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Introduction

Numerous trials are underway to understand the impact of energy efficiency services on customers’ carbon footprints. The effectiveness of these services often relies to an important extent on the customer’s motivation and cooperation, thereby obliging the provider to consider behavioural changes and how these might be encouraged. However, the methodology for evaluating the results of trials may under-explore these factors and focus too narrowly on observed changes in the outcome variable (energy usage, for example). As a consequence, alternative explanations for change may be overlooked and expectations of impacts in the market may be unduly optimistic.  

Proposal
My proposal for the ITU Focus Group is that methodologies to estimate the net benefit of energy-saving services should be founded on a counterfactual perspective. The counterfactual approach uses econometric techniques to correct for bias due to imperfect selection of trial participants into treatment and control groups. This approach enhances the evaluation of trials and informs CSPs on the viability of energy-saving initiatives. It therefore helps to target innovation more effectively towards those services likely to produce the greatest impact. It also moderates any optimism bias and provides more transparent information for policy makers, thereby enhancing the credibility of the sector in the fight against climate change. 

Background
CSPs are developing a wide range of services designed to make a substantial impact on customers’ carbon footprints. Many of these services have emerged out of internal initiatives designed to cut the operator’s own costs and footprints. 
· Online conferencing

· Home-shoring

· Energy management/smart grid
· Enabling renewable energy
· Transport logistics

· Industrial processes

· Building HVAC and lighting management

· Supply chain/procurement

· Green IT

· Network/centre efficiency

· CPE/Access efficiency

· Product LCA

· Dematerialisation

· Ubiquitous Sensor Networks
· etc
Given finite resources, CSPs must target their efforts at initiatives judged most likely to impact CO2e footprints and costs as well as delivering revenues. Key decisions thus depend on the results of trials and experimentation. In trials of equipment efficiency, configurations can be optimised in the lab – for example to establish higher operating temperatures and thereby minimise cooling requirements. Deployment then involves some further measurement to reproduce the expected performance in the live environment, taking into account local operating conditions, weather patterns and so on. 

However, the further the operating environment diverges from ideal lab conditions, the greater the challenge in interpreting the results of trials. Operational norms may confound laboratory recommendations and so field trials are needed to understand how equipment is actually used. Similarly, the success of services to support home-shoring and online conferencing requires understanding of working practices and individual behaviour in order to measure the net impact on energy consumption. Opportunities to conduct ‘ideal’, large-scale tests of such behaviour are scarce. Instead researchers must often rely on quasi experiments whereby the control group is a less than perfect analogue of the treatment group. 

The counterfactual perspective accommodates quasi-experimental conditions by addressing the ‘what if..?’ factors that are impossible to observe directly yet influence the ultimate effectiveness of an intervention. For example, domestic customers who are offered low-cost installation of smart electricity meters may reduce their consumption in response to the availability of enhanced, time-of-day information. Yet, if the same customers were not given meters, would they reduce consumption anyway? Given that participants in the trial are often self-motivated to take part, how can we estimate the potential response of customers who decline the offer? 

In a typical quasi-experiment, the treatment group consists of households that sign up for the subsidised offer of a smart meter. Their consumption after some period of time is compared with a control group without a meter and so the measured impact is the average reduction in electricity usage across the treatment group compared to the control. To make a meaningful comparison, the researcher must first control for variables such as household demographics, appliance types, average electricity bill as a percentage of income, the location of the electricity meter, weather patterns and so on. A less tangible but no less important measure is the degree of motivation in the household to conserve energy by changing behaviour.  

However, as described, a straightforward comparison-of-means test between treatment and control would be insufficient. Firstly, the control group may be a less than ideal proxy for the treatment group, not least because the latter has voluntarily taken up the offer of a subsidised meter. Self-section tends to be founded in rational decision making and so violates the key requirement of a true experiment that participants should be randomly allocated between treatment and control. This ‘selection bias’ is difficult to measure and along with the added challenge of controlling for other unobserved variables, weakens the generalisability of results. 
Secondly, and as a consequence of selection bias, the counterfactual perspective reveals that two terms are obscured by taking a simple difference-of-means test between control and treatment outcomes. These are the two observable terms in table 2. However, the true outcome should include two terms that are impossible to observe directly: the outcome (Y1) for members of the control group if they were to receive the treatment and outcome (Y0 ) for members of the treatment group if they were not to receive the treatment (table 1). Yet these unobserved terms have a bearing on the net benefits of any intervention. 
Therefore a methodology is needed to account for the missing terms and moderate expectations for commercial roll-out that might otherwise be overly optimistic. 

Table 1: The essential counterfactual problem

	
	Treatment group D=1
	Control group D=0

	Outcome following intervention (Y 1)
	Observable
	Unobservable

	Outcome following no intervention (Y 0)
	Unobservable
	Observable


Source: (Morgan and Winship, 2007, pp.35) 
Established econometric techniques address this question by matching cases from control and treatment groups into pairs with similar characteristics, thereby recreating conditions that approximate to a randomised experiment. Traditional parametric methods such as linear regression can then be used to produce final estimates of the impact of the intervention. 
This counterfactual methodology is a theory-driven approach that requires the researcher to evaluate possible causal mechanisms in the course of designing the pilot schema. Case study can therefore be a complementary technique for revealing the existence and direction of relationships between variables and highlighting the challenges of a quasi-experimental design. 

Focus Group 

My proposal is that the ITU Focus Group promote guidelines for the design of trials in which it urges: 

· Research design that strives for large samples and true randomness wherever possible – for instance by restricting access to trials and allocating participants by lottery

· Research design that specifies a priori causal assumptions using case study to uncover and verify causal relationships

· Use of internal trials to approximate experimental conditions and aid design of quasi-experiments conducted with customers.

· Openness regarding imperfect conditions – transparent reporting of selection bias and credible estimates of the potential impact on the results of the trial 

· Minimisation of network effects to ensure each case is assigned independently of all other cases

· Interpretation of results using recognised econometric techniques that attempt to match imperfect treatment and control groups. 
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