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…or “Why aren’t people rational with energy efficien cy 
purchases and how can models capture this?!”



‘Wider’ 

HASSLE FASHION

ETHICSPRIORITIES

INTRUSION

AESTHETICS

FAMILIARITY

STATUS

INFORMATION

‘Wider’ 
Rationalities

TRUST

CASH-FLOW 
TIMING

INFLUENCE OF 
NEIGHBOURS

TIME

SOCIAL 
NORMS

INFLUENCE 
OF PEERS

SHORT-TERM 
DECISION-

MAKING

FAMILIARITY

HABITS

SAVINGS/PAYBACK 
UNCERTAINTY



How can such behavioural complexity be modelled?

Stated Preferences Revealed Preferences

A third way? –

Use Proxies

Income Location

What model can be used?

Use Proxies



The Open Source Energy Modelling 
System (OSeMOSYS)

Developed in 2009 by 
Mark Howells and 

colleagues at the IAEA

Being published in the 
academic community 

http://osmosys.yolasite.com

academic community 
this year

The model was 
developed to fill a gap in 

the energy modelling 
toolkit

SOFT (Simple, Open, Free, Transportable)
Howells et al. (in press), Energy Policy

Is an optimisation model 
using linear 

programming



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:Research Questions:

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

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

3. How can parameters for intangible costs and intangible benefits be incorporated into 

OSeMOSYS?

4. 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
• OSeMOSYS model used

• Two new parameters added: Intangible

Costs and Intangible Benefits

• Upstream simplified to allow complex

demand side (memory limit)

• 20 demand side technologies modelled

• 3 main demand sectors: residential heating,

lighting and (car) transport

• Case study: London

• 4 agglomerated London regions split by the

two proxies: income (£25,900/year threshold)

and location (inner and outer Boroughs)

• 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

Saunders et al. (2003), Research Process ‘Onion’



London Case Study – four agglomerated regions

Suburban 
PoorCentral 

Rich

Suburban 
Rich Central 

Poor



UPSTREAM 
Technologies

FUEL DEMAND SECTOR DEMAND 
Technologies

REGION

LONDON MODEL

Central_Poor Suburban_Poor Central_Rich Suburban_Poor

Electricity

Coal Plant
Nuclear Plant
Hydro Plant

Oil Plant

Pumped Storage

Coal
Uranium

River

Conservation

Solar

Oil

Residential Lighting

Residential Heating

Residential Transport

Incandescent
Fluorescent

Solar PV

Loft Insulation
Cavity Wall Insulation

Double Glazing

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

Petrol Car (>100 gCO2/km)
Diesel Car

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

Storage

Import Diesel
Import Petrol
Import Coal
Import Oil

Import Uranium
Import Gas

Oil Refinery



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 FileIntangible Costs/Benefits Incorporation – Model File

DiscountingIntangibleCosts{y in YEAR, t in TECHNOLOGY, r in REGION}: 
IntangibleCosts[y,t,r]/((1+DiscountRate[t,r])^(y-StartYear)) = DiscountedIntangibleCosts[y,t,r]

DiscountingIntangibleBenefits{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]+DiscountedIntangibleCosts[y
,t,r])-DiscountedIntangibleBenefits[y,t,r] = TotalDiscountedCost[y,t,r]
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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
1. Intangible costs x2 (default intangible benefits)
2. Intangible costs x 5 (default intangible benefits)
3. Intangible costs x10 (zero intangible benefits)3. Intangible costs x10 (zero intangible benefits)
4. Intangible benefits x2 (default intangible benefits)
5. Intangible benefits x 5 (default intangible benefits)
6. Intangible benefits x10 (zero intangible benefits)

Third runs: impact of decreasing intangible values and exploring thresholds
1. Intangible costs halved (default intangible benefits)
2. Intangible benefits halved (default intangible costs)
3. Intangible costs doubled and intangible benefits halved
4. Intangible benefits doubled and intangible costs halved
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Little difference when default 
values for intangibles are added

First Runs
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What impact would increasing 
the intangible values have?
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Second Runs

Model less sensitive to intangible 
costs than intangible benefits

Technology
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So far:
Heating: Non-condensing boilers
Lighting: Fluorescent
Transport: Petrol cars (>100 gCO2/km)

However…
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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?
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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

Technology
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Policies that can reduce the 
intangible costs and increase the 
intangible benefits are likely to be 
more cost-effective than simply 

subsidising technologies

Large penetration from Solar Thermal



Conclusion and Further Work:

• OSeMOSYS 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)(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


