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Abstract

The research explores how the ‘wider’ rationalities of people’s behaviour with regards
to purchasing low carbon technologies can be incorporated into the Open Source
Energy Modelling System (OSeMOSYS). People are strongly influenced by factors
other than the upfront costs, such as hassle, habits, peers and time for information
searching. However, few attempts have been made to include intangible costs and
benefits as parameters in energy-economy models.

The research uses income and location as proxies to make assumptions about how
people in four different agglomerated London regions might behave in meeting their
energy demands. Intangible values are initially calculated based on costing people’s
time and then varied in 0OSeMOSYS. When the intangible costs are halved and/or the
benefits are doubled, thresholds are reached at which low carbon technologies begin
to penetrate through for the modelled demands: heating, lighting and transport,
indicating the importance for policy of engaging with ‘wider’ rationalities.

Keywords: Intangible Costs/Benefits, Energy-Economy Modelling, OSeMOSYS,
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Introduction

A wealth of research from the fields of Behavioural Economics and Environmental
Psychology are challenging the view that people act rationally with regards to
purchasing low carbon technologies (for example, Whitmarsh, 2011; Black et al.,
1985; Stern, 1986; Wilson and Dowlatabadi, 2007). People are often influenced by
peers, hassle, habits, status and time for information searching. However, most
energy-economy models assume that people are rational and if the upfront costs are
reduced, people will obtain the technologies (Sanstad and Howarth, 1994). Hence,
there is scope to research how such models can better incorporate the ‘wider’
rationalities of people’s behaviour. This is particularly useful for aiding policy
decisions as neo-classical assumptions tend to assume that simply subsidising
technologies will increase their uptake.

Few attempts have been made to quantify intangible costs, such as hassle, or
intangible benefits, such as the ‘feel-good’ factor. Pioneering examples include
Kanala (2010) with the Socio-MARKAL energy model and Rivers and Jaccard (2005)
with the CIMS energy model. Rivers and Jaccard (2005) notably related private
discount rates, heterogeneity and intangible costs as behavioural parameters, using
discrete choice surveys of industry to obtain data. However, stated or revealed
preference surveys do not allow different types of intangible costs to be broken out,
such as the influence of hassle in comparison to time for information searching.


http://nceub.org.uk/

Methodology

The research proposes a complementary approach to the CIMS modellers by using
income and location (particularly in terms of available infrastructure) as proxies to
build up values for intangible factors. Both these aspects have been shown to have
some influence over domestic energy use (Joyeux and Ripple, 2007; Parker et al.,
2005; Hatton et al., 2009). London is used as a case study with energy consumption
data for each Borough taken from the Greater London Authority (GLA). These are
agglomerated into four regions: Suburban Poor (197.4 PJ), Central Poor (59.0 PJ),
Central Rich (30.7 PJ) and Suburban Rich (9.6 PJ). The income threshold is £25,900
(annual median income for the UK — ONS ASHE, 2010) and the definition of a
central and suburban Borough is taken from the GLA.

The calculations for intangible costs and benefits are based on the productive time lost
or gained by an individual using the median hourly wage of each London Borough
(agglomerated into the four regions) and the number of hours involved in some of the
more influential intangibles: information searching, hassle and the ‘feel-good’ factor.
Hence the following two-part equation is used:

1. Time (hours) x Average Hourly Wage for Region = Intangible Costs/Benefits (£)
2. Intangible Costs/Benefits (£) / 24,000 kWh = Intangible Costs/Benefits (E/kWh)

24,000 kWh is the average energy consumption of a UK household (EST, 2011). The
resulting figure in £/kWh needs to be converted into £m/PJ to be consistent with the
other costing parameters in OSeMOSY'S, such as capital and operational costs.

0SeMOSYS

0OSeMOSYS is a cost-optimisation model and has recently been introduced into the
academic community. It fills a gap in the modelling toolkit as it is simple to use (has
a short learning curve), it can be downloaded for free online (thus not requiring
expensive licenses), it can be easily edited for a wide range of applications and it is a
good educational tool for introducing students to energy system modelling (Howells
etal., 2011). For these reasons the model was chosen for this research.

The simplicity of the model means that the data files cannot exceed the memory limit.
Hence, in order to have a complex demand-side, the supply-side has to be simplified.
Due to the majority of energy production occurring outside of London, it could be
assumed that most of the energy is imported (although OSeMOSYS requires some
level of energy supply production to be present in the system). The parameters for
storage, reserve margins, salvage factors and renewable energy targets were removed
and two new parameters for intangible costs and intangible benefits were added to the
equation for the total discounted cost of a technology:

TCJ' = MCj + (CCJ + |CJ) — |Bj

Where:

TC; = Total discounted cost of technology ;
MC; = operational cost of technology ;

CC; = capital cost of technology j

IC; = intangible cost of technology ;

IB; = intangible benefit of technology ;



The memory limit prevented the modelling of all 32 London Boroughs, justifying
their agglomeration into four larger regions.

Results

Eleven model runs were undertaken, split into four parts. The first part looked at the
influence of intangible values on the selection of various technologies to meet
residential heating, lighting and transport demands in the four regions. The second
part increased the values for intangible costs by factors of two and five and then did
the same for intangible benefits. The third part halved the initial values for both
parameters. The fourth part explored thresholds at which low carbon technologies
began to make a small contribution to meeting energy demands.

In the model, the following technologies (both conventional and low carbon) were
included:

Heating and Conservation: Condensing Boiler, Non-Condensing Boiler, Diesel
Boiler, Micro-CHP, Electric Boiler, Air Source Heat Pump, Ground Source Heat
Pump, Solar Thermal, Loft Insulation, Cavity Wall Insulation, Double Glazing
Lighting: Fluorescent, Incandescent, Solar PV

Car Transport: Electric Car, Hybrid Car, Diesel Car, Petrol Car (< and >100gCO,/km)

In all the model runs, condensing boilers dominate for heating, fluorescents are
chosen for lighting and petrol cars of <100 gCO,/km are selected for transport. When
the default intangible values are added, electric and hybrid cars begin to be selected at
a very small capacity (0.001-0.002 PJ). Increasing the intangible benefits (by a factor
of two or five) or halving the intangible costs increases the number of low carbon
technologies that begin to cross this threshold, but the capacities do not go beyond
~0.04 PJ. Increasing the intangible costs (or halving the intangible benefits) removes
these small penetrations. This equates to people valuing their leisure time more
highly than their average hourly wage.

As the rich regions have higher average hourly wages equivalent, the assumption in
the model is that they would place higher values on their leisure time than that of the
poor regions. Thus, they have higher intangible costs. However, as they are often
driven by factors beyond everyday necessities (contrary to the poor regions), such as
status and fashion, their intangible benefits are also higher. As the rich regions often
contain better educated people with access to the required resources (such as
information and capital), it is assumed that the uptake of low carbon technologies
would be greater there. In the Central Rich region it is also assumed that people have
less time due to being more career-focussed, and hence are more likely to accept
paying the (higher) bills that they are used to paying (making the presumption that the
more efficient technologies would reduce their energy costs).

When the intangible benefits are doubled and the intangible costs are halved
thresholds for most of the modelled low carbon technologies are reached, as shown in
figure 1. However, they only contribute ~0.0001-0.01 PJ to meeting demands. It is
likely that the method used to quantify intangible factors in this research concentrated
too much on some factors, such as hassle and information searching, and not enough
on how to incorporate other ‘wider’ rationalities, such as convenience, trust and the
influence of strong and weak ties (Granovetter, 1973; Johnson-Brown and Reingren,



1987), which cannot effectively be converted into time costs. Thus, the intangible
values are possibly too low and could explain the dominance of certain technologies
and the low uptake of lower carbon alternatives.

0.015
——
=
o
— I
g 001
‘9
1}
o
[1-}
(®]
EO.OOS
[
B Central Poor
0 T T T T T T T T T T Suburban Poor
e - - H o oFg > 5 s £ E B CCo®
2222 VJEEEESSE=88 8¢
O O O o S 3 | Tl N T e e Ny i
2, ml 2 2 ol o n_l °‘|.°;:Ij 5 5 o 8 8 - :_; :_; ,_wu Central Rich
— I I o v = = ;
2P EEGOEETIALT 22S L L ) mSuburbanRich
T 282 ook DEEEIt'—'E
ED — | - i |
=" 83288 448 55 <SS3
cc==2 8 I |D
o o 3 3 & ®© =
o0 Q O UU =
c! o) ! z
—_ 1]
=) - = o 2 (@]
: =
= :d: 55
o o &
G]
Technology

Figure 1: the results for residential heating, conservation and car transport from
doubling the intangible benefits and halving the intangible costs (condensing boilers
and petrol cars of <100 gCO,/km have much larger capacities of ~4.3-104.6 PJ)

There are few regional differences except that cavity wall insulation is not chosen in
the Central Rich region. This is possibly due to its much higher intangible cost (£0.92
million/PJ) in comparison to the other regions (~£0.06-0.08 million/PJ). The few
regional differences could either reflect reality or indicate that a greater number of
proxies are needed to calculate differences in the intangible values between regions.

Discussion

The model appears to be equally sensitive to changing the intangible costs as the
benefits, and if the initial benefits values are doubled whilst those for the costs are
halved, a threshold is reached in which many of the modelled low carbon technologies
begin to make some small contribution (~0.0001-0.04 PJ) to meeting demands in the
regions. However, in all the model runs, condensing boilers dominate for heating,
fluorescents for lighting and petrol cars of <100 gCO,/km for car transport.

When the regional differences are looked at in more depth in terms of income, the rich
regions have higher installed capacities of the eight low carbon technologies
penetrating through in figure 1. This could be due to the people having more time and
access to the relevant resources (such as information and capital). In terms of
location, it is clear that infrastructure, especially for the transport technologies (such
as limited electric car charging points in the suburban regions), has a much smaller



influence than income. The rich regions have a higher total installed capacity and
thus, income is the proxy with the greater influence in the model.

Due to the timeframes of the project, private discount rates and heterogeneity were
not modelled and should be included in further research to allow comparisons to be
made between the sensitivity of the model to different behavioural parameters. In an
extended project, the calculations for the intangible factors could also be validated by
undertaking stated or revealed preference surveys of people in each region.
Furthermore, modelling each London Borough rather than agglomerating them into
four regions would give a more representative model of London. However, the
memory limit of OSeMOSYS would be exceeded so using a more complex model
would also allow the methodology to be applied to another energy-economy model.

The proposed approach is effective at quantifying some of the more influential
intangible costs, such as hassle and the time spent searching for information, but is
less useful for quantifying other factors like the influence of peers and aesthetics,
which are difficult to effectively convert to time costs. Furthermore, the approach is
weak at calculating intangible benefits, as it suffers from similar issues in trying to
convert some intangible factors into time values. However, very few attempts have
been made to incorporate intangible benefits into energy-economy models.

Conclusions

The research had two main aims: firstly, to understand the ‘wider’ rationalities of
people’s energy demand, and secondly, to build a model of London with OSeMOSYS
to incorporate such behavioural complexity.

There is a growing body of literature showing that people do not make decisions
solely on the upfront costs of a given technology. People exhibit ‘wider’ rationalities
such as being influenced by peers, habits and hassle. This research particularly
concentrates on the latter when quantifying intangible costs, which is done by costing
time as a function of productive time lost using average hourly wages. People value
their leisure time differently and this is reflected in the model runs by varying the
intangible values. Thus, income is used as a proxy, and a model of London is
produced to show how it affects the uptake of low carbon technologies in four
agglomerated regions. Location is also used as a proxy (mainly infrastructural issues
between the suburban and central regions for electric cars and Ground Source Heat
Pumps) though it was found that income played the more important factor.

In all eleven model runs, condensing boilers dominate for heating, fluorescents for
lighting and petrol cars of <100 gCO,/km for car transport. When the intangible
benefits are doubled and the costs are halved thresholds for most of the low carbon
technologies are reached. Thus, policies that go beyond simply subsidising the capital
costs of low carbon technologies to also finding ways to reduce the intangible costs
and increase the benefits (such as through marketing campaigns) will be more (cost)-
effective at encouraging uptake. As with the other model runs where thresholds are
observed, these technologies only contribute ~0.0001-0.01 PJ. Hence, it is likely that
other parts of the total discounted cost equation, such as the capital costs, still play an
important role in determining the choice of technologies.



There are few regional differences with the uptake of technologies except that cavity
wall insulation is not chosen in the Central Rich region. This is mainly due to its
much higher intangible cost in comparison to the other regions. As its capital cost is
similar to that of loft insulation, which was taken up in all four regions, it is less likely
to be the determining factor, highlighting the importance of intangible factors.
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