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Electrical Heating Emissions on the Island of Ireland

William D. Kerr, David M. Laverty, and Robert J. Best

School of Electronics, Electrical Engineering and Computer Science, Energy, Power and Intelligent Control (EPIC), Queen’s

University Belfast, Belfast, Northern Ireland

Abstract. This paper shows the effect on household greenhouse gas emissions if standalone or
supplementary electric heating was to replace conventional heating methods, based on the present day
electrical grid. While having the capability to improve future grid effectiveness and dynamic stability
through the potential incorporation of demand side management (DSM). The All-Ireland system has been
used in this paper as an example of a network which has been experiencing a significant increase in
renewable generation. To show the potential of the electric heating methods the characteristics of existing

domestic heating systems will be discussed, in terms of their heat output against their exhaust emissions
(gC0O2e/kWh). This will then be compared to that of the grid CO2 Intensity, showing the frequency and
duration of the possible emission savings involved when using electricity as a main or supplementary

heating source.

1 Introduction

As the EU has introduced strict emissions polices, and
the Paris Agreement has been implemented, both the
Republic of Ireland (ROI) and Northern Ireland (NI)
have set targets of 40% RES-E (Renewable Energy
Sources — Electricity) by 2020 [1], [2]. This is part of the
strategy to obtain 16% of all energy consumed from
renewable sources. To achieve this RES-E figure both
Irish jurisdictions aim to provide 37% of their electric
energy from wind generation [3].

Operating with such a high infeed of wind generation
presents challenges with regards to system stability, due
to low inertia. Presently, the system operator limits
‘system non-synchronous penetration’ (SNSP), of which
wind is a leading contributor.

The SNSP problem is amplified on the island of
Ireland as the island currently only has two low capacity
DC interconnectors with Great Britain (GB). Meaning
unlike countries such as Denmark which can achieve
extremely high SNSP levels due to their heavily
interconnected system [4] and ability to export large
volumes of energy, while maintaining a high level of
synchronous generation online [5]. The All-Ireland grid
currently operates with an SNSP of up to 65%, at this
point the SNSP is curtailed due to stability concerns [5].

Plans are underway to increase the SNSP limit up to
75%. A 5% increase is proposed to be trialled in the first
quarter of each year [5] to identify the technical
challenges that must be addressed. This transition of the
system (generation and demand) is necessary, as without
this the 2020 RES-E targets would be economically
impossible to reach due to the amount of wind dispatch-
down. This paper considers that the dynamic stability

problem faced by the island, managed by the SNSP limit,
is not that of oversupply of wind generation, but
underutilisation of the potential RES-E resource.

The use of installed electric heating to provide
support for the grid, in addition to its role in replacing
conventional household heating methods, may help with
this SNSP problem. With the use of a communication
network in the future, electric heaters could be used for
demand side management (DSM) and help push the
island towards the 75% target.

Presently in Ireland, residential space and water
heating accounts for approximately 19% of the total
energy consumption of the country [6], [7]. Of this
heating there is a modest amount of installed domestic
electric heating on the island, with the latest census data
showing the Rep. of Ireland having 13.5% electric
central heating and Northern Ireland having 5% electric
central heating [8], [9].

This paper looks at the effect of implementing
electric heating on household emissions in the immediate
term. A fuller picture of the COse intensity per kWh of
the All-Ireland grid, in terms of the Well-to-Socket
(WTS) emissions has been shown, covering all aspects
associated with electrical generation, giving a more
realistic emissions figure of the electricity used within
the household. The emissions figures in this paper have
also been broken down into the different tariff categories
showing that contrary to some popular opinions, the off-
peak emissions are actually higher than that of on-peak.

2 Potential
Electrification

Emission Benefits of

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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On the island of Ireland, the lack of mains gas
infrastructure and a sparse and rural population density
means a high percentage of households use oil heating.
ROI has approximately 40% oil central heating
households and NI has around 74% oil central heating
households (this NI figure considers households with
multiple heating source, one of which is oil) [8], [9].
Due to the high use of this carbon intense fuel, electric
heating may provide a viable alternative to conventional
central heating systems as a means to reduce emissions in
the domestic energy market. To determine the benefits,
the authors have performed a comprehensive study of
fuel types, combustion appliances and electricity
generation trends and time of use. For both electrical and
combustion heating, the authors consider well-to-tank
emissions as well as the emissions arising from the fuel
itself.

The electricity grid data was provided by EirGrid,
including data obtained via their ‘Smart Grid Dashboard’
[10]. The heating system efficiency data was taken from
the latest ‘Building Research Establishment Domestic
Energy Model” (BREDEM) document [11]. The data for
both grid and heating systems was used alongside DECC
data for calculating an overall emissions picture [12].

2.1 Point of use electricity breakdown

Previous studies which have investigated the effect of
household electrification on CO, emission have made
some crucial misjudgements [13], [14], [15]. In their
comparisons they have only considered the emissions
due to the burning of the actual fuel. This may be
slightly misleading, as the process of electrical
generation and distribution has much more energy loss
than that of fuels burnt at the point of use, such as gas
and oil. This study considers emissions of electrical
energy produced on the island. If all aspects are
considered from acquirement of fuel right to point of use,
the losses in the electricity supply process increases the
emissions by approximately 25% above that of the
generation alone (based on data from 2014 and 2015,
shown in Table 1). Whereas if all aspects are considered
for fuels burnt at the point of use for conventional
heating methods, gas emissions increase by only 13.4%,
with oil increasing by 20.7%. This means that the
emission saving shown in these studies, and many others,
are not necessarily true in practice, as they have
increased emissions in other economic categories and
then not considered them in their specific area.

For actual comparison purposes, it is reasonable to
use All-Ireland data due to the fact the island is
considered to be one entity for SNSP level. From the
data retrieved from EirGrid, it was found that the CO,
intensity did not include ‘house load’ (power to run
generation plant). Due to this, the generation and
emission data was used to calculate a more accurate
figure. Emissions data was provided in the form of
tCOy/hr, mean only CO, intensity could be found.
DECC produces data in COze, so considers nitrous oxide
(N20) and methane (CHy) as the other contributors to the
global warming effect of combustion emissions. To
convert this to CO,e intensity, figures from DECC for

the UK were used to scale the EirGrid data [12], this
scaling method was used considering the similar climate
and largely similar generation fuel mix of the UK.

The calculated figure for COse intensity
(gC02e/kWh) was for the transmitted generation,
meaning the power directly exported on to the network
from generation plant. For comparison purposes, the
emissions from the well to the point of use needed to be
considered, as is the case for fossil fuel heating
technologies (shown in Section 2.3). Again, using
DECC figures the full breakdown of COse intensity was
found and can be observed in Table 1. This table shows
the Well-to-Socket (WTS) emissions; this considers not
only generation emissions, but the additional emissions
attributed to electricity on the All-Ireland grid due to
transmission and distribution losses in the network as
well as the emissions attributed to the Well-to-Tank
(WTT) aspects of the fuel. WTT losses are emissions
associated with extraction, refining and transportation of
the raw fuel sources to an organisation’s site (or asset),
prior to their combustion [16].

From Table 1 the average WTS emissions for 2015
can be observed. To help show a more appropriate
emissions picture the average daily seasonal trend of
COqe intensity for 2015 per kWh is shown in Fig. 4.
From this it can be seen that during the warmer seasons
the COze intensity is considerably higher during the off-
peak periods. This is due to the reduced demand, in turn
meaning the high-carbon fuels used for base load make
up a larger portion of the overall generation, thereby
increasing the COse intensity. This supports the outcome
of the off-peak energy tariff emissions shown in Table 2.

Table 1. Average WTS Electricity COz2e Breakdown

Year EirGrid Transmission WTT Total WTS
(gCO.e/kWh) Losses (gCO,e/kWh)
(16.98
0,
2014 537.76 (51553?) %) 673.39
i 91.29
(16.52
0,
2015 491.89 (§H37lg]) %) 614.31
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Fig. 1. Average daily seasonal trend of COze intensity per kWh
for 2015 (WTS of the All-Ireland Grid).

2.2 Off-peak tariffs and CO.e trends

There are two domestic off-peak energy tariffs available
on the island of Ireland, ‘Economy 7’ used in NI and
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‘NightSaver’ used in ROI. ‘Economy 10’ has also been
considered in this paper, however it is currently only
available in GB. The off-peak times when each tariff is
in effect, and the normal occupancy hours for domestic
properties, is shown below. Economy 7 and NightSaver
tariffs do not adjust for summer time and consequently
are one hour behind. Some suppliers adjust Economy 10
for summer time, others do not.

e Economy 7:
o 01:00-08:00 (summer 02:00-09:00)
o NightSaver:
o 23:00-08:00 (summer 00:00-09:00)
e Economy 10:
o 00:00-05:00, 13:00-16:00, 20:00-22:00
e Normal occupancy hours: [17]
o Weekday: 07:00-09:00, 17:00-23:00
o Weekend: 08:00-10:00, 16:00-00:00

Table 2. All-Ireland generation COze intensity for different
electricity tariffs at point of use.

. Emissions
Tariff Type (CO2e/kWh)
Economy 7 629.33
NightSaver 628.78
Economy 10 616.59
Normal Occupancy Hours 611.47

The average annual emissions for each tariff have
been calculated and are shown in Table 2. During the
off-peak tariff hours, grid emissions are in excess of the
average (shown in Table 1), whilst during normal
occupancy hours grid emissions are slightly below
average. This would seem counterintuitive as wind is
stochastic, meaning due to lower off-peak demand wind
would likely make up a larger percentage of generation.
However, as generation decrease due to lower off-peak
demand, the high-carbon fuels used for base load
capacity generally reduce by smaller margin than other
generation methods. This results in them make up a
larger percentage of the overall generation meaning CO»e
intensity actually increases, this can be seen further on in
Figure 1. showing the average daily seasonal trends.

The figures from Table 2 indicate the importance of
considering the time of use of electricity in determining
the effectiveness of electric heating for carbon emissions
reduction.

2.3 Heating system CO.e intensities

Table 3. BREDEM - space heating efficiency.

Space heating system Wmte:l efficiency,
winter
Typical natural gas/LPG boiler 80%
New natural gas/LPG boiler 90%
Typical oil boiler 80%
New oil boiler 92%
New electric storage heaters 100%

For a comprehensive set of efficiency data for a known
boiler or system setup, reference should be made to the
latest ‘Standard Assessment Procedure’ (SAP) document

[18] and to the SAP database found at [19], in
conjunction with the BREDEM model [11]. Efficiency
figures for combustion heating appliances are shown in
Table 3.

In SAP and BREDEM documents, winter efficiency
is used for the season in which space heating is
necessary. In the UK and ROI this is considered to be
the whole year, apart for the summer months of June,
July and August, whenever usually only water heating is
required.

The SAP/BREDEM efficiency figures only consider
the heating efficiency of the boilers, as seen in equation
1. To allow for a better comparison against electric
heaters the carbon benefits ratio (CBR) was considered,
seen in equation 2 [20]. The CBR considers the ratio
between the kWh input to kWh output of the boilers,
when both primary fuel and running electricity are
considered.

o o = useful heat delivered [kWh]

o w = fuel burnt [kWh]

o y = electricity used [kWh]

e CEF = Carbon Emissions Factor [gC0O,e /kWh]

g X100

Heat Efficiency (%) = — (D

(0 X CEF pyep) X 100
(w X CEF pye1) + (¥ X CEFglectricity)

CBR (%) =

(2)

A value for the amount of electricity used by the
boilers was calculated using data from a consumer
website for the most popular systems of 2015 [21],
yielding an average electricity consumption per kWh of
heat output. Boilers will generally use a similar amount
of electricity at any output load, meaning this is only
accurate when the boilers are running at 100% load.
However, the emission increases due to this are minimal
as there is such a high ratio between heating output and
electricity use.

The average seasonal CO»e intensity of the fossil fuel
heating methods based on CBR can be observed in Table
4, along with their average power outputs and electrical
power consumption. The values from Table 3 has been
used along with equations 1 and 2 as well as the data
collected from the consumer website [21] to calculate
these values.

Table 4. 2015 — Average Fossil Fuel Heating CO:ze Intensity
Using CBR and Table 3 Figures

Power Electrical Power CBR Emissions
Type Output Consumption
(KW) (KWh) (gCO2e/kWh)
New Gas 25.5 0.105 234.98
Typical Gas 25.5 0.105 264.04
New Oil 25.0 0.225 328.13
Typical Oil 25.0 0.167 376.10

For the comparisons in this paper basic electric
heating and night storage heaters have been assumed to
be 100% efficient, meaning their emissions are the same
as that of the grid per kWh. However, this is not strictly
accurate for night storage heaters. The actual heating
efficiency of the storage medium may be 100%, but all of
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this energy is not stored until the time of demand. Some
heat will escape, reducing useful effectiveness. These
night storage heater problems are greatly reduced when
considering newer models, due to their much higher heat
retention capabilities. Some vendors of new models of
night storage heater claim that their products use 22%
less energy, while being 27% cheaper to run due to better
use of off-peak energy [22].

For the heat pump comparisons in Table 6, the
coefficients of performance (COP) have been based on
an A16M Dimplex A-Class heat pump running at water
output temperatures of 35°C and 65°C [23]. Some
modern heat pumps have been designed to work in
different climates with companies making models
specifically for the UK and ROI. This means that their
performance and efficiencies are designed to work best at
typical winter temperatures of between -2°C to 10°C
[24].

3 Benefits of Widespread Uptake

When considering the potential emissions savings of the
household, the heating demand of all systems has been
based on a typical occupancy of a family of four with
active weekday occupancy between 07:00-09:00 and
17:00-23:00, and an active weekend occupancy of 08:00-
10:00 and 16:00-24:00, as described in [17]. No space
heating demand has been considered during the summer
months of June, July and August, as per SAP.

The yearly space heating demand of an average
household is considered to be 11,704 kWh (based on the
average household floor area in ROI [25] together with
the average heating energy per floor area in the UK [26]).
Based on this space heating demand and the degree days,
the average hourly power use per month has been
calculated in Table 5 for occupancy and off-peak tariffs,
during both weekdays and weekends. These figures have
been calculated using historcial data from MET Eireann
[27] together with the average space heating demand.
The average degree days each month were calculated
using the averaged value of 25 weather stations
positioned across the ROI, this was then used to scale the
yearly space heating demand down to hourly heating
demand for each month.

Table 5. 2015 - Average Hourly Heating Demand per Tariff (kWh).

Tariff Occupancy Heating Economy 7 | NightSaver Economy 10
WD WE WD WE WD WE WD WE

January 7.12 7.12 8.13 10.17 6.33 791 5.69 7.12
February 7.44 7.44 8.50 10.62 6.61 8.26 5.95 7.44
March 6.42 6.42 7.34 9.17 5.71 7.14 5.14 6.42
April 5.05 5.05 5.77 7.22 4.49 5.61 4.04 5.05
May 3.92 3.92 4.49 5.61 3.49 436 3.14 3.92
June 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
July 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
August 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
September 232 232 2.65 3.32 2.06 2.58 1.86 2.32
October 3.43 3.43 3.92 4.89 3.05 3.81 2.74 3.43
November 4.46 4.46 5.09 6.37 3.96 4.95 3.57 4.46
December 4.99 4.99 5.70 7.13 4.44 5.55 3.99 4.99

Heating Hours 8 10 7 7 9 9 10 10

WD = Weekday, WE = Weekend day

For this paper, typical oil heating has been used as the
heating source with which to compare the alternative
electric heating methods, meaning it produces 100%
equivalent emissions observed in Table 6. This is due to
the large portion of homes on the island of Ireland which
use oil heating, as discussed in Section 2, and the fact
that its CO»e emissions are the worst of the fossil fuel
methods discussed in this paper. The methodology used
throughout this paper for the different heating method
and emissions figures has been used together with Table
5, to provide an annual heating emissions comparison
with respect to typical oil heating as shown in Table 6.

From Table 6 it can be observed that the use of basic
electric heating as a method of reducing household
emissions is currently not very promising, even if off-
peak electricity tariffs were considered. The reason for
this can be observed in Table 4, looking at the average
seasonal emissions for fossil fuels, it can be seen that
they are considerably lower than that of the annual grid
average (Table 1) or even that of the average hourly

seasonal values (Figure. 1). This means that only in very
rare occasions is wind generation high enough to reduce
WTS emissions sufficiently to offset home heating
emissions when compared to fossil fuels.

Table 6. 2015 — Annual Space Heating Emissions Comparison.
Emissions of Various Heating Methods with Respect to a
Typical Oil Boiler

Tariff Type Emissions
Electric Heating 161.6%
Typical Oil 100.0%
Occupancy Heating Ne"Y Oil 87.5%
Typical Gas 70.2%
Heat Pump 65°C 68.1%
New Gas 62.5%
Economy 7 Electric Heating 164.7%
NightSaver Electric Heating 164.4%
Economy 10 Electric Heating 162.1%
Heat Pump 35°C 39.5%
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If a conventional oil fired boiler is augmented with an
electric boiler, then some emissions savings would be
seen. However, with the current electrical generation
fuel mix, the electric boiler would only be used for
around 10.5 hours in a given year and would only save
approximately 0.54 kg of CO,e emissions per year during
occupancy hours, shown in Section 2.2.

From Table 6, heat pumps have significant emissions
savings over typical oil across all tariffs. However, if
heat pumps were to be used in the traditional way during
occupancy hours and countries such as the UK adopted
100% heat pumps, it is believed the electricity demand
would increase by 25%, and peak electricity demand by
65% [28] necessitating the need for smart grid / DSM
techniques. To overcome this problem concrete
underfloor heating together with a heat pump running at
35°C with the Economy 10 tariff [29] offers promise in
terms of emissions reduction and reduced grid stress.
However, the 35°C figure in Table 6 is improbable as an
increased demand would be necessary to run heating in
this way as it is not an efficient heating storage technique
like that of night time storage heaters.

4 Conclusion

The concept of implementing electric heating to help
reduce household emissions has been considered, using
governmental and industrial data. It has been
demonstrated that the All-Ireland grid’s COse intensity
has not yet reached the point at which it is comparable to
fossil fuel heating when using basic electric heating
methods. Potential emission savings were shown for an
augmented system using an electric boiler together with a
typical oil boiler. However, this method proved to
provide very little emissions benefit at the present
electrical grid COse intensity. Currently the best option
in terms of emissions savings alone is for consumers with
an older oil fired boiler to replace this with a new fossil
fuel boiler or with a heat pump. It has been shown in this
paper that although renewable penetration is high at
night, the All-Ireland grid CO,e intensity is actual greater
during the night than during the day. This is due to low
system demand at night fulfilled using high-carbon fuels
for system base load. However, the latest generation of
night storage heaters are currently running below their
potential. The inclusion of a communication network to
allow them to be used by the utilities for DSM has
potential in helping to increase the SNSP limit. This
would mean claims about their use of low carbon
electricity could be put into practice through optimisation
and scheduling. Furthermore, even though the use of
night storage heaters may not reduce household heating
emissions, it has a huge effect on the grid’s overall
running efficiency and emissions by helping to level the
demand curve throughout the day. The full extent of the
effect/benefit will be considered in future work.
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