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How can such behavioural complexity be modelled?

Stated Preferences Revealed Preferences

Income Location

What model can be used?




The Open Source Energy Modelling
System (OSeMOSYS)
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Mark Howells and
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run the OSMOSYS model.
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SOFT (Simple, Open, Free, Transportable)

Being published in the
academic community
this year

Is an optimisation model
using linear

programming

The model was
developed to fill a gap in
the energy modelling
toolkit

Howells et al. (in press), Energy Policy



Aims and Research Questions

AIms:

1. To understand the ‘wider’ rationalities of people’s energy demand

2.

To build a model of London using OSeMOSYS to incorporate behavioural

complexity

Research Questions:

1.
2.
3.

What are the ‘wider’ rationalities of people’s energy demand?

Using intangible costs and benefits, how can these ‘wider’ rationalities be quantified?

How can parameters for intangible costs and intangible benefits be incorporated into
0SeMOSYS?

What are the thresholds for intangible costs and intangible benefits at which lower carbon
demand-side technologies are taken up in London and how does this vary by region based

on income and location?

Broader aim: to bring together the disciplines of behavioural economics and energy system modelling



Methodology

0SeMOSYS model used

Positivism Research

Two new parameters added: Intangible philosophy
Deductive
Costs and Intangible Benefits
Experiment Research
approaches

Upstream simplified to allow complex Survey
Cross

sectional

demand side (memory limit)

Case

Sampling
Secondary data <&

Research

20 demand side technologies modelled Observation Bl strategies
Interviews Grounded
. . . . Questionnaires th
3 main demand sectors: residential heating, ” P -
ongitudinal )
Ethnography Time

lighting and (car) transport ” horizons
ction
research

Case study: London

Inductive
Data collection

methods

4 agglomerated London regions split by the
Interpretivism

two proxies: income (£25,900/year threshold
and location (inner and outer Boroughs) Saunders et al. (2003), Research Process ‘Onion’

Initial intangible costs and benefits calculated through judgement and personal intangible values based on
productive time lost or gained

12 model runs varying the values for intangible costs and benefits — impact on uptake of technologies

Secondary energy demand data used from the GLA and ONS



London Case Study — four agglomerated regions
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LONDON MODEL

REGION

Central_Poor

Suburban_Poor

Central_Rich

Suburban_Poor

DEMAND SECTOR

DEMAND
Technologies

Residential Lighting

Incandescent
Fluorescent
Solar PV

Residential Heating

Cavity Wall Insulation

Loft Insulation

Electric Boiler
Diesel Boiler
Condensing Boiler
Non-Condensing Boiler
Micro-CHP (3:1)
Micro-CHP (1:1)
Solar Thermal
Ground Source Heat Pump
Air Source Heat Pump

Double Glazing

UPSTREAM FUEL
Technologies
Electricity
I
Coal Plant Coal
Nuclear Plant Uranium
Hydro Plant River
Oil Plant 0]]
I
Import Diesel Oil Refinery
Import Petrol
Import Coal :
Import Oil Conservation
Import Uranium
Import Gas Solar
Pumped Storage Storage

Residential Transport

Petrol Car (>100 gCO2/km)
Diesel Car

Petrol Car (<100 gCO2/km)
Electric Car
Hybrid Car




Equations used?

Intangible Costs/Benefits Calculations — Productive time lost/gained:

Time (hours) x Average Hourly Wage for Region = Intangible Costs/Benefits (£)
Intangible Costs/Benefits (£) / 24,000 kWh = Intangible Costs/Benefits (£/kWh)
(Then convert to £m/PJ)

Intangible Costs/Benefits Incorporation — Model File

DiscountinglntangibleCosts{y in YEAR, t in TECHNOLOGY, r in REGION}:
IntangibleCostsly,t,r]/((1+DiscountRate[t,r])*(y-StartYear)) = DiscountedIntangibleCosts|[y,t,r]

DiscountinglntangibleBenefits{y in YEAR, t in TECHNOLOGY, r in REGION}:
IntangibleBenefits[y,t,r]/((1+DiscountRate[t,r])*(y-StartYear)) = DiscountedintangibleBenefits[y,t,r]

TotalDiscountedCostByTechnology{y in YEAR, t in TECHNOLOGY, r in REGION}:
DiscountedOperatingCost[y,t,r]+(DiscountedCapitalinvestment[y,t,r]+Discountedintangible Costs[y
.t,r])-DiscountedIntangibleBenefits[y,t,r] = TotalDiscountedCost[y,t,r]
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set FUEL; #
set EMISSION; #
#56T MODE, OF,OPERATICIN' param  AnnualExogenousEmission default 0 = H
set REGION; param AnnualemissionLimit default 9999 = H
set BOUNDARY INSTANCES; param ModelPeriodExogenousEmission default O = H
SeT STORAGE; param ModelperiodemissionLimit defau'lt 9999 1= H
# param storageupperLimit default i=;
param StorageLowerLimit default O i=;
# Parameters # #
set EMISSION 1= coz2
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var RateofDemand{y in_YEAR,T in TIMESLICE, f ot TEmice ione F T
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param Accumu'latedAnnua'IDemand{}/ in YEAR f in Generating E8_Mode 1PeriodEmiss ionsLimit - : ?AM =
BEERERREE Technology Model has been s qcessfully generated DAM _
# iglp_simplex: original LP has 384841 wrows. columns, 1287672 non—zeros 1
EEgEEEnLy Performance g 1p "1I1'Iple)(- presoluved LP has 33352 rows. columns, 324872 non—=zeros DAM -
# 1
param capac-lt%ToAct-lv-ltyumt{t in TECHNOLOGY, = 8.3380e—@A2 maxiai = 3.156e+@@1 ratio = 3.78%e-+082 DAM i=
param TechwithCapacityNeededToMeetPeakTs{t in 5.372e-881 maxiai 1.86le+88B ratio = 3.465e+880 1 H
param CapacityFactor{y in YEAR, T in TECHNOLO! 2.886e—881 mnaxiai 1.8688e+888 ratio = 3.465e+880
param Ava'l'lab'l'l'l%yl:gcgor{y in YEAR t in TECH default 0 =
param operationalLife{t in TECHNOLOGY, r in R Cize of tl‘langulal‘ part = 32932 H DAM =
paran residuslcapacioyly Jn yeaR: T 10 esie 0 0.0Bo00n0GEC 1080  infeas - 3.832c:008 C420) e o
P 9 ¥ ’ 0.0000ANAAAe +AA@ infeas = 2.773e+@08 (420D = i
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Model Runs?

First runs: impact of intangible values
1. Without intangible costs or benefits
2. With default values for intangible costs and benefits

Second runs: impact of increasing intangible values

o0k wWNE

Third runs: impact of decreasing intangible values
1.
2. Intangible benefits halved (default intangible costs)

3.

4. Intangible benefits doubled and intangible costs halved

Intangible costs x2 (default intangible benefits)
Intangible costs x 5 (default intangible benefits)
Intangible costs x10 (zero intangible benefits)
Intangible benefits x2 (default intangible benefits)
Intangible benefits x 5 (default intangible benefits)
Intangible benefits x10 (zero intangible benefits)

Intangible costs halved (default intangible benefits)

Intangible costs doubled and intangible benefits halved

and exploring thresholds
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Second Runs Intangible Costs x5
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> Intangible Benefits x2

m Central Poor

2010 Total Capacity (PJ)

® Suburban Poor
Central Rich
B Suburban Rich

Technology

Uptake of some low carbon technologies occurs
when the intangible benefits are doubled

What impact would increasing the intangible benefits
while decreasing the intangible costs have?




Third Runs

Higher total capacity from low
carbon technologies than without
halving the intangible costs

Some capacity from Solar PV,
Electric Cars, Petrol Cars (<100
gCO2/km) and Cavity Wall Insulation
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Intangible Costs x0.5

- :é /
a Q.
> g8
g 8
T Q
© % — La [ II n = Central Poor
©
o QA& COCaT O s Suburban Poor
= ¢ S &P PSP S ® .
= SO PN N ORI, Central Rich
= &P P LA N Q7Y 3 X
P (-oo\ & o SOK *o‘\\& & S’J _
NG OE O’éc/;z'r‘/ Q\*Os{\/%\/\so\e’ ® Suburban Rich
Q> Vo
S & &7
7 &

Technology

Intangible Benefits x2 and
Intangible Costs x0.5
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Large penetration from Solar Thermal

Policies that can reduce the
intangible costs and increase the
intangible benefits are likely to be

more cost-effective than simply
subsidising technologies




Conclusion and Further Work:

0OSeMOSYS is a useful and accessible tool
Intangible Costs and Benefits can be calculated as
a function of productive time lost or gained

My approach is new and works, but it is subjective
(also, issues with calculating intangible benefits)
Subjectivity can be overcome through stated or
revealed preferences

Further behavioural complexity can be modelled

through private discount rates and heterogeneity




