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1. Introduction 

The role of energy in the British industrial revolution and in subsequent industrialization processes in 

other countries is one of the central themes in economic history (i.e. Wrigley 1962; Cipolla 1964; 

Wilkinson 1973; Malanima 2016). Energy supply, and especially so the access to easily extractable 

coal in England, was also a cornerstone in Kenneth Pomeranz’ (2000) explanation of the great 

divergence. It is fair to say that the debate within economic history on the role of fossil energy has 

much to owe the writings of Tony Wrigley (1962, 1988, 2010, 2016), who, in his interpretation of the 

industrial revolution, stressed the importance of a transition from an organic energy system to a 

mineral energy system, the former based on photosynthesizes and the latter based on fossil fuels.  In 

short, Wrigley argued that the scale of energy flows in the organic energy system are ultimately 

limited by the arable acreage. This is so since photosynthesizes, the bio-chemical, solar energy based 

process by which plants transform atmospherical carbon dioxide to carbon hydrates and cellulose, 

the fabric of plants, is depending on land. Photosynthesizes was therefore the basis for most energy 

flows in the organic energy system, including fuels for industrial and domestic purposes along with 

nutrition for humans and draught animals. There is also an economic theoretical side to the 

argument. Real capital employed in manufacturing required energy – not the least in the form of 

fuels – in order to provide a flow of capital services and ultimately a flow of capital-income. This 

implies complementarity between capital and energy. Another way of putting it is that energy 

demand is derived from the demand for capital. This is important since several studies point at 

capital deepening, the increase of capital intensity of labor, as a basic factor behind economic growth 

(Allen 2012; Atack 2005). A strong complementarity exists between capital and energy if the two are 

subject to joint demand, or even more specifically, if energy demand is derived from the demand for 

real capital. This is indeed likely and the standard approach taken by contemporary energy 

economists. In short, this implies that if demand for real capital increased in the organic economy, 

this demand would have tended to induce a more or less proportional increase in energy demand.  

As the potential energy supply in the organic economy was nonetheless limited by the land area, this 

limitation would have manifested itself in a low price-output elasticity of energy. Even if energy 

prices tended to increase as real capital formation drove up demand, the scope for the market to 

respond with an increased output was restricted. Higher energy prices would in turn have caused 

diminishing returns on the initial real capital investments, causing the growth process to grind to a 

halt. According to Wrigley’s hypothesis this was only off-set with the emergence of the mineral 

energy system. As coal was not limited by land area, the price elasticity of energy increased, implying 

that energy supply ceased to function as a major cause of diminishing returns. This proposed 

causality motivates studies into how the transition to a mineral energy system unfolded not only in 

Britain, but also in other countries to which the industrial revolution was diffused.   

This article presents new estimates of energy consumption in the Swedish manufacturing industry 

during the period 1800 to 1913, thus covering the industrialization phase of the country. This is not 

trivial since the previous estimates of this sector where made with the primary intention to be used 

for value added estimates in the Historical National Accounts. This means that some significant parts 

of the energy consumption, relevant for a pure energy account, were left out (Schön 1988). As there 

are no monetary transactions for the service flow of mechanical hydropower, it is perfectly correct to 

leave this input in a Value Added calculation. However, it is also clear that the estimates of industrial 

energy inputs in Schön (1990) must have left out important items, not the least energy use at various 

intermediate production stages in the iron industry. It is in all cases not possible to exactly evaluate 
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the series since the documentation on how the series were constructed were never published. As 

pointed out by Jørgen Peter Christensen (1994), discussing the Danish historical accounts, failure to 

do so causes problems both when trying to evaluate the quality of the series and when trying to 

revise existing series. With new estimates we can deepen the understanding as to how the transition 

from the organic energy system to a mineral based energy system unfolded in Sweden. Since Sweden 

is a country which in essence lack domestic coal reserves, and therefore was unable to undertake a 

transformation of its energy system without foreign trade, it adds to the general narrative and 

understanding of the industrialization process, understood as the spatial diffusion of the industrial 

revolution. By focusing the manufacturing industry we can reduce the uncertainties induced on the 

national level by unreliable energy consumption estimates for the household sector during the 

period. We will therefore discuss the household energy consumption, not as a criticism of previous 

models, but as a way to initiate a debate on how to approach the problem of missing data in this 

sector. In addition, the article also presents estimates of coal consumption in the energy sector, 

foremost gasworks, and in the transportation sector. Accordingly, the purpose of the article is to 

explore how the energy consumption developed in the economic sectors that drove the Swedish 

industrialization. The questions addressed in the article are: 

(1) How did energy consumption and energy intensity develop in Swedish manufacturing 

over the period? 

(2) To what extent was coal linked to the leading sectors, manufacturing and 

transportation, during the Swedish industrialization?  

(3) To what extent does manufacturing industry affect the aggregated primary energy 

use.  

A first motivation for revisiting the energy consumption estimates for the Swedish manufacturing 

industry, originally constructed by Lennart Schön (see Kander’s 2002) seems to have omitted energy 

estimates for certain firewood consuming activities, foremost iron manufacturing, charcoal 

production and tar production. As previously pointed out we cannot be sure whether this was due to 

the fact that Schön’s original energy series were constructed with historical value added estimates in 

mind, which makes it superfluous and even erroneous to account for intermediate inputs for the 

production of goods that are intermediate inputs themselves, of if other considerations have been of 

the essence. In all cases, it is motivated to recalculate the energy inputs all over again. Kander has 

presented adjustments of Schön’s original estimates (Kander et al 2017) using a different approach 

as compared to the one taken in this article. A final motivation concerns the role of coal as a 

household fuel. Besides Kander’s (2002) bench-mark estimates for 1850 and 1870 there have been 

no attempts to construct annual time series which separate between intermediate and final 

consumption of coal in the Swedish nineteenth century economy. In other words the aggregate time 

series estimates of coal consumption do not distinguish between coal used for domestic heating 

purposes, and this being an item on the consumption side of the economy, and coal used in boilers 

and steam engines, and accordingly being an item on the production side of the economy. As we will 

demonstrate in the article, such a distinction is important since intermediate coal consumption was 

linked to the mechanization of manufacturing and transportation services, both regarded as key 

sectors in the industrialization process. This article presents new estimates of the energy 

consumption in the Swedish manufacturing industry, with the aim to re-examine whether Sweden 

followed an industrialization path which in energy terms resembled the general Western European 

pattern, with a pronounced increase of coal consumption, or if the pattern reported for Finland 

(Kunnas & Myllyntaus 2009), an industrialization based on organic energy sources had indeed been 

preceded in Sweden. The article therefore focuses new estimates of (1) the amount of firewood 
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consumed in the charcoal making process, (2) firewood consumption and other wood fuels in other 

industries than iron industry before 1913 (3) the amount of charcoal used in the process of turning 

pig iron into bar iron before 1871 and (4) an estimate of the coal consumed in the manufacturing and 

transport sectors. Please notice that we do not make any attempts to estimate neither draught 

animal nor human energy in the manufacturing sector. The reason for not including draught animals 

is the lack of reliable historical sources, which only provides data on the national level. In the case of 

human energy it is addition a complex problem from an accounting perspective. This is so since 

compensation to labor, gross wages, is already included as one of the two major components in GDP. 

Considering the wage as the hiring cost for labour, this cost already includes the food stuffs 

necessary for providing physical labor. One important consideration in this context is that the value 

per energy unit is considerable higher concerning foodstuffs as compared to fuels, which has an 

impact on energy cost shares if the items are aggregated. Since foodstuffs and fuels are not close 

substitutes, one do not fire a steam engine with wheat, it is not self-evident that the two should be 

aggregated into one factor of production. Exactly how this problem should be solved, while still 

maintaining the national accounting identities which underpins the GDP measure and the concept of 

economic growth, is not subject for further consideration in the article. 

 

2. Reconstructing energy series for the Swedish manufacturing industry        

2.1 Firewood consumption in the iron industry 

Iron and copper production were important sectors in the Swedish economy already from the 

medieval period (Hildebrand 1992, p. 17). It is a well-established fact that the iron industry consumed 

significant amounts of charcoal. One exponent of the high energy consumption were the strict 

regulations of the iron industry, introduced from the 1630s. Apart from being part of a the 

mercantilist policy of the era, these regulations served the purpose of managing the strategically 

important forest resources needed for the fuel supply at various stages of metal smelting and 

processing of iron and other metals (Hildebrand 1992, p 119-123). Other exponents of the high 

energy consumption at the iron works were reports of forest shortages during the mid-18th century 

(Kandell 1988; Sundberg 1992). Whether the reports reflected overly low administrated prices, failing 

to induce a higher supply or charcoal, or if the reported shortages were indeed due to a physical 

shortage of wood was debated in the 1930’s, without any firm conclusions being reached 

(Wieslander 1936). In all cases, all stages of the iron making process required significant amounts of 

firewood and charcoal. Fire-setting was the standard method used in mining and it remained so until 

the introduction of explosives in the early nineteenth century (Hildebrand 1992). This means that it is 

not necessary to estimate firewood consumption in fire-setting during the period studied here. The 

three remaining iron production stages; roasting to enrich the ore, smelting for producing pig iron 

and finally the manufacturing of bar iron did, however, require substantial amounts of charcoal. The 

main source for the charcoal consumption in the iron industry is Gunnar Arpi (1951) who stated a 

consumption of 417 hl (hector litres) of charcoal per ton of bar iron in 1825. Note that the estimates 

by Arpi included charcoal consumption also in the manufacturing of pig iron. The fuel intensity was, 

however, reduced due to technological developments during the nineteenth century. The most 

important technologies were the Bessemer and Martin processes which by the year 1900 had 

reduced the fuel requirements to 129 hl of charcoal per ton of bar iron. For the period before 1825 

we use a benchmark by John Svidén (1996, p. 53), who states a charcoal intensity of 525 hl per ton in 

the year 1700. Here, we have assumed a linear interpolation between 1700 and 1825, while we are 

only using the figures for 1800 to 1825 in this study. In the present study, we have departed from the 

diffusion of improved smelting technologies in order to estimate the effects on the charcoal intensity 
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from the 1850s and onwards (Olsson 2007, 34-35). To estimate the total charcoal consumption in hl 

we have multiplied the intensities with estimates of the total bar iron output (Olsson 2007, appendix 

4). The transformation of charcoal consumption in hl to tons is based on Klason (1919) who stated a 

density of charcoal at 13 kg per hl. This was necessary for the transformation from hl to coal 

equivalents. To reach a final estimate of the primary energy inputs, which includes the energy 

needed for producing the charcoal, we have assumed 0.12 m3 of wood for the production of one hl 

of charcoal (Arpi 1951, p 33). The energy content of firewood is in our assumptions 6.9 GJ per m3 

which corresponds to the figure used by Kander (2002). Kander (2017) also adjusted Schön’s 

estimates of firewood consumption (Kander 2002) based on new estimates of the iron industry fuel 

consumption in 1870 and 1913.  This is an adjustment of the total series, while, our series is a 

completely new estimate based on the annual iron production, as well as estimates of charcoal and 

firewood consumption for the other manufacturing sectors. While Kander does not make any 

adjustments prior to 1850, we have used Svidén’s (1996) figures for further adjustments also for this 

period. There are also some additional differences worth to mention. Kander is using figures for the 

charcoal consumptions per ton of iron which are smaller than Arpi’s stated figures.  While Arpi is 

claiming 166 hl (solid)/ton bar iron in 1875, Kander is assuming 115 hl (solid)/ton wrought iron in 

1870. On the other hand Kander is using a figure for the firewood consumption in the charcoal 

manufacturing process which are clearly higher than the Swedish one’s stated by Arpi (1951) and 

Klason (1919). Figure 1 shows the three different estimates of firewood and charcoal consumption in 

the manufacturing industry. 

Figure 1. Estimates of firewood and charcoal in Swedish manufacturing industry 1800 to 1913. PJ 

Note: AK (2002) is Schön’s series published in Kander (2002); AK (2017) is the adjusted series by 

Kander in Kander et al (2017), LOS (2017) is estimates presented in this article 

 

Both Kander’s 2017 series (AK 2017) and the series presented in this article (LOS 2017) implies 

significant upward adjustments of the energy consumption in the manufacturing industry as 
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compared to the estimate from 2002. The series presented here is, however, lower than AK 2017 and 

also reveals a different development, which clearly seen in the figure.  

 

2.2 Mechanical hydropower 

Even though mechanical hydropower was a comparatively small energy source in quantitative terms 

(see Kander 2002 p. 50), it was a strategically important energy source in nineteenth century iron 

manufacturing (Eriksson 1955). Previous estimates includes a bench mark estimated for 1896 

(Kander 2002) and a back cast by Henriques & Borowiecki (2017). In the estimates parented in the 

present study we have foremost focused on tracing the developments in certain manufacturing 

sectors such as saw mills in which mechanical hydropower was important. Installed mechanical 

hydropower for direct use in the iron industry amounted to 57,000 Hp when annual figures were first 

published in the official statistics in 1892. For estimating the development up to 1892 we have used a 

back-cast approach, using the indexed iron output to estimate the development of motive 

hydropower. Secondly, we have adjusted this estimate with the volume of iron output per day, which 

almost doubled over the period 1800 to 1892 (Eriksson 1955, p.162). Accordingly, we estimated the 

Horsepower Hours (HpH) per day, reflecting our assumption that a higher daily iron production 

probably meant that the machinery was operated more intensively on a daily basis. Finally, to arrive 

at the total HpH we multiplied the HpH per day with the number of operating days in the iron huts 

(Eriksson 1955). Transformation from HpH to Peta Joule (PJ) was done with an appropriate 

conversion factor. Thus, the calculation used was the following: PJ = (Index Output x Hp 1892 x Index 

output/days x days x 24) C 

While charcoal was almost exclusively used in the iron industry, mechanical hydro power was more 

widely diffused among various sectors in manufacturing. The sawmill industry utilized mechanical 

hydropower for direct use and, from the last decade of the 19th century, also for the propulsion of 

electrical generators. Statistics on the installed mechanical hydropower in the sawmill industry was 

first included in the official statistics from 1896.  When reconstructing the energy consumption from 

mechanical hydropower it is important to consider that hydro powered saw mills were not operated 

on a full year basis due to ice conditions, which restricted both the timber floatation, the hydro 

power supply and the shipping of sawn products. On basis of historical company records Sven 

Gaunitz has suggested a four month period of operation for this type of mill (Bunte et al 1982). 

Assuming a four month period of operation, we estimate the number of HpH, which in turn are 

transformed to PJ using the same approach as for the iron works. To estimate the historical 

development of installed mechanical hydropower we have indexed Gaunitz’ estimate of the sawmill 

industry’s timber consumption for the period 1800 to 1896 for a back-cast (Lundgren 1984, p. 223). A 

potential problem by doing so is that steam power may have substituted for hydro power during the 

second half of the nineteenth century. In order to evaluate this potential bias, we notice that the 

installed steam power in the saw mill industry increased from 26.000 to 56.000 Hp over the period 

1896 to 1910, while the mechanical hydropower remained fairly constant. Since also the timber 

consumption remained fairly constant between 1896 and 1910, we assume that the steam engines 

did not replace mechanical hydro power in absolute terms, but that they rather contributed to higher 

labor productivity. We therefore concluded it to be fairly safe to use of timber consumption as the 

main indicator of utilized mechanical hydropower in the saw mill industry prior to 1896. Also the 

installed motive hydropower for other industries than iron and saw mills were published in the 

official statistics from 1896 amounting to 132,370 Hp. Here we have indexed the manufacturing 

industry Value Added (VA) excluding iron manufacturing and saw mills for back-casting the motive 

power (Schön 1988). The iron industry VA was estimated assuming the same ratio of value added to 
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gross output in the sector ‘Mining, metal and engineering industry’ (Krantz & Schön 2007) and by 

estimating the sector’s gross output without the volume of iron output. We also assumed that the 

number of days during which the machinery was operated equaled that of the iron industry. Thus, 

we estimated the number of HpH which in turn was transformed to PJ.       

2.3 Tar and potash production 

Tar exports were first estimated in the National Income project (NI) for the period 1870 and onwards 

(Lindahl et al 1937, p. 202). The exports during the period 1800 to 1870 has been estimated by 

Lennart Schön (1988, p.88). Since Schön’s estimate for 1870 was somewhat higher than the estimate 

in NI, we have adjusted the NI series to match Schön’s estimate. By doing so we have arrived at a 

production series in current prices. Secondly, we have calculated the production volume in 

hectoliters (hl) by deflating the production quantities with Jörberg’s tar price series (Jörberg 1972, p. 

697). The hectoliter measure was transformed to tons, assuming a density of tar of 100 kg/hl. The 

wood consumption in tar production was collected from a study by Sandberg et al (1995), which 

stated that 37.5 m3 of wood was required per ton of tar, which the total firewood consumption in 

the tar production for exports. The estimate is likely to be downward biased since we could not 

account for tar production for domestic use. The development of Swedish potash production has 

been estimated by Ekstrand (1893) presented as estimates for a number of benchmark years and, in 

some cases, period averages. Based on these benchmarks we have used linear interpolation for 

obtaining annual figures. The firewood requirement has been estimated at two m3 per kilo of potash 

has been assumed for the whole period, which makes the estimate of the energy consumption rather 

straight forward.  By the 1890s the potash production had nearly ceased. 

2.4 Coal 

The total domestic use of coal was estimated by Astrid Kander (2002). Kander also estimated a 

sectoral distribution of coal consumption for 1850 and 1870, which included transportation, 

agriculture and industry and finally households, including services (Kander 2002 p. 196-203). For the 

purpose of the present study it is, however, important to separate between final consumption of coal 

in households and intermediate consumption of coal in manufacturing, gasworks and transports on 

an annual basis. There are no reliable data on the demand for coal divided on sectors and uses prior 

to 1913 (Kommerskollegium 1918). Our division therefore departures from the 1913 bench-mark, 

which provides data on the coal consumption. Besides presenting the data on a fairly disaggregated 

level, the 1913 investigation also reports the use of various fuels from a technical point of view. It is 

clear that steam boilers, in practice steam engines, were almost exclusively fired with coal, while 

charcoal still dominated the fuel consumption at metallurgical furnaces. This motivates indexing data 

on installed motive power in the manufacturing industry for back-casting the coal consumption in 

manufacturing. We have chosen to leave the raw motive-power data as reported in the official 

statistics without any adjustments, thus avoiding interference with the results due to interpolation 

and unambiguous assumptions. The approach does, however, imply that the effects of the inclusion 

of new sectors to the statistics affect the results in a step-wise manner. We have, however, taken 

into account that coal was not used in iron manufacturing furnaces until the turn of the century 

(Attman 1986, pp 40-41). This implies a sharp increase in the iron manufacturing coal series during 

the period 1900 to 1913 due to linear interpolation where we assume zero coal use in 1899, linking it 

to the first official data in 1908 The coal consumption in gasworks has been estimated directly by 

using data obtained from NI and Lennart Schön (1988, p.55; 89). Coal consumption at the railways 

was from 1866 obtained directly from the official statistics, while back-casts for the period 1855 to 

1866 were based on the transport work volumes estimated by Olle Krantz (1986). Maritime 

consumption was also made on the basis of the 1913 investigation, which separates between 
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domestic and foreign bunker fuels, and by indexing the transport work by steam ship presented by 

Krantz (1986) for back-casting. The difference between the total coal supply and the estimates series 

for manufacturing, gasworks and the transport sector shows, in line with Kander results, that the 

residual, including domestic heating, constituted a large proportion of the total coal consumption in 

the period up to 1870. For the period up to 1890 it fell to around 30 percent and further down to 

between 20 to 25 percent in 1913. This means, in short, that we can claim that coal was strongly 

associated with the mechanization of manufacturing and transports, but also that household coal 

consumption probably developed roughly in line with the coal consumption in manufacturing from 

approximately the 1870s. This result that will be further discussed later in the article.      

3. The development of energy consumption  

The new estimates of energy consumption in the manufacturing industry are expected to lead to an 

upward adjustment of the estimates originally made by Lennart Schön (1990) and published by 

Kander (2002); AK-2002. To facilitate the comparison between the new, LOS-2017 series and 

previously published figures we have calculated a new aggregated series including the sum of new 

estimates traditional primary energy supply to manufacturing (thus not including coal), household 

and service sector firewood consumption, coal, petroleum and electricity. This series is in turn 

comparable with the primary energy supply according to Kander, excluding energy provided by 

human labor and drought animals. Please notice that the exclusion of human labor and drought 

animals is not reflecting any idea that these forms of energy were unimportant, but rather that they 

are not necessary for the comparison. Figure 2 shows that the energy consumption according to the 

new aggregated series were approximately 20 percent higher than the AK 2002 series but around 25 

percent lower than the AK 2017 series, in the beginning of the period. It is also clear that all series 

are converging at the end of the investigated period. 

Figure 2. Total primary energy in Sweden 1800-1913 excluding draught animals and human labor. 

New and old estimates. PJ  
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Source: own estimates, Kander (2002), Kander et al (2017) 

As growth rates are concerned, the new series, henceforth LOS 2017, grows at similar rates as 

compared to AK 2017 until approximately 1890, followed by a period of convergence as the new 

series starts growing at a faster rate. In comparison the 2002-series starts converging to the new 

series (LOS 2017) around 1900. The overall conclusion is therefore that the new estimates affect the 

levels of energy consumption, but also that the growth rates differs over the whole period with AK 

2017 growing at 150 percent, AK 2002 at 260 percent and LOS-2017 at 220 percent. As GDP seven 

folded over the period (Krantz & Schön 2007) an overall conclusion is that the general results 

concerning a the falling energy intensity reported in Kander (2002) and Kander et al (2017) remain 

intact even though the revision of the energy consumption in the manufacturing industry reveals 

noteworthy differences in comparison with the previous series.  

 

4. Changes in the mix of energy carriers in manufacturing 

The iron industry dominated the energy consumption during the 1800’s. It was only in the 1860’s 

that the traditional energy carriers started to increase in industries other than the iron industry, 

which in turn coincided with a stagnation in the iron industry charcoal consumption.  

These matching events, in turn, point at a relationship between ongoing structural changes within 

the manufacturing sector during the Swedish industrialization, and structural changes pertaining to 

energy. Given that energy had a limiting effect on economic growth in the manner suggested by Tony 

Wrigley, it is possible that the stagnating energy consumption in the iron industry was a prerequisite 

for an increasing energy consumption in other types of manufacturing. Such an explanation would be 

compatible with a stagnating total consumption of traditional energy carriers. Figure 3, which shows 

the energy consumption after energy carrier, demonstrates that the total consumption of traditional 

energy carriers, where firewood and charcoal was dominating, continued to increase until the 1890s. 

From 1890 and onwards it is obviously coal that explains the increase of energy consumption. 
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Figure 3. Energy consumption after energy carrier in Swedish manufacturing and charcoal 

production 1800-1913. PJ. 

 

 

Source: own estimates 

 

To interpret these developments it is necessary to pay attention to the historical context of the 

Swedish industrialization, starting with the developments in the central Swedish iron industry. The 

stagnation in iron manufacturing was the result of the stiffer foreign competition. As the foreign 

output of iron and steel manufactured in coke fired furnaces, prices fell, meaning that the Swedish 

iron industries faced increasing difficulties in keeping up profits, resulting, on the one hand in 

stagnating output volumes (Heckscher 1941, p. 284; Attman 1986, pp. 9-30), and on the other hand 

in technical change, foremost the adaptation of the Martin and Bessemer processes, which resulted 

in a higher energy productivity (Attman 1986, pp 31-40; Edström 2004). As the firewood and charcoal 

consumption stagnated in both the metal industries and in tar manufacturing, the energy 

consumption increased in foremost the forest industries. The sawmill industry’s use of firewood and 

sawdust for fueling boilers increased rapidly during the period 1870 to 1890 (Wik 1950), followed by 

a rapidly increasing use of firewood in the pulp and paper industries from the early 1890s and 

onwards. The forest industry was mainly established along the norrlandish coast, utilizing the 

previously untapped forest resources of inland Norrland, where timber floatation networks linked 

the logging areas to the coast. In short, we can conclude that the struggling iron industry and the 

expanding forest industry were not competing over the same restricted organic energy resources. 

The iron industry was found in central Sweden while the forest industry was mainly situated in 

Northern Sweden with a center in Sundsvall. Tony Wrigley’s idea that the organic energy system 

posed limits to growth could very well have been true in the central Swedish iron districts, while, at 

the same time, the restriction was overcome in Northern Sweden. In closing section of this article we 
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will discuss why untapped traditional energy resources existed in northern Sweden during a period 

when organic energy supply assumingly hindered economic growth. 

Before we continue to discuss what can be seen as a northern Swedish industrialization in the 

organic energy system, it is necessary to look closer into the role of coal in the Swedish 19th century 

economy. One side of this issue is a thought provoking article by Greg Clarke and David Jacks (Clark & 

Jacks 2007) were they suggested a counterfactual scenario in which Britain is industrializing with 

imported Baltic and Scandinavian firewood. Indirectly, this counterfactual can be interpreted as if 

coal played a minor role in the Swedish industrialization, since the hypothetical possibility to export 

firewood might as well have substituted for coal imports. Jan Kunnas and Timo Myllyntaus have also 

proposed that the Finnish industrialization was more or less entirely based on firewood (Kunnas & 

Myllyntaus 2009). On a national level it is already from the outset clear that this was not the case in 

Sweden, even though the share of coal in the total energy supply was smaller than in countries such 

as Britain, Germany and France (Kander et al 2013, p. 137). Still, looking only at the aggregates may 

confuse the analysis of energy in the Swedish industrialization. Figure 3 shows that the coal 

consumption in the manufacturing industry was negligible prior to the 1860 and that the substantial 

increase only came in the 1890. This is well in line with Kander’s (2002. p. 196-202) benchmark 

estimates for 1850, 1870 and 1913. Taken together, these periods fits rather neatly with the general 

chronology of the Swedish industrialization as it has been interpreted by scholars such as Eli F 

Hechscher, Lennart Jörberg, Lennart Schön and Lars Magnusson. A first period has been discerned 

from 1840 to 1870, including the first hesitant steps towards industrialization with a first wave of 

establishment of sawmills and textile industry. This phase coincides with an increase of traditional 

energy carriers and can as such be seen as evidence for industrialization within the organic energy 

system. A second phase of industrialization followed in the period 1870 to 1890, this time 

characterized by the development of a more diverse industrial structure. The period represented in 

energy terms the first hesitant period of coal driven growth as the consumption of coal increased 

faster than it did for traditional energy carriers. The latter were, however, still growing, but at a slow 

pace, meaning that it is still relevant to talk about industrialization within an organic energy system 

during the period 1870 to 1890. As will be argued later on the increased use of coal was significant 

since coal developed in tandem with steam powered mechanization of both manufacturing and 

transports. Coal therefore added an important qualitative side to the industrialization. As steam 

engines allowed more sectors to mechanize, coal contributed significantly to the rise of a diversified 

industrial structure. For the period after 1890 it is evident from figure 3 that the growth of traditional 

energy carriers stagnates, while coal increases at a rate which ensured a steady long-term total 

energy rate. This shift coincides with the industrialization break-through in Sweden, characterized by 

the emergence of high and sustained economic growth rates. However, before we can continue the 

analysis it is necessary to discuss some methodological constrains pertaining to coal and the 

mechanization of manufacturing.           

In the estimates presented in the article, the coal series reflects the mechanization of manufacturing 

not only at a conceptual level, but unfortunately also as a consequence of the method, which is using 

installed indexed motive power for back-casting the 1913 bench-mark for coal consumption. An 

implication of the back-casting procedure is a risk that the results are biased by the method itself. In 

order to partly control for such a bias, we estimated the residual of total coal consumption and the 

total coal consumption in the manufacturing and the transport and communications sectors. This 

residual, which can be assumed to reflect the coal consumption in the residential sector, becomes 

increasingly smaller over time, implying that that most of the growth of the coal consumption can be 

explained as a consequence of the diffusion of steam engines in the manufacturing and the transport 

and communications sectors. Since the causality between mechanization and coal consumption is 
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straightforward, installed motive power is a measure of the physical work per time unit available for 

the propulsion of machinery, and since the coal consumption in the residential sector was small as 

late as 1913, this is evidence for a robust result. Studies in which energy has been used as an 

indicator can be noticed in the context of these findings, which supports Rubio et al’s (2009) use of 

modern energy as an indicator of modernization in Latin America. Coal consumption in Sweden was 

closely associated with mechanization through steam engines. As evident from figure 4, the coal 

consumption was indeed dominated by the manufacturing and transport sectors, while the 

consumption in other sectors, including domestic heating and lighthouses, and by definition an error 

term, was considerably smaller.  

Figure 4. Coal consumption after sector. Sweden 1800 to 1913. Tons of primary coal and coke. 

 

Source: own estimates 

The introduction of coal in the Swedish economy was, just as it was in almost every country, an 

important aspect of the industrialization process since coal was so closely associated modern 

technologies, foremost the steam engine. We will shortly return to discuss the significance of this 

observation.   

 

5. The development of energy intensities in manufacturing  

Energy intensity, measured as the ratio between energy consumption and value added in fixed prices 

is an often used proxy for energy efficiency. Being a partial, inverted single-factor productivity 

measure, it is important to bear in mind that the energy intensity may be affected by substitution by 

other factors of production by capital, improved technical efficiency or effects of structural change, 

occurring when energy intensive subsectors grow at a different rate than energy extensive sectors. 

Still, the energy intensity provides a useful indication of the general development of energy 

efficiency. Figure 5 shows the energy intensity in Swedish manufacturing industry 1800 to 1913 
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including firewood consumption in charcoal manufacturing, demonstrating that the energy intensity 

declined from around 0.9 PJ/MSEK to less than 0.1 PJ/MSEK at the end of the period, corresponding 

to a 90 percent reduction.  

 

Figure 5. Energy intensity in Swedish manufacturing industry 1800-1913. Semi-log scale.  

 

Sources: own estimates. Value added from Krantz & Schön (2007) 

 

 

The period 1800 to 1825 hardly reveals any changes in the energy intensity, while there was a slight 

decrease between 1825 and 1840. Thereafter the energy intensity fell at an even rate until the end of 

the investigated period.  

Plausible factors behind the decreasing energy intensity includes the previously mentioned 

developments in iron manufacturing. Since the iron manufacturing consumed the bulk of energy in 

the Swedish manufacturing industry in the early 1800s, while its share of industrial output was only 

around 20 percent, the conclusion can be drawn that the improved fuel efficiency at the iron works, 

in combination with a lower than average growth rate in iron manufacturing as compared to other 

industries explains a good part of the declining energy intensity. Indeed, in the counterfactual 

scenario of no improvements of the energy intensity in the iron industry, in combination with the 

same value added growth rate as the rest of the industry, the energy intensity only drops to 0.6 

PJ/MSEK in 1913, corresponding to a 30 percent decrease.   

The evidence for a decreasing energy intensity in manufacturing as a characteristic trait of the 

Swedish industrialization process is important since the development of the energy intensity at the 

national level is more uncertain. This uncertainty is arises due to the fact that the household sector 
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was the largest energy consuming sector, while, at the same time, the historical data on the 

household energy consumption is particularly weak for the 19th century (Kander 2002; Lindmark & 

Andersson 2010). This means that all firewood consumption data for the 19th century are indeed 

informed guesswork. The first somewhat reliable bench-mark appears as late as 1922 in a special 

report which also a rough estimate of the geographical per capita firewood consumption in the 

country (Jonson 1923). When using this bench-mark as a point of departure for back-casting the 

household firewood consumption during the 19th century, one first needs to consider that the space 

heating technology improved with the introduction and diffusion of the iron and tile stoves. While 

the thermal efficiency (how well a stove convert fuel to useful heat) of these technologies is rather 

well established, their effect on the actual firewood consumption is limited to qualified guesses. Let 

us first establish that an improved thermal efficiency corresponds to falling relative prices for 

‘heating’. In other words the amount of firewood needed for heating a certain volume of indoor air 

to a specific temperature is also the price for heating expressed in firewood. A crucial question is 

how the households reacted on these relative price changes. In Kander’s estimate, the household 

firewood consumption decreases mainly as an effect of the improvement of heating technology, 

which is counteracted by an income effect which leads to a demand for more heated rooms. In 

addition effects from population distribution tends to somewhat increase consumption, while coal 

substitution reduces firewood consumption. In a hypothetical case when per capita firewood 

consumption to decrease at a rate proportional to the heating efficiency follows that the price 

elasticity for per capita heating must be close to zero. If so, the indoor temperatures and the per 

capita volume of heated space remained fairly constant over the period. The income effect does, 

however, lead to an increased volume of heated space. If, on the other hand, the price elasticity was 

close to minus one, technical development led to a more or less proportional increase of indoor 

temperatures and heated space. In that case, the net effect would have been a rather constant per 

capita firewood consumption.  

It is important to notice that household firewood consumption is an important driver of the 

aggregated energy intensity in the 19th century. Scrutinizing the back casts is therefore important 

exactly because the source material remains weak and the impact of the household sector is large. 

First, it is unlikely that tile stoves had a major impact on the national household firewood 

consumption. This is because these stoves were used to heat additional rooms apart from the 

kitchen. This means that even if tile stoves had a much better heat efficiency than the open stoves, 

tile stoves would have tended to increase the firewood consumption. Exceptions would have been 

large manors where additional rooms were heated on regular basis and in small urban apartments 

without cooking facilities. These building types did, however, only represent a minor part of the 

housing stock and are not likely to have affected the broad developments. It was instead the iron 

stove that revolutionized domestic space heating and cooking and which, due to its smaller 

combustion area and heavy iron construction, can be expected to have affected fire wood 

consumption. The iron stove was, however, only diffused in the late 19th century. It has been 

reported that open stoves had a heating efficiency of 30 percent (Södergren 2007), while the 

efficiency of the iron stove probably was around 70 to 80 percent. It is therefore likely that a 

reduction of the household per capita fire wood consumption took place during the late rather than 

the early 19th century. However, the iron stove also allowed higher indoor temperatures which 

interestingly enough suggests that it was the iron stove that motivated double window glassing. A 

reason for this was, however, that the iron stove did not provide any light which in turn motivated 

both larger windows led both and to an increased demand for kerosene lamps. It is, however, 

possible to use the previously estimated coal residual to adjust the Jonson bench-mark for coal 

substitution, making the assumption that the coal residual primarily captures household coal 
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consumption. Thus, we estimate the firewood equivalent of the coal residual. This shows indeed that 

the per capita firewood consumption from 1840 may have fallen at roughly the same rate as in the 

estimate by Kander (2002) as an effect of substitution. This result does, however also imply a 

relatively constant total per capita household energy consumption, suggesting that even if heating 

technologies where improved during the period, the take-back effect operated through a demand for 

higher indoor temperatures and more heated space.  

Figure 6 illustrates the difference on energy intensity due to assumptions on household firewood on 

the national energy intensity, showing the AK-2017 energy intensity and the LOS-2017 intensity along 

with estimates of the household firewood consumption using the coal residual for adjusting 

household firewood consumption.    

 

Figure 6. Energy intensity 1800-1913 using different assumptions of household energy 

consumption. Sweden 1800 to 1913. Constant 1910/12 prices.  

 

Sources: Own estimates, Kander et al (2017). GDP from Krantz & Schön (2007) 

As evident from figure 6 the LOS-2017 estimate, supplemented with alternative estimates of the 

household firewood consumption, suggests a much more modest reduction of the energy intensity 

which even flattens out from approximately 1870. Even if the adjustment of the household firewood 

consumption is approximative, the exercise shows the importance of revisiting the 19th century 

household energy consumption by finding either new data sources or means of investigation. Due to 

the large impact of the household sector and the troublesome data situation, we also suggest that 

industry level or even micro level studies of the energy transition may be an important way forward 

for understanding the role of energy in the industrialization process.     
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6. Conclusions and discussion 

The estimates presented in this study demonstrates a trend of decreasing energy intensity in the 

manufacturing industry during the period 1800 to 1913, demonstrating that real energy savings in 

manufacturing was an integrated part of the Swedish industrialization process. Even though the 

adjustments are significant in comparison to previous estimates, the new series for the 

manufacturing industry has a comparatively small impact on the national energy intensity. This is in 

turn a consequence of the relatively small share of total energy consumption held by manufacturing. 

It was instead the household sector that mainly determined the development of total energy and 

thereby the energy intensity during the 19th century. This calls for additional research efforts, since 

the results to a high degree are driven by assumptions concerning firewood consumption in the 

household sector, based on a rather poor primary sources. This adds a complicating dimension to 

energy history as far as the macro level energy intensity is concerned and given that its development 

is seen as representing a significant as a driver or process in the Swedish industrialization. Since 

conclusive data support for the 19th century household energy consumption figures largely are 

missing, an interpretation of the Swedish industrialization process as partly driven my energy saving 

technology boils down to informed guestimates on the impact of iron and tile stoves on the 

household firewood consumption. Since the household firewood consumption could have been as 

high as over four cubic meters solid wood per person and year in the early 1800s, a sharp reduction 

in per capita consumption driven by improved household heating technology would have made 

significant amounts of timber available for alternative uses both as industrial fuels and primary 

inputs in sawmills and pulp and paper industries. This is in essence a ‘tile and iron stove 

industrialization hypothesis’. This also demonstrates why additional research efforts should be made 

for understanding the developments of energy consumption in the 19th century. Such research 

would include both studies of household energy and the diffusion of stoves, as well as industry level 

and even micro level studies of the energy transition.  

In this study we have demonstrated that the transition from the organic to the mineral energy 

system took place within the sectors traditionally associated with the industrialization in Sweden, 

namely manufacturing and transportation. While the Swedish industrialization process drew heavily 

on forest resources and hydro power, fossil fuels seem to have been closely linked to productivity 

enhancing technology, namely steam engines which from a physical perspective increased the 

potential physical labor per time unit. As far as there is a strong link between physical labor and 

utility increasing output, there is also a link between the physical and the economic side of the 

manufacturing process. Actually, one can argue that the industrialization process must 

simultaneously have been a physical and an economic process. This is so since the increase of 

installed effect and use of fossil fuels, characterizing the industrialization process must have been 

confirmed by the economic system, through prices and returns on investment, in order to have taken 

place in the first place. The steam engine is both a technical artifact that transform chemical energy 

to movement, and a unit of capital providing a service flow which translates to profits, capital 

deepening, rising productivity and real wages. Coal was found at the center of this dual characteristic 

of the steam engine, providing energy at a reasonable price required for realizing the engine as 

productive capital.    

Even though coal was an integrated part of the industrialization as the preferred fuel for steam 

engines, forest resources played an important role in the Swedish industrialization process both as a 

fuel for foremost domestic heating but also as a raw material for the forest industry. At first hand, 

early 19th century Sweden seemed gifted in terms of organic energy. The potential organic energy 

per capita was high. Still, the large forest areas in inland northern Sweden were in practice 
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economically inaccessible in the beginning of the nineteenth century. Labor was needed to realize 

the economic potential of these organic resources, which is to say that only if labor could be 

allocated to logging, the forest would also become an economic resource of any importance. The 

conditions for agriculture were, however, too poor for sustaining any significant population in inland 

northern Sweden, which the famines of 1868 and 1869 clearly demonstrated. In short, the new 

transportation technologies, steamers and railways, which enabled food imports to these regions 

were needed for the establishment of the labor force required for exploiting the forest resources, 

including logging and floatation timber to the coast. The paradox is that a good portion of the 

biofuels and saw timber only became accessible when a partly steam powered transportation system 

could bring enough food to support a large army of loggers. Interestingly enough this shows how the 

biological regime limited the access to potential biological resources, and that these biological 

resources became economic resources through the diffusion of the mineral energy system.     
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