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The Danish Agricultural Revolution in an Energy Perspective: A Case of Development with 

Few Domestic Energy Sources1 

Sofia Teives Henriques, University of Southern Denmark 

Paul Sharp, University of Southern Denmark2 

 

Abstract: Is a lack of domestic energy resources necessarily a limiting factor to growth, as 

suggested for example by the work of Robert C. Allen? We examine the case of Denmark - a 

country which historically had next to no domestic energy resources - for which we present 

new historical energy accounts for the years 1800-2011. Focusing on the period of the first 

Industrial Revolution, we demonstrate that Denmark’s take off at the end of the nineteenth 

century was in fact relatively energy dependent. We relate this to her well-known 

agricultural transformation and development through the dairy industry. The Danish 

cooperative creameries, which spread throughout the country over the last two decades of 

the nineteenth century, were dependent on coal – a point which has not been stressed 

before in the literature. Denmark had next to no domestic coal deposits, but we 

demonstrate that her geography allowed cheap availability throughout the country through 

imports. Thus, Denmark might be seen as the exception that proves the rule: although 

modern energy forms are important for growth, domestic energy resources are not 

necessary, as long as it is possible to import them cheaply from elsewhere. 
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1. Introduction 

We put the case of Denmark3 into the context of the debate about the role of energy and 

energy transitions for development, in particular through the construction of new energy 

accounts for the years 1800-19134. As is well known, Denmark did not so much industrialize 

but rather experienced a rapid transformation of her agricultural sector in the second half of 

the nineteenth century. This process truly revolutionized Danish agriculture, and seems fit 

for the epithet ‘agricultural revolution’5. From being a grain exporter she became a highly 

efficient producer of processed foods, in particular butter and bacon, which were then sent 

to feed the rapidly growing industrial cities of northern England. The Danish economy grew 

quickly and soon reached levels of GDP per capita rivaling the richest countries in the world, 

a position which has since been maintained. And yet Denmark had few natural energy 

resources: her land had been largely deforested over the preceding centuries, she had 

practically no coal, and she did not even enjoy the fast flowing water which was to be so 

important for the hydropower of her fellow Scandinavian countries. 

The debate about the role of coal can be summed up in what Fernihough and O’Rourke 

(2014) have termed, in the excellent survey of the literature included in their paper, the 

growth and the location hypotheses, both of which they test and find to be important in a 

European context. The first – associated with the work of Deane (1965), Landes (1965), 

Braudel (1973), and perhaps particularly Wrigley (1988, 2010) – states that the transition 

from a low energy and organic economy to a high energy and fossil fuel economy is a 

necessary precondition for industrialization. Without coal, the amount of energy required 

for an Industrial Revolution would have required the felling of unrealistically large acreages 

of forest. Recently, Kander et al (2013) have taken a broader perspective on the role of 

                                                           
3
 Please note that with ‘Denmark’ we mean Denmark proper or the Kingdom of Denmark as it was known. This 

constituted all of present day Denmark except for the area of southern Jutland which once formed the 
northern part of the Danish Duchy of Schleswig, which was lost to Prussia in 1864, but became part of Denmark 
again after the First World War. Thus this work does not consider the Duchies of Schleswig and Holstein before 
1864, or Norway before 1814, even though they were under the Danish monarchy. Likewise, we do not 
consider other former or present Danish overseas territories: the Faroe Islands, Greenland, Iceland, and the 
Danish West Indies. 
4
 Most earlier work on energy consumption for Denmark is patchy and goes back only to 1870 at the earliest, 

see Bjerke and Ussing (1958). See however also Sørensen (2011). 
5
 Although of course we are aware that there are other uses of the term ‘agricultural revolution’, see for 

example Bjørn (1998). But this revolution was more specifically a Danish revolution, and was at least as 
transformative. Moreover, it mirrored the Industrial Revolution in Britain in terms of supplying the food to the 
factory workers. 
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energy for European Economic growth. They take a slightly stronger standpoint than 

Wrigley, and view the transition from organic to fossil fuels as both a necessary condition for 

and a factor that induces modern economic growth. They explain that the European 

economy was heading towards an energy crisis from 1650 to 1800 with population doubling, 

and fuel and wood prices growing, since energy supply was not enough to meet demand. 

This was however avoided when coal become available. They do not therefore believe that 

an Industrial Revolution as we understand it would have been possible without coal, because 

the structure of industry and the economy as a whole were strongly shaped by fuel costs and 

the development of associated skills. This is similar to the argument put forward by 

Kjærgaard (1994), who describes how Denmark by the early nineteenth century was in a 

serious ecological crisis, due to the disappearance of forests, sand drift etc. He argues that 

Denmark developed for two reasons: the introduction of new and improved varieties of 

plants in agriculture, and the transition from wood to coal and iron. 

The second hypothesis – associated with the work of Pollard (1981), Mathias (1983), 

Pomeranz (2000), and most recently Allen (2009) – states that the location of industry was 

strongly determined by the location of coalfields. Allen argues that a critical factor for British 

development was the availability of cheap domestic sources of energy, in particular coal, as 

well as high wages, which made investment in labor saving technologies desirable. This point 

has been taken up again by Kander et al (2013) who argue that only Britain had the perfect 

combination of high wages and low prices. They explain that coal was crucial for European 

industrialization, but regional specialization was affected by energy costs. It was the fall in 

the price of freight with the transportation revolution which made coal available in Europe, 

but the impact of this depended on geography. 

On the face of it, of course, Denmark seems to provide an exception to the idea of the lack 

of energy sources being a limiting factor to growth, and in fact there are scholars who have 

argued that coal was not so important, for example Mokyr (1990, 2002, 2009), McCloskey 

(2011), and Clark and Jacks (2007). They argue that the use of coal was more a symptom of 

technological progress which came about due to changes happening in society. Moreover, 
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they argue that location cannot have mattered so much, since coal could be transported, 

and even if this was costly, it was only a small fraction of total costs for leading industries.6 

In order to shed light on this debate, scholars have increasingly turned to country studies. 

This literature has argued that energy costs prevented the industrialization of many coal 

poor economies in Europe. These countries generally followed similar patterns: they 

diverged from the early industrializers, and they had to wait for the transition to alternatives 

such as hydropower and electricity for their development to progress. The fact that 

continental countries were forced to rely on water power or charcoal is usually seen as a 

barrier to the successful adoption of new technologies (Landes 1965). When they did start to 

industrialize, it was much more based on coal and iron than in England. Thus, Pollard (1981) 

sees regional industrialization as an imitation of the British Industrial Revolution, which was 

only possible for regions with similar factor endowments to England, such as Belgium or the 

Ruhr. For Italy, the lack of coal was a serious disadvantage for Italian manufacturing until the 

First World War (Bardini 1997), but this also led to an early electrification. His argument 

rests on the idea that Italy’s lack of competitiveness in relation to England could not be 

solved through the use of hydro-power or cheap labor, since steam acted as a General 

Purpose Technology (GPT) for the most advanced industrial sectors. Thus, Italian factor 

endowments led them to avoid the industrial sectors where steam acted as a GPT. The use 

of relatively more electricity only constituted an advantage in a few backward sectors, since 

it was merely used as a substitute for generic power. The Italian catch-up only occurred 

later, when the unit drive meant greater advantages of electricity. Similar findings have been 

made for Spain (see Sudrià 1995). 

However, it has also been noted that some countries did manage to industrialize without 

coal through the use of traditional sources of energy, such as peat, wind or water, as in for 

example Finland, and Switzerland (a point also made by Mokyr, although newly constructed 

data for the latter do in fact seem to show that coal was important from the mid-nineteenth 

century). Kunnas and Myllyntaus (2009) use the case of Finland to demonstrate that 

industrialization is possible using renewable sources if it is accompanied by technological 

change. Finland made use of wood and water-power for industry, and at the same time 

                                                           
6
 See also Weil (2009, p. 468). 
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improved the efficiency of household stoves and reduced the dependence on slash-and-burn 

cultivation, thus freeing up wood for industrial needs. 

Sweden is also a country without coal. Kander (2002) demonstrates a fairly strong transition 

to coal after 1870, but wood and charcoal remained important in the early periods of 

industrialization7. Rydén (2005) shows how English technology and organizational processes 

in the iron industry were successfully adapted to charcoal, and then, according to Schön 

(2010), when increases in the price of charcoal and wood put Swedish heavy industry in a 

difficult position, there was the incentive to exploit hydropower, which became one of the 

main bases of twentieth century Swedish industrialization.  

Coming back to Denmark, as stated she experienced rapid growth from the late nineteenth 

century, despite having almost no domestic sources of coal, and this rested on agriculture8 

as the leading sector. So on the face of it, the Danish case might lead to two potential 

arguments against the role of energy. First, that the transition from wood to fossil fuels is 

not necessary for industrialization, i.e. that energy plays no role, or that alternative sources 

of energy were sufficient. Alternatively, it might appear that an increase of energy 

consumption is not needed, since specialization in non-energy intensive activities, perhaps 

agriculture, can solve the energy trap.  

However, what does not seem to have been appreciated in the literature, or at least has not 

been quantified sufficiently, is that Denmark’s use of energy increased early on for a coal-

poor country, as we will demonstrate below. Moreover, this was based on a transition from 

traditional energy sources to coal. This shift was quite fast, particularly in the cities, where 

gas also spread rapidly. We demonstrate that Danish industrialization was fed with an 

enormous intake of cheap energy which was not possible to be satisfied internally. 

In particular, Danish agriculture was actually a large consumer of coal, which was used to 

fuel the machinery in the cooperative creameries and to a lesser extent the related 

slaughterhouses for the pork industry. Indeed, this coal was not even simply incidental to 

                                                           
7
 Partly due to the colder climate, which meant that firewood was important. 

8
 Here we stick with the traditional interpretation of Danish history that saw butter production as part of the 

agricultural sector (see for example Hansen 1984) – the cooperative creameries were after all owned by the 
farmers. This has recently been questioned by for example Larsen et al (2010), who provide new national 
accounts from 1896 with the creameries in the industrial sector. 



6 
 

the development. The automatic cream separator, a centrifuge, relied almost exclusively on 

steam power from coal to function (at least until electrification in the twentieth century), a 

point made clear during the First World War when imports of coal were difficult, and 

creameries were forced to rely on locally sourced peat to run the machinery, which proved 

very unsatisfactory and expensive (Bjørn 1982). 

Although coal was not available in Denmark, the rapidly falling transportation costs of the 

late nineteenth century meant that Denmark was particularly well placed to receive cheap 

imports from Newcastle: both of course because of her physical proximity, but also because 

of her geography. Denmark is a country consisting of one peninsular and hundreds of islands 

– nowhere is more than a few miles away from the coast. It was thus relatively cheap to 

import coal into any point in Denmark, and this allowed the rapid spread of the cooperative 

dairy system around the country. 

We provide a wealth of statistical evidence, both on the macro-level, and on the level of the 

individual creamery, showing the importance of coal for production, and we demonstrate 

that coal was available more cheaply in Denmark than almost any other European country. 

Moreover, using a new database of energy consumption by source we demonstrate that coal 

was the major energy source behind the Danish ‘agricultural revolution’. On top of this we 

emphasize that another important source of energy was imported feed for the cows. Clearly, 

having no domestic energy sources was in fact not necessarily a barrier to economic 

development, even before the age of oil and electricity. 

In the next section, we introduce the new energy accounts for Denmark, which reveal that 

there was a transition to coal in the second half of the nineteenth century. In section 3, we 

discuss the role of energy and in particular coal and animal feed in Danish agriculture, which 

was very energy intensive. In section 4, we explain how this was possible for Denmark, due 

to her particular geography and free trading relationship with the UK, which made imports 

of both feed and coal extremely cheap in a European context, as well as her relatively high 

wages, which made the transition to more capital intensive forms of production more 

desirable. Section 5 concludes. 
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2. New energy accounts for Denmark 

Before it is possible to get any idea of the role of energy for the development of Denmark, it 

is necessary to gather the available information on energy consumption. Taking a similar 

methodological approach as previous studies9, we construct a new energy series for 

Denmark that includes, besides modern energy carriers (coal, oil and primary electricity), 

traditional forms of energy such as muscle energy (human and animal), wind and water 

energy use, and peat and firewood consumption. The sources and assumptions behind this 

are discussed in detail in the appendix. 

We rely on a combination of official statistics, secondary sources, and assumptions which are 

common in the literature. While fossil fuels were exclusively imported, which means it is 

possible to rely on official trade statistics, information on other sources is more patchy. The 

feed consumption of draft animals can be estimated by information on the number of 

animals and their plausible weight and working effort level (see Kander and Warde 2011). 

We assumed that the Danish population was particularly well fed, with a consumption of 

about 3000-3100 kcal per person per day, which is suggested by a mixture of household 

surveys, official reports, and national and urban estimations based on agricultural 

production and trade. Data on firewood and peat consumption is scarce, as for most 

countries, at least prior to the twentieth century, although in particular a consumption tax 

levied on fuel coming into towns provided some detailed information. For wind and water, a 

negligible part of the energy consumption, we rely on numbers of windmills, watermills and 

sail ships as well as assumptions on their power, frequency of use, and efficiency. Figures 1 

and 2 illustrate our results. 

 

 

 

 

 

                                                           
9
 See for example Kander (2002), Rubio (2005), Malanima (2006), Gales et al (2007), Warde (2007), Henriques 

(2009) and Kander et al (2013). 
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Figure 1: Danish Energy Consumption, total (PJ) and per capita (GJ) 

 

Source: See appendix. 

Figure 2: Danish Energy Consumption by source (%) 

  

Source: See appendix. Primary electricity (hydro and wind power, and net imports) has been calculated but 

excluded from the graph, since it is insignificant. 
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The two figures demonstrate clearly that the energy transition, in terms both of quantities 

and the change from organic to fossil fuel sources, was occurring in the Danish economy 

during the nineteenth century. Primary energy10 consumption rose from circa 30 PJ11 in 1800 

to 140 PJ in 1913, a fourfold increase. However, much of this growth seems at first sight 

mostly just to accommodate significant population growth. In per capita terms, Denmark’s 

primary energy consumption actually declined from 34 GJ12 per capita in 1800 to 30 GJ in 

1880. This decrease can be explained by two factors. First, there was a reduction in the 

number of draft animals per capita (feed decreased from 12 GJ per capita in 1800 to 5 GJ in 

1880), which was the result of the transition from an arable to a dairy based agriculture (see 

section 3). Second, Denmark must have experienced some reduction in energy consumption 

at the household level, as a result of an improvement in household stoves and substitution 

to fossil fuels. Similar declines in per capita consumption are also reported to have occurred 

in other northern European countries, such as Finland, Sweden, and Norway (see Kunnas 

and Myllyntaus 2009, Kander 2002, and Lindmark 2007). 

This fact does not hide completely the important shifts that were taking place. From 1880 to 

1913 Danish energy consumption rose from about 30 GJ per capita a year to almost 50 GJ. 

While per capita consumption was significantly lower than the coal-based economies of 

England and Germany, Denmark used almost the same level of energy per capita as France 

and the Netherlands, and about double that of southern European countries (Portugal, Spain 

and Italy). 

Around 1800, Denmark was still an organic economy, with her primary energy consumption 

being divided into firewood (26%) and peat (17%), mostly for household needs, and feed 

(36%) and food (13%) for muscle power. Coal consumption was still relatively insignificant 

(4%), that is at the level of wind and water (4%). Without doubt, the most important feature 

of the Danish energy transition was the relatively quick switch to coal, beginning around the 

middle of the nineteenth century, and accelerating from the 1870s. This increased use of 

coal largely crowded out peat and firewood consumption, which become insignificant by the 

late 1880s. Just how rapid the Danish transition was, and how important coal was as a 

source of energy, can be seen in Figure 3, which compares the percentage of energy coming 
                                                           
10

 Energy found in nature that has not been converted, i.e. raw fuels. 
11

 1 petajoule = 10
15

 joules, the international unit of energy. 
12

 1 gigajoule = 10
9
 joules. 
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from coal to that in other countries. By the late 1880s more than 50 percent of energy 

consumption came from coal, and its proportion would increase to almost 70 percent in 

1913. Denmark is clearly more in the club of relatively coal-dependent and rich countries, 

than it is together with laggards such as Italy, Spain, Sweden, and Portugal, where coal failed 

to reach a 50 percent share of consumption on the eve of World War I. 

 

Figure 3: Percentage of Energy Consumption from Coal for Selected Countries, 1800-1913 

 Sources: Henriques (2009), Gales et al (2007), Warde (2007), Kander et al (2013), and see the appendix. 
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railroads and steamships spread across the country (Generaldirektoratet for Statsbanerne 

1947, Møller 1998). 

How do we reconcile this finding with the fact that Denmark famously experienced more an 

agricultural revolution than an industrial revolution? And how was such a reliance on coal 

possible for a country with practically no domestic reserves of coal? We tackle the first 

question in the next section. 

 

3. Agricultural revolution and the role of energy 

Clearly, Danish development was dependent largely on coal – and yet Denmark did not 

experience the usual pattern of industrialization in the late nineteenth century. Instead, as 

discussed briefly above, she specialized in an export-based and high value added form of 

agriculture. This Danish agricultural revolution was remarkable by any measure. At a time 

when satisfying the demand from the rapidly growing cities of the north of England was the 

goal of agricultural exporters worldwide (see the literature on the grain invasion from the 

United States and other New World suppliers, for example O’Rourke and Williamson 1999), 

Denmark rapidly captured these markets for animal products, increasing her share of the UK 

market for butter from 15 percent to over 40 percent by 1900, and from 1 percent to 50 

percent of the UK market for bacon over the same period (Henriksen 1992). Historical rivals, 

such as Ireland and the Netherlands, were outcompeted both in terms of volumes and the 

prices received (Lampe and Sharp 2014). 

The reasons for this success are varied13, but it is generally considered to be the case that a 

crucial development was the emergence of the cooperative movement from 1882, and its 

use of the automatic cream separator which was powered by steam and coal (Henriksen, 

Lampe and Sharp 2011). Although the basis of this invention can be traced to Germany in 

1864, the crucial refinements were made in the formerly Danish duchy of Holstein in 1876. 

This had been the heartland of the Danish dairy industry, and the place from which best 

practice spread over the course of the nineteenth century (Lampe and Sharp 2015). The 

                                                           
13

 See for example O’Rourke (2007) on the role of culture, Henriksen, Lampe and Sharp (2012) on the role of 
trade policy, and Henriksen, Hviid and Sharp (2012) on the role of legal institutions and contracts. 
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duchy was however lost to Prussia in 1864. Automatic cream separators based on this design 

were then launched by rival Danish and Swedish firms in 1878/79 (Pedersen 1999, p. 51). 

Automatic cream separators quickly replaced existing technologies, since they allowed for 

production on a larger scale, the extraction of more cream from the milk, and the immediate 

separation of cream from milk which had been transported over long distances. In order to 

raise the capital necessary, peasants grouped themselves into cooperatives, with the first 

cooperative creamery established in Denmark in 1882. By 1890 all Denmark was covered. 

This much is well known. What has, however, to our knowledge been almost completely 

ignored in the literature is the fact that they relied heavily on access to coal, which was used 

to power the machinery, mostly the centrifuge, but from the mid-1880s also heating and 

steam for pasteurization, and from the mid-1890s cooling machines (van der Vleuten 1998, 

p. 42). 

Evidence on the use of energy for mechanical power by the creameries compared to other 

industrial activities comes from the 1897 Danish Industrial Census which gives a 

comprehensive portrait of the horsepower (HP) installed in factories14. We use this to 

construct Table 1, which gives an idea of the HP per worker in various industries. Clearly, the 

creameries were relatively capital intensive, with an HP/worker of 1.41 in 1897, slightly 

higher than in the spinning mills, another largely mechanized industry. 

 

 

 

 

 

 

 

                                                           
14

 The Danish industrial census recorded companies of any size; the historical literature has however not 
recorded consistently the results of the census, which leads to an underestimation of the total HP employed by 
the dairies. 
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Table 1: HP per worker for the main branches of Danish industry, 1897 

  All Factories 

Mechanized 

factories Total  
HP/ 

worker 

HP/ 

worker 

(mechanized)   number workers % of total workers HP 

Food,bv & t. 11301 30517 41 19660 19151 0.6 1 

Creameries 1233 4391 96 4283 6173 1.4 1.4 

Slaughterhouses 3180 3351 2 1086 1173 0.4 1.1 

Textiles 4358 12533 6 8762 4962 0.4 0.6 

Spinning mills 111 636 98 635 807 1.3 1.3 

Weaving mills 3061 6613 3 6131 3580 0.5 0.6 

Clothing 23557 28291 0.2 2369 293 0 0.1 

Construction, 

furniture 19781 42389 1 4957 3294 0.1 0.7 

Wood 4896 8119 12 4659 3722 0.5 0.8 

Leather 227 1227 31 857 310 0.3 0.4 

Nonmetallic minerals 1757 13700 17 9872 5833 0.4 0.6 

Metals 9383 27302 5 16402 4665 0.2 0.3 

Chemicals 602 4061 29 2992 1497 0.4 0.5 

Paper 82 2057 45 1721 1690 0.8 1 

Others 1248 5358 16 3290 677 0.1 0.2 

All  77192 175554 9 75541 46093 0.3 0.6 

 

Source: Own elaboration from Statistics Denmark (1899). 

Notes:
 a

 Includes factories with wind and water power.
 b

 Excludes reserve machinery, wind and water power.
 c 

Excludes gas and electric utilities. 

 

Table 2 supplements the above with information from the two subsequent industrial 

censuses, from 1906 and 1914, in order to give an impression of the HP from steam in 

creameries as a proportion of the total in industry. In 1897, 92 percent of total horsepower 

was from steam, and this level was maintained more or less until the First World War 

(Hyldtoft and Johansen, p. 135). 
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Table 2: HP in creameries, and the total HP from steam machines in industry 

  

No. of 

creameries 

Total 

workers 

HP (from 

steam) 

HP / 

worker 

HP total from 
steam in industry 

HP in creameries as 

% of total 

1897 1,233 4,391 6,115 1.4 41,436 15% 

1906 1,366 4,945 7,975 1.6 85,321 9% 

1914 1,462 4,904 12,300 2.5 132,636 9% 

Source: Statistics Denmark (1899, 1908, 1917). 

 

Thus, in less than two decades, the HP/worker in creameries almost doubled. Part of this 

was due to the increasing use of automatic butter churners, refrigerators, and electric 

lighting (Hyldtoft 1984, pp. 358-9). Moreover, there was an increasing tendency to have 

more than one centrifuge per creamery (Statistics Denmark 1909). 

Even more dramatic developments can be seen in the related pork industry, which 

developed based on the use of byproducts from butter production to feed pigs. According to 

Hyldtoft (1984, p. 361), in 1897 there were 74 slaughterhouses and sausage factories with 

six or more employees with 1,383 workers using 805 HP, i.e. just 0.58 HP/worker, increasing 

in 1914 to 113 slaughterhouses with 2,658 workers using 4,704 HP, i.e. 1.77 HP/worker. 

On the micro-level we can demonstrate how important the consumption of coal was for 

butter production in particular. We use information on butter production for the period 

1890-1905 (Bjørn, 1982) and combine it with estimates of the amount of coal required to 

produce a kilogram of butter from individual creameries. Our best estimate is from 1903, 

since a national survey of 523 cooperative creameries corresponding to 49 percent of butter 

production is available (MDS 190315). The use of coal was widespread with only 3 percent of 

the cooperatives reporting the use of other fuels (mostly peat). From this, and using the 

average of the prices paid by creameries in 1903 recorded by Birk (1904, pp. 8-9, see also 

below), as the consumption of coal is given in terms of its value, we find a coal (kg) to butter 

(kg) ratio of 1.1, and a total consumption by the creameries of circa 110 thousand metric 

tons, or 6 percent of total coal consumption. 

                                                           
15

 A digitalized version of this was kindly made available to us by Morten Hviid. 
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For earlier periods, estimations are fraught with uncertainty, but some rough estimates can 

be made. From 1888 the Danish journal Mælkeritidende published accounts from individual 

creameries, some of which give information on the amount of coal used, usually in terms of 

costs, or occasionally in terms of the actual quantities used. For the period 1888 to 1893 we 

found accounts of 72 individual dairies, twelve of which recorded both the volume of coal 

used as well as the volume of butter produced, and the rest which recorded the volume of 

butter produced, but only the monetary value of the coal. For the twelve for which we have 

the amount of coal used, the average was 1.8 kg coal per kg of butter, with a minimum of 1.3 

kg and a maximum of 2.5 kg16. To increase the size of the sample, we converted the values of 

coal into quantities of the remaining dairies assuming that the coal price was 25 percent 

above the coal price in the gasworks in Copenhagen (Københavns Belysningsvæsen 1932)17. 

The mean is also 1.8 kg coal/butter18, suggesting that there were large improvements in the 

efficiency of production between the late 1880s and 1903 (when the ratio was 1.1 as 

reported above)19. Assuming that this coal/butter ratio is representative, we estimate that 

creameries represented nine percent of total coal consumption in a period where the 

proportion of HP in industry was probably at its highest20. Considering that probably more 

than half of the coal was used to produce gas for lighting, to fuel steamships and trains and 

for domestic heating, this was not an insignificant amount21. Moreover, the creameries were 

totally dependent on this supply of coal. 

Outside animal production, the rest of agriculture also became increasingly mechanized. In 

1897, from the 64,905 HP installed in steam boilers in use in both industry and agriculture – 

                                                           
16

 The reason for the high variation in the coal/butter ratio is probably related to the differing efficiencies of 
equipment across creameries (different acquisition dates) and some differences in the production process (for 
example, cheese production or pasteurization). This variation was not related to price differences since 
neighboring dairies could register strong variations in coal consumption per butter, see Hertel (1903). 
17

 As we will demonstrate in Section 4 this is a plausible assumption. Prices in the 12 creameries vary from 5% 
to 25% of the Copenhagen gas price. 
18

 The standard deviation is 0.8. 
19

 This is consistent with an increase in the efficiency of steam engines for the period 1880 to 1900 (see Ayres 
and Warr 2010), but could also indicate improvements in the organizational process. 
20

 There were already 6400 HP of steam installed in dairies and agricultural activities in 1890 compared with 
7100 HP in 1900, and the growth was probably slower than the rest of industry, see Christensen (1996). If we 
assume a lower bound of 1.5 kg of coal/butter, the coal consumption of creameries represents 7 percent of the 
total. 
21

 In 1913, 40% of coal was used in industry, 16% in railroads, 15% in gasworks, 3% in electric utilities and 27% 
in domestic heating (Statens Kulfordelingsudvalg 1921); roughly assuming similar proportions for the industry 
in 1890-1894 and 1900-1904 would result in a 20% industrial share in 1890-1894 and 15% in 1900-1904, slightly 
above its HP share, which could be explained by a relatively higher use for heating. 
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11,295 HP were used in creameries and 6,509 HP in agriculture (Statistics Denmark 1899). 

There was an increasing use of steam driven threshers, roughly one sixth of those used 

according to a survey of machines in agriculture conducted in 1907 (Statistics Denmark 

1910), although since they were heavy and rather clumsy, steam was rapidly phased out in 

agriculture outside dairying in the twentieth century in favor of internal combustion engines. 

But clearly energy, and coal in particular, was an important factor in Denmark’s rapid 

development. 

Another often overlooked aspect of energy consumption is that by animals. Thus, as is 

standard in the energy history literature, the accounts presented in the previous section 

include a rough approximation of the energy consumption of working (draft, i.e. horses, 

oxen, mules and donkeys) animals, but not that of other animals. One reason for so doing is 

that animal production for food is included in the calculation for human consumption, but 

this is of course an oversimplification, since the primary energy necessary to feed other 

animals is always much higher. The second reason is that non-working animals do not 

produce mechanical power per se, so they should not be included in the strictest definition 

of energy (for heat, light and power). The system boundaries are however not completely 

clear, since all the feed consumption of draught animals and humans (and not only the share 

of energy used in mechanical use) is included in the standard historical accounts. One can 

argue, however, that although other agricultural animals do not produce mechanical power, 

it is relevant to account for their feed consumption from a resource perspective, especially 

because feed competes with other uses of land, i.e. forests22.  

Moreover, for a country such as Denmark, which specialized in dairy production for export, 

the normal procedure is even less relevant, since it obscures the increasing importance of 

feed in the energy system. Thus, in the same way as coal was necessary to run the steam 

engines which produced the world’s industrial products, so agriculture was dependent on 

feed to sustain a herd of animals. Thus, the change from a ‘vegetable based’ agriculture to a 

‘meat based’ agriculture will always have implications for a country’s energy system. In the 

case of Denmark, the vast majority of the production of agricultural produce was exported, 

                                                           
22

 The inclusion of feed for non-working animals in the historical energy accounts can be roughly compared 
with the standard inclusion of non-energy uses of oil and natural gas (15-30% of present fossil fuel 
consumption, the bulk of that employed in the production of fertilizers and other chemicals) in the modern 
energy balances.  
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and what fed the cows were feedstuffs, in particular concentrates23. These were as much a 

necessary energy input to dairying as coal was to the factories in the UK. Thus, to get an 

impression of the importance of this for the Danish economy, and after deducting the share 

of animal products from food consumption, we add the energy consumption of non-working 

oxen and cows to the standard energy accounts (see Figure 4), partially drawing on 

methodologies proposed by socio-ecologists (see i.e. Kraussman and Haberl 2002)24. 

 Clearly, this was a large part of the total energy consumption, rising from 20 percent in 1800 

to 35 percent in 1880, being surpassed by coal only at the end of the period, and is 

complimentary to the traditional story of Danish agriculture maintaining a free trade stance 

and enjoying cheap imports of grains to feed the animals. The proportion of grain and 

concentrate imports in the total feed consumption of cows, oxen and horses rose from two 

percent in the 1880s to about 20 percent in 1910s25. Around 60 percent of the growth in 

feed consumption during this period was met by imports. 

 

 

 

 

 

 

 

 

 

                                                           
23

 See Lampe and Sharp 2015 for more on the importance of feeding. 
24

 Kraussman and Haberl’s (2002) socio-metabolic approach proposes to quantify as primary energy the biomass (crops, 
pastures, and forestry) used by humans and domesticated animals regardless of the purpose of its use. Our figure only 
provides the feed consumption from cows and oxen. In this period, the consumption of pigs was also important, but a 
significant proportion of its feed was composed by dairy products, i.e. the waste products from producing butter. We differ 
from Kraussman and Haberl (2002) as we do not include wood for construction purposes. 
25

 Total obtained converting the net imports of grain and concentrates from Henriksen and Ølgaard (1960) into PJ and 
comparing them with the estimated feed for horses, oxen and cows.  
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Figure 4: Including feed in the energy accounts, 1800-1913, PJ 

 

Source: See appendix. In order to avoid double counting, we reduce the total food consumption by 30 percent, 

in order to avoid including energy from meat and dairy products both under food and under feed for cows and 

oxen. 

 

Of course, Denmark was not unique in having a change towards a more animal based 

agricultural production, which in part reflected changing relative prices, and the shifts in 

demand with high income and industrialization which led to this. Thus, many countries had 

large herds of cows, although in Denmark this seems to have been more significant than in 

most others. To make a rough comparison, we start with the work of Kander and Warde 

(2009, 2011), who calculated the energy availability (feed intake) from working animals 

(horses, oxen, mules and donkeys) for seven European countries (France, Germany, Sweden, 
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Italy, Spain, the Netherlands, and England and Wales26). They took into account historical 

variations in the weight of livestock, giving the weight of oxen as 350 kg in 1870 in Spain and 

Italy, increasing to 400 kg in 1913, and 450 kg for other European countries in 1870, 

increasing to 500 kg in 1913. We use these figures to perform a rough calculation of the 

impact of including feed for non-working cattle (mostly cows)in the totals of each country. 

From Mitchell (2007) we can find the number of cattle (oxen and cows) for 1880, 1900 and 

1913. Assuming that a cow consumes ¾ of the energy of an ox27, we get new totals for 

animal energy, see Table 3. 

 

Table 3: Estimated GJ animal energy per person 

   Feed draught animals in agriculture 

 

Denmark France Germany Italy Netherlands Spain Sweden 

1880 5 3 3 2 2 5 5 

1900 5 3 3 3 2 4 5 

1913 5 2 3 3 2 4 5 

  Feed including non-working cattle 

 

Denmark France Germany Italy Netherlands Spain Sweden 

1880 21 10 9 4 10 7 14 

1900 21 11 10 4 9 6 15 

1913 25 11 10 5 10 6 16 

        Source: Own elaboration from Kander and Warde (2009, 2011) and Mitchell (2007); for Spain calculations 

complemented with Barciela et al (2005). 

 

Including animal energy for cows increases the total for all countries by a factor of between 

two and six (the latter is for the Netherlands, which was also a dairying country), but what 

stands out about Denmark is the GJ per capita of animal energy, which we estimate at 21 GJ 

per capita in 1880 and 25 GJ per capita in 1913. This is roughly double that of any western 

country, including the Netherlands. The only country approaching this is Sweden, which, in 

the south, followed a similar agricultural development as Denmark, and otherwise made 

                                                           
26

 Note that England and Wales are not included in Table 3. 
27

 Proportion in line with what is observed for Denmark for the period in question; Kraussman and Haberl 
(2002) also indicate similar values. Cows are reported to be smaller than oxen, but consume more feed per kg 
of body weight. 
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greater use of draft animals than other European countries, but Denmark is still substantially 

higher. 

Clearly energy, and coal in particular, was an important factor in Denmark’s rapid 

development and for the leading sector: agriculture. In this context it might also be noted 

that this in turn promoted the expansion of domestic industry (supplying for example cream 

separators and refrigerators) and services (especially shipping) – see Henriksen (1992). In the 

next section we thus attempt to answer the second of our questions posed above: how was 

such a development possible for a country with practically no domestic reserves of coal? 

 

4. Why Denmark? Cheap energy, expensive labor 

Denmark’s agricultural revolution – and her economic development in general – was to a 

large extent based on the rapid spread of centrifuges and cooperative creameries. The 

reasons why cooperatives spread faster in some countries than others has been much 

debated (see for example Fernández 2014), but here we concentrate on the technology 

rather than the institution. We have so far demonstrated that this technology led to the 

cooperative creameries being relatively energy intensive, and also that Danish agriculture 

more generally took an energy intensive development path before the First World War. 

However, the question remains as to what it was about Denmark which allowed this to 

happen. 

Perhaps surprisingly, given that Denmark had next to no coal, and is often considered to be 

in the poor periphery of Europe before the end of the nineteenth century, we look to the 

hypothesis presented by Allen (2009) as to what gave rise to the Industrial Revolution in 

England. His hypothesis rests on the finding that a couple of factors made Britain unique in 

the nineteenth century: wages were very high, while coal and energy were cheap. This 

created a demand for labor saving, energy intensive technology, and on the supply side, the 

high wages made it easier to respond to this challenge. Wages were high in Britain because 

of the foreign trade boom in the seventeenth and eighteenth centuries. Energy was cheap 

because of the vast and easily accessible reserves of coal located particularly in 

northwestern England. Our basis for appealing to Allen’s hypothesis for the case of Denmark 



21 
 

rests on two points. First, despite the lack of deposits in Denmark, her geography and 

openness nevertheless made access to coal relatively inexpensive. Second, Danish incomes 

were fairly high before the agricultural revolution, and rapidly increasing during it. 

Regarding geography, Denmark has few natural energy resources, and was largely 

deforested by the 1700s (Kjærgaard 1994). Denmark had peat, and a little coal on the island 

of Bornholm (Christensen 1996), but it was to be imports of coal that were to be of greatest 

importance. These were relatively cheap, in two senses. First, they were cheap when 

compared with the price of firewood and peat. Between 1730 and 1800 firewood and peat 

prices in Copenhagen measured in silver increased by a factor of 2 and 3 (Friis and Glamann, 

1958), selling at about 8-11 silver grams per million BTU in 1800, placing Copenhagen among 

the European cities with expensive firewood28. Around the late eighteenth century, coal was 

being sold in Jutland at a price that was already about the same or cheaper than firewood 

and peat in Copenhagen29. This price differential increased in the second half of the 

nineteenth century, with wood and peat costing three to four times more than coal30. 

Clearly, there was a great incentive to switch to coal.  

Second, the price of imported coal was relatively cheap for a country without domestic 

resources. One obvious reason for this is the relatively short distance from Newcastle to 

Denmark. Not only were coal freights to Copenhagen very low in European terms, but 

Denmark also benefited from the fact that Newcastle pithead prices were lower than those 

in Cardiff, the other significant coal supplier to Europe, during most of the nineteenth 

century. Another key point for a successful coal trade rests on ensuring cargo for the home 

journey. Between 1828 and 1857 the number of Danish ships visiting British harbors 

increased by a factor of 6. These were largely carrying exports of grain, and they returned 

with coal to the provincial harbors. Copenhagen, on the other hand, was largely supplied by 

British ships which were on their way to the Baltic. Thus, a commentator in 1843 noted that 

coal was cheaper in Copenhagen than in Berlin and that generally freight rates to the Baltic 

                                                           
28

 Our calculations from the series of firewood (favn) and peat (læs) from Friis and Glamann (1958). One peat 
læs is approximately 500 kg and 1 favn= 2.2 m

3
. Prices in Copenhagen were at the level of Amsterdam in 1800, 

another city with a fast transition to coal (Allen 2009). 
29

 Comparison based on the prices of peat and firewood from Friis and Glamann (1958) and the prices of coal 
from Andersen and Pedersen (2004), p. 640-642. 1 m

3
 firewood = 625 kg, 1 metric ton firewood = 12.5 GJ, 1 

peat metric ton = 10.5 GJ. 
30

 Comparison based on the on the prices of peat of Hansen (1984) 1858-1870 and the coal prices of the 
gasworks Københavns Belysningsvæsen (1932) for the same period. 1 coal metric ton = 29.31 GJ. 
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were very low (Møller 1998, p. 66). This process continued as steamships made the 

connection more regular and Denmark’s agricultural exports expanded in the 1870s and 

1880s (Møller et al 1998, p. 94). 

An analysis of the coal prices faced by a big consumer (the gasworks in Copenhagen) is 

presented in Figure 5. In the 1860s coal was sold at a price of 3.5-4 times the pithead prices 

in Newcastle, but a significant decline in coal freights due to the increasing use of steam 

shipping decreased market prices in Copenhagen to the value of 2 times the pithead price in 

1913. 

 

Figure 5: Coal prices in Denmark, 1854-1913 (9 year moving averages) 

  

Sources: Pithead prices calculated from Church (1986) and Mitchell (1984). Construction of the main 

components with the freight and price series comes from Københavns Belysningsvæsen (1932). For the early 

years they are constructed from Klovland (2010) and Annual Statement of Trade (several years). 

 

Of course, with this level of prices, Denmark could never specialize in the energy intensive 

industries of the First Industrial Revolution. This was reserved for regions with coal mines, 
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such as the UK, Germany, Belgium or even France. However, Denmark compared very well 

with other coal importers. International comparisons at the port level show an early 

advantage in coal imports prices in relation to other coal-poor regions such as Italy, Spain 

and Portugal. This advantage seems to have been significant during the 1870s and the first 

half of the 1880s, although it diminished subsequently as shown in Table 4. 

 

Table 4: Coal prices at the pithead and ports in current shillings per ton, 1850-1900 

  

United 

Kingdom  Germany France Italy Denmark Spain Portugal 

  Pithead Pithead Pithead Imports Imports Imports Imports 

1850s 5.3 

   
15-18 

 
18 

1860s 5.6 

  
32 16-20 31-41

a
 19 

1870-72 6.5 

  
29 19 28 23 

1879-81 5.4 

  
24 13 21 20 

1884-86 5.1 5 9 21 13 18 17 

1889-91 7.5 7 10 25 15 21 16 

1899-01 9.2 9 12 29 14 24 18 

Sources: UK, Italy (from 1870), German and French prices come from Bardini (1997). Prices in the UK from the 

1850s and 1860s come from Clark and Jacks (2007). For Italy in 1860 they are from ISTAT (1958). Spain prices 

are from Coll and Sudrià (1987) and refer to an average of three coastal locations Bilbao, Cádiz and Barcelona; 
a
 

for 1860s (1865) the lower price refers to Cádiz and the higher price to Barcelona. Portugal import prices come 

from INE, Comércio Externo. Denmark CIF prices (from 1870s) come from Henriksen and Ølgaard (1960), and 

for the period 1850s-1860s the lower bound refers to an index of coal prices for the Copenhagen gasworks 

(Københavns Belysningsvæsen 1932) which is connected with the CIF prices. The higher bound is constructed 

by adding the average of FOB prices for Denmark reported in the British Annual Statement of Trade (1850-

1869) to the coal freights Tyne-Copenhagen from Klovland (2010). 

 

These figures only tell a small part of the story, however. The important point was not how 

cheaply coal arrived at a particular port, but how cheaply it arrived to a particular consumer. 

For example, coal was sold almost as cheaply in Lisbon as in Copenhagen in the late 1880s, 

but lack of land infrastructure made coal extremely expensive inland in Portugal where it 

was sold at ten times the pithead price (Henriques 2011). Big differences in coal prices were 

also apparent in Spain and Finland (Coll and Sudrià 1987, Kunnas and Myllyntaus 2009). Even 

in countries endowed with coal, there was similar variation – in 1880 it was sold in London 
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or landlocked parts of Germany at 2-3 times the national pithead prices (Kander et al 2013). 

Denmark, by contrast, has a particular geography, as we will discuss below, which played a 

very important role for easing the diffusion of steam technology to all parts of the country. 

The earliest information we have on the regional dispersion of coal prices in Denmark is 

from Birk (1904, pp. 8-9). He surveys coal arriving to creameries from 34 locations around 

the country in 1903. Apart from two outliers31, these vary between 16 kroner/metric ton (in 

north central Jutland, but located close to Mariager Fjord to the east and Limfjord to the 

west) to 21.6 kr/t (in Faaborg, a harbor in the south of the island of Funen). The equivalent 

price at the Gasworks in Copenhagen in 1903 was 15 kr/t, and that paid by the Danish State 

Railways (DSB) was 17.8 kr/t (Generaldirektoratet for Statsbanerne 1930, pp. 178-9). The 

price of coal for the creameries at a maximum was thus only 144 percent32 of the cheapest 

price. The average of the prices recorded for 1903 was 19 kr/t which is only seven percent 

above the rail price and 27 percent above the gas price. Why was there such a lack of 

regional variation compared to other countries? 

With the loss of the Duchies of Schleswig and Holstein to Prussia in 1864, Denmark was a 

very small country, with nowhere further from the coast than 52km (32 miles). Jevons (1865) 

mentions in his seminal book, The Coal Question, that about 1/3 (135 ports) of the European 

ports involved in the coal trade with Britain were Danish. The port in Copenhagen, 

supplemented with another large port in Esbjerg from 1874, together with local provincial 

harbors33 meant that coal could be transported cheaply by sea to the whole country. 

This easy access to coal was crucial for Danish butter production since dairies were situated 

in the countryside. Had they not had easy this, perhaps the Danish Agricultural Revolution 

could never have reached the heights that it did. The typical profit for a creamery was 

around 6 percent (Henriksen et al 2012), and, in the earliest accounts published in 

Mælkeritidende described above from the late 1880s, coal constituted around 25 percent of 

expenses34, around the same as the share spent on wages (most of the rest going on the cost 

                                                           
31

 12.8 kr/t and 26 kr/t. Both are in the north of the island of Funen, but located to the east and the west of 
Odense Fjord, respectively. 
32

 173 percent if we take the outlier. 
33

 See Fransen (1996) for a detailed account of the interplay between railroads and ports on the island of 
Funen. 
34

 This is a quite high energy cost share, comparable to energy-intensive industries. See Balderston (2010) for a 
discussion on the importance of coal in the low energy intensive cotton sector. 
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of transporting milk from the suppliers). The share of expenses on coal fell over time (to 

around 10 percent by 1900), but in the early days, more expensive coal would have made 

some creameries unprofitable. Moreover, without the quick diffusion of steam technology 

to the dairies, there would not have been any incentive to initiate the cooperatives (an 

important institutional factor for Denmark´s agricultural transformation), since there would 

have been no incentive to supply a central creamery (Jespersen 2011). 

Finally, and unlike most other European countries at the time, Denmark remained a free 

trader throughout the first era of globalization at the end of the nineteenth century, taking 

advantage of cheap imports of grain from the New World to transform her agricultural 

sector from grain exports to animal exports using the cheap grain to feed the animals 

(Henriksen 1992, p. 156). Denmark thus enjoyed booming trade with Britain, sending butter 

and bacon on ships which could be used to bring back coal. 

Turning now to income, it is already apparent from Maddison’s estimates of GDP/capita that 

Denmark was already relatively rich among ‘peripheral’ agricultural economies, even before 

her agricultural transformation: see Table 5. By the First World War, Denmark was even 

catching up with the industrial core. 

 

Table 5: GDP/capita (1990 int. GK$) for selected European countries, 1870-1913 

  Belgium Denmark  France Germany  Italy Neth. Portugal  Spain  Sweden  UK 

1870 2692 2,003 1,876 1,839 1,542 2,755 975 1,207 1,345 3,190 

1880 3065 2,181 2,120 1,991 1,589 2,927 947 1,646 1,480 3,477 

1890 3428 2,523 2,376 2,428 1,690 3,186 1,128 1,624 1,635 4,009 

1900 3731 3,017 2,876 2,985 1,855 3,329 1,302 1,786 2,083 4,492 

1910 4064 3,705 2,965 3,348 2,176 3,783 1,228 1,895 2,543 4,611 

Source: Bolt and Van Zanden (2013). 

 

Comparisons of national income per head mask, however, the fact that real wages in 

agriculture in Denmark were extremely high, at least compared to her immediate neighbors 

and to other agricultural exporters in Europe. As Henriksen (1992) notes, our knowledge of 

agricultural wages for Denmark before the twentieth century is very limited. There is 
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however evidence that the rural/urban wage gap was rather small, which might be taken as 

evidence of the relatively high productivity of agricultural labor. Moreover, migration from 

the country to the cities was slower than elsewhere, and emigration was far lower – in fact 

agricultural laborers from especially Germany and Sweden immigrated to Denmark. Van 

Zanden (1991) also places Denmark in 1870 in the ‘core’ of Europe and at the efficiency 

frontier in agriculture together with the UK, the Netherlands, Belgium, and France. 

Moreover, Denmark differentiated herself from other countries through having a high share 

of labor in her agricultural workforce compared to her productivity. 

Contemporaries also noted Denmark’s relatively high rural wages. Rainals (1860), the British 

Vice-Consul in Copenhagen, noted that ‘The Danish farm labourer is generally well off and 

while he is without family is able to save part of his wages as is sufficiently proved by the 

large sums of money placed in the savings banks by this class’ (p. 290). He also noted other 

features of the wealth of Danish agriculture, such as the immigration from abroad, and the 

fact that oxen were not generally used for draught (p. 306). 

Khaustova and Sharp (2014) have taken some of the available evidence there is on 

agricultural wages in Denmark, and converted them to real wages using the methodology 

described by Allen (2001). Their ongoing work suggests that on the eve of the agricultural 

revolution, unskilled agricultural laborers could afford more than twice Allen’s subsistence 

basket of goods, and unskilled laborers in Copenhagen could afford around four times 

subsistence. This puts Copenhagen higher than Amsterdam in 1875, well above other 

European cities such as Valencia and Florence, where workers could only afford one 

subsistence basket, although of course substantially below London laborers, at over five 

times subsistence. Danish workers were thus relatively well-off by any measure, and we 

might note that agricultural laborers probably did not represent much of Danish agriculture, 

which was based on small scale self-owning peasant agriculture earning rents from the land 

rather than from their labor.35 

                                                           
35

 Interestingly, hand separators, i.e. centrifuges operated by hand rather than by steam power, although 
manufactured in Denmark, were not used in Danish creameries. They were however used widely elsewhere, 
including in southern Sweden. This also seems to be striking support for the idea that labor-saving technologies 
were prioritized. 



27 
 

Finally, in the spirit again of Allen (2009), we illustrate in Figure 6 the coal price to wage ratio 

for the UK (coal endowed), and for Sweden, Denmark and Portugal (coal poor countries). 

This ratio can be interpreted as an incentive to adopt steam technology. 

 

Figure 6: Coal price (ton) ratio to wages (day) in Denmark, the UK, Sweden and Portugal (9 

year moving averages) 

  

Sources: Denmark: Average male urban wages from Christensen (1975) for 1870-1913, and Hansen (1984) for 

1858-1870; coal prices from Københavns Belysningsvæsen (1932). Portugal: Wages from Martins (1997), simple 

average of 14 urban and industrial tasks; coal prices from INE, Comércio externo. For Sweden: Average 

industrial wages from Prado (2010); coal prices from Ljungberg (1990) after 1890 and a revised coal series 

1866-1889 based on  railroad costs kindly provided by Astrid Kander. UK: Builders’ wage refers to southeastern 

England and is taken from Clark (2004). Pithead coal prices are taken from the Digest of Welsh Historical 

Statistics: Coal 1780-1975.  

 

This figure confirms Allen’s story that coal to wage ratios were drastically lower in Britain 

than in any other country in the second half of the nineteenth century. In England, 1 metric 

ton of coal was equivalent to the daily wages of 3 men in the late 1860s, while in Denmark, 

Sweden and Portugal it was equivalent to between 8 and 13. Still, when compared with 
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other coal-poor countries it is possible to argue that Denmark had the greatest incentives to 

mechanize. Not only were the levels of the coal/wage ratio significantly higher than in 

Portugal, and relatively higher than in Sweden in 1860, but they also fell more sharply over 

the period 1860-1913. On the eve of the First World War, 1 metric ton of coal was 

equivalent to the wages of 3 men in Denmark, but about 5 in Sweden, and 8 in Portugal. The 

evolution of the coal to wage ratio in those three countries supports Allen’s view on the 

spread of the Industrial Revolution first to high wage countries and later to low wage 

countries. Coal surpassed wood and peat in Denmark as early as 1854, while in Sweden low 

firewood prices coupled with relatively lower wages meant that the transition had to wait 

until 1906. Portugal, as a very low wage country, would fail the transition to coal altogether. 

Coal was never the main energy carrier in that country, and she would have to wait for the 

cheap oil prices after the Second World War before she could catch up with the European 

Core (Henriques 2011). 

 

5. Conclusion 

After perhaps the main contribution of this paper, which is the new energy accounts for 

Denmark from 1800-1913, with which we could reveal that Denmark was relatively heavily 

dependent on coal during her period of development and catch up, we set ourselves a 

couple of challenges at the end of Section 2. We asked how we could reconcile this finding 

with the fact that Denmark famously experienced more an agricultural revolution than an 

industrial revolution; and we asked how such a reliance on coal was possible for a country 

with practically no domestic reserves. 

We answered these questions by examining Denmark’s well-known agricultural 

transformation and development through the dairy industry from an energy perspective. 

The Danish cooperative creameries, which spread throughout the country over the last two 

decades of the nineteenth century, were in fact dependent on coal. And although Denmark 

had next to no domestic coal deposits, we demonstrate that her geography allowed cheap 

availability throughout the country through imports. Moreover, Denmark seems to have 

enjoyed the combination of relatively expensive labor and relatively cheap coal, which could 

stimulate the sort of development process suggested by the work of Robert C. Allen. In 
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addition, the energy perspective gives us another important insight: that the cows had to be 

fed with vast amounts of domestically produced and imported energy, in the form of feed. 

Denmark’s take off at the end of the nineteenth century was therefore in fact relatively 

energy dependent. 

In a broader perspective, our analysis of the Danish energy transition to coal allows us to 

explore the argument sometimes made that energy and coal are not crucial for 

development. We find support for both the growth and location hypotheses. Denmark’s 

initial conditions (high wages, and an ideal geographical location) constituted an early 

advantage vis-à-vis other equally coal-poor countries. This favored both an early transition to 

coal and laid the road for subsequent development. One might also argue, however, that 

Denmark can be considered to support the idea that countries do not need natural resources 

to be rich as long as they can import cheaply from elsewhere (and deliver equally cheaply to 

the final consumer). That coal was vital for Denmark’s development is, however, without 

question. 
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Appendix: Danish Primary Energy, 1800-1913 

Table A1: Danish Energy Consumption by Type in PJ, 1800-1913 

  Food 

Feed 

working 

animals 

Fire-

wood Peat 

Wind 

& 

Water  Coal Oil 

Primary 

Electricity 

(wind, 

water, 

imports) Total 

Feed for 

cows and 

oxen 

1800 4 11 8 5 1 1 

  

32 8 

1810 5 10 8 6 1 1 

  

32 9 

1820 5 9 9 7 2 1 

  

34 11 

1830 6 9 10 8 2 2 

  

36 12 

1840 6 8 11 8 2 4 

  

39 14 

1850 7 9 8 6 2 9 

  

41 17 

1860 8 9 8 8 3 12 

  

47 21 

1870 9 9 7 8 3 21 

  

57 25 

1875 9 10 7 8 3 19 0 

 

56 28 

1880 10 10 7 7 3 26 1 

 

62 31 

1885 10 11 7 6 3 34 1 

 

70 32 

1890 11 11 7 4 3 38 1 

 

75 35 

1895 11 11 7 3 3 48 2 

 

85 37 

1900 12 12 7 2 2 53 2 

 

90 39 

1905 13 14 7 2 2 62 2 

 

101 44 

1910 14 15 6 2 2 76 3 0.02 118 55 

1911 14 16 6 2 2 80 4 0.02 123 57 

1912 14 16 7 2 2 92 4 0.02 136 58 

1913 14 16 7 2 2 94 5 0.02 138 60 

Sources: See below. Note that, in Figure 4, in order to avoid double counting, we reduced the amount of 

energy on food by 30 percent in order to exclude meat and dairy products, and thus allow us to include feed 

for non-working animals, which is the final column in this table, and not included in the total given. See also the 

notes to Figure 4. 

 

1. Food 

The Danish population was particularly well fed during this period. There are only partial 

statistics that can give an idea of the living standards of the Danish population in the 

nineteenth century. Thestrup (1971) uses municipal taxes to determine the average calorie 

intake of an inhabitant of Copenhagen in the period 1730-1800. The calorie consumption is 

estimated to vary between 2600-2900 kcal/day during the 1730s and 1750s to 3100-3200 in 

the 1790s and 1800s. Using the available agricultural statistics of the period, Jensen (1985) 
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estimates that there was about 3000 kcal of available food per individual for the early 1800s, 

perhaps 1700 kcal in grain, 600 kcal in beer and 700 kcal in dairy products. 

Some studies on the kcal implied by the food expenses of urban and rural workers were 

conducted in 1897 and 1909 (Heiberg and Jensen 1910, Bjørum and Heiberg 1914, Statistics 

Denmark 1900, 1901 and 1912). These reveal that in 1897 Danish urban workers (adult 

males) had an average daily food consumption of 3350 kcal/day in Copenhagen, 3153 

kcal/day in the provincial towns, and 3600-3700 kcal/day in the rural districts (Heiberg and 

Jensen 1910, p. 101-16). A similar study conducted in 1909 gives 3250 kcal in Copenhagen, 

3368 kcal in the provincial towns, and 3800-5000 kcal/day in rural areas. These surveys thus 

point to a small rise in the per capita consumption in the rural areas of the country. 

In order to account for women and children, we lowered the average food consumption in 

the period from 1800-1897 to 3000 kilocalories a day, assuming a linear increase to 3100 

kcal by 1910. This latter figure is based on a national retrospective study on food 

consumption 1914-1948 which was published by Statistics Denmark in 1949. This shows that 

the availability of food before the outbreak of the war amounted to 3150 kcal/day. 

2. Feed for working animals 

The first animal census is from 1800 and can be found in Falbe Hansen (1888). From 1838 

there are national registers of horses (Kreaturtælling 1837, 1861, 1866, 1871, 1876, 1881, 

1888, 1893, 1898, 1903, and 1909). After deducting for foals and colts, we assumed that all 

horses worked in either transportation or agriculture. The annual requirement of feed 

depends on the weight of the animal and its working effort. Kander and Warde (2011) 

provide a guideline of weights and working effort for estimating animal energy in various 

European Countries. We have assumed that Danish horses had the same energy 

requirements as those indicated for Northern Europe. 

3. Firewood and Peat 

Firewood and peat consumption are reported for the period 1900-1914 in a retrospective on 

the energy balance of Denmark which was published by Statistics Denmark in 1960. 

Estimations of peat and firewood consumption are based on records for extraction in peat 

bogs and forests. 
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For the nineteenth century there is scattered but rich information on the urban consumption 

of firewood and peat, as both fuels were recorded on entry to Copenhagen and market 

towns for taxation purposes. Using this it is possible to reconstruct the supply of firewood 

and peat to the city of Copenhagen for the period 1800-1880 for firewood, and from 1800-

1850 for peat. See Morville (1798), Begtrup (1803), Olufsen (1811), Thaarup (1796, 1819, 

1825), Kollegial-Tidende (1798), Bergsøe (1847), Müller (1881), Rubin (1892), Nathanson 

(1832, 1836) and the Statistiske Tabelværk (Statistics Denmark 1838-1851). Firewood 

consumption in the capital was 1.6 m3 per capita/year in 1756-1770; 1.3 m3 per capita/year 

from 1795-1804; 0.72 m3 per capita/year in 1840; and 0.42 m3 per capita/year in 1880. Peat 

consumption increased from 110 kg per capita/year in the early 1800s to about 250-300 kg 

per capita/year in the period 1830s-1850s.  

For the market towns, there are figures from the toll registers for the period 1838-1850 

(Statistics Tabelværk 1838-1850). During the early part of the period (1838-1841) market 

towns consumed about 3.4 kg/day of fuel, half in peat and half in firewood. In the later part 

of the series (1848-1850) consumption is down to 2.7 kg/day, with firewood decreasing at a 

much higher rate than peat. There were no significant regional variations in the total fuel 

consumption and shares of peat/wood. In 1841, wood and peat totaled 11.3 GJ per 

capita/year in Funen, 13.9 in Jutland and 13.4 in Zealand. The proportion of peat to firewood 

in calorific terms was 53 percent in Funen, 48 percent in Jutland and 51 percent in Zealand, 

which indicates the wide use of peat across the country. Market towns were small at that 

time (700-10,000 inhabitants), so consumption can be assumed to be of the same magnitude 

across the rural areas as well.  

To derive the totals for early years, we have assumed that per capita consumption and the 

share of wood and peat in rural areas and market towns was constant for all the period 

1800-1838. Our assumption matches well with the educated guesses of contemporary 

authors. Morville (1798) indicates an amount of 8 m3 of firewood of wood or alternatively 

about 8 læs of peat was the norm for a small family of farmers (3-4 people). Olufsen (1811) 

suggests that an annual consumption of 1.8 m3 of beech firewood per capita/year (other 

fuels included) would be enough to satisfy (with the technology of the time) the heating 

needs of the Danish population: 1.8 m3 of beach firewood equivalent (including peat) is 

exactly the reported consumption around 1838-1840.  
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After 1850 we have assumed different trends for consumption of the two fuels. Firewood 

consumption per capita was assumed to decline linearly from 1850 to 1880 to a level that 

matches a national estimation of wood production based on a wide sample of the forest 

area by the forest engineers Peter Müller for 1881 and A. Opperman for 1896 (see Müller 

1881 and Opperman 1896-1902). 

Peat consumption was assumed to be stable in absolute terms in the capital36 and at a per 

capita level in the other parts of the country. After 1870 we have assumed a rapid 

replacement of peat by coal, which started to be transported by railroads to the rural areas 

(Müller 1881)37. 

4. Wind and Water 

The major users of mechanical wind energy were sail ships and mills (flourmills, farm mills 

and factories). In order to calculate wind energy we need to estimate the number, power, 

efficiency and intensity of use of the converting machines. For sail ships, Mitchell (2007) 

reports the tonnage of Danish vessels for the period 1829 to 1913 and Warming (1913) has 

benchmarks for 1800 and 1824. We use the method proposed by Lindmark (2007) who 

calculates the power of vessels to be approximately 0.6 kW per ton, already accounting for 

50 percent of energy losses in the sails. We assumed a coefficient of use of 3,650 hours per 

year in order to obtain the primary energy from wind. 

The best benchmark for windmills is found in 1907. At that date there were about 7,000-

8,000 windmills in Denmark: 4,714 were farm windmills and 2,541 were commercial 

windmills. Commercial windmills were of the Dutch type and total power was reported to be 

about 41,000 HP, or 16 HP per windmill (Ølgaard 1979). Numbers of commercial windmills 

are available for some selected years (1830, 1897, 1908 and 1914) and the HP per mill can 

be assumed to be the same. Before 1830 we estimated HP by the population growth from 

1800-1830.  

Farm mills were of the post-mill type and they were generally smaller. We estimated that 

they had a maximum of 1.5 HP per machine. Before 1907 there is no information on the 

                                                           
36

 Firewood supply in absolute terms stabilized after 1840. 
37

 Hansen (1970) also made an estimation of peat production for 1818-1900 with a basis on similar 
assumptions, but with only one year of information (1840) for Copenhagen and the market towns.  
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number of farm mills. However, we know that until 1862 it was a royal privilege to run a 

windmill, so farm mills started to be erected only around 1865-1875. 

Our estimation on the power of windmills points to 12 GW in 1800, 21 GW in 1850 and 34 

GW in 1900. Using this procedure it is also necessary to estimate the time and the efficiency 

at which these turbines were operating. Nowadays, in Denmark, modern wind turbines are 

operating only 16 to 20 percent of the time, or a maximum of 1,800 hours over the course of 

the year. Considering that the wind blows mostly during the night, that is outside of working 

hours, and that many mills and factories used auxiliary power, we estimate that a use of 

1000 hours per year in the nineteenth century is quite plausible. Regarding efficiency, we 

know that Dutch windmills, the dominant type during the nineteenth century, had only 6 

percent efficiency. We have assumed that efficiency started to increase after 1860, when 

other types of mills entered the market to reach a total efficiency of 16 percent by 191338.  

Water was much less important than wind in Denmark. Numbers of watermills are available 

for several years (1830, 1897, 1906 and 1914) from Lampe (1984). Warming (1913) writes 

than in 1906 there was approximately 10,000 HP installed in watermills, or 16 HP per mill. 

HP per watermill was probably less than half that of 100 years before39. It is difficult to know 

how many hours those mills were operating, so intensity of use was set to 3000 hours/year, 

based on the usual industrial week at the time. Efficiencies were low due to the absence of 

high heads. In 1830 most of the wheels were undershot (30 percent efficiency). We assume 

a rise in efficiency to reach 55 percent in 1897, 60 percent in 1906, and 65 percent in 1914, 

as turbines started to be introduced in the second half of the nineteenth century. Water 

power is estimated for the period 1800-1830 based on population growth. In primary energy 

terms, water power represents only 5 percent of the direct use of water and wind.  

5. Modern Energy: Coal, Oil and Primary Electricity 

Nineteenth century production of brown coal was insignificant, and was therefore not 

recorded. Danish trade statistics on coal start in 1844. Unfortunately, there are some 

                                                           
38

 In 1921-1924 there was a study that indicated that the average efficiency of the dominant Danish turbines at 
the time was 17 percent. 
39

 Hyldtoft (1996) reports the mechanical power of watermills for industrial uses (textiles, paper, big flourmills, 
and iron and other metal industry) for several years (1855, 1872, 1882, and 1897). They increase from 16 HP in 
1855 to 32 HP in 1897. Other mills were generally smaller. 
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inconsistencies in the Danish trade statistics, due to, among other factors, variations in how 

to include the Duchies of Schleswig and Holstein before they were lost to Prussia in 1864. 

We have thus used the exports of coal to Denmark reported in the British Trade statistics 

from 1830 to 1873. Early imports of coal are based on the scattered information in Nüchel 

and Thomas (1966)40; Thaarup (1796), Kollegial Tidende (1798) Rubin (1892), Kjærgaard 

(1994), Edington (1813) and Taylor (1848). From these sources we know that imports of coal 

to Denmark amounted to 30-40 thousand metric tons from 1792-1796, 40 thousand tons 

just before the Napoleonic wars and 25 thousand tons in 1811, with Copenhagen taking 

about 50-60 percent of all imports. In 1828, imports were already 60,000 tons. We have 

assumed that they increased linearly from 25,000 in 1815 (a time of peace) to 61 thousand 

tons in 1828. 

Imports of oil and coal from 1874-1899 are taken from Henriksen and Ølgaard (1960). From 

1900 to 1913, coal, oil and an insignificant amount of primary electricity is reported by 

Statistics Denmark (1960).  

 6. Feed for non-working animals: Cows and Oxen 

In addition to what is common in the literature, we also present an estimation of the energy 

in the feed given to non-working cows and oxen for the period 1800-1913. For oxen, we use 

the same feed requirements indicated by Kander and Warde (2009, 2011) for Northern 

Europe. For cows, weight approximations and suggestions on feed requirements are 

abundant in the literature. Larsen (1942) mentions that in the first decades of the 1800s 

cows were small and had a daily intake of 3 FU41. Lampe and Sharp (2015b) have compiled 

information on feed consumption by cow at the level of the dairy. Their figures suggest that 

milk cows had on average a daily intake of 4.7-5.0 FU over the period 1880-1900. Our 

estimated value of 5.4 FU in 1913 derives from the fact that a normal cow weighed about 

400-500kg (Bjørn 1982) and that each 1 kg of milk should be equivalent to 0.33 FU (Larsen 

1942). Feed for cows can only be added to the energy series if animal protein food 

consumption by humans is deducted from the totals. Food surveys from the 1900s show that 

animal protein (excluding fish) represented about 22-28 percent of the daily intake (Heiberg 
                                                           
40

 Nüchel and Thomas’ (1966) figures in pounds sterling were converted to metric tons using the export fixed 
prices that can be calculated from Mitchell (1962). The correlation between the value in pounds and tons 
exported from the British Statistics is 0.91. 
41

 1 Fodder Unit = 3000 Kcal 



36 
 

and Jensen 1910, Bjørum and Heiberg 1914, Statistics Denmark 1900, 1901, 1912, and 1949). 

We have taken the conservative approach of deducting 30 percent of the total of the food 

consumption for the whole period in question, risking of course underestimation for the 

early years. 

  



37 
 

References 

Allen, R.C. (2001). ‘The great divergence in European wages and prices from the Middle Ages 

to the First World War’. Explorations in Economic History 38:4, pp. 411-447. 

Allen, R.C. (2009). The British Industrial Revolution in Global Perspective. Cambridge: 

Cambridge University Press. 

Andersen, D.H. and E. H. Pedersen (2004). A History of Prices and Wages in Denmark 1660-

1800, Volume II, Prices and Wages in Danish Estate Accounts, Copenhagen: Price History 

Group at the Department of History, University of Copenhagen. 

Ayres, R. U. and Warr, B. (2010), The Economic Growth Engine: How Energy and Work Drive 

Material Prosperity. Cheltenham: Edward Elgar. 

Balderston, T. (2010). ‘The economics of abundance: coal and cotton in Lancashire and the 

world.’ Economic History Review 63:3, pp.569-590. 

Bardini, C. (1997). ‘Without Coal in the age of steam: A factor-endowment explanation of the 

Italian industrial lag before World War I’. Journal of Economic History 57:3, pp. 633-653. 

Barciela, C., J. Giráldez, Grupos de Estudo de História Rural and I. López (2005), ‘Sector 

Agrário y Pesca’ in A. Carreras and X. Tafunnel (2005), Estadisticas Históricas de España, siglo 

XIX-XX, vol.1, pp. 246-292. 

Begtrup, G.O.B. (1803). Beskrivelse over Agerdyrkningens Tilstand i Danmark. (2 parts). 

Copenhagen: Rosenkilde og Bagger. 

Bergsøe, A.F. (1847). Den danske stats statistik. Vol. II. Copenhagen: Forfatterens forlag. 

Birk, C.V. (1904). Kul til mejerierne. Odense: Andelsbogtrykkeriet i Odense (originally 

published in Mælkeritidende). 

Bolt, J. and J.L. Van Zanden (2013). ‘The First Update of the Maddison Project; Re-Estimating 

Growth Before 1820’. Maddison Project Working Paper 4. 

Bjerke, K. and N. Ussing (1958). Studier over Danmarks Nationalprodukt 1870-1950. 

Copenhagen: G.E.C. Gads Forlag. 



38 
 

Bjørn, C. (1982). Dansk mejeribrug 1882-1914. Århus: De Danske Mejeriers 

Fællesorganisation. 

Bjørn, C. (ed.) (1998). The Agricultural Revolution – Reconsidered. Odense: Landbohistorisk 

Selskab. 

Bjørum, M.V. and P. Heiberg (1914). ‘Danske Landmandsfamiliers Kost i 1909’. Maanedsskrift 

for Sundhedsplejerske, pp. 263-278. 

Braudel, F. (1973). Capitalism and Material Life, 1400–1800. London: Weidenfeld and 

Nicolson. 

Christensen, D.C. (1996). Det moderne project: Teknik& kultur i Danmark-Norge 1750-(1814)-

1850. Copenhagen: Gyldendal. 

Christensen, J.P. (1975). Lønudviklingen inden for dansk håndværk og industri 1870-1914. 

Vol.1. Copenhagen: Akademisk Forlag. 

Church, R. (1986). The History of the British Coal Industry. Vol. 3. Oxford: Clarendon Press. 

Clark, G. (2004). ‘The price history of English agriculture, 1209-1914. Research in Economic 

History 22, pp. 41-123. 

Clark, G. and D. Jacks (2007). ‘Coal and the Industrial Revolution, 1700–1869’. European 

Review of Economic History 11:1, pp. 39–72. 

Coll, S. M. and C. Sudrià (1987). El Carbón en España, 1770-1961: uma historia económica. 

Madrid: Ediciones Turner. 

Deane, P. (1965). The First Industrial Revolution. Cambridge: Cambridge University Press. 

Edington, R. (1813). A Treatise on the Coal Trade with Strictures on its Abuses, and hints for 

Amelioration. London: V. Griffiths. 

Falbe Hansen, V. (1888). Stavnsbaands-Løsningen og Landboreformerne: set fra 

Nationaløkonomiens Standpunkt. (2 parts). Copenhagen: J.H. Schultz. 

Fernández, E. (2014). ‘Trust, religion, and cooperation in western agriculture, 1880–1930.’ 

Economic History Review (forthcoming). 



39 
 

Fernihough, A. and K. O’Rourke (2014). ‘Coal and the European Industrial Revolution’. NBER 

Working Paper 19802. 

Fransen, P. (1996). Varetransport på Fyn via havn og jernbane 1865-1920. Unpublished PhD 

thesis, Odense University. 

Gales, B., A. Kander, P. Malanima, and M. Rubio (2007). ‘North versus South: Energy 

transition and energy intensity in Europe over 200 years’. European Review of Economic 

History 11:2, pp. 219-253. 

Generaldirektoratet for Statsbanerne (1930). Beretning om driften. Aarhus: Aarhus 

Stiftsbogtrykkerie. 

Generaldirektoratet for Statsbanerne (1947). De Danske Statsbaner 1847-1947. 

Copenhagen: Det Berlingske Bogtrykkeri. 

Hansen, S.A. (1970). Early industrialization in Denmark. Copenhagen: University of 

Copenhagen. 

Hansen, S.A. (1984). Økonomisk vækst i Danmark. Two volumes. Copenhagen: Akademisk 

Forlag. 

Heiberg, P. and M.V. Jensen (1910). ’Danske arbejderfamiliers kost’. Månedsskrift for 

sundhedsplejersker, pp. 101- 116. 

Henriksen, I. (1992). ‘The Transformation of Danish Agriculture 1870‐1914.’ In K.G. Persson, 

ed. (1993). The Economic Development of Denmark and Norway since 1870. Aldershot, UK: 

Edward Elgar Publishing Ltd. 

Henriksen, I., M. Hviid and P. Sharp (2012). ‘Law and Peace: Contracts and the Success of the 

Danish Dairy Cooperatives’. Journal of Economic History 72:1, pp. 197-224. 

Henriksen, I. M. Lampe and P.R. Sharp (2011). ‘The Role of Technology and Institutions for 

Growth: Danish Creameries in the late Nineteenth Century’. European Review of Economic 

History 15:3, pp. 475-493. 



40 
 

Henriksen, I, M. Lampe and P. Sharp (2012). ‘The Strange Birth of Liberal Denmark: Danish 

trade protection and the growth of the dairy industry since the mid-nineteenth century’. 

Economic History Review 62:2, pp. 770-788. 

Henriksen, O.B. and Ølgaard, A. (1960). Danmarks Udenrigshandel 1874-1958. Copenhagen: 

University of Copenhagen. 

Henriques, S. (2009). Energy consumption in Portugal 1856-2006. Naples: Consiglio 

Nazionalle delle Ricerche. 

Henriques, S. (2011). Energy Transitions, Economic Growth and Structural Change: Portugal 

in a Long-run Comparative Perspective. Lund: Lund University. 

Hertel, H. (1903), Mejeridriften, Nationaløkonomisk Tidsskrift, 3 (11), 497-502. 

HMSO (various years). Annual Statement of the Trade of the United Kingdom with Foreign 

Countries and British Possessions. London: HMSO. 

Hviid, M. (2006). ‘Performance Related Pay in Danish Cooperative Creameries’. In P. Kalmi 

and M. Klinedinst (2006), Participation in the Age of Globalization and Information (Advances 

in the Economic Analysis of Participatory & Labor-Managed Firms, Volume 9), Emerald Group 

Publishing Limited, pp.149-176. 

Hyldtoft, O. (1984). Københavns Industrialisering 1840-1914. Herning: Forlaget Systime. 

Hyldtoft, O. (1994). Den lysende gas: Etableringen af det danske gassystem 1800-1890. 

Herning: Forlaget Systime. 

Hyldtoft, O. (1996). Teknologiske forandringer i dansk industri 1870-1896. Odense: Odense 

Universitetsforlag. 

Hyldtoft, O. and H.C. Johansen (2005). Teknologiske forandringer i dansk industri 1896-1972. 

Odense: Syddansk Universitetsforlag. 

INE (several years). Comércio Externo. Lisbon: INE.  

ISTAT (1958). Sommario di statistiche storiche italiane (1861-1955). Rome: ISTAT. 



41 
 

Jensen, S. P. (1985). ’Træk af udviklingen i landbrugsproduktion gennem 200 år’. Tidsskrift 

for Landøkonomi 4, pp. 273-290.  

Jespersen, K.J.V. (2011). A History of Denmark. Basingstoke, UK: Palgrave Macmillan. 

Jevons, W.S. (1865). The Coal Question: An Inquiry Concerning the Progress of the Nation and 

Probable Exhaustion of our Coal Mines. London: Macmillan and Co. 

Johansen, H.C. (1988). Dansk industri efter 1870-1973. Odense Universitets Forlag. 

Kalmi, P. and M. Klinedinst (eds., 2006). Participation in the Age of Globalization and 

Information. Emerald Group Publishing. 

Kander, A. (2002). ‘Economic growth, energy consumption and CO2 emissions in Sweden 

1800-2000’. Lund University Studies in Economic History 19. 

Kander, A. and P. Warde (2009). ‘Number, Size and Energy Consumption of Draught Animals 

in European Agriculture’. Mimeo, March 2009. 

Kander, A. and P. Warde (2011). ‘Energy availability from livestock and agricultural 

productivity in Europe, 1815–1913: a new comparison’. Economic History Review 64:1, pp. 1-

29. 

Kander, A., P. Malanima and P. Warde (2013). Power to the People: Energy in Europe over 

the Last Five Centuries. Princeton, NJ: Princeton University Press. 

Khaustova, E. and P.R. Sharp (2014). ‘A Note on Danish Living Standards through Historical 

Wage Series, 1788-1913’. Mimeo. 

Kjærgaard, T. (1994). The Danish revolution, 1500-1800: an ecohistorical interpretation. 

Cambridge: Cambridge University Press. 

Klovland, J.T. (2010). A Repeat Sailings Index of Ocean Freight Rates for the 1850s. Working 

paper. 

Kollegial-Tidende (1798). Kollegial-Tidende for Danmark og Norge. Copenhagen: Kancelliet. 

Københavns Belysningsvæsen (1932). Københavns Gasværker 1857-4. december 1932. 

Copenhagen: Københavns Belysningsvæsen. 



42 
 

Krausmann F. and H. Haberl (2002). ‘The process of industrialization from the perspective of 

energetic metabolism: Socioeconomic energy flows in Austria 1830-1995’. Ecological 

Economics 41:2. 

Kunnas, J. and T. Myllyntaus (2009). ‘Postponed leap in carbon dioxide emissions: The 

impact of energy efficiency, fuel choices and industrial structure on the Finnish energy 

economy, 1800-2005’. Global Environment: Journal of History and Natural and Social 

Sciences 3, pp. 154-189. 

Lampe, J. (1984). Møller og møllere i Danmark gennem 100 år. Aarhus: Forlaget Chronos. 

Lampe, M. and P.R. Sharp (2014). ‘Greasing the wheels of rural transformation? Margarine 

and the competition for the British butter market’. Economic History Review (forthcoming). 

Lampe, M. and P.R. Sharp (2015). ‘How the Danes Discovered Britain: The International 

Integration of the Danish Dairy Industry Before 1880’. Mimeo. 

Lampe, M. and P.R. Sharp (2015b). ‘Just Add Milk: A Productivity Analysis of the 

Revolutionary Changes in Nineteenth Century Danish Dairying’. Mimeo. 

Landes, D.S. (1965). The Rise of Capitalism. New York: Collier-Macmillan. 

Larsen, L.H. (1942). Haandbog i Kvægets Avl, Fodring og Pleje. Copenhagen: Hirschprung. 

Larsen, H.K., S. Larsen and C. Nilsson (2010). ‘Landbrug og industri i Danmark 1896-1965: 

Nye beregninger af BFI inden for de varefremstillende sektorer.’ Historisk Tidsskrift 110:2, 

pp. 358-401.  

Lindmark, M. (2007). Estimating Norwegian energy consumption 1830-2000. Mimeo. 

Ljungberg, J. (1990). Priser och marknadskrafter I Sverige 1885-1969. Stockholm: Ekonomisk-

historika föreningen. 

Mælkeritidende (various years) 

Malanima, P. (2006). Energy Consumption in Italy in the 19th and 20th Centuries. Napoli: 

Issm-Cnr. 



43 
 

Martins, C.A. (1997). ‘Trabalho e Condicões de vida em Portugal (1850-1913)’. Análise Social 

XXXII, 142:3, pp.483-535. 

Marville, N. (1798). Mathematisk-statistik beregning over brændsel. Copenhagen. 

Mathias, P. (1983). The First Industrial Nation: An Economic History of Britain 1700–1914. 

London: Methuen. 

McCloskey, D.N. (2011). Bourgeois Dignity: Why Economics Can’t Explain the Modern World. 

Chicago, IL: University of Chicago Press. 

MDS (1903). Danmarks Mejeri-Drifts-Statistik. De danske Mejeriers Fællesorganisation. 

Mitchell, B.R. (1984). British Historical Statistics. Cambridge: Cambridge University Press.  

Mitchell, B.R. (2007). International Historical Statistics: Europe 1750-2005. Basingstoke: 

MacMillan. 

Mokyr, J. (1990). The Lever of Riches: Technological Creativity and Economic Progress. 

Oxford: Oxford University Press. 

Mokyr, J. (2002). The Gifts of Athena: Historical Origins of the Knowledge Economy. 

Princeton, NJ: Princeton University Press. 

Mokyr, J. (2009). The Enlightened Economy: An Economic History of Britain, 1700–1850. New 

Haven, CT: Yale University Press. 

Møller, A.M. (1998). Med korn og kul. Volume 4 of Dansk søfarts historie 1814-1870. 

Copenhagen: Gyldendal. 

Møller, A.M., H. Dethlefsen, and H.C. Johansen (1998). Sejl og damp. Volume 5 of Dansk 

søfarts historie 1870-1920. Copenhagen: Gyldendal. 

Montes, G. M., M. del Mar Serrano López, , M. del Carmen Rubio Gámez, and A.M. Ondina 

(2005). ‘An overview of renewable energy in Spain: The small hydro-power case’. Renewable 

and Sustainable Energy Reviews 9:5, pp. 521-534. 

Morville, N. (1789). Tabelle som forestiller Stats- og Land-Oeconomiske Beregninger over 

Sielland, Fyen, Lolland, Langeland, Falster og underliggende Öer, samt Æröe, grundede paa 



44 
 

geographisk og geometrisk Beregning af det Kongelig Danske Videnskabs-Selskabs 

geographiske Carter. Copenhagen. 

Müller, P.E. (1881). Omrids af en dansk skovbrugsstatistik. Copenhagen: J. Jørgensen & 

Company.  

Nathanson, M.L. (1832). Danmarks Handel, Skibsfart, Penge- og Finantsvæsen fra 1730 til 

1830. Copenhagen: C.A. Reitzel. 

Nathanson (1836). Historisk statistisk Fremstilling af Danmarks National og Stats 

Huusholdning fra Frederik den Fjedes Tid indtil nutiden. Copenhagen: C.A. Reitzel. 

Nüchel. B.T. & Thomas, B. (1966). Dansk-Engelsk Samhandel: Et historisk Rids 1661-1963. 

Aarhus: Universitetsforlaget i Aarhus. 

Ølgaard, P.L. (1979). ‘On the number of wind machines from 1900 to 1950’. Solar Energy 22, 

pp. 477-478. 

Olufsen, C. (1811), Danmarks Braendslsvæsen, physikalskt, cameralistiskt og oeconomiskt 

betragtet. Copenghagen: Forstlige forsøgskommission. 

Opperman, A. (1896-1902). Forelæsninger over Skovbrugslove, Historie og Statistik, 

København. Copenhagen: Chr, A. Fauber & Søn.  

O’Rourke, K.H. and J.G. Williamson (1999). Globalization and History: The Evolution of a 

Nineteenth-Century Atlantic Economy. Cambridge, MA: MIT Press. 

O’Rourke, K. (2007). ‘Culture, Conflict and Cooperation: Irish Dairying before the Great War’. 

Economic Journal 117, pp. 1357-1379. 

Pedersen, J. (1999). Teknologisk udvikling i maskinindustrien: Burmeister & Wain 1875-1939. 

Lyngby: Polyteknisk Forlag. 

Pollard, N. (1981). Peaceful Conquest: The Industrialization of Europe 1760–1970. Oxford: 

Oxford University Press. 

Pomeranz, K. (2000). The Great Divergence: China, Europe, and the Making of the Modern 

World Economy. Princeton, NJ: Princeton University Press. 



45 
 

Prado, S. (2010). ‘Nominal and real wages of Swedish manufacturing workers, 1860-2007’. In 

R. Edvisson, T. Jacobsson and D. Waldenström (2010), Historical Monetary and financial 

statistics for Sweden, vol.1, Exchange rates, prices and wages 1277-2008. Stockholm: 

Ekerlinds Förlag, pp. 470-527. 

Rainals, H. (1860). ‘Report upon the Past and Present State of the Agriculture of the Danish 

Monarchy; its Products, with Comparative Tables of Exports.’ Journal of the Royal 

Agricultural Society of England 21, pp. 267-328. 

Rubin, M. (1892). 1807-14, Studier til Københavns og Danmarks Historie. Copenhagen: P.G. 

Philipsens Forlag.  

Rubio, M. (2005). Energía, economía y CO2: España 1850-2000. Cuadernos Económicos de 

ICE, 70. 

Rydén, G. (2005). ‘Responses to Coal Technology without Coal. Swedish Iron Making in the 

Nineteenth Century’. In C. Evans and G. Rydén (eds. 2005). The Industrial Revolution in Iron: 

The Impact of British Coal Technology in Nineteenth-century Europe. Farnham, UK: Ashgate 

Publishing. 

Schön, L. (2010). Sweden’s Road to Modernity: An Economic History. Stockholm: SNS Förlag. 

Schurr, S.H., B.C. Netschert, V.F. Eliasberg, and J. Lerner (1960). Energy in the American 

Economy, 1850-1975. Baltimore, MA: Johns Hopkins University Press. 

Sørensen, B. (2011). A History of Energy: Northern Europe from the Stone Age to the Present 

Day. Abingdon, UK: Taylor and Francis.  

Statens Kuldfordelingsudvalg (1921) Kulforholdene i Danmark 1914-1920. Copenhagen. 

Statistics Denmark (1837-1909). ‘Kreaturtælling.’ Statistisk Tabelværk I,5; III,3; III,10; III,24; 

IVC,1; IVC,3; IVC,6; IVC,8; VC,2; VC,5.  

Statistics Denmark (1838-1851). ‘Vareomsætning’. Statistisk Tabelværk I,4; I,7; I,8; I,9; I,12; 

I,14; I,15; I,16; I,18; I,19; I,20; I,21. 

Statistics Denmark (1899). ‘Danmarks haandværk og industri.’ Statistisk Tabelværk VA,1. 



46 
 

Statistics Denmark (1908). ‘Danmarks haandværk og industri.’ Statistisk Tabelværk VA,7. 

Statistics Denmark (1917). ‘Danmarks haandværk og industri.’ Statistisk Tabelværk VA,12. 

Statistics Denmark (1900). ‘Tyende- og daglejerløn i Landbruget.’ Statistiske Meddelelser 

4,5,8. 

Statistics Denmark (1901). ‘Arbejdsløn samt svende- og lærlingeforhold 1897.’ Statistiske 

Meddelelser 4,6,2. 

Statistics Denmark (1909). ‘Produktionsstatistik 1906 ´, Statistiske Meddelelser 4, 30, 1-8. 

Statistics Denmark (1910). ‘Anvendelsen af landbrugsmaskiner m.v. i Danmark’. Statistiske 

Meddelelser 4,34,2. 

Statistics Denmark (1912). ‘Husholdningsregnskaber.’ Statistiske Meddelelser 4,40,1-3. 

Statistics Denmark (1949). ‘Levnedsmiddelforbruget i Danmark 1914-1948’. Statistiske 

Efterretninger 1949. 

Statistics Denmark (1960). ‘Energiforsyning 1900-1958.’ Statistiske Undersøgelser 2. 

Sudrià, C. (1995), Energy as a limiting factor to growth, in P. Martin-Aceña and J. Simpson, 

The Economic Development of Spain since 1870. Aldershot, pp. 268-309. 

Taylor, R.C. (1848). Statistics of Coal: The Geographical and Geological Distribution of 

Mineral Combustibles or Fossil Fuels. Philadelphia: J.A. Moore. 

Thaarup, F. (1796), Journal og Haandbog for Kjøbenhavnere, saavelsom for andre der om 

Kiøbenhavns Forfatning søge Kundskab. Copenhagen: Gyldendal. 

Thaarup, F. (1819). Vejledning til det Danske Monarkies Statistik. Volumes 1-6. Copenhagen: 

Christopher Græbe. 

Thaarup, F. (1825). Statistisk Udsigt over den danske Stat i Begyndelsen af Aaret 1825. Vol. 1 

and 5. Copenhagen: C. Græbe. 

Thestrup, P. (1971). The Standard of Living in Copenhagen 1730-1800: Some Methods of 

Measurement. Copenhagen: University of Copenhagen. 



47 
 

Tidsskrift for Landøkonomi (various years) 

Van der Vleuten, E. (1998). Electrifying Denmark: A symmetrical history of central and 

decentral electricity supply until 1970. Unpublished PhD thesis, University of Aarhus. 

Van Zanden, J.L. (1991). ‘The first green revolution: the growth of production and 

productivity in European agriculture, 1870‐1914’. Economic History Review 44:2, pp. 215-

239. 

Warde, P. (2007). Energy consumption in England & Wales 1560-2000. Naples: Consiglio 

Nazionale delle Richerche. 

Warming, J.W.J. (1913). Haandbog i Danmarks Statistik. Copenhagen: G.E.C. Gads Forlag. 

Weil, D. (2009). Economic Growth. London: Pearson Education. 

Wrigley, E.A. (1988). Continuity, chance and change: the character of the industrial 

revolution in England. Cambridge: Cambridge University Press. 

Wrigley, E.A. (2010). Energy and the English Industrial Revolution. Cambridge: Cambridge 

University Press. 


