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The problem...??
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Scientists need complicatec
and advanced computer tool
and models!

The scientific society (ie.
Editors and reviewers) request
validation!
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Case: The EnergyPLAN mo

ENERSY

S today...

Problem: How to validate such aymodel..??

A User's Guide to EnergyPLAN
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Advanced energy
system analysis
computer model

EnergyPLAN

Achanca Energy Sysiems Aniyss Computne Model

Getstarted  Training  FAQs  Case Studies

Documenttion Version 11.0
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Energy City Frederikshavn - A
100% Renewable Energy
Scenario for the Town of
Frederikshavn

i

In‘this project, scenarios were developed for a transition
of the Danish city Frederikshavn to become 100%
fuelled by renewable energy sources. The project
investigated the potential of locally avatabie renewabie
energy sources, the possible technol
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Workshops

Read about upcoming
EnergyPLAN workshops
here.

Department of Development and Planning, Aslborg University

Home = Download * About * Contact

Forum  Theory  Other Tools

Benefits
* Free of charge

* Accoss 10 network of global
users.

* User-triendly and very fast for
normal PC

* Detailed hourly analyses of a
complete energy system

= Easy access 1o library of hourly
data

= Long list of case studies from
various countries

* Free online training, guides, and
documentation
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Background:

Validation in Simulation: Various Positions
in the Philosophy of Science

ndorfer = Liam O'Neill «+ Ram Ganeshan

# 1650

The role of Carbon Capture and Storage in a future sustainable energy system

Hensik Lund **, Brian Vad M

George B. Kleindorfer, Liam O'Neill, Ram Ganeshan.
Validation of Simulation: Various Positions in the Philosophy
of Science. Management Science 1998;44(8):1087-1099.
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..... The validation
problem in simulation is
explicit recognition that
simulation models are like
miniature scientific
theories....”

..... How can we infer from
our observations
(experience) of a system
that the model we produce
captures its essential
structure and parameters?
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Validation in Simulation: Various Positions
in the Philosophy of Science

George B. Kleindorfer « Liam O'Neill « Ram Ganeshan
303 Beam Building, The Penmsylouria State University, University Park, Pennsylvanie 16802-1913
Hoalth Management and Policy, 2700 Steindier Bulding. University of lona, boens City, lowon 522421008
QAOM Depertment, University of Cincinnati, Cincinmabi, Okio 45221-0730

“1 don't e hove finite huaan beings can have amy apinion whther
they have struck bottom oe are on some transitory platform.”
—=DOliver Wendell Holmes, Jr.
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be. Epistemically, the approaches one finds in the simulation literature run the gamut llnm
objectivist 10 relativist with shades in between. At present in the philcsophy of science, there
appears 1o be a convergence toward & nonalgorithmic but discursive and nonrelativistic view
of the azgumentation involved in warranting scientific theorizing. The present paper attempts

o give a description of the various philosophical positions as well s to summarize their prob-
lems and the kinds of mdmmmudwywﬂdmdmkmmm at defensible
simulation models. From the debate, we.
1o puriue a vm-dmnhpprondmm Mmoﬂhmh dmuhedhudmdmmgml

andety.,

ﬂ‘mmmmmmmpfmm mmhmmmwﬂym
professionally argue for the warrant of the model.

(Simulation; Validation; Philosophy of Science; Hermeneutics )

1. Introduction induded in most simulation textbooks (e.g., Law and
The word “simulate” means to bulld a likeness, and, as  Kelton 1991), and thelr oft-<ited positions have come to
such, the question of the accuracy of that likeness s be called the “historical” approaches to validation (Sar-
never far behind. The validation problem (n simulation ot 1992), We would ike o ceviit this subject. In our
& s deka arelie

minjature sckentific theories. Each of them is & set of Mﬁmmhmdmdhmpm
propasitions about how & particular o lems 3

service system works. As such, the warrant we give for We hwlmmh earthquakes and volca-
these models can be discussed in the same terme that  noes are caused by the movement of massive continen-
‘we use in sclenvific theorizing in general tal plates beneath the earth's mﬁ.- One cannot make

philosophical positions on which they based a proce-  ing of plate tectonics. Similarly, one cannot make sense
dure for validating simulation medels. Their multi-  of the curtent debate regarding validation in simula-
stage, I

tion without a basic understanding of the weighty
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ODbjectivism versus relativism

 Extreme objectivist beNeves that model
validation can be divorced\from the model
builder and its context. Validation is an
algorithmic process which is Rot open to
Interpretation or debate
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« Extreme relativist believes that\the model E=———
and model builder are inseparabl
validation is a matter of opinion
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The courthouse metaphor

 The prosecutor does not\have to prove the guilt in
any foundationalist senseYut rather ”beyond
reasonable doubt”

 "The model builder would be frge to establish and
Increase the credibility of the madel through any
reasonable means. This process\would also involve

other stakeholders, such as mode\ users and [z
referees of journal articles” "
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"Reasonable mean

Purpose becomes an essegntial benchmark

e ... model of part of the worl
that is “captures its essential
parameters?”....

« ....things like choices, structure,\limi

should be measured against the purpose...
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0. State purpose

* |In the case of the CCS-study: The purpose of the
model has been to calculate\the consequences of
adding a certain technology (&CS) to a strategy of
transforming the present energy system intg a
future sustainable energy syste

* |n general: To assist in the design of national or
regional energy strategies — in a situation/in which
radical technological change is in questign.
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Some reflections

reference

e The model should be able to anal
change

feasibility studies and the design of public regulation measures
based on concrete institutional economycs

 The model including methodology and rasults should be
communicative

 Be able to explore a wide range of future

calculation)
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1. Cheice of mode

es It work?

o Description of model. How

 Why did I chose and/or develop‘this model jn this
way?

e How does this model relate to other\similar
models....!
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Tools versus Models

1. The terminology “tool” is used for e.g. energy system
analysis computer tools such\as EnergyPLAN,

2. while the terminology “model” is\used for description
of a certain energy system by use of the tool.

Sometimes the tool and the model\is/the same..!
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Definitions

-

. A simulation tool simulates the operation of a given energy-system to supply a
given set of energy demands. Typically a simulation tool is operated in hourly
time-steps over a one-year time-period.

2. A scenario tool usually combines a series of years into a long-term scenatrio.
Typically scenario tools function in time-steps Qf 1 year and combine slich
annual results into a scenario of typically 20-50\years.

3. An equilibrium tool seeks to explain the behaviour §f supply, demand, gnd prices
in a whole economy or part of an economy (genergl or partial) with sgveral or
many markets. It is often assumed that agents are Rgrice takers and that
equilibrium can be identified.

4. A top-down tool is a macroeconomic tool using general\macroeconorjic data to
determine growth in energy prices and demands. Typigally top-dowh tools are
also equilibrium tools (see 3).

5. A bottom-up tool identifies and analyses the specific energy technolpgies and
thereby identifies investment options and alternatives.

6. Operation optimisation tools optimise the operation of a given energy-system.
Typically operation optimisation tools are also simulation tqols (see 1)
optimising the operation of a given system.

7. Investment optimisation tools optimise the investments in an enefgy-system.
Typically optimisation tools are also scenario tools (see 2) optimising
investments in new energy stations and technologies.
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cumentation
and proven ability

Written documentation of
well as a user guide).

e model exists. (gs

A rather substantial group of users exists (3800
downloads - response and questions fromjtime
to time)

The model has proven its ability to ganalys
national energy systems in among others
Denmark, Romania, Ireland and China as well on
the analysis of different technologies re than

20 journal papers)
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3. Data quality

* Modelling of the existing Ranish energy system as
well as the possible future sustainable system is
based on IDA energy/climate\year process.
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* The results of the existing system any
scenario is calibrated against statisticg
data and the DEA reference scenario.
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4. Description of CGS
technolagy or simil

CCS description based on the same expert input
as in the case of the other tecknologies in th
scenario

Input for the future scenario create
among a number of experts within the Danish
Society of Engineers (IDA).
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- E Get started 9 Theory  Other Tools
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review of computer tools for analysing the integration
of renewable energy into various energy systems.
Applied Energy 2010;87(4):1059-1082.
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