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Abstract 

Carefully planning the future of the building sector is key to mitigate greenhouse gas (GHG) 

emissions. The largest contributor of the building sector to GHG emissions is the energy used 

for space and water heating. Therefore, information on its possible future evolutions can be 

very valuable. Future scenarios can be used to investigate the behaviour of existing data into 

the future. Here, electricity demand data are projected into four distinct futures of the 

household's use of electric heating systems. These projections offer, however, only partial 

information about the possible evolutions of the residential energy demand, as they account 

only for changes in the type of heating systems used. This information could, together with a 

range of other projections, be used to improve the planning of the future residential sector. 
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Abbreviations: 

GHG GreenHouse Gas 

DRC Designing Resilient Cities 

NSP New Sustainability Paradise 

PR Policy Reform 

MF Market Forces 

1. Introduction

There exists consensus in the scientific community on the fact that climate change is human-

made and driven by greenhouse gases (GHG) (Cook et al., 2016). The International Energy

Agency estimates that the building sector needs to reduce its carbon dioxide emissions by

77% compared to the 2013 baseline in order to achieve the goal to limit the temperature rise

to 2ºC (IEA, 2013). The UK has recently committed to net zero carbon emissions by 2050

(HM UK Parliament, 2019) and it recognises that the built environment plays a crucial role in

achieving this target (Department of Energy and Climate Change, 2009).

Space heating is the largest contributor to household energy demand by far. Together with 

water heating —the second largest slice— in 2011 they accounted for around 80% of the UK 

household energy demand (Palmer and Cooper, 2013). Therefore, the number of dwellings 

using electric heating has a huge impact in the electricity network's load. Besides, the energy 

source used for heating by the vast majority of homes in the UK (more than 80%) is gas. Most 

of the non-gas energy used for heating, as well as virtually all the energy used for non-

heating-related purposes in UK households, is electricity (Ofgem, 2015) —of which 42.7% of 

its 2019 generation was by means of fossil fuels, mostly gas (BEIS, 2019). Therefore, these 

two sources of energy account for almost all the energy used in UK households. 

Therefore, carefully planning the future of the building sector, and especially that of the 

heating systems they use, is key to mitigate greenhouse gas emissions and to ensure the 

resilience of the energy network systems that provide them. 

However, development does not follow a linear path, which renders it impossible to predict 

the future (Schwartz, 2012). If uncertainty is not taken into account in its design phase, a 

seemingly appropriate solution may stop delivering its advantages within its life-time if the 

future is different than anticipated. Scenario analysis can help avoid assets growing stranded 

and resources being lost by portraying a range of possible futures against which to test any 

design (Banchs-Piqué et al., 2020; Hunt et al., 2012; Lombardi et al., 2012). If a solution 

delivers its intended benefits in a wide range of sufficiently distinct future scenarios which 

extend to the extremes of plausibility, one can be confident that the solution is resilient 

(Lombardi et al., 2012). 

One tool which is especially suited to study the future performance of interventions in the 

urban environment and, therefore, in the building sector, is 'Designing Resilient Cities' (DRC) 

(Lombardi et al., 2012). DRC use the 'Urban Futures Method' (Rogers et al., 2012) on 

integrated scenarios —considering major economic, social, cultural, institutional, 

technological and environmental questions at the same time— adapted to urban UK in 2050 

(Boyko et al., 2012; Lombardi et al., 2012; Rogers et al., 2012). These scenarios are based on 

those developed by the Global Scenarios Group, which are explorative scenarios covering a 

broad range of distinct futures (Raskin, Electris and Rosen, 2010). They are logical and 

plausible evolutions from the world today and are internally consistent (Gallopin et al., 1997). 
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The projection of micro-data into scenarios is not common although a method to do this is 

under development by the authors of this paper. The core of this method are ratio-weighted 

sums of the average energy demand of different groups of a household population. The 

groups are defined so that all the households in one group share the same (or similar) features 

according to a given variable; for example, for the variable income, households could be 

grouped by social class, or for the variable household size, households would be grouped 

according to the number of people forming the household. Knowing the household average 

energy demand and the household population ratio of each group, it is trivial to obtain the 

total average energy demand per household —summation of the products 'average energy 

demand per household' times 'ratio' of each household group. For a known data set, these 

values are, of course, known or easy to find. However, it is in principle unknown how these 

values could change in the future.  

The key point of the projection method is that different variables are projected separately. 

This means that only the projected variable varies in each projection while the others are kept 

constant. Therefore, as the characteristics related to the given variable are constant within 

each group, there is nothing related to their energy demand that changes for the group. And 

so, the average energy demand of each group can be considered constant, which implies that 

only the relative ratio of the groups may change in a projection. Then, it follows that if the 

characteristics of a future scenario allow for the determination of the ratio of each group, one 

can obtain the average energy demand of any known data in that scenario. Note again that 

such projections take only into account the changes introduced by the evolution of the given 

variable. This method, thus, allows to obtain an approximation to the average energy demand 

in a scenario only by evaluating the ratio of each group in that scenario. To obtain a more 

complete picture, projections of other relevant variables can be calculated. 

This method can be used with scenarios described by a set of indicators of which at least 

some are related to the data intended to be projected. The data must include enough relevant 

metadata related to these indicators (so that the data can be sorted in groups) and the scenarios 

cannot be too disruptive (they cannot introduce new groups or behaviours) to be able to obtain 

a projection. This paper provides a case study of the use of this method. The evolution of 

dwelling heating systems is chosen as a case study due to its relevant contribution to the 

building GHG emissions (Palmer and Cooper, 2013). As a result, information on its future 

evolutions can be very valuable and could be used to improve the planning of the future 

residential sector and the energy networks that supply it. The projections obtained with this 

method do not take into account any technological progress or any other future feature which 

is not conveyed by the scenarios. Additionally, the projection of dwelling heating systems is 

partial, as residential energy demand depends on many other variables (other than the heating 

system used by the dwellings) which may vary differently in the future scenarios. 

 

2. Data, scenarios and projections method 

The data used for this case study are the household data obtained for the CER Smart Metering 

Project - Electricity Customer Behaviour Trial (CER, 2012). This trial took place between 

July 14 2009 and Dec 31 2010, and contains the power consumption data (in 30-minute 

intervals) and the answers to a pre- and a post-trial survey for around 3500 households in 

Ireland. The surveys convey information on the demographics of the households, which 

includes information about the heating systems they use. The answers of the pre-trial survey 

have been used as metadata to form the groups of households. 
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The scenarios where these data are projected are the ones developed by DRC (Lombardi et 

al., 2012) and adapted by Banchs-Piqué et al. (2020). Their names, which give a good idea of 

their characteristics, are New Sustainability Paradigm (NSP), Policy Reform (PR), Market 

Forces (MF), and Fortress World (FW). Find a brief description of these scenarios in Table 1 

and a complete one in the book by Lombardi et al. (2012). The characteristics which the 

projections have to follow are these of the indicator Use of electric space (and water) heating 

from the extension of the DRC provided by Banchs-Piqué et al. (2020) and found in Table 2. 

The households of the sample have been sorted according to whether they use electric heating 

(sub-index e) or not (sub-index n) and the expression used to find the projections is the 

following: 

 𝐸𝑆𝑐 = 𝐸e · 𝑓e
𝑆𝑐 + 𝐸𝑛 · 𝑓𝑛

𝑆𝑐 (1) 

Where 𝐸 are average electricity demand per household, 𝑓 ratio of the household group, and 

super-index 𝑆𝑐 indicates scenario. 

 

Table 1: Brief description of the scenarios from Designing Resilient Cities (DRC) (Lombardi 

et al., 2012).  

NSP PR MF FW (rich 35:65 poor) 

An ethos of 'one planet 

living' facilitates a shared 

vision for more sustainable 

living and much improved 

quality of life. New socio-

economic arrangements 

result in changes to the 

character of urban industrial 

civilisation. Local is valued 

but global links also play a 

role. A sustainable and more 

equitable future is emerging 

from new values, a revised 

model of development and 

the active engagement of 

civil society. 

Key driver: Equity and 

sustainability 

Policy Reform depends on 

comprehensive and 

coordinated government 

action for poverty reduction 

and environmental 

sustainability, negating 

trends toward high inequity. 

The values of consumerism 

and individualism persist, 

creating a tension with 

policies that prioritise 

sustainability. 

Key driver: Economic 

growth with greater equity 

Market Forces relies on the 

self-correcting logic of 

competitive markets. 

Current demographic, 

economic, environmental, 

and technological trends 

unfold without major 

surprise. Competitive, open 

and integrated markets drive 

world development. Social 

and environmental concerns 

are secondary. 

Key driver: Competitive, 

open global markets 

Powerful individuals, groups 

and organisations develop an 

authoritarian response to the 

threads of resource scarcity 

and social breakdown by 

forming alliances to protect 

their own interests. Security 

and defensibility of 

resources are paramount for 

these privileged rich elites. 

An impoverished majority 

exists outside the fortress. 

Policy and regulations exist 

but enforcement may be 

limited. Armed forces act to 

impose order, protect the 

environment and prevent 

societal collapse. 

Key driver: Protection and 

control of resources. 

 

 

Table 2: Characteristics of indicator Use of electric (and water) heating from Banchs-Piqué 

et al. (2020). 

Metric 

Base (UK 2012) 

NSP PR MF FW 

⇑ 
There is a moderate 

increase in use of 

electric space heating. 

⇑ 
There is an important 

growth in the use of 

electric heating, 

mainly incentivised 

by the government. 

Probably the increase 

is slightly smaller in 

electric water heating 

as technologies as 

solar thermal are 

normally not used for 

space heating. 

⇑ 
There is a slow 

increase in the use of 

electric space and 

water heating systems. 

⇑ | ⇓ 

The general trend is a 

slight decrease in the 

use of electric space 

and water heating 

systems. However, it 

increases within the 

rich.  

% of households 

using electric heating 

 

8.5 % (2.2m 

households) 

 

gas: >80% 

 

other: ~10 % 
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The heating systems used by the households in the data set are very mixed, including a large 

percentage of households using oil and solid heating systems besides electric and gas systems. 

This is not ideal since the scenarios assume only one heating system per household, and 

electric and gas heating systems to be the norm, with the rest being mainly district heating 

which is not represented in the data. As the data projected are electricity demand data, and in 

order to follow the assumptions of the scenarios, the groups used for the projection sort only 

the households exclusively using electric heating systems (61 households, 5.59 % of the sub-

sample), and the households not using electric heating at all (1031 households, 94.41 %). The 

ratios of each group in the data and these obtained for the future scenarios are shown in Table 

3. 

Table 3: Household group ratios in the data set and the future scenarios. 

Group Data NSP PR MF FW (rich | poor) 

Electrical heating 0.06 0.43 0.36 0.20 0.10 (0.22 | 0.03) 

Other heating 0.94 0.57 0.64 0.80 0.89 (0.78 | 0.97) 

3. Projections

The projections of daily and total household electricity demand averaged for the period

December 2009 – November 2010 for the sub-sample of the data set are shown in Table 4.

The daily electricity profiles for the same period, and for the summer and winter in the period,

for both groups as in the sample, and the projections in the future scenarios are shown in

Figure 1. This figure also shows a comparison between the projections for NSP and FW (the

two most different scenarios) in winter and in summer.

Figure 1: Average household electricity demand profile for different periods of time (year, winter and 

summer) for the household groups and the projections to the different scenarios, and comparison 

between NSP and FW for winter and summer. Demand in kWh. 

Table 4: Daily and total household average electricity demand in a one-year period 

(December 2009 – November 2010) for the 'Electric heating' and 'Other' groups, the sub-

sample of data, and the projections for all scenarios. 

(kWh) Electric Other Total data NSP PR MF FW 

Daily average 12.69 10.91 11.08 11.67 11.55 11.26 11.08 

Total average 4632 3982 4018 4261 4216 4112 4044 

1) 2) 3) 4) 

5) 6) 7)
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4. Discussion 

As it can be seen in parts 1), 5) and especially 3) from Figure 1, and in Table 4, the difference 

in electricity demand between the group using exclusively electric heating systems and the 

group not using electric heating systems at all is very small. Space heating is the largest 

contributor to household energy demand by far (Palmer and Cooper, 2013). The difference in 

electricity demand between using or not using electric heating systems should be very large. 

Therefore, the difference in electricity demand between these groups was expected to be 

much larger. This small difference between the household groups translates to small 

differences between scenarios and it is most likely due to unreliable metadata (note the large 

difference between the summer and winter electricity demand of the group without electric 

heating systems, which suggests significant use of electricity for heating purposes). The 

metadata used to sort the groups was obtained via very long telephone surveys. It is likely that 

a number of respondents were unsure of the heating systems their household use or tired of 

providing answers —giving unreliable information. Something similar happens with other 

not-straightforward questions from the survey, i.e. number of bedrooms has been used as 

proxy for dwelling size in the paper by (McLoughlin, Duffy and Conlon, 2012) because the 

answers from the survey question about dwelling size are not reliable. 

Even though the differences between scenarios are small, one can see interesting outcomes. 

First of all, one can see that despite the extensive differences in group ratios, the differences 

between scenarios are very small. The reason is the small difference in energy demand 

explained above. The differences in electricity demand are, as expected, larger in winter than 

in summer due to the distinct use of the heating systems between these sessions. And, in all 

the scenarios except for the poor in FW there is an increase in the use of electric heating 

systems, which is due to a higher use of heat pumps (the decrease within the poor is because 

most cannot afford anything else than burning biomass to heat their dwellings). Most 

remarkably, the increase in electricity demand correlates with the degree of sustainability of 

the scenario. This is because in NSP and PF energy use is heavily electrified with electricity 

produced by no GHG emitting means in order to cut carbon emissions.  

Although the data do not contain households using district heating, which appears in the 

extended characteristics of the indicator Use of electric space (and water) heating (see the 

paper by Banchs-Piqué et al. (2020)), this does not make the scenarios be too disruptive. This 

is because the data projected is electricity demand and, therefore, the relevant groups for these 

projections are those sorting households which use electric heating systems, and those which 

do not —which include these using any type of in-house heating system as well as these using 

district heating. The scenario FW could be seen as too disruptive because the data do not 

contain households in extreme poverty or in informal developments. However, these effects 

are not taken into account with this specific projection. They would be taken into account 

with other projections such as these of variables related to the income or the type of buildings 

households live in. And, the latter (if they could be obtained) would portray effects of much 

higher order than the former; i.e., the effects of the rampant poverty are much more profound 

than the effects of the changes in heating systems use in FW. This should be taken in 

consideration when combining sets of projections to obtain a meaningful picture of a scenario. 

This fact shows a disadvantage of this projection method: when a scenario is heavily shaped 

by one specific (group of) variable(s), the projections of other variables portray effects of very 

secondary order in comparison.  
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5. Conclusions

The projection method can effectively be used to project data into future scenarios. A single

projection is, however, partial and should be combined with a range of projections

representative of the properties of the scenarios. Yet, a single projection can convey

interesting or counterintuitive information about the scenarios as seen with the increase of

electricity demand the more sustainable a scenario is.

This method relies highly in the quality of the data and metadata. The very small difference in 

the electricity demand between the group of households using exclusively electric heating 

systems and the group not using them at all, suggests that the metadata of the projected data 

does not provide accurate information in this domain. 
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