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1. Simplified IAM of intermediate complexity:
The IMAGE framework

2. A system dynamics energy model: TIMER

3. [Macro-|economic models: core or missing link?
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* Integrated Model to
Assess the Global
Environment

* Linked economy,
energy, agriculture
and land-use

» Coupled system for
land use,
biogeochemical
cycles, climate
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Positioning IMAGE: [one perception of] model history
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Positioning IMAGE-TIMER-FAIR modelling framework

1994 Alcamo (Ed.) (1994)
Integrated Modeling of Global Climate Change

The Delft Dialogue Process

Rotmans, De Vries (Eds.) (1997) Perspectives on
1997 Global Change - the TARGETS approach

. Alcamo, Kreileman, Leemans (Eds.) (1998)
Safe Landlng Approach Global Change Scenarios of the 21st Century

(Berlin Mandate, EU CC)

Contributions to:

. . e *Global Environmental Outlook
2000 Special Report on Emissions (GEO) UNEP
Scenarios (SRES-IPCC) * COP-6( side-event)

*GHG Emissions Control Strategies

Climate OptiOns for the (EU,withIEPEa.o)

* GHG Policy Options for China
Long term (COOL) (China Council)

Global Environmental Hoogwijk (2004) Ph.D. thesis
Outlook (GEO) Assessment Renewable ]'Ener'gy o ‘
Contributions to scientific and policy

. . networks (>30 publications

2005 Millennium Ecosystem >30p . )
Van Vuuren (2007) Ph.D. thesis

Assessment (MA) Energy Systems and Climate Policy
. Van Ruijven (2008) Ph.D. thesis
ivee EU-projects (ADAM...) Jven (2009)

N
Energy and Development ) U Ca D




The Integrated Model to Assess the Global Environment
IMAGE 2: Framework of models and Linkages
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IMAGE 2.2: Regions (energy, agricultural trade)
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Figure 2.1 Overview of the TIMER model
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The dynamics behind energy transitions

Energy flows (G]/yr) and capital flows (€/yr) T~

in the energy system -

/? Primary Energy
Demand ~0 0k >
Conversions: \ Supply /

1 Energy Service - > Secondary Energy

End-User Capita
Private front-end investiiicnts
Limited affordability Economic rational/optimal
Diffuse and irregular | Centrally operated and managed

High discount/interest rate Modest/low interest rate

Pl 2O

NB: energy is actually not used but converted from high to low(er) quality

%% Universiteit Utrecht O u ca D



Energy use per capita 1800-2000 for 4 European countries

(Kander, Gales, Rubio, Malanima)
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Energy intensity: energy use per unit of economic activity (MJ/$)

1800-2000 for 4 European countries (Kander, Gales, Rubio, Malanima)
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but: anticipation, delays, accumulated learning  (De Vries et al. 2000, Van*Vuuren 2007)



~  capital & innovation
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This curve is parameterized for each region R, sector S and energy
form F (heat/electricity):

CostUE ($/GJ)

EEOPtR,S,F = CCmaxR’S’F -

30 -

1

> CostUER,S’F * PBTR’S,F
CCI’)’ZCUCR’S’F + * I
CCSR,S,F CC R,S,F

energy efficiency

a. Price increase

b. Change in PBT — PBT=3 year
c. Learning-by-doing PBT=6 year
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, CCI=0.6
0.6 0.8 1

Energy Efficiency (EEOpt)
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From actual demand — substitution among secondary fuels:
the multionomial logit formulation

The substitution among secondary fuels is assumed to be related to

their relative prices for the user.

The formulation is : IMS, = exp(=4 ¢;)
Zexp(—/l c;)
]

where IMS, is the [indicated] share of total investments for fuel or
production method I (-), ¢, is the price of fuel i and | a parameter.
However, history shows lock-in phenomena:

* QWERTY typewriter/keyboard - Dvorak.

* VHS video systems - Betamax.

* Alternating current (electricity) - direct current.

* DOS/Windows personal computer operating system - Apple & Linux.
* Fossil fuel engine in car technology - electric and hybrid engines.

= fuel substitution
RN

&) Universiteit Utrecht



A brief excursion: non-linear positive returns to scale

The Polya generator choice model:
* LEFT: built-in stability with decreasing returns to scale
* RIGHT: increasing returns to scale (or ‘positive feedback economics’)

o g £ ok s o oo

1 l .
\
P(ua) | .
}A 0"‘
vs\
S o
0 = =p- >
0 Ma=na/n 1 Positive 0 ,=n,/n 1

feedback

n,/n=0.2 n,/n=0.6

@2@ multinomial logit (MNL) built-in sensitivity for initial situation

W b (Arthur 1991)
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The dynamics behind energy transitions

Energy flows (G]/yr) and capital flows (€/yr) T~

in the energy system -
/\ Primary Energy
Demand 700000k -
/ Conversions: Supply
\ Energy Service - -> Secondary Energy

~_
3y conversion

Investments/
End-User Capital Energy Availability System Capital
Private front-end investments Public and/or private investments
Limited affordability Economic rational/optimal
Diffuse and irregular Centrally operated and managed
High discount/interest rate Modest/low interest rate
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NB. energy is not produced but converted from high to low(er) quality
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electric power

Example: Sweden

Some key features of electric power demand-supply:
*Electric power load is fluctuating

*Electricity not easily / cheaply stored

*Load-following is a necessity — system requirements
Load-management and pricing are possible instruments

Since liberalization in the 1990s, difficult to get national data |\p
— company data not for national system and confidential



technology: nsing efficiency
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learning-by-doing
Learning curves for technology development

¢ Solar

®" Wind
A Biomass

® Natural gas Combined

Production costs (EURO1990/kWh)

Cycle
0.9 - 0.95 ¢ Advanced Coal
>
1 100 10000 1000000 y=0o %k Q—”

Cumulative Installed Capacity (MW) -7

y, |G,

[_earning-by-doing (= decreasing production costs along with — = —
cumulative output) could reduce mitigation costs significantly. Yo QO
_sLearning coefficients obviously uncertain.
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IMS, =

T echrology A
T echnology B
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Time

If technology (product, process) B

becomes cheaper, it gains market

share...

or also:

exp(—A4 c,)

Z exp(-4A c;)
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1 Z Cj—ﬂ
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The future: decentralized options, SuperSmaI’tGrid

consumer=producer, SuperSmartGrid?

%‘Y{% Universiteit Utrecht (q u ca D
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Source: Van Vuuren et al. 2007; USGS

Supply cost curves for oil and gas:
1. Resources are there for many decades of existing demand
2. But uncertain at which production costs
Wi 3. In particular for unconventional occurrences
= U

W Unive 4 Other supply-demand frictions may determine price J]ﬁ\ﬁ?



economic models:
*energy not inherent part
http://www.tekno.dk/pdf/projekter/pO4_OiI-ng;@n@ngyy_Sh@ntag)@ not inChlded
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Energy crop potential World: cost A1 scenario 2050
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biomass-based energy

(M ucap

Dornburg et al. 2007
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From temperature to emission target.

IAM analyses
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»2°C target corresponds to around 400-450 ppm CO, eq. (80-50% probability).
»Corresponds to a 50% emission reduction in 2050

Van Vuuren et al. (2008). Temperature increase of 215t scenarios. PNAS. 105. 40. 152581 5262




From emissions to reduction measures (B2)
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> Integrated analysis: combination of options based on technical
feasibility and cost-effectiveness

Van Vuuren et al. Stabilising GHG emissions at low concentration levels. Climatic Chanée




Mitigation scenarios — integrated analysis

B Nuclear OBiofuels + ccs  Hoil+ccs M Biofuels O oil

B Natural gas M Coal

B Renewables U Natural gas+CCS O coal+CCS

» Major changes in the global energy system

VELRAIT T K=
hange ol:

al. Stabilising GHG emissions at low concentration levels.Climatic



Costs of stabilising emissions

Carbon tax Abatement costs (%GDP)
800 - 25 T
oo | H650CO2eq = =650 CO2-eq
Ty | TI0C02ea  meger” O 50 | |*550C02-eq ,oa
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g S00 T g Z 15
% 400 5
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5200 4 L gmemma, 0
& 2 0.5 -
100 S
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1970 1990 2010 2030 2050 2070 2090 1970 1990 2010 2030 2050 2070 2090

» Substantial costs = But nothing to disrupt the economy




The costs of certainty.

fer, Kram, Meinshausen, Van Vuuren and Hare. Near-linear costs increase to

N A



so much about IAMs
and energy modelling...

but what about economics?
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Economic income ngt%l projections Regions Economic growth projections World (normalized)
(normalized) (OECD ECO/WK(2009)4)
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i first mstance:
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W,

“Economists...are supposed to stick to the quantitative facts and theory — a theory that is based

77

on optimization, especially optimization of economic variables.” (Akerlof and Shiller 2009:51)



Economic growth
essentials of the neoclassical economic growth model

Suppose:

*the labour force is a fixed fraction of the population: L=¢P

*the population has a fixed annual growth rate: dP/dt=nP or dInP/dt=n.
Hence: dL/dt=nL or dInL/dt=n

Suppose lso:

*economic output Y is proportional to K (scale-neutral), Y=aK

*a fixed fraction 0 of output Y is saved (savings rate)

*capital has a fixed lifetime LT with exponential depreciation at m=1/LT,
Then:

A _ dK
V'=ak = =]-K/LT =(ca-m-n)K
dt
Y Implication:
*exponential growth of the capital stock K and output Y

v

K *defining y=Y/L and k=K/L — dk/dt=(ca-m-n)k

%@'{% Universiteit Utrecht O u ca D



Suppose:

there are decreasing returns to scale of each single production factor (but
not of all of them). This is for instance with the so-called Cobb-Douglas
production function:

Y = YO K¢ Ll_a which after division by L gives: V= Y Ok ¢
. dK .
We now get: — =0t —mK = oY k‘L—mK
[
This has an attractor K* for dk/dt=0: see
phase space diagram. Note implied
growth mechanism: rising k. Implications:
*Steady-state
* Convergence

dK/dt

But: ongoing growth and only group
Convergence —

K Y = YOAtKaLl_a
5@3@ Universiteit Utrecht
£ O ucab
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Computable General Equilibrium (CGE) models

« describe the supply and demand relations on markets and account
for the generation of income.

« prices of inputs and outputs adjust until demands equal supplies.

» The interactions between markets are predominant describe the
entire economy

* built on an analytically consistent representation of the economy in a
set of equations

« solved numerically

Manders/PBL 2010
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The circular flow of goods and services

Manders/PBL 2010

%@{% Universiteit Utrecht O u ca D



Three basic conditions

« Firms maximize profits under full competition (zero profit condition);

« Households maximize utility under a budget restriction (income
condition);

« Supply equals demand for each good (market clearance condition).

(pseudo-dynamics)

« Consumption functon: consumption is modeled as if there were a
representative consumer maximizing utility by the choice among goods

« Production functions for each sector describe the ways in which
capital, labor, energy and intermediate inputs can be used to produce

output
« (Cobb-Douglas, Constant Elasticity of substitution...

5@3@ Universiteit Utrecht ‘ ﬁ u ( a D
w> Manders/PBL 2010



Output

(CES)
| ‘ |
Value-added Intermediates
(CD) (CES)
| ‘ |
Low-skilled labour Energy Materials
High-skilled labour (CES) (CES) (nesting)
Capital
Fixed factor
Coal Agriculture
Qil Energy-intense goods
Gas Consumption goods
Electricity Capital goods
Biofuels Services

Renewables  Transport
Raw materials

Manders/PBL 2010
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Trade

Armington elasticity:

« Does climate policy change competitiveness?

« Is there a case for trade measures?
WorldScan model

« How would trade measures work?

%‘Y{% Universiteit Utrecht ‘ ﬁ u (a D

Manders/PBL 2010



« WorldScan
— CGE-model

— 16 regions, 16 sectors
— CO, only, no adjustment costs

« Baseline
— High growth, globalization scenario (B1)

— Low energy prices

trade scenarios

A
LS

Universiteit Utrecht

model

Grand Coalition
Impasse
Impasse + CDM

Impasse + import levy
Impasse + export refund
Impasse + import levy + export refund

Manders/PBL 2010
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Macro results, 2020

Grand IMpasse Impasse +
Coalition P CDM
ETS-price €/tCO, 18 52 27
Carbon Leakage (%) 0.9 3.3
Employment ETS (%)
EU27 0.4 -3.2 —1.2
Non-Annex | —1.1 0.6 0.3
Welfare (%)
EU27 —0.69 —0.72 —0.70
Non-Annex | —0.1 —0.1 —0.1
Manders/PBL 2010
% Universiteit Utrecht O u ca D




Employment in energy-intensive sectors, 2020

4.0 -
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Manders/PBL 2010
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Leakage by sector, Impasse, 2020

Carbon leakage 3.3
Production leakage
Electricity 17
Ferrous metals 30
Chemical, rubber, plastic products 52
Mineral products 40
Paper products, publishing 26
Non-ferrous metals 45
All ETS-sectors 38

Conclusions:

« Unilateral climate affects competitiveness
« Carbon leakage is modest
« Flexibility softens impacts

%@'{% Universiteit Utrecht O u ca D
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Strengths of CGE’s:
*Describe the whole economy
*Elaborate micro economic foundation

Weaknesses of CGEs:

New directions:

*(nonlinear) system dynamics
*evolutionary economics
*behavioural and experimental economics
*ecological economics
*econophysics

Universiteit Utrecht O U Ca D
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evolutionary economics
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Routines
- R&D
- Producers Imitat
- Consumers mitation
_ : Endogenous selection Increasing returns to
(Re)search lelte_d time | Dpifusion factors scale
horizon - Markets - Economies of scale
\ - Technology - Learning/network effects
- Organisations/institutions
Serendipity Venture 7y
capital
-+ DIVERSITY
INNOVATION > < SELECTION |e
7y 7y -~ Companies
- Technology
- Products
- Cross-fertil - Costs and prices
-(Re)comb/Coll p
Exogenous selection
I factors

Exogenous innovation
factors
niche markets, isolation

co-evolution

- Physics, geography

Van den Bergh 2010
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Agents in Lakeland: the consumat multi-agent simulation approach

Homo economicus
Homo psychologicus

[

7 7 xS

| Consumer n

| Consumer 2

/

Consumer 1

How do agents respond
to uncertainty?

Human : viathe =seriii. ... : //
environment micr How do agents respond
1 o e Need d i
Culture to needs satisfaction? e | poedsand || Uneerny
Institutions satisfaction
Demography Stra}tegles I
Technol or :
Ig((::oﬁgrg%y behaviour : *hlgh 10W+
change 3 | Memory Cognitive processing |
,,,,,,,,,,,,, : : PR RN low
COMSUMATEN MODEL
e] . . . . .
* Rational deliberation only one of possible behaviours

* Also: imitation, repetition en social comparison
* Dynamics depend on degree of satisfaction and of (un)certaintyek
eambiguous role of technology: more productive — faster overexploitation

aD

“Oader et al. 2000)
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Catastrophic regime shifts

The possibility of more than one equilibrium state has drawn increasing
attention in the search for adaptive resource management. The same class
of nonlinear equations as in the bistable oscillator:

dX /dt=-X(X*>—-a)

can generate bifurcations:

| -
a (X(0)=1,RF=0)

0.00 25.00 50.00
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diff eqn dx/dt=x(x*x-a)
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_ 1: state variable X

4

2: attractor1

¢ (X(0)=

|, RF=12)
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1: state variable X
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A multi-equilibrium system:
bifurcations with a change in slow
variables (a from -2 to +4) and
external random influences (RF=6)

1: state variable X 2: attractor1 3

T ————————————

W
b (X(0)FT, RF=6)[ v
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Lake dynamics in De Wieden

Turbidity

turbidity

a b MNutrients

Hein 2010; Scheffer et al. 1997
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(Kefi, Rietkerk et al. 2007)

space ~ time

(Gordon et al. 2008)
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(Scheffer et al. 2009)
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Slow Response of Societies to New Problems: Causes and Costs
Marten Scheffer, Frances Westley and William Brock
Ecosystems (2003) 6: 493-502

1
ﬁ £ active public attitude

The degree of hysteresis in public
attitude towards the need to
regulate a problem is predicted to
be larger in situations with:
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Resource scarcity and dominant strategy
N s

N Zz Zi

Balance between COIN and MG an indicator of exploitation ratio?

Dependence on the exploitation ratio r

- -

under-exploited over-exploited
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CSSENCC.

PBL (2009). Growing within Limits SOClal dllemma
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250 [min] people in
1990

Technology transfer :
Alternative Energy

SusClime

Trade : Oil for
Goods

Rich, little oil

850 [mIn] people in
1990

Poor, much oil

The Commons :
atmospheric CO,-sink
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essence:
mivest m K
to maxamize U(C)
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€SSeNCe:
optimal transition
fossil > renewable
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The atmosphere as a commons

* “global optimum”

- perspective of the whole world: emissions cause
global warming and damages -> restrain
emissions such that costs of emissions restraint
smaller than potential damages

* “Nash equilibrium”

- perspective of the selfish actor: every ton of my
emissions cause global warming and some
damages to me -> restrain my emissions such
that costs of restraint smaller than damages that
my emissions will cause to me

Universiteit Utrecht (q u ca D

(Brede and De Vries 2009)
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Managing the economy as an
optimal control problem

* Given economy-energy-climate system: What is
the decision vector D=(5Y(t),5F(t), GR(t),GC(t))

that maximizes U (respecting that 1= 6, ()+c_(D+c_(D)+0 (1)) ?

* Scenarios:
- collaborative: maximize “world utility” v (>, ¢, >, P)
- competitive: maximize individual utility U(CZ,, P) |

* “Shades of grey” (1-a)U(C.P)+aU(D, C.>. P)
- (a ... altruism parameter)
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(Brede and De Vries 2009)
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Objective 1: examine the real-world tradeoffs between countries,
given differences in oil resources and climate change vulnerability
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Objective 2: develop a platform on which complex system methods can be
tried out and stakeholders can be nteractively involved.
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Objective 3: staying below 2°C
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Climate change policy: the role of coordination

...our findings for a situation without climate change:

treating the oil resource or the knowledge stock as a common pool resource
has a similar effect: it intensifies the ToC by promoting early use of oil and
making the transition to renewables more abrupt

...there are situations in which energy demand cannot be met and the
economy suffers from energy shortages.

...with climate change, that is: the atmosphere is treated as a common pool
too,

the situation worsens significantly... with more than 2 or 3 agents, the
scramble for oil intensifies and over-all utility falls with 20-30% as compared
to the cooperative world... energy shortage become more severe as the
transition to renewable energy becomes even more abrupt.

%@'{% Universiteit Utrecht O u ca D



The atmosphere as a commons

* “global optimum”

- perspective of the whole world: emissions cause
global warming and damages -> restrain
emissions such that costs of emissions restraint
smaller than potential damages

* “Nash equilibrium”

— perspective of the selfish actor: every ton of my
emissions cause global warming and some
damages to me -> restrain my emissions such
that costs of restraint smaller than damages that
my emissions will cause to me

Real world? j

(i) agents optimize a country specific utility functi i=U(Cj, Pi), where
the index i specifies the consumption and popyfation in country i. It is
based on regional planning in a competitively managed world.

(ii) agents strife to optimize the world utility function U = U(Pi Cj,Pi Pi).
The latter is based on global planning in a cooperatively managed world

(M ucap

(Brede and De Vries 2009)
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http://www.sustainabilityscience.eu/climex/
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