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H I G H L I G H T S

• We model the relationship between renewable energy investment and oil prices.

• Using annual data for Norway, the USA, UK and a VAR analysis.

• Norway and the USA have strong relationships between oil and renewables.

• The UK has no relationship, possibly due to government intervention.

• The results depend on whether a country is a net oil importer or exporter.
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A B S T R A C T

The aim of this study is to determine the nature of any relationship between renewable energy investment, oil
prices, GDP and the interest rate, using a time series approach. We concentrate on three countries with different
relationships with the renewable energy sector, with Norway and the UK being oil-exporters for most of the
sample and the USA an importer. Following estimation using a VAR model, the results provide evidence of
considerable heterogeneity across the countries, with the USA and Norway having a strong relationship between
oil prices and renewable energy and the UK no relationship. These results reflect the fact that the USA is pre-
dominantly an oil-importer during most of this sample and supports renewable energy relatively less than the
other countries, so changes to renewable energy investment reflect other factors in the market such as the price
of substitutes to a greater extent than countries where renewable energy receives more government support.
Similarly with Norway, where due to its market orientated approach, there is some evidence of the macro-
economy affecting the renewable energy market. The main policy implications from this study are that in
countries where there is little support for the renewable energy sector, investment will be more dependent on
macroeconomic aspects as well as substitutes such as oil, therefore the authorities will need to potentially in-
crease financial support when oil prices are low or when the economy is in a downturn to ensure investment in
RE continues at a constant level.

1. Introduction

As concerns for the international environment grow, the interna-
tional community needs to increase investment into the renewable
energy (RE) sector by approximately $130bn over the next fifteen years.
This is to ensure that carbon dioxide emissions peak in 2020 and global
warming remains below 2 °C (See IEA, 2015 [1]), which is the generally
accepted figure that, if broken, would push global warming to beyond
acceptable limits. This means that investment into RE needs to increase
rapidly, but it is less clear what will facilitate this increase in RE in-
vestment. The main factor considered here relates to whether the oil
prices significantly affect the investment in and production of RE. The

price of oil has recently fallen by over 60%, from highs of $107 in June
2014 to $40 in November 2015. This has created substantial debate on
the potential effects it will have on investment in RE. Clearly, there is
no consensus on the effects that oil prices have on renewable invest-
ment, as it depends on the extent to which oil price changes encourage
investment in RE, so if the oil price increases from its current lows, as
many analysts are predicting, what, if any, will be the impact of this rise
be on RE investment.

Following recent international agreements over the need to reduce
greenhouse gases, such as the G8 statement that it aims to cut emissions
by 50% before 2050, the means of achieving these cuts is becoming
ever more important. One of the most commonly used policies has
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involved the use of RE production as a substitute for fossil fuels. As
international and European Union (EU) targets for reducing carbon
dioxide emissions have become more important, so governments across
the world have sought to expand the production of energy from RE
sources through the use mainly of subsidies and indirectly through
additional taxation on fossil fuels. As a result, government intervention
in the RE market has been the dominant factor in determining RE in-
vestment over the majority of the analysis period. Because government
intervention in this market is declining, due to the increasing compe-
titiveness of RE technologies, and the degree of substitution between RE
and oil is increasing, the conclusions from this study suggest that the
relationship between RE and its substitutes will become more sig-
nificant and robust in some countries.

There are six main original contributions of this paper to the ana-
lysis of the RE sector and which seek to fill a gap in the literature on RE
policies and the development of future RE resources. Firstly, we in-
troduce a methodology and modelling framework which captures (a)
the individual contrasting characteristics of three distinct markets for
RE by using time series data, (b) the interaction between oil prices and
RE in a time series framework including for the first time generalised
impulse response functions as well as the more conventional Granger-
causality tests and (c) the dynamic nature of this interaction in the
context of the main macroeconomic variables including national output
and interest rates. Furthermore the results provide evidence that (d)
testing for the relationship in both the long and short run suggests a
short but not a long-run relationship, (e) using nominal and real oil
prices indicates that the results are robust to either measure of oil
prices. Whilst (f) analysing the impact of national policies on the RE
markets with respect to the relationship between oil prices and RE
markets provides evidence of substantial differences across these
countries depending on whether they are exporters or importers of oil
and also levels of support for the RE sector. Overall our aim is to de-
monstrate that the relationship between oil prices and renewable en-
ergy needs to be explicitly analysed on a country by country basis, due
to the inherent heterogeneities within countries in terms of RE policies
and natural resources, as already acknowledged in this literature.
Specifically we have used annual time-series data for Norway, the UK
and the USA from 1960 to 2015 and a number of techniques that ha-
ven’t been applied to this area of the literature before.

Most of the literature relating RE to oil prices and the macro-
economy, has focused on how government policy can be used to en-
courage RE investment, since historically RE investment has not been
able to compete openly with traditional fossil fuels in terms of cost,
except in Norway. Ref. [2] has examined this relationship and the effect
that reducing renewable costs may have, although, they noted how
hard it is to generalise the costs of RE, since it varies from location to
location, and will include either costs or savings not usually experi-
enced by traditional energy production, such as the increased costs
from storing electricity, to the fact that solar energy is often installed at
the point of the electricity use, so offsetting transportation and

infrastructure costs. A common theme across this area of literature is
that a major factor preventing investment into RE is the uncertainty
over the future returns it will provide.

Whilst there is a shortage of studies linking investment in RE to oil
prices using time series approaches and data, the most closely related
study is by [3], but unlike this study used a panel model of RE con-
sumption and included GDP as well as oil prices. In general, the pre-
vious literature has concentrated on RE consumption and panel data
models due to the availability of suitable data. Ref. [3] found that real
per capita GDP and per capita CO2 emissions were the main long-term
drivers of consumption of RE, whilst changes in oil prices had a weak
negative relationship. Using G7 data, they found heterogeneity across
the countries studied, with movements back towards equilibrium fol-
lowing a shock taking between a year and seven years. There is a large
body of literature analysing the specific relationship between RE con-
sumption and GDP growth (see [4]) which is indirectly relevant to this
study, including [5–7] who also use a panel data model along with
cointegration and Granger causality tests to analyse the relationship
between RE consumption, GDP, investment and the labour force. They
find evidence of a long-run equilibrium and bi-directional Granger
causality between RE consumption and GDP growth in OECD Countries,
Eurasia and Central America. In a relate area of the literature [8],
showed that there existed a relationship between the stock prices of
clean-energy stocks and oil prices, with movements in oil prices
Granger causing the stock prices of the clean energy companies, which
were also affected by movements in technology stocks and the interest
rate. A further area in the literature analyses the relationship between
RE and non-renewable energy markets (NRE), such as [9]. A final area
of the relevant literature relates to the relationship specifically between
oil prices, output and interest rates, such as [10] who found that both
output and interest rates are significantly affected by oil price shocks.

Overall there are not many studies concentrating on the specific
relationship between the RE sector and oil prices, particularly using a
time series empirical approach. The study by [11] has most in common
with this study in terms of methodology although they use more fi-
nancial based measures rather than the economic measures used here.
They apply a VAR model to primarily investigate the relationship be-
tween the stock prices of RE firms, oil prices and technology stock
prices. They find that oil prices and technology stock prices can affect
RE stock prices. A further set of studies have analysed the ability of
various models to forecast the diffusion of RE provision. There are a
number of approaches used, such as [12], who use an extended logistic
growth model to predict the diffusion of RE in South Korea based on oil
prices and policy instruments. Their results suggest that higher oil
prices have led to an increase in diffusion rates of RE resources in the
electrical power sector. In addition, a further area of the literature
analyses the policy and market impacts on the RE market. This includes
[13] who develop a model that accounts for the fact that larger com-
panies can have a significant impact on prices in the RE market and find
that environmental uncertainties need to be modelled explicitly.

Table 1
Review of the recent literature.

Study Methodology Time period Countries Results

Sadorsky [3] Panel cointegration 1994–2003 18 emerging economies Oil prices→RE
Payne [14] Toda-Yamamota Causality 1949–2006 US No Causality between RE, NRE and GDP
Bowden and Payne [15] Toda-Yamamoto causality 1949–2006 US (sectoral) No causality over RE sectors and GDP
Menegaki [16] Random effects panel model 1997–2007 27 European nations RE but not energy cons positively affect GDP
Tiwari [17] PVAR Model 1965–2009 European and Eurasian nations RE positively affects GDP
Apergis and Payne [18] Panel cointegration and Error Correction Models 1980–2011 25 OECD countries RE↔Oil price
Apergis and Payne [19] Non-linear smooth transition panel vector ECM 1980–2010 7 Central American countries Oil price→ RE
Apergis and Payne [9] Panel cointegration and ECM 1990–2007 80 countries RE↔NRE
Tugcu et al. [20] Mulitvariate panel approach 1980–2009 G7 Countries Results vary across countries
Dogan [21] Cointegration and causality 1988–2012 Turkey No causality between RE and NRE
Bhattacharaya et al. [4] Panel causality model 1991–2012 38 countries No causality between RE and GDP

Notes: RE is renewable energy, NRE is non-renewable energy, energy cons. is total energy consumption.
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