,95110579 foo
Relationship classes == hg. node_group_node [ storage Air frac_state_loss 02458594804 foo
L commodity_group_no... ||%8 storage DHW _Tank state_coeff 2086166667 foo
@1 ronmection_node_node ||| W8 storage DHW_Tank frac_state_loss 0.2162 foo
&f node_ temporal_block - storage DHW Tank stor_state cap 35315 foo
= v s report_unit_node_c... W8 storage DHW _Tank stor_state_min 33315 foo
Relationship entities &5 new_report, DHW_D... &= storage Mass stor_state cap 333 foo
. o temporal_block W8 storage Floor stor_state_cap 333 foo
B ﬁ node Air_Gains demand Time series foo
ﬁ node Mass_Gains demand Time series foo
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Tabular view

unit
BatterylUnit
CCGT
ImportGas
Pump
Turbine

Turbine
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db parameter
commaodity
Electricity

Gas

Gas

Electricity
Electricity

Water

conversion_cost

[100.0, 100.0, 10...

unit_capacity

100

30

200

200

unit_conv_cap_...
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Alternatives, scenarios and recipes

Plants X Fuel prices Y
Base Coal price:
10 €/ MWh —_— -
Lotsorpy || X _ = 6 scenarios
Coal price:
Lots of wind 20€/ (VIWh
Alternative entity Alternative value
Groups of alternative entities Groups of alternative values
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Scenarios for
projects

{View results

Gams
interface
Data Data — Model 1b |
) eneric data
source processing structure
= Establish workflows
« Common workflow language
= Separate design and execution Model 3 }

» Spine Toolbox for design

« Spine Engine for execution
- Direct acyclic graphs
- Scheduling, workers,...

[ Julia interface
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Spine: Open source toolbox for modelling integrated-energy-systems-

= Project part funded by the Horizon 2020
program of the European Union

= LCE-05-2017 - Tools and technologies for
coordination and integration of the
European energy system

= 4 year project commenced October 2017
with a €3.7m budget

O ENERGY REFORM
-~~~ =5Partners, collaboration with NREL & DTU

www.spine-model.org

spine_info@vtt.fi
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Power to space heating

" Heat pumps often profitable already
« Challenge: Heat source
» Opportunity: Boreholes Process Space cooling

coolin N
" Resistance heating is cheap 3% 1o
 Can rapidly replace fuel fully or partially Hot water
« If electricity grids can take it 8%

" Inflexible electric heating
* Problem for power system
* Heat is inexpensive to store —
especially in new builds
* Maybe even more important than
energy efficiency in buildings

Other heating
3%

Process heating
32 %

Space heating
53 %

28/11/2019  VTT - beyond the obvious EU-28 heating and cooling in final energy use



Power to industries

" Processes are diverse
" Heat pumps can do only so much

® Direct conversion can yield high
temperatures

" _..but portion of the processes are
difficult to electrify

M Space heating and hot
water <100 C

M Process heat <100 C
M Process heat 100-500 C
M Process heat 500-1000 C

" Biggest barrier is price B Process heat 1000 C

" Fossil fuels are cheap in heating
" _..but 2035 goals

T. Naegler, S. Simon, M. Klein, H. C. Gils, “Quantification of the

European industrial heat demand by branch and temperature level”
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Power to molecules

" Part of energy demand in industries
" Raw materials (molecules) for some industries
" Power to fuels
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Power to transport

" Electric vehicles
" Some forms of transport are difficult to electrify
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Challenges and opportunities

" Don’t waste electricity
" Distribution grids
" Large amounts of wind power and the transmission grid
" Heating of buildings
" Opportunities
* Power to heat

 Power to molecules
 Smart utilization of the biomass resources

" Challenges
» Stranded assets (electricity, heat, transport)
» Peak capacity
* Power system stability

28/11/2019  VTT - beyond the obvious
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Types of entities

= Objects
= Regular
» Template (relationships could also have templates)
= Archetype (relationships could also have archetypes)
= Scenario
» Tool
= Relationships
* Dimensional sets
= Groups / Collections
» ‘Bags’ (single object can appear multiple times)
» Hierarchical
= Composition
= Connection (arc in a graph)
= Entities with external reference
= Entities with code

28



Metadata and commit messages

= Automatic metadata from tools/models that process data
= User can also input metadata
= Follow best metadata practices
= Commits
* Push users to improve documentation
» Changes to the database will be accompanied by a commit message

 Logs time and user, but hopefully also a helpful message about the data edits
in that session

20 28-Nov-19 D S p i ne



Many tools and models, but one data set? 1/‘iIIT

Model specific mapping of data (names, computations, flags, structures)

Feature: Outages Model A: Investments

Method: Availability Use avallability %out everything?

Unit: Coal
Availability: 95%
Outage schedule: 2018...

Feature: Outages
Method: Schedule

Model B: Market emulator

Group of units: / Use outage schedule

Biggest five

28/11/2019 30
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Spinelnterface. |l

Spine Database API

/

!

Spine Toolbox

Views Tools

Data connections

Plugins

Spine
Engine

ov-19

+» Spine



Philosophical notes

= Try to use the generic data structure as far as reasonable
= Don’t allow screw ups
 Data validation
 Explicit selection
» Archetypes — features — methods
= Open interfaces — can grow and accommodate new things
 Databases through SQLAIchemy (db agnostic)
* Direct connection to Julia/JuMP (Spine Model)
* Plug-in infrastructure

32 28-Nov-19 D S p i ne



