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Assessing the success of electricity demand response programs: A meta-analysis
Abstract

This paper conducts a meta-analysis of 32 electricity demand response programs in the residential sector
to understand whether their success is dependent on specific characteristics. The paper analyzes several
regression models using various combinations of variables that capture the designs of the programs and
the socio-economic conditions in which the programs are implemented. The analysis reveals that demand
response programs are more likely to succeed in highly urbanized areas, in areas where economic growth
rates are high, and in areas where the renewable energy policy is favorable. These findings provide useful
guidance in determining where and how to implement future demand response programs.

Keywords: residential electricity; demand response; meta-analysis; demand side management!
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1 Abbreviations: CPP/CPR (critical peak pricing/rebates), DR (demand response), GDP (gross domestic product), OLS
(ordinary least squares), RE (renewable energy), ROC (receiver operating characteristics), RTP (real time pricing),
TOU (time of use)



1. Introduction

The share of renewable sources in electricity generation is increasing significantly, particularly in Europe
[1]. This increasing share tends to increase the variability of overall electricity supply. Non-intermittent
capacity can be used to fill the valleys in such generation, but is a costly solution since backup power
plants will only be used for limited periods of time. Further, although storage technologies are improving,
they are still expensive and inefficient at present [2].

A more viable option is to adjust the demand for electricity, through demand response (DR) programs,
which aim to modify the demand patterns for electricity by encouraging its use during peak generation and
discouraging its use at times when the load on the grid is highest. One means of modifying demand is
through the use of time-varying pricing, which broadly comes in three forms: time-of-use pricing (TOU)
varies prices over the hours of the day with higher prices during peak periods, critical peak pricing/rebates
(CPP/CPR) increases prices or provides rebates for conservation during the critical peak hours, and real
time prices (RTP) allow prices to vary dynamically with the marginal cost of electricity [3]. Other means
of modifying demand may involve the use of external load control techniques.

DR policies had been slow to emerge across Europe due to limited knowledge on the energy saving
capacities of DR programs and the high costs for associated technologies and infrastructures [4].
However, DR is now seen as a promising option for the integration of renewable energy (RE) [5]. The
European Commission (EC) estimates the potential response by 2030 at 160 gigawatts (GW), against
current programs that achieve about 20GW [6]. The Commission’s recent “Clean Energy for All
Europeans” proposal further proposes that customers should be entitled to access dynamic pricing
contracts, DR programs, smart metering systems, and better information on their consumption [7].

Consequently, DR is being promoted through enabling policy frameworks in countries such as France,
Belgium, Finland, and the UK — though several countries still face significant regulatory barriers or do not
yet view demand flexibility as a resource — and DR programs are being increasingly tested and
implemented, including in the residential sector?® [6].

Residential DR programs can however be challenging to implement successfully due to the limited price
responsiveness of households, equity considerations, and the high costs of metering infrastructure [10]. A
further consideration of households’ price — and overall — responsiveness is the focus of this paper.

There have been a number of studies aimed at better understanding household responsiveness to demand
side management.

But this existing research has been fragmentary, due to a varying focus on different aspects of DR
programs. Faruqui and George [11] found that responsiveness varies with rate type, climate zone, season,
and air conditioning ownership. Brent et al [12] state that price changes lead to greater conservation
effects than moral and social arguments, that knowledge of consumption can maximize the effectiveness
of time-varying pricing, and that enabling technology increases the effectiveness of such pricing. The

2 An overview of European smart grid projects is available with the EC’s Joint Research Center [8], while a list of
demonstration projects supported by the US government is available at the US Department of Energy [9].



consumer behavior studies under the US government’s Smart Grid Investment Grant program found that
enrolment under opt-out approaches was higher than under opt-in approaches due to status-quo effects,
loss aversion resulted in higher retention rates for CPR than for CPP, and higher price ratios led to greater
response [13]. Kessels et al [14] conclude that dynamic pricing schemes should be simple to understand,
with timely notifications of price changes, a considerable potential effect on the energy bill, and
automated control. Often the success of the pricing scheme depends on factors influencing the behavior of
end users. Gyamfi et al [10] therefore suggest greater use of economic behavior-based approaches to
overcome some of the challenges to achieving effective voluntary demand reductions.

Existing research has also occasionally thrown up conflicting findings. For instance, Gyamfi et al [10]
found that a high fraction of households — particularly the richer ones — did not respond to price signals.
However, the Irish Commission for Energy Regulation [15] found that ToU tariffs do reduce electricity
usage, and that higher-consuming households tended to deliver greater reductions. Muratori et al [16]
found that shifting consumption may lead to steeper rebound peaks, while Cosmo and O’Hora [17] found
that reductions lasted beyond the peak period and that post-peak spikes in usage were not observed.

Further, Flaim et al [18] claim that the prevalence of dynamic pricing programs remains limited on
account of too little synthesis of existing research and an over-reliance on simple yet misleading
performance metrics. Most attempts to aggregate research on DR programs have taken qualitative
approaches, and have mainly focused on the characteristics of the program, such as pricing structures or
the existence of load controls. For instance, Kessels et al [14] frame results from existing meta-reviews as
four hypotheses on user response and test these hypotheses using a case-based approach. Stromback et al’s
[19] review of feedback and pricing pilots offers findings similar to Brent et al [12], based on basic
statistical analyses such as proportions and weighted averages. Hobman et al [20] use insights from
psychology and behavioral studies to draw lessons on DR design. Faruqui and Sergici [21] contain their
analysis of 34 studies to the impacts of price ratios and enabling technologies. Faruqui et al [22] further
review a dozen pilot studies only for the role played by information feedback.

There is a need for more rigorous analysis of the DR experiences, collecting a range of DR aspects under
one study, and taking into account other socio-economic determinants, in order to obtain more broadly
valid findings. This paper attempts to address these needs, by undertaking a meta-analysis of existing
literature on DR programs. It uses a logistic regression approach in aggregating results from various
studies to distil common findings and trends. The paper goes beyond considering characteristics of DR
programs to also look at the relationships that socio-economic environments may have with the success of
these programs. This approach helps explain whether any socio-economic factors are correlated with, or
contribute to, the chances of a successful DR implementation. In this way, it complements the findings of
studies such as Kessels et al [14].

2. Methods
A meta-analysis statistically combines evidence from multiple studies with an aim to identify either

common effects or common causes for variation on specific research questions; it is often beneficial for
overcoming the subjectivity of narrative reviews, as explained in [23] and [24]. Meta-analyses have



typically been used in the field of medicine [25] [26], although their use in energy economics is not yet
widespread.

In the field of energy, Sundt and Rehdanz [27] use a meta-analysis to understand consumer preferences for
a greater share of RE in their electricity mix. Mattmann et al [28] offer a meta-analysis of 32 studies on
the non-market valuations of wind power externalities. Van Der Kroon et al [29] conduct a meta-analysis
to understand household fuel choice and fuel switching behavior in developing countries and aim to
contribute to energy transition policies.

2.1 Data gathering and categorization

To undertake the present analysis, this paper drew upon articles from journal databases, and
complemented this with studies from sources that covered analyses of DR initiatives, as well as with more
general searches for other unpublished DR initiatives in an effort to address publication bias.

The focus of the search was on time-varying DR measures; studies looking at tiered pricing or at general
determinants of electricity consumption behavior were excluded from the analysis. Data gathering thus
used combinations of search terms such as but not limited to “residential,” “demand response,” and
“electricity.”

Studies published before 2006 were not considered, in an effort to stay relevant with the current state of
play, although the underlying projects covered in these studies may have been deployed earlier.

Based on these criteria, the final sample included 32 studies, which are listed in Appendix A. Two of these
are from emerging markets — China [30] and South Africa [31] — while the rest are from Europe and the
US, reflecting the prevalence of such programs in developed countries. No results were found in low-
income developing countries, since DR programs have either not been rolled out in such countries or are
too recent to be able to yield concrete results.

The dependent variable is the success or failure of the DR programs, and it was coded in binary form
(successful = 1, unsuccessful = 0). The 32 papers included in the meta-analysis looked at DR programs
from three broad perspectives, and the dependent variable was determined based on the perspectives as
follows: (i) If the study took the perspective of the electricity provider: The program was a success if the
author of the study concluded that peak load was shifted and the shift was statistically significant; (ii) If
the study took the perspective of the electricity consumer: The program was a success if the author of the
study concluded that financial savings from load shifting were statistically significant; and (iii) If the study
took the perspective of a potential rollout: The program would be a success if the author of the study
concluded that the survey respondents were willing to accept the implementation of a DR program.

In this way, the definitions of the DR programs as successful/not successful were based on the conclusions
of the underlying studies. The authors of this paper do not attempt to impose a standardized definition of
success across the heterogeneous range of underlying studies.



A few studies included multiple DR measures or multiple offerings of a DR measure — Fell et al [32], for
instance, studied the acceptability of five types of tariffs — or disaggregated their results — such as
Bartusch and Alvehag [33], who studied DR based on type of housing. In such cases, the analysis focused
on aggregated results where possible, and otherwise focused on those measures/levels that had the most
complete information available for each of the independent variables.

The explanatory variables are broadly grouped under two categories: those that describe the structures of
the DR programs (intrinsic variables), and those that describe the socio-economic conditions under which

the programs were implemented (extrinsic variables).

Data on the intrinsic features of the DR programs was obtained from the underlying studies themselves.
The intrinsic variables are listed in table 1 below.

Table 1: Intrinsic explanatory variables

Number | Variable Unit of Measure

1 Price change Binary (Yes/No)

2 Type of time-varying pricing Binary (Static/Dynamic RTP)
3 Peak-to-off peak price ratio Numerical (Ratio of prices)
4 Automated load controls Binary (Yes/No)

5 Voluntary enrolment in program Binary (Yes/No)

6 Time since program rollout Numerical (Months)

7 Duration of study Numerical (Months)

8 Off-peak hours per day Numerical (Hours)

It may be noted that the peak to off-peak ratio in variable 3 was estimated at the lowest levels at which the
study was successful or the highest levels at which it was unsuccessful. Exceptions were made for RTP,
where range bounds were used, and for CPP.

The second set, of extrinsic variables, are relevant to the levels of electricity consumption and/or response
flexibility, and it is thus expected that they would also play a role in influencing the success of DR
programs. Other socio-economic indicators that were not covered in existing literature are not included in
this analysis.?

This data was sourced through multiple datasets, including those of the World Bank Group, World
Weather Online, and the REN21 network. To enable comparability of the data, per capita GDP figures
were converted into US dollars using the average exchange rates of the years for which the data was
drawn. Further, in some instances data on indicators such as GDP per capita was available only for earlier
years — data in these cases was extrapolated to 2015 using recent growth rates for the respective regions.

The authors obtained this data for the months and regions where the DR program was in operation, where
such granular data was available. Where such data was not available, national-level and annualized data

3 Although GNI might be considered a closer indicator to disposable income, since GDP data was more complete at
a granular level than data on disposable income, and since there is a strong correlation (0.9998) between global
GDP and GNI numbers [34], this analysis uses GDP per capita as an indicator of income




was drawn. Thus, based on the scope of the DR program and on availability, the levels of data vary within
each variable. This data is tabulated in Appendix A.

The extrinsic variables are summarized in table 2, together with typical sources used for the data, as well
as references to some respective literature that highlights the relevance of these variables.

Table 2: Extrinsic explanatory variables

Number | Variable Unit of Measure Sample data Studies linking variable
source to consumption
flexibility
9 GDP per capita Numerical (US$, 2015) World Bank [11][42][43]
Indicators [35]
10 GDP growth rate Percentage (2015) World Bank [44]
Indicators [36]
11 Urbanization rate Percentage (2015) World Bank [45]
Indicators [37]
12 Average Numerical ( °C), during World Weather | [11]
temperatures study periods Online [38]
13 Electricity Numerical (kWh per capita, | World Bank [15][46]
consumption 2013) Indicators [39]
14 Current shares of RE | Percentage (typically 2014)
15 Targets for RE Percentage (variable years) REN21 [40] [471148]
16 Tertiary education Percentage (enrolment World Bank [11][15][17]
rates ratio, 2013) Indicators [41]
17 RE policy [{(15)—(14)}/{(Year (15)— | - -
Year (14)}]
18 RE Target / GDP (15)/(10) - -
growth

Variables 17 and 18 merit further explanation. The computed variable 17, ‘RE policy’ attempts to serve as

a substitute for the levels of ambition of RE policies. It does so by dividing the difference between current
RE shares and future RE targets by the number of years between the two, in order to obtain the required

average annual increases in RE shares. Similarly, the computed variable 18, ‘Target/GDP growth’ is an

interaction term that attempts to standardize RE targets against the economic growth rates of that region. It
explores whether a DR program is more likely to be successful when the RE target is more ambitious

relative to the economic growth. Aside from these, the analysis primarily focuses on main effects.

2.2 Boundaries of meta-analyses

Meta-analyses operate on the implicit assumption that the underlying studies are similar enough that they
can be usefully combined and analyzed. However often they pool studies of varying quality, and suffer
from publication bias. Meta-analyses that rely on ordinary least squared (OLS) regressions can suffer from
factual and methodological heterogeneity, heteroscedasticity, multicollinearity, and autocorrelation.

Nelson and Kennedy [49] examine the current state of meta-analyses in environmental economics and
notes that among others heteroscedasticity is particularly likely to be a concern.




However, heteroscedasticity is not of concern in logistic regressions — an approach chosen here because it
avoids the pitfalls of traditional meta-analyses — that have a binary-form dependent variable, where the
residuals are distributed between only two points when plotted against the fitted values of the model.
Therefore this analysis does not include tests to check for the presence of this condition.

2.3 Regression equation

The model used in this paper takes the form
Lo[rn(y)/{1-nt(y)}]1 =Po+ Bixi+Pax2+ ... + Puxa+€...(1)
Where
Ln = natural logarithm
7(y) = probability of event occurring
Po... pn = regression coefficients
Xi...X, = intrinsic and/or extrinsic explanatory variables
£ = error term

This paper conducted several regressions using this equation. In all cases, the dependent variable was
taken as the success of DR programs. However, each regression used different subsets of the intrinsic and
extrinsic variables, creating different regression models, in order to test the relationships between the
different variables. The authors did not attempt to conduct a regression — of the form outlined in equation
(1) — that would include all the explanatory variables together, since the sample size was limited. Any one
regression model included between two and five of the variables listed in tables 1 and 2 above, in such a
way that each variable was considered for multiple regression models. Thus, the research was exploratory
rather than confirmatory, and it consciously attempted to avoid a potential over-fit of the model.

In the regression models, the samples were also weighted in turn by the natural logarithms of the sample
sizes and by the GDP per capita of the respective regions, in addition to the non-weighted regressions, to
determine whether such weighting would affect the results.

3. Results

3.1 Identifying a base model
The analysis conducted regressions with different combinations of intrinsic and extrinsic variables, and
the variables in a number of models were found to be statistically significant. To illustrate, the results from
two such models, where the variables are weighted by the natural log of the sample sizes, are summarized

in table 3.

Table 3: Results of Select Models with Intrinsic Variables

Variables Sample | Sig. ef R Correctly Area Hosmer and Lemeshow
size Square | predicted under ROC | Test
values Chisquare  Significance
Model Voluntary enrolment 24 0.281 1.811
0.074 77.8% 0.632 58.726 0.000
1 Duration of study 0.037 1.034 ’




Auto load control 29 0.000 0.136

Model Urbanization rate 0.004 1.031 | 0.183 81.8% 0.633 48.910

Tertiary education rates 0.220 0.144

0.000

The significance of the maximum likelihood estimates of the regression coefficients is determined using
the Wald test. (e?) denotes the effect of the variable on the odds ratio i.e. the odds of success increase
multiplicatively by (e”) per unit increase in the explanatory variable. Thus, for every 1% increase in the
duration of a DR program, the odds of success of the program increase by 3.4% in model 1.

The table also summarizes the results of goodness-of-fit tests on the model, including the R Square values.
This analysis uses the Nagelkerke R Square instead of the Cox & Snell R square, because the latter has an
upper bound of less than 1 and so holds less intuitive appeal. Both models have low values under this R
Square, suggesting a poor fit.

However, R Square values assess only comparative — not actual — goodness-of-fit, and lower R Square
values tend to be the norm in logistic regression [50]. Thus the analysis also includes a comparison of
observed to predicted values from the fitted models, as well as the areas under their receiver operating
characteristic (ROC) curves. ROC curves are graphical plots of the true positive rates against the false
positive rates, and the area under these curves is a good estimate of the strength of the model. As seen
from Table 2, although the models are fairly successful at correctly predicting the outcomes, the areas
under the ROC curves of the two models are not very high.

A final approach for determining the goodness of fit is through the Hosmer-Lemeshow statistics, which
examine whether the observed proportions of events are similar to the predicted probabilities of
occurrence using a Pearson chi square test. Significant test results, i.e. those with p-values below 0.05
indicate that the model is not a good fit. Though this test should be used with caution [51], the results of
these tests are included here and demonstrate very low p-values.

Thus it is seen that while the models are found to be significant, their R Square values, Hosmer-
Lemeshow test results, and areas under their ROC curves suggest that they are not good fits. Moreover,
the intrinsic variables had several missing values, leading to smaller sample sizes and less robust models
when these variables were included.

As a result, the analysis disregarded such models, and determined a model with the following combination
of variables as being significant, as well as the best fit in forecasting success of the DR program: (i)
urbanization; (ii) RE target; (iii) RE policy; (iv) GDP growth rate; and (v) RE target/GDP growth rate.
This model was weighted by the natural log of the sample sizes. The stepwise regressions saw the intrinsic
variables being removed from the model as they were not significant.

Table 4 demonstrates the regression coefficients and the statistical significance of the explanatory
variables in the model. As seen, all the variables are significant at the 95% level. For every 1% increase in
the targeted share of RE, the odds of success of a DR program decrease by 13.3%. Increases in the other
explanatory variables increase the odds of success.



Table 4: Regression Coefficients and Statistical Significance of Variables in Equation

Variable B S.E. Sig eP Marginal impact on OR
GDP Growth Rate 2508 0.824  0.002 12.278 1127.8%
Urbanization rate 0.064 0025 0011  1.066 +6.6%
Targets for RE -0.142  0.039  0.000  0.867 -13.3%
RE Policy 0.827 0.351 0.019  2.286 +128.6%
RE Target / GDP Growth Rate 0239  0.078 0.002  1.270 27.0%

This paper thus proposes the following model for consideration:

Ln[n(success)/{ 1-m(success)}] = -10.013 + 2.508(GDP growth rate) + 0.064(Urbanization) — 0.142(target
for RE) + 0.827(RE policy) + 0.239(RE target / GDP growth rate) ...(2)

Table 5 summarizes the results of some tests for goodness of fit on the model. The regression analysis for
this model yielded a Nagelkerke R Square value of 0.447. This suggests that the model explains nearly
45% of the variation in the dependent variable, a significant improvement over the models in table 3. A
comparison of observed to predicted values from the fitted model demonstrates that this model correctly
predicts the success of the DR program in 81% of the cases. A likelihood ratio test, used to compare
goodness of fit against a base model with no explanatory variables, yields a Chi-square value of 64.741
with 5 degrees of freedom, which is significant at the 99% level.

Table 5: Model Fit and Explanatory Power

Indicator Value
R Square (Nagelkerke) 0.447
Correctly predicted values 80.90%
Likelihood ratio test P-value (Chi-square = 64.741 with

5 df) ~0.000

One limitation of this model is the presence of some correlations among the explanatory variables. In
particular, as expected, correlations are noted between ‘RE Target,” ‘GDP growth,” and ‘RE Target/GDP
growth.” However, the variance inflation factors (VIFs) of these variables all lie between 1.2 and 4.1,
suggesting that multicollinearity is not a problem. Further, removing any of these variables reduces the
explanatory power of the model and does not greatly affect the remaining model coefficients. Thus it is
preferable to retain them.

The ROC curve is seen in figure 1. In the figure, sensitivity (also called the true positive rate) measures
the proportion of positives that are correctly identified as such. Specificity (the true negative rate)
measures the proportion of negatives that are correctly identified as such, i.e. the percentage of
unsuccessful DR programs that are correctly identified as not being successful. The area under this ROC
curve is much higher than the initial models in Table 2, at 0.855.

Figure 1: ROC Curve for Base Model
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3.2 Robustness against alternatives

A common practice is to compare the main model to close alternatives to examine how the main estimates
of the regression coefficients behave when the regression model is modified. If the coefficients are not
found to change significantly, they are determined to be robust and can be interpreted as the true causal
effects of the associated explanatory variables. This plausibility and robustness is a good estimate of the
structural validity of a regression model [52].

The current analysis therefore assesses the base model outlined above against several alternatives with
different combinations of explanatory variables. In this paper, the base model is compared against the best
three alternatives, chosen based on their overall significance and R Square. The results are summarized in
table 6 below.

Table 6: Comparing Models

Model Chi- R Correctly | Correlations | Variables Area Hosmer and
(variables)* square | square | Predicted | above 0.5 with (ef) > | under Lemeshow

values Values 1.1 or with | ROC values

(eP)< 0.9 curve Chisq.  Sig

Base (11, 15, 64.741 | 0.447 80.9 3 4 0.855 17.002 | 0.030
17, 18, 10)
Alternative 1 34.760 | 0.260 80.9 1 1 0.765 31.878 | 0.000
(9,15, 17, 18)
Alternative 2 58.315 | 0.409 83.9 5 3 0.821 24.998 | 0.002
(11, 15, 18, 10)
Alternative 3 30.678 | 0.232 80.0 0 1 0.708 33.269 | 0.000
(11, 15, 17)

* Variables are denoted by their corresponding numbering from table 1



Thus, it is seen that the base model has the highest R Square, the second highest proportion of correctly
predicted values, and the most number of variables with meaningful odds ratios, without having too many
correlations among explanatory variables.

The Hosmer-Lemeshow test results for the different models are also included. While even the base model
is not determined to be a very good fit, since it does well on the other indicators in table 6 and is also
shown to be a better fit than the alternatives under the Hosmer-Lemeshow statistics, this paper retains this
model as the most relevant one for analysis and further discussion.

3.3 Caution in interpreting the results

It should be noted that the analysis suggests a correlation between the variables, but does not imply the
existence of a causal relationship. The results provided above are conditional upon (i) a small sample size;
(i1) missing information in the underlying studies; (iii) limited diversity in the features of the DR
programs; and (iv) varying levels of granularity of the socio-economic variables.

Thus, there is a possibility that increasing the sample size and improving the underlying data may yield
different results than those presented here. One way this study attempts to reduce these risks is by limiting
the approach to relatively straightforward statistical analyses. Conversely, this paper also aims to highlight
the need for improving data, by demonstrating that such a meta-analytical approach is feasible. Keeping
these points in mind, the results in section 3 are offered at least indicatively, if not definitively.

4. Discussion

As noted in section 3, the authors found that a number of different models partially explained the chances
of success of DR programs, in addition to the base model proposed. These alternative models used
different combinations of explanatory variables, and arrived at different regression coefficients with
varying levels of significance. Though intrinsic variables such as duration of the study and the presence of
automated load controls did appear to play a part in determining the success of the DR programs, the key
finding is that extrinsic variables such as RE targets and policy, GDP growth rates, and urbanization were
consistently statistically significant. Thus, even if the results in Section 3 are offered indicatively, they can
yield a number of insights.

First, a DR program is very likely to be successful where economic growth rates are higher. Studies have
shown that infrastructure investment — including investment in energy infrastructure — leads to higher
economic growth and, in some cases, that growth spurs investment [53][54][55]. It is thus possible that
DR programs are more likely to be implemented, and consequently more likely to be successful, in
regions with higher growth rates.

Second, a DR program is more likely to be successful in urban environments. There might be two reasons
for this: (a) the higher densities of populations in urban areas may create economies of scale and reduce
the costs of such programs; and (b) urban consumers might be slightly more aware of energy and
environmental issues [56][57][58].



Third, a DR program is less likely to be successful where national RE targets are high. The authors are not
certain of the reasons behind this, but it is also conversely more likely to be successful when a strong RE
policy exists. This could be because a strong RE policy may signal governmental commitment towards
promoting RE and energy security, and may be associated with strong incentives and/or mandates, either
to utility companies to deploy such programs, or to consumers to adopt them.

Fourth, there is some inverse interaction between the national RE target and the GDP growth rates in
determining the success of a DR program. While a relationship between the RE targets and GDP growth
rates may make sense due to associated infrastructure requirements, the interaction term in this analysis
may be more relevant for moderating the main effects.

Education and income were not found to be significant predictors of DR success, which goes against
expectations. However, this might be due to the limited size of the sample, and their effects might be
partly included in the role of urbanization in predicting the success of DR programs. The omission of
average temperatures and per capita electricity consumption patterns might similarly be on account of
limited information. Alternatively, it is possible that temperatures do not affect DR programs because their
effects are not significant or are offset by other factors. For instance, even during extreme weather events,
reductions in electricity demand are possible due to the consequently higher dynamic prices [59].

Lastly, it is noteworthy that the final model does not include any intrinsic variables. This is possibly
because: (i) the intrinsic variables had many missing values, and their inclusion significantly reduced
sample sizes; and (ii) the DR programs were reasonably homogenous in structure — for instance most
didn’t include automated load controls and most included voluntary enrolment options — thereby reducing
the robustness of the regression models.

It is expected that future analyses, with more extensive data, would yield significant and robust models
that include a mix of both intrinsic and extrinsic variables.

These findings have implications for shaping policy. This analysis suggests that the likelihood of success
of a DR program is not just dependent on its structure, but also related to the socio-economic conditions
under which it is implemented. Further study could argue a case to optimally structure DR programs such
that they are most likely to succeed in their individual socio-economic environments. Perhaps this is most
important in the case of developing countries, which do not yet possess adequate electricity infrastructure
and present an opportunity to leapfrog traditional electricity markets.

5. Conclusion
This paper conducted a meta-analysis, using a logistic regression approach, on 32 residential electricity
demand response programs to analytically determine whether their likelihoods of success were correlated

with the structures of and contexts surrounding the programs.

The analysis found that the success appears to be correlated with the extent of urbanization in the region
where the DR program is implemented, the renewable energy policy and targets, and the annual economic



growth rates. While the sample size is small and the data is limited by missing values, the study offers the
following guidance to increase the effectiveness of future DR programs: (a) Deploy DR programs in urban
areas, particularly in faster-growing cities that are likely to have greater infrastructure spending; (b)
Complement DR and electricity policy with supportive renewable energy policies; and (c) Couple
electricity policy with wider economic policies and urban development planning, in order to also place it
within the context of broader sustainable urban development.

Future research may focus on addressing existing gaps by considering a wider set of DR programs for
analysis; especially as such programs start to be implemented in developing countries. In particular, it
would be useful to look at the impacts of levels of awareness on demand flexibility and how this might
affect the design of the programs. Specific to developing countries and emerging markets, it would also be
useful to consider the impacts of DR programs on broader welfare considerations and other rebound
effects.



Appendix A — Demand Response Initiatives and Data on Select Variables

# Study Country Success | Sample GDP GDP Urbanization | Electricity RE Year RE Year Education
(Y=1, (treatment per growth | rate consumption | Share Target rate
N=0) group) capita rate
1 Broberg and Persson Sweden 0 918 50273 4.1% 86% 13870 63.3 2014 62.9 2020 63.0%
2 ][:azr]tusch and Alvehag Sweden 1 95 29214 4.1% 86% 13870 63.3 2014 62.9 2020 63.0%
3 ?cfriti [60] Italy 0 1446 34011 0.8% 26% 5159 334 2014 26.0 2020 63.0%
4 Kobus et al [61] Netherlands 1 77 44433 2.0% 100% 6821 10.0 2014 37.0 2020 78.5%
5 D’hulst et al [62] Belgium 0 186 36269 1.4% 98% 7967 134 2014 20.9 2020 72.0%
6 Stamminger and Anstett | Germany 1 41 42994 1.7% 100% 7019 28.2 2014 80.0 2050 61.0%
7 Ee?l] et al [32] Britain 1 2002 43734 2.3% 83% 5407 7.0 2014 15.0 2020 57.0%
Bartusch et al [64] Sweden 1 50 50273 4.1% 86% 13870 63.3 2014 62.9 2020 63.0%
9 Carroll et al [65] Ireland 1 1964 51289 7.8% 63% 5702 22.7 2014 425 2020 73.0%
10 Schleich et al [66] Austria 1 775 41772 0.9% 100% 8513 70.0 2014 70.6 2020 80.0%
11 Campillo et al [67] Sweden 1 400 89989 4.1% 100% 13870 63.3 2014 62.9 2020 63.0%
12 Kato et al [68] Japan 1 88 22558 0.5% 100% 7836 12.2 2014 23.0 2030 52.0%
13 He et al [30] China 1 236 16526 6.9% 56% 3762 11.1 2014 20.0 2030 48.2%
14 George and Toyama USA 1 8609 48525 2.4% 100% 7187 244 2014 50.0 2030 89.0%
15 E’iﬁqui et al [70] Canada 1 112642 41849 1.1% 82% 15519 31.2 2014 50.0 2025 -
16 Becker [59] USA 1 10847 59472 2.4% 82% 12033 11.5 2014 25.0 2025 89.0%
17 Herter [71] USA 1 457 61924 2.4% 97% 7187 244 2014 50.0 2030 89.0%
18 Allcott [72] USA 1 590 61236 2.4% 100% 12033 11.5 2014 25.0 2025 89.0%
19 Nilsson et al [73] Sweden 0 33 36388 4.1% 100% 13870 63.3 2014 62.9 2020 67.0%
20 Thorsnes et al [74] New Zealand | 0 332 48447 3.4% 100% 9084 75.0 2013 90.0 2025 80.0%
21 Finn et al [75] Ireland 1 1 51289 7.8% 63% 5702 22.7 2014 42.5 2020 73.0%
22 Faruqui and Sergici [76] | USA 1 878 60751 2.4% 100% 12129 17.1 2014 20.0 2022 89.0%
23 Ericson [77] Norway 1 295 74735 1.6% 80% 23326 69.2 2014 67.5 2020 76.0%
24 Carmichael et al [78] Britain 1 1119 56233 2.3% 100% 5407 7.0 2014 15.0 2020 57.0%
25 Wolak [79] USA 1 857 77893 2.4% 100% 21275 12.0 2015 50.0 2032 89.0%




26 Ericson [80] Norway 312 74735 1.6% 80% 23326 69.2 2014 67.5 2020 76.0%

27 Gans et al [81] N. Ireland 34779 26070 2.3% 63% 4182 17.8 2014 - - 57.0%

28 Gyamfi and Krumdieck | New Zealand 63 48089 3.4% 100% 9084 75.0 2013 90.0 2025 80.0%
[82]

29 Woo et al [83] Canada 1245 40541 1.1% 82% 15519 59.0 2014 93.0 2050 -

30 Thondhlana and Kua South Africa 73 2803 1.3% 100% 4326 0.0 2010 21.0 2030 20.0%
[31]

31 Hall et al [84] Australia 53 51949 2.3% 100% 10134 14.6 2015 23.0 2020 87.0%

32 “Alpenergy — VPS Germany 260 41219 1.7% 75% 7019 28.2 2014 80.0 2050 61.0%

Allgau” [85]




References

[1] [Dataset] Eurostat. Share of energy from renewable sources,
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_ind_335a&lang=en [accessed 25.07.17]

[2] Power-technology.com. The true cost of energy storage, http://www.power-
technology.com/features/featurethe-true-cost-of-energy-storage-4872402/ [accessed 07.12.16]

[3] Eurelectric. (2017). Dynamic pricing in electricity supply. Eurelectric.
http://www.eurelectric.org/media/309103/dynamic_pricing_in_electricity_supply-2017-2520-0003-01-
e.pdf

[4] Torriti, J., Hassan, M. G., & Leach, M. (2010). Demand response experience in Europe: Policies,
programmes and implementation. Energy, 35(4), 1575-1583. https://doi.org/10.1016/j.energy.2009.05.021

[5] DNV.GL, KEMA Consulting. (2014). Integration of renewable energy in Europe. European
Commission.
https://ec.europa.eu/energy/sites/ener/files/documents/201406_report_renewables_integration_europe.pdf

[6] SEDC. (2017). Explicit demand response in Europe — Mapping the markets 2017. SEDC.
http://www.smartenergydemand.eu/wp-content/uploads/2017/04/SEDC-Explicit-Demand-Response-in-
Europe-Mapping-the-Markets-2017.pdf

[7] European Commission. Commission proposes new rules for consumer centered clean energy
transition, https://ec.europa.eu/energy/en/news/commission-proposes-new-rules-consumer-centred-clean-
energy-transition [accessed 28.07.17]

[8] Joint Research Center. Smart grid projects map,
http://ses.jrc.ec.europa.eu/sites/ses.jrc.ec.europa.eu/files/u24/2014/project_maps_28_april_2014.html
[accessed 26.07.17]

[9] US Department of Energy. Smart grid demonstration program,
https://www.smartgrid.gov/recovery_act/overview/smart_grid_demonstration_program.html [accessed
26.07.17]

[10] Gyamfi, S., Krumdieck, S., & Urmee, T. (2013). Residential peak electricity demand response -
Highlights of some behavioural issues. Renewable and Sustainable Energy Reviews, 25, 71-17.
https://doi.org/10.1016/j.rser.2013.04.006

[11] Faruqui, A., & George, S. (2005). Quantifying customer response to dynamic pricing. Electricity
Journal, 18(4), 53—63. https://doi.org/10.1016/j.tej.2005.04.005

[12] Brent, D. A., Friesen, L., Gangadharan, L., & Leibbrandt, A. (2016). Behavioral insights from field
experiments in environmental economics. Monash Business School, discussion paper 34/16.



http://business.monash.edu/__data/assets/pdf_file/0005/588785/3416behavioralbrentfriesengangadharanli
ebbrandt.pdf.

[13] US Department of Energy. Consumer behavior studies,
https://www.smartgrid.gov/recovery_act/overview/consumer_behavior_studies.html [accessed 27.07.17]

[14] Kessels, K.; Kraan, C.; Karg, L.; Maggiore, S.; Valkering, P.; Laes, E. (2016). Fostering Residential
Demand Response through Dynamic Pricing Schemes: A Behavioural Review of Smart Grid Pilots in
Europe. Sustainability, 8(9), 929. http://www.mdpi.com/2071-1050/8/9/929

[15] Irish Commission for Energy Regulation. (2011). Electricity smart metering customer behavior trials
findings report. CER. http://www.cer.ie/docs/000340/cer11080(a)(i).pdf

[16] Muratori, M., Schuelke-Leech, B. A., & Rizzoni, G. (2014). Role of residential demand response in
modern electricity markets. Renewable and Sustainable Energy Reviews, 33, 546-553.
https://doi.org/10.1016/j.rser.2014.02.027

[17] Cosmo, V. Di, & O’Hora, D. (2017). Nudging electricity consumption using TOU pricing and
feedback: evidence from Irish households. Journal of Economic Psychology, 61, 1-14.
https://doi.org/10.1016/j.joep.2017.03.005

[18] Flaim, T., Neenan, B., & Robinson, J. (2013). Pilot paralysis: Why dynamic pricing remains over-
hyped and underachieved. Electricity Journal, 26(4), 8-21. https://doi.org/10.1016/j.tej.2013.04.002

[19] Stromback, J., Dromacque, C., & Yassin, M. H. (2011). The potential of smart meter enabled
programs to increase energy and systems efficiency: A mass pilot comparison. VaasaETT.
http://esmig.eu/sites/default/files/2011.10.12_empower_demand_report_final.pdf

[20] Hobman, E. V., Frederiks, E. R., Stenner, K., & Meikle, S. (2016). Uptake and usage of cost-
reflective electricity pricing: Insights from psychology and behavioural economics. Renewable and
Sustainable Energy Reviews. https://doi.org/10.1016/j.rser.2015.12.144

[21] Faruqui, A., & Sergici, S. (2013). Arcturus: International Evidence on Dynamic Pricing. The
Electricity Journal, 26(7), 55—65. https://doi.org/10.1016/j.tej.2013.07.007

[22] Faruqui, A., Sergici, S., & Sharif, A. (2010). The impact of informational feedback on energy
consumption-A survey of the experimental evidence. Energy, 35(4), 1598—1608.
https://doi.org/10.1016/j.energy.2009.07.042

[23] Comprehensive Meta-Analysis. Why perform a meta-analysis, https://www.meta-
analysis.com/pages/why_do.php [accessed 04.11.16]

[24] Tatsioni, A., & loannidis, J. P. A. (2008). Meta-analysis. International Encyclopedia of Public
Health. https://doi.org/10.1016/B978-012373960-5.00341-5



[25] Group, N. M. C. (2014). Preoperative chemotherapy for non-small-cell lung cancer: a systematic
review and meta-analysis of individual participant data. Lancet (London, England), 383(9928), 1561-71.
https://doi.org/10.1016/S0140-6736(13)62159-5

[26] Chrusciel, P., Sahebkar, A., Rembek-Wieliczko, M., Serban, M.-C., Ursoniu, S., Mikhailidis, D. P.,
... Banach, M. (2016). Impact of statin therapy on plasma adiponectin concentrations: A systematic
review and meta-analysis of 43 randomized controlled trial arms. Atherosclerosis, 253, 194 —208.
https://doi.org/10.1016/j.atherosclerosis.2016.07.897

[27] Sundt, S., & Rehdanz, K. (2015). Consumers’ willingness to pay for green electricity: A meta-
analysis of the literature. Energy Economics, 51, 1-8. https://doi.org/10.1016/j.enec0.2015.06.005

[28] Mattmann, M., Logar, 1., & Brouwer, R. (2016). Wind power externalities: A meta-analysis.
Ecological Economics, 127, 23-36. https://doi.org/10.1016/j.ecolecon.2016.04.005

[29] Van Der Kroon, B., Brouwer, R., & Van Beukering, P. J. H. (2013). The energy ladder: Theoretical
myth or empirical truth? Results from a meta-analysis. Renewable and Sustainable Energy Reviews, 20,
504-513. https://doi.org/10.1016/j.rser.2012.11.045

[30] He, Y., Wang, B., Wang, J., Xiong, W., & Xia, T. (2012). Residential demand response behavior
analysis based on Monte Carlo simulation: The case of Yinchuan in China. Energy, 47(1), 230-236.
https://doi.org/10.1016/j.energy.2012.08.046

[31] Thondhlana, G., & Kua, H. W. (2016). Promoting household energy conservation in low-income
households through tailored interventions in Grahamstown, South Africa. Journal of Cleaner Production,
131, 327-340. https://doi.org/10.1016/j.jclepro.2016.05.026

[32] Fell, M. J., Shipworth, D., Huebner, G. M., & Elwell, C. A. (2015). Public acceptability of domestic
demand-side response in Great Britain: The role of automation and direct load control. Energy Research
and Social Science, 9, 72—84. https://doi.org/10.1016/j.erss.2015.08.023

[33] Bartusch, C., & Alvehag, K. (2014). Further exploring the potential of residential demand response
programs in electricity distribution. Applied Energy, 125, 39-59.
https://doi.org/10.1016/j.apenergy.2014.03.054

[34] [Dataset] The World Bank. World development indicators: Towards a broader measure of national
income, http://wdi.worldbank.org/table/4.10 [accessed 01.08.17]

[35] [Dataset] The World Bank. GDP per capita (current US$),
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD [accessed 28.11.16]

[36] [Dataset] The World Bank. GDP growth (annual %),
http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG [accessed 28.11.16]



[37] [Dataset] The World Bank. Urban population (% of total),
http://data.worldbank.org/indicator/SP.URB.TOTL.in.zs [accessed 28.11.16]

[38] World Weather Online. Various pages, https://www.worldweatheronline.com/ [accessed 24.11.16]

[39] [Dataset] The World Bank. Electric power consumption (kWh per capita)
http://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC [accessed 28.11.16]

[40] REN21. (2016). Renewables 2016 global status report. REN21. http://www.ren21.net/wp-
content/uploads/2016/06/GSR_2016_Full_Report.pdf

[41] [Dataset] The World Bank. Gross enrolment ratio, tertiary, both sexes (%),
http://data.worldbank.org/indicator/SE. TER.ENRR [accessed 28.11.16]

[42] Broberg, T., & Persson, L. (2016). Is our everyday comfort for sale? Preferences for demand
management on the electricity market. Energy Economics, 54, 24-32.
https://doi.org/10.1016/j.eneco.2015.11.005

[43] Faruqui A., Sergici S., & Palmer J. (2010). The impact of dynamic pricing on low income customers.
IEE Whitepaper.
http://www .edisonfoundation.net/IEE/Documents/IEE_LowIncomeDynamicPricing_0910.pdf

[44] Bayar, Y., & Ozel, H. A. (2014). Electricity Consumption and Economic Growth in Emerging
Economies. Journal of Knowledge Management, Economics and Information Technology, 4(2), 1-18.
http://www.scientificpapers.org/knowledge-management/electricity-consumption-and-economic-growth-
in-emerging-economies/

[45] Liddle, B., & Lung, S. (2014). Might electricity consumption cause urbanization instead? Evidence
from heterogeneous panel long-run causality tests. Global Environmental Change, 24(1), 42-51.
https://doi.org/10.1016/j.gloenvcha.2013.11.013

[46] Qiu, Y., Colson, G., & Wetzstein, M. E. (2017). Risk preference and adverse selection for
participation in time-of-use electricity pricing programs. Resource and Energy Economics, 47, 126—142.
https://doi.org/10.1016/j.reseneeco.2016.12.003

[47] Bouckaert, S., Mazauric, V., & Maizi, N. (2014). Expanding renewable energy by implementing
demand response. In Energy Procedia (Vol. 61, pp. 1844—1847).
https://doi.org/10.1016/j.egypro.2014.12.226

[48] Breaking Energy. Can demand response programs help meet the renewable energy integration
challenge? http://breakingenergy.com/2012/08/09/can-demand-response-programs-help-meet-the-
renewable-energy-inte/ [accessed 11.01.16]



[49] Nelson, J. P., & Kennedy, P. E. (2009). The use (and abuse) of meta-analysis in environmental and
natural resource economics: as assessment. Environmental Resource Economics, 42, 345-377.
https://doi.org/10.1007/s10640-008-9253-5

[50] Hosmer, D. W., & Lemeshow, S. (2000). Applied Logistic Regression. Wiley Series in Probability
and Statistics (Vol. 23). Hoboken, NJ, USA: John Wiley & Sons, Inc. https://doi.org/10.1002/0471722146

[51] Hosmer, D. W., Hosmer, T., Le Cessie, S., & Lemeshow, S. (1997). A comparison of goodness-of-fit
tests for the logistic regression model. Statistics in Medicine, 16(9), 965-980.
https://doi.org/10.1002/(SICI)1097-0258(19970515)16:9<965::AID-SIM509>3.0.CO;2-O

[52] Lu, X., & White, H. (2014). Robustness checks and robustness tests in applied economics. Journal of
Econometrics, 178(Part 1), 194-206. https://doi.org/10.1016/j.jeconom.2013.08.016

[53] lesanmi, K. D., & Tewari, D. D. (2017). Energy consumption, human capital investment and
economic growth in South Africa: a vector error correction model analysis. OPEC Energy Review, 41(1),
55-70. https://doi.org/10.1111/opec.12094

[54] Lawson, S., & Dragusanu, R. (2008). Building the world: Mapping infrastructure demand. Goldman
Sachs Global Economics Paper, 166. http://www.goldmansachs.com/our-thinking/archive/archive-
pdfs/infrastructure-building-the-world.pdf

[55] European Commission. (2014). Infrastructure in the EU: Developments and impact on growth. EC
Occasional Papers, 203.
http://ec.europa.eu/economy_finance/publications/occasional_paper/2014/pdf/ocp203_en.pdf

[56] European Commission. (2014). Attitudes of European citizens towards the environment.
Eurobarometer Report, 416. https://doi.org/10.2779/25662

[57] Berenguer, J., Corraliza, J. A., & Martin, R. (2005). Rural-Urban differences in environmental
concern, attitudes, and actions. European Journal of Psychological Assessment, 21(2), 128—138.
https://doi.org/10.1027/1015-5759.21.2.128

[58] Panigrahi, A., (2015). Comparative study of green marketing’s effect on urban consumers and rural
consumers. Unpublished. https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2686805

[59] Becker, D. (2015). Baby, It’s Cold Outside: 2014 Polar Vortex Impacts on Residential Dynamic
Electricity Pricing Programs. In International Energy Program Evaluation Conference 2015.
http://www.elevateenergy.org/wp/wp-

content/uploads/2014PolarVortexImpactsResidential DynamicPricing.pdf

[60] Torriti, J. (2012). Price-based demand side management: Assessing the impacts of time-of-use tariffs
on residential electricity demand and peak shifting in Northern Italy. Energy, 44(1), 576-583.
https://doi.org/10.1016/j.energy.2012.05.043



[61] Kobus, C. B. A., Klaassen, E. A. M., Mugge, R., & Schoormans, J. P. L. (2015). A real-life
assessment on the effect of smart appliances for shifting households’ electricity demand. Applied Energy,
147, 335-343. https://doi.org/10.1016/j.apenergy.2015.01.073

[62] D’hulst, R., Labeeuw, W., Beusen, B., Claessens, S., Deconinck, G., & Vanthournout, K. (2015).
Demand response flexibility and flexibility potential of residential smart appliances: Experiences from
large pilot test in Belgium. Applied Energy, 155, 79-90. https://doi.org/10.1016/j.apenergy.2015.05.101

[63] Stamminger, R., & Anstett, V. (2013). The Effect of Variable Electricity Tariffs in the Household on
Usage of Household Appliances. Smart Grid and Renewable Energy, 4, 353-365.
https://doi.org/10.4236/sgre.2013.44042

[64] Bartusch, C., Wallin, F., Odlare, M., Vassileva, 1., & Wester, L. (2011). Introducing a demand-based
electricity distribution tariff in the residential sector: Demand response and customer perception. Energy
Policy, 39(9), 5008-5025. https://doi.org/10.1016/j.enpol.2011.06.013

[65] Carroll, J., Lyons, S., & Denny, E. (2014). Reducing household electricity demand through smart
metering: The role of improved information about energy saving. Energy Economics, 45, 234-243.
https://doi.org/10.1016/j.eneco.2014.07.007

[66] Schleich, J., Klobasa, M., Gélz, S., & Brunner, M. (2013). Effects of feedback on residential
electricity demand-findings from a field trial in Austria. Energy Policy, 61, 1097-1106.
https://doi.org/10.1016/j.enpol.2013.05.012

[67] Campillo, J., Dahlquist, E., Wallin, F., & Vassileva, 1. (2016). Is real-time electricity pricing suitable
for residential users without demand-side management? Energy, 109, 310-325.
https://doi.org/10.1016/j.energy.2016.04.105

[68] Kato, T., Tokuhara, A., Ushifusa, Y., Sakurai, A., Aramaki, K., & Maruyama, F. (2016). Consumer
responses to critical peak pricing: Impacts of maximum electricity-saving behavior. Electricity Journal,
29(2), 12—-19. https://doi.org/10.1016/j.tej.2016.02.002

[69] George, S., & Toyama, N. (2015). Final Results from SMUD’s SmartPricing Options Pilot. In
International Energy Program Evaluation Conference 2015. http://www .iepec.org/wp-
content/uploads/2015/papers/029.pdf

[70] Faruqui, A., Lessem, N., Sergici, S., Mountain, D., Denton, F., & Spencer, B. (2015). Analysis of
Ontario’s Full Scale Roll-out of TOU Rates. In International Energy Program Evaluation Conference
2015. http://www .iepec.org/wp-content/uploads/2015/papers/030.pdf

[71] Herter, K. (2007). Residential implementation of critical-peak pricing of electricity. Energy Policy,
35(4), 2121-2130. https://doi.org/10.1016/j.enpol.2006.06.019



[72] Allcott, H. (2011). Rethinking real-time electricity pricing. Resource and Energy Economics, 33(4),
820-842. https://doi.org/10.1016/j.reseneeco.2011.06.003

[73] Nilsson, A., Bergstad, C. J., Thuvander, L., Andersson, D., Andersson, K., & Meiling, P. (2014).
Effects of continuous feedback on households’ electricity consumption: Potentials and barriers. Applied
Energy, 122, 17-23. https://doi.org/10.1016/j.apenergy.2014.01.060

[74] Thorsnes, P., Williams, J., & Lawson, R. (2012). Consumer responses to time varying prices for
electricity. Energy Policy, 49, 552-561. https://doi.org/10.1016/j.enpol.2012.06.062

[75] Finn, P., O’Connell, M., & Fitzpatrick, C. (2013). Demand side management of a domestic
dishwasher: Wind energy gains, financial savings and peak-time load reduction. Applied Energy, 101,
678—685. https://doi.org/10.1016/j.apenergy.2012.07.004

[76] Faruqui, A., & Sergici, S. (2011). Dynamic pricing of electricity in the mid-Atlantic region:
Econometric results from the Baltimore gas and electric company experiment. Journal of Regulatory
Economics, 40(1), 82—109. https://doi.org/10.1007/s11149-011-9152-5

[77] Ericson, T. (2011). Households’ self-selection of dynamic electricity tariffs. Applied Energy, 88(7),
2541-2547. https://doi.org/10.1016/j.apenergy.2011.01.024

[78] Carmichael, R., Schofield, J., Woolf, M., Bilton, M., Ozaki, R., & Strbac, G. (2014). Residential
consumer attitudes to time-varying pricing. “Low Carbon London” LCNF project, Report A2.
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-projects/Low-Carbon-London-
(LCL)/Project-Documents/LCL%20Learning%20Report%20-%20A2%?20-

%20Residential %20consumer%?20attitudes %20to%20time % 20varying % 20pricing.pdf

[79] Wolak, F. A. (2011). Do residential customers respond to hourly prices? Evidence from a dynamic
pricing experiment. American Economic Review, 101, 83—87. https://doi.org/10.1257/aer.101.3.83

[80] Ericson, T. (2006). Time-differentiated pricing and direct load control of residential electricity
consumption. Statistics Norway, Discussion Paper No. 461.
http://www.ssb.no/a/publikasjoner/pdf/DP/dp461.pdf

[81] Gans, W., Alberini, A., & Longo, A. (2013). Smart meter devices and the effect of feedback on
residential electricity consumption: Evidence from a natural experiment in Northern Ireland. Energy
Economics, 36, 729—743. https://doi.org/10.1016/j.eneco.2012.11.022

[82] Gyamlfi, S., & Krumdieck, S. (2011). Price, environment and security: Exploring multi-modal
motivation in voluntary residential peak demand response. Energy Policy, 39(5), 2993-3004.
https://doi.org/10.1016/j.enpol.2011.03.012



[83] Woo, C. K., Li, R., Shiu, A., & Horowitz, I. (2013). Residential winter kWh responsiveness under
optional time-varying pricing in British Columbia. Applied Energy, 108, 288-297.
https://doi.org/10.1016/j.apenergy.2013.03.042

[84] Hall, N. L., Jeanneret, T. D., & Rai, A. (2016). Cost-reflective electricity pricing: Consumer
preferences and perceptions. Energy Policy, 95, 62—72. https://doi.org/10.1016/j.enpol.2016.04.042

[85] S3C. Alpenergy — VPS Allgau, http://www.s3c-project.eu/News/40/AlpEnergyVPS Allgu.html
[accessed 13.10.16]





