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1) Introduction
Along with other infrastructure industries in energy, telecommunications and transport, electricity supply had experienced government intervention in the nineteenth century, in part because of natural monopoly elements and in part because of the strategic significance of communications and energy resources. This paper reports on part of a more general inquiry into how far there was a common pattern of regulation and ownership across Western Europe’s infrastructure industries and into the extent to which changes in regulation and ownership were driven by technological and economic forces rather than by debates on socialism and capitalism. A particular thesis is that the strong elements of public ownership and government intervention by the end of the 1940s which have often been ascribed to the rise of social democratic parties, was already well advanced by the late 1930s and was mainly a product of technological and economic forces.

Whereas in the nineteenth century a major role in regulation and public ownership was taken by local government and municipal enterprises, that role diminished in the twentieth century. The major regulatory change in Western Europe in the period 1914-50 was the increased role of the central state, especially in the form of state ownership. It is true that, by 1913, the telegraph was already state owned in most countries as were railways in Italy, Prussia and several other German states and the telephone systems in Britain, France and Germany. The Dutch government had established a state coal mining undertaking, Staalsmignen, in 1901 and the Prussian state owned coal mines in the Saar and Silesia. By 1950 however railways, gas, electricity, coal mines and the central banks had been nationalised in France and Britain. The railways and telephone systems were virtually or actually nationalised in Sweden, Spain and Norway, as were airlines in all countries. The central governments of Spain, Italy and the Federal Republic of Germany owned undertakings with extensive and often dominant holdings in electricity and gas supply, coal and manufacturing companies while the State electricity power boards in Sweden and Norway were dominant institutions in their sector. Central governments had complete or partial ownership of the major companies supplying oil.

Much of what could be seen in 1950 was however well advanced by the end of the 1930s, before that is of major electoral gains by social democratic parties and before the advent of economic planning associated with the 1940s
. Railways had already been nationalised in Germany, Sweden and France while two private railway companies in the Netherlands had merged in 1917 to form a new undertaking, NV de Nederlandsche, with the Dutch state a major shareholder. The Swedish and Norwegian state electricity power boards had been established in 1909 and 1920 and the Central Electricity Board for the British national transmission grid in 1926. The major state holding undertakings in Italy (IRI, Istituto per la Ricostrizione Industriale) and Germany (VIAG, VEBA, BERG) were created in the inter-war period. The airline companies set up in the inter-war period were mixed enterprises or state owned (Air France, Lufthansa, Sabena, KLM) while the state-owned British Overseas Airways Corporation was established in 1940. Central government holdings in oil companies were arranged early in the century: British Petroleum in 1914, AGIP in1926, the Compagnie Française de Raffinage and the Compagnie Française des Petroles in 1924 and the Compañía Arrendetaria del Monopolio de Petrólos in Spain in1927. Otherwise the central government in Spain was to take to public ownership rather later than other countries. The state holding company (INI, Instituto National de Industria) started in 1941, the railways were nationalised in the same year and Telefonica in 1944. 
The key technological and economic forces which were making for increased government regulation and ownership in the 1900-50 period were
a) the state's increasing participation in the ownership of key strategic resources like coal and oil
b) the problems in adapting the 19th century economic organisation of the railways to new socio-economic pressures and to the advent of the internal combustion engine as a prime competitor

c) the moves to system integration in  telephones, and in electricity supply which is the subject of this paper.
2) Technological Opportunities and Institutional Constraints in Electricity

There are two reasons for viewing the development of electricity as one of the key issues of economic organisation in the 1914-50 period. In the late nineteenth century, electricity suppliers found the gas industry a tough competitor and electricity was a largely local affair, involving municipalities and small companies, albeit with signs of major developments in industrial uses. By the early decades of the twentieth century, long distance electricity transmission lines were being constructed and by the end of the First World War the development of inter-connected supply systems, stretching over whole regions and countries, had become a key technological reason for government involvement in industrial organisation. A new infrastructure track was being built which carried even bigger economies of scale than the railways. A second factor was the extension in the use of electricity. More and more of Europe’s coal was being transformed into intermediate energy forms of which electricity was the fastest growing. The development of electro-chemical and electro-metallurgical processes in manufacturing industry as well as the electrification of tramways, railways and other modes of traction, made electricity the most dynamic element in the economy, reminiscent of the railway mania of the 1830s and 1840s. Electricity consumption per head of population in Western Europe rose threefold at a time when coal supplies were starting to level out, classically in Britain where an industry with old seams was experiencing diminishing returns. Whereas in Western Europe industrial production in the 1920s and 1930s was typically growing at no more 2% per annum on average, electricity was expanding at 6%-7%. 
In several countries, the electricity supply industry was eventually nationalised: in France and Britain it was in the form of Électicité de France and the British Electricity Authority, both set up in 1946. Italy had to wait for the establishment of Ente Nazionale de l'Energia Elettrica in 1961. But governments had earlier become deeply involved in this industry
. Quite apart from the municipal electricity undertakings which were still flourishing, several state-owned, albeit relatively autonomous institutions emerged, often involved, like the Preussische Elekrizitats AG, in only a part of a country or part of the process of generation, transmission and distribution. State production and/or transmitting boards were established in the form of a state power board in Sweden in 1909 (the Vattenfall), the Norwegian Waterways and Electricity Administration (NVE) in 1920, the Central Electricity Board in Britain in 1926, the Empresa Nacional de Electtricidad in Spain in 1944 and the Empresa Hidrolectricata de Ribargorzana in 1946 whilst several electricity companies in Italy were taken over by IRI. The exception was Denmark though here a public interest and collective effort manifested itself in the leverage effects afforded by the complex shareholdings of the municipalities and rural cooperatives in large regional power groups. A similar phenomenon could be seen in Germany where a majority of enterprises, by the 1930s, had some element of Reich or state or municipal involvement.

Several questions follow. 
a) How far do the seemingly different geographic and demographic settings of these countries display common features in the economic organisation of their electricity sectors? 

b) How and to what extent did interconnection occur? 
c) What role did governments play in that process? 
d) Finally, how were the progress of inter-connection and the scale of government intervention linked to the pace at which electricity consumption grew in this period? 

A good indication of the ability of electricity to exert a profound economic influence in this period was the way cost reductions from technological change allowed its price to fall relative to other commodities and services. Antolin has shown this for Spain, Kaijser for Sweden and Levy-Leboyer for France
. Here I have chosen to illustrate with UK data which stretch over a very long period and provide a useful contrast with the price of coal. Figure 1 shows the trend from the 1880s to the late 1940s. Thereafter the pattern changes, but during the first half of the twentieth century the absolute price of electricity shows a continuous, consistent downward trend and its real (relative) price fell even more.  The severe  

FIGURE 1
demands imposed on coal during the two World Wars and that industry's inability to expand, manifested itself in some huge price increases. Additional pressures arose in those countries reliant on imports, blocked during the wars. No wonder the development of hydro-electricity - "l'houille blanche", the white coal -  was hailed as a saviour and seen as of vital strategic significance in the countries with limited coal resources: France, Italy and Spain. Two key technical developments paved the way for a continuous fall in the cost of electricity and the spread of networks. First was an increase in the technical efficiency and capacity of generating plants such that 25 megawatt (MW) stations became more common and produced electricity at half the cost of a one MW plant. The second and perhaps even more important technological change was the introduction of alternating current which, by allowing a flow of current both ways with low energy losses, rendered the development of long distance transmission lines a potentially economic proposition. The lower unit costs of the new large generating plants heralded the closure of smaller plants and a concentration of production in the large plants. But it was the ability to transmit over long distances that was decisive in expanding the use of electricity. At a minimum, it meant the access of wider markets to the new plants. Supply from the Zshornewitz station near Bergkemnitz, for example, which used brown coal of low calorific value and therefore costly to transport, was transmitted over a 100 kilometre line to Berlin and was cheaper than using local electricity. So also for the supply from the coal-fired station in Copenhagen over most of eastern Denmark (Zealand) in the 1920s
. The lower cost of transmission effectively speeded up the process of concentration of generation in large plants. This kind of network expansion was common in the first three decades of the century. The Newcastle-upon-Tyne Electric Supply Co. built a 6 kv line as early as 1903 and thereafter increased its area of supply from 16 square miles in 1900 to 1400 by 1914. Apart from concentrating production on plants with low operating costs, network expansion offered the prospect of savings in capital costs by improving load factors.
Most enticing was the prospect of linking mountainous areas supplied by hydro-electricity (HEP), like the Alps, with areas dominated by thermal production such as Paris and the Ruhr. HEP plants had very high capital costs associated with the construction of dams and reservoirs but very low running costs. Programmes to export electricity from such sites carried with them also the capital costs of transmission lines and energy losses during transmission. There was the great attraction however that HEP could substitute for electricity produced in thermal stations with high operating costs, especially attractive on cold February mornings when old high cost coal plants would otherwise have to be brought into use. Once installed, the marginal costs of hydro were quite low but its value was considerable - the saving in operating costs on marginal coal plants in thermal areas
. Indeed HEP producers would sometimes be willing to practically give away electric power; capacity was determined by rainfall and there were sometimes excess supplies of water to be disposed of. The presence of electro-chemical and electro-metallurgical manufacturing factories near to the HEP sites was of great value. In fact in the first two decades of the twentieth century when networks were spatially limited, HEP stations in the Massif Central in France were not viable because there was no local industry to absorb excess supplies. High tension lines to Paris in the 1920s made the difference. There was a reciprocal benefit here as well in that when rainfall was low in the HEP areas, electricity might be shipped from the thermal zones. 

The characteristics of a connected network of this kind are illustrated in Table 1 for Paris where in 1936 the average cost of electricity per kilowatt hour was 14.8 centimes  -  clearly a lot of averaging over the year is involved in that sort of figure but that does not matter for present purposes. For both thermal and hydro to be used, in a given period in a given  town, the cost of supply would have to be roughly the same - on the basis that in competitive conditions, the " law of one price" operates. Electricity supply from thermal plants in the Paris area involved relatively high operating costs, especially from coal, and indeed the net saving in operating costs from using hydro in the example in Table 1 is 5.4 + 4.0 - 2.7 - 2.6 = 4.1 centimes. Thermal however had no high tension transmission costs and, coupled with the high capital costs of the HEP plants, meant that thermal showed a net saving on these items of the order also of 4.1. 

TABLE 1
On the face of it, the issues involved in the setting up of such integrated networks would appear to be similar to the laying down of the railway track in the 19th century which was achieved fairly expeditiously if not always honestly. In a technical sense, supplying electricity over long distances was more like telecommunications, water and gas, or even better, highways. The transmission line or road had high capital construction costs but could simultaneously carry many flows from different origins at very low marginal cost - at least up to the point when the network was congested. A high tension line could be uneconomic for one undertaking but it might be worthwhile for three or four
. This required harmonisation of electricity currents and agreement on usage and tariffs. At the same time, customers had to be found. Many customers had interests which did not coincide with those of the electricity suppliers. Large companies in manufacturing industry were self-sufficient in electricity in the early decades of the twentieth century and the available evidence, for Belgium and Germany for example, is that the public sale of electricity to industry did not overtake industry's own in-house production until the 1920s
. Other potential customers were small private or municipal electricity supply undertakings already retailing electricity from their own local thermal or hydro plans. Thus in the 1920s, Énergie Électricque du Sud-Ouest, a company in the Thomson-Houston group, supplied electricity to the Bordeaux area on a high tension line from its HEP plants in the Pyrenées. Bordeaux town council had recently taken over the old small private company producing locally so that retailing was in the hands of a municipal undertaking which continued to produce some electricity of its own
. Such small plants were no longer competitive but by the 1920s many were still in entrenched positions. Could institutions adapt to encourage retailers to take supplies from the high tension networks carrying electric current originating from the large generating plants?

If there were, objectively, economic gains to be made from integration, reluctant parties might be seduced by profitable mergers. This is what we would expect to see in regimes dominated by private companies, typified by France, Belgium, Spain and Italy and parts of power production in Scandinavia, Germany and Britain. Municipal and state undertakings would not have the same profit incentives nor was merger so easy. Here inter-municipal agreements and mixed private-public partnerships might emerge. For much of the inter-war period, the integration process often took the form of private sector expansion, that is: 

a) the growth of large companies by investment in plants and grids and/or by merger. In some cases such companies grew to dominate whole regions so that regional networks emerged, monopolistic or at a best oligopolistic in nature.

b) Agreements between the large companies, sometimes from different regions, on pooling arrangements for high tension transmission.

The prospective monopoly status of these networks brought complaints and calls for government intervention. Any intransigence by municipalities, in coming to agreements or blocking inter-connections, also lead to a clamour for central government action. Thus the state was dragged in one way or another and the essence of the economic organisation problem in the inter-war period was not rights of way but one of establishing the inter-connection of towns, rural areas and regions. National networks did not, as a rule, emerge in this period. Even when they did, as in Sweden in the mid- 1930s, they were not necessarily integrated networks; there was no guarantee that the least cost method of supply was used in every hour in every town. Only in a managed national grid, like that of the Central Electricity Board in Britain, was there any chance of that occurring and even there, as we shall see, a huge number of inefficient retailers remained at the end of the 1930s. Put otherwise, there was in many countries, by the 1930s, a tension between the private companies and organs of government, which, at the industry level, mirrored the state's problems in the macroeconomy
.

3) The Extreme Cases: Zero and Complete Integration: Spain, Norway and the UK
In analysing the process of system development, it is as well to recognise from the start that a nationally integrated network was not necessarily an economic proposition. This may be illustrated by the cases of Spain and Norway. Both were heavily reliant on HEP. One finished up with very low levels of electricity consumption; the other with very high levels, as Table 2 and Figure 2 show. Norway was well-endowed with both large and small waterfalls. It did not develop a national network until 1980
. Within any given region the need for imported supplies was limited. In contrast Spain was poorly endowed with coal and rainfall was unreliable. Local demand often exceeded capacity and in all regions there was little available for export. Shortage of capacity rather than an integrated network was the priority, manifest in the fact that from the 1950s a drive to thermal plants fuelled by oil and coal was undertaken to move away from the unreliable supply of water for HEP. 

In certain respects Spain exhibited a form of expansion found in other countries where the private sector was dominant. The municipalities in Spain were not involved much in the early development of electricity and gas. From 1924, electricity, gas and water were declared by the state to be public services which could be supplied by municipalities and supply conditions would be regulated by the state
. By that stage however the large private companies were well entrenched. Established in 1901, Hidroelectrica Iberia, for example, expanded supplies in the Madrid and Basque areas whilst Saltos de Dureo (established in 1905), developed the Portuguese boundary. This involved Spanish, especially bank, capital. In the industrialised Catalonia, foreign capital, linked to the electrical equipment manufacturers, was more common as in the Barcelona Traction, Lighting and Power Company (with capital from AEG and General Electric). South-east Spain came to be dominated by the Sevillana de Electtricidad (established in 1894) which initially had thermal stations
.    

TABLE 2
Figure 2
By the 1930s the country was supplied by a small number of private company networks, many of them monopolies. 14 major groups came to dominate the Spanish scene for the rest of the twentieth century. In 1930 the 10 largest firms in the Basque and Catalan areas accounted for 72% of the nation's capacity. By the early 1940s seven companies produced a half of all output. The potential for state intervention was large yet unrealised. Consumption levels more than doubled from 47 kilowatt hours per head of population in 1920 to 117 in 1938 but this change was actually below the European average so that the relatively low absolute level of consumption remained. There is the suspicion that some of this reflected the monopoly power of the major firms
. The price of electricity remained unchanged relative to coal in the inter-war period though this was perhaps not too much out of line with other Western countries at least for the years 1924-34. The loose regulation of the industry which had characterised early developments continued after World War I. Although a decree of 1921 specified fixed periods for concessions and those for 1931 and 1935 extended state power over the prices in concession agreements, the earlier 1918 decree had paved the way for untrammelled expansion by giving priority in the use of public water supplies to large producers of electricity. State subsidies and loans for river basin development became available from 1926 through the Confederaciones Hidrografica. From the 1920s the state also pushed for a national network but most observers have judged that nothing materialised. An advisory body, the Consejode Energéa was created in 1929 to organise and structure the electricity sector and after the Civil War, the Unidad Éléctria was established as an  agreement amongst the companies to organise electricity into a national network
. 

Rather more decisive, albeit with not much more success in the end, was the new government after the Civil War. Coal and oil imports were cut off during the Second World War so that electricity took on an added significance. Following the Industrial Regulation and Defence Law of 1939 autarky was the dominant theme; foreign capital was not protected and industries like electricity were treated as having key strategic value and were to be naturalised (put into Spanish ownership) and in some cases nationalised. Tariffs were frozen from 1935 to 1957 and the prospects for profits for the private companies looked bleak and expansion out of the question. The state then entered in the form of INI setting up a new advisory council, the Consejo Tecnico de Electtricidad, with a target of increasing electricity output. Indeed under strong state direction and with prices frozen, consumption rose by 9.1% per annum in the period 1940-3, as compared to 5.1 % in 1931-5. Then in 1944 INI established a new state-owned thermal electricity undertaking, the Empresa Nacional de Electtricidad, followed by the Empresa Hidrolectricata de Ribargorzana in 1946. However they only produced 8% of all electricity in 1950 and did not reach their peak of 33% until 1970
.

By the 1950s Spain consumed less electricity than anywhere else in Europe and did not have a national network. The latter was not as important as the sheer shortage of capacity which was a product of a poor resource endowment, in rainfall and coal, and insecure government institutions at the local and national level. Norway was at the other end of the spectrum. The rich variety of its waterfalls allowed the proliferation of many local networks whilst the abundance of good waterfalls at high altitudes minimised the kind of clashes between big electricity producers and farming interests found in Sweden. Strong local governments developed municipal undertakings while the big private foreign companies exploited the larger waterfalls, feeding power supplies to the growing manufacturing base. By 1935 one half of all consumption was by "big industry" (as Thue calls it) and the rest was "general consumption": households, commerce and small industry
. Big industry was supplied mainly by big electricity suppliers (including self production by manufacturing companies). Most of general consumption came from public utilities, the majority of which were municipalities. Overall, agencies of government were producing 44% of total output by 1935 (cf. Table 2 and footnotes). The State Power Board (NVE) was mainly concerned to overcome the inability or unwillingness of the municipalities and small companies to extend supplies and develop network links. Inter-connection was confined to the area around Oslo, the Ostlandet. This had been prompted in part by the completion in 1924 of a 100 kilometre 60 kv power line from an HEP plant at Rjusken to Buskerund county, south of Oslo. It was the work of NVE which also completed in 1928 a 130 kilovolt line, this time from an HEP plant at Nore, some 100 kilometres to the Oslo region. The network in that region had been the product of bilateral agreements until 1932 when a regional power pool was established
. But that was the limit of national interconnection until the 1950s when four more regional pools were established. Municipalities proved obstinate when invited to merge and there were many unsuccessful attempts in the 1930s to develop better links
. This intransigence does not seem to have been a big issue economically until the 1960s. Norway's electricity output per head of population, by the end of the First World War, was much higher than that of all the other countries of Western Europe. In the inter-war period its output rose only modestly by European standards but by 1938 it was still nearly as large, per head, as the rest of Europe combined (Table 2). For the time being it seems its institutions had adapted well enough to the new technology.

In complete contrast to Spain and Norway was the UK which was the only country where a truly unified nationally managed network emerged before the Second World War. The process of integration in Britain was initially slow but, as the most industrially advanced country in Europe, the benefits from system integration were potentially huge. In 1900 there were already 65 separate private companies and 164 municipally owned undertakings. There were some joint ventures - such as the Stalybridge, Hyde, Mossley and Dunkinfield Tramways and Electricity Board established in 1901 by Parliamentary Bill - but generally they struggled to get off the ground. By 1926 there were 233 separate private companies and 360 municipal undertakings
.

A demand for government intervention had arisen early on. Calls for greater co-ordination between urban areas were being made in the early 1900s and, immediately after the First World War, there was much agitation for administrative co-ordination through the establishment of District Electricity Boards. Following a report to Parliament by the Williamson Committee Report in 1918, the only gain was the establishment of a body, the Electricity Commissioners, to promote technical development. Another government committee was established in 1925 and reported in strong terms on the high cost and low consumption of electricity (relative to USA), the proliferation of small plants and the need for inter-connection
. The solution was to set up the Central Electricity Board (CEB). Its basic functions were to construct a national grid, close down small stations and standardise electricity frequencies. But it was the institutional arrangement which was truly innovative. Certain stations were to be 'selected'. The CEB would buy electricity from them, transmit and then resell, leaving the job of retailing to the companies and local authority undertakings. It bestowed the honour of being selected rather generously in order to oil the process of transition and the work of Foreman-Peck and Waterson suggests that the best practice local authority and private generating plants were equally efficient (though with a longish 'tail' of unselected municipal plants) which also would have facilitated a smooth transition
. The managers of the CEB were not appointed by the Treasury and all capital was raised on the stock market without a Treasury guarantee. It was this which allayed the fears of creeping socialism, even though the reality was that it was a publicly owned enterprise since none of the stock was equity.

On the face of it the Board was a success. The grid networks were set up first on a regional basis with the Board's first chairman, Duncan, experimenting in his home territory in Scotland and the national grid completed in 1933. Capital formation each year averaged £20 million and in the inter-war period as a whole, the number of consumers increased tenfold and consumption per head of population increased proportionately more than in any of the other European countries shown in Table 2. Production in the non-selected stations fell dramatically, the thermal efficiency gap with U.S.A. was eliminated and the system load factor raised from 25% in 1926 to 37% by 1939. This part of the British story seemed a success. However by the end of the 1930s there were still 600 small electricity undertakings in existence, mainly involved in retail distribution, many with only a small turnover. In 1934 over 400 undertakings accounted for less than 10% of sales, distribution costs were high and the multiplicity of boundaries prevented efficient development of networks. The trouble was that local authorities accounted for 60% of the undertakings and they were particularly stubborn. 

The problem of the distribution outlets had prompted the government to set up an investigatory body, the McGowan Committee, which in a report of 1936 identified economies which could be realised in marketing and finance from grouping into larger units and from the standardisation of voltages
. In so far as the economies of scale were at a regional (or sub-national level) the question was how regional business organisations would emerge. The Committee proposed that they should be developed from existing undertakings but recognised that legislation and compulsory powers would be necessary. Precisely how this would work out was not clear. Herbert Morrison had seen the solution in regional boards publicly owned on the lines of the Central Electricity Board and in both electricity and gas the 'public board' element arose in part from the problems associated with a 'natural' or 'voluntary' emergence of larger units of business organisation. It is important to note that support for public boards did not just come from the Labour Party. In the depressed economic conditions of the inter-war period the Conservative Party could not reject public ownership out of hand especially since it was in power during the creation of the CEB and the London Passenger Transport Board. The `etatist' wing of the Party was barely distinguishable on many issues from the Morrisonian wing of the Labour Party and in 1938 Harold Macmillan described Labour's programme for the nationalisation of the Bank of England, coal mining, power, land and transport as mild compared with his own plan
. The public board received support from some civil servants, from the Conservative Minister of Fuel in 1942 and by Liberal Gwillam LLoyd George as Minister in 1943. The Conservatives' Industrial Charter of 1947 opposed nationalisation and direct planning in principle but fudged privatisation outside one or two small sectors in road and air transport, claiming that privatising the large public corporations would be too disruptive. Moreover a large body of professional opinion were, by the late 1930s and 1940s, canvassing a more interventionist government stance in industrial matters. Even E.H.E.Woodward, General Engineer and Manager of the North Eastern Electricity Supply Company who wanted larger business units, saw ownership as irrelevant and advocated public boards
. In the event the legislation of 1947 created 12 such regional distribution boards for England and Wales and two for South Scotland to set alongside the North of Scotland Hydro-Electric Board which had been established in 1943. Finally the CEB was replaced by the Central Electricity Generating Board which took ownership of all the generating plants and all the national grid and became responsible for all generation and transmission to the Area Boards in England and Wales.

4) Private Sector Electricity Networks in France and Italy
Expansion by the private sector with very little direct management by either municipal or state governments was to be seen most vividly and extensively in France and Italy. Both witnessed the emergence of strong regional private monopolies or oligopolies. Inter-connection was achieved by inter-company agreements and joint ownership of transmission lines, the strongest developments of which were in France. Consumption per head of electricity grew quickly, rising threefold in the inter-war period, in many respects a transformation of the energy scene, especially for business users in manufacturing industry. By the late 1930s however progress was seen by some customer groups as unsatisfactory, manifest in Parliamentary debates in France about the continued dependence on coal and the poor electricity connections in rural areas. 

The growth of production and consumption in France and Italy in the period 1920-38 was large by the standards of the pre-First World War period but no more than the European average (Table 2). The potential for HEP seemed huge, especially in France where it came to account for over one half of all supplies, making a big saving in coal usage in thermal plants. In Italy the very low marginal costs of transmitting this energy from the Alps promised relief down the "backbone" to the central and southern regions. The strategic significance of electricity in countries with limited coal and gas, had been recognised during the First World War and was never far off the agenda in the 1918-50 period. During war conditions, coal and oil imports would likely be cut off; the saviour could be HEP, the white coal. In the inter-war years the French and Italian governments had little influence on the structure of the industry in a period when complaints about the role of private sector monopolies increased. Macroeconomic considerations linked to inflation, the exchange rate and the banking system, certainly brought state action which affected electricity. In Italy in the 1930s several electricity supply undertakings were taken into public ownership but this reflected financial and banking problems such that the undertakings remained simply financial holdings of the new national industrial agency, IRI. An inter-connected national electricity network did not materialise until the post 1945 period. For France a contemporary outside observer suggested in 1934 that the regional private sector networks which had emerged constituted a "…system of large islands, established for themselves, which are afterwards to be joined together"
. The HEP areas were connected to Paris during the 1930s but nothing decisive was done about an integrated national network until 1938 with war looming when a plan for the expansion of capacity and system integration was agreed.   

The full story starts with the undoubted expansion of generating capacity as private companies merged and production came to be concentrated in large plants. In France in the 1920s the capacity of HEP plants grew rapidly  -  at 9.1% per annum 1925-32 such that it overtook thermal capacity which was growing at 7.1%. By the early 1930s five major holding companies had emerged, each dominating generating capacity in their region: the Union d'Éléctricité (the Mercier group) which controlled, in conjunction with the Empain company, most of the thermal supplies in Paris and became the largest public utility in France; Énergie Éléctrique du Littoral Mediterranéen (the Cordier group), created in 1900 with the backing of Thomas Houston; Loire et Centre (the Giros group); Pechiney et Ugine (the "electrochemists"); Énergie Industrielle (the Durant group). These five groups controlled three-quarters of all French capacity by 1938 and the situation had not changed by the end of the war
.  In Italy three companies dominated in the 1930s: Edison, prominent in the north; Società Adriatia di Elettricá, linked to AEG and supreme in Tuscany and Emilia; SIP (Società Idroelettrica Piemontese) which had strong ties in the south with Società Meridionale di Elettricita). There were other companies of significant size including Salt Valdano, Unione Esercizi Elettrici, Tridentia and Adamello
. 

Each of these companies in France and Italy commanded regional networks of considerable size within which there was extensive, albeit variable, degrees of inter-connection. A different matter was that of joining up the regional networks. This required agreements between the companies or perhaps state intervention when there was intransigence. In both countries the state had taken powers (a 1919 bill in Italy and a 1922 Law in France) which enabled them to influence the structure of the national networks. Little progress was made and the governments largely accepted what emerged from the bargaining process of the companies. In Italy, SIP made some attempts to construct a national network but Edison opposed state intervention. In the 1920s the large electro-technical manufacturing firms were battered by competition from big American companies like General Electric and Westinghouse. Problems in the banking system and from inflation delayed inter-company agreements further, and SIP and Edison were actually taken over by IRI in the early 1930s only to be privatised shortly afterwards
. 

In France, pooling agreements between companies and the development of long distance high tension lines proceeded much more successfully. The importance of inter-connection can be gauged from the fact that HEP in the Massif Central would only be viable if long distance links were established since it had no local industry. In the early 1920s it still awaited such links. By the 1930s there were six major groups transporting electricity over long distances. From 1926 the Union des Producteurs des Pyrenées Occidentales acted as transporter for its six constituent companies, including the railway company for the Mediterranean area (Chemin de Fer du Midi). The Union de'l' Énergie Éléctrique was financially linked to the Paris based company Union d'Éléctricité, and had established Paris -Alps lines by the mid-1930s. Other transport groups were Société de Transport d'Énergie des Alpes, STAD (for the Alpes-Durances) and TERA (for the Auvergne)
. 

It is not easy to assess quantitatively how successful different countries were in achieving system integration. The length of the high tension transmission network, even when allowing for population and area covered, may not be an adequate reflection of system integration especially when, as in France and Italy, the distribution of population was very uneven geographically.  In both of these countries the scale of construction was quite impressive. By 1930 there were already some 4000 kilometres of high tension transmission lines in France and 7000 in Italy.  The next eight years saw the system double in size in France and rise by about 60% in Italy to the levels recorded in Table 3. Expressed per head of population, this measure of network spread shows France and Italy in a better position, by 1938, than 

TABLE 3
Britain whose system development has usually been heralded as a success story. The British data refer only to the national grid so there may be some high tension lines not included. On the other hand almost one third of the British lines were less than 70 kilovolts and yet the total length of the grid network was only 152 kilometres per million population, significantly less than France and Italy. In terms of reaching out to a scattered population, the length of line per square kilometre may be a better guide and Table 3 shows that, by that measure, France was less successful than Britain. Italy again scored high marks so that those writers, like Giannetti, who have criticised the Italian performance, have to argue that the nature of its terrain required a more ambitious pattern of construction for system integration.

The distinctive feature of Britain's network was that it was managed as an integrated system so that the benefits of low cost sources could be passed through the country as low prices. This was not the case in France and Italy whose average consumption levels remained low. In France consumption was 197 kilowatt hours per head of population in 1924, rising rapidly to 327 in 1930 but then there was stagnation in the depression years and the 1930 figure was not achieved again until 1936
. In truth, the French network had served industry and traction well since the consumption levels in these sectors were equivalent to those in the same sectors in other parts of Europe, as Table 4 shows. By the end of the 1930s Paris consumption levels attained the levels in Berlin. Only when Paris was fully connected was a national network seriously considered
. It was the household sector, especially in rural areas, which lagged behind with consumption levels in the Centre-West as low as 28 kilowatt hours per inhabitant, some of which was public lighting. In Italy similar low levels could be found in households, commerce and the small business sector, with relative prices favouring big industry: "an excessive development of power intensive industries and the adoption of power intensive technologies [in manufacturing industry]"
.

TABLE 4
Gianetti suggests that the outcome of the rapid growth of the 1920s and 1930s in Italy was ".. not an integrated network of large plants but a system which was fragmented at the industry level and unstable from a financial point of view"
. The state was not actively involved in regulating the structure of rates, the import of electrical equipment, the establishment of technical standards nor the promotion of better industry structures
. In the 1920s the state had floated the idea of a unified electricity system linking the thermal zones with HEP in the north via a backbone ridge line. The national industrial agency IRI was established in 1933 and its financial holdings gave it leverage over 27% of all electricity output by the late 1930s. But IRI was simply a financial institution replacing the banks, and the Fascist government, although talking about a unified system, left the matter to the private companies. Nothing of substance emerged until after the war when harmonisation of frequencies was achieved. Criticism of the private companies continued in the 1950s and focused on the failure to create a single transmission network and capillary distribution system. Tariffs still varied considerably across the country and their harmonisation in 1961 was the preface to full nationalisation of the industry in the form of ENEL (Ente Nazionale de l'Energie Elettrica).

Schemes for a unified network abounded in France in the 1920s. Initially the focus was  a plan for connecting the liberated territories in the north-east coal mining area and the iron regions in Lorraine. It was soon learned that the main likely benefits from inter-connection lay elsewhere and involved HEP. The hopes for "l'houille blanche" in easing the dependency on coal had already prompted the 1919 Law which separated riparian rights in rivers from the energy associated with water flows which were vested in the state and thereby obviated the burden on HEP producers of buying out such riparian rights. Then the 1922 Law stipulated that all new high-tension lines had to be approved by the state. This prompted a state commission to propose a national plan ensuring that the Paris and Lyons urban areas would be joined to the HEP regions of the Pyrenées, the Alps, the Massif Central and Alsace and all joined to the coal region in the north-east. Another plan was devised by engineers with a five network scheme envisaged, including proposals for closing all thermal plants in HEP areas
. 

The state however did not impose a national plan. It did intervene and invest in specific areas. It had set up the mixed enterprise Compagnie Nationale du Rhone to develop water supplies and electricity in the Rhone valley. In other regions the electricity supply companies were expanding supplies to the railways, some of which were owned by the state but many of whom in any case had long been subsidised. The government in the 1919-39 period also subsidised the spread of electricity to rural areas. It was not however until 1937 that anything decisive happened about an integrated system. A revamped Conseil Supérieur de l'Électricité produced a 3000 million franc plan for expansion of capacity. It envisaged new HEP dams, a 220 kv line to Paris and the completion of integrating lines. Re-armament diverted the funds but during the war, the Vichy government's Comité de l'Organisation de l' Éléctricité, made some progress
. Most important it recognised a role for the state in securing a firm link between the hydro and thermal areas. Thus, in seeming contrast to the case of the railways and the activities of the Corps du Ponts et Chaussées, the French government's involvement in planning the electricity infrastructure seems weak. Tension between the powerful private companies, the trade unions and the state were one of the ingredients of the move to nationalisation in 1946. During the war and after, the Conféderation Générale du Travail and the resistance movement (Conseil National de Resistance) were very critical of the role of the companies though some economic historians have seen this as misdirected and have argued that the lack of national focus was more a function of the hesitancy of the central government.  After the war electricity was one of the industries deemed to have a strategic value whose reconstruction could not be left in the hands of the private sector. The legislation in 1946 setting up Éléctricité de France withdrew most of the concessions, thereby "degranting" the whole of the network. All generating capacity, except that less than 12MW capacity, was taken over and six regional networks were established. Nationalisation, as Morsel has emphasised, was not something which sprang out of the blue; it did follow a long history of arm's length regulation by the state
. The arm does seem to have been particularly long in the inter-war period and was an important ingredient, but not the only one in nationalisation.

5) States and Municipalities in Electricity Supply in Germany and Scandinavia
By the early 1900s, in several European countries, direct management of electricity undertakings was still in the hands of municipalities. This was the case in 42 of the 50 largest towns in Germany and 44 in Britain. Five of the 16 largest towns in Denmark had municipally owned undertakings, including Copenhagen. In Sweden, before 1945, the rural co-operatives, unlike the urban municipalities, were not allowed to produce electricity; for the urban municipalities, merger with large private companies was neither easy constitutionally nor so obviously attractive economically. Nevertheless all these countries witnessed a growth in consumption at least as big as the European average; for Germany it was significantly above the average and Britain saw a five fold increase over the years 1920-38 (Table 2). Sweden's rise was proportionately the same as the European average but because it had already attained very high absolute levels by 1920 (441 kilowatt hours per head), its rise was the largest of all in absolute terms (to 1032 kwh per head). An integrated national network and one which was managed nationally emerged before 1939 only in Britain. In Sweden a national network was achieved by the mid 1930s and a managed system shortly after the Second World War. Each of the two halves of Denmark attained their own system integration and one of them secured sea links to Swedish HEP. In Germany the benefits of interconnection between the thermal north and HEP in the Alps were potentially large but a central co-ordination of networks only appeared from 1935 after the Nazis had started to exert a centralising force, 

The key question is how the municipalities were accommodated in the drive to system integration. Private sector expansion was important especially in the 1920s but eventually government institutions adapted and facilitated the changes to a new regime. The initiative was taken by agencies of the central government in Britain (CEB) and in Sweden (the Vattenfall, the state power board, created in 1909). Germany saw many forms of governmental leverage via inter-municipal associations and mixed enterprises involving shareholding by the state, the Reich, municipalities and private individuals such that by 1928 only 12% of electricity output emanated from purely private companies
. Denmark was distinct in that the central state had a minor role and the initiative came from below, from urban municipal electricity undertakings and rural electricity co-operatives, the "andersalg", financed by local savings banks
. Both municipalities and co-operatives had shareholdings in large power and distribution companies securing economies of scale from this joint ownership.

The reluctance of some municipalities to give up their control of operations is well attested and often linked to slow processes of system integration
. From very early on large private generating companies emerged in all these countries, as they had in France, Italy and Spain. The Danish Gas Company built a large coal fired plant in Copenhagen and this came to supply most of the thermal power of eastern Denmark (Zealand). In Germany the AEG, Siemen, Lahmeyer and Stinnes companies were all constructing large thermal plants. The latter two made contracts with towns in the Ruhr and joined in 1899 to form RWE (Rheinische Westfalisches Elektrizitalswerke) a famous German enterprise which grew explosively in the 1920s, engaging in extensive share purchases in other companies. Public ownership was however not far away. RWE was part state owned while Sydcraft supplying HEP in southern Sweden and Denmark, was created by the municipalities of Skåne in southern Sweden
. 

It is when one turns to long distance transmission that governmental agencies are particularly visible in these countries: that is in promoting and participating in mixed enterprises and securing the agreement of small companies and municipalities to act as electricity retailers. In 1921 the Vattenfall constructed a 130 kilovolt line connecting its plants at Trollhattan and Vasten and thereby creating a vast inter-connected network across eastern and western Sweden. By the early 1930s all regional systems in the south of the country were inter-connected and most of the HEP resources in the south had been harnessed. The Vattenhall was keen to expand into the north and from the 1920s had been collaborating to this end with the leading Swedish manufacturer of high voltage equipment, Allmäna Svenska Elekriska. One of the long-term fruits of this was the completion of the world's first 400 kv line in 1952 which stretched from a new power station in Harsprager to southern Sweden
. In Denmark it was the municipalities and co-operatives who, through their share holdings, facilitated the development of two large regional networks. Nordsjaellands Elektricitet Selskab, a mixed electricity enterprise, based in the north-east of the country, developed a submarine cable which allowed HEP from the Sydkraft company, in Sweden, to pass from Halsingburg across the Sound to Helsinger in Denmark. From 1915, HEP flowed from Sweden and thermal power flowed in the other direction from Denmark.  It triggered off the inter-connection of the whole of Zealand with power emanating mainly from the Copenhagen thermal plant (cf. above) and the submarine cable. Another big regional network emerged in western Denmark (Jutland) following the construction of an HEP plant in the River Gudernia in 1920.  

In Germany, private, Reich, state and municipal shareholders participated in the regional networks which were emerging. They were complex organisations. The Grobkraftwerk power station, for example, in Mannheim, was based on a joint stock company established in 1921 whose shares were owned by Mannheim town council (26%), Badenwerk (26%, a state owned energy utility needing customers for its HEP station on the River Murg), the Pfalzwerke (26%, a regional network on the left bank of the Rhine) and Neckar A.G. (22%, a mixed company itself needing a distribution facility for its planned HEP barrage on the River Neckar) 
. Another example is RWE, half of whose shares in 1914 were owned by municipalities and half by private companies. It had supply contracts with inter-municipal associations like the United Electricity Works and, in the 1920s, began a concentrated move to the south-east and in 1929 established a high voltage line to its HEP plant at Vorarlberg in the Alps. It was also in conflict with the (mainly state-owned) Preussische Elekrizitats AG  with whom it finally came to an "electricity peace" in 1927 settling territorial boundaries. A final example is the Elektrowerke undertaking owned jointly by the Reich and local governments and which, as early as 1918, had constructed a 100 kilometre line to supply war industries in Berlin.  The source was the huge plant at Zschornewitz near Bergkemnitz
.

Thus in Germany, in the first three decades of the century, mixed enterprises, inter-municipal groups, state and Reich initiatives were all used in the establishment of regional networks. Purely private companies accounted for only 26% of capacity in 1913. In that year there were 25 regional companies but in all but one the municipalities had a controlling interest. By 1928 the municipalities were producing 3757 million kilowatt hours (Table 5) or about one quarter of the total of 14,479 m.k.h. and it is likely that they sold most of that to final consumers.  In addition they distributed a further 20% of German total production purchased from other sources - private companies, mixed enterprises, state and Reich undertakings. Purely private companies accounted for only 14% of total output
.

TABLE 5
Hence in the Continental European countries where municipal ownership had developed strongly by the First World War, mixed enterprises, inter-municipal associations and state power boards exercised the leverage for institutional adaptation to the new technology. But managed unified national systems did not emerge until after the Second World War. Sweden was more advanced than others because the drive to the north had started in the 1930s and a national network established with consumption at levels exceeded in Europe only by Norway (Table 2). It was not a managed system and the question of whether the State Power Board (the Vattenfall) or the private companies or some mixture, should take the lead was the subject of extensive debates in the 1930s and 1940s
. In 1945 a compromise was agreed but then the Social Democratic Party was elected in 1946 and ruled that the Vattenfall should be responsible - which effectively meant that all new lines of 200 kilovolts or higher were to be built by the Vattenfall.

The Danish experience looked very similar to Britain's early on. In 1929 the central government set up an Electricity Council (Energiradet) as a force for national integration but it quickly subsided into a purely advisory body like the Electricity Commissioners in Britain. Integration was left to the municipalities, co-operatives and companies. There was no mechanism for ensuring that the least cost source of power would be used in every location and in every period. The residents of Zealand had to wait until 1954 when Kraftimport (later renamed ELKRAFT), was established to co-ordinate operations and the construction programme of the three large power groups which had come to pre-dominate. In western Denmark (Jutland) in 1956 the regional groups merged into a body called ELSAM which proceeded to build a new high tension grid. Some writers have argued that joining the eastern and western parts of Denmark was not so economically attractive given the dominance of thermal plants in both groupings
.  Britain stands as counter evidence to this argument and in any case there was the prospect, from the 1920s, of drawing on HEP from Sweden via the submarine cable at Helsingor (cf.above). Paradoxically Jutland was eventually connected in the 1960s to Sweden via the Konti-Scan cable through Germany. At the end of the 1930s Denmark's consumption levels were still below the European average though it continued to enjoy good access to British coal and its gas output per head of population was still higher than in all other countries (Table 2).

In Germany a unified national network did not emerge under Weimar despite the passage in 1919 of a bill in the National Assembly which presaged the development of a co-ordinated national high tension grid. There already existed a nationally owned electricity undertaking -the Elektrowerke - but it did not dominate the nation scene and participated in German electricity supply in a manner similar to the regional undertakings. Plans for integration were conceived in terms of developing a system with some of the characteristics of the Bayernwerk, the Bavaria state system. This had a transmission grid taking and delivering supplies to and from municipal undertakings and private companies, as well as sending HEP to Munich and other big urban centres. Nothing emerged from these schemes for a national grid but three regional groups were formed for the west, east and centre. Then in 1935 a Law (Gesetz zur Förderung der Energiewirtschaft) was passed promulgating that all investment in generating power and in networks had to be approved by the Minister of Economics. Control had effectively been established at the national level even though the industry was never nationalised. The Reich, and later the Federal Government of West Germany after 1946, had extensive holdings in the industry, including Elektrowerke AG Berlin, Preussische Elekrizitats AG, Bayernwerk AG, Energie-Verogung, Rhein-Main-Donane, Neckar AG, Braunschweisische Kohlenbergewerke AG. A unified organisation for the German power grid was finally established in 1948. Nine undertakings were involved but the state owned four of them outright, it held 50% or more in a further five and the ninth was RWE where the state had 30% ownership
.

6) Conclusion
The antagonism of the public to the growth of private regional monopolies in Germany was therefore mitigated in part by the activities of the Reich, state and municipalities in both direct management and in their shareholdings in mixed enterprises, a striking feature of the German electricity industry. Any unwillingness of the private companies to get in bed with government institutions was reduced by the leverage which states and Reich exercised over the municipalities and by the ease with which the private companies were thereby able to raise capital. The net result was that although the rise in electricity consumption levels in the inter-war period in Germany was less, proportionately, than in Britain and it did not have the same gas supplies as Britain, it was consuming 843 kilowatt hours per head of population by 1938, a level exceeded only in Sweden and Norway with vastly richer HEP resources (Table 2). The presence of a large mixed enterprise sector reflected an institutional response (not unlike Denmark) to the new technology which in other countries had provoked a rather different institutional mix. The high tension networks were wholly publicly owned in Britain by the Second World War and largely private in France but with the state totally committed by the late 1930s to directing future investment and planning. Belgium seems to have been in roughly the same position as France
. At the other extremes were Spain where the expansion of generating capacity was more important than system integration, and Norway where the leverage of the State Power Board had ensured that regional harnessing of the HEP riches had, for the moment, obviated the need for national integration. In contrast in Germany and Sweden where system integration looked to be economically more desirable, state power by the mid-1930s was directed very actively to promoting national networks. In Denmark and Italy the central government exercised little direct influence and their relatively low consumption levels reflected this. Decisive action by the organs of central government seem, in sum, to have been influential in successful developments of the electricity system in the inter-war period. 

TABLE 1 COSTS OF ELECTRICITY IN PARIS 1936

(Centimes per kilowatt hour)





Thermal
Hydro

Coal



5.4

-

Wages etc


4.0

2.6

Energy losses in transmission
-

2.7

Capital costs of transmission
-

2.1

Capital costs of generation
5.3

7.5 

Total



14.7

14.9

Source: M. Levy-Leboyer, “The French Electrical Power System:  an Inter-Country Comparison” in R.Maintz and T.P.Hughes (eds.), The Development of Large Technical Systems (Boulder Colorado: Frankfurt and Westview Press, 1978), Table 4.

TABLE 2 : ENERGY SUPPLY PATTERNS 1900-38
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7) Coal output in metric tons per 100 pop.

1912

581
0
103
386
na
2
1
21
508

1938

486
0
113
581
6
5
10
24
275


Notes

a) The UK figure relates to Britain (i.e. excludes all Ireland) and to the 1897/8 financial year.

b)  Relates to 2309 urban districts in Germany in 1908.
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  7) Mitchell, International Historical Statistics: Europe 1750-1993 and International Historical Statistics: The Americas: 1750-1993 (London: Macmillan, 4th edition, 1998). Population data as in (1). It assumed there was no coal mining in Denmark 

TABLE 3
HIGH TENSION TRANSMISSION LINES IN FRANCE, ITALY AND BRITAIN (Length in kilometres in 1938)






France

Italy

Britain

220 kilovolts



2062

505

0

120-150 kilovolts


5325

11263

4818

Less than 120 kilovolts

1325

0

2227

Total




8712

11768

7045

Per million population


207

267

152

Per '000 square kilometres

16

38

30

Sources: M. Levy-Leboyer, "Panorama de l' Électrification: De la Grande Guerre à la nationalisation" in Levy-Leboyer and Morsel (eds.), Histoire de l’Électricité en France: Vol. II: L'Interconnection et Le Marché, 1919-46, Table 2; Central Electricity Board, Annual Report for 1938 (London: Whitchurch Morris, 1939), p.3; Italian electricity data kindly supplied by R.Giannetti and based on his book, La conquista della forza (Milano: Angeli, 1989). Population and area data from Whitaker's Almanack, Whitaker and Sons, London, 1938.

TABLE 4: ELECTRICITY CONSUMPTION BY SECTOR 1937/8

( kilowatt hours per head of population)




EUROPEa
ITALY




FRANCE








Total

Paris

East

South-

South-

Centre-












& North
East

West

West

1938

1938

1938

1937

1937

1937

1937

1937
Domesticb

137

31

77

107

45

65

47

28

Industry

333

237

314

}
254

529

592

336

121

Traction

32

34

32







Total


502

302

423

361

574

657

383

149



Notes

a) Comprises Germany, England, Belgium, Norway, Holland, Sweden and Switzerland.

b) Assumed to cover the same as the Italian entries viz. public and private lighting, households, commerce and communal services.

Sources
M. Levy-Leboyer, "Une Réussite Inachevée, 1919-46", in Levy-Leboyer and Morsel (eds.), Histoire de l’Électricité en France: Vol. II: L'Interconnection et Le Marché, 1919-46, Table 1; R. Gianetti, "Dinamica della domanda e delle tariffe" in G.Galasso (ed.), Storia dell'industria elettrica in Italia: 3 Expansiove e oligopolio. 1926-45 (Laterza & Figli Spa: Roma-Bari, 1993), Table1.  

TABLE 5 : ELECTRICITY SUPPLY IN GERMANY 1928

(million kilowatt hours)





Production

Re-sale of other supplies

Reich and States

3819


552

Municipalites


3757


2780

Other public authorities
620


285

Mixed undertakings

4171


2193

Private



2112


1078

Total



14,479




Source : O. Mulert, “The Economic Activities of German Municipalities", Annals of Collective Economy V (1929), 222-3, drawing on data from the Federation of Electricity Works which accounted for 95% of all output.

Figure 1
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NOTES TO FIGURE 1

The electricity price index is derived from data on average revenue per kilowatt hour in L. Hannah, Electricity Before Nationalisation (London: Macmillan, 1979), pp.429-31. The coal entries are based on coal export prices per ton, free on board in London (B. R. Mitchell, British Historical Statistics (Cambridge University Press, 1988), pp.748-9). The entries for gas are an average for all the authorised undertakings and relate to revenue per cubic foot of gas sold. The sources are D. Matthews, “Laissez-faire and the London gas industry in the nineteenth century: Another look”, Economic History Review 39 (2) (1986), Table 1 and interpolations of Figure 1; P. Chantler, The British Gas Industry: An Economic Study (Manchester University Press, 1938), pp.19-35 using his 1920 data for 1921 and 1935 data for 1934; J. F. L. Sleeman, “Municipal Gas Costs and Revenue”, Manchester School  21 (1950), using his 1939 data for 1938 and his 1947 data for 1948. The all prices column was derived by splicing Bowley’s cost of living index for 1846-1914 on the Ministry of Labour’s working class cost of living indexes for 1915-38 and 1938-52 as given in B.R. Mitchell, British Historical Statistics (Cambridge University Press, 1988), pp.738-40.
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