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Overview

Electricity is an essential good for UK households and comprises 10% of total domestic energy consumption (DECC, ECUK, 2014).  However, its generation accounts for a third of UK carbon dioxide (CO2) emission and remains as the biggest single source of emission in the country.  As a result, the need to reduce electricity demand alongside decarbonising the electricity supply is high on the UK policy agenda.
In the UK, the Renewable Obligation (RO) is the primary climate change related policy applied to the electricity sector.  RO has been implemented since 2002 to promote the deployment of large-scale renewable electricity generation in the UK. It places mandatory requirements on electricity suppliers to “source a specified proportion of the electricity they provide to customers from eligible renewable sources (DECC, 2013b: p.72).” Suppliers are punished by making a buy-out payment if they fail to fulfill their obligations via purchasing sufficient Renewables Obligation Certificates (ROCs) from renewable generators. The buy-out payment are redistributed proportionally as reward to suppliers which have fulfilled their obligations.

To date, however, no research has been undertaken to determine what impact the RO level has had on electricity demand reduction.  Therefore, we lack an understanding of a mechanism that explains in what ways and quantifies to what extent the RO policy could influence the electricity demand.

Thus, the aim of the paper is to generate insight about the magnitude and significance of RO’s impact on residential electricity demand. The hypothesis is that the change in obligation level has a negative impact on residential electricity demand via influencing both wholesale and retail costs to electricity suppliers. In particular, the higher the obligation level, which indeed has been raised annually, the higher the costs will be to suppliers, and eventually the lower the electricity demand will be.

The research scope is restricted to modelling the impact of the Renewables Obligation on electricity demand in the residential sector in the UK. The choice of RO is because it comprises the largest proportion of government costs on consumers’ energy bill (DECC, 2013). The choice of residential sector is based on two reasons. First, it is the largest electricity consuming sector, and second, the data required for modelling the residential sector is accessible compared to others sectors such as industry, transport and business. Although the narrowness of scope may not allow the result to be directly applied elsewhere, the method used is widely applicable to generate insight for the impact of other energy and climate change policies on other sectors of electricity demand.
Methods

We use mediation analysis to determine extend of the impact of RO on residential electricity demand.  The analysis approach comprises modeling and testing. The modeling part serves to quantify the magnitude of impact and the testing part serves to judge the significance of impact via the mediators.
A baseline model is constructed that accounts for the obligation level, wholesale price of electricity, difference in wholesale and retail price, electricity consumption per capita, energy performance of the housing stock, GDP, and annual average external temperature.  The baseline model contains four equations through which the magnitude of impact can be estimated. The equations separate the impact into direct, indirect and total effect due to the existence of mediators (i.e. wholesale cost and retail cost).
Further, we extend the baseline model to explore differences in season (i.e. winter and non-winter) compared to external temperature. We use Sobel and joint-significance tests to determine the significance of the mediators on the outcome variable.
Results

In the baseline model, we determine that the impact of RO on residential electricity demand via wholesale and retail costs is supported by the evidence of a significant total effect, significant impact of RO on wholesale and retail costs, and a significant impact of wholesale and retail costs on residential electricity demand and direct effect with the magnitude smaller than total effect. 
In the season specific model, we find the results significant and in support of the hypothesis.  However, by replacing the annual temperature with seasonal temperatures, the magnitude of almost all coefficients become extremely large and year and income become less significant.
Conclusions

This research has offered insight to the mechanism of how RO could affect residential electricity demand and also magnitude and significance of the impact. The tested hypothesis is supported by the results showing the RO’s impact on residential electricity demand is mediated by electricity retail cost only, though not necessarily always whosesale costs.
There are two important implications for energy policy. First, there is direct implication to policymakers in planning electricity demand reduction.  The findings provide insight into the extent of the impact of RO on residential electricity demand via wholesale cost, retail cost (or both) and show that there is a direct effect that renewable obligation levels have on residential electricity demand.
Secondly, the results are applicable in policy planning process. The models indicate extremely significant mediation effect of RO on electricity demand as a policy ‘side-effect’, which should be taken into account when developing policies for reducing electricity demand.  As the UK moves to more progressive climate change targets, setting higher renewable obligation levels will help to both reduce the carbon content of the electricity supply and also act to reduce demand.
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