
APPENDIX R: DEVELOPMENT OF THE EUROPEAN GAS NETWORK

Harriet Griffin

Supporting document for Lower Carbon Futures



Lower Carbon Futures: Appendix R

2

DEVELOPMENT OF THE LOW PRESSURE NATURAL GAS DISTRIBUTION NETWORK:
COUNTRY COMPARISONS ................................................................................................ 3
1. NATURAL GAS IN THE EU.......................................................................................... 3

1.1. DIFFERENT STAGES OF DEVELOPMENT........................................................................ 3
1.2. THE LOCAL DISTRIBUTION NETWORK.......................................................................... 4
1.3. THE RESIDENTIAL MARKET FOR NATURAL GAS .......................................................... 6
1.4. GROWTH OF DOMESTIC CONSUMPTION ....................................................................... 8

2. GROWTH OF GAS INFRASTRUCTURE ................................................................... 9
2.1. NEW EUROPEAN MARKETS: GREECE, PORTUGAL AND NORTHERN IRELAND .......... 10
2.2. YOUNG EXPANDING MARKETS: SPAIN AND THE IRISH REPUBLIC............................. 11
2.3. GROWTH IN MATURE MARKETS: ITALY AND GERMANY........................................... 12

3. STRUCTURE OF THE NATURAL GAS INDUSTRY.............................................. 13
3.1. LINGERING MONOPOLIES: GREECE, THE REPUBLIC OF IRELAND AND ITALY ........... 13
3.2. COMMITTED TO COMPETITION: SPAIN AND GERMANY............................................. 14

4. NATIONAL AND INFRASTRUCTURAL BARRIERS TO GAS PENETRATION15
4.1. OBSTRUCTIONS TO EXPANSION OF THE LOW PRESSURE NETWORK........................... 15
4.2. OBSTACLES TO DOMESTIC UPTAKE ........................................................................... 15
4.3. STRATEGIES TO ENCOURAGE DOMESTIC UPTAKE...................................................... 16

5. MAKING PROJECTIONS ........................................................................................... 17
5.1. ESTIMATING FUTURE NETWORK EXPANSION ............................................................ 17
5.2. ASSESSING FUEL-SWITCHING POTENTIAL ................................................................. 20



Lower Carbon Futures: Appendix R

3

Development of the low pressure natural gas distribution network: Country
Comparisons

The aim of this section is to focus on the expansion of the low pressure gas distribution network to reach
European households, and to understand why various EU Member States show such different stages of
development. The goal is to gain some insight into the possibilities for future access to natural gas for
domestic energy consumers across the EU. The data available on this subject are far from comprehensive,
since the household sector alone is often not considered by industry as a traditional consumer subset.

1. Natural gas in the EU
The largest Western European consumers of natural gas are Belgium, France, Germany, Italy, the
Netherlands and the UK, accounting for over 90% of OECD-Europe consumption. These countries are
firmly connected by an extensive gas grid, and have well-developed infrastructures, reaching around 67
million consumers, 96% of which are households (IEA, 1998). In the EU as a whole, there are over 72
million domestic gas consumers (Eurogas, 1998).

1.1. Different stages of development
Belgium, France, Germany, Italy, the Netherlands and the UK have the most well-established gas markets
in Europe. Other countries are currently in the early stages of market expansion. Spain, Portugal, Greece
and Ireland will be examined in some detail as examples of developing distribution networks. In the case
of Ireland, both the Republic and Northern Ireland will be considered (this provides an opportunity to
compare infrastructural development on the same island but under separate governments).

Labelling Member States according to the status of gas distribution in that country is a difficult procedure,
and categories such as ‘mature’ and ‘developing’ are necessarily quite arbitrary. For example, while the
French gas market may be said to be ‘mature’, this is more due to the fact that the natural gas market has
existed for a long time in France, rather than that it has expanded to its full potential. Indeed, it is likely
that a great deal of development (both in terms of infrastructure, and the use of natural gas in households)
will take place in the future. Similarly in Germany, which accounts for around 20% of the total natural
gas consumed by households in the EU, and 20% of EU domestic consumers, much network development
is likely to take place in the future, as at present only around 42% of households are connected. In the UK
and the Netherlands, where the domestic natural gas market has also been established for several decades,
it is approaching (if not having actually reached) saturation. In these two countries, the main
developments are likely to involve fuel-switching and/or increased demand by individual households, and
only a small increase in the proportion of households connected.

The gas distribution networks in Denmark, Ireland and Spain can be described as ‘young’ in that natural
gas did not enter the domestic market in significant volumes before the mid-1980s (Table 1). All three
networks experienced rapid growth in the 1980s (Ireland) and 1990s (Denmark and Spain). While Ireland
and Spain both have extensive plans for increasing the number of household connections, the domestic
market in Denmark is considered by the Danish Association of Natural Gas Suppliers to be more or less
saturated (Dansk Naturgas, 1999) at just 12% of households. It is therefore possible to describe the
Danish natural gas market in the domestic sector as ‘mature’.

Only the distribution networks of Portugal, Greece and Northern Ireland can be described as ‘new’, i.e.,
as having begun to develop during the latter half of the 1990s. Natural gas was introduced into the
domestic market in these countries in 1997, and in each case (as in larger gas consuming countries) relied
on the conversion of a previously existing town gas network. At the end of 1999, between 2% and 3% of
Portuguese households had access to natural gas, but the number of customers in Greece was just a few
thousand. While there are plans for vigorous expansion of these ‘new’ networks in the future, all three
have been constrained by significant ‘teething problems’ leading to delayed implementation. In addition,
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there are signs that domestic-sector fuel-switching to natural gas in each country may not be so rapid or
extensive as was initially envisioned.

The gas distribution networks in Sweden and Finland are equally limited (in comparison with Portugal),
in that only around 2% of households are connected. However, these can be considered as ‘frozen’, since
there are no plans to expand them in the immediate future. In Sweden, domestic-sector switching to
natural gas is not considered to be a policy priority due to the relatively low emissions intensity of
Swedish power, and in Finland further expansion is not feasible without linkage of the national network
to the European supply network. Studies are currently underway to assess the costs and benefits of such a
project.

Table  1:  Natural gas network key figures
Country Year of

market
entry1

Ref.
year2

Number of
domestic

consumers3

% of
households
connected4

Status of network – domestic
sector connections (growth
rate)5

AU No data 1998 1,207,000 37.4 Continuing expansion (high)
BE 1960s 1998 2,303,000 55.1 Continuing expansion
DK 1980s 1998 289,000 12.0 Limited further development6

FI 1970s 1997 35,000 1.5 No further development
FR 1960s 1998 9,590,000 41.0 Further expansion expected7

GB 1960s 1998 19,897,00011 81.911 Limited further development
GE 1960s8 1998 14,720,000 42.0 Continuing expansion (high)
GR 1997 1999 8,000 0.2 Extensive growth planned
IR 1970s 1997 322,000 27.0 Continuing growth9

IT 1960s 1998 14,100,000 69.6 Continuing growth10

LU No data
NI 1997 1999 15,000 No data Extensive growth planned
NL 1960s 1997 6,491,000 97.0 Very limited development, if any
PO 1997 1998 74,000 2.6 Extensive growth planned
SP 1980s 1998 3,271,000 26.0 Continuing expansion (high)
Sweden No data 1998 52,000 1.2 No further development
1 Year of entry of natural gas to the domestic market; 2 Year to which the information in the next three columns refers; 3 Number
of households connected to the natural gas network; 4 Percentage of total household stock connected to the gas distribution
network; 5 Status of the distribution network in terms of the estimated possibilities for future growth (based on the available
information, which is discussed elsewhere in this document); 6 The domestic sector is estimated to be 80% saturated (Dansk
Naturgas, 1999); 7 Current growth rates do not tend towards increasing penetration of the domestic sector, however further
growth is likely in the future; 8 Refers to West Germany; 9 Continuing growth (i.e. in line with growth of household stock) -
limited expansion at present, but significant future expansion likely; 10 Continuing growth (i.e. in line with growth of household
stock), but limited expansion at present; 11 Figure refers to all UK.
Sources: BGE, 1999; Dansk Naturgas, 1999; EnergieNed, 1998; Eurogas, 1998; ISR, 1999;
Kouloumoundras, 1999; Maakaasuyhdistys, 1998; Mabro and Wybrew-Bond, 1999; PNG, 1999;
Ruhrgas, 1999; Sedigas, 1999; SNAM, 1999

1.2. The local distribution network
Country differences in the household penetration of natural gas are due to a combination of factors. The
most fundamental of these relate to the abundance of indigenous supplies of natural gas and the length of
time for which natural gas has had a share in the national energy market. Local distribution networks have
been slow to develop in Spain, for example, where gas was a scarce resource before the opening of the
Gazudoc Maghreb European (GME) pipeline in 1996, while both the Netherlands and the UK, with very
extensive networks, have been able to exploit large domestic reserves of natural gas for several decades.
Another important factor may be the very high distribution costs for households in regions with a
scattered population or very irregular terrain (Estrada et al., 1995).

Figure 1 shows that domestic sector connections are highest in those Member States with the highest
population densities, while Figure 2 shows the proportion of unconnected households that are within
economic reach of a natural gas main.
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Figure  1: Population density (inhabitants per km2) and domestic sector penetration of natural gas
(% households)
Sources: BGE, 1999; Dansk Naturgas, 1999; EnergieNed, 1998; Eurogas, 1998; Eurostat, 1998; ISR,
1999; IUG, 1998; Kouloumoundras, 1999; Maakaasuyhdistys, 1998; Ruhrgas, 1999; Sedigas, 1999;
SNAM, 1999
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Figure  2:  Households connected to the natural gas network, and those within the gas supply area
(within economic reach of a gas supply main) but not connected
NB: Figure for Greece (households within supply area but not connected) refers to planned extent of gas distribution network at
the end of the next planned phase of network development
Sources: BGE, 1999; Dansk Naturgas, 1999; EnergieNed, 1998; Eurogas, 1998; ISR, 1999; IUG, 1998;
Kouloumoundras, 1999; Maakaasuyhdistys, 1998; Ruhrgas, 1999; Sedigas, 1999; SNAM, 1999

The potential for switching to natural gas will be influenced not only by the proportion of households
already using gas for at least one end-use, and by extension of the network, but also by the proportion of
households which, although not connected to the mains, are within the areas already served and may be
able to convert (Figure 2). The Spanish gas network, for example, serves an area housing over half of the
Spanish population. On this basis, Germany has the largest potential for fuel-switching without further
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network extension; more than 90% of the population inhabit a locality served by the gas network - only
42% are connected however. France, Belgium and Denmark also have large potentials (IUG, 1998).

With gas liberalisation, and where there are competing gas distribution companies, the figures on
potential expansion are more difficult to obtain. In the UK, a further two million households (10%) may
be within the gas network, but unconnected (Transco, pers. comm.). Some of these will be twoer blocks
where individual gas-using equipment in not allowed because of the risk of explosion. Gas-powered CHP
would be acceptable for space and water heating. It is for this reason that a 10% extension in the UK is
proposed in Lower Carbon Futures (section 3.3.2, page 30).

Local distribution networks require so much non-recoverable capital investment that high volume
customers (such as power generators) are necessary in the first instance to ensure that the project is
viable. Once high volume customers have been brought on board, the industry can embark on the
construction of the local distribution network (Hierl, 1999). A high level of national reliance on nuclear
power generation may go some way towards explaining the lower penetration of natural gas in the French
domestic sector. The momentum of the gas industry in France may have been inhibited by the fact that the
growth of natural gas-fired power generation has been less of a national priority. Relatively low natural
gas penetration can also be explained by the traditional emphasis on electricity for final users. In France,
residential gas and electricity markets are dominated by EdF (Electricité de France), which acts as joint
marketing company.

Energy pricing policies and the backing of national/local authorities are also crucial in supporting
expansion. For example, electricity in France is given another enormous advantage over natural gas
through tax and tariff subsidies. Gas must be sufficiently economically attractive (compared to electricity
or other fuels) that the consumer finds it worthwhile to switch. It has been suggested that national or local
authorities that have made large-scale investments in renewable energies, may actually hinder the spread
of natural gas through the inadequacy of financial provisions for gas network connection incentive
programmes (Hierl, 1999).

1.3. The residential market for natural gas
The UK, Germany, Italy, France and the Netherlands have the largest markets for residential natural gas
(Tables 2 and 3) (Eurogas, 1998). Households in the Netherlands, the UK, France and Italy are most
dependent on natural gas for total final energy consumption: more than 80% of energy used by Dutch
households is natural gas, while for UK households this figure is around two thirds. In Belgium and
Germany, natural gas accounts for at least one third of household energy consumption. While natural gas
accounts for almost one half of final domestic energy use in France, it plays hardly any role in power
generation. Approximately one third of Irish power generation in 1996 was from natural gas, and (given
the recent discoveries of new resources and plans for the construction of new pipelines) the emphasis
placed on natural gas in power generation may help to encourage the future growth of natural gas in the
domestic sector. On the other hand, although natural gas has a significant share of total primary energy
supply (TPES) and power generation in Finland, it has (in the absence of sufficient pipeline connections
to the European network) almost no place in the domestic energy market.
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Table  2: National natural gas market key figures
Country Residential

consumption 1997,
TWh (Eurogas, 1998)

% of all
residential energy
(various sources)

% of power
generation 1996

(IEA/OECD, 1998b)

% of TPES -
all sectors

(IUG, 1998)
AU 28.9 21 18 23
BE 41.3 34 15 21
DK 7.4 15 11 17
FI 0.25 >0.1 12 10
FR 147.8 45 1 13
GE 294.6 35 9 20
GR No data 0 2 No data
IR 3.7 14 33 24
IT 187.4 45 21 28
LU No data No data 48 No data
NL 120.9 82 56 49
PO No data 2 0 1
SP 16.6 11 4 11
SW 0.6 1 0.3 2
UK 345.6 66 24 321

EU-15 1,198.02 - 12 -
1 Great Britain only
2 Excluding Greece, Luxembourg and Portugal
Sources: CEREN, 1998; DEA, 1998; Eurogas, 1998; EVA, 1998; IEA/OECD, 1998b; IUG, 1998

Table  3:  Residential natural gas market key figures
% of households using natural gas for:Country Estimated kWh per

connected household
19981 (Eurogas, 1998) Space heating Water heating Cooking

AU 23,9002 22 No data 20
BE 17,9003 46 No data
DK 25,3004 12 12 613

FI 7,4005 >0.1 0.4 1.4
FR 15,4006 38 37 50 [?]
GE 20,000 42 20 19
GR No data
IR 13,200 16 17 1114

IT 13,300 65 54 40
LU No data
NL 18,9007 97 89 21
PO 7,3878 >110 011 No data
SP 5,300 No data
SW 12,3009 No data ~ 5 4
UK 17,400 80 7112 41
EU-15 16,600 No data
1 Rounded to nearest 100; 2 Alternative estimate 15,900 kWh per annum in 1996 (EVA, 1998a); 3 Alternative estimate 19,700
kWh per annum in 1997 (FIGAS, 1997); 4 Alternative estimate 25,700 kWh per annum in 1998 (Dansk Naturgas, 1999); 5
Alternative estimate 7,100 kWh per annum in 1996 (Maakaasuyhdistys, 1998);
6 Alternative estimate 11,000 kWh per annum in 1996 (IEA/OECD, 1998b); 7 Alternative estimate 18,500 kWh per annum in
1996 (IEA/OECD, 1998b); 8 Data supplied by ISR 1998; 9 Alternative estimate 17,892 kWh per annum in 1996 (IEA/OECD,
1998b); 10 30% of Portuguese households have LPG-fired space heating (ISR, pers. comm., 1999); 11 64% of Portuguese
households have LPG-fired water heating systems (ISR, pers. comm., 1999); 12 in 1991 (English House Conditions Survey); 13

1% of households used mains gas for cooking, however a further 5% used town gas produced from natural gas;- 6% of
households owned a gas oven in 1995 (DEA, 1998); 14 A further 21% have cooking facilities fired by LPG, manufactured gas or
by a combination of gas and electricity.
Sources: BAK, 1997; CEREN, 1998; Dansk Naturgas, 1999; DETR, 1996; Distrigas, 1999; Doxa S.p.A.,
1998; EnergieNed, 1998; EVA, 1997; Finergy/Sener, 1998; GasTec, 1996; GdF, 1999; IEC, 1996; ISR,
pers. comm., 1999; Konsumenverket, pers. comm., 1998; LEEP, 1996; PdM, pers. comm., 1998;
Ruhrgas, 1999; Statistics Finland, 1998; VDEW, 1996; Wolf and Kronsteiner, 1995
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If representative, the figures for estimated kWh per household connected to the network suggest striking
variations in natural gas consumption between households in different countries. The highest levels of
household gas use are found in Denmark (over 25,000 kWh per household per annum), Austria (around
24,000 kWh), Germany (20,000 kWh) and the Netherlands (around 19,000 kWh). Average consumption
of natural gas per connected household in Finland is relatively low (less than 8,000 kWh per household
per annum) because Finnish households tend to use natural gas for cooking and not necessarily for space
and water heating. Portuguese and Spanish households have relatively low gas consumption compared to
most of the northern European countries, because of their much smaller need for space heating due to the
warmer climate.

Differences in average household consumption across Europe depend on the level of penetration of
natural gas-fired space heating systems, winter temperatures and the level of insulation of the housing
stock. Germany, the Netherlands, Belgium and the UK all have high penetration levels of gas space
heating; 42% (1998), 97% (1997), 46% (1998) and 80% (1996), respectively. Also important are the
average size of the heated area, and the share of multi-family dwellings. The latter is particularly
important in France and Italy (and likely to be of importance in the future in the Greek, Spanish and
Portuguese markets), where a relatively large proportion of households (42%, 66%, 52%, 64% and 30%,
respectively) live in multi-family dwellings (Eurostat, 1998), which usually have a common boiler. As
well as economies of scale, the aggregated demand of a multi-family dwelling may sometimes be eligible
for more advantageous energy tariffs than detached dwellings (Estrada et al., 1995).

1.4. Growth of domestic consumption
Natural gas consumption by households has risen steadily since the 1960s, particularly for space heating.
The greatest increase in demand in the residential and commercial sectors took place during the 15 years
after the oil price crisis of 1973. Figure 3 shows the growth in domestic consumption in selected countries
between 1980 and 1996. Germany and Spain, though with markets at very different stages, both show
very steep growth. Germany’s market in 1996 was 70 times what it was in 1980; the Spanish market had
increased by thirteen times. The Irish market (also new) has grown to 250% of volume sales in 1990
(IEA, 1997). Demand growth will depend on the national plans for expansion of the local distribution
network, and competitive pricing compared to common central heating fuels such as oil (Estrada et al.,
1995).
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Figure  3: Development of residential sector consumption of natural gas 1980-1996: Germany,
France, Ireland, Italy, Spain and the UK
Source: IEA, 1997
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Table 4 shows the importance of natural gas in the energy economy of various EU countries. Portugal is
unusual in that LPG is much more important to final users than natural gas (the Portuguese data refer to
the domestic sector only, while for the other countries the data refer to all sectors). Spain is also
noteworthy in that natural gas as a percentage of total final gas use lags behind all of the other main gas-
consuming countries. The role of natural gas in Portugal and Spain will increase over the next few
decades, at the expense of LPG.

Table  4: Type of gas, by final users (% of total gas use)

UK FR GE IT NL1 PO2 SP
Natural gas (LNG) 97.1 89.4 93.6 99.0 93.8 10.1 62.1

Manufactured (town)
gas

none 0.1 1.7 0.6 None - 1.3

Liquified oil gas (LPG) 2.9 10.5 4.7 1.4 6.2 89.9 36.7
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 The corresponding ratio for households only is 99.7% natural gas to 0.3% LPG (Ecofys, 1999).
2 Domestic sector only
Sources: US FCS and US DoS, 1997; Ecofys, 1999; ISR, 1999

2. Growth of gas infrastructure
Distribution infrastructure is extremely expensive and accounts for the majority of costs for transferring
gas from the well-head to the final consumer. In a country which lacks indigenous reserves, distribution
infrastructure investment can be as much as 80% of that of the entire supply chain (IEA, 1998). The EU
was prompted to take additional steps to develop infrastructure after the oil crisis of 1973. As the
abundance and viability of natural gas became more apparent, Italy and Spain became committed to
increasing market penetration, while Greece and Portugal decided to introduce it to their energy market
(Mabro and Wybrew-Bond, 1999). Although the particulars of gas infrastructure development are unique
for each country and highly influenced by political concerns, it may be helpful to view certain countries
as representative of progressive stages in the process.

Figure 4 shows the growth in the number of household connections in a number of countries, providing a
rough overview of rate of expansion of the low pressure gas distribution network.
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Figure  4: Comparison of expansion rates of natural gas low pressure distribution network
(household connections), selected EU countries
Sources: BGE, 1999; PNG, 1999; Ruhrgas, 1999; Sedigas, 1999; SNAM, 1999.
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Pre-existing town gas networks have been adapted for new natural gas supplies in Greece, Portugal
(Lisbon), the Republic of Ireland, and Northern Ireland. The development of urban distribution networks
in Germany and France, as well as in the UK, was also encouraged by the earlier production and
utilisation of town gas. The principal impetus for continental conversion from town to natural gas came
with the discovery of major European gas reserves, starting with the discovery of the vast Gröningen field
(the Netherlands) in 1959. By the end of the 1970s the Dutch had achieved well over 90% penetration of
the domestic market for gas heating and cooking. Smaller economically attractive reserves were
discovered in West Germany, Italy and France, and major programmes were initiated to adapt the town
gas distribution systems already in place to natural gas (Mabro and Wybrew-Bond, 1999).

The expense of distribution infrastructure means that where possible, existing infrastructure (plants,
pipelines) should be modified for use instead of building new structures. For example, the sharing of
facilities between the Portuguese company Transgás and the Spanish Grupo Gas Natural provides another
example of optimisation of existing resources. The collaboration between Portuguese and Spanish
transmission and distribution companies suggests the development of a virtually self-sufficient network
for the Iberian peninsula, rather than two separate grids solely reliant on either the Algerian or European
network (IEA, 1998a).

The Energy Information Administration predicted that in 1999, the fastest regional growth in the gas
industry in Western Europe will take place in countries with less mature but rapidly expanding
infrastructure, such as Greece, Spain and Portugal (EIA, 1999).

2.1. New European markets: Greece, Portugal and Northern Ireland
Natural gas was introduced to Greece, Portugal and Northern Ireland during 1997.

Greece represents the earliest stage of gas market development. The government is funding and
overseeing the development of the gas distribution network from a point of almost zero distribution. At
the time of writing, the only households that are supplied with natural gas are in the Athens area: about
8,000, served by a very old network previously used for the supply of town gas (Kouloumoundras, 1999).
Natural gas was been substituted on the inauguration of the natural gas pipeline in early 1997. DEPA, the
state natural gas monopoly, is in the process of planning new network development in three areas of
Greece: Athens metropolitan (extending the existing town gas network), Thessaloniki, and in the region
of the cities Larissa and Volos.

As yet, however, there has been very little construction, due to lack of progress in the privatisation
process (see below), and it is unlikely that any of the low pressure pipelines will be filled with gas in the
immediate future (Megalidis, 1999). Stern (1998) reports that the first significant imports of Russian
natural gas are not expected until the year 2000. Although no domestic users are yet connected to the
system, Russian natural gas has been supplied to some power generators and industrial users since early
1997. Natural gas-fired power generation has many advantages for Greece, particularly in reducing the
incidence of power cuts due to the peak electricity demand made by the increasing use of air conditioning
in the summer. This problem is particularly intense on Crete, which is dominated by air-conditioned
hotels, but it also affects mainland Greece (Megalidis 1999).

Northern Ireland had no access to natural gas prior to the construction of the Scotland-Northern Ireland
Pipeline (SNIP) interconnector between 1992 and 1996. The gas industry has developed over a period of
little more than two years, and is therefore significantly ‘younger’ than that in the Republic of Ireland.
The main impetus for the construction of the SNIP was the conversion of one of the four main power
stations from heavy fuel oil to natural gas, which underlines the role of large power producers in the
availability of natural gas to the domestic sector. It is estimated that natural gas will capture 45% of
Northern Ireland’s electricity generation market by the year 2000.
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The city of Greater Belfast (accounting for over 30% of the dwellings in Northern Ireland) had a pre-
existing town gas network, supplying around 20,000 homes. This was harnessed to the new natural gas
supply, just as Dublin’s town gas network was converted to natural gas in the 1970s. Supply to the
domestic sector did not begin until 1997, and was necessarily limited to Greater Belfast. Phoenix Natural
Gas plans to develop the gas grid to supply natural gas to 200,000 households of the almost 300,000 in
Greater Belfast by the year 2007, and to extend the grid beyond the city. It has predicted a connection rate
of 6,000 households per year for the first five years, and 12,000 per year for the following five years.
Despite initial problems, after little more than two years the number of households connected was 15,000
and around 100 local companies were qualified to install gas appliances (PNG, 1999). As in the Republic
of Ireland, much of the development of the domestic market for natural gas was expected to be at the
expense of solid fuel.

Portugal began to use natural gas in 1997, after the opening of the Gazudoc Maghreb-European (GME)
pipeline (which also supplies Spain). It was first used to feed a new Portuguese CHP plant for the
production of electricity (Martins, 1997). Keen to diversify the energy supply, the Portuguese
Government has already achieved the 2000 target for natural gas of a  8-9% share in TPES. The major
aim of the National Energy Programme (1994) is for natural gas to have at least 18% share in electricity
production by the year 2015.

The number of domestic customers in Portugal is still minimal (ISR, 1999) and the country is just
beginning to develop its natural gas infrastructure. Significant investment from the European Union has
been required. Links between the Portuguese and Spanish networks provide more security of supply and
allow more rapid development than if the Portuguese network were to develop in isolation. It helps to
optimise the use of existing infrastructure, and the result is more of an integrated ‘Iberian network’.
However, various problems associated with the urban distribution network are likely to hinder the rate of
domestic connections to the domestic sector (see below).

2.2. Young expanding markets: Spain and the Irish Republic
The markets of Spain and the Republic of Ireland are still in fairly early stages. For this report, however,
they can be distinguished from new markets by relatively extensive infrastructural development and
rapidly expanding domestic markets. In the case of Ireland, this was strongly facilitated by a pre-existing
town gas pipeline network.

Natural gas entered the Spanish energy market in the 1980s, and for the next few years remained a small
sector based on limited domestic production. Infrastructural expansion started to take place towards the
end of the 1980s, but natural gas only started to play a significant role in the national energy balance in
the 1990s. Even in 1995, natural gas was still at a very early stage in the household and commercial sector
(Estrada et al., 1995). The natural gas market drew huge benefits from the 1996 opening of the GME
pipeline importing Algerian gas from Morocco, and is now one of the fastest-growing natural gas markets
in Western Europe (EIA, 1999). The pipeline was part-funded by the EU and enabled the introduction of
natural gas to Portugal. Although LPG still accounts for more than 30% of total national gas
consumption, natural gas accounted for over 60% of all gas used in Spain in 1997, which was the first full
year of activity for the GME pipeline. The pipeline is expected to carry one third of Spain’s natural gas
demand by the year 2000 (US FCS and US DoS, 1997).

Although the bulk of growth in Spanish demand for natural gas is due to the electricity generation (14%
of demand in 1997) and industrial sectors, extension of the distribution network is taking place rapidly
under a strong policy of territorial expansion (Royal Decree 1914/1997). In 1997, rates of increase in the
number of natural gas customers placed Spain third in the EU, behind the UK and Germany. Between
1990 and 1997, the number of domestic customers increased from around 1.9 million (16% of Spanish
households) to over 3 million in 1998 (29% of households). Around 40% of urban households were
estimated to be connected in 1997 (US FCS and US DoS, 1997). The completion of the GME pipeline
enabled the extension of the gas grid to more remote areas, and all 17 Spanish regions now have access to
the grid (IEA, 1996). Between 1997 and 1998, domestic demand increased by 22% (around 9% of this
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was due to infrastructure expansion and increase in customer numbers). Domestic sector gas sales reached
18% of total sales in 1998 (Sedigas, 1999).

The Spanish market for natural gas is far from saturated, and further extensive infrastructural
development will be necessary to meet the anticipated rise in demand by all sectors. In the domestic
sector, natural gas is primarily used for heating. Manufactured gas and LPG have large market share (see
Table 4), but natural gas is expected to continue to gain market share primarily at the expense of oil.
While coal will retain market share, it is expected that the rate of growth in demand for it will be
curtailed.

The Republic of Ireland has a long history of gas use, beginning in the early nineteenth century with the
manufacture and supply of town gas (from coal, and later from oil). The low pressure pipe network for
delivering gas to urban households was already in place, at least in the area of Dublin. This network was
compatible with natural gas, so when the Kinsale Head gas field was discovered in the early 1970s,
natural gas rapidly entered the market.

Infrastructure underwent extensive development during the 1980s, more so than was the case in Spain,
and concentrated on the industrialised West Coast (near to Kinsale Head). Kinsale Head and Ballycotton
(a gas field discovered in the late 1980s) supplied the small market until 1993, when BGE and the
Government began work on the sub-sea Scotland-Ireland Interconnector Pipeline (SIIP), at the same time
as the SNIP. This allowed the import of UK gas supplies to supplement the growing Irish market (overall
energy demand has doubled in the last 20 years), and will ensure continued supply as indigenous
resources are depleted. At the present time, the Irish gas company Bord Gáis Éireann (BGE) imports in
excess of 50% of its natural gas requirement through the SIIP. The Irish Electricity Supply Board (ESB)
and a large ammonia plant (Nitrigin Éireann Teoranta) are the main consumers, accounting for around
50% and 20% respectively (Tithe an Oireachtas, 1998; IEA, 1998).

The domestic market and the low pressure distribution network have expanded markedly since the 1970s
(Figures 3 and 4). Natural gas is expected to increase at the expense of solid fuels, which are widely used
in Ireland. BGE now supplies natural gas to around 300,000 domestic customers, for space and water
heating, cooking and/or tumble drying. An additional half a million homes, not yet connected – around
40% of Irish households – are within the area served by the gas grid (BGE, 1999b). The gas grid itself has
doubled in extent over the last 15 years. In the industrial sector, around 90% of industry with access to the
network switched to natural gas (Tithe an Oireachtas, 1998).

2.3. Growth in mature markets: Italy and Germany
Italy and Germany are two of the largest gas-consuming nations in the EU. The industries in these two
countries are considered to be mature, in that gas has been supplied to the domestic sector for more than
20 years. Infrastructure and the domestic markets, however, are still growing.

Italy’s history of gas use began with the manufacture of gas for lighting in the mid-nineteenth century.
Starting in the 1890s, gas came to be used primarily for cooking, and cooking remained the major market
until the discovery of natural gas in the middle of the twentieth century. Natural gas took off in the 1970s,
at least a decade earlier than the main growth of the market in Spain (Italgas, 1999), and between 1985
and 1995 there was an exceptional increase in household penetration (Estrada et al., 1995). The
transmission and distribution infrastructure is still growing rapidly, partly as a result of increased
domestic demand. Most gas is sold in the north of the country, but major upgrading is concentrating on
southern Italy and the Italian islands. One important factor in the growth of the Italian natural gas market
is a major policy drive to boost the share of natural gas in the national energy mix. In terms of natural gas
as a proportion of the total energy market, Italy is third in Europe after the Netherlands and the UK
(Eurogas, 1998; EIA, 1995).

In 1998, sales to residential and commercial users increased by around 8%, due partly to a colder winter
than in 1997, and partly to an increase of 111,000 customers served through urban distribution networks.
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The residential and commercial sector accounted for approximately 27% of gas sold to the Italian end-
user market in 1998 (ENI, 1999). Gas is sold competitively as an alternative to fuel oil or to LPG (Estrada
et al., 1995).

The development of the German local distribution network, as in the UK and France, was encouraged by
the earlier production and utilisation of town gas (Mabro and Wybrew-Bond, 1999). From the early
1970s, the number of households in West Germany using natural gas expanded at an annual rate of over
300,000, and a similar positive trend began in the former East Germany in the early 1990s. Today, over
15 million German homes use natural gas for space heating (Ruhrgas, 1999). Despite the East German
housing boom after the fall of the Berlin Wall, it has proved difficult to construct a local distribution
network in this region, because many households in the new Länder are already connected to a district
heating system. It is therefore expected that natural gas will take a long time to penetrate the household
sector in the new Länder (Estrada et al., 1995).

3. Structure of the natural gas industry
The EU Directive (adopted May 1998) has required national governments to review the framework of
their gas industries. The progress of gas market liberalisation is likely to be a major factor influencing the
spread and popularity of natural gas in the domestic sector in the future (Stern, 1999). The success of
natural gas in winning shares in the domestic market is likely to be influenced by the degree to which
markets are open and competitive. The following section discusses some aspects of the progress of
liberalisation in selected countries, and suggests how the growth of the gas distribution network may be
retarded or encouraged by different countries’ approaches to the EU Directive.

3.1. Lingering monopolies: Greece, the Republic of Ireland and Italy
The state monopolies still dominant in Greece, the Republic of Ireland, and Italy, are in strong contrast to
the UK situation, where around 20 companies now compete in the domestic market. Of the six major
European gas markets, the UK is the one with the most widespread competition (Mabro and Wybrew-
Bond, 1999). The reason for the unusual pace and extent of liberalisation in the British market lies in the
new regulatory framework, which (according to the IEA) is “uniquely clear and coherent in the EU”
(IEA, 1998a). Although the UK domestic market for natural gas is close to saturation point, the
differences between this case and those of Ireland and Italy may help to explain why the rate of new
household connections to growth in household numbers is less than 1 (see Table 5).

At the end of 1999, little work had taken place on the construction of the low-pressure distribution
network in Greece. The slow progress made in the opening of the natural gas industry to competition has
been largely responsible. In line with the requirements of the 1998 Gas Directive and with the
participation of local municipalities, DEPA (the state natural gas monopoly, and basically an arm of the
Greek government) has created three local distribution companies (Attikki, Thessaloniki and Thessalia).
The Greek Government has issued a call for tender from private companies for a stake in these 3
distribution companies and a 20-year management contract. Experienced companies such as British Gas
and Gaz de France are expected to take on some of this new market, but the procedure is still in process
(the Greek Government anticipate completion by the year 2000). Plans for development have effectively
been delayed by a couple of years, and no work can possibly be done before private companies have
responded (Megalidis, 1999).

The IEA state that breaking down the monolithic structure of the Greek gas industry and introducing
competition should be one the fundamental priorities of Greek energy policy. The development of the
regulatory framework necessary to accomplish this is taking place within an overall context of structural
reform to reduce the role of the State in the economy. However, the Greek government were slow to
initiate the necessary regulatory changes (e.g. the call to tender) in order to bring this about.

At the time of the discovery of Ireland’s indigenous gas reserves in the early 1970s, there was no natural
gas industry as such. The Irish Gas company, Bord Gáis Éireann (BGE), was established by the 1976 Gas
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Act after the discovery of Kinsale Head, and assigned responsibility for purchase, transmission,
distribution, sale and supply. BGE has been the sole developer of the natural gas industry in Ireland, and
has a de facto monopoly. The Irish energy market itself is highly competitive, electricity and oil having
large shares, but competition within the natural gas industry itself is minimal. In fact, it is only just
beginning in the heavy industrial and commercial supply sector. There are no proposals as yet to facilitate
the emergence of a competitor in the domestic supply sector, and it has been predicted that no such
competitor is likely to arise before the year 2005 (Tithe an Oireachtas, 1998). The opening up of the Irish
natural gas market to competition, probably a good decade into the new century, is expected to bring
about a reduction in prices for all sectors.

In Italy, SNAM (a subsidiary of the state-owned ENI) is the main supplier, transporter and distributor of
natural gas, and supplied around 90% of the country’s total natural gas requirement in 1997. There are
almost 800 local distribution companies operating hundreds of municipal or consortium networks, and
Italgas (controlled by SNAM, and in which ENI has 41% stake) is the largest of these, with 33% of
domestic natural gas sales (Italgas, 1998). Despite the liberalisation of all activities in the Italian natural
gas industry since January 1 1997, SNAM was at first unwilling to allow competing companies access to
the network (EIA, 1995), and remains concerned that the opening up of domestic markets across the EU
should be ‘contemporaneous’ (ENI, 1999). Due to the overweening influence of ENI through its
subsidiaries at all organisational levels, the Antitrust Authority decreed that to open the Italian market to
real competition it would be necessary to divide SNAM into 2 or 3 different legal entities (OCED/IEA,
1998). The privatisation and break-up of SNAM is therefore now on the Italian political agenda (Mabro
and Wybrew-Bond, 1999).

3.2. Committed to competition: Spain and Germany
The greater progress of liberalisation in the natural gas markets of these two countries may be linked to
the relatively higher rates of domestic gas connections compared to increasing household numbers (Table
5).

The Spanish government has committed itself to liberalisation and has plans to open the market to
competition faster than demanded by the EU Gas Directive. Legislative reform has been proceeding
rapidly since the opening of the GME pipeline (in fact, only the UK has gas market legislation more
liberalised than Spain’s), and regulation is now in place for third-party access (Sedigas, 1999). However
Enagas, a private company, still has the monopoly for the acquisition and wholesale distribution of
natural gas. It owns and manages the national gas pipeline network and has a part share in ownership and
operation of the GME pipeline. The persistence of this monopoly is due to some clauses in Enagas’
contracts with the Algerian gas suppliers, which require it to pay for a minimum amount of gas at a
minimum price even if they cannot sell it (take or pay). It is feared that if prices fell due to the entry of
competing organisations on the scene, Enagas would not be able to comply with these clauses and may
collapse.

Enagas is a subsidiary of the Gas Natural group of companies, which sells gas to around 90% of the
Spanish market (Stern, 1998). In addition, there are 16 regional and local companies that distribute gas at
retail level (US FCS and US DoS, 1997). However, the IEA considers that in spite of substantial
liberalisation, the concentration of large enterprises in the gas sector may impede the functioning of a
competitive market (IEA, 1996).

In Germany there is no national gas company as such, but 16 companies normally purchase imports as a
consortium, led by Ruhrgas, the largest transmission company. Most domestic production (around 80%)
is carried out by 3 private sector companies. Around 600 companies operate at distribution level. The
German gas industry therefore has a multi-level, decentralised, highly liberal structure, which is said to
have greatly benefited the development of the domestic market (Ruhrgas, 1999).



Lower Carbon Futures: Appendix R

15

4. National and infrastructural barriers to gas penetration
As previously mentioned, gas distribution infrastructure is expensive to install and some countries’ plans
for expansion have proved to be over-ambitious. This is particularly true for the new networks in Portugal
and Greece. Although delays in network expansion may be short term rather than long term, long-term
future household connections may be on a smaller scale than originally envisaged, due to unforeseen
infrastructural limitations.

4.1. Obstructions to expansion of the low pressure network
Household connections in Portugal are now expected to take place more slowly than originally
anticipated. This is due to a shortage of specialised skills, reducing productivity and increasing labour
costs. The costs of construction have turned out to be far in excess of original calculations, and domestic
consumption of natural gas in 1998 was lower than the predicted value by 7%. A second major problem is
considered to be the inadequate coverage by Portuguese legislation of technical regulations concerning
the construction of installations under the natural gas development plan. In addition, companies
responsible for laying the piping have insufficient knowledge regarding subterranean infrastructures
already in place; this lack causes more delay (Martins, 1997; ISR, 1999).

The expansion of the gas distribution infrastructure in Greece may encounter the same kinds of problems
and delays as those experienced in Portugal – i.e., lack of technical skills among the labour force, and a
lack of co-ordination between public utilities. However, a delay of a few years is small compared to the
monumental task of establishing a completely new fuel in the energy market. A further delay has been
incurred by the lack of tender mentioned above (Megalidis, 1999).

4.2. Obstacles to domestic uptake
Various obstacles will play a major role in determining the rate of household uptake of natural gas in the
developing domestic markets under discussion. In Portugal and Greece, infrastructural factors will be
more important than in other countries. Economic factors are important in all countries, but will be
particularly restrictive for low-income groups in Portugal and Ireland.

For Greek households in large multi-family apartment dwellings (for example most households in
Metropolitan Athens), the cost of fuel-switching may only be justifiable for communal central heating
systems. Greek apartment buildings are presently (2000) mostly heated by oil-fired communal systems,
and switching to gas would require little more than changing the burner. A mains supply of natural gas
would have the added convenience of not requiring storage, leading to a smaller likelihood that the power
supply will be interrupted (Megalidis, 1999). However, it is unlikely that natural gas would be installed in
every household for water heating and cooking. This would require the installation of a vertical network
as well as the horizontal one, entailing additional expense: in a communal building, there are no
guidelines for sharing the cost of such an installation, especially if not all households were party to it.

Opportunities for switching to natural gas for other end-uses appear to be limited as a significant
proportion of the Greek domestic sector (21%) has already switched to solar thermal power for water
heating, which continues to increase in popularity (Fyrogenis, 1999). If most households cook by
electricity, it is unlikely to be cost-effective for households to switch for cooking, since this would
involve purchasing a new cooker (Boardman, 1999). There is already a significant residential market for
LPG domestic appliances and low technology butane and town gas stoves, but the market for natural gas
heating and cooking equipment is very small; only 10 out of 150 suppliers of oil- and gas-fired domestic
equipment specialise in gas (US DoC, 1999). Therefore, the bulk of the anticipated boom in domestic use
of natural gas in Greece is likely to be due to switching from oil to natural gas for communal central
heating in apartment buildings (Megalidis, 1999).

One of the main barriers to domestic uptake in Portugal is the fact that the majority of dwellings will need
to undergo significant infrastructural change to be able to receive and make use of natural gas,
particularly older dwellings (which tend to lack internal infrastructures). Building legislation in 1989
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directed that all new dwellings had to have internal infrastructures including piping suitable for natural
gas, but some city councils have failed to enforce this. In some cases, construction companies have
installed piping that was suitable for LPG, but not natural gas, in order to reduce costs. Therefore some
buildings may have infrastructures that need costly upgrading in order to meet the requirements of the
legislation in force. The cost of conversion itself, which ranges from 110 to 450 Euros (not including the
cost of purchasing new domestic appliances), may provide a sufficient deterrent against fuel-switching
(Martins, 1997).

Conversion to natural gas is likely to be even less attractive to the Portuguese rented sector (26% of all
households). Rents tend to be low, and are unlikely to pay for the installation of the necessary
infrastructure. It is also thought that lack of awareness among consumers of the natural gas distribution
system, and (for those who are aware) the lack of choice of supplier, has acted as an obstacle to domestic
sector penetration (ISR, 1999). Because of Portugal’s extensive use of LPG for water heating (64% of
households) and cooking (again the majority), the first phase of residential sector fuel-switching is
expected to affect the LPG market rather than the electricity market (IEA/OECD, 1998a). While natural
gas-fired space heating may be favoured over electric heating in the future, the demographic, climatic and
economic situation means that space heating accounts for a much smaller proportion of household fuel
consumption than in other EU Member States (ISR, 1999).

Although natural gas has environmental and cost advantage, many Irish households cannot afford to
install gas central heating. A recent estimate puts the number of fuel-poor households in the Republic of
Ireland at around 140,000, or 12% of all households (CPA, 1999). There is a need to provide cheap
energy supply to low-income households, particularly to the elderly, through national policy initiatives.
At least one local authority has implemented a five-year plan to connect all senior citizens to the network,
but there are no plans to extend supply to social housing. In areas where the basic infrastructure is already
in place, it is only a question of connecting homes. BGE’s NetSaver programme (see below) goes some
way towards meeting this objective. However, it is not always possible for local authorities to facilitate
the connection of all households (Tithe an Oireachtas, 1998).

Early analyses of market trends for domestic fuel in Northern Ireland suggest that rates of connection are
significantly lower than originally anticipated. In addition, according to an opinion poll of householders
in Belfast, approximately two thirds indicated that they did not want to switch fuels. A survey carried out
by Market Research Northern Ireland Ltd., indicated that over 90% of respondents had no intention of
switching to natural gas within the next five years. There appears to be serious resistance to change in
Northern Ireland, which may result from a number of factors. Firstly, the implementation of the natural
gas project occurred too late to divert a market shift from solid fuels towards heating oil. Many of the
Belfast households that decided to move away from coal had switched to oil as the only real alternative
before natural gas became available (1997). Secondly, the relatively high initial outlay costs are likely to
deter many people who had recently completed a switch to oil (unless they are undertaking major
building or renovation work at home). Thirdly, the relatively low price of oil during the first few years of
the project diminished perceptions of the economic advantages of natural gas.

4.3. Strategies to encourage domestic uptake
After completion of the next phase of pipeline development, it is estimated that the majority of Greek
households will – in theory – have the opportunity to switch to natural gas. The Greek Government
anticipates a fairly rapid uptake of natural gas once the legal and administrative framework is established
and natural gas finally becomes available. At some point the government will offer incentives, settled by
the Commission (e.g. tax rebates) to encourage switching. For the individual consumer, switching to
natural gas will have long-term benefits, however the consumer’s awareness of these benefits will depend
ultimately on the marketing skills of the local distribution companies. There will be no mandatory
switching policy, as is the case in Denmark (Megalidis, 1999).

In northern Portugal (the supply area under the control of Portgás), many households will be discouraged
from switching to natural gas because of the very low price of electricity compared to elsewhere in the
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country. To overcome this barrier, Portgás offers consumers a free gas instantaneous water heater if they
choose gas-fired central heating. They also offer a year of [free?] natural gas consumption with a limit
established at around 350 Euros, and the chance to purchase natural gas appliances, or to fund
infrastructural changes, on credit (ISR, 1999).

One of the key priorities in Irish energy policy is the extension of the natural gas network, as far as
practicable, to all major towns and cities. Economic viability, however, is the main consideration. Both
the construction of new lengths of pipeline to new areas and towns (I£ 26 million (30.03 million Euros, as
of March, 2000) was invested in new network development in 1997), and maximising household
connections in areas served by existing infrastructure are priorities for BGE. BGE’s NetSaver programme
provides free connection to the natural gas network for homes that are within 15 metres of a main pipeline
(BGE, 1999). However, the problem of fuel poverty needs to be addressed at a national level in order to
facilitate conversion for those households for which natural gas is beyond economic reach (Tithe an
Oireachtas, 1998).

The discovery in August 1999 of the large Corrib field off the West Coast is likely to have a strong
influence on government thinking on ensuring security of supply and developing the gas infrastructure.
Corrib is expected to be able to provide up to 50% of national demand and to come into production before
2010. BGE anticipates that it will have to invest as much as I£ 1 billion (1.16 billion Euros, as of March
2000) in a major expansion of the gas infrastructure to keep pace with the rising demand in natural gas for
power generation and residential use. Additional pipeline infrastructure will have to be in place by 2004,
at which point imports will have to play a larger role in supply, at least until Corrib is in operation
(Cedigaz, 1999).

As in the rest of Europe, nearly all new housing developments in the Republic of Ireland opt for natural
gas. The growth of the domestic market is likely to be encouraged by a Government decision to ban the
sale of bituminous coal in certain areas on the basis of health concerns. A reduction in coal consumption
will not only help to reduce the incidence of respiratory diseases in some parts of the country, but will
reduce the annual fuel expenditure of the average household (Tithe an Oireachtas, 1998).

In Northern Ireland, marketing has a role to play in overcoming consumer resistance, and in promoting
natural gas as the fuel for a modern lifestyle. However economic barriers to change (and other issues such
as tenure) need to be addressed at national policy level. Fuel poverty is as great a problem in Northern
Ireland as in Republic of Ireland. At the time of writing, only one policy appears to have been designed to
overcome these economic barriers, and solely in the rented sector. The Housing Executive inspection
programme, carried out every 10-12 years, will ensure that households in rented accommodation are
offered a choice of fuel, but will suggest conversion (free of charge) on the basis of energy efficiency
consideration

In Spain, Government attempts to promote the substitution of natural gas for other fossil fuels as a
primary energy source have so far met with mixed results, but gas promotion as a final source has been
much more successful (US FCS and US DoS, 1997). The Spanish government has a strong policy of
territorial expansion of the natural gas network (Royal Decree 1914/1997), and gas companies make
strong efforts to attract new customers and to promote sales. Enagas and the local distribution companies
have decided on a programme of intense network development for the year 2000.

5. Making projections

5.1. Estimating future network expansion
For modelling purposes, assumptions may be made about the rate of future growth of the natural gas
network and domestic connections in each country. In the absence of detailed national plans, these
assumptions are necessarily based on the estimated annual numbers of household connections during the
most recent period for which such data are available. Table 5 shows the estimated number of household
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connections per year, based on national data, and compared with approximate annual growth in household
numbers over a corresponding period (calculated from official household statistics). This comparison
makes it is possible to gain an idea of the ratio of network growth (growth in the number of household
connections) to growth in the housing stock. For example, we see that the German and Austrian natural
gas networks are expanding much more rapidly than the household stock itself, while the numbers of
French, Italian and Irish households increase more rapidly than the number of households connected to
the gas mains.

Table  5: Estimated annual number of household connections
Country Year/period Estimated

annual
Connections

Source Approximate
annual increase
in households

Network
growth: new
households

AU 1993-98 (av.) 54,500 Eurogas, 1998;
Dörfler and Reiss,
1995

23,500 2.3

BE 1991-97 (av.) 38,700 FIGAS, 1997 27,000 1.4
DK 1985-99 (av.) 19,8001 Dansk Naturgas,

1999
19,000 1.0

FI 1999 100 Maakaasuyhdistis,
1999

39,600 <0.01

FR 1998 134,4002 GdF, 1999 253,100 0.5
GE 1990-97 (av.) 762,5003 Ruhrgas, 1999 337,100 2.3
GR - No data4 -
IR 1998 18,000 BGE, 1999 39,000 0.5
IT 1998 111,0005 ENI, 1999 190,200 0.6

LU - No data -
NL 1990-97 (av.) 88,0006 Ecofys, 1998 78,900 1.1
PO to 2010 41,200

projected
ISR, 1999 No data -

SP 1990-97 (av.) 180,280 Sedigas, 1999 120,600 1.5
SW - No data7 -
UK 1998 255,000 BG, 1998 184,500 1.4

Notes:
1 Rough estimate based on expansion of the distribution network since 1985, and an estimated 297,000 households connected
(289,000 households connected plus 8,000 waiting for connection at the end of 1998) at the end of 1999 (Dansk Naturgas 1999).
2 Estimate based on GdF (1999) figure of 160,000 new natural gas customers in 1998; assumption that the household sector in
France is represented in the new connections in the same proportion (84%) it contributes to the overall number of GdF customers.
3 Refers to annual increase in number of households using natural gas for space heating; in Germany, virtually all households
connected to the network use natural gas for space heating (IER, 1998).
4 No information available, however it is planned to extend the network into areas serving 50% of the population by 2006; the
number of households connected will be much lower than this, especially considering that over 50% of households live in
apartment blocks and are unlikely to benefit from gas for water and cooking (domestic sector unlikely to benefit from natural gas
immediately).

5 SNAM data for the expansion of the gas distribution network suggests that the average number of household connections per
year between 1992 and 1998 was 195,000 (SNAM, 1999). This is almost twice as large as ENI’s figure. SNAM is unlikely to be
referring to all customers in the domestic, commercial and residential sector as dividing these figures by household numbers
gives around 70%, the expected level of penetration.
6 No further network development expected in the Netherlands, other than to keep pace with new construction (Ecofys, 1998).
7 No data, however the domestic market is unlikely to develop further in the near future (Svenska Gasföreningen, 1999).

Further suggested assumptions as to rates of growth in the domestic natural gas market are given in Table
6. These consist mainly of qualitative statements based on observations of the history of the natural gas
network in each country and policies in place to expand the use of gas. They are intended to be
suggestions rather than recommendations.
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Table  6: Suggested assumptions as to rates of growth of household connections and demand to
2010

Country Residential connections Residential sector demand
Austria: mature

market growth
Will continue at rates similar to (or even slightly
higher than) those in Germany.

Assume mature market growth rate
of between 1% and 5% per annum,
as UK, Belgium and Germany.

Belgium: mature
market growth

Will continue at rates greater than growth in
household numbers, but less rapidly than in
Germany.

Residential sector demand increased
by 1.4x (from 32 to 46 TWh)
between 1990 and 1996 (IEA
1998). This to continue.

Denmark: small
young market,

unlikely to develop
much further

Household connections expected to increase more
than in frozen markets such as Finland and
Sweden (i.e. at a greater rate than demographic
expansion, due to government policies to promote
natural gas and district heating networks at the
expense of electricity), but to a limited extent. The
domestic market is said to be 80% saturated
(Dansk Naturgas 1999), and district heating is the
most well-established and rapidly expanding
source of domestic heat.

Residential sector demand to
continue at a similar rate to that in a
mature market.

Finland: frozen
market

No further increase for foreseeable future, except
in line with demographic changes in urban areas.

No significant increase anticipated
other than in line with demographic
changes.

France: mature
market growth

In 1998 there were 160,000 new household
connections, representing 0.7% of French housing
stock (GdF 1999), and Gaz de France has a strong
policy towards increasing household connections.
However, no foundation as yet for predicting
whether rates of growth in natural gas connections
will match or exceed rates of growth in number of
households

Significant increase in demand is
anticipated in long term future
(when gas takes larger share in
power sector). Residential sector
demand increased by 1.3x (from 86
to 114 TWh) between 1990 and
1996 (IEA 1998). This to continue.

Germany: mature
market, high growth

Continue at post-1991 rates of increase: just under
2% of households per annum, declining to 1.6% in
the last three years. Assume continuation in
foreseeable future at rates higher than growth in
household numbers.

Residential sector demand increased
by 1.8x between 1990 and 1996. Of
all of the mature European markets,
Germany has experienced the
fastest growth in demand over the
last 2 decades.

Greece: new market Residential connections unlikely to begin before
2001, and may follow a similar growth pattern to
Portugal, i.e. 2% connection by 2002, and growth
at Portuguese rates thereafter.

Assume similar rate of growth to
other new markets.

Ireland (Northern):
new market

PNG expect to be in a position to serve two thirds
of the ~ 300,000 households in Greater Belfast by
the year 2007: this will represent an estimated
22% of all Northern Irish households. Connection
rates have been projected at 6,000 households
(representing 2% of Greater Belfast and 0.6% of
Northern Ireland) per year to 2002, then 12,000
households (representing 4% of Greater Belfast
and 1.2% of Northern Ireland) until 2007.

No available basis for assumptions

Ireland (Republic):
young market growth

1.2% annual rate of increase in household
penetration since 1980, slowing to 0.6% between
1996 and 1998; penetration rate may rise by 2004
because of massive impending investment in
pipeline infrastructure (duplication of the
Scotland-Ireland Interconnector) and may increase
to at least pre-1991 levels (1.3% annually) by
2010 due to recent discovery of Corrib field.

Residential sector demand has
increased by 2.5x (from 1.5 to 3.8
TWh) between 1990 and 1996
(IEA, 1998). This to continue.

Italy: mature market
growth

Rate of increase in penetration has been slowing
down since 1991, decreasing from 3.6% of
households connected in 1991, to only 0.3% of
households 1995-1998. Connection rates to
continue at current levels for foreseeable future.

Residential sector demand has
increased by 1.3x (from 198 to 249
TWh) between 1990 and 1996. This
to continue (i.e. mature market
growth rate).

Netherlands: mature
market growth

Household sector virtually saturated already;
further growth unlikely to affect more than 2% of
households over the next 10 years.

Growth rate similar to that in UK –
i.e. mature market growth rate of
between 1 and 5% per annum.
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Country Residential connections Residential sector demand
Portugal: new

market
Industry predicted around 580,000 connections by
the year 2010. This corresponds to 13% of all
Portuguese households (according to Euromonitor
household projections, which are significantly
higher than official census data pre-1991), or a
rate of increase of around 1.3% of the household
stock per year.

No available basis for assumptions

Spain: young market
growth

Post-1991 rates of increase have been rising from
just over 1% of the household stock annually in
1991, to 2.3% in 1997. Assume that connection
rates will continue at least 2.3% for foreseeable
future.

Residential sector demand increased
by 2.75x (from 5.2 to 14.3 TWh)
between 1990 and 1996 (IEA,
1998). This to continue.

Sweden: frozen
market

No further increase anticipated, except in line with
demographic changes in urban areas.

No significant increase anticipated
beyond that caused by demographic
growth.

UK: mature market
growth

May be an increase of up to 5% in penetration by
2010, and 10% by 2020 (this is based on the
number of households within economic reach of
the gas mains, but not yet connected).

Significant increase anticipated as
more homes switch to natural gas
for space heating and water heating.
Residential sector demand increased
by 20% (from 300 to 364 TWh)
between 1990 and 1996 (IEA,
1998). This to continue.

5.2. Assessing fuel-switching potential
Attempts to project fuel-switching to natural gas will have to take into account infrastructural limitations
and the economic feasibility of fuel switching for the individual consumer. This will depend directly on
such factors as: the cost of connection to the network (and the existence of schemes to deal with this); the
cost of structural changes within the household, and the cost of new appliances (if these are necessary to
enable natural gas to be used); the size of the domestic heating bill (which, independently of fuel type,
may be an approximate function of winter temperatures); and the cost of natural gas in relation to the cost
of the fuels currently used for space heating, water heating and cooking.

It is likely that the growth of gas in the domestic sector will be less in countries which are already
equipped with satisfactory alternatives. For example, natural gas distribution is not expected to expand
rapidly in the new German Länder, urban areas of which are already served by district heating networks.
Similarly, growth of the French distribution network may take place much less rapidly than that in
Germany, Italy or Spain, due to the lack of immediate plans for decommissioning the nuclear power
sector. However, domestic sector demand for natural gas may be expected to increase significantly in all
countries (perhaps excepting Finland and Sweden) as natural gas gains share in all markets and bridges
the gap between fossil fuels and renewable sources of energy.

REFERENCES: see ‘COUNTRY PICTURES’ and ‘LOWER CARBON FUTURES’.
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