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Abstract
Discussions about transformations in the global energy system, including a possible transition to a low carbon economy, are incomplete without considering the implications for economic growth. The first step is to understand the powerful influence developments in energy and technology have had in previous periods of energy system transformation and of associated economic growth and development. After all, energy has been seen as a fundamental driver of long run economic growth. Low oil prices between 1945 and 1973 and again from 1986 to 2005 were undoubtedly key to the booms after the Second World War and in the 1990s and early 2000s. Similarly, cheap coal has been seen as pivotal to the Industrial Revolution in Britain. Along with cheap energy sources, these periods experienced dramatic technological  development. Together, the cost of energy services – that is, of heating, power and transportation - have fallen dramatically over the last two hundred years.

Despite the limitations of transferring lessons from the past (especially distant past), this analysis provides a number of insights for the potential implications of future energy system transformations. First, cheaper energy and particularly major improvements in energy efficiency had (and are likely to have) major influences on economic growth and development (including possibly changing the nature of production and consumption processes). Second, the energy services that will kick-start and drive major periods of economic growth and development change – and these are likely to be particularly hard to anticipate.

Overview

Discussions about transformations in the global energy system, including a possible transition to a low carbon economy, are incomplete without considering the implications for economic growth. The first step is to understand the powerful influence developments in energy and technology have had in previous periods of energy system transformation and of associated economic growth and development. Afterall, energy has been seen as a fundamental driver of long run economic growth. Low oil prices between 1945 and 1973 and again from 1986 to 2005 were undoubtedly key to the booms after the Second World War and in the 1990s and early 2000s (Hamilton 2013). 
Similarly, cheap coal has been seen as pivotal to the Industrial Revolution in Britain (Allen 2009). Along with cheap energy sources, these periods experienced dramatic technological  development. Together, the cost of energy services – that is, of heating, power and transportation - have fallen dramatically over the last two hundred years (Nordhaus 1996, Fouquet 2011). However, a lack of data has previously hampered attempts to assess the influence of energy and related technologies on the the First (1760-1830) and Second (1870-1913) Industrial Revolutions. Combining two new data sets, the purpose of this paper is to present estimates of the impact of declines in energy service prices (in particular, of industrial heating, industrial power and land and sea freight transportation) had on the British Industrial Revolutions.
Methods

The paper presents some estimates of the influence of declines in energy service prices on GDP per capita between 1750 and 1950 in the United Kingdom. The data used is from Broadberry et al (2013) for the GDP per capita and Fouquet (2011) for energy service prices (See Figure 1). Following the same approach as Fouquet and Pearson (2012) and Fouquet (2014), a vector error correcting model was used to provide an econometric analysis of the data and the trends, and (where non-stationary was present) estimate the cointegrated relationship between GDP per capita and energy service prices.
Results

The econometric estimates indicate that the British economy benefitted from a series of declines in energy service prices, and that their influence on growth varied considerably at different levels of economic development. The ‘first’ Industrial Revolution seems to have been kick-started, from the late 1750s, by the decline in the costs of industrial heating for iron production, then cheaper power from the 1770s, and finally, in the 1780s and 1790s, from declines in the prices of land freight transport (see Figure 2). The ‘second’ Industrial Revolution appears to have been kick-started, in the 1830s and 1840s, by cheaper sea freight transport. Then, from the 1850s, the broad diffusion of the steam engine enabled cheaper power and transportation and was an important boost for economic growth. While transport’s role started to ebb from 1890s, the influence of industrial power on economic growth continued to increase (peaking with the advent of electricity) until the 1920s. 

Conclusions

Despite the limitations of transferring lessons from the past (especially distant past), this analysis provides a number of insights for the potential implications of future energy system transformations. First, cheaper energy and particularly major improvements in energy efficiency had (and are likely to have) major influences on economic growth and development (including possibly changing the nature of production and consumption processes). Second, the energy services that will kick-start and drive major periods of economic growth and development change – and these are likely to be particularly hard to anticipate. 
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Figure 1. Price of Energy Services (and GDP per          Figure 2. Impact of % Decline in Energy Service Prices
capita) in the United Kingdom, 1700-2010                      on % Increase in GDP per capita, 1750-1950
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