
ARTÍCULO/ARTICLE SECCIÓN/SECTION C
EN CIENCIAS E INGENIERÍAS

AVANCES

A daily representation of Great Britain’s energy vectors: natural gas, electricity and
transport fuels

Una representación diaria de los vectores energéticos de Gran Bretaña: gas natural,
electricidad y combustibles para transporte

I. A. Grant Wilson 1∗, Anthony J. R. Rennie1, Peter J. Hall1 and Nicolas J. Kelly2

1Chemical and Biological Engineering, University of Sheffield, Sheffield, UK.
2Energy Systems Research Unit, Department of Mechanical Engineering, University of Strathclyde, Glasgow, UK.

∗Autor principal/Corresponding author, e-mail: grant.wilson@sheffield.ac.uk

Editado por/Edited by: Cesar Zambrano, Ph.D.
Recibido/Received: 21/04/2014. Aceptado/Accepted: 07/05/2014.

Publicado en línea/Published on Web: 13/06/2014. Impreso/Printed: 13/06/2014.

Abstract

In much of Europe there is a strong push to decarbonize energydemands, including the largest single end-use
demand, which is heat. Moving heat demands over to the electrical network poses significant challenges and
the use of hybrid energy vector and storage systems (heat andelectrical storage) will be a critical component
in managing this transition. As an example of the challengesfacing many developed countries, the scale of
recently available daily energy flows through the UK’s electrical, gas and transport systems are presented.
When this data is expressed graphically it illustrates important differences in the demand characteristics of
these different vectors; these include the quantity of energy delivered through the networks on a daily basis,
and the scale of variability in the gas demand over multiple timescales (seasonal, weekly and daily). As the UK
proceeds to migrate heating demands to the electrical network in its drive to cut carbon emissions, electrical de-
mand will significantly increase. Additionally, the greater variability and uncertainty shown in the gas demand
will also migrate to the electrical demand, posing significant difficulties for the maintenance of a secure and
reliable electrical system in the coming decades. This paper concludes with an analysis of the different means
of accommodating increasingly volatile electricity demands in future energy networks.
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Resumen

En gran parte de Europa se está dando un fuerte impulso para descarbonizar la demanda energética, incluida su
gran demanda de calefacción. El transporte de energía a través de la red, plantea retos considerables; en este
caso, los vectores energéticos y los sistemas de almacenamiento energético (tanto eléctrico como térmico) son
críticos en dicha transicion. Como ejemplo de los desafios que enfrentan muchos de los países desarrollados,
presentamos los flujos energéticos diarios a través de los sístemas eléctrico, de gas y de transporte en el Reino
Unido. Un análisis gráfico de estos datos revela diferenciassignificativas entre los diferentes vectores consid-
erados; incluida la cantidad diaria de energía suministrada a través de las redes, así como la demanda de gas
(la cual varía con las estaciones) usualmente expresada en una base diaria, semanal o estacional. A medida que
el Reino Unido, motivado por su campaña para reducir las emisiones de carbon, transfiera sus necesidades de
calefacción a la red eléctrica, experimentará un aumento significativo en la demanda eléctrica. Además, la gran
variabilidad y la incertidumbre en la demanda no serán exclusivos del gas sino que también se darán en el caso
eléctrico. Esto plantea dificultades importantes para el mantenimiento de un sistema eléctrico seguro y confi-
able en las próximas décadas. Este artículo concluye con un análisis de los diferentes medios para acomodar
demandas eléctricas variables en redes eléctricas futuras.

Palabras Clave.reducción de emisiones de carbono, vector energético

Introduction

This paper presents recent historical daily energy flows
through Great Britain’s electrical, natural gas and trans-

Artículo seleccionado del Primer Congreso Internacional yExpo
Científica; Investigación Sostenible: Energías Renovables y Eficien-
cia Energética, ISEREE 2013 (28 de noviembre al 01 de diciembre de
2013); organizado por el Instituto Nacional de Eficiencia Energética
y Energías Renovables (INER), Quito, Ecuador.

port networks to illustrate the significant differences in
the demand characteristics of these main energy vectors.
Of particular note are the differences in temporal vari-
ability and magnitude. On a daily basis the total natural
gas demand can be approximately four times the elec-
trical demand in winter; natural gas demand also ex-
hibits significantly higher variability. Conversely, daily
electrical demand is more predictable and less subject
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Figure 1: Daily GB Gas and Electricity and transport fuels (TWh). Data sources [7-10].

to seasonal variation. These differences have profound
implications when considering the potential transfer of
heat demands from the natural gas network to the elec-
trical network in order to ‘decarbonize heat’ as envis-
aged in the UK Climate Change ACT [1]. The data ana-
lyzed spans the period from October 2010 to September
2013.

UK policy background

The UK Climate Change Act set forth legally binding
targets to reduce UK greenhouse gas emissions to 20%
of their 1990 levels by 2050. The 2011 Carbon Plan
states ‘By 2050, electricity supply will need to be al-
most completely decarbonized’ [2]. The decarboniza-
tion of the electrical supply will be achieved by deploy-
ing a wide range of low-carbon technologies based on
inter alia wind, solar, hydro, sustainable biomass, nu-
clear, and fossil-fuels with carbon capture and storage.
In parallel, the UK has also adopted a range of policies
aimed at reducing energy demand, including a radical
strengthening of building regulations and decarboniza-
tion of the energy required for heating [3]. The area of
low-carbon heat is justly receiving increased attention,
as evidenced by reports from the Department of Energy
and Climate Change and the Royal Academy of Engi-
neering [4,5].

UK heating and hot water demand

UK energy consumption in 2011 for space and water
heating for all sectors (domestic, service, industry and
transport) was 517 TWh. Energy used for domestic
space and water heating accounts for just over 70% of
this total (363 TWh). By comparison, the overall total
final energy consumed for all sectors for electricity in
2011 was 312 TWhi.e. only 86% of overall domestic
space and water heating in energy consumption terms.
The vast bulk of the energy needed to meet UK domes-
tic space and water heating demands is provided by the
combustion of natural gas (286 TWh), with the balance
met using electricity (29 TWh), heating oil (31 TWh),
solid fuels (9 TWh), bioenergy and waste (7 TWh), heat
sold (1 TWh), solar thermal or indeed a combination

of these. All the values are sourced from Energy Con-
sumption in the UK data, and although these annual data
provide useful comparisons and trends, it is only when
energy flows are considered on a more granular level
that differences between the energy vectors become in-
creasingly apparent [6].

Data sources

• Natural Gas data were sourced from National Grid’s
data explorer due to its resolution down to a single
day as well as helpful demand categorizations [7].

• Transport fuel data were sourced from the energy
trends spreadsheet ‘Deliveries of petroleum prod-
ucts for inland consumptions (ET 3.13)’. This is
available at a resolution of 1 month [8].

• Electricity Data was sourced from either the ‘Me-
tered half-hourly electricity demands’ data from Na-
tional Grid’s website or through Elexon’s Portal.
This is available at a granular level of 5 minutes
and a half-hour [9,10].

The various data sources were recalculated into compa-
rable kWh/day format in order to be comparable on a
daily basis.

Figure 1 uses this data to show Great Britain’s (GB)
daily natural gas, electrical1 and transport vectors in Ter-
awatt hours. This TWh/day natural gas total includes
gas to power stations, industry, storage and the daily
and non-daily metered demands, but excludes exports.
Figure 1 also shows the non-daily metered (NDM) com-
ponent of this total daily natural gas demand, which is
comprised of gas metering equipment that are not mea-
sured on a daily basis,e.g. domestic, small business,
and a proportion of commercial, public administration,
agricultural and even some industrial facilities. How-
ever, natural gas for domestic space heating, hot water
and cooking is the major part of the NDM component.

1The daily electrical data is aggregated from the half hourlyde-
mand data (termed IO14_TGSD) also from National Grid [9].
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Figure 1 shows the very different characteristics of gas
and electricity demand. In winter, the NDM gas de-
mand alone can be up to three times the total electrical
demand, whilst dropping below electricity in the sum-
mer. In addition to seasonal variability, the gas demand
also shows striking shorter-term daily and weekly vari-
ability linked to weather conditions and the resulting re-
quirement for heat. The NDM component is the largest
source of the seasonal variation of the total gas demand,
e.g. the 2011 daily values ranged between 0.368 TWh/
day and 3.49 TWh/day. In contrast, the daily electri-
cal demand showed a seasonal variation between 0.675
TWh/day and 1.2 TWh/day over the same period. It
is also noteworthy that over two contrasting winters of
2010 and 2011 covered by Figure 1, which were cold
and mild respectively, the peak values were broadly sim-
ilar although their timing was not.

It is important to note that NDM gas flows are not con-
stant throughout a day but are instead concentrated in
the morning and evening, when space and water heat-
ing demands are highest [11,12]. Analysis of sub-daily
gas demand data would show even greater variability of
the gas demand than shown in Figure 1, and it would
prove useful to further compare and contrast with sub-
daily electrical data. However, national sub-daily gas
demand data are not readily available for the GB natu-
ral gas network.

The extreme variation shown in Figure 1 natural gas
flows is routinely catered for by existing gas infrastruc-
ture, as to-date there have been no widespread problems
of availability of natural gas throughout the year to the
NDM end user. The gas network is balanced through-
out the day, with increased gas pressure in parts of the
network (linepack) used as a buffer of energy to provide
increased gas supply to meet diurnal peaks in demand.
By comparison, the electrical network has to be kept in
balance on a near instantaneous basis and thus is cru-
cially different in its operation and management.

Impact of the shift to electrical heating

A wholesale transfer of the NDM gas demand seen in
Figure 1 to the electrical network is highly unlikely given
that space-heating demand in the domestic sector is set
to fall over time due to the increase in energy efficiency
of the building stock [13]. Furthermore, the electrifi-
cation of heat will be a gradual process rather than a
sudden switchover. However, even a partial electrifi-
cation of domestic heating demand will have serious
implications for the UK’s ageing electrical transmission
and distribution networks. To illustrate this point, Fig-
ure 2 shows part of the same data used for Figure 1,
but with 30% of the NDM demand transferred over to
the electrical network. Thus the NDM data has been
reduced by 30% and the electrical data increased by a
corresponding amount scaled by a coefficient of perfor-
mance (COP)2. Figure 2 shows the result of this transfer
using two different electrical heating technologies.

2Coefficient of performance is the ratio of the useful heatingeffect
of a technology to the primary energy consumption. In the case of

If this transfer of 30% of NDM heat demand was ser-
viced by resistive elements for space and water heating,
this results in the upper demand curve labeled COP1.
This is equivalent to a simple shift of the heat demand
from the gas network to the electrical network. Alterna-
tively, if the transferred heat demand is met using heat
pumps with an average COP of 33 then this is equiva-
lent to a third of the reduced heat demand from the gas
network being transferred to the electrical network. The
impact on the total daily electrical demand is shown on
the middle demand curve labeled COP3 [14]. The orig-
inal GB daily electrical demand from Figure 1 is shown
as the lower curve for comparison.

Shifting 30% of NDM heat demand to purely resistive
heating results in the daily electrical demand almost dou-
bling during periods of high heating demand during the
winter months. If heat pumps are used to meet this heat-
ing load then the daily electrical demand is still around
25% larger at times of high daily demand. Thermody-
namically, the best option for the electrification of heat
is to use ground or air source heat pumps. However,
the capital and installation costs of heat pumps are sig-
nificant and, for new build and retrofit dwellings with
small space heating demands, developers may favour
resistance heating as a low-cost alternative. So, realis-
tically, the electrification of heat would undoubtedly in-
volve a range of technologies including resistive storage
heating, direct resistive heating, air source and ground
source heat pumps. The actual impact is therefore likely
to lie between these two extremes (COP-1 and COP-3)
shown in Figure 2.

Whilst this basic analysis uses historical daily demand
data to illustrate a future scenario, it is striking that even
a partial shift of the NDM demand to the electricity
system results in a substantial increase in daily elec-
trical demand. It is worth reiterating that this study
only considers the daily energy use, which will signifi-
cantly understate the variability in instantaneous power
demands on the electrical network. In short, electrical
networks are engineered to cope with both peak power
requirements and particular load factors, so the real-
ity of changing either one of these design parameters
will require upgrades to existing network infrastructure.
Also when considering the potential to shift at least some
of the extra demand arising from the electrification of
heat to off-peak periods, this will be dependent upon
the provision ofsubstantialquantities of local thermal
storage. For example, Arteconiet al. (2013) estimate
that 800L of thermal storage are required to provide one
hour load shifting in a heat pump serving an average UK
dwelling [15]; Honget al. (2012) estimate that around
500L of hot water buffering is required to shift the de-

electric resistance heating COP is 1. For ground source heatpumps
the COP is approximately 4 and for air source heat pumps the COP is
2-3.

3This is an optimistic COP value, reflecting improvements in the
technology and installation practice. UK field trials revealed far
poorer performance in real heat pump systems, predominantly due
to poor quality design and installation in buildings [14].
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Figure 2: Transfer of heat and hot water demand from Gas to Electrical network using historical data.

mand of a heat pump to off peak periods when serving
a very well-insulated UK dwelling (and only with dra-
matically improved insulation levels) [16]. Clearly, not
all dwelling types could accommodate such substantial
thermal stores. Further, the use of thermal storage it-
self can lead to an increase in overall heating demand
due to additional parasitic heat losses from the thermal
stores and reduced heat pump performance and so load
shifting alone cannot be relied upon to circumvent sub-
stantially increased peak electrical demands [17].

The clear message that can be taken from Figure 2 is
that without substantial investment in transmission and
distribution infrastructure, the UK electricity system is
unlikely to be able to accommodate even a fraction of
the additional power requirements associated with the
transfer of heat demands at current levels, and this is
even before any consideration of the additional electri-
cal demand from possible electrification of transport.
The vector flows for the aggregated value of the mo-
tor spirit (gasoline) and DERV (diesel) is also shown in
Figure 1, and although the data is only available on a
monthly basis – it can be seen that the seasonal varia-
tion of this aggregate vector is clearly much less than
seasonal variation seen in natural gas.

Mitigating the impacts of the electrification of heat

There is a clear need to find solutions to help lessen the
impact of heat demand transfer to the electrical network
(a major source of the absolute amount and seasonal
variability of the NDM gas demand); perhaps deferring
or even mitigating the extent of required infrastructure
investment.

Domestic energy efficiency

Reducing domestic heating requirements by improving
the insulation levels of dwellings is an obvious and crit-
ical place to begin, as this both reduces fuel costs for
householders and improves the quality of the indoor en-
vironment. Transformational improvements are possi-

ble, for example, low carbon housing has been demon-
strated to reduce heating demand by up to 90% [18].
Realistically, however, such dramatic improvements in
fabric energy efficiency are achievable only with new-
build housing. Whilst substantial improvements in per-
formance in existing dwellings are also achievable by
retrofitting energy efficiency measures, the trend im-
provement is likely to continue to be gradual as per-
formance improvement measures are implemented over
time by homeowners [13]; it is therefore likely that there
will be a substantial domestic space heating demand
well into the future. It is therefore unlikely that heat
demand will be significantly less in the short to medium
term, particularly in older and so-called ‘hard-to-treat’
houses, which form up to 40% of the housing stock,
where a combination of the building fabric and loca-
tion limit the scope for retrofitted energy efficiency im-
provements [19]. Over the long-term however, it is ex-
pected that energy efficient housing may attract a pre-
mium price over energy inefficient housing – but this
is speculative due to the locational nature of housing
prices.

Biomass heating

Action to reduce peak heat demand on the electrical net-
work could also be augmented by greater use of lower-
carbon fuels that can be stored (such as biomass). Con-
sideration of policies to encourage the planting of biomass
in the UK, in order to provide local biomass resources
in the future may be a worthwhile addition to more tech-
nology focussed directions.

Improving heat pump performance

Improving the COP of heat pump technologies could
reduce the impact of the progressive electrification of
heat on the electrical network. The results of heat pump
field trials undertaken in the UK indicate that there is
significant scope for improvement in the performance
of heat pumps integrated into buildings [14]. Advances
in heat pump technology such as improved compressor
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design and better performance at higher temperatures
offer one potential route to higher COPs [20]. However,
further improvements could also be derived from bet-
ter heat pump system design and integration, and better
training of installers and users [21,22].

Seasonal heat storage

The use of larger heat stores (multi MWh) with storage
times into the weekly/monthly or even seasonal time-
scales [23] used in conjunction with solar energy has
the potential to decrease some of the variation in energy
supply seen in Figure 1, as some of the winter heat de-
mand could be met using a local heat store, rather than
drawing from the gas or electrical grid. However, step
changes in both unit cost and energy density compared
to established materials are needed to encourage wider
adoption. Thermal storage using reversible chemical re-
actions such as hydration or carbonation [24-26] is a
promising area. Reactions producing distinct phases on
the addition/removal of heat allow products to be sepa-
rated and stored, which permits the storage of heat over
longer periods and renders seasonal heat storage more
of a possibility.

Conclusion

Regardless of the future path of primary energy supply
to the UK, the domestic heat demand in winter will con-
tinue to be much greater than in summer, and as the
UK moves away from the seasonal flexibility provided
by natural gas (for reasons of price, availability or em-
bedded CO2), then suitable methods to cope with the
higher winter heating demands and variations over dif-
ferent timescales will be necessary.

The comparison of the recent daily gas and electrical
energy flows in Great Britain’s electrical and gas trans-
mission networks indicates that serious challenges arise
when an increasing amount of the heat demand is met
from the electrical network. Even allowing for future
improvements in domestic energy efficiency and elec-
tric heating technologies such as heat pumps, the UK’s
ageing electrical system could still see a significant rise
in daily energy flows, which would result in significant
upgrading costs to cope with increased peak flows.

Some measures to mitigate the potential impact on the
electricity network were highlighted including; radical
demand reduction measures, electrical heating technol-
ogy improvements, biomass heating and heat storage.
Each measure has limitations and consequently a com-
bination of measures should be considered desirable in
order to ease the transition of domestic heat demands
from the gas to the electrical network. However, reduc-
ing the overall heat demand by making the built envi-
ronment increasingly energy efficient should continue
to be the cornerstone of all policies.

Finally, the importance of the correct level of data can-
not be overstated in order to provide insights into the

challenges ahead. The right kind of data is a prerequi-
site to the understanding and transition of any energy
system and having hybrid data from different energy
vectors provides a greater understanding than a single
vector would provide. Better whole systems data should
lead to better insights and therefore some hope of better
choices in energy systems transitions.
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