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Where innovation starts




1 Fire & language 150W pp 0,15GW total

2 Agriculture & writi g:@ OW pp 15GW total
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3 " Coal & printing 4000W pp 500GW total




Renewables trade raw materials for knowledge

Good for the environment but also cheaper
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Room enough on the North Sea
Red is windmills, blue is floatovoltaics
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Solar is becoming cheaper

100x cheaper since 1980s... Imagine that for oil...
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If you look at raw material cost, solar
could become 1 or 2 cents per kWh

A AukeHoekstra  AukeHoeksira - Aug 27

In a desert but still: less than $0.03/kWh!
Solar Delivers Cheapest Electricity ‘Ever,
Anywhere, By Any Technology’
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Did you know the battery weight ‘
already decreased 20x since 19007






Did you know that for every turn of the blades of one
large windmill, an EV is propelled about 10km?
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Our research indicates storage will become
much cheaper still, making the ICE

uncompetitive, at least in passenger cars

1.900 4 95% conf interval whole industry
1,800 - 95% conf interval market leaders
1,700 - B ¢ Publications, reports and journals
1,600 - x News items with expert statements
1,500 4 x Log fit of news, reports, and journals: 12 = 6% decline -

Additional cost estimates without clear method

OO.X'El-l-

1300 \ . Market leader, Nissan Motors, Leaf
1,200 ) Market leader, Tesla Motors, Model S
1100 4 : Other battery electric vehicles
1,0004 Log fit of market leaders only: 8 + 8% decline «» ==
900 - Log fit of all estimates: 14 + 6% decline e—
800 Future costs estimated in publications A
700 4 <US$150 per kWh goal for commercialization
600 -
500 -
400 -
300 -
200 A
100 -
0 N R R R e —
2005 2010 2015 2020 2025 2030

Source: Bjorn Nykvist and Mans Nilsson, Nature Climate Change, March 2015 & internship report Anand Lineshsundrani
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But what does the worlds most famous

model predlct’P (WEI\/I of IEA)
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Reminded me of my KPN days

| made money for 25+ years by claiming Internet was going to be big

e

If systemic resistance akaregime resistance aka
institutional barriers are now. the biggest impediments to
change: what does that. mean for our model? '
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Big breakthroughs are not directed top-down:

we need a bottom-up model

innovatiown
happens

bo‘\"\'O!‘\— up.

@9gapingvoid
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The questions are interrelated so we

need an integral model

- Battery and drive-train prices determine the succes of EVs and
the success of EVs determines battery and drive train prices

 The succes of EVs is determined by available models and
available models are determined by the succes of EVs

* Driving behavior determines how interesting an EV is, where
you need charge points and what room you have for smart
charging.

- The availability of charge points co-determines the desirability
of EVS which co-determines the need for charge points
(chicken-egg problem).
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The developments play on different

levels so we need a multi-level model

* (Inter)national to model climate problems and
technological advances (batteries, drivetrains,
renewable energy generation)

- Regional to model driving to and from destination
and the required charge points

* Individual to simulate buying/charging decisions and
model the load on the grid
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We must be able to tell quantified narratives:
combining numbers with stories is the only
way to make sense of so much complexit
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http://vimeo.com/69058934
http://www.decarpentier.nl/boids
http://nccastaff.bournemouth.ac.uk/jmacey/MastersProjects/MSc13/08/index.html

Why agent-based modeling?

« Bottom-up without imposing the structure of the
system in advance (no pre-determined feedback loops)

* Ability to divide the complexity into self contained
"agents" makes it manageable (linear instead of

exponential growth of compexity when you add
variables)

* Using recognizable agents and a bottom-up approach
means we can enlist the help of domain experts
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Bottom up and actor based

Jay Forrester, 1950s

Individual-centric

/
Continuous, / Discrete,
Aggregated ,  Disaggregated
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From low to high abstraction level

High Abstraction
Less Details
Macro Level

Strategic Level

Middle Abstraction
Average Details
Meso Level
Tactical Level

Low Abstraction
More Details
Micro Level
Operational Level

Elzadnl

Aggregates, giobal feedback dynamics, ...

Individual objects, exact sizes, distances, velocities, timings,

Mostly Discrete <« | > Mostly Continuous
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What ABM tool to use?
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Many Java based frameworks

* Possible but only programmers and productivity modeler is low
* Less useful for domain experts and social scientists
* Python is in-between-solution (but execution speed)
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Anylogic is expensive (or limited) and

you end up programming in Java
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AgentComposite Statet
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Netlogo: most popular ABM around and

clever use of DSL (like Matlab and R)

[ Info  Code |
2 | | @ indentautomatically ¢
Find... Check

globals [grass] ;; keep track of how much grass there
;3 Sheep and wolves are both breeds of turtle.
breed [sheep a-sheep] ;; sheep is its own plural, so
breed [wolves wolf]

turtles-own [energy] ;3 both wolves and sheep
patches-own [countdown]

Interface

e | o of [ S|

Grass sestings
e

wlf settings

to setup
clear-all
ask patches [ set pcolor green ]
:3 check GRASS? switch.
;3 if it is true, then grass grows and the sheep e
;3 if it false, then the sheep don't need to eat
if grass? [

ask patches [
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Attitude of ICT people towards Netlogo

m Do youwant to build an
agant-based modal?

ne
WEE
ﬂ (.iﬁ::nu willing to suftar
gh tarrikde syntwe, and
hellish debugging?
L[
L v Will you envar use this
r—‘ modal for anying alse?
k !IJ
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ABCD model uses GAMA

CAMA .

A spatially explicit multi-scale agent-based simulation platform

©2007-2014 IRD UMMISCO & Portners hito:figomao-platformgooglecodocom
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GAMA interface

Language comparable to Netlogo but more OO (Java based)
Uses Eclipse IDE (very powerful debugging / collaboration)

-f. SparkCity - D:\Auke\Documents\Gama1T\SparkCity\models\SparkCity.gaml — O X
File Edit 5earch Experiment Agents Views Help

2368 cycles elapsed (4 threads) @ @ _®' ®

#© SparkCity.gaml 33] & Batch.gaml | = O | pm Models @chart_display (Simulaticn 0 of SparkCity) 5;3‘ =0
2 P ©- DOBHO ©
SlEEBA A ) As i <G = ==/ S8 Total Power
] -
& /* GLOBAL VARS */
7 file shape file buildings <- file(". ./includes/building.=shp™)
8 file shape file roads <- file("../includes/road.shp")
e - geometry shape <- envelope (shape file roads)
10 flogat geography increase <- 42.5 ; time
:: int R < 100 : — g {00 W 0.0 50 0000050 7S ckance 0 25 Hmer 100 stat 0.5 5 2. 0end 17 55 2.0 goeed 0.3 2d
13 float g n_lax W < HO s /) was 3.7 — tatal frof conmected cars
14 float g:w_sgart <= E //F? vas 8.5 o - - — N R —
15 float g w start sd <- 0.5 ; //3 was 2 @crty_dlsplay (Simulation 0 o... 2 ‘.Console = ModelSpalkCll}r.r’Expenme...‘ O
16 float o w end  <- 17.5 : =

L)
[=]

17 float g w end =sd <- 2. ;
18 float g:ng_ch;r:ging_start <- nil as float ; [;] A - @ @ @ H
13 float g_no charging end <- nil as float :

20 int g_charge cap <- 1.75*nb humans as int ;
21 float g_not charge chance <- 0.25 ;

22 int g timer <— @ B

o @

24 int g_e use ;

25 int g_cars_charging ;

26 int g_cars_connected <- nb humans ;
2 list<int> use ;

float step <- M B

0 float hour npdate: ((time / 36) mod 2400)/100 :
31 flocat g_speed <- 0.3 ;
32 fleat g_speed =d <- 0.15 W

Writable | Insert .27 [ ] 1omotesem [
T I
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GAMA and GIS

Agentifying shape files is a breeze
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« Advanced grouping

 Interaction based on graph, distance,
fysical properties, etc.

« Detailed driving modules
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Where we are now:
modeling real neighborhoods




Add layers with households, EV buying,
charging, electricity grid.
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Overall model

Energy market

Charging
Laura Mittelmeijer - ULl &
Anand Vijayashankar - TU/e
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Conclusions

- Solar, wind, EVs and storage are poised to take over
from fossil fuels in a perfect storm

* We need actor based, bottom-up, integral, multi-level
models to manage and direct this transition

- ABM is the perfect modelling paradigm for the
energy transition and GAMA is the perfect tool

* Our ABCD model is an attempt to create quantified
narratives for the energy transition

- Starting september we need new students who want
to do their master thesis with us (500 euro / month)
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